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Abstract
Diabetes mellitus continues to be a disease that affects a good percentage of our population. The majority
affected need insulin on a day-to-day basis. Before the invention of the first manufactured insulin in 1978,
dealing with diabetes took a significant toll on patient's lives. As technology and human innovation prevail,
significant advancements have taken place in managing this chronic disease. Patients have an option to
decide their mode of insulin delivery. Intranasal insulin, one such form, has a rapid mode of action while
effectively controlling postprandial hyperglycemia. It has also been proven to reduce hypoglycemia and
insulin resistance problems, which seem to be the main adverse effects of using conventional insulin
regularly. However, due to the large dosages needed and high incurring costs, Intranasal Insulin is currently
being used as adjunctive therapy along with conventional insulin. 

We conducted a literature search in PubMed indexed journals using the medical terms "Intranasal insulin,"
"diabetes," and "cognitive impairment" to provide an overview of the mechanism of action of Intranasal
Insulin, its distinctive cognitive benefits, and how it can be compared to the standard parenteral insulin
therapy. One unique feature of intranasal insulin is its ability to directly affect the central nervous system,
bypassing the blood-brain barrier. Not only does this help in reducing the peripheral side effects of insulin,
but it has also proven to play a role in improving the cognitive function of diabetics, especially those who
have Alzheimer's or mild cognitive impairment, as decreased levels of insulin in the brain has been shown to
impact cognitive function negatively. However, it does come with its limitations of poor absorption through
the nasal mucosa due to mucociliary clearance and proteolytic enzymes, our body's natural defence
mechanisms. This review focuses on the efficacy of intranasal insulin, its potential benefits, limitations, and
role in cognitive improvement in people with diabetes with pre-existing cognitive impairment. 

Categories: Endocrinology/Diabetes/Metabolism, Neurology, Therapeutics
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Introduction And Background
Insulin is a peptide hormone secreted by the pancreas, specifically by the β cells of Langerhans' islets that
maintain normal blood glucose levels by mediating cellular glucose uptake and regulating carbohydrate,
lipid, and protein metabolism [1]. In 1922, it was first used as a therapeutic alternative in patients with
diabetes, and since then, it has become the cornerstone of treating patients with type 1 diabetes mellitus
(T1DM). It is also widely used in patients with type 2 diabetes mellitus (T2DM). However, one of the biggest
challenges in insulin therapy is that the injectable route constitutes the most effective and most commonly
used option, leading to patient pain and discomfort that negatively impacts medication compliance. Besides,
the complex schedules patients have to follow to mimic the physiologic secretion of insulin represent a vital
obstacle that still needs to be tackled. To this end, other administration routes have been explored
including, transdermal, pulmonary, ocular, nasal, among others [2].

Overall, the intranasal route shows the most convenient profile since it allows the hormone to be delivered
directly to the central nervous system [3]. The brain, once considered an insulin-insensitive organ, is
currently conceived as an essential insulin target. However, the exact role insulin plays among the different
brain structures looks pretty complex and poorly understood. It is known that insulin receptors can be found
in significant amounts in the olfactory bulb, hypothalamus, and cerebellum and areas involved in memory,
including the hippocampus and limbic system. Additionally, central nervous insulin signalling has been
demonstrated to participate in various functions such as peripheral energy and glucose homeostasis, food
intake, growth, and neuronal plasticity [4,5]. Intranasal insulin administration represents an efficient

1 2 3 4 5

6 7 8

 
Open Access Review
Article  DOI: 10.7759/cureus.17219

How to cite this article
Gaddam M, Singh A, Jain N, et al. (August 16, 2021) A Comprehensive Review of Intranasal Insulin and Its Effect on the Cognitive Function of
Diabetics. Cureus 13(8): e17219. DOI 10.7759/cureus.17219

https://www.cureus.com/users/246557-mrunanjali-gaddam-
https://www.cureus.com/users/262118-abhishek-singh
https://www.cureus.com/users/265284-nidhi-jain
https://www.cureus.com/users/256319-chaithanya-avanthika
https://www.cureus.com/users/256301-sharan-jhaveri
https://www.cureus.com/users/268765-ivonne-de-la-hoz
https://www.cureus.com/users/261191-sujana-sanka
https://www.cureus.com/users/268868-sri-rupa-goli


instrument to understand better the actual contribution insulin makes to these functions and their potential
therapeutic targets [6].

Over the last few years, it has been confirmed that there is a significant association between Diabetes
Mellitus and cognitive impairment. This affiliation is considered to be more assertive in type 2 than type 1
diabetes. People with diabetes have a greater rate of decline in cognitive function with a 1.5-fold greater risk
of accelerated cognitive decline and a 1.6-fold greater risk for the development of future dementia makes
this relationship irrefutable [4,7]. Globally, approximately 422 million patients with T2DM and 25% are older
than 65 years [8,9]. Therefore, diabetes-related cognitive dysfunction can seriously challenge the demand
for future health resources because of the increasing prevalence and prolonged lifespan [10].

Possible pathophysiologic mechanisms behind this phenomenon include impaired insulin signalling or
insulin resistance in the brain [5,10]. In addition, lower insulin levels in the cerebrospinal fluid and a
reduced expression of insulin receptors throughout the central nervous system have been found in patients
with Alzheimer's Disease [4]. As a result, Intranasal insulin started to draw attention as a potential
alternative for patients with different degrees of memory decay and has become an attractive option in
Alzheimer's research. Several studies favour its use in humans after demonstrating improved cognition with
negligible adverse effects [11]. Nevertheless, the mechanisms for insulin-related improvement of memory
(hippocampal function) remain unclear. The long-term effects of intranasal insulin on cognition in diabetic
and non-diabetic adults require further research to be unravelled [6].

Review
Mechanism of action
Intranasal (IN) administration of insulin helps in controlling hyperglycemia. Further, it also reported
improvement of cognitive function, human memory and prevented cerebral atrophy [12]. 

After administering IN insulin, it reaches the brain either by the olfactory and trigeminal pathway through
the cribriform plate or attaches at specific receptors (insulin receptors) in the blood-brain barrier and then
reaches the brain [12,13]. Insulin receptors are distributed throughout the brain, specifically in the olfactory
bulb, cerebral cortex, cerebellum, amygdala, hippocampus, and septum [14]. 

The insulin receptor (IR) is a tyrosine kinase receptor and transmembrane protein. IR consists of two
extracellular alpha(∝) and two transmembrane beta (β) units. It functions as an allosteric enzyme, where the
alpha(∝) subunit prevents the tyrosine kinase activity of the beta(β) subunit [15]. Downstream signalling
happens via two pathways- phosphoinositide-3 Kinase (PI3K) and mitogen-activated protein kinase
(MAPK) [15].

When IN insulin is given, it binds onto the IR, and autophosphorylation of IR occurs. Hence, it leads to the
tyrosine phosphorylation of insulin receptor substrate (IRS) and activates the PI3K and MAPK pathways.
APPL1 is an adaptor protein that helps interact with IR and IRS and further activates PI3K and MAPK
pathways [15]. These pathways also help produce hypoxia-inducible factor-1 (HIF1) and help in brain
angiogenesis through the proliferation of endothelial cells and pericytes [15]. 

Hippocampus has a high concentration of insulin receptors and helps maintain declarative memory, which
can be stored for long and recollected [14,16]. Synaptic plasticity means acquiring and maintaining
memories, and intranasal insulin helps maintain synaptic plasticity in the hippocampus. Another area of
interest in recent literature is the psychological impact of IN insulin. Studies have reported that
administration of IN insulin for eight weeks had an antidepressant and anxiolytic impact on study
subjects [16]. 

It's been reported that deprivation of insulin in the brain decreased the production of mitochondrial fusion
proteins (mitofusin1 (MFN1), mitofusin2 (MFN2), and optic atrophy protein(OPA1)) and increased the
production of fission proteins (dynamite related protein(DRP1)). Hence, the mitochondrial function will be
impaired, and the cerebrum, hypothalamus, and hippocampus, rich in insulin receptors, will be
compromised. Hence, IN insulin is advised to improve memory and cognitive function in diabetics [17].

Pharmacokinetics and Pharmacodynamics
Some drugs, particularly those involving peptide and protein hormone replacement or supplementation,
such as insulin, benefit from nasal administration. Several studies have looked at the pharmacokinetics and
pharmacodynamics of intranasal insulin.

Leary et al. did an exploratory study to look into a unique insulin formulation for intranasal administration
that used CPE-215 technology. They used eight healthy fasting volunteers who were given up to four doses
of intranasal insulin spaced at least one week apart in the trial. They discovered that at doses of 18.75 IU and
higher, serum insulin levels increased while plasma glucose and serum C-peptide levels decreased. Insulin
levels peaked in 10-20 minutes and remained elevated for about an hour, while the resulting drop in glucose
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peaked at 40 minutes and then returned to an average of 1.5-2 hours after the dose. The average decrease in
plasma glucose was 20.48 per cent at 25 IU. Higher insulin doses resulted in a more significant drop in
plasma glucose [18].

Following the exploratory trial, Leary et al. conducted a preliminary study in individuals with type 1 diabetes
to investigate unique intranasal insulin formulation parameters using subcutaneous insulin or placebo as a
comparative. They tested seven fasting volunteers who were given up to four doses of medicine (placebo,
subcutaneous insulin, or intranasal insulin) separated by at least three days. According to the findings, the
relative bioavailability of IN insulin compared to SC insulin was 16.6-19.8% over 2 hours and 14.0-19.8%
over 5 hours. The IN Insulin formulation was well tolerated, with an increase in serum insulin levels and a
drop in plasma glucose at dosages of 25 IU and higher. According to the study, peak insulin levels were
frequently reached in 15-20 minutes and stayed elevated for around an hour. The impact on glucose peaked
at 40 minutes and faded 1.5 to 2 hours after the dose [19].

In another trial, thirteen fasting healthy male volunteers were given five doses of medicine (one dosage of 4
international units [IU] subcutaneous (SC) conventional insulin and four doses of 25 IU IN insulin) taken at
least 48 hours apart. Their findings revealed a rise in serum insulin levels accompanied by a drop in plasma
glucose, with the highest insulin levels being reached in 10-20 minutes. For 40-50 minutes, the insulin
levels remained elevated. With its subsequent effect on glucose levels, this elevation in insulin levels peaked
at 40 minutes and then faded about 2 hours after the dose. There was also a statistically insignificant
difference in the comparative absorption of IN insulin vs SC insulin according to the nostril status
[dominant: 12.0%; nondominant: 15.4%]. Finally, the study found that IN insulin was well tolerated and
absorbed rather effectively [20].

Intranasal insulin-containing phospholipid as an absorption enhancer has also been explored in terms of
pharmacokinetics. Drejer K et al. tested eleven fasting volunteers who were given 4 U insulin intravenously,
6 U subcutaneously, or three doses intranasally in random order on five different days. The absorption of
intranasal insulin was dose-dependent, with a mean plasma insulin peak 16-30 minutes after delivery. The
mean plasma glucose nadir was observed around 38-50 minutes, about 20 minutes after intravenous
infusion. These findings were consistent with the findings of the other research in that there is minor
intersubject variation (p <0.01) [21].

One study comparing the pharmacokinetics of two concentrations of a proprietary formulation of an ultra
rapid-acting IN insulin formulation [Nasulin] found a proportional and linear dose-response for
pharmacokinetics and pharmacodynamic parameters, implying that multiple doses could be made available
for clinical development [22].

To summarise, intranasally administered insulin has a remarkably exact absorption and impact timing,
resulting in almost identical insulin and physiological profiles. There have only been a few long-term
studies published which have been compared in Table 1. Because of its rapid absorption and beginning of an
action, intranasal insulin is equally effective as standard subcutaneous insulin in reducing postprandial
hyperglycemia excursions. The tendency to cause postprandial hypoglycemia is like subcutaneous therapy
and more closely reflects physiological meal-induced insulin. It is necessary to address concerns concerning
the long-term usage of intranasally administered insulin. These include its limited absorption, and as a
result, the significant amount of insulin required. However, recombinant deoxyribonucleic acid technology
may solve this problem in the future by increasing availability and lowering the cost of insulin. The
reproducibility and effect of long-term treatment, as well as the possibility of nasal mucosa irritation, must
be examined further. In addition, we must scrutinize the impact of a common cold or a congested nose on
insulin absorption [23].

2021 Gaddam et al. Cureus 13(8): e17219. DOI 10.7759/cureus.17219 3 of 9



Study Study population

Peak insulin
level
achieved
after

Average
decrease in
plasma
glucose

Relative
bioavailability

Leary
et al.
[18]

Eight fasting healthy volunteers (four men, four women; body mass index, 23.6 ±

1.7 kg/m2)  
10–20 min  20.49%  10–15%  

Leary
et al.
[19]

Seven fasting volunteer patients with type 1 diabetes (five men, two women; body

mass index 23.54 ± 1.32 kg/m2)  
15–20 min  20.5%  

16.6–19.8% over 2
h and 14.0–19.8%
over 5 h  

Leary
et al.
[20]

Thirteen fasting healthy male volunteers received five doses of medication (one
dose of 4 international units [IU] subcutaneous (SC) regular insulin and four doses
of 25 IU IN insulin) at least 48 h apart  

10–20 min  20.5%  15–20%  

Drejer
et al.
[21]  

Eleven fasting subjects received 4 U insulin intravenously, 6 U subcutaneously, or
three doses intranasally (approximately 0.3 U kg-', 0.6 U kg-', 0.8 U kg-') in random
order on five separate days  

23 min  20%
16.9 - 23.9%          
     

Stote
et al.
[22]

24 healthy, nonsmoking subjects (ages 18–50, basal metabolic index 70 kg)  10–20 min    

TABLE 1: A comparative table of the different studies conducted on intranasal insulin and the
common parameters measure

Intranasal insulin and its efficacy in DM
Insulin has been in use for the treatment of DM for nearly 100 years now. During this time, due to rigorous
research and development, everything from the delivery system to the molecule itself has undergone a
drastic change.

The cornerstone of conventional insulin therapy is the subcutaneous method, which requires single or many
daily injections [24]. Despite the introduction of user-friendly insulin pens, injectable therapy does not hold
the best patient compliance [25]. In addition, despite constancy in the parenteral dose regimen and injection
site, metabolic variability in glycemic control exists in most insulin-dependent diabetics. Efforts today are
being made to design insulin delivery systems that replicate the physiological release of insulin in the body,
an advantage thus offered by the intranasal delivery system [2].

A robust selection of oral and injectable hypoglycemics and insulin analogues are already available.
Intranasal insulin, other than the cognitive benefits, offers slight advantages.

In type 2 diabetics, it was found that intranasal insulin did not only affect fasting and postprandial blood
glucose levels but did so in a way that simplified dosing too [26]. Frauman et al. showed that a single
intranasal dose of 30 units of porcelain insulin was an effective alternative to oral hypoglycemics, avoiding
many of the issues that come with their use in clinical practice [27]. Moreover, a second dose may be
administered 30 minutes after a meal for additional control. The only drawback is that substantial doses are
needed compared to subcutaneous injections, ruling it out as a realistic alternative, at least in its current
form. Larger doses would also mean a 5-10 times higher cost than conventional therapy to the patient, a
problem that may be circumvented using the new once a week dispenser. With its somewhat poor
bioavailability and amputated ability to normalize glucose levels on its own, clinicians have instead
proposed using intranasal therapy as an additive to NPH insulin rather than a replacement, particularly after
meals [28,29].

Moreover, this dependency on a significant basal insulin level may contribute to Type 1 DM patients [27].
Here, intranasal insulin was found to reduce blood sugar levels, an effect that lasted at least 4 hours without
developing hypoglycemia [30]. This indicates that long term insulin would be needed for basal control. In
contrast, regular subcutaneous insulin was found to have a delayed onset, substantial variability from person
to person and daily [30]. Additionally, intranasal insulin is well-tolerated, decreasing T cell response to
insulin [31]. It is also proposed as a long-term additive, not a replacement to subcutaneous insulin injections
for the same reason.

Cognitive benefits and potential use of intranasal Insulin
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Many animal and human studies have shown that enhanced insulin activity in the brain improves memory
functions, especially declarative memory, which is hippocampus-dependent. Decreased permeation of
blood-borne insulin across the blood-brain barrier and decreased signalling in the CNS are associated with
Alzheimer's disease. Why not then overcome this CNS insulin deficiency by exogenously administering
insulin? One therapeutic strategy uses the intranasal route, which can deliver insulin directly to the brain
bypassing the blood-brain barrier. On these lines, Benedict et al. in 2010 demonstrated through a systematic
review the benefits of intranasal insulin not only in improving memory of healthy people as well as of those
with impaired cognition (like Alzheimer's Disease), in the absence of adverse effects, but also as a
neuroprotective agent that may be used for prevention and treatment of insulin resistance and deficiency in
the CNS as seen in Alzheimer's disease[32].

The effect of intranasally administered insulin on the CNS and the metabolic homeostasis of our body has
also been studied in a review conducted by Ott et al. in 2012, wherein impaired insulin signalling in the brain
was attributed to the development of type 2 diabetes and obesity, in which peripheral and possibly CNS
insulin resistance is the hallmark, and Alzheimer's Disease, which has also been associated with insulin
resistance as a contributor to the cognitive decline accompanying it [16].

After finding out about successful trials showing promising effects of intranasal intermediate-acting regular
insulin for Mild Cognitive Impairment and Alzheimer's Disease, Claxton et al. performed an RCT to
investigate whether the long-acting insulin detemir improves cognition in adults with these disorders. The
trial was conducted on sixty adults with a diagnosis of either Mild Cognitive Impairment or mild/moderate
Alzheimer's Disease, out of which 20 participants received placebo, 21 participants received insulin detemir
(20 IU), and 19 participants received insulin detemir (40 IU) via a nasal drug delivery device, for 21 days.
Results unravelled promising effects of 40 IU of insulin detemir administered intranasally in improving
visuospatial (p<0.04) and verbal working memory (p<0.03). However, there were no significant differences
seen in daily or executive functioning. APOE status (p<0.05) was found to moderate this effect, with APOE-
ε4 carriers reflecting improvement while non-carriers were reflecting worsening of memory function,
thereby suggesting that daily treatment with high dose (40 IU) intranasal insulin detemir modulated
cognition for MCI or AD affected adults, with APOE-related differences in response to therapy [33].

Research on animals performed by Maimaiti et al. in 2016 revealed that AHP (Ca2+ dependent hippocampal
hyperpolarization), a neurophysiological marker of ageing which is increased in the memory-impaired
ageing animals, maybe a novel cellular target of insulin in the brain and is responsible for the improved
cognitive performance after therapy with insulin administered via intranasal route [34].

A study carried out on diabetic mice by Rodrigues et al. in 2017 concluded that non-invasive intranasal
insulin rescued central growth and neurogenesis, and reversed central atrophy and tau
hyperphosphorylation, thus abrogating central pathology and cognitive decline in diabetic mothers'
offspring. This opens the door to further research and individualized treatment alternatives for children
exposed to poorly controlled gestational diabetes [35].

Avgerinos et al. published a systematic review in 2018 concluding that in patients with Mild Cognitive
Impairment or Alzheimer's Disease, APOE4 (-), story recall performance was improved after receiving
insulin intranasally. However, other cognitive functions were unaffected, but some positive results were
noted in daily activity and functional status [36].

Research performed on 36 healthy men by Ritze et al. in 2018 demonstrated that long-term catabolic effects
of CNS insulin delivery necessitate repetitive, preferably pre-meal insulin delivery schedules. Cognitive and
memory improvement (delayed recall of words) is enhanced by sleep after intranasal administration of
insulin. These findings were also associated with a decline in serum cortisol levels after two weeks of
morning insulin administration. However, intranasal insulin administration did not induce any discernible
changes in body weight and composition [37].

A 4-month long placebo-controlled clinical trial of 20 or 40 IU intranasal insulin published by Mustapic et al.
in 2019 on Alzheimer's Disease patients to demonstrate biomarkers of insulin resistance and the treatment-
associated changes and their relationship with cognitive performance (ADAS-Cog) concluded that neuronal
enriched extracellular vesicle biomarkers of insulin resistance (pS312-IRS-1, pY-IRS-1) were associated with
cognitive changes (ADAS-Cog) in response to low dose (20 IU) intranasal insulin, especially in APOE- ɛ4
non-carriers, suggesting insulin cascade involvement in neurons of genesis [38].

Intranasal insulin has also been found to provide functional improvement in Parkinson's disease and
multiple system atrophy patients, according to this double-blinded placebo-controlled pilot study,
conducted by Novak et al. in 2019, on these patients to evaluate the effects of 40 IU insulin or saline OD for
four weeks on cognitive and functional performance [39].

Despite multiple studies confirming the benefits of intranasal insulin on cognition and memory, a
Randomized Clinical Trial to investigate the safety, efficacy, and feasibility of intranasal insulin for the
treatment of Mild Cognitive Impairment and Alzheimer's Disease, published by Craft et al. in 2020, revealed
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that intranasal insulin therapy given for 12 months had no cognitive or functional benefits among the
primary intention-to-treat cohort with either Alzheimer's Disease or Mild Cognitive Impairment [40].

Intranasal vs Parenteral insulin administration
Oral drug therapy has always been the most preferred route of administration, especially in patients
requiring chronic therapy. However, it is not always practical for the systemic delivery of certain drugs like
insulin due to the 'first pass' metabolism and their clearance by both the liver and gastric mucosa, leading to
the low bioavailability of drugs [2,41-44]. As a result of this, insulin is administered parenterally via the
subcutaneous route. Subcutaneous insulin injections of either single or multiple doses have become the
mainstay route of administration to deliver insulin therapy [24]. 

Although insulin can also be delivered by intravenous route or a continuous infusion using a portable
infusion pump, their use is limited as it is not feasible for the patients who require a daily injection regimen.
Even though the subcutaneous route is preferred over the other types of parenteral routes, it still has its own
set of disadvantages, abysmal patient compliance due to the pain or discomfort while self-injecting and
other side effects oedema, hypoglycemia, weight gain and lipodystrophy [45,46]. As the insulin absorption
via the subcutaneous route is slow and sustained, it does not resemble the physiological "pulsatile "patterns
of endogenous insulin secretion, which could result in hypoglycemic episodes despite the strict regulation of
dose and site of injection [2,47-48]. These difficulties led to the investigation of alternate non-parenteral
routes for insulin delivery.

 Many other non-parenteral routes like transdermal, buccal, ocular, pulmonary, nasal, vaginal and rectal
routes have been investigated, but the intranasal route has been considered the most practical and
favourable route for chronic drug therapies [13,49,50]. It is a rapid, non-invasive and easy method of
administering insulin.

Systemic drug delivery via the intranasal route has been studied extensively to deliver compounds like
peptides and proteins by this route [51,52]. Self-medication using this route has better patient compliance
than parenteral routes as there is no associated pain or discomfort [46]. Due to the large absorptive surface
area of the nasal cavity and the rich blood supply network in the nasal mucosa, the insulin rapidly enters the
systemic circulation bypassing the first-pass metabolism altogether [51,53]. The pharmacokinetics of
intranasal insulin is similar to that of intravenous insulin administration [51]. Intranasal insulin therapy
does not result in hypoglycemic episodes in patients because it mimics the physiological pulsatile
endogenous insulin secretion during meal times. Insulin, when given intranasally, also bypasses the blood-
brain barrier [54-55] and enters the CNS without causing peripheral side effects [56-57], unlike parenterally
given insulin.

 In conclusion, the low risk of systemic hypoglycemia and a better CNS absorption has prompted researchers
to study the use of intranasal insulin therapy in the treatment of cognitive disorders such as Alzheimer's
instead of the commonly used subcutaneous route or an IV route.

Adverse effects and limitations of intranasal Insulin
Adverse Effects/ Safety Profile

Even though intranasal insulin is well tolerated by most individuals [58], it can cause minor adverse effects.
In various studies, adverse effects related to the nose(rhinitis, minimal nose bleed, soreness, dripping,
sneezing), upper respiratory tract infections, headaches, dizziness, weakness, hypoglycemia, fall, rash,
gastrointestinal symptoms are reported [36]. Rhinitis followed by other local side effects (nose related
symptoms) is most commonly reported, which could be due to the mode of drug administration. The risk of
hypoglycemia which is a significant concern with insulin, is negligible with the intranasal route [59].

Limitations

Although intranasal insulin has a better safety profile, the most significant limitation is the bioavailability
of the drug, which is less than 1% through nasal administration, contributing by the low permeability of the
nasal mucosa, rapid mucociliary clearance of the administered drug and the possible enzymatic degradation
of the drug [42,60-62]. The low permeability is primarily due to the large molecular size of insulin [53]. The
nasal cavity aminopeptidases (proteolytic enzymes) are the most common enzymes responsible for the
degradation. The exopeptidases and the endopeptidases cleave the peptides at N, C terminals and the
internal peptide bonds, respectively [42]. However, In a review, Duan and Mao described various new
strategies to improve the intranasal absorption of insulin. The nasal absorption or transport of insulin can
be improved by using water-insoluble powders with nasal absorption enhancers. The mucociliary clearance
can be prevented by using mucoadhesive /bioadhesive drug delivery systems. The proteolytic degradation of
the drug can be prevented by the chemical modification of the proteins, using proteolytic enzymes
degraders [53]. However, these adsorption enhancers, bioadhesive and water-insoluble excipients should be
screened furthermore for the safety profile and the effectiveness in increasing the nasal bioavailability of
insulin [53].

2021 Gaddam et al. Cureus 13(8): e17219. DOI 10.7759/cureus.17219 6 of 9



Conclusions
This literature review focused on the efficacy, benefits, and limitations of using Intranasal Insulin and its
effect on the cognitive function of people with diabetes. Among the various anti-diabetic medications
available, intranasal insulin appears to be the most effective means of increasing brain insulin levels,
decreasing insulin resistance, a primary problem for many patients suffering from Diabetes Mellitus.
Intranasal insulin delivery also avoids the negative consequences of subcutaneous insulin injections,
bypassing peripheral circulation. People with diabetes may benefit from IN insulin if a long-acting version is
administered instead of a short-acting form. Current findings are inconclusive as to whether IN insulin can
solely treat dementia caused by Alzheimer's disease or MCI in people with diabetes. However, they give good
evidence for its safety, as systemic adverse effects, such as hypoglycemia, were practically non-existent.
Many pieces of research have shown that there have been improvements in visual-spatial memory and
cognitive function among people with diabetes with pre-existing MCI or Alzheimers, likely due to its ability
to cross the blood-brain barrier. We recommend that future trials be done with greater doses of IN Insulin
and after careful selection of individuals and insulin types since this could be a potential breakthrough in
neuroendocrinology.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Wilcox G: Insulin and insulin resistance. Clin Biochem Rev. 2005, 26:19-39.
2. Hinchcliffe M, Illum L: Intranasal insulin delivery and therapy . Adv Drug Deliv Rev. 1999, 35:199-234.

10.1016/s0169-409x(98)00073-8
3. Kullmann S, Heni M, Veit R, et al.: Intranasal insulin enhances brain functional connectivity mediating the

relationship between adiposity and subjective feeling of hunger. Sci Rep. 2017, 7:1627. 10.1038/s41598-017-
01907-w

4. Shemesh E, Rudich A, Harman-Boehm I, Cukierman-Yaffe T: Effect of intranasal insulin on cognitive
function: a systematic review. J Clin Endocrinol Metab. 2012, 97:366-76. 10.1210/jc.2011-1802

5. Hallschmid M: Intranasal insulin. J Neuroendocrinol. 2021, 33:e12934. 10.1111/jne.12934
6. Zhang H, Hao Y, Manor B, et al.: Intranasal insulin enhanced resting-state functional connectivity of

hippocampal regions in type 2 diabetes. Diabetes. 2015, 64:1025-34. 10.2337/db14-1000
7. Cukierman T, Gerstein HC, Williamson JD: Cognitive decline and dementia in diabetes--systematic

overview of prospective observational studies. Diabetologia. 2005, 48:2460-9. 10.1007/s00125-005-0023-4
8. Global report on diabetes. World Health Organization . (2016). Accessed: July 25, 2021:

https://www.who.int/news-room/fact-sheets/detail/diabetes.
9. Galindo-Mendez B, Trevino JA, McGlinchey R, et al.: Memory advancement by intranasal insulin in type 2

diabetes (MemAID) randomized controlled clinical trial: Design, methods and rationale. Contemp Clin
Trials. 2020, 89:105934. 10.1016/j.cct.2020.105934

10. Zilliox LA, Chadrasekaran K, Kwan JY, Russell JW: Diabetes and cognitive impairment . Curr Diab Rep. 2016,
16:87. 10.1007/s11892-016-0775-x

11. Benedict C, Hallschmid M, Hatke A, Schultes B, Fehm HL, Born J, Kern W: Intranasal insulin improves
memory in humans. Psychoneuroendocrinology. 2004, 29:1326-34. 10.1016/j.psyneuen.2004.04.003

12. Henkin RI: Intranasal insulin: from nose to brain . Nutrition. 2010, 26:624-33. 10.1016/j.nut.2009.08.003
13. Henkin RI: Inhaled insulin-intrapulmonary, intranasal, and other routes of administration: mechanisms of

action. Nutrition. 2010, 26:33-9. 10.1016/j.nut.2009.08.001
14. Renner DB, Svitak AL, Gallus NJ, Ericson ME, Frey WH, Hanson LR: Intranasal delivery of insulin via the

olfactory nerve pathway. J Pharm Pharmacol. 2012, 64:1709-14. 10.1111/j.2042-7158.2012.01555.x
15. Zeng Y, Zhang L, Hu Z: Cerebral insulin, insulin signaling pathway, and brain angiogenesis . Neurol Sci.

2016, 37:9-16. 10.1007/s10072-015-2386-8
16. Ott V, Benedict C, Schultes B, Born J, Hallschmid M: Intranasal administration of insulin to the brain

impacts cognitive function and peripheral metabolism. Diabetes Obes Metab. 2012, 14:214-21.
10.1111/j.1463-1326.2011.01490.x

17. Ruegsegger GN, Manjunatha S, Summer P, et al.: Insulin deficiency and intranasal insulin alter brain
mitochondrial function: a potential factor for dementia in diabetes. FASEB J. 2019, 33:4458-72.
10.1096/fj.201802043R

18. Leary AC, Stote RM, Breedt HJ, O'Brien J, Buckley B: Pharmacokinetics and pharmacodynamics of intranasal
insulin administered to healthy subjects in escalating doses. Diabetes Technol Ther. 2005, 7:124-30.
10.1089/dia.2005.7.124

19. Leary AC, Stote RM, Cussen K, O'Brien J, Leary WP, Buckley B: Pharmacokinetics and pharmacodynamics of
intranasal insulin administered to patients with type 1 diabetes: a preliminary study. Diabetes Technol Ther.
2006, 8:81-8. 10.1089/dia.2006.8.81

20. Leary AC, Dowling M, Cussen K, O'Brien J, Stote RM: Pharmacokinetics and pharmacodynamics of
intranasal insulin spray (Nasulin) administered to healthy male volunteers: influence of the nasal cycle. J

2021 Gaddam et al. Cureus 13(8): e17219. DOI 10.7759/cureus.17219 7 of 9

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1204764/
https://dx.doi.org/10.1016/s0169-409x(98)00073-8
https://dx.doi.org/10.1016/s0169-409x(98)00073-8
https://dx.doi.org/10.1038/s41598-017-01907-w
https://dx.doi.org/10.1038/s41598-017-01907-w
https://dx.doi.org/10.1210/jc.2011-1802
https://dx.doi.org/10.1210/jc.2011-1802
https://dx.doi.org/10.1111/jne.12934
https://dx.doi.org/10.1111/jne.12934
https://dx.doi.org/10.2337/db14-1000
https://dx.doi.org/10.2337/db14-1000
https://dx.doi.org/10.1007/s00125-005-0023-4
https://dx.doi.org/10.1007/s00125-005-0023-4
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://dx.doi.org/10.1016/j.cct.2020.105934
https://dx.doi.org/10.1016/j.cct.2020.105934
https://dx.doi.org/10.1007/s11892-016-0775-x
https://dx.doi.org/10.1007/s11892-016-0775-x
https://dx.doi.org/10.1016/j.psyneuen.2004.04.003
https://dx.doi.org/10.1016/j.psyneuen.2004.04.003
https://dx.doi.org/10.1016/j.nut.2009.08.003
https://dx.doi.org/10.1016/j.nut.2009.08.003
https://dx.doi.org/10.1016/j.nut.2009.08.001
https://dx.doi.org/10.1016/j.nut.2009.08.001
https://dx.doi.org/10.1111/j.2042-7158.2012.01555.x
https://dx.doi.org/10.1111/j.2042-7158.2012.01555.x
https://dx.doi.org/10.1007/s10072-015-2386-8
https://dx.doi.org/10.1007/s10072-015-2386-8
https://dx.doi.org/10.1111/j.1463-1326.2011.01490.x
https://dx.doi.org/10.1111/j.1463-1326.2011.01490.x
https://dx.doi.org/10.1096/fj.201802043R
https://dx.doi.org/10.1096/fj.201802043R
https://dx.doi.org/10.1089/dia.2005.7.124
https://dx.doi.org/10.1089/dia.2005.7.124
https://dx.doi.org/10.1089/dia.2006.8.81
https://dx.doi.org/10.1089/dia.2006.8.81
https://dx.doi.org/10.1177/193229680800200613


Diabetes Sci Technol. 2008, 2:1054-60. 10.1177/193229680800200613
21. Drejer K, Vaag A, Bech K, Hansen P, Sørensen AR, Mygind N: Intranasal administration of insulin with

phospholipid as absorption enhancer: pharmacokinetics in normal subjects. Diabet Med. 1992, 9:335-40.
10.1111/j.1464-5491.1992.tb01792.x

22. Stote R, Marbury T, Shi L, Miller M, Strange P: Comparison pharmacokinetics of two concentrations (0.7%
and 1.0%) of Nasulin, an ultra-rapid-acting intranasal insulin formulation. J Diabetes Sci Technol. 2010,
4:603-9. 10.1177/193229681000400314

23. Gizurarson S, Bechgaard E: Intranasal administration of insulin to humans . Diabetes Res Clin Pract. 1991,
12:71-84. 10.1016/0168-8227(91)90083-p

24. Kennedy FP: Recent developments in insulin delivery techniques. current status and future potential .
Drugs. 1991, 42:213-27. 10.2165/00003495-199142020-00004

25. Kimmerle R, Griffing G, McCall A, Ruderman NB, Stoltz E, Melby JC: Could intranasal insulin be useful in
the treatment of non-insulin-dependent diabetes mellitus?. Diabetes Res Clin Pract. 1991, 13:69-75.
10.1016/0168-8227(91)90035-c

26. Gordon GS, Moses AC, Silver RD, Flier JS, Carey MC: Nasal absorption of insulin: enhancement by
hydrophobic bile salts. Proc Natl Acad Sci USA. 1985, 82:7419-23. 10.1073/pnas.82.21.7419

27. Frauman A, Jerums G, Louis W: Effects of intranasal insulin in non-obese type II diabetics . Diabetes Res Clin
Pract. 1987, 4:197-202. 10.1016/S0168-8227(87)80039-6

28. Hilsted J, Madsbad S, Hvidberg A, et al.: Intranasal insulin therapy: the clinical realities . Diabetologia. 1995,
38:680-684. 10.1007/BF00401839

29. Lalej-Bennis D, Boillot J, Bardin C, et al.: Efficacy and tolerance of intranasal insulin administered during 4
months in severely hyperglycaemic Type 2 diabetic patients with oral drug failure: a cross-over study.
Diabet Med. 2001, 18:614-8. 10.1046/j.1464-5491.2001.00528.x

30. Salzman R, Manson JE, Griffing GT, et al.: Intranasal aerosolized insulin. mixed-meal studies and long-term
use in type I diabetes. N Engl J Med. 1985, 312:1078-84. 10.1056/NEJM198504253121702

31. Harrison LC, Honeyman MC, Steele CE, et al.: Pancreatic beta-cell function and immune responses to
insulin after administration of intranasal insulin to humans at risk for type 1 diabetes. Diabetes Care. 2004,
27:2348-55. 10.2337/diacare.27.10.2348

32. Benedict C, Frey WH 2nd, Schiöth HB, Schultes B, Born J, Hallschmid M: Intranasal insulin as a therapeutic
option in the treatment of cognitive impairments. Exp Gerontol. 2011, 46:112-5.
10.1016/j.exger.2010.08.026

33. Claxton A, Baker LD, Hanson A, et al.: Long-acting intranasal insulin detemir improves cognition for adults
with mild cognitive impairment or early-stage Alzheimer's disease dementia. J Alzheimers Dis. 2015,
44:897-906. 10.3233/JAD-141791

34. Maimaiti S, Anderson KL, DeMoll C, et al.: Intranasal insulin improves age-related cognitive deficits and
reverses electrophysiological correlates of brain aging. J Gerontol A Biol Sci Med Sci. 2016, 71:30-9.
10.1093/gerona/glu314

35. Ramos-Rodriguez JJ, Sanchez-Sotano D, Doblas-Marquez A, Infante-Garcia C, Lubian-Lopez S, Garcia-
Alloza M: Intranasal insulin reverts central pathology and cognitive impairment in diabetic mother
offspring. Mol Neurodegener. 2017, 12:57. 10.1186/s13024-017-0198-4

36. Avgerinos KI, Kalaitzidis G, Malli A, Kalaitzoglou D, Myserlis PG, Lioutas VA: Intranasal insulin in
Alzheimer's dementia or mild cognitive impairment: a systematic review. J Neurol. 2018, 265:1497-510.
10.1007/s00415-018-8768-0

37. Ritze Y, Kern W, Ebner EM, Jahn S, Benedict C, Hallschmid M: Metabolic and cognitive outcomes of
subchronic once-daily intranasal insulin administration in healthy men. Front Endocrinol (Lausanne). 2018,
9:663. 10.3389/fendo.2018.00663

38. Mustapic M, Tran J, Craft S, Kapogiannis D: Extracellular vesicle biomarkers track cognitive changes
following intranasal insulin in Alzheimer's disease. J Alzheimers Dis. 2019, 69:489-98. 10.3233/JAD-180578

39. Novak P, Pimentel Maldonado DA, Novak V: Safety and preliminary efficacy of intranasal insulin for
cognitive impairment in Parkinson disease and multiple system atrophy: a double-blinded placebo-
controlled pilot study. PLoS One. 2019, 14:e0214364. 10.1371/journal.pone.0214364

40. Craft S, Raman R, Chow TW, et al.: Safety, efficacy, and feasibility of intranasal insulin for the treatment of
mild cognitive impairment and Alzheimer disease dementia: a randomized clinical trial. JAMA Neurol. 2020,
77:1099-109. 10.1001/jamaneurol.2020.1840

41. Eppstein DA, Longenecker JP: Alternative delivery systems for peptides and proteins as drugs . Crit Rev Ther
Drug Carrier Syst. 1988, 5:99-139.

42. Lee VHL, Yamamoto A: Penetration and enzymatic barriers to peptide and protein absorption . Adv Drug
Deliv Rev. 1990, 4:171-207. 10.1016/0169-409X(89)90018-5

43. Smith PL, Wall DA, Gochoco C.H, Wilson G: (D) Routes of delivery: case studies: (5) oral absorption of
peptides and proteins. Adv Drug Deliv. Rev. 1992, 8:253-290. 10.1016/0169-409x(92)90005-b

44. Bruno BJ, Miller GD, Lim CS: Basics and recent advances in peptide and protein drug delivery . Ther Deliv.
2013, 4:1443-67. 10.4155/tde.13.104

45. Wong CY, Martinez J, Dass CR: Oral delivery of insulin for treatment of diabetes: status quo, challenges and
opportunities. J Pharm Pharmacol. 2016, 68:1093-108. 10.1111/jphp.12607

46. Pontiroli AE, Calderara A, Pozza G: Intranasal drug delivery. potential advantages and limitations from a
clinical pharmacokinetic perspective. Clin Pharmacokinet. 1989, 17:299-307. 10.2165/00003088-198917050-
00001

47. Brange J, Owens DR, Kang S, Vølund A: Monomeric insulins and their experimental and clinical
implications. Diabetes Care. 1990, 13:923-54. 10.2337/diacare.13.9.923

48. Koivisto VA, Felig P: Alterations in insulin absorption and in blood glucose control associated with varying
insulin injection sites in diabetic patients. Ann Intern Med. 1980, 92:59-61. 10.7326/0003-4819-92-1-59

49. Siddiqui O, Chien YW: Nonparenteral administration of peptide and protein drugs . Crit Rev Ther Drug
Carrier Syst. 1987, 3:195-208.

50. Banga AK, Chien YW: Systemic delivery of therapeutic peptides and proteins . Int J Pharm. 1988, 48:15-50.

2021 Gaddam et al. Cureus 13(8): e17219. DOI 10.7759/cureus.17219 8 of 9

https://dx.doi.org/10.1177/193229680800200613
https://dx.doi.org/10.1111/j.1464-5491.1992.tb01792.x
https://dx.doi.org/10.1111/j.1464-5491.1992.tb01792.x
https://dx.doi.org/10.1177/193229681000400314
https://dx.doi.org/10.1177/193229681000400314
https://dx.doi.org/10.1016/0168-8227(91)90083-p
https://dx.doi.org/10.1016/0168-8227(91)90083-p
https://dx.doi.org/10.2165/00003495-199142020-00004
https://dx.doi.org/10.2165/00003495-199142020-00004
https://dx.doi.org/10.1016/0168-8227(91)90035-c
https://dx.doi.org/10.1016/0168-8227(91)90035-c
https://dx.doi.org/10.1073/pnas.82.21.7419
https://dx.doi.org/10.1073/pnas.82.21.7419
https://dx.doi.org/10.1016/S0168-8227(87)80039-6
https://dx.doi.org/10.1016/S0168-8227(87)80039-6
https://dx.doi.org/10.1007/BF00401839
https://dx.doi.org/10.1007/BF00401839
https://dx.doi.org/10.1046/j.1464-5491.2001.00528.x
https://dx.doi.org/10.1046/j.1464-5491.2001.00528.x
https://dx.doi.org/10.1056/NEJM198504253121702
https://dx.doi.org/10.1056/NEJM198504253121702
https://dx.doi.org/10.2337/diacare.27.10.2348
https://dx.doi.org/10.2337/diacare.27.10.2348
https://dx.doi.org/10.1016/j.exger.2010.08.026
https://dx.doi.org/10.1016/j.exger.2010.08.026
https://dx.doi.org/10.3233/JAD-141791
https://dx.doi.org/10.3233/JAD-141791
https://dx.doi.org/10.1093/gerona/glu314
https://dx.doi.org/10.1093/gerona/glu314
https://dx.doi.org/10.1186/s13024-017-0198-4
https://dx.doi.org/10.1186/s13024-017-0198-4
https://dx.doi.org/10.1007/s00415-018-8768-0
https://dx.doi.org/10.1007/s00415-018-8768-0
https://dx.doi.org/10.3389/fendo.2018.00663
https://dx.doi.org/10.3389/fendo.2018.00663
https://dx.doi.org/10.3233/JAD-180578
https://dx.doi.org/10.3233/JAD-180578
https://dx.doi.org/10.1371/journal.pone.0214364
https://dx.doi.org/10.1371/journal.pone.0214364
https://dx.doi.org/10.1001/jamaneurol.2020.1840
https://dx.doi.org/10.1001/jamaneurol.2020.1840
https://pubmed.ncbi.nlm.nih.gov/3052876/
https://dx.doi.org/10.1016/0169-409X(89)90018-5
https://dx.doi.org/10.1016/0169-409X(89)90018-5
https://dx.doi.org/10.1016/0169-409x(92)90005-b
https://dx.doi.org/10.1016/0169-409x(92)90005-b
https://dx.doi.org/10.4155/tde.13.104
https://dx.doi.org/10.4155/tde.13.104
https://dx.doi.org/10.1111/jphp.12607
https://dx.doi.org/10.1111/jphp.12607
https://dx.doi.org/10.2165/00003088-198917050-00001
https://dx.doi.org/10.2165/00003088-198917050-00001
https://dx.doi.org/10.2337/diacare.13.9.923
https://dx.doi.org/10.2337/diacare.13.9.923
https://dx.doi.org/10.7326/0003-4819-92-1-59
https://dx.doi.org/10.7326/0003-4819-92-1-59
https://pubmed.ncbi.nlm.nih.gov/3549006/
https://dx.doi.org/10.1016/0378-5173(88)90246-3


10.1016/0378-5173(88)90246-3
51. Sameer N: Novel noninvasive techniques in management of diabetes . Asian J Pharm. 2014, 8:141-10.
52. Chien YW, Chang SF: Intranasal drug delivery for systemic medications . Crit Rev Ther Drug Carrier Syst.

1987, 4:67-194.
53. Duan X, Mao S: New strategies to improve the intranasal absorption of insulin . Drug Discov Today. 2010,

15:416-27. 10.1016/j.drudis.2010.03.011
54. Lalatsa A, Schatzlein AG, Uchegbu IF: Strategies to deliver peptide drugs to the brain . Mol Pharm. 2014,

11:1081-93. 10.1021/mp400680d
55. Salameh TS, Banks WA: Delivery of therapeutic peptides and proteins to the CNS . Adv Pharmacol. 2014,

71:277-99. 10.1016/bs.apha.2014.06.004
56. Nedelcovych MT, Gadiano AJ, Wu Y, et al.: Pharmacokinetics of intranasal versus subcutaneous insulin in

the mouse. ACS Chem Neurosci. 2018, 9:809-16. 10.1021/acschemneuro.7b00434
57. Salameh TS, Bullock KM, Hujoel IA, et al.: Central nervous system delivery of intranasal insulin:

mechanisms of uptake and effects on cognition. J Alzheimers Dis. 2015, 47:715-28. 10.3233/JAD-150307
58. Kupila A, Sipilä J, Keskinen P, Simell T, Knip M, Pulkki K, Simell O: Intranasally administered insulin

intended for prevention of type 1 diabetes--a safety study in healthy adults. Diabetes Metab Res Rev. 2003,
19:415-20. 10.1002/dmrr.397

59. Reger MA, Watson GS, Frey WH 2nd, et al.: Effects of intranasal insulin on cognition in memory-impaired
older adults: modulation by APOE genotype. Neurobiol Aging. 2006, 27:451-8.
10.1016/j.neurobiolaging.2005.03.016

60. Davis SS, Illum L: Absorption enhancers for nasal drug delivery . Clin Pharmacokinet. 2003, 42:1107-28.
10.2165/00003088-200342130-00003

61. McMartin C, Hutchinson LE, Hyde R, Peters GE: Analysis of structural requirements for the absorption of
drugs and macromolecules from the nasal cavity. J Pharm Sci. 1987, 76:535-40. 10.1002/jps.2600760709

62. Chaturvedi M, Kumar M, Pathak K: A review on mucoadhesive polymer used in nasal drug delivery system . J
Adv Pharm Technol Res. 2011, 2:215-22. 10.4103/2231-4040.90876

2021 Gaddam et al. Cureus 13(8): e17219. DOI 10.7759/cureus.17219 9 of 9

https://dx.doi.org/10.1016/0378-5173(88)90246-3
http://www.asiapharmaceutics.info/index.php/ajp/article/view/353
https://pubmed.ncbi.nlm.nih.gov/3319200/
https://dx.doi.org/10.1016/j.drudis.2010.03.011
https://dx.doi.org/10.1016/j.drudis.2010.03.011
https://dx.doi.org/10.1021/mp400680d
https://dx.doi.org/10.1021/mp400680d
https://dx.doi.org/10.1016/bs.apha.2014.06.004
https://dx.doi.org/10.1016/bs.apha.2014.06.004
https://dx.doi.org/10.1021/acschemneuro.7b00434
https://dx.doi.org/10.1021/acschemneuro.7b00434
https://dx.doi.org/10.3233/JAD-150307
https://dx.doi.org/10.3233/JAD-150307
https://dx.doi.org/10.1002/dmrr.397
https://dx.doi.org/10.1002/dmrr.397
https://dx.doi.org/10.1016/j.neurobiolaging.2005.03.016
https://dx.doi.org/10.1016/j.neurobiolaging.2005.03.016
https://dx.doi.org/10.2165/00003088-200342130-00003
https://dx.doi.org/10.2165/00003088-200342130-00003
https://dx.doi.org/10.1002/jps.2600760709
https://dx.doi.org/10.1002/jps.2600760709
https://dx.doi.org/10.4103/2231-4040.90876
https://dx.doi.org/10.4103/2231-4040.90876

	A Comprehensive Review of Intranasal Insulin and Its Effect on the Cognitive Function of Diabetics
	Abstract
	Introduction And Background
	Review
	Mechanism of action
	Pharmacokinetics and Pharmacodynamics
	TABLE 1: A comparative table of the different studies conducted on intranasal insulin and the common parameters measure

	Intranasal insulin and its efficacy in DM
	Cognitive benefits and potential use of intranasal Insulin
	Intranasal vs Parenteral insulin administration
	Adverse effects and limitations of intranasal Insulin

	Conclusions
	Additional Information
	Disclosures

	References


