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Insulin in combination with other diabetes

medication is associated with less
Alzheimer neuropathology

ABSTRACT

Objective: To examine the association between treatment for diabetes and Alzheimer disease
(AD) neuropathology.

Methods: This postmortem study matched 124 subjects with diabetes to 124 without diabetes
from the Mount Sinai School of Medicine Brain Bank, on age (mean = 81.2 + 9.3), sex (57.3% F),
and severity of dementia (Clinical Dementia Rating [CDR] 2.4 + 1.7). Densities of neuritic plaques
(NPs) and of neurofibrillary tangles (NFTs) were assessed in several neocortical regions and in the
hippocampus, entorhinal cortex, and amygdala. Diabetic subjects were classified according to
their recorded lifetime antidiabetic medications: none (n = 29), insulin only (n = 49), diabetes
medications other than insulin only (n = 28), or concomitant use of both insulin and any oral
antidiabetic medications (n = 18). For each dependent variable, analysis of covariance controlling
for age at death, sex, and CDR distinguished among the nondiabetic patients and four diabetic
subgroups.

Results: There were differences among the five groups for NP ratings in the entorhinal cortex (p =
0.003), amygdala (p = 0.009), and overall NP (p = 0.014) as well as counts of NPs in all regions
examined (p values ranging from 0.009 to 0.04). NP ratings in the hippocampus (p = 0.057) and
the combined neocortical measure (p = 0.052) approached significance. In each analysis, the
concomitant medication group had significantly fewer NPs (~20%) than any of the other groups,
which were relatively similar. No significant NFT differences were found.

Conclusion: The results of this study suggest that the combination of insulin with other diabetes

medication is associated with substantially lower neuritic plague density consistent with the ef-
fects of both on the neurobiology of insulin. Neurology® 2008;71:750-757

GLOSSARY

AD = Alzheimer disease; ANCOVA = analysis of covariance; CDR = Clinical Dementia Rating; CERAD = Consortium to
Establish a Registry for Alzheimer's Disease; IR = insulin receptors; JHH = Jewish Home and Hospital; NFT = neurofibrillary
tangle; NP = neuritic plaque.

Type 2 diabetes has been shown to increase risk for both vascular dementia and Alzheimer
disease (AD), in most,' but not all,>* epidemiologic studies. It has been estimated that type 2
diabetes or abnormal fasting blood glucose might be present in up to 80% of patients with a
diagnosis of AD.? Diabetes has also been associated with mild cognitive impairment.” A sys-
tematic review of effects of diabetes on dementia and cognitive decline led some investigators to
conclude that the latter conditions should be considered among the consequences and dis-
abling manifestations of the former.® Recently, an association was also shown between predia-
betes and dementia and AD.? Some investigations have proposed that AD constitutes a “type 3
diabetes.”!°

The evidence for an association between diabetes and the neuropathology of AD is less clear.
We reported that subjects with diabetes had less AD neuropathology.!! Brains of subjects with
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diabetes had significantly fewer neuritic
plaques (NPs) in the hippocampus and cere-
bral cortex, and significantly fewer neurofi-
brillary tangles (NFTs) in the cerebral cortex
than nondiabetic subjects. Some investiga-
tions have observed a trend to less AD neuro-
pathology in diabetic subjects'? consistent
with our report while others failed to detect
any association at all.*!* To complicate mat-
ters further, there are conflicting findings re-
garding the effects of antidiabetic medication
on the pathogenesis of clinical AD. Diabetic
patients, especially those taking insulin, and
to a lesser extent those taking oral antidiabetic
medications, had the highest risk for develop-
ing clinical signs of AD and all dementias
compared to nondiabetic patients in the Rot-
terdam Study.' In contrast, diabetic patients
on antidiabetic monotherapy (insulin or oral),
and more so on any combination therapy, had
less cognitive decline, especially among those
with a longer duration of the disease in the
SALSA study.?”

Studying the interaction between medica-
tions for diabetes and AD neuropathology di-
rectly may clarify the relationships among
diabetes, diabetes medications, and AD. This
might imply therapeutic avenues and suggest
neurobiologic processes involved in dementia
and AD. A large autopsy sample from the
Mount Sinai Brain Bank provided the oppor-
tunity to investigate the relationship between
diabetes medication and the severity of AD
neuropathology. This study was designed to
test the hypothesis that treatment of diabetes
is associated with lower extents of the cardinal
neuropathologic lesions of AD. We compared
the extent of AD neuropathology (NPs and
NFTs) in the hippocampus, entorhinal cor-
tex, amygdala, and cerebral cortex of five
groups of elderly subjects: diabetic patients
who were not taking antidiabetic medication;
diabetic patients receiving insulin, oral antidi-
abetic medications, or both; and nondiabetic
subjects.

METHODS Subjects. Postmortem brains, donated by the
next of kin of deceased residents of the Jewish Home and Hospi-
tal JHH) in Manhattan, NY, and Bronx, NY, participating in
studies of aging and early dementia, were received over a period

of 20 years by the Mount Sinai School of Medicine Department

of Psychiatry Brain Bank. Analyses were based on the brains of
124 diabetic patients and 124 matched nondiabetic patients (de-
scribed in Statistical Analysis), selected from 519 nondiabetic
patients. Sixty subjects had a diagnosis of normal brain according
to Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropathologic criteria,'® 74 had definite AD, 11
probable AD, 20 possible AD, 41 cerebrovascular disease, and 42
had other neuropathologies. Subjects with severe psychiatric dis-
orders (e.g., schizophrenia) were excluded. All assessments were
approved by the institutional review boards of both the JHH and
the Mount Sinai School of Medicine.

The Clinical Dementia Rating (CDR) scale assesses cogni-
tive and functional impairments associated with dementia and
provides specific severity criteria for classifying subjects as with-
out dementia (CDR = 0), with questionable dementia (CDR =
0.5), or increasing levels of severity of dementia from CDR =1
to CDR = 5.7 A previously described'”? postmortem assign-
ment of CDR scores was based on medical, neurologic, psychiat-
ric, cognitive, and functional status during the final 6 months of
life. Research staff, blind to the hypotheses being tested and to
the neuropathology findings, reviewed detailed medical records,
and whenever possible conducted in-depth interviews with staff

and family caregivers.

Assessment of diabetes. The JHH maintains extensive med-

2021 with a complete medical history

ical records on all residents,
at admission and a complete medical examination monthly and a
fasting blood glucose level at least yearly. Patients were diagnosed
with diabetes by a geriatrician or an internist (e.g., G.L.) based
on the American Diabetes Association criteria (symptoms of dia-
betes plus casual plasma glucose concentration >200 mg/dL;
fasting plasma glucose >126 mg/dL; 2 hours plasma glucose
>200 mg/dL during OGTT. Impaired fasting glucose was de-
fined as blood level of 110-125 mg/dL (6.1-7.0 mmol/L). Di-
agnoses of diabetes were ascertained from detailed review of all
medical records and medical history. The analysis included only
subjects with type 2 diabetes or no record of diabetes (absence of
reported history and failure to meet blood chemistry-based crite-
ria). Measures of duration of diabetes prior to JHH admission
were not generally available.

Diabetic subjects were further classified according to their
recorded lifetime medications: none (n = 29), only insulin (n =
49), only diabetes medication other than insulin (n = 28), or
concomitant use of both insulin and some oral antidiabetic med-
ication (n = 18). Too few subjects had specific oral antidiabetic
medications, preponderantly sulfonylureas, for further subdivi-

sion.

Neuropathologic assessment. The neuropathologic assess-
ment procedures employed have been described extensively.!*2
Standardized representative blocks from superior and midfrontal
gyrus, orbital cortex, basal ganglia with basal forebrain, amyg-
dala, hippocampus (rostral and caudal levels with adjacent para-
hippocampal and inferior temporal cortex), superior temporal
gyrus, parietal cortex (angular gyrus), calcarine cortex, hypothal-
amus with mammillary bodies, thalamus, midbrain, pons, me-
dulla, cerebellar vermis, and lateral cerebellar hemisphere were
examined using hematoxylin and eosin, modified Bielschowsky,
and modified thioflavin S. Any case showing evidence of Lewy
body formation in the substantia nigra or locus ceruleus under-
went anti-ubiquitin staining of representative cerebral cortical
sections. Neuropathologists were blinded to all dementia-
associated clinical and psychometric data.

The extent of neuropathologic lesions was assessed using the
CERAD neuropathologic battery.!® Sections from each of the
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tissue blocks described above were rated for the extent of NPs
and NFTs using the CERAD four-point scale of 0 = none, 1 =
sparse, 3 = moderate, or 5 = severe, as described previously.?
Additionally, quantitative data regarding the density of NPs
were collected in five cortical regions using previously published
methods®: the midfrontal gyrus, orbital frontal cortex, superior
temporal gyrus, inferior parietal cortex, and calcarine cortex.
Five representative high power fields (0.5 mm?) were examined
in each cortical region and a mean density score per mm?* was
calculated. Ancillary exploratory analyses revealed that the inclu-
sion of NP and NFT density estimates from the subcortical fields
assessed as part of the CERAD neuropathology battery did not
substantively contribute to the results described.'**

NP and NFT ratings of the neocortical sections were
summed into respective summary variables. The rating variables
reported here were NPs and NFTs in the entorhinal cortex, hip-
pocampus, amygdala, and neocortex, and also totals of ratings of
NPs and NFTs in these four regions. The five neocortical quan-

titative measures of NPs and their mean were also reported.

Statistical analyses. For each diabetic subject, a nondiabetic
subject was matched for sex and for CDR, and for the closest age
at death. The mean absolute difference in age at death was 0.9
years (SD = 1.4, maximum = 6). Analyses were limited to the
124 diabetic patients and their respective 124 matched nondia-
betic subjects. The distributions of dependent variables were re-
viewed for non-normality. As expected for a neuropathology
series, the cortical NP counts were skewed and kurtotic. Square
root transformations normalized their distributions; none of the
neuropathologic ratings had a substantially non-normal distribu-
tion. Due to the limit to four possible neuropathologic ratings,
groups with small means had small SDs. Nonetheless, these vari-
ables were not transformed.

For each dependent variable, analysis of covariance (ANCOVA)
controlling for age at death, sex, and CDR was performed to
distinguish among the nondiabetic patients and four diabetic
subgroups. In addition, four preplanned comparisons of groups
were performed. 1) Since in our prior findings'! nondiabetic pa-
tients had more neuropathology than diabetic patients in general
(medicated or unmedicated), we compared nondiabetic patients
to unmedicated diabetic patients. 2) To examine whether antidi-
abetic medication had a protective effect within diabetic pa-
tients, we compared unmedicated diabetic patients to all other
diabetic patients. 3) To examine the possible effect of combina-
tion therapy, we compared diabetic patients who had taken only
insulin or only oral agents with those who had taken both con-
comitantly. 4) Finally, to examine the specific effects of diabetic
monotherapies, we compared diabetic patients taking only insu-
lin to those taking only oral antidiabetic medication.

Since we identified the four planned comparisons a priori,

each test of significance was evaluated separately, p = 0.05.

RESULTS The table presents the demographic and
neuropathologic characteristics of the sample. The
sample averaged 81.2 (SD = 9.3) years of age at
death, 57.3% were women, and the CDR average
score was 2.4 (SD = 1.7), reflecting generally mod-
erate to severe dementia. The insulin plus oral medi-
cation subgroup was a year older and had a higher
proportion of women, but the five subgroups did not
differ significantly in age at death, sex, or CDR score.

There were differences among the five groups for
NP ratings in the entorhinal cortex [F(4,236) =

Neurology 71 September 2, 2008

4.22, p = 0.003], amygdala [F(4,224) = 3.48, p =
0.009], and for the summed NP scores [F(4,218) =
3.20, p = 0.014]. The differences for NP ratings in
the hippocampus [F(4,236) = 2.33, p = 0.057] and
for the neocortex sum [F(4,232) = 2.38, p = 0.052]
approached significance. In each region, the group
taking both insulin and other antidiabetic medica-
tion had fewer NPs than the other groups, which
were relatively similar. The planned comparison of
diabetic patients on combination therapy to diabetic
patients on monotherapy had p values ranging from
0.009 to 0.04 on the five regional assessments of
NPs, but none of the other three planned compari-
sons showed significant differences. There were no
differences for any of the NFT ANCOVAs (p values
0.12-0.89) or planned comparisons (p values 0.21—
0.97). The figure depicts the means and standard er-
rors of NPs and NFTss for the five groups and in the
four regions studied.

There were differences among the five groups for
NP counts in all five neocortical regions and their
mean (p values 0.002-0.02). Again, the group with
both insulin and other diabetes medications had
fewer NPs than the other groups, and its planned
comparisons had p values 0.003—0.04. None of the
other planned comparisons were significant.

When the analyses were performed also control-
ling for fasting glucose levels, weight, or BMI, on
subsamples for which these data were available, all
results were essentially unchanged, with the only sig-
nificant differences for the insulin plus oral medica-
tions group. This was also the case including only
subjects with CERAD diagnoses of normal or AD,
excluding subjects with other significant neuropa-
thologies.

DISCUSSION The present neuropathology-based
study of AD demonstrated significantly fewer NPs in
diabetic subjects who received both insulin and oral
antidiabetic medication, as compared to diabetic
subjects with other medication statuses (none, or
only insulin or oral antidiabetic medication) or non-
diabetic subjects. The group taking both insulin and
other antidiabetic medication had fewer NPs specifi-
cally in the entorhinal cortex and in the amygdala,
and tended to have less NP pathology in the hip-
pocampus and cerebral cortex. The other groups had,
in all regions, NP densities that were similar to one
another. Results for comparisons among these diabe-
tes groups using quantitative NP density estimates
wete significant with similar patterns of group differ-
ences in all five cerebral cortex regions. Exclusion of
cases with other than AD neuropathology, and con-
trolling for fasting blood glucose levels, weight, or
BMI did not substantially change any of these re-
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Table

Diabetic patients

Demographic and neuropathologic characteristics of the samples

Insulin and
Other other
No diabetes diabetes Nondiabetic =~ Whole
medications  Insulin medications medications  Total patients sample
(n=29) (n=49) (n=28) (n=18) (hn=124) (n=124) (n=248)
Age at death, y 82.4(10.8) 79.8(10.9) 81.1(7.6) 82.3(6.3) 81.0(9.6) 81.4(9.0) 81.2(9.3)
Sex (% women) 55.2 571 53.4 66.7 57.3 57.2 57.3
CDR 25(2.0) 24(1.9) 2.4(1.7) 22(1.3) 24(18) 2.4(1.8) 24(1.7)
Glucose at 113(36) 164 (98) 159 (70) 173(117) 153(87) 113(50) 137(77)
admission
n=23 n=41 n=24 n=17 n=105 n=71 n=176
BMI at admission 23(6) 25(7) 23(5) 23(4) 24 (6) 22(6) 23(6)
n=22 n=42 n=21 n=15 n=100 n=77 n=177
NP ratings
Hippocampus 1.2(1.6) 0.81(1.3) 1.1(1.5) 0.22(0.43) 0.87(1.4) 1.2(1.5) 1.0(1.4)
Entorhinal cortex 1.3(1.6) 1.0(1.5) 1.6(1.5) 0.28(0.46) 1.1(1.5) 1.6(1.8) 1.4(1.7)
Amygdala 14(1.9) 12(.7) 12(1.6) 0.28(0.46) 12(1.6) 1.8(2.0) 1.5(1.9)
Cerebral cortex* 6.3(7.5) 5.2(6.6) 6.7 (6.5) 29(4.0 5.5(6.5) 7.3(7.1) 6.4 (6.9)
NP cerebral cortex counts
Midfrontal gyrus 1.7 (2.0) 1.5(1.6) 1.7 (1.6) 0.87(1.4) 1.5(1.7) 2.0(1.7) 1.8(1.7)
Orbital frontal 15(1.8) 15(.7) 16(1.6) 0.79(1.3) 1.4(1.7) 1.9(1.7) 1.7(1.7)
cortex
Superior temporal 1.6(2.0) 1.4(1.6) 1.8(1.6) 0.77(1.2) 1.5(1.7) 21(1.8) 1.8(1.8)
gyrus
Inferior parietal 1.5(1.9) 1.5(1.6) 1.7 (1.6) 0.77(1.2) 1.4(1.6) 21(1.9) 1.8(1.8)
cortex
Calcarine cortex 1.4(1.8) 1.4(1.6) 1.4(1.4) 0.40(0.79) 12(1.95) 1.7(1.7) 1.5(.7)
Mean plaques* 1.6(1.9) 1.5(1.6) 1.7 (1.5) 0.76 (1.2) 1.4(1.6) 2.0(1.7) 1.7 (1.7)
NFT ratings
Hippocampus 2.6(1.9) 2.2(1.9) 2.4(2.0) 23(2.2) 2.4(2.0) 2.7(2.0) 2.5(2.0)
Entorhinal cortex 29(2.2) 28(21) 28(1.7) 27(21) 2.8(2.0) 3.0(1.9) 29(1.9)
Amygdala 0.93(1.5) 0.85(1.4) 0.93(1.3) 0.72(1.3) 0.87(1.4) 1.3(1.6) 1.1(1.5)
Cerebral cortex 26(5.2) 22(4.5) 2.8(4.6) 0.56 (1.2) 22(4.4) 32(5.1) 2.7(4.8)

*Sum of ratings from four neocortical regions.
*Mean of NP counts of these five regions.

CDR = Clinical Dementia Rating; BMI = body mass index; NPs = neuritic plaques; NFTs = neurofibrillary tangles.

sults. The diabetes medication effects were specific to
NPs, since the extent of NFT pathology was not as-
sociated with diabetes medications.

In normal physiology, insulin facilitates memory
as demonstrated when administered at optimal doses
and in the context of sufficient glucose availability.??
However, the salutary effects of insulin on brain
function are reversed under conditions that impair its
functioning, such as insulin resistance.?? Type 2 dia-
betic patients are insulin resistant and have chronic
hyperinsulinemia to compensate. The peripheral uti-
lization of insulin reduces insulin transport into the
brain, ultimately producing brain insulin deficiency,*
therefore abrogating the many beneficial influences
of insulin.?? These observations led to the investiga-
tion of effects of antidiabetic medications in AD,

which suggested that either monotherapy with insu-

lin® or with hypoglycemic medication?

can improve
memory performance and protect against AD pro-
gression. Whether the observed association between
combination therapy for diabetes and NP is through
their respective biologic pathways or through an-
other pathway remains speculative and invites fur-
ther examination.

Insulin receptors (IR) are abundant throughout
the brain?” and are expressed specifically in regions
that support cognitive function.?® At the top of the
brain insulin signaling pathway, AB, the main com-
ponent of NPs, decreases insulin affinity reducing
the binding of insulin to its receptor® and preventing
rapid activation of specific kinases required for mul-
tiple cellular functions, including LTP.* Soluble A
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Figure Means and standard deviations of CERAD neuropathologic ratings of NPs and NFTs in the five
groups and the four regions of interest
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(A) ANCOVA comparing the five groups on NPs in the hippocampus, controlling for age at death, severity of dementia, and
sex, approached significance (p = 0.057). Rate of NPs for those on combination therapy was lower than for the two mono-
therapy groups (p = 0.04). NFTs in the hippocampus did not differ between the groups (p = 0.66). (B) ANCOVA comparing
the five groups on NPs in the entorhinal cortex had p = 0.003. Rate of NPs for those on combination therapy was lower than
the two monotherapy groups (p = 0.009). NFTs did not differ between the groups in the entorhinal cortex (p = 0.89). (C)
ANCOVA comparing the five groups on NPs in the amygdala had p = 0.009. Rate of NPs for those on combination therapy
was lower than for the two monotherapy groups (p = 0.02). NFTs did not differ between the groups in the amygdala (p =
0.25). (D) ANCOVA comparing the five groups on NP sums in the cerebral cortex approached significance (p = 0.052). Rate
of NPs for those on combination therapy was lower than for the two monotherapy groups (p = 0.04). NFTs did not differ
between the groups in the cerebral cortex (p = 0.12). ANCOVA = analysis of covariance; CERAD = Consortium to Establish
a Registry for Alzheimer's Disease; NFTs = neurofibrillary tangles; NPs = neuritic plaques.

oligomers were recently shown to significantly lower  of the signaling pathway, IR desensitization hampers
IR responses to insulin and to cause rapid and sub-  the release of AB from the intracellular to the extra-
stantial loss of neuronal surface IRs.>! At the bottom  cellular compartment.®? Insulin concentration is de-
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creased in AD brains,?® further diminishing the
functional effectiveness of the insulin signaling path-
way. Since desensitization in AD** can affect the en-
tire insulin signaling pathway, one may speculate
that exogenous insulin and insulin sensitizers address
insulin deficits singly or simultaneously and help
lower NP density in persons with AD.

In an earlier study from our group, we reported
that diabetic patients had less AD neuropathology
than nondiabetic patients.!" Almost half of the sub-
jects in the current study were not in our former
study, but the overall result was similar. Our results
suggest that diabetes medication status may be a cru-
cial factor in explaining discrepancies in the associa-
tions between diabetes and AD neuropathology
noted in other studies.®!13

The results of this study also implicate combina-
tion therapy of diabetes as a modulator of the density
of NPs. The density of NPs was profoundly lower in
subjects receiving combination therapy with insulin
and oral antidiabetic medication relative to the other
age and dementia severity matched subjects in this
study, or subjects of comparable age in other stud-
ies.®® This suggests that pharmacologic agents that
modulate insulin-associated neurobiology may com-
bat the severity of AD neuropathology. It is also pos-
sible that in addition to the primary effects on insulin
and glucose levels, combination therapy with oral an-
tidiabetic agents might directly attenuate the density
of NP lesions of AD. Animal model studies could
shed light on this therapeutically relevant possibility.

A parsimonious alternative explanation for the
observed association between combination of diabe-
tes medications and NPs is a survival effect in sub-
jects who were relatively old (82 years old at death in
average). Their survival might reflect an absence of
other medical conditions, including neuropathologic
burden. Another survival explanation is that the bio-
logic mechanisms that necessitated the use of combi-
nation therapy to control diabetes were also
protective against the development of AD neuropa-
thology. This is counterintuitive but not unprece-
dented; for example, consider the protective effects of
sickle cell anemia to malaria.

The analyses in this study found group differences
in NPs to be much the same after controlling for
differences in dementia severity (CDR). In fact, there
were negligible differences between the groups in av-
erage dementia severity. A potential reason for the
lack of an apparent effect of diabetes medication on
CDR s the possibility that differential NP densities
above a threshold no longer affect a relatively gross
measure of cognition. This possibility is supported
by our earlier finding!>?® that densities of NPs too
low to fulfill diagnostic criteria for AD are sufficient

to affect cognition adversely. An alternative hypothe-
sis suggested by the observed results is that when NP
ratings are very low (such as in the subjects with com-
bined antidiabetic medications), dementia severity
might be explained by neurodegenerative processes
other than NPs that are associated with diabetes,
such as degenerative changes of neurons, dendrites,
and synapses,*® or by other mechanisms activated by

%7 microglial activation,® or blood-

oxidative stress,
brain barrier overpermeability.*® Additionally, the
potential permanent neurologic effects of multiple
hypoglycemic episodes should be considered.® It
should be noted, however, that when subjects with
CERAD neuropathologic diagnoses other than AD
were excluded from the analysis, the results remained
essentially unchanged.

In our previous study examining the relationship
of neuropathology with diabetes,!' NFT relation-
ships with diabetes were similar to, although weaker
than, those for NPs. Therefore we also hypothesized
NFT differences among the five groups in the cur-
rent study but none were significant. Since this study
replicates the previous study in finding an overall
NFT difference between subjects with and without
diabetes, the discrepancy between the NP and NFT
results suggests that antidiabetes medications do not
have the same effects on NFT's as NDPs.

Strengths of the study were a relatively large sam-
ple size, systematic independent rating of the extent
of AD pathology and assessment of comorbid neuro-
pathology, quantitative counts of NPs in the cortex
in addition to the qualitative CERAD neuropatho-
logic ratings, and diagnosis of diabetes based on com-
prehensive blood examinations. The main limitation
of this study was the lack of a full history of diabetes
(duration, glucose control, complications, and serum
insulin) that might modulate the effect of diabetes on
the neuropathology of AD. Such information would
address the question of whether the diabetic groups
differ in terms of disease severity, and clarify whether
the observed results are attributable to disease sever-
ity rather than medication effects. The single obser-
vation of fasting glucose at admission to the JHH,
which was used in a secondary analysis, provided an
indication of glucose control, but cannot be inter-
preted as a reliable summary of glucose control over
time. Additionally, if some subjects died before the
availability of hypoglycemic medication and the ob-
served differences were due only to medication as-
signment strategy rather than to medication effects,
statistical power would have been reduced by assign-
ing subjects who should have been in the combina-
tion group to either insulin or no medication.

The present study provides evidence of substan-
tially lower NP density in diabetic subjects taking
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both insulin and hypoglycemic medication consistent

with the effects of both on the neurobiology of insulin.

These pathways should be considered as potentially

mechanistically important in the etiology of A associ-

ated neuropathology and deposition of NPs.
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