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IMPORTANCE Converging evidence suggests that Alzheimer disease (AD) involves insulin
signaling impairment. Patients with AD and individuals at risk for AD show reduced glucose
metabolism, as indexed by fludeoxyglucose F 18–labeled positron emission tomography
(FDG-PET).

OBJECTIVES To determine whether insulin resistance predicts AD-like global and regional
glucose metabolism deficits in late middle–aged participants at risk for AD and to examine
whether insulin resistance–predicted variation in regional glucose metabolism is associated
with worse cognitive performance.

DESIGN, SETTING, AND PARTICIPANTS This population-based, cross-sectional study included
150 cognitively normal, late middle–aged (mean [SD] age, 60.7 [5.8] years) adults from the
Wisconsin Registry for Alzheimer’s Prevention (WRAP) study, a general community sample
enriched for AD parental history. Participants underwent cognitive testing, fasting blood
draw, and FDG-PET at baseline. We used the homeostatic model assessment of peripheral
insulin resistance (HOMA-IR). Regression analysis tested the statistical effect of HOMA-IR on
global glucose metabolism. We used a voxelwise analysis to determine whether HOMA-IR
predicted regional glucose metabolism. Finally, predicted variation in regional glucose
metabolism was regressed against cognitive factors. Covariates included age, sex, body mass
index, apolipoprotein E ε4 genotype, AD parental history status, and a reference region used
to normalize regional uptake.

MAIN OUTCOMES AND MEASURES Regional glucose uptake determined using FDG-PET and
neuropsychological factors.

RESULTS Higher HOMA-IR was associated with lower global glucose metabolism (β = −0.29;
P < .01) and lower regional glucose metabolism across large portions of the frontal, lateral
parietal, lateral temporal, and medial temporal lobes (P < .001). The association was
especially robust in the left medial temporal lobe (R2 = 0.178). Lower glucose metabolism in
the left medial temporal lobe predicted by HOMA-IR was significantly related to worse
performance on the immediate memory (β = 0.317; t148 = 4.08; P < .001) and delayed
memory (β = 0.305; t148 = 3.895; P < .001) factor scores.

CONCLUSIONS AND RELEVANCE Our results show that insulin resistance, a prevalent and
increasingly common condition in developed countries, is associated with significantly lower
regional cerebral glucose metabolism, which in turn may predict worse memory
performance. Midlife may be a critical period for initiating treatments to lower peripheral
insulin resistance to maintain neural metabolism and cognitive function.
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G lucoregulatory impairment has reached epidemic pro-
portions in the United States. According to the Ameri-
can Diabetes Association,1 29.1 million individuals in

the United States have diabetes mellitus, and more than half
of adults older than 64 years have prediabetes. Type 2 diabe-
tes mellitus increases the risk for Alzheimer disease (AD), and
clinical and preclinical hypergylcemia are characterized by in-
sulin resistance. Insulin resistance is broadly defined as re-
duced tissue responsiveness to the action of insulin.2 Insulin,
a key hormone involved in carbohydrate metabolism, facili-
tates microvascular blood flow, glucose uptake, and glucose
oxidation for adenosine-5′-triphosphate generation.3

In addition to its function in the periphery of the body, in-
sulin has increasingly been recognized as playing an impor-
tant role in the brain. Insulin resistance is related to a higher
risk for AD,4 and the results of several animal studies as re-
viewed by de La Monte5 link central insulin resistance with the
pathologic features of AD, including atrophy, mitochondrial dys-
function, neuroinflammation, and progressive memory defi-
cits. In humans, brain insulin resistance has been found in post-
mortem hippocampal tissue in patients with AD, and the degree
of insulin signaling inhibition corresponds to the severity of an-
temortem cognitive dysfunction.6 Several studies have shown
a deleterious effect of insulin resistance on regional brain vol-
ume in cross-sectional7-9 and longitudinal10 analyses. Birdsill
et al11 have shown recently that participants with metabolic syn-
drome, a condition linked with insulin resistance, have mark-
edly lower cerebral blood flow, a presumed index of neural func-
tion. Finally, Willette et al12 have found that higher insulin
resistance predicts temporal and frontal amyloid deposition in
late middle–aged individuals at risk for AD.

Peripheral insulin resistance has also been linked with an
impaired cerebral metabolic rate of glucose in the brain.13 Glu-
cose metabolism is commonly assessed using fludeoxyglu-
cose F 18 uptake on positron emission tomography (FDG-
PET). Baker and colleagues13 showed that higher insulin
resistance is associated with lower basal and task-based FDG
uptake in older, cognitively intact adults (mean age, 74.4 years)
with dysglycemia. Willette et al14 showed similar associa-
tions in patients with AD. Patterns of lower glucose metabo-
lism included hypometabolism in the posterior cingulate cor-
tex and precuneus and in the frontal and temporal cortices.
Peripheral insulin resistance strongly corresponds to brain in-
sulin resistance owing to reduced insulin transport into the
brain or potentially similar changes in receptor sensitivity and
activation.6,15 These findings are intriguing given that lower
glucose metabolism in these brain regions is also a feature char-
acteristic of AD.16-19 Lower glucose metabolism has also been
observed in mild cognitive impairment20 and in cognitively
healthy carriers of the apolipoprotein E ε4 (APOE ε4) allele, a
genetic risk factor for AD.21,22 However, the relationship be-
tween insulin resistance and brain glucose metabolism in
middle-aged adults is unknown. Understanding the neural ef-
fects of midlife insulin resistance is important given that the
onset of type 2 diabetes mellitus is most common in this popu-
lation and increases the risk for AD.23

In this study, we assessed the effect of insulin resistance
on glucose metabolism as indexed by FDG-PET scanning in a

cognitively healthy, late middle–aged cohort of adults en-
riched for a parental history of AD. We hypothesized that par-
ticipants with higher insulin resistance would show lower glu-
cose metabolism in brain regions that exhibit hypometabolism
in early AD. Given that glucose metabolism is tied to func-
tional status, we also tested the extent to which the variation
in medial temporal lobe (MTL) glucose metabolism predicted
by insulin resistance was associated with cognitive perfor-
mance. Finally, based on prior work in this area,21,24 we tested
the main effects of the APOE ε4 genotype and parental his-
tory of AD on glucose metabolism.

Methods
Participants
Demographic characteristics are listed in the Table. One hun-
dred fifty cognitively normal, older middle–aged adults (mean
[SD] age, 60.7 [5.8] years) were recruited from the Wisconsin
Registry for Alzheimer’s Prevention (WRAP) study.29 This on-
going study examines genetic, biological, and lifestyle fac-
tors that contribute to the development of dementia-related
cognitive decline and neural dysfunction. The University of
Wisconsin–Madison Health Sciences Institutional Review
Board approved our study, and all participants provided writ-
ten informed consent. Participants were originally recruited
from 40 to 65 years of age and were classified as having a posi-
tive or negative parental history of AD.29 A positive parental
history of AD was defined as having one or both parents with
AD as determined by autopsy results (13 cases) or by vali-
dated interview,30 reviewed by a multidisciplinary diagnos-
tic consensus panel, and outlined by research criteria.31,32 De-
tailed medical history and telephone interviews were

Table. Demographic and Other Participant Characteristics

Characteristic Mean (SD) Range

Age, y 60.7 (5.8) 47.8 to 71.3

Insulin level, μIU/mL 2.0 (7.0) 2 to 48

Glucose level, mg/dL 94.6 (10.0) 74 to 132

HOMA-IR 2.2 (1.9) 0.5 to 14.1

BMI 28.2 (5.3) 18.5 to 47.3

Function factor scoresa

Speed and flexibility 0.1 (0.9) −2.2 to 2.4

Working memory 0.2 (1.1) −2.4 to 3.2

Verbal learning 0.2 (1.0) −2.5 to 1.8

Immediate memory 0.2 (1.1) −2.5 to 2.9

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); HOMA-IR, homeostatic model assessment of
insulin resistance.

SI conversion factors: To convert glucose to millimoles per liter, multiply by
0.0555; insulin to picomoles per liter, multiply by 6.945.
a The individual tests that loaded onto the identified factors included Rey

Auditory Verbal Learning Test25 Trials 1 and 2 (immediate memory); Rey
Auditory Verbal Learning Test25 Trials 3 through 5 and Delayed Recall Trial
(verbal learning and immediate memory); Wechsler Adult Intelligence Scale26

Digit Span forward and backward and Letter-Numbering Sequencing subtests
(working memory); and the interference trial from the Stroop Color and Word
Test27 and Trail Making Test parts A and B28 (speed and flexibility).
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conducted to confirm AD-negative parental history. The in-
clusion criteria for this study consisted of no clinical diagno-
sis of a memory disorder, no contraindication for brain imaging,
subsequent normal findings on magnetic resonance imaging,
no current diagnosis of major psychiatric disease or other ma-
jor medical conditions (eg, myocardial infarction or recent his-
tory of cancer), and no history of head trauma. All partici-
pants underwent magnetic resonance imaging, FDG-PET, and
neuropsychological testing. Participants were categorized as
APOE ε4 carriers (1 or 2 ε4 alleles) or noncarriers (no ε4 alleles).
Extraction and isoform classification of APOE alleles have been
described previously.33

Neuropsychological Testing
Participants in the WRAP study undergo an extensive battery
of neuropsychological tests. A previous factor-analytic study
of the WRAP cognitive battery within the larger cohort found
that the tests map onto 6 cognitive factors.34,35 The scores used
in the present study were derived from tests administered at
the participants’ most recent WRAP visit and represent cog-
nitive domains known to change with age and AD, including
immediate memory,25 verbal learning and memory,26 work-
ing memory,26 and speed and flexibility.27,28

Homeostatic Model Assessment of Insulin Resistance,
Diabetes Mellitus Status, and Body Mass Index
Glucose and insulin levels were measured after a 12-hour fast
during the clinical visit nearest in time to the FDG-PET scan.
Insulin resistance was indexed by the homeostatic model as-
sessment (HOMA-IR) and calculated by taking the product of
basal glucose (in milligrams per deciliter) and basal insulin (in
microunits per milliliter) levels and dividing by 405.36 Mat-
thews et al36 originally derived HOMA-IR using glucose levels
in millimoles per liter. Although HOMA-IR was considered a
continuous variable, we also determined how many partici-
pants in our sample had type 2 diabetes mellitus by using cri-
teria from the American Diabetes Association, that is, fasting
blood glucose levels of greater than 125 mg/dL (to convert to
millimoles per liter, multiply by 0.0555). No participants were
currently or previously taking medication for glycemic con-
trol; however, 5 participants self-reported a history of diabe-
tes mellitus. Participants without type 2 diabetes mellitus dis-
play normal beta cell function.37 Body mass index was
calculated as weight in kilograms divided by height in meters
squared.

FDG-PET Imaging
Images were acquired in the supine position and head first on
a PET scanner (HR+ scanner; Siemens) in a 3-dimensional mode
after a 4-hour fast (with water allowed). Blood glucose levels
were closely monitored before the injection of FDG. After in-
jection of a mean (SD) of 5.0 (0.5) mCi of FDG, participants re-
mained awake but relaxed in a quiet room. Imaging began 45
minutes after the injection. The scan was acquired as six 5-min-
ute frames. A 5-minute transmission scan was acquired after
the emission scan. The dynamic PET data were recon-
structed using software from the manufacturer (ECAT, ver-
sion 7.2.2; Siemens). A filtered back-projection algorithm (DIFT)

was used with brain mode sinogram trimming, with a 2.8 zoom
and a 4-mm gaussian filter to a reconstructed image of
128 × 128 × 63–voxel matrix (voxel size, 1.84 × 1.84 × 2.43 mm).
The PET data were corrected for the attenuation of annihila-
tion radiation (using segmented attenuation maps), scanner
normalization, and scatter radiation.

To account for between- and within-subject noise, a refer-
ence cluster was used as a covariate in statistical analyses.38,39

The reference cluster consisted of sixty-five 2 × 2 × 2-mm
contiguous voxels centered in the right cuneus, a region
where no significant relationship between the FDG signal and
HOMA-IR was found (controlling for age, sex, APOE ε4 geno-
type, and parental history status) (β = −0.09; t148 = −1.1;
P = .27). The region was derived via a data-driven method
that identifies brain regions unaffected by the variable of
interest and has been shown to improve detection of disease-
related hypometabolism.39-41 The raw values from the refer-
ence region were extracted with a region-of-interest toolbox
(MarsBaR) for Statistical Parametric Mapping (SPM).42

Statistical Analysis
To test for the effects of HOMA-IR, APOE ε4 genotype, and pa-
rental history status on global glucose metabolism (adjusted
by the reference region), multiple regression analysis was imple-
mented in SPSS (SPSS Statistics for Windows, version 21.0; IBM
Corp). In addition to testing for main effects, we assessed for
interactions between HOMA-IR and APOE ε4 genotype and be-
tween HOMA-IR and parental history status. Both analyses of
main effects and interactions were conducted using a single-
design matrix model and controlled for age at the time of scan-
ning, sex, body mass index, and reference region. Voxelwise
statistical analysis used SPM8 software (http://www.fil.ion.ucl
.ac.uk/spm) to test for the regional effect of HOMA-IR on glu-
cose metabolism. We controlled for covariates identical to those
in the global analysis. A voxelwise analysis was also con-
ducted to test for the regional main effects of parental history
status and APOE ε4 genotype on glucose metabolism, again con-
trolling for age, sex, body mass index, and reference region.
Models were also run that included an interaction term for
HOMA-IR and APOE ε4 genotype or for HOMA-IR and paren-
tal history. Type I error was minimized by using a voxel-level
familywise error correction of P < .05. Results were also inter-
rogated at a threshold of P < .001. Multiple regression analy-
sis was also used to regress HOMA-IR–predicted variation in glu-
cose metabolism from an a priori–defined left MTL region
against cognitive factors. These analyses covaried age at the
time of the scan, sex, parental history status, APOE ε4 geno-
type, body mass index, and reference region. The sample size
was insufficient to conduct robust mediation analysis.43 Loga-
rithmic transformation of HOMA-IR was used in all analyses to
optimize normality and reduce heteroscedasticity.

Results
Demographic Characteristics and Cognition
Demographic characteristics, the 4 cognitive factors, and
other summary data across participants are shown in the
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Table. Of the 150 participants, 108 (72.0%) were women;
103 (68.7%) had a parental history of AD, 61 (40.7%) had an
APOE ε4 allele, and 7 (4.7%) had type 2 diabetes mellitus.
Additional metabolic risk factor characterization is provided
in the eTable in the Supplement.

Associations of Insulin Resistance, APOE ε4 Genotype,
and Family History Status
Global FDG-PET
A single multiple regression model tested the statistical ef-
fects of HOMA-IR, APOE ε4 status, and parental history of AD
on global glucose metabolism. Higher HOMA-IR was associ-

ated with lower global glucose metabolism (β = −0.29;
t143 = −3.10; P < .01). Figure 1 shows the degree of this insulin
resistance association. The same regression model showed a
significant effect of the APOE ε4 genotype, with which carri-
ers with 1 or 2 ε4 alleles had lower global glucose metabolism
(β = −0.16; t143 = −2.01; P < .05) compared with noncarriers. We
found no significant effect of parental history status on global
glucose metabolism, nor did insulin resistance interact with
APOE ε4 genotype or parental history status to affect uptake
of FDG-PET.

Regional FDG-PET
In a single voxelwise regression model (P < .001), HOMA-IR,
APOE ε4 genotype, and parental history status were used to
determine whether regional associations with glucose
metabolism existed. Higher HOMA-IR was robustly associ-
ated with lower glucose metabolism in portions of the ven-
tral prefrontal, cingulate, temporal, insula, and posterome-
dial cortices (Figure 2A). In addition, associations were seen
in the bilateral cerebellum. Coverage was sparse or absent in
motor and premotor cortices and the dorsal prefrontal cor-
tex. Thresholding revealed that associations were strongest
in the hippocampus and MTL, rostral and posterior cingu-
late, and precuneus and cuneus. Left MTL survived at
P < .05, familywise error corrected. Figure 2B shows the
degree of this association between insulin resistance and
the mean signal in the left MTL. We observed no significant
effect of APOE ε4 genotype or parental history status on
regional glucose metabolism. In addition, we found no
interaction between APOE ε4 genotype and HOMA-IR or
between parental history status and HOMA-IR.

Insulin Resistance, MTL FDG-PET, and Cognitive Function
Mean predicted variation in glucose metabolism specific to
HOMA-IR was extracted using the Eigenvariate tool in SPM8.

Figure 1. Association Between the Homeostatic Model Assessment
of Insulin Resistance (HOMA-IR) and Global Uptake of Fludeoxyglucose
F 18 (FDG) in Positron Emission Tomography (PET)
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Participants included 150 late middle–aged adults. Uptake and HOMA-IR values
were adjusted by the following covariates: age, sex, parental history of Alzheimer
disease, apolipoprotein E ε4 genotype, body mass index, and the FDG-PET
reference region. Glucose uptake is measured in arbitrary units. Circles indicate
individual participants; line, the linear regression fit across all participants.

Figure 2. Association Between Higher Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) and Lower Regional Uptake
of Fludeoxyglucose F 18 (FDG) in Positron Emission Tomography (PET)
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Participants included 150 late middle–aged adults. A, The FDG-PET results are displayed on 3-dimensional cross-sections of temporal, parietal, and frontal regions,
with images oriented in neurologic space. The color bar depicts t values. B, Glucose uptake values (measured in arbitrary units) were adjusted by the following
covariates: age, sex, parental history of Alzheimer disease, apolipoprotein E ε4 genotype, and glucose metabolism in the reference region. Circles indicate individual
participants; line, the linear regression fit across all participants. FWE indicates familywise error correction; LMTL, left medial temporal lobe.
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The region of interest was the left MTL, which was of a priori
interest before we conducted voxelwise analyses. Left me-
dial temporal glucose metabolism was regressed against each
of the 4 cognitive factors. Covariates were identical to the vox-
elwise analysis. Adjusted glucose metabolism was associated
with the immediate memory (β = 0.317; t148 = 4.08; P < .001)
and the verbal learning and memory (β = 0.305; t148 = 3.895;
P < .001) factor scores and weakly associated with the speed
and flexibility factor score (β = 0.204; t148 = 2.537; P = .01)
(Figure 3). We found no significant relationship with the work-
ing memory factor score (β = 0.118; t148 = 1.448; P = .08)
(Figure 3).

Discussion
Several studies44-46 suggest that insulin resistance is associ-
ated with brain changes that may contribute to the patho-
logic features of AD in the preclinical phase. This study as-
sessed the extent to which insulin resistance may affect glucose
metabolism as measured by FDG-PET. We found that late
middle–aged adults with higher HOMA-IR showed lower glu-
cose metabolism and that glucose metabolism was related to
memory function.

Our results concur with findings in older adults indicat-
ing that insulin resistance,13 hyperglycemia,47 and diabetes
mellitus48 are associated with hypometabolism on FDG-PET.
Insulin resistance and hyperglycemia are related conditions,
and hyperglycemia, even in the prediabetic range, is associ-

ated with a significantly increased risk for later development
of dementia.49 However, fasting insulin and glucose levels are
not always correlated,50 and insulin resistance may confer an
increased risk for AD independently of glycemic status within
3 years of assessment.4 Our sample was a mean of 15 years
younger than the sample studied by Baker et al,13 although the
affected regions are similar. In particular, both studies show
an association between higher HOMA-IR and less glucose me-
tabolism in the bilateral prefrontal cortex, temporal cortex, and
posteromedial parietal cortex. Willette et al14 found similar as-
sociations in the same regions among patients with AD. We also
found bilateral hypometabolism in the cerebellar cortex, a re-
gion with appreciable insulin receptor density.51,52 Although
not typically considered a region affected by AD, a few re-
ports have found mild cerebellar hypometabolism in AD.53,54

Brains with AD undergoing postmortem examination also show
deficient insulin signaling in the cerebellum,6 whereas intra-
nasal insulin levels may maintain glucose metabolism.13

An association between higher HOMA-IR and lower glu-
cose metabolism was found in the left MTL. In rodents, the piri-
form cortex and adjoining cornu ammonis fields 1 and 2 are well
established as having a high density of insulin receptors rela-
tive to the moderate density in the cerebral cortex.52,55 When
we examined mean glucose metabolism in the left MTL, we
found that lower glucose metabolism was associated with worse
immediate and delayed memory performance factors. This re-
sult is in line with that of Wolk and Dickerson,56 who found that
entorhinal and perirhinal volumes in patients with mild AD pre-
dicted later trials of the Rey Auditory Verbal Learning Test,25

Figure 3. Association Between Left Medial Temporal Lobe (LTML) Uptake of Fludeoxyglucose F 18 (FDG) in
Positron Emission Tomography (PET) Predicted by the Homeostatic Model Assessment of Insulin Resistance
(HOMA-IR) Analysis and Cognitive Function Factors
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Higher FDG-PET in the LMTL as a
function of lower HOMA-IR predicted
better performance on the verbal
learning (A) and immediate memory
(B) factors. Factor scores are
described in the Table, with higher
scores representing better
performance. The LMTL was not
associated with the working memory
factor (C) but was associated with the
speed and flexibility factor (D). The
FDG-PET signal was adjusted by the
FDG reference region, age, sex,
apolipoprotein E ε4 genotype,
parental history of Alzheimer disease,
and HOMA-IR. Glucose uptake is
measured in arbitrary units. Circles
indicate individual participants; line,
the linear regression fit across all
participants.
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on which the verbal learning and memory factors used in the
present study are based. This finding provides a potential link
between insulin resistance and cognitive decline.

Several possible mechanisms may underlie the association
between higher insulin resistance and lower glucose metabo-
lism. For example, our group has found that higher peripheral
insulin resistance in asymptomatic late middle–aged partici-
pants is linked with amyloid deposition measured in vivo.12 In
participants with stable mild cognitive impairment enriched for
amyloid status, Willette et al14 observed that higher HOMA-IR
predictedlessprefrontalglucosemetabolismonlyintheamyloid-
positive group. Loss of neuronal function owing to mitochon-
drial damage is another possible mechanism. Alzheimer dis-
ease and type 2 diabetes mellitus are characterized by
mitochondrial dysfunction,57-59 providing a potential common
link between the 2 diseases. Neurons rely heavily on mitochon-
dria for the synthesis of adenosine triphosphate and are there-
fore vulnerable to mitochondrial dysfunction. Indeed, lower ex-
pression of nuclear genes influencing mitochondrial energy
metabolism colocalize with brain regions that show deficits in
glucose metabolism in patients with AD. Insulin resistance may
also facilitate several additional mechanisms that result in neu-
rodegeneration, including increased oxidative stress, neuroin-
flammation, and dysregulated lipid metabolism.60

Akin to the report by Willette et al10 examining HOMA-IR
and brain atrophy in asymptomatic adults, HOMA-IR associa-
tions with regional glucose metabolism in this study were ro-
bust, even with familywise error correction, with relation-
ships ranging from moderate to moderately strong in most
regions. Baker and colleagues13 found stronger relationships
among cognitively normal older adults with prediabetes or type
2 diabetes mellitus. Our finding that insulin resistance is as-
sociated with increased amyloid burden and decreased glu-
cose uptake in AD-centric brain regions indicates that insulin
resistance confers a nontrivial risk for AD in midlife. In addi-
tion, HOMA-IR in this cohort appeared to predict glucose me-
tabolism more strongly than APOE ε4 genotype, which is an
important predictor of glucose uptake deficits61 and AD in gen-
eral. However, this study was cross-sectional, and no causal
inferences about insulin resistance may be inferred. Al-
though we found an effect of APOE ε4 genotype on global glu-
cose metabolism, we did not observe any regional effects. Fur-
thermore, HOMA-IR did not interact with APOE ε4 status to
affect global or regional glucose metabolism. Interactions

between APOE ε4 genotype and metabolic dysfunction have
been observed in previous studies, including effects on cere-
brospinal fluid biomarkers in preclinical AD,44 postmortem
plaque and tangle burden in patients with AD dementia,62 de-
velopment of amnestic mild cognitive impairment,63 and re-
sponse to intranasal insulin therapy.64,65 Burns et al,47 how-
ever, found no interactions between hyperglycemia and APOE
ε4 genotype on FDG-PET. Although several studies point to-
ward a moderating effect of APOE ε4 genotype when consid-
ering the effects of insulin resistance on neural pathologic fea-
tures, findings across the field are still mixed. In an existing
report that shares similarities with our study, Roberts et al48

examined individuals with diabetes mellitus and did not find
an interaction between diabetes and APOE ε4 genotype on
FDG-PET. Although our sample was enriched for parental his-
tory of AD, HOMA-IR did not interact with parental history sta-
tus, and parental history alone did not have an effect on glu-
cose metabolism. Previous studies66-68 have found an effect
of parental history of AD on cerebral glucose metabolism; how-
ever, the findings are most robust when both parents are af-
fected or maternal family history is considered.

Additional studies are needed to clarify interactions be-
tween insulin resistance, parental history, and APOE ε4 across
the spectrum of disease development, from preclinical AD to
diagnosed dementia. This information will be central to de-
veloping prevention and treatment therapies centered on in-
sulin dysregulation.

Conclusions
This study provides evidence that insulin resistance is asso-
ciated with brain glucose metabolism in a late middle–aged co-
hort enriched for AD risk factors. Several studies indicate that
peripheral insulin resistance and related conditions, such as
metabolic syndrome and diabetes mellitus, are risk factors for
cognitive decline and AD and are linked with an increased risk
for death from dementia.69-72 The prevalence of AD contin-
ues to grow, and midlife may be a critical period for initiating
treatments aimed at preventing or delaying the onset of AD.
Accumulating evidence suggests that treatments targeting
mechanisms involved in insulin signaling may affect central
glucose metabolism and should be investigated in the con-
text of presymptomatic AD.
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