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IMPORTANCE Insulin modulates aspects of brain function relevant to Alzheimer disease and
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can be delivered to the brain using intranasal devices. To date, the use of intranasal insulin to
treat persons with mild cognitive impairment and Alzheimer’s disease dementia remains to
be examined in a multi-site trial.
OBJECTIVE To examine the feasibility, safety, and efficacy of intranasal insulin for the

treatment of persons with mild cognitive impairment and Alzheimer disease dementia in a
phase 2/3 multisite clinical trial.
DESIGN, SETTING, AND PARTICIPANTS A randomized (1:1) double-blind clinical trial was
conducted between 2014 and 2018. Participants received 40 IU of insulin or placebo for 12
months during the blinded phase, which was followed by a 6-month open-label extension
phase. The clinical trial was conducted at 27 sites of the Alzheimer’s Therapeutic Research
Institute. A total of 432 adults were screened, and 144 adults were excluded. Inclusion criteria
included adults aged 55 to 85 years with a diagnosis of amnestic mild cognitive impairment or
Alzheimer disease (based on National Institute on Aging–Alzheimer Association criteria), a
score of 20 or higher on the Mini-Mental State Examination, a clinical dementia rating of 0.5
or 1.0, and a delayed logical memory score within a specified range. A total of 289
participants were randomized. Among the first 49 participants, the first device (device 1)
used to administer intranasal insulin treatment had inconsistent reliability. A new device
(device 2) was used for the remaining 240 participants, who were designated the primary
intention-to-treat population. Data were analyzed from August 2018 to March 2019.
INTERVENTIONS Participants received 40 IU of insulin (Humulin-RU-100; Lilly) or placebo
(diluent) daily for 12 months (blinded phase) followed by a 6-month open-label extension
phase. Insulin was administered with 2 intranasal delivery devices.
MAIN OUTCOMES AND MEASURES The primary outcome (mean score change on the Alzheimer
Disease Assessment Scale–cognitive subscale 12) was evaluated at 3-month intervals.
Secondary clinical outcomes were assessed at 6-month intervals. Cerebrospinal fluid
collection and magnetic resonance imaging scans occurred at baseline and 12 months.
RESULTS A total of 289 participants (155 men [54.6%]; mean [SD] age, 70.9 [7.1] years) were
randomized. Of those, 260 participants completed the blinded phase, and 240 participants
completed the open-label extension phase. For the first 49 participants, the first device used
to administer treatment had inconsistent reliability. A second device was used for the
remaining 240 participants (123 men [51.3%]; mean [SD] age, 70.8 [7.1] years), who were
designated the primary intention-to-treat population. No differences were observed
between treatment arms for the primary outcome (mean score change on ADAS-cog-12 from
baseline to month 12) in the device 2 ITT cohort (0.0258 points; 95% CI, −1.771 to 1.822
points; P = .98) or for the other clinical or cerebrospinal fluid outcomes in the primary
(second device) intention-to-treat analysis. No clinically important adverse events were
associated with treatment.
CONCLUSIONS AND RELEVANCE In this study, no cognitive or functional benefits were
observed with intranasal insulin treatment over a 12-month period among the primary
intention-to-treat cohort.
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I

nsulin, a peptide produced by pancreatic β cells, is best
known for its role in peripheral glucose homeostasis. It also
has multifaceted implications for brain function. Insulin
readily crosses the blood-brain barrier and may also be produced by brain neurogliaform cells.1 As summarized in a recent review,2 although brain glucose metabolism is not dependent on insulin, insulin can alter glucose use through classic
interactions with neuronal glucose transporter type 4 (GLUT4)
in key cognitive circuits and through its promotion of glycogen uptake in astrocytes, processes thought to be important at
times of high energy demand. Insulin also enhances synaptic
viability and dendritic spine formation as well as modulating
levels of key neurotransmitters, such as dopamine.3 Of particular relevance, insulin protects against the synaptotoxic effects
of the amyloid beta (Aβ) peptide and changes its clearance.4-6
Through these mechanisms, insulin may be associated with
memory and other cognitive functions. Insulin also plays an important role in vascular function through its association with
vasoreactivity, lipid metabolism, and inflammation.7
Reduced brain and cerebrospinal fluid (CSF) insulin levels or activity have been documented in Alzheimer disease
(AD), although these reductions have not been observed in all
studies.8,9 Markers of insulin resistance, a condition in which
defective insulin signaling prevents further initiation of its normal functions in target tissues, have been detected in neuronally derived exosomes and in brain tissue from adults with
Alzheimer disease. These indices have been associated with
hyperphosphorylated tau in CSF and brain tissue10,11 and
with increased deposition of Aβ12,13; however, again, these
associations have not been found in all studies.14
Given the many important functions of insulin in the brain
and the evidence of associations between brain insulin dysregulation and AD pathology, restoring brain insulin function
may provide therapeutic benefit for adults with AD or its prodrome, amnestic mild cognitive impairment (MCI). One such
strategy is to increase insulin availability to the brain through
intranasal insulin administration. In preclinical studies, insulin and associated peptides delivered intranasally bypass the
blood-brain barrier and reach the brain via olfactory and trigeminal perivascular channels without raising peripheral insulin or lowering blood glucose.15,16 In a pilot clinical trial, daily
intranasal administration of 20 IU and 40 IU of insulin for 4
months to 105 participants with AD or MCI preserved performance on the Alzheimer Disease Assessment Scale–cognitive
subscale 12 (ADAS-cog-12) compared with placebo and enhanced cerebral glucose metabolism assessed with 18 Ffluorodeoxyglucose positron emission tomography.17,18 The
present study aimed to extend these findings in a longer and
larger multisite randomized double-blinded clinical trial designed to assess the efficacy of intranasal insulin on cognition, function, and AD biomarkers as well as the safety and feasibility of the intranasal delivery method.

Methods
The study was initiated by the Alzheimer Disease Cooperative Study Group of the University of California, San Diego, and
E2

Key Points
Question Does intranasally delivered insulin provide a feasible
and effective treatment for adults with mild cognitive impairment
or Alzheimer disease dementia?
Findings In this randomized clinical trial of 289 adults with mild
cognitive impairment or Alzheimer disease dementia, no cognitive
or functional benefits were observed with intranasal insulin
treatment compared with placebo over a 12-month period in the
primary analyses. The study execution and interpretation of
results were complicated by issues with the intranasal delivery
device.
Meaning The results of this study suggest that further
investigation is needed with intranasal delivery devices that have
been reported to increase insulin levels in the central nervous
system, which might better determine the therapeutic benefit of
intranasal insulin for the treatment of persons with mild cognitive
impairment and Alzheimer disease dementia.

completed by the Alzheimer’s Therapeutic Research Institute of the University of Southern California (P.A., director) together with the principal investigator (S.C.) at the Wake Forest School of Medicine. The clinical trial protocol is available
in Supplement 1. Twenty-seven sites of the Alzheimer’s Therapeutic Research Institute participated in the clinical trial
(eTable 1 in Supplement 2). The study was conducted in accordance with the Guideline for Good Clinical Practice19 and
followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline. Study protocols and informed
consent were approved by the institutional review boards at
the individual study sites and at the University of California,
San Diego, the University of Southern California, and the Wake
Forest School of Medicine. Written informed consent was
obtained from participants and study partners. The study was
conducted under local institutional review board supervision.
Study participant screening for the device 1 cohort occurred between January 23, 2014, and August 14, 2014. Screening was then paused (although study visits for enrolled participants continued) while identification and implementation
of device 2 occurred. Screening resumed for the device 2 cohort on November 24, 2015, and the final open-label extension visit occurred on December 11, 2018. All participants used
the device to which they were originally assigned throughout
their participation.

Participants and Study Design
A total of 432 adults were screened, and 144 adults were excluded; 289 participants were randomized. For the first 49 participants, device 1 was used to administer intranasal insulin
treatment. Because device 1 had inconsistent reliability, device 2 was used for the remaining 240 participants, who were
designated the primary intention-to-treat (ITT) cohort. Of
those, 121 participants were randomized to receive intranasal
insulin (insulin arm), and 119 participants were randomized to
receive placebo (placebo arm). The device 1 ITT cohort (n = 49)
and the combined (devices 1 and 2) ITT cohort (n = 289) were
considered secondary cohorts.
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Eligible adults were those aged 55 to 85 years with diagnoses of amnestic MCI or AD (based on criteria from the National Institute on Aging–Alzheimer Association), scores of 20
and higher on the Mini-Mental State Examination (MMSE; score
range, 0-30, with lower scores indicating poorer cognitive performance), global clinical dementia ratings of 0.5 or 1.0, and
logical memory-delayed scores within a specified educationadjusted range. The stable use of medications approved for the
treatment of AD was allowed. Persons with diabetes requiring medication were excluded, as were persons who had received insulin within 1 year of the screening visit. Additional
exclusionary criteria are listed in eTable 2 in Supplement 2.
The study used a double-blind placebo-controlled design, in which participants were randomized on a 1:1 basis to
receive 40 IU of intranasal insulin (Humulin-RU-100; Lilly) or
placebo (diluent) daily for 12 months (blinded phase) followed by a 6-month open-label extension phase. Participants
were randomized using a covariate-adaptive algorithm implemented centrally that considered MMSE score, apolipoprotein E ε4 allele (APOE ε4) carriage status, study site, sex, and
age based on research indicating that these factors may be
associated with treatment response.17,20

Intranasal Delivery Devices
The study was initiated using device 1 (ViaNase; Kurve Technology), which had been used in the pilot study and other studies of persons with AD.17,21 Modifications of device 1 for this clinical trial included the addition of an electronic timer. Participants
pressed a switch that turned on the device, engaging a pump
that released a nebulized stream of insulin through a nose piece
into a nostril for 20 seconds, after which the device switched
off. The process was then repeated in the other nostril. However, the electronic timer malfunctioned in some devices, requiring the clinical trial coordinating center, site personnel, and
participants to expend time and effort to replace devices. It was
determined that these malfunctions were unacceptably frequent, and a decision was made to switch to device 2 (I109
Precision Olfactory Delivery; Impel NeuroPharma).
Device 2 had not been used previously in studies of persons with AD but had demonstrated good reliability in delivering specified doses of insulin to the olfactory cleft, which is
thought to be a key portal for nose-to-brain delivery. Device 2
used a liquid hydrofluoroalkane propellant to eject a metered
dose of insulin through a nose tip without electronic assistance when a switch was depressed. Participants were instructed to insert the device tip into a nostril aligned along the
nasal bridge and depress the switch to release the insulin. The
process was then repeated in the other nostril.

Cognitive and Clinical Outcomes
The primary outcome was the participant mean score change
on the ADAS-cog-12, which was administered at baseline and
at 3-month intervals. The ADAS-cog22 is a psychometric instrument that evaluates memory, attention, reasoning, language, orientation, and praxis. The ADAS-cog-12 version used
in the current study included assessment of delayed word recall, which is a measure of episodic memory.23 Scores from the
original portion of the test ranged from 0 (best) to 70 (worst),
jamaneurology.com
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and the number of items not recalled (ranging from 0-10 items)
was added, for a maximum score of 80. A higher score indicated cognitive worsening.
Secondary functional outcomes, which included the mean
change in the Alzheimer Disease Cooperative Study Activities of Daily Living Scale for Mild Cognitive Impairment (ADLMCI; score range, 0-53, with lower scores indicating worse function) score and the Clinical Dementia Rating scale Sum of Boxes
(CDR-SB; score range, 0-18, with higher scores indicating worse
cognition and daily function) score, were administered at
6-month intervals, as was a memory composite evaluation (defined as the sum of z scores from the Free and Cued Selective
Reminding Test [score range, 0-48, with higher scores indicating better performance]24 and immediate and delayed story
recall).25

CSF and Blood Collection
Lumbar puncture was conducted in the morning after an overnight fast before initiation of the study drug and at month 12.
Cerebrospinal fluid was immediately frozen upright on dry ice
for at least 20 minutes before being packaged and shipped overnight (also frozen on dry ice) to the central biomarker laboratory. Alzheimer disease biomarkers Aβ42 and Aβ40, total tau
protein, and tau phosphorylated at threonine 181 (tau p-181)
were measured using the Meso Scale Discovery platform (Meso
Scale Diagnostics). Cerebrospinal fluid insulin was measured
with an ultrasensitive enzyme-linked immunosorbent assay
(Mercodia), which had a lower limit of detection of 0.15 mU/L.
Using standard protocols, nonfasting blood samples were
collected and assessed for glucose (at baseline, month 6, and
month 12) and hemoglobin A1c (at baseline and month 12) by a
central laboratory that was certified by the Central Laboratory Improvement Amendments. Blood was also collected for
APOE genotyping using established protocols.

Magnetic Resonance Imaging
Magnetic resonance imaging scans were conducted at screening and month 12 on 1.5-T or 3.0-T scanners that passed the
study’s qualification procedures. Most participants (n = 280)
were scanned by the same scanner at both times. Images were
checked for quality and adherence to scanning protocols. The
3-dimensional T1-weighted data sets that passed quality checks
were corrected for spatial distortion and intensity variation.
The imaging protocol included a localizer scan followed by a
high-resolution 3-dimensional T1-weighted structural series
scan (magnetization prepared rapid gradient echo [MPRAGE] or inversion recovery spoiled gradient echo [IRSPGR]), a T2-weighted series scan (fluid attenuation inversion recovery [FLAIR]), a diffusion-weighted scan, and a
gradient recalled echo scan. The volumetric analysis procedure included corrections for gradient nonlinearities and intensity nonuniformity.26-28
Baseline and follow-up data sets for each participant were
spatially coregistered using rigid-body registration followed
by nonlinear registration and neuroanatomic parcellation to
quantify entorhinal and hippocampal volumes normalized to
intracerebroventricular volume (ICV; expressed as percentage of ICV) on a participant-by-participant basis.
(Reprinted) JAMA Neurology Published online June 22, 2020
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Safety and Adherence
At each study visit, any occurrence of an adverse event (AE)
was reviewed and documented, and concomitant medications were recorded. Physical and neurological examination
as well as routine laboratory testing occurred at screening,
month 6, month 12, and month 18. A standard 12-lead resting
electrocardiogram was performed at screening. The study was
monitored by an independent data and safety monitoring board
whose members reviewed the safety data every 3 months
throughout the study.
Participant adherence was defined as the total number of
doses received, as recorded in the participant’s study diary, divided by the expected number of doses (4 doses multiplied by
the number of days) for both the blinded phase and the openlabel phase.

act test was used to compare frequencies of AEs, and the
Wilcoxon rank sum test was used to compare the change from
baseline at each follow-up visit of vital signs and the laboratory test results between treatment groups at each follow-up
visit.
Magnetic resonance imaging and CSF biomarker outcomes were analyzed using a linear mixed-effects model, with
fixed effects for time from baseline as a continuous variable
and with treatment-by-time interactions, sex, age, baseline
MMSE score, and APOE ε4 carriage status as covariates. All statistical analyses were performed with R software, version 3.4.2
(R Project for Statistical Computing), and results were reported as point estimates with 95% CIs. A P value of .05 was
considered statistically significant. Data were analyzed from
August 2018 to March 2019.

Statistical Analysis
Prospective power was based on pilot estimates to detect a
mean (SD) difference of 2.3 (5.7) points between the ADAScog-12 score at baseline and 12 months (primary outcome measure) in 2 groups. Assuming an attrition rate of 25%, we required a sample of 239 participants to detect a treatment effect
of insulin with 80% power at a 2-tailed α level of 5%. The specified covariates for treatment outcomes included participant
score on the MMSE (≤25 vs >25 points), study site, APOE ε4
carriage status, sex, and age (≤70 years vs >70 years). To achieve
optimal balance between 2 treatment groups, a covariateadaptive randomization strategy was used.
Efficacy analyses of all primary and secondary outcomes
were conducted in a modified ITT population, which included all randomized participants who had at least 1 postbaseline assessment. Before database lock, the Alzheimer’s
Therapeutic Research Institute Biostatistical Core specified the
device 2 ITT cohort as the primary cohort and the device 1 ITT
cohort and the combined ITT cohort as secondary cohorts. The
ADAS-cog-12 and CDR-SB tests with missing item scores were
imputed using a proration strategy. We used a serial gatekeeping procedure to maintain an overall experimentwise type 1 error rate of 5% for the 4 outcome hypotheses (mean score change
on the ADAS-cog-12, CDR-SB, ADL-MCI, and memory composite) of the device 2 cohort.
Demographic and baseline characteristics of the 2 treatment groups were compared using a Fisher exact test for categorical variables and a Wilcoxon rank sum test for continuous variables. The mixed model of repeated measures was used
for the primary outcome analysis and all secondary outcome
analyses. The dependent variable of the mixed model of repeated measures was the change from baseline at each
follow-up visit. The model used time as a categorical variable
and included fixed effects for treatment, treatment-by-time
interactions, baseline outcome, sex, age, baseline MMSE score,
and APOE ε4 carriage status. A compound symmetric correlation and heterogeneous variance with respect to time were
assumed. Because some participants may not have adhered
to the protocol visit schedule, rules were applied to assign
actual visits to analysis visits.
Safety analyses were conducted on the ITT population,
which included all randomized participants. The Fisher exE4

Results
Participants
A total of 354 participants were screened for the primary (device 2) ITT cohort, 114 of whom did not meet eligibility requirements, resulting in 240 participants (123 men [51.3%];
mean [SD] age, 70.8 [7.1] years). Of those, 121 participants were
randomized to the insulin arm, and 119 participants were randomized to the placebo arm; among both arms of the device 2
cohort, a total of 215 participants completed the blinded phase,
and 198 participants completed the open-label extension
phase, with similar discontinuation rates in both arms
(Figure 1). No differences were observed in demographic characteristics between the assigned groups in the blinded or openlabel extension phases for the device 2 cohort (Table). Amyloid positivity (defined as CSF Aβ42 levels <600 pg/mL) was
observed for 134 of 145 participants in the device 2 cohort who
received a baseline lumbar puncture.

Outcomes, Biomarkers, and Imaging
No differences were observed between treatment arms for the
primary outcome (mean score change on ADAS-cog-12 from
baseline to month 12) in the device 2 ITT cohort (0.0258 points;
95% CI, −1.771 to 1.822 points; P = .98) (Figure 2A). In addition, no differences were observed in performance on the CDRSB, ADL-MCI, or memory composite tests (Figure 2B-D). In the
open-label analyses for the device 2 cohort, participants originally randomized to the insulin arm (early start) and those randomized to the placebo arm (delayed start) did not differ in
mean score change on the ADAS-cog-12 or on any other outcome at month 15 or month 18 (Figure 2).
Cerebrospinal fluid Aβ42 and Aβ40, total tau protein, and
tau p-181, and the ratios of Aβ42 to Aβ40 and Aβ42 to total tau
did not differ between treatment arms for the device 2 cohort
(Figure 3A-F). The CSF insulin levels were unchanged, as were
the blood glucose and hemoglobin A1c values (eTable 3 and
eFigure 1 in Supplement 2).
Small but significant reductions in hippocampal volume
were observed in neuroimaging results for the device 2 insulin arm (−0.0038% of ICV; 95% CI, −0.0073% to −0.0004% of
ICV; P = .03), with similar reductions observed in entorhinal
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Figure 1. CONSORT Diagram for the Primary (Device 2) Cohort
354 Participants screened
114 Excluded
84 Did not meet inclusion criteria
23 Discontinued before randomization
7 Other reasons

240 Randomized

119 Randomized to placebo arm in blinded phase
116 Received placebo
3 Did not receive placebo

10 Discontinued treatment early
5 Participant unwilling or unable to participate
2 Experienced adverse event
1 Investigator recommended discontinuation
1 Lost to follow-up
1 Study partner unwilling or unable to participate

121 Randomized to insulin arm in blinded phase
121 Received intranasal insulin

13 Discontinued treatment early
4 Participant unwilling or unable to participate
3 Experienced adverse event
3 Study partner unwilling or unable to participate
1 Did not adhere to treatment
1 Perceived lack of efficacy
1 Other reason

107 Completed blinded phase
106 Were receiving placebo at completion
1 Was not receiving placebo at completion

108 Completed blinded phase
108 Were receiving intranasal insulin
at completion

104 Continued to open-label phase (delayed start)
104 Received placebo

106 Continued to open-label phase (early start)
105 Received intranasal insulin
1 Did not receive intranasal insulin

7 Discontinued treatment early
2 Other reasons
1 Experienced adverse event
1 Did not adhere to treatment
1 Safety risk
1 Participant unwilling or unable to participate
1 Study partner unwilling or unable to participate

97 Completed open-label phase

4 Discontinued treatment early
1 Died
1 Started new clinical trial
1 Study partner unwilling or unable to participate
1 Other reason

101 Completed open-label phase

cortex volume (−0.0044% of ICV; 95% CI, −0.0093% to
0.0004% of ICV; P = .07) (Figure 3G and H).

Safety and Adherence
Equal numbers of AEs occurred in the placebo and insulin arms,
and no differences were observed in the severity of AEs between the arms, with most AEs rated as mild (eTable 4 in Supplement 2). Seventeen percent of AEs were rated as possibly, probably, or definitely associated with the investigational drug (ie,
intranasal insulin) in both groups. A total of 5% and 6% of AEs
were rated as associated with the device in the placebo and insulin arms, respectively. Infections, injuries, respiratory disorders, and nervous system disorders were the most frequent AEs
reported, which did not differ between groups.
An insignificantly higher rate of vascular disorders was observed in the insulin arm compared with the placebo arm (15
participants [12.4%] vs 6 participants [5.0%], respectively;
P = .07). A median adherence rate of 92% (range, 0%-106% for
insulin and 0%-103% for placebo) of scheduled doses was observed for both the insulin and placebo arms during the blinded
jamaneurology.com

phase, and a median adherence rate of 93% (range, 24%168%) and 92% (range, 0%-108%) was observed for the insulin and placebo arms, respectively, for the open-label extension phase.

Secondary Analyses
For the secondary (device 1) ITT cohort, 78 participants were
screened, and 49 participants (32 men [65.3%]; mean [SD] age,
71.9 [7.1] years) were randomized to the insulin (n = 24) or placebo (n = 25) arms. Of those, 45 participants completed the
blinded phase, and 42 participants completed the open-label
extension phase, with similar discontinuation rates in both
arms (eFigure 2 in Supplement 2). Demographic characteristics were similar between groups (eTable 5 in Supplement 2).
The insulin arms of the device 1 cohort indicated better
ADAS-cog-12 performance at 12 months (−2.81 points; 95% CI,
−6.09 to 0.45 points; P = .09) and nominally significant effects at 6 months (−3.78 points; 95% CI, −6.79 to −0.78 points;
P = .01) (Figure 4A). No differences between treatment arms
were observed for other clinical or cognitive measures in the
(Reprinted) JAMA Neurology Published online June 22, 2020
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Table. Characteristics of the Primary (Device 2) Cohort
No. (%)
Blinded phase

Open-label phase

Characteristic

Placebo

Insulin

Total

Placebo

Insulin

Total

Participants, No.

119

121

240

104

106

210

Sex
Male

61 (51.3)

62 (51.2)

123 (51.3)

53 (51.0)

57 (53.8)

110 (52.4)

Female

58 (48.7)

59 (48.8)

117 (48.7)

51 (49.0)

49 (46.2)

100 (47.6)

Age, mean (SD), y

71.1 (6.8)

70.5 (7.4)

70.8 (7.1)

71.0 (7.0)

70.3 (7.3)

70.7 (7.2)

Education, mean (SD), y

16.3 (2.9)

16.1 (2.6)

16.2 (2.8)

16.4 (2.8)

16.1 (2.7)

16.3 (2.8)

American Indian or Alaskan native

0

0

0

0

0

0

Asian

4 (3.4)

1 (0.8)

5 (2.1)

4 (3.8)

1 (0.9)

5 (2.4)

Black

6 (5.0)

3 (2.5)

9 (3.7)

4 (3.8)

2 (1.9)

6 (2.8)

White

109 (91.6)

117 (96.7)

226 (94.2)

96 (92.3)

103 (97.2)

199 (94.8)

Hispanic or Latino

5 (4.2)

5 (4.1)

10 (4.2)

2 (1.9)

3 (2.8)

5 (2.4)

Not Hispanic or Latino

113 (95.0)

116 (95.9)

229 (95.4)

101 (97.1)

103 (97.2)

204 (97.1)

Unknown or not reported

1 (0.8)

0

1 (0.4)

1 (1.0)

0

1 (0.5)

AD

73 (61.3)

80 (66.1)

153 (63.8)

63 (60.6)

71 (67.0)

134 (63.8)

MCI

46 (38.7)

41 (33.9)

87 (36.2)

41 (39.4)

35 (33.0)

76 (36.2)

Race

Ethnicity

Diagnosis

AD medications
No

75 (63.0)

70 (57.9)

145 (60.4)

69 (66.3)

59 (55.7)

128 (61.0)

Yes

44 (37.0)

51 (42.1)

95 (39.6)

35 (33.7)

47 (44.3)

82 (39.0)

APOE ε4 carriage status
No

42 (35.3)

42 (34.7)

84 (35.0)

39 (37.5)

34 (32.1)

73 (34.8)

Yes

77 (64.7)

79 (65.3)

156 (65.0)

65 (62.5)

72 (67.9)

137 (65.2)

Baseline ADAS-cog-12 score, mean (SD)

24.73 (7.56)

25.91 (8.28)

25.33 (7.94)

24.07 (7.30)

25.34 (8.25)

24.71 (7.80)

Screening MMSE score, mean (SD)

24.84 (2.72)

24.79 (2.75)

24.82 (2.73)

24.93 (2.73)

24.95 (2.70)

24.94 (2.71)

Baseline NPI score, mean (SD)

6.67 (9.59)

7.06 (7.69)

6.86 (8.68)

6.47 (9.91)

7.17 (7.90)

6.81 (8.96)

Baseline ADL-MCI score, mean (SD)

39.77 (7.07)

39.17 (7.77)

39.46 (7.42)

40.19 (6.85)

39.09 (7.94)

39.64 (7.42)

Screening CDR-SB score, mean (SD)

3.35 (1.51)

3.59 (1.51)

3.47 (1.51)

3.31 (1.53)

3.56 (1.45)

3.44 (1.49)

Abbreviations: AD, Alzheimer disease; ADAS-cog-12, Alzheimer Disease Assessment Scale–cognitive subscale 12; ADL-MCI, Activities of Daily Living Scale for Mild
Cognitive Impairment; APOE ε4, apolipoprotein E ε4 allele; CDR-SB, Clinical Dementia Rating scale Sum of Boxes; MCI, mild cognitive impairment;
MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory.

blinded phase (Figure 4B-D). In the open-label analyses, the
early-start device 1 cohort had better ADAS-cog-12 scores at
month 15 (−5.70 points; 95% CI, −9.62 to −1.79 points; nominal P = .004) and month 18 (−5.78 points; 95% CI, −10.55 to
−1.01 points; nominal P = .02) (Figure 4A) and better ADLMCI scores at month 18 (4.85 points; 95% CI, 0.07-9.63 points;
nominal P = .05) (Figure 4C) compared with the device 2 delayed-start participants. No differences were observed for other
clinical or cognitive outcomes.
Although individual biomarkers did not significantly differ between arms for the device 1 cohort, the ratios of Aβ42 to
Aβ40 (0.004; 95% CI, 0.001-0.007; nominal P = .01) and Aβ42
to total tau (0.935; 95% CI, 0.093-1.778; nominal P = .03) increased (eFigure 3E and F in Supplement 2). For the device 1
cohort, small but significantly greater entorhinal cortex volume loss was observed for the insulin arm (−0.0114% of ICV;
95% CI, −0.0187% to −0.004% of ICV; P = .003), with no significant differences observed in hippocampal volume (eFigure 4A and B in Supplement 2).
E6

The number of AEs was almost identical between groups,
and the AEs were comparable in severity, with most rated as mild
and unassociated with the investigational drug or device
(eTable 6 in Supplement 2). For the device 1 cohort, median adherence rates of 72% (range, 42%-95%) and 73% (range, 32%97%) of scheduled doses were observed for the insulin and placebo arms, respectively, during the blinded phase, which increased to 86% (range, 44%-98% for early start and 0%-101%
for delayed start) for both arms in the open-label phase.
The secondary (combined devices) ITT cohort comprised
289 participants (155 men [53.6%]; mean [SD] age, 70.9 [7.1]
years) (eTable 7 in Supplement 2). Among this cohort, no significant effects were observed for any outcome measure during the blinded or open-label phases (eFigure 5 and eFigure 6
in Supplement 2), with the exception of reduced entorhinal cortex volume in the insulin arm at month 12 relative to baseline
(−0.0055% of ICV; 95% CI, −0.0097% to −0.0014% of ICV;
nominal P = .009) (eFigure 6H in Supplement 2). The AE profile was identical to that observed in the device 2 cohort.
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Figure 2. Mean Score Changes From Baseline to Month 18 for the Primary (Device 2) Cohort
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carriage status. The shaded region indicates the open-label phase. A, Alzheimer
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the insulin and placebo arms had similar cognitive, functional, and CSF profiles.

Discussion
To our knowledge, this study is the first multisite phase 2/3
clinical trial of the use of intranasal insulin to treat persons with
MCI and AD, and the study was designed to assess the efficacy of intranasal insulin on cognition and the safety and feasibility of the intranasal delivery method. In the primary analysis with the device 2 cohort, no differences were observed
between the placebo and insulin arms at any time point for the
primary outcome (mean score change on the ADAS-cog-12 from
baseline to month 12) in either the blinded or open-label phases.
In a similar manner, no differences were observed in other cognitive or functional outcomes or in CSF biomarkers. Small reductions in hippocampal volume, which were observed in the
insulin arm, are of unclear clinical importance, given that both
jamaneurology.com

12
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Month

Feasibility, Adherence, and Safety
One goal of the clinical trial was to assess the feasibility of intranasal drug administration, a mode of delivery that purportedly can circumvent the blood-brain barrier, allowing brain access to molecules for which blood-brain barrier transport is
impeded. Interpretation of the study results was complicated by the need to change delivery devices midtrial. Device
1, which was originally chosen for the clinical trial, had been
used in previous studies of persons with MCI and AD and was
reported to have good reliability and to be associated with improvements in cognition and cerebral glucose metabolism.17,21
However, a design adaptation introduced specifically for this
clinical trial resulted in unreliable performance that required
(Reprinted) JAMA Neurology Published online June 22, 2020
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Figure 3. Mean Change in Cerebrospinal Fluid and Neuroimaging Biomarkers From Baseline to Month 12
for the Primary (Device 2) Cohort
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The linear mixed-effects model used
fixed effects for time from baseline as
a continuous variable, and
treatment-by-time interactions, sex,
age, baseline score on the
Mini-Mental State Examination, and
apolipoprotein E ε4 allele carriage
status as covariates. Aβ indicates
amyloid beta; CSF, cerebrospinal
fluid; ICV, intracerebroventricular
volume; and tau p-181, tau
phosphorylated at threonine 181.
Error bars indicate 95% CIs.
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Figure 4. Mean Score Changes From Baseline to Month 18 for the Secondary (Device 1) Cohort
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frequent replacement of devices and imposed feasibility challenges for clinical trial operations. Despite these challenges,
participants using device 1 had adherence rates of 73% in the
blinded phase and 86% in the open-label extension phase. Device 2, with which the study was completed, performed reliably with excellent adherence rates (>90%) but had not, to our
knowledge, been used previously in clinical trials of persons
with AD.
Although a detailed discussion of differences between the
devices is beyond the scope of this article, it is notable that the
devices use different delivery strategies, which may have altered their effectiveness in delivering insulin to the central nervous system. The results suggest that future studies using intranasal drug delivery devices should verify the devices’ ability
to deliver compounds to the central nervous system directly
through methods such as postadministration lumbar puncture or positron emission tomography.

Intranasal insulin was generally safe, with no differences
in AE profiles between the insulin and placebo arms. This observation is consistent with a recent meta-analysis comprising 18 studies of 832 individuals who received human intranasal insulin treatment lasting between 21 days and 9.7 years,
which reported no substantial safety issues or patterns of AEs
other than transient local nasal rhinitis.29
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Device 1 and Combined Cohorts
In the secondary analyses with the device 1 cohort, an
advantage for the insulin arm on the ADAS-cog-12 was
observed at the 12-month point, with nominally significant
effects observed at 6 months and during the 6-month openlabel extension phase. In addition, improved profiles were
noted for the CSF biomarker ratios of Aβ42 to Aβ40 and
Aβ42 to total tau protein for the device 1 insulin arm. Compared with individual CSF biomarkers, the Aβ42 to total tau
(Reprinted) JAMA Neurology Published online June 22, 2020
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ratio has indicated improved ability to estimate potential
progression from MCI in research cohorts and has demonstrated the best sensitivity and specificity profile in a clinical setting.30,31 The Aβ42 to Aβ40 ratio also increased; low
values of this ratio have been reported to be a more reliable
factor associated with potential brain Aβ deposition
assessed with positron emission tomography than CSF Aβ42
alone, possibly because the ratio corrects for individual differences in overall Aβ production and is more specific to
AD.32 Caution must be used in interpreting the secondary
analyses of the device 1 results; the improvements observed
on the ADAS-cog-12 and biomarker profile in the device 1
cohort may be spurious given the small sample or may
reflect a difference in the ability of the 2 devices to deliver
insulin to the central nervous system, a possibility that can
be tested in future validation studies.
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