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ABSTRACT

Background: Reduced brain insulin signaling and low CSF-to-plasma insulin ratios have been ob-
served in patients with Alzheimer disease (AD). Furthermore, intracerebroventricular or IV insulin
administration improve memory, alter evoked potentials, and modulate neurotransmitters, possi-
bly by augmenting low brain levels. After intranasal administration, insulin-like peptides follow
extracellular pathways to the brain within 15 minutes.

Objective: We tested the hypothesis that daily intranasal insulin treatment would facilitate cogni-
tion in patients with early AD or its prodrome, amnestic mild cognitive impairment (MCI). The
proportion of verbal information retained after a delay period was the planned primary outcome
measure. Secondary outcome measures included attention, caregiver rating of functional status,
and plasma levels of insulin, glucose, �-amyloid, and cortisol.

Methods: Twenty-five participants were randomly assigned to receive either placebo (n � 12) or
20 IU BID intranasal insulin treatment (n � 13) using an electronic atomizer, and 24 participants
completed the study. Participants, caregivers, and all clinical evaluators were blinded to treat-
ment assignment. Cognitive measures and blood were obtained at baseline and after 21 days of
treatment.

Results: Fasting plasma glucose and insulin were unchanged with treatment. The insulin-treated
group retained more verbal information after a delay compared with the placebo-assigned group
(p � 0.0374). Insulin-treated subjects also showed improved attention (p � 0.0108) and func-
tional status (p � 0.0410). Insulin treatment raised fasting plasma concentrations of the short
form of the �-amyloid peptide (A�40; p � 0.0471) without affecting the longer isoform (A�42),
resulting in an increased A�40/42 ratio (p � 0.0207).

Conclusions: The results of this pilot study support further investigation of the benefits of intrana-
sal insulin for patients with Alzheimer disease, and suggest that intranasal peptide administration
may be a novel approach to the treatment of neurodegenerative disorders.
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GLOSSARY
AD � Alzheimer disease; APP � amyloid precursor protein; BSA � bovine serum albumin; CBG � cortisol binding globulin;
DSRS � Dementia Severity Rating Scale; MCI � mild cognitive impairment; PBS � phosphate buffered saline; RIAs �
radioimmunoassays.

Insulin, a highly conserved peptide whose function was once narrowly defined as the
promotion of glucose turnover in skeletal muscle, has now emerged as a key neuromodu-
lator in the CNS. Evidence has been established for its participation in neuronal mainte-
nance, energy metabolism, neurogenesis, and neurotransmitter regulation.1 Insulin also
affects functional processes such as neuronal firing and long-term potentiation that un-
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derlie memory and other cognitive activi-
ty.1 Given this multiplicity of actions, it is
not surprising that dysregulation of insulin
can compromise brain function, and has
been observed in patients with neurode-
generative disorders such as Alzheimer dis-
ease (AD).2 Reduced levels of insulin and
its signaling molecules have been noted in
the CSF and brain of patients with AD.3,4

Peripheral hyperinsulinemia and experi-
mentally reduced insulin signaling also in-
crease levels of amyloid (A�) and tau
hyperphosphorylation, processes that con-
tribute to the formation of senile plaques
and neurofibrillary tangles.5,6

The identification of reduced brain insulin
signaling in AD has important therapeutic
implications. Given insulin’s salutary effects
on cognition and its modulation of AD
pathophysiology, normalizing insulin avail-
ability to the brain may have beneficial ef-
fects. Raising insulin in the periphery is not
likely to be an effective long-term strategy to
accomplish this goal; chronic insulin eleva-
tions may have undesirable metabolic conse-
quences such as induction of hypoglycemia
and insulin resistance. Furthermore, patients
with AD often have concomitant insulin re-
sistance, which causes a reduction in insulin
transport capacity across the blood–brain
barrier that might prevent adequate levels
from reaching CNS targets.7 With intranasal
administration, insulin-like peptides bypass
the periphery and the blood–brain barrier,
reaching the brain and CSF within minutes
via extracellular bulk flow transport along
olfactory and trigeminal perivascular chan-
nels, as well as through more traditional ax-
onal transport pathways.8,9 In the present
study, we used a randomized, placebo-
controlled design to determine if 21 days of
intranasal insulin treatment would enhance
cognition and daily function in patients with
early AD or amnestic mild cognitive impair-
ment (MCI).

We also investigated the effects of intra-
nasal insulin on plasma levels of the
�-amyloid peptide (A�), based on previous
work showing that raising plasma insulin
reduces plasma levels of the longer specie

(A�42) for normal adults, but not for pa-
tients with AD.10 Although the role and sig-
nificance of plasma A� is not well-
understood, longitudinal studies have
documented higher plasma A�42 levels at
prodromal or early stages of AD.11 One
mechanism through which intranasal insu-
lin may affect A� is through its effects on
glucocorticoids, which regulate the amy-
loid precursor protein (APP) and �-APP
cleaving enzyme.12 A previous study re-
ported that 8 weeks of intranasal insulin
treatment reduced plasma cortisol levels in
young adults.9 We therefore measured
plasma cortisol levels prior to and follow-
ing the 21-day treatment period.

Results from our pilot clinical trial sug-
gest that intranasal insulin treatment im-
proves cognition and modulates plasma
A� and cortisol levels, thereby providing a
clear rationale for further large-scale inves-
tigation of this novel therapeutic approach.

METHODS Subjects. This study was approved by the
Human Subjects Review Committee of the University of
Washington, and conducted in the Clinical Research Center
of the VA Puget Sound. Written informed consent was ob-
tained from all subjects and the legal representatives of pa-
tients with AD. The trial was not registered with
ClinicalTrials.gov because it was a preliminary single-site
trial of limited duration and enrollment. Eligibility screening
and enrollment occurred from August 2005 through May
2006, and relevant data regarding study flow are provided in
figure 1. Enrolled participants included 25 adults with AD
(National Institute of Neurological and Communicative Dis-
orders and Stroke–Alzheimer’s Disease and Related Disor-
ders Association criteria; n � 11) or MCI with amnestic
features (n � 14), a disorder widely believed to represent a
prodromal stage of AD in the vast majority of cases.13 Sam-
ple size was determined based on previous studies of the ef-
fects of insulin on memory.14 Diagnoses and study eligibility
were determined by neurologist, psychiatrist, and neuropsy-
chologist consensus following cognitive testing, medical his-
tory, physical examination, electrocardiogram, and clinical
laboratory screening as previously described.15 All subjects
were free from psychiatric disorders, alcoholism, severe head
trauma, hypoxia, neurologic disorders other than AD, renal
or hepatic disease, diabetes, chronic obstructive pulmonary
disease, congestive heart failure, or cardiac arrhythmias.
Participants were randomly assigned using a random num-
bers table to receive insulin (n � 13) or placebo (n � 12).
Treatment assignments and preparation of insulin or saline
vials was carried out by a research nurse who was not in-
volved in data collection. All study personnel involved in
data collection were blinded to treatment assignment. Treat-
ment groups were comparable in terms of age, education,
body mass index, or dementia severity as assessed by the
Mattis Dementia Rating Scale (table). One member of the
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