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IMPORTANCE Peripheral glucose homeostasis has been implicated in the pathogenesis of
Alzheimer disease (AD). The relationship among diabetes mellitus, insulin, and AD is an
important area of investigation. However, whether cognitive impairment seen in those with
diabetes is mediated by excess pathological features of AD or other related abnormalities,
such as vascular disease, remains unclear.

OBJECTIVE To investigate the association between serial measures of glucose intolerance and
insulin resistance and in vivo brain β-amyloid burden, measured with carbon 11–labeled
Pittsburgh Compound B (11C-PiB), and AD pathology at autopsy.

DESIGN Scores calculated from the Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) and Braak criteria were correlated with measures of hyperglycemia,
hyperinsulinemia, glucose intolerance, and insulin resistance in 197 participants who
underwent autopsy after death and who had undergone 2 or more oral glucose tolerance
tests (OGTT) using grouped analyses and a continuous mixed-models analysis. The same
measures of glucose intolerance and insulin resistance were also correlated with brain 11C-PiB
retention in an additional 53 living subjects from the Baltimore Longitudinal Study of Aging
neuroimaging study.

SETTING Prospective, serially assessed cohort of community-dwelling subjects.

PARTICIPANTS Cohort 1 consisted of 197 participants enrolled in the Baltimore Longitudinal
Study of Aging who had 2 or more OGTTs during life and a complete brain autopsy after
death. Cohort 2 consisted of 53 living subjects who had 2 or more OGTTs and underwent
brain 11C-PiB positron emission tomography.

EXPOSURES Autopsy and 11C-PiB positron emission tomography.

MAIN OUTCOMES AND MEASURES The correlation of brain markers of AD, including CERAD
score, Braak score, and 11C-PiB retention, with serum markers of glucose homeostasis using
grouped and continuous mixed-models analyses.

RESULTS We found no significant correlations between measures of brain AD pathology or
11C-PiB β-amyloid load and glucose intolerance or insulin resistance in subjects who had a
mean (SD) of 6.4 (3.2) OGTTs during 22.1 (8.0) years of follow-up. Thirty subjects with frank
diabetes mellitus who received medications also had AD pathology scores that were similar to
those of the cohort as a whole.

CONCLUSIONS AND RELEVANCE In this prospective cohort with multiple assessments of
glucose intolerance and insulin resistance, measures of glucose and insulin homeostasis are
not associated with AD pathology and likely play little role in AD pathogenesis. Long-term
therapeutic trials are important to elucidate this issue.
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G lucose intolerance and diabetes mellitus are pro-
posed risk factors for the development of Alzheimer
disease (AD), but evidence of this assertion is not con-

sistent. Some studies have shown excess cognitive impair-
ment and lower cognitive performance in subjects with dia-
betes, impaired glucose tolerance, and insulin resistance,1-4

especially in those with poor control of glucose levels,5 whereas
others have not.6,7 In the Rotterdam Study, initial work indi-
cated that diabetes was associated with a 2-fold increase in the
risk of a clinical diagnosis of dementia and AD,8 although sub-
sequent findings did not confirm the initial report.9 The Reli-
gious Orders Study10 and the Mayo Clinic Alzheimer Registry11

reported an increased risk of AD in subjects with diabetes, and
the recent Hisayama Study12 correlated an increased risk of de-
veloping AD with 2-hour postload glucose values. These stud-
ies, in combination with recent evidence that long-term in-
tranasal insulin administration during a 4-month period
improved cognitive function in patients with mild cognitive
impairment and early AD,13 have established that the relation-
ship among diabetes, insulin values, and AD is an important
area of investigation.14 Whether cognitive impairment seen in
patients with diabetes is mediated by excess pathological fea-
tures of AD or other related abnormalities, such as vascular dis-
ease, remains unclear.15 In addition, few studies have ad-
dressed the relationships between longitudinal changes in
measures of glucose tolerance and/or insulin resistance and AD
pathology or brain β-amyloid (Aβ) burden.

The Baltimore Longitudinal Study of Aging (BLSA) is a pro-
spective longitudinal cohort study of the effects of aging, in-
cluding effects on cognition and dementia. Embedded within
the BLSA are an autopsy study16 and a neuroimaging study.17

The intensity of the evaluations in the BLSA, including peri-
odic oral glucose tolerance testing (OGTT), makes it an ideal
study in which to examine the effects of glucose intolerance
and insulin resistance on brain Aβ accumulation and neuro-
fibrillary tangle formation. We report herein that no signifi-
cant association exists between glucose intolerance, diabe-
tes, or insulin resistance and pathological measures of AD or
positron emission tomography detection of brain Aβ accumu-
lation in this well-characterized sample.

Methods
BLSA Autopsy Cohort
The BLSA autopsy program consists of 579 participants from
the main BLSA cohort who agreed to undergo postmortem
brain examinations. The rate of dementia in the autopsy co-
hort is similar to that in the BLSA cohort as a whole.18 Two hun-
dred thirty-two participants 69 years or older at the time of
death who were cognitively and neurologically normal at en-
try into the study have died and undergone brain autopsy. Of
this group, 6 participants were excluded because their cogni-
tive deficits could be clearly attributed to non-neurodegen-
erative processes. Of the remaining 226 participants, 197 had
undergone 2 or more OGTTs. None of the subjects used any
medications to treat diabetes mellitus at the time of the OGTT.
Sixteen of these participants eventually used medications to

control their diabetes. An additional 14 participants from the
autopsy cohort did not have any OGTT because they were tak-
ing medications to control diabetes. Of the 197 participants with
OGTTs, 133 were men. Participants were predominantly white
(94.7%), with a mean (SD) duration of education of 17.1 (4.3)
years. The mean (SD) age at death was 88.3 (7.3) years (Table 1).

Neuroimaging Cohort and Carbon 11–Labeled Pittsburgh
Compound B Scanning
Fifty-three participants in the BLSA imaging study who were
69 years or older and had 2 or more OGTTs underwent in vivo
assessment of fibrillar Aβ levels using carbon 11–labeled Pitts-
burgh Compound B (11C-PiB). Seven of these patients have died
and undergone autopsies and are thus also part of the au-
topsy group. The mean (SD) age at the 11C-PiB scan was 79.2
(5.8) years. Thirty participants were male, with a mean (SD) du-
ration of education of 16.8 (2.4) years.

Dynamic 11C-PiB positron emission tomography studies
were performed as described previously.19 Volumetric T1-
weighted magnetic resonance images were acquired coinci-
dent with the positron emission tomography and were coreg-
istered to the positron emission tomography images using the
mutual information method in the Statistical Parametric Map-
ping software (SPM 2; Wellcome Department of Imaging Neu-
roscience). Cerebellar gray matter was used as a reference re-
gion. Distribution volume ratio (DVR) parametric images of the
11C-PiB signal were estimated by simultaneous fitting of a sim-
plified reference tissue model using linear regression with spa-
tial constraints.20 We calculated the mean cortical DVR by av-
eraging values from the orbitofrontal, prefrontal, superior
frontal, parietal, lateral temporal, occipital, and anterior and

Table 1. Baseline Characteristics

Characteristic

Cohorta

Autopsy
(n = 197)

11C-PiB Scanning
(n = 53)

Age at outcome, yb 88.3 (7.3) 79.2 (5.8)

Sex, No. of participants

Male 133 30

Female 64 23

Age at first OGTT, y 66 (11) 53 (11)

No. of OGTTsc 6.6 (3.2) 7.1 (2.7)

No. of OGTTs with insulin value 3.6 (1.9) 4.0 (2.5)

No. of participants with dementia 101 6

Braak score 3.5 (1.3) NA

Peak CERAD score 1.6 (1.1) NA

Mean CERAD score 1.3 (1.0) NA

Composite AD pathology score 3.7 (1.3) NA
11C-PiB DVR score NA 1.18 (0.27)

Abbreviations: AD, Alzheimer disease; CERAD, Consortium to Establish a
Registry for Alzheimer’s Disease; DVR, distribution volume ratio; NA, not
applicable; OGTT, oral glucose tolerance test; 11C-PiB, carbon 11–labeled
Pittsburgh Compound B.
a Unless otherwise indicated, data are expressed as mean (SD).
b Indicates death for the autopsy cohort and scan for the 11C-PiB scanning

cohort.
c All OGTTs included fasting levels as well.
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posterior cingulate regions. We also calculated DVR values from
2 other regions of interest, the posterior cingulate/precuneus
and medial temporal lobe, as described previously.17,20

Cognitive Evaluations
Evaluations included neuropsychological testing, neurologi-
cal examination, interval medical history, medication review,
and a structured informant and subject interview.18 A diagno-
sis of dementia was made at a consensus conference18 with the
conferees blinded to the pathological results. Most of the par-
ticipants were examined annually after age 70 years, although
approximately 25% of the cohort had gaps in their follow-up of
several years’ duration. Studies of this cohort are conducted un-
der the auspices of The Johns Hopkins School of Medicine and
the MedStar Health Research Institute institutional review
boards, and all participants provided written informed consent.

Description of OGTT
Oral glucose tolerance testing has been performed by the BLSA
since 1959, and the details of this testing have been published.21

All patients in this study had at least 2 OGTTs during their an-
nual or semiannual evaluations, and some had as many as 12.
No differences in glucose levels or AD pathology could be dis-
cerned between participants with larger or smaller numbers
of OGTTs. The variation in OGTT number per participant likely
reflected age at entry into the study and administrative is-
sues within the BLSA. All participants started fasting at 8 PM
and received the glucose load between 7 and 8 AM the follow-
ing day. Blood samples were drawn at baseline and at 20, 40,
60, 80, 100, and 120 minutes. Plasma insulin levels were mea-
sured using radioimmunoassay in a subset of the OGTT. The
lower limit of detection for this assay is 15 pmol/mL.22 Mea-
sures of fasting and 120-minute postload insulin resistance were
calculated using the homeostasis model assessment (HOMA)
technique.23

Pathological Examination of the Brain
Neuritic plaques were scored in 4 brain regions (the superior/
middle temporal gyrus, medial frontal lobe, inferior parietal cor-
tex, and orbitofrontal cortex) as described.18 Pathological fea-
tures indicative of AD were examined on silver stains performed
according to Hirano’s modification of the Bielschowsky method
and graded according to the Braak criteria24 and the Consortium
to Establish a Registry for Alzheimer’s Disease (CERAD).25 For
CERAD scoring, we determined the maximum neuritic plaque
score seen in all cortical regions examined (peak CERAD score)
and the mean of the CERAD scores for all cortical regions exam-
ined (mean CERAD score). We translated CERAD scores (0, A, B,
and C) into a linear numeric scale (0, 1, 2, and 3) to allow statis-
tical analysis. In addition, we generated a composite AD pathol-
ogy score by summing the CERAD and Braak scores in equal mea-
sure. For this latter analysis, CERAD scores were divided into the
following 3 groups: 1 indicates 0 or mild neuritic plaques; 2, mod-
erate neuritic plaques; and 3, frequent neuritic plaques. Braak
scores were divided into the following 3 groups: 1 indicates Braak
stages 0, I, and II; 2, Braak stages III and IV; and 3, Braak stages
V and VI. The sum of the modified Braak and CERAD scores
yielded a composite score ranging from 2 to 6. A previous study18

has shown this scale to be a very useful method to quantitate
the combined pathological effects of Aβ and tau on cognition.

Statistical Analysis
We compared AD pathology, 11C-PiB retention in the brain, and
serum glucose, insulin, and HOMA values using grouped analy-
ses (analysis of variance) and a continuous analysis with lin-
ear mixed models26 to accommodate the longitudinal nature
of the data. For the grouped analyses, we divided the patho-
logical cohort into 3 different categories of glucose and insu-
lin homeostasis values to maximize differences between the
groups with the most normal and most abnormal findings and
still retain a sufficient group size for statistical purposes. For
the 11C-PiB cohort, we only used 2 groups owing to the small
number of subjects. For the continuous analyses, we used AD
pathology or brain 11C-PiB retention as independent variables
and age at death (or age at 11C-PiB scan) and sex as covariates.
An analysis of the effect of the rate of change of insulin, glu-
cose, and HOMA values during a lifetime on AD pathology at
death was performed by dividing the 197 participants into
groups with low (score of 2 or 3 [n = 75]), medium (score of 4
[n= 58]), and high (score of 5 or 6 [n = 64]) composite AD pa-
thology scores at death. Rates of change of glucose, insulin,
and HOMA values across multiple tests were compared in the
3 groups using mixed-models analyses, controlling for sex and
age at death. We used commercially available software (SAS,
version 9.1; SAS Institute, Inc) for all analyses.

Results
Measures of Glucose Intolerance, Insulin Resistance, and
Hyperinsulinemia and Postmortem AD Pathology
A total of 197 BLSA autopsy program participants had more than
1 OGTT. Of these, 186 had insulin levels measured at least once
during the OGTT. The characteristics of these participants are
given in Table 1. Participants were divided into 3 equal-sized
groups based on mean lifetime fasting or 120-minute glu-
cose, insulin, or insulin resistance values (Table 2). Insulin re-
sistance was calculated using the HOMA technique. None of
the characteristics detailed in Table 1 differ significantly among
any of these groups, including the number of OGTTs, the years
covered, or the rate of dementia (not shown). No significant
differences in any measure of AD pathology was seen be-
tween groups stratified on the basis of glucose, insulin, or in-
sulin resistance values, even when the mean fasting and 120-
minute glucose, insulin, and HOMA values taken from multiple
OGTTs covering a mean (SD) period of 22.1 (8.0) years before
death were markedly different among the groups (Table 2).

The continuous mixed-models analyses (rather than a
grouped analysis) of the relationship between glucose, insu-
lin, or insulin resistance values and AD pathology and con-
trolling for sex and age at death showed no significant asso-
ciation between AD pathology and any measure of glucose or
insulin homeostasis (Supplement [eTable 1]). An analysis based
on the rates of change of fasting and 120-minute postload glu-
cose, insulin, and HOMA values during the lifetime of the par-
ticipants and using linear mixed models also showed no dif-
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ferences in participants with low, medium, or high AD
pathology scores (data not shown).

When we divided the 197 participants into those with de-
mentia (n = 101) and those without dementia (n = 96), we also
detected no significant differences (by analysis of variance) in
the mean nondementia/dementia values for fasting glucose
(100/98 mg/dL), fasting insulin (9.6/9.0 μIU/mL), fasting HOMA
(2.4/2.2), 120-minute glucose (156/149 mg/dL), 120-minute in-
sulin (63/57 μIU/mL), and 120-minute HOMA (25/22). (To con-
vert glucose to millimoles per liter, multiply by 0.0555; to con-
vert insulin to picomoles per liter, multiply by 6.945.)

Measures of Glucose Intolerance and Hyperinsulinemia and
Brain 11C-PiB Signal
Using a second cohort of 53 subjects undergoing periodic 11C-
PiB scanning (7 of whom were also in the autopsy series), we
evaluated the relationship between glucose, insulin, or insu-
lin resistance values and brain Aβ accumulation as assessed
by mean cortical 11C-PiB DVR. As given in Table 3, when the
53 subjects were divided into 2 equally sized groups based on
mean lifetime fasting or 120-minute glucose, insulin, or insu-
lin resistance values, no significant difference in mean corti-
cal 11C-PiB retention was seen. Moreover, when we compared
the top third of subjects, based on mean cortical 11C-PiB scores
(mean 11C-PiB DVR, 1.49), with those in the lowest third (mean
11C-PiB DVR, 0.93), no significant difference in any measure of

fasting or 120-minute postload glucose metabolism or insulin
resistance was seen (data not shown). When we analyzed the
relationship between lifetime fasting or 120-minute glucose,
insulin, or insulin resistance values and 11C-PiB retention using
a continuous mixed-model analysis (rather than a grouped
analysis) and controlling for age at 11C-PiB scan and sex, no sig-
nificant association was seen using mean cortical 11C-PiB DVR
or using 11C-PiB DVR scores for the posterior cingulate/
precuneus or medial temporal lobe, 2 areas where fibrillar Aβ
is deposited early in the course of AD (Supplement [eTable 2]).

To examine whether our negative results were skewed by
glucose and insulin values obtained late in life, we analyzed
the relationship of glucose, insulin, and insulin resistance with
AD pathology and Aβ 11C-PiB binding, limiting the analysis to
glucose and insulin values obtained at the baseline OGTT (mean
[SD] age, 66.3 [11.1] years; 197 subjects) or performed before
age 70 years (60.3 [8.4] years; 105 subjects) using a mixed-
model analysis adjusting for sex and age at death (Supple-
ment [eTable 3]). Again, no significant relationship was seen.
Furthermore, the cohort with 11C-PiB scans had their initial
OGTT at a relatively young mean age of 53.3 years (Table 1).

Finally, we analyzed data from participants in the BLSA au-
topsy program who were taking medications to treat diabetes
(n = 30). This group included 16 participants from the 197 in this
study who were eventually prescribed medications to lower glu-
cose levels and another 14 subjects in the BLSA autopsy pro-

Table 2. Effect of Glucose, Insulin, and Insulin Resistance Values on Pathological Features of AD in the Autopsy Cohorta

Value

Glucose Group Insulin Group HOMA Group
1

(n = 66)
2

(n = 65)
3

(n = 66)
P

Value
1

(n = 62)
2

(n = 62)
3

(n = 62)
P

Value
1

(n = 62)
2

(n = 62)
3

(n = 62)
P

Value
Lifetime fasting
measure

Glucose, mg/dL 91 (3) 98 (3) 113 (13) <.001 97 (11) 100 (9) 103 (11) .02 95 (9) 99 (8) 105 (12) <.001

Insulin, μIU/mL 8 (4) 9 (3) 11 (6) <.001 6 (1) 8 (1) 14 (3) <.001 5 (1) 8 (1) 14 (5) <.001

HOMA 1.7 (0.8) 2.3 (0.8) 3.0 (1.7) <.001 1.3 (0.5) 2.0 (0.3) 3.5 (1.5) <.001 1.3 (0.3) 2.2 (0.2) 3.6 (1.5) <.001

Braak score 3.5 (1.4) 3.6 (1.4) 3.4 (1.2) .86 3.5 (1.2) 3.4 (1.5) 3.5 (1.3) .48 3.6 (1.4) 3.4 (1.4) 3.5 (1.3) .44

Peak CERAD
score

1.5 (1.1) 1.5 (1.1) 1.7 (1.1) .50 1.6 (1.1) 1.6 (1.1) 1.5 (1.0) .83 1.6 (1.2) 1.6 (1.1) 1.5 (1.0) .46

Mean CERAD
score

1.3 (1.0) 1.3 (1.0) 1.4 (1.0) .79 1.3 (1.0) 1.3 (1.0) 1.3 (1.0) .71 1.3 (1.0) 1.3 (1.0) 1.2 (1.0) .30

Composite AD
pathology score

3.7 (1.3) 3.7 (1.3) 3.7 (1.2) .80 3.7 (1.2) 3.7 (1.4) 3.6 (1.2) .81 3.7 (1.3) 3.7 (1.3) 3.6 (1.2) .48

Lifetime 120-min
measure

Glucose, mg/dL 114 (12) 146 (11) 198 (34) <.001 140 (41) 152 (32) 164 (35) .05 128 (28) 152 (40) 176 (35) <.001

Insulin, μIU/mL 45 (21) 60 (30) 73 (49) <.001 30 (7) 50 (6) 99 (34) <.001 31 (9) 51 (12) 96 (40) <.001

HOMA 13 (6) 22 (11) 36 (25) <.001 11 (6) 18 (5) 43 (23) <.001 10 (3) 18 (3) 42 (21) <.001

Braak score 3.4 (1.3) 3.6 (1.4) 3.4 (1.2) .59 3.3 (1.3) 3.7 (1.2) 3.6 (1.4) .26 3.3 (1.3) 3.6 (1.4) 3.5 (1.5) .28

Peak CERAD
score

1.5 (1.0) 1.6 (1.1) 1.5 (1.1) .67 1.4 (1.1) 1.6 (1.0) 1.6 (1.1) .53 1.5 (1.1) 1.6 (1.1) 1.6 (1.1) .79

Mean CERAD
score

1.3 (1.0) 1.3 (1.0) 1.2 (1.0) .49 1.2 (1.0) 1.3 (0.9) 1.3 (1.0) .65 1.3 (1.0) 1.4 (1.0) 1.2 (1.0) .36

Composite AD
pathology score

3.6 (1.3) 3.8 (1.3) 3.6 (1.2) .53 3.5 (1.2) 3.7 (1.2) 3.7 (1.3) .39 3.5 (1.3) 3.8 (1.2) 3.7 (1.4) .53

Abbreviations: AD, Alzheimer disease; CERAD, Consortium to Establish a
Registry for Alzheimer’s Disease; HOMA, homeostasis model assessment.

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 cohort of 197 participants with 2 or more OGTTs were divided into 3

groups based on mean lifetime fasting or 120-minute postload glucose, insulin,
and insulin resistance (HOMA) values. Only 184 participants underwent
determination of insulin values. Differences between the groups were
assessed using analysis of variance. Unlesss otherwise indicated, data are
expressed as mean (SD).
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gram who never had an OGTT because they were already tak-
ing the medications. Of these 30 participants, 9 were taking
insulin therapy as part of their regimen. As given in Table 4, we
found no significant difference in any measure of AD pathol-
ogy, whether or not the participant was taking the medication.

Discussion
Our study found no association between lifetime measures of
glucose homeostasis and standard measures of AD pathology
or cortical fibrillar Aβ deposition measured with 11C-PiB. Simi-
larly, we did not find an association between a clinical diag-
nosis of dementia and hyperglycemia or hyperinsulinemia. Our
results concur with other studies that found no association be-
tween diabetes mellitus and AD pathology,27,28 and we ex-
tend these observations more broadly to hyperglycemia and
insulin resistance. The strengths of our study are its prospec-
tive nature, the large number of well-characterized partici-
pants, and the multiple OGTTs obtained more than 20 years
before death. These serial assessments allow us to determine
the effect of prolonged burdens of hyperglycemia and insulin
resistance on pathological findings in the brain. Although glu-
cose and insulin levels measured even earlier in life than those
in the present study might better predict AD pathology or de-

mentia, our analyses of OGTTs performed at younger ages also
revealed no association with AD pathology or 11C-PiB reten-
tion, suggesting that glucose intolerance does not affect AD pa-
thology even at its earliest stages.

Limitations of the present study include the method for de-
termining insulin resistance, which is calculated rather than de-
termined by an insulin clamp procedure,29 and our pathologi-
cal assessments of AD, which are semiquantitative rather than
quantitative and do not include immunostaining for Aβ and tau.
In addition, participants in our study are a sample of conve-
nience, not an epidemiologically representative group, and have
access to high-quality health care. Thus, they are unlikely to have
experienced prolonged periods of severe hyperglycemia. In view
of a recent study suggesting that cognitive changes in diabetes
may be related to the severity of prolonged hyperglycemia,5 we
may have underrepresented that population. Our results dis-
agree in part with the study of Matsuzaki and colleagues,30 who
found differences in 2-hour postload glucose and HOMA val-
ues in subjects with no AD pathology at autopsy compared with
those who had any degree of AD pathology at death. Differ-
ences in cohort size, composition, and intensity of testing may
account for these disparate findings.

Our data certainly do not preclude insulin therapy (or en-
dogenous insulin) from having a beneficial effect on cogni-
tion independent of its effects on AD pathology. Moreover, the

Table 4. Use of Medication to Lower Glucose Levels and AD Pathology Scores

Autopsy Cohort, Mean (SD)

P Value

No Medication to
Lower Glucose Level

(n = 181)

Any Medication to Lower
Glucose Level

(n = 30)
Any Insulin Use

(n = 9)
Years of use NA 14.3 (8.2) 7.4 (3.4) NA

Braak score 3.5 (1.2) 3.3 (1.5) 3.3 (1.0) .53

Peak CERAD score 1.6 (1.2) 1.6 (1.0) 1.7 (0.8) .81

Mean CERAD score 1.3 (1.0) 1.4 (1.0) 1.4 (0.7) .76

Composite AD pathology
score

3.7 (1.3) 3.7 (1.2) 3.6 (0.6) .93

Abbreviations: AD, Alzheimer
disease; CERAD, Consortium to
Establish a Registry for Alzheimer’s
Disease; NA, not applicable.

Table 3. Effect of Glucose, Insulin, and Insulin Resistance Values on Brain 11C-PiB Bindinga

Value

Glucose Group Insulin Group HOMA Group
Low

(n = 27)
High

(n = 26) P Value
Low

(n = 24)
High

(n = 23) P Value
Low

(n = 24)
High

(n = 23) P Value
Fasting measure

Glucose, mg/dL 93 (3) 105 (6) <.001 97.9 (7) 99 (8) .59 97 (8) 100 (6) .03

Insulin, μIU/mL 9 (3) 10 (4) .31 7 (1) 12 (3) <.001 7 (2) 12 (3) <.001

HOMA 2.1 (0.7) 2.5 (1.0) .04 1.6 (0.3) 2.9 (0.7) <.001 1.5 (0.23) 3.0 (0.8) <.001

Mean 11C-PiB binding 1.17 (0.26) 1.18 (0.27) .96 1.21 (0.3) 1.13 (0.24) .22 1.21 (0.30) 1.14 (0.22) .31

120-min measures

Glucose, mg/dL 110 (12) 163 (28) <.001 121 (24) 151 (40) .001 115 (20) 156 (37) <.001

Insulin, μIU/mL 37 (12) 71 (41) <.001 32 (7) 75 (36) <.001 33 (8) 74 (35) <.001

HOMA 9.6 (3.6) 28.4 (18) <.001 9.5 (2.8) 28.5 (18) <.001 9.4 (2.7) 29.2 (17) <.001

Mean 11C-PiB binding 1.18 (0.28) 1.17 (0.24) .66 1.19 (0.3) 1.15 (0.23) .76 1.2 (0.3) 1.14 (0.22) .36

Abbreviations: HOMA, homeostasis model assessment; 11C-PiB, carbon
11–labeled Pittsburgh Compound B.

SI conversion factors: See footnote to Table 2.
a The cohort of 53 participants who had 11C-PiB scans and 2 or more oral glucose

tolerance tests were divided into 2 groups with nearly equal numbers of

participants based on mean lifetime fasting or 120-minute postload glucose,
insulin, and insulin resistance (HOMA) values. Only 47 participants underwent
determination of insulin values. Differences between the groups were
assessed using analysis of variance. Unless otherwise indicated, data are
expressed as mean (SD).
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effects of insulin may vary in subjects with and without
dementia.31 In our cohort, the number of participants taking
exogenous insulin was small, limiting any direct test of the hy-
pothesis. Second, the effect of insulin on the brain is complex
and not confined to Aβ precursor protein processing and Aβ
production. Such effects include growth factor regulation, gene

transcription, and protection against oxidation.32,33 More-
over, insulin may have effects downstream of Aβ deposition.
Finally, insulin resistance within the brain itself may not cor-
relate with peripheral measures of insulin resistance.34 Given
that AD is likely more than just Aβ accumulation,35 long-term
therapeutic trials are important to elucidate this issue.
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