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Olfactory Dysfunctions in Alzheimer’s Disease 

Iuliana Nicola-Antoniu 
Romania 

1. Introduction 

Alzheimer’s disease is not only the most frequent cause of dementia that takes its toll on the 

elder population, but it is also the disorder for which, despite the complex research 

performed, a certain diagnosis may only be performed through anatomic-pathologic 

examination. 

Alzheimer’s disease is a neurodegenerative disease whose defining anatomic-pathologic 
trait is the deposit of amyloid plaques at the level of certain areas of the brain, the presence 
of fibrillary degeneration in the neurons and vascular changes with an amyloid deposit, all 
of which result in the impressive reduction of the cerebral mass noticed in the final stages of 
the condition. 
Studies of over 30 years have established that olfaction is impaired in AD, however not 
invariably.  
As early as 1987, Rezek described olfactory deficit as a neurological sign in Alzheimer 
dementia. Recent research has started to clear up potential mechanisms of olfactory loss in 
Alzheimer’s disease. 
Alzheimer disease has a selective vulnerability of the cerebral structures to the pathologic 

process, inducing a distinctive lesion pattern with a slow evolution in time and that is 

constantly invariable in the study cases. It begins in the transtentorial region and it then 

expands to the cortical and subcortical components of the limbic system and it may include 

the association areas of the neocortex. The pathologic process may be progressive, 

containing 6 stages. In stages 1-2, the pathologic process takes place at the level of the 

anteromedial temporal lobe mesocortex, the entorhinal allocortex and the horn of Ammon. 

Such structures are not only related to memory and learning, but also to the olfactory 

system. Therefore, stage 1-2, considered “clinically silent”, includes a series of non-cognitive 

clinical changes that are essential for the timely diagnosis of the disease, including olfactory 

changes. 

The deficit of the olfactory system in Alzheimer’s disease, as early as its incipient stages, is 
currently a generally recognized fact. The correlation between olfaction and Alzheimer’s 
disease is particularly exciting, with important diagnosis practical implications. 
The olfactory system is a unique system of the human brain; it belongs to archaic structures, 

its anatomic route is distinguished by the fact that it is the only means of sense that 

approaches the brain directly, it is the only sensatory system with direct cortical projections, 

without a thalamic relay, it is the only part of the brain where neurogenesis persists, it has a 

special reaction to the aging process, it plays an essential role in behavior (food behavior, 

orientation and sexual behavior) and it influences memory, as there is also a smell memory.    
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2. Olfaction and memory - investigating the olfactory system 

The olfactory primary cortex is the place processing the olfactory information at the highest 

level and it is directly related to the amygdale and the hippocampus. The amygdale plays an 

important role in the formation and modulation of emotions, as well as in emotional 

memory. The hippocampus is involved in memory processes, especially in working memory 

and in short term memory. Olfaction is the sensory manner that is closest to the limbic 

system, including both the amygdale and the hippocampus, and that is responsible for 

emotions and memory. Olfaction and memory are so infused that they allow us to make 

connections with certain experiences we have been subject to (the capacity of a smell to 

evoke memories). 

This is probably why memories evoked by smells are particularly strong at an emotional level. 
An individual olfactory stimulus may trigger different perceptions that depend on previous 

experiences and olfactory learning. Recent studies of cerebral imagery have indicated 

changes based on experience of the piriform cortex. (Li et al 2008) The anatomic bases of 

olfactory learning in such cerebral regions may involve a complex system of association 

fibers connecting neurons from the same areas or different cortical areas and whose synapse 

power may be changed by olfactory experience. (Wilson et al 2004) Olfactory learning may 

amplify the discrimination of smells and it may be important in survival. In humans, 

changes in the neuronal cortical activity determined by olfactory learning are correlated 

with the improvement in the discrimination of similar smells. (Li et al 2008)  

Olfaction has often been involved in learning processes. 
Since the olfaction system is connected to the limbic system, which explained earlier is 

responsible for the storing and creation of memories, this leads us to the conclusion that 

each receptor will recognize a specific scent if it had previously been exposed to it, basically 

creating memories. 

It can also be significant that demyelinized olfactory fibers make olfaction the sense with the 
slowest driving. Not only does it require a longer time for the brain to perform the olfactory 
perception, but the sensation of a smell also persists more than, for example, visual or auditory 
sensation. Moreover, the fact that olfactory receptors are the only sensory receptors that are 
directly exposed to the environment may explain the relation between olfaction and memory.  
Despite the fact that initial studies have not recognized it, there is also a short term olfactory 
memory. 
White and Treisman have suggested that olfactory memory occurs due to the fact that 

humans assign verbal meanings to olfactory stimuli. The memory of smells is improved by 

familiarity and the capacity of identification. 

Episodic information is an essential constituent of olfactory memory, comparative with the 

form and structure of the visual and auditory memory systems. All smells are encoded as 

"items" in the piriform cortex. The perception of smells is totally dependant on the integrity 

of this memory system and the loss thereof leads to the dysfunction of perception. 

Neuro-transmitters in the olfactory system are responsible for the neuronal plasticity and 
behavioral changes. Noradrenaline and acecoline influence both implicit and explicit memory.    

Implicit memory 

It does not imply the conscious memory of the initial exposure to smell. The proof of the 
implicit memory formation of smells is given by habit, sensitization, perceptual learning and 
classic conditioning tests. Olfaction includes a strong tendency of habit. 
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Habit  

It involves the decrease of the level of attention and response to a stimulus that is no longer 

perceived as new. It refers to decreasing the levels of response to a smell due to extended 

exposure. It involves the adaptation of cells in the olfactory system. It concerns both 

receptors, mitral cells of the BO, and cells in the piriform cortex with a rapid adaptation rate. 

Noradrenaline is deemed to have an effect in the operation of mitral cells and in increasing 

the response level thereof. 

Explicit memory  

Is a phenomenon encountered exclusively in humans. It concerns the assigning of 

associative meanings to different smells. The testing thereof uses the identification and 

recognition of smells. 

In humans it was noticed that the Korsakoff syndrome, with an important memory 

dysfunction, the memory of smells is less impaired than other types of memory, thus 

suggesting a separate mechanism than other types of memory. 

The testing of the olfactory sense is relatively complex and difficult at the same time. An 

attempt is made to asses the capacity to detect, identify, recognize and differentiate smells. 

- The odor detection threshold is the lowest concentration of a certain odor compound 
that is perceivable by the human sense of smell. The threshold of a chemical compound 
is determined in part by its shape, polarity, partial charges and molecular mass 

- The identification of smells is a semantic task, referring to general individual 
knowledge or to experience with a specific smell. (Schab 1999, Tulving 1993) The 
identification of smells is related to semantic memory, as there is a relation between 
smells and the name thereof. No significant relation was ascertained with intelligence, 
short term memory and episodic memory. 

The episodic memory of smells is mediated by semantic factors (familiarity and 

identification of smells); the difficulty in the identification of common smells is based on 

deficits of the smell memory. 

It is worth noting that it is the strong influence of the perception of intensity on the 

identification of smells. Individual variations in the perception of intensity are a major 

element for successful identification and it must be considered in the study assessing 

identification. 

Odor identification ability is sensitive to prefrontal lobe dysfunction.      

The objectification of smells by the identification of the name makes the subtle connection 

between memory and the environment. 

Olsson (1999) suggested that the identification of smells interferes with memory. The 

identification of smells has a positive effect on the recognition of smells and it deems the 

name of smells to be a high level of cognition. 

There is also a peri-semantic implicit episodic memory of smells and this spontaneous smell 

memory remembers especially connections with experienced situations. 

Identification provides the individual with a secondary memory channel, however, the 

question remains if this is for smell itself. 

Once identified, the name is remembered and the memory of this name is reactivated when 

the smell is identified again. 

In order to test whether smell can be identified without verbal mediation, Moller carried out 

an experiment of incidental versus intentional learning recognition with unusual smells, 
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using young and old subjects. In incidental learning, the elderly proved more successful; in 

intentional learning, the young proved better, as they had fewer false alarms and because 

they did not use verbal mediation and not because of the deterioration of their working 

memory. 

If smell memory operates independently from its name, it is mainly tuned at detecting 

changes. 

- Smell recognition is a simple method of checking olfactory memory that does  
not involve language. It only requires that the subject establish, after a period of latency, 
if the substance it smells is the same as that which was provided for it to smell  
before. 

3. Examination of olfaction 

Ideal examination is carried out for each nostril separately. Starting with the asymmetry of 

neuropathologic changes, there is a functional asymmetry in olfactory performances. 

Apparently, in order to diagnose the difference of the olfactory identification capacity and of 

olfactory memory between subjects with MCI and AD, it is useful to test unirinal smell. The 

testing of performances it carried out by considering the affected nostril; a difference may be 

noticed between patients with MCI and AD. If the assessment is made by considering the 

healthy nostril (the olfaction of the two nostrils), the differences between MCI and 

Alzheimer’s disease are no longer present. (Bacher-Fuchs, Moss, 2010). 

Olfactory tests: 
It is necessary for the battery of tested smells to reduce errors and to be adapted at a 

multicultural and ethnic level. It should consider all causes that may lead to the dysfunction 

of the olfactory sense, paying great care to pathological history, associated disorders, the 

therapy the patient is subject to, the pollution it was exposed to (job), etc. 

They must be supplemented and correlated with other factors involved in AD, as well as 

with other situations that may prevent the cognitive function. 

The used tests are: 
1. UPSIT - The University of Pennsylvania Smell Identification Test, “a scratch and sniff 

odor identification test”, including: 
- tests for odor threshold (n butanol testing by means of a single staircase) 
- odor discrimination (16 pairs of odorants, triple forced choice) 
- odor identification (16 common odorants, multiple forced choice from four verbal 

items per test) 
2. “Sniffin’ sticks” - pen like odor dispersing devices which include tests for odor 

identification, discrimination and thresholds 
3. CCCRC (Connecticut Chemosensory Clinical Research Center Test) - a combined odor 

identification and odor threshold test. 
Specialized testing may include EEG derived measured such as the recording of olfactory 

event-related potentials.   

4. Olfaction and aging  

Aging also leads to the decrease of all senses: sight, hearing, tactile, including taste and smell. 
There is a reverse proportionality between age and olfactory sensibility. 
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Olfactory senescence begins at 36 for both genders, and it accelerates with aging, impairing 

pleasant smells. Despite the fact that it is of lower interest for the patient compared to, for 

example, the loss of sight or of hearing, the loss of smell is frequent and often 

unacknowledged. Patients with congenital anosmia are diagnosed with it at about 10 years 

old. 

It was reported that over 75% of the population over 80 years old has a tendency towards 

major olfactory dysfunction, as olfaction decreases considerably after the 7th decade. A more 

recent study has indicated that 62.5% of people between the ages of 80 and 97 are subject to 

olfactory dysfunction. 

Aging is also accompanied by the decrease in the capacity to identify smells and of 

discrimination. 

The loss of olfactory acuteness in elders may be caused by changes in the anatomy of the 

involved structures, the action of environmental factors, medication. Apparently, the main 

causes are: chronic illness, medication, dental and sinus problems. 

Medical causes affecting smell: 

i. Neurological: - Bell’s paralysis  

- chorda tympani dysfunction  

- epilepsy  

- cranial trauma 

- Korsakoff’s syndrome 

- multiple sclerosis 

- Parkinson’s disease 

- tumors 

ii. Nutritional:  

- cancer 

- renal chronic illness 

- liver disease 

- vitamin PP deficit 

- vitamin B12 deficit 

iii. Endocrinous: 

- corticoadrenal insufficiency  

- congenital adrenal hypoplasia 

- panhypopituitarism (Simon’s disease) 

- diabetes mellitus 

- hypothyroidism  

- Kallman’s syndrome 

- McCune–Albright syndrome 

- Turner syndrome 

iv. Local: 

- sinusitis, rhinitis, polyposis 

- asthma 

- xerostomic conditions, including the Sjogren’s syndrome 

v. Viral: 

- acute viral hepatitis 

- flu-like infections 
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However, the studies have indicated that a series of disorders in elders do not impair 
olfaction, such as arterial hypertension and heart diseases. 
The decrease of the olfactory sense in elders may occur by the alternation in the distribution, 
density, functionality of specific receptor proteins, of ionic channels or of signaling 
molecules affecting the ability of the neurons in the olfactory path to signal and process the 
odoriferous information. 
The mechanisms leading to the decrease of the olfactory sense in high age are: the decrease 

of neurogenesis, the decrease in the number of synapses,  a decrease of the total synaptic 

density in the glomerular layer, (STABLE TUBULE ONLY POLYPEPTIDE  could be 

responsible for this phenomenon), the change of growth factors (TGF – alpha, FGF2, BMPs, 

TGF-beta, EGF, BDNF) ,the decrease in the number of nerve terminations at the level of the 

nasal mucous, the decrease in the quantity of mucus at the level of the nasal mucous, 

respectively of the olfactory epithelium, the decrease of neurotransmitters.  

Anatomic changes consist of decreasing the number of olfactory receptors and fibers in the 

olfactory bulb. Losses in the olfactory bulb may be secondary to the reduction of neurons in 

the nasal mucous. Olfactory receptors die through an apoptosis process. The decrease in 

regeneration with age leads to reducing the surface of the olfactory epithelium. This is also 

accompanied by an increase in the death rate of receptors. 

In some cases, olfactory loss occurs due to bone growth and the consequent reduction of the 

cribriform lamella orifices of the ethmoid bone with microlesions of the nerve fillets when 

crossing this structure.  

Functional imagery studies have proved that the activity of the piriform/amygdaliane region 
and of the orbitofrontal cortex is reduced in elder patients exposed to olfactory stimuli. 
Moreover, it was noticed that areas of the cerebellum are activated by olfactory stimuli: the 

upper and inferior semilunar lobe, the posterior quadrangular lobe. In elders, olfactory 

stimulation leads to a higher activation of the cerebellum, suggesting a high response to 

attention requests or a compensating mechanism. 

Age-related deficits concern both the recognition of smells and the identification of smells, 

which may be attributed to cognitive limitation. 

The reduction of the olfactory sense has major consequences of the state of health and on the 

security of the respective patient: hyposmia is inseparably related to the altering of taste, 

leading to inappetence, the decrease of food intake, weight loss, malnourishment, reduction 

of immunity, the deterioration of the state of health. The altering of taste leads to the loss of 

the please of eating, as the patient is deprived of the ability to savor a meal, which may lead 

to depression. As taste is altered, the patient has the tendency to have a high intake of salt 

and sugar which may lead to the aggravation of cardio-vascular diseases or, respectively, to 

diabetes. 

The reduction of the olfactory sense may lead to anxiety, the tendency of isolation. The 

altering of the perception of smell related to one’s own body may lead to the decrease in the 

degree of personal hygiene, with consequent social implications. 

The security of the life of patients with hyposmia is affected by the possibility of ingesting 

altered food, gas intoxication, etc.  

Physical health, financial security, profession, partnership, friendship, emotional stability, 

free time are severely affected by the loss of olfaction. 

The treatment of hyposmia generally has relatively modest results. Treatment may include 

the intake of zinc, vasodilatation substances such as pentoxifylline, as well as of vitamin A, 
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alpha-lipoic acid and NMDA receptor antagonists such as caroverine. Aside from such 

substances, the use of flavoring agents improves taste changes. Studies have indicated that 

the use of food supplements such as flavors leads to the increase of salivary Ig A, the 

increase in the number of T and B cells. 

5. MCI and olfaction 

The assessment of the olfactory function may be a method that is worth trying in order to 

identify patients with memory deficits. Identification performances were studied by using 

MCI. Comparing normal elder subjects with an MCI group, where the identification and the 

remembering of smells were studied, noticed that MCI subjects had significantly lower 

results in their tests, however, the performance in the assessment of smells was less affected 

than the cognitive assessment. 

Moreover, after monitoring elder patients in time (5 years), who did not initially have 

cognitive dysfunctions, where the capacity of olfactory identification was also determined, it 

was ascertained that for those who have developed MCI, the olfactory identification score 

had a predictive value. Respectively, an olfactory score increased the risk of MCI by 50%. 

The results were not changed by the cognitive level in the presence of smoking. The 

reduction of olfaction was associated with a lower basic cognitive level and with a faster 

decline of episodic, semantic memory and of the perceptual speed. Therefore, in elders with 

no manifest cognitive disorder, the difficulty in identifying smells plays the role of 

prediction in the MCI development. 

An important study has monitored 471 elder patients that were not subject to dementia or to 

cognitive disorder, for 5 years (Wilson-Olfactory impairment in presymptomatic 

Alzheimer’s disease), for whom the capacity to identify familiar smells was initially 

assessed, by using the Brief Smell Identification Test, and they well clinically assessed 

annually and they were subject to cerebral anatomo-pathologic examination after their 

death. Moreover, the presence of the APOE epsilon 4 allele was determined. Low BSIT 

scores were associated with a faster decline of episodic memory, with a high risk of 

developing MCI. People who have deceased without a cognitive deficit and with lower BSIT 

scores were associated with a high level of the Alzheimer disease pathology, particularly 

with fibrillary degenerations in the central olfactory regions, especially in the entorhinal 

cortex and the horn of Ammon.  

Such analyses suggest that in an elder population without clinical manifestations of 

Alzheimer’s disease or MCI, the olfactory dysfunction is correlated both with the level of the 

Alzheimer’s disease pathology in the brain and with the risk of the subsequent development 

of prodromal signs of the Alzheimer’s disease symptoms as MCI and of the episodic 

memory decline. Therefore, olfactory manifestations may precede cognitive disorders in 

Alzheimer’s disease with a substantial amount of time. 

Furthermore, decline also occurs with age in other sensory systems in association with 

cognitive decline. As the entorhinal cortex processes multiple sensory impulses, it is possible 

that olfaction may also be accompanied by subtle changes in other sensory functions. 

Therefore, the olfactory deficit occurs both in patients with symptoms of Alzheimer’s 

disease, which was long proven, and in MCI patients or in carriers of the epsilon 4 allele, a 

well established risk factor for Alzheimer’s disease. The respective analysis indicates that 
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the association between the olfactory dysfunction and the pathological changes specific to 

Alzheimer’s disease may also occur in asymptomatic elders.         

Another study has proven that in elders, the presence of APOE is associated with a high risk 

of MCI and a fast cognitive decline. It was also indicated that hyposmia associated with 

APOE has a 5 times higher risk of developing Alzheimer dementia than the general 

population. 

The preliminary data of a study indicates the fact that MCI patients not only have an 
olfactory dysfunction compared to healthy persons, that progresses in time, but that those 
who are not aware of the decline of their olfactory sensibility, suffering from amnestic MCI, 
will develop the criteria for the diagnosis of Alzheimer’s disease in the near future.   

6. Alzheimer's disease and olfaction 

Despite all the research carried out so far, it is still not known why the loss of olfaction 
occurs in victims of Alzheimer’s disease. What is known is that the loss of olfaction is 
current. Ansomia and Alzheimer’s disease go hand in hand. Anosmia was currently studied 
as a potential diagnosis instrument for Alzheimer’s disease. 
In 1994, Solomon examined the first cranial nerve in patients with Alzheimer’s disease. He 
noticed that 90% of the patients had different degrees of anosmia. 
Another experiment compared the olfactory capacity of 80 normal elders with that of 80 elders 
suffering from Alzheimer’s disease, and the latter had a significantly lower olfactory capacity. 
An attempt was even made to quantify the difference of olfactory capacity. Respectively, the 

study performed by Nordin in 1995 proved that 74% patients with Alzheimer’s disease had 

a satisfactory olfaction only after smelling a sample with a concentration that was 9 times 

higher than the initial one, which 77% of the normal elders managed to identify. The same 

study also indicated that patients with Alzheimer’s disease were not aware of the debut of 

their anosmia, nor of the severity of their impairment which is why they did not 

acknowledge the loss of their olfactory sense. 

The amyloid deposit-olfactory impairment relation was proved by Zucco in 1994 in his 

study on patients suffering from Down’s syndrome. It is known that due to the trisomy of 

the chromosome 21 they carry, they have an overexpression of the genes of this 

chromosome, including that of the amyloid precursor protein. Starting with the age of 40, 

they indicate deposits of amyloid plaques at a cerebral level, without however necessarily 

developing it. The risk of developing dementia in a patient suffering from Down syndrome 

is higher in persons with a family history of Alzheimer’s disease, while others have the same 

risk as the general population. With age, patients with Down syndrome are also subject to 

an increase in the rate of Alzheimer’s disease, so that, at 60 years old, 50-70% have 

Alzheimer's disease. Moreover, Alzheimer’s disease has an earlier debut in patients with 

Down syndrome.   

The decrease of the olfactory capacity was also noticed in adults with Down syndrome, 

many of which have a cerebral pathology that is analogue with Alzheimer’s disease. 

The question that was raised next was if adolescents suffering from Down syndrome and 

that were not subject to clear neuropathologic changes similar to Alzheimer’s disease will 

develop an olfactory dysfunction. 

The olfactory sense (the capacity of identification and discrimination) was tested for 20 
teenagers suffering from Down syndrome (13.8 years average age), and the results were 
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compared with 20 patients with Down syndrome who were mentally retarded and 20 
patients with Down syndrome who were not retarded. There were no differences between 
the three groups. 
Another study tested the olfactory sense for 14 young people (20 - 31 years) and 14 adults 

(32 - 54 years) with Down syndrome. The scores were definitely lower in the older group. 

(Amyloid plaques were emphasized together with neurofibrillary degeneration in the 

olfactory mucous).  

Such corroborated studies suggest that the olfactory impairments correlated with Down 

syndrome only occur in elders, when the pathology similar to Alzheimer’s disease is 

present. 

In MCI, the decrease in olfactory identification may be a marker for early Alzheimer’s 

disease, and the Apo E genotype may be a part of the olfactory decline base. 

In his study, Devanand proved that in patients with MCI, low base olfactory identification 

scores predict the diagnosis of Alzheimer’s disease during monitoring. However, the MMSE 

should be considered, together with whether the patient is aware of the olfactory deficit or 

not. Devanand has indicated an association of olfactory and neuropsychological tests with 

an MRI examination for the cerebral volume (entorhinal cortex and horn of Ammon), the 

sensibility of predicting the MCI conversion to AD increases. Such studies have suggested 

that olfactory dysfunction may be a potential useful biomarker in estimating the debut and 

the progression of the disease. 

The power of prediction increases if it is associated with the lack of awareness of the 

olfactory deficit. Low olfactory scores associated with the subjective reporting of the lack of 

olfactory problems are a stronger prediction factor. The correlation between being non-

critical towards olfactory issues and the development of Alzheimer’s disease is important as 

the awareness of the loss of olfactory sense may also be located in the medial temporal lobe 

structures, known to be impaired in the preclinical stages of the disease and associated with 

attention deficits.  

Olfaction was studied (detection, quality of dissemination and identification) together with 

cognition (attention, rationale, memory, name, fluency) in patients with Alzheimer's disease, 

MCI and normal elders. 

Patients with MCI had their olfactory sensibility and identification diminished, while 

discrimination was considered to be under normal limits. 

Alzheimer’s disease impairs all three areas, more than in MCI. It was noticed that the 

performances in the identification and discrimination of smells is correlated better than the 

detection with neuropsychological tests. Therefore, the deficits in detection and 

identification occur early in Alzheimer’s disease, prior to the development of the clinical 

symptoms, and it progresses with the evolution of the disease. High detection thresholds 

together with the impairment of identification may be an early indicator of Alzheimer's 

disease. 

Electrophysiological - olfactory evoked potential studies have confirmed the olfactory 

dysfunction both in patients suffering from Alzheimer’s disease and in the preclinical MCI 

stage. 

In Alzheimer’s disease, the olfactory dysfunction progresses together with the disease and it 

is correlated with its severity.  More advanced stages also register the impairment of 

olfactory discrimination. 
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1996 meta-analyses were performed on 43 olfactory perception and AD studies, and 

significant deficits were noticed in the olfactory detection threshold, the olfactory 

identification and olfactory recognition in confirmed or potential AD cases compared to the 

case-controls of the same age. Such deficits were correlated with genetic factors associated 

with a high risk for AD. 

Gilbert and Murphy have proved that even one or two copies of the APOE allele e4 have a 

significant deficit in smell recognition compared to patients who do not have this allele. The 

authors have indicated that the deficit only applies to olfaction and not to visual stimuli. 

7. The theoryes of olfactory impairment in Alzheimer's disease 

In terms of olfactory impairment in Alzheimer's disease, two theories were raised: the 
olfactory vector theory and the degenerative theory. 
The olfactory vector theory 
In 1985, Pearson et al suggested that in terms of the impairment of the olfactory system in 

striking contrast to the minimal changes of other cerebral areas, it is possible that the 

olfactory system is the gateway for the agents triggering the disease. Therefore, the loss of 

smell may be a consequence of virus access or the access of toxins from the nose to the brain 

via the olfactory path.  

This theory is supported by the following:  
1. In the intranasal instillation of virus or toxins, they can enter the brain by the active 

transport of olfactory cells and it induces the alteration of olfactory structures (Stroop, 
1995) 

2. Studies suggesting histopathologic changes occur in the olfactory epithelium in patients 
with Alzheimer’s disease (Jafek et al, 1992) 

Amyloidal plaques and degeneracy are preferentially located in the limbic system receiving 

fibers directly from the olfactory bulb, including the anterior olfactory nucleus, uncus and 

the medial amygdaline nucleus. (Pearson et al, 1985) 

Secondary degeneration theory  
It postulates that the loss of olfaction is determined by retrograde secondary degeneration. 

A version postulates that limbic structures are particularly susceptible to alteration in the 

processes of Alzheimer’s disease. 

Potential arguments are: 
1. Patients with Alzheimer’s disease have a reverse correlation between the UPSIT scores 

and the metabolic activity in the anterior portion of the medial temporal cortex 
measured by PET (Buchsbaum et al, 1989) 

2. The association between low olfactory scores and the number of hippocampal lesions in 
patients with Alzheimer’s disease (Serby et al, 1992) 

3. Mice which have recently become anosmic do not have a learning deficit, unlike those 
in which anosmia was induced earlier (Kurtz et al, 1989) 

8. The structural bases of the olfactory impairment in Alzheimer disease 

Multiple areas of the brain that are crucial for the normal olfactory function are severely 

impacted by the pathology of Alzheimer’s disease. The olfactory dysfunction of Alzheimer’s 

disease is associated with anatomical-pathological changes specific to the disease both at the 

www.intechopen.com



 
Olfactory Dysfunctions in Alzheimer’s Disease 

 

137 

level of the olfactory mucous and at the level of the olfactory bulb, of the olfactory tracts and 

of the central region for the projection of olfactory tracts, including regions involved in the 

recognition of smells and memory (entorhinal cortex and the horn of Ammon). 

Deposits of amyloid and neurofibrillary tangles, the two pathological hollmarkes of AD, are 

located differentially by crossing these regions. Few studies have approached the connection 

between the prevalence of these pathologies with the olfactory function. 

A study has suggested that for elders (87 ± 6 years), olfactory loss is determined by the 

loading of neurofibrillary tangles in the central areas processing olfactory information; 

another study has indicated that the severity of the pathology in the olfactory system is 

correlated with the neuropathologic progression of the disease starting from the MCI stage. 

Olfactory identification is impaired early on in Alzheimer’s disease and it may be influenced 
by the cognitive status more than the olfactory acuity or detection that is not alerted until 
late stages. The hyposmia pattern in Alzheimer’s disease suggests that the disease does not 
begin “in the nose”, as was theorized so far. 
Talamo examined the changes in the olfactory neurons in Alzheimer’s disease and he 
indicated that there are histopathologic changes at the level of the olfactory epithelium. 
In 1991, Hyman used neuroanatomic and neurochemical studies to describe the changes at 
the level of the olfactory bulb with deposit of amyloid plaques and neurofibrillary tangles 
with degenerations of other areas: the anterior olfactory nucleus, the olfactory tubercle, 
uncus and subiculum. 
A 1993 study indicated a less severe impairment in Alzheimer’s disease of the olfactory tract 
and bulb in Alzheimer’s disease than in the central part of the olfactory system. 
Immunohistochemical determinations in the olfactory epithelium for the polyclonal protein, 
for amyloid plaques and for ubiquitin have proved the presence thereof in Alzheimer’s 
disease, so that nasal mucous biopsy may be useful. 
It was also noticed that neuroblasts from donors with Alzheimer’s disease have high levels 
of precursor amyloid. 
Imagistic and immunohistochemical studies have proven the correlation between the 
deposit of amyloid plaques and neurofibrillary tangles at the level of the olfactory bulb with 
those at the level of the cortex. 
The study of Wilson and his collaborators, performed in 2007, indicated that the difficulty in 

identifying familiar smells at a high age is partially due to the neurofibrillary pathological 

accumulation in the central olfactory regions, respectively in the entorhinal cortex and the 

CA1/subiculum area in the horn of Ammon, as the density of degeneracy is inversely 

proportional with the olfactory identification. 

In 2009, Thomann carried out MRI studies to indicate the reduction in the sizes of the 
olfactory bulb and tract in the early stage of Alzheimer’s disease. 
An MRI study also described the decrease in the volume of the left horn of Ammon in 
Alzheimer’s disease, reflected in the reduction of olfactory identification performances. 
Experiments carried out on rodents with AD have provided evidence that both the 

neurofibrillary tangles and the beta-amyloid lead to olfactory loss. For example, a recent study 

carried out on a transgenic mouse with the overexpression of the human amyloid beta protein 

precursor indicated that such mice have an age-dependent olfactory dysfunction compared to 

the control group of the same age. Such olfactory deficits include the abnormal investigation of 

smells, olfactory habit (short term memory) and olfactory discrimination. Furthermore, such 

behaviors are correlated with the spatial-temporal deposit of the fibrillary and/or non-
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fibrillary beta-amyloid. It is worth mentioning that the amyloid deposit first occurs in the 

olfactory bulb, followed by the deposit in the olfactory cortex and horn of Ammon.Such data 

suggest that the beta-amyloid deposit in the olfactory bulb and in the olfactory cortical areas 

may contribute to olfactory loss in early and, respectively, late stages. 

 

 

Fig. 1. Anatomical changes of the olfactory pathways in AD 

9. Olfactory sense and other neurodegenerative disease 

The decrease of the olfactory sense is also associated with other neurodegenerative diseases: 
Parkinson’s disease and Lewy corpuscles dementia, 
Olfactory impairments in Alzheimer’s disease and Parkinson’s disease are initially similar, 

and they are later on set apart in terms of quality. In Parkison’s disease, cerebral lesions are 

rarer and the olfactory impairment is more stable. However, it is worth noting that in initial 

studies, the extent of the olfactory changes in Parkinson’s disease is the same as that in 

Alzheimer's disease. 

During the post-mortem examination, patients suffering from anosmia dementia seem more 

likely to have Lewy body dementia. 

Progressive supranuclear palsy -In this disease, the olfactory function is relatively intact, 

with no significant differences between the olfactory scores of such patients compared to the 

case-controls. 

Multiple system atrophy- They have lower olfactory scores than the case-controls, however 

they are better than patients with Parkinson’s disease (Wenning et al, 1993). The olfactory 

impairment has no correlation with the disability scores, and the pathological changes are 

more expanded than in Alzheimer’s disease. 
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In Huntington’s chorea there is impairment in the discrimination and identification of 
smells, however not in the detection thereof. 

10. Olfaction-marker of Alzheimer disease 

A major effort in AD research is directed towards the identification of the markers of the 
disease. Such biomarkers should ideally predict the AD prognosis before the significant 
development of the neuropathology and the consequent loss of the cognitive function. Early 
indicators of the disease are especially important for the implementation of interventions as 
long as the brain is still operating normally. Therefore, the finding of a robust and accurate 
biomarker may be a pivot in the reduction of the AD global impact. 
An overview of the biomarkers’ progression has indicated that the first elements that are 
detected are beta-amyloid, followed by the neurodegeneration and the cognitive markers. 
Despite the fact that they are not normally used, perception impairments may serve as AD 
biomarkers. Perception impairments are common in AD, including the loss of olfaction, of 
visual and hearing abilities. 
The answer to the question on whether olfaction can be used as an AD marker is not simple. 
There are numerous causes of hyposmia. The high prevalence of anosmia in other 
neurodegenerative diseases - PD, DLB, D fronto-temporal indicates that olfaction alone is 
not specific enough as an AD biomarker. Together with other biomarkers, the olfactory 
perception screening may be useful in consolidating the sensitivity and specificity of an AD 
diagnosis, especially due to the fact that it is non-invasive, easy to repeat, it reflects the 
operation of the neuronal circuits impaired in the initial stages of AD, it is not costly and it 
does not require technological equipment. 
Considering the fact that the olfactory deficit is developed with a high frequency in intact 
cognitive subjects, carriers of the e4 allele, olfaction can be a particularly useful and non-
invasive measure in the intervention or prevention of risk trials. 
The testing of the olfactory sense may be useful in differentiating Alzheimer’s disease from 
major depression. 
Anosmia may be a respectable method of diagnosis in Alzheimer’s disease. The careful 
monitoring of the decline of the olfactory sense may indicate the debut of Alzheimer’s 
disease. 
Anosmia may be used as a probable indicator in the diagnosis of Alzheimer’s disease, 
however it cannot be a decisive factor by itself. 
Longitudinal studies during the progression of the disease, correlated with independent 
measurements of the structural and functional deficits in relevant areas of the brain will 
establish the usefulness of olfactory tests. 
The smell identification function may be useful as a clinical measure for the assessment of 
the clinical response to donepezil, as the entorhinal cortex, the olfactory bulb, critical areas 
for smell, are high in acecoline, a neurotransmitter involved in the pathology of Alzheimer’s 
disease and treatment.  

11. References 

[1] Andreasen N, Blennow K. CSF biomarkers for mild cognitive impairment and early 
Alzheimer’s disease. Clin Neurol Neurosurg. 2005;107:165–173 

www.intechopen.com



The Clinical Spectrum of Alzheimer’s Disease  
– The Charge Toward Comprehensive Diagnostic and Therapeutic Strategies 

 

140 

[2] Anstey K. J Problems identifying odours predicts mild cognitive impairment in the 
elderly Evid Based Ment. Health, may,2008;11(2):40-40 

[3] Bacon A. W., Bondi M.W., Salmon D. P.,Murphy C.(1998) Very early changes in olfactory 
functioning due to Alzheiemr,s disease and the rol of apoliporotein E in olfaction 
Ann. N.Y. Acad. Sci. 855, 723-731doi:10.1111 

[4] Bath K. G., Mandairon N., Jingd.,Rajagopal R.,Kapoor R, Chen Z.,Khan T.,Proenca C.C> 
Kraemer R.,Clelend T. A., Hempstead B. L., Chao M. V., Lee F. S.(2008). Variant 
brain-derived neurotrophic factor (Val66Mat) alters adult olfactory bulb 
neurogenesis and spontaneous olfactory discrimination. J. neurosci. 28,2383-2393 
doi:10.1523 

[5] Bedard a, Parent a(2004) Evidence of newly generated neurons in the human olfactory 
bulb. Dev Brain Res. 151,159-168 doi:10.1016 

[6] Bennett DA, Schneider JA, Buchman AS, Mendes de Leon CF, Bienias JL, Wilson RS. The 
Rush Memory and Aging Project: study design and baseline characteristics of the 
study cohort. Neuroepidemiol. 2005;25:163–175. 

[7] Bennett DA, Schneider JA, Wilson RS, Bienias JL, Arnold SE. Mild cognitive impairment 
is related to Alzheimer’s disease pathology and cerebral infarctions. Neurology. 
2005;64:834–841.  

[8] Bennett DA, Schneider JA, Arvanitakis Z, Kelly JF, Aggarwal NT, Shah RC, Wilson RS. 
Neuropathology of older persons without cognitive impairment. Neurology. 
2006;66:1837–1844.  

[9] Bennett DA, Wilson RS, Schneider JA, Evans DA, Beckett LA, Aggarwal NT, Barnes LL, 
Fox JH, Bach J. Natural history of mild cognitive impairment in older persons. 
Neurology. 2002;59:198–205.  

[10] Blennow K, Vanmechelen E. CSF markers for pathogenic processes in Alzheimer’s 
disease: diagnostic implications and use in clinical neurochemistry. Brain Res Bull. 
2003;61:235–242.  

[11] Braak H., Rub U., Schultz C., Del Tredici K – Journal Alzheimer’s Disease,2006,91(3 
Suppl) 35-44 

[12] Braak H.,Braak E., Yilmazer D., de Vos RA.,Jansen E.N.,Bohl J- J Neuronal 
Trans,1996;103(4);455-90 

[13] Bueller J.,Aftab M.,Sen S.,Gomez-Hassan D.,Burmeister M.,Zubieta J.(2006) BDNF 
Val66Met is associated with reduced hippocampal volume in healthy subjects. Biol. 
Psychiatry 59,812-815 doi:10.1016 

[14] Burns A.,Might olfactory dysfunction be a marker of early Alzheimer’s disease? Lancet 
2000, 355; 84-85 

[15] Chin-Ying Su,Karen Menz, John R. Carlson Olfactory Perception, Receptors, Cells and 
Circuits. Celll,vol 139,1;45-59,2009 

[16] Cox DR. Regression models and life tables (with discussion. J.R. Soc. Stat. B. 
1972;74:187–220. 

[17] Craig-Schapiro R.,Fagan AM, Holtzman DM. Biomarkers of Alzheimer’s disease. 
Neurobiol. Dis. 35(2),128-140(2009) 

[18] Cushman LA, Stein K, Duffy CJ. Detecting navigational deficits in cognitive aging and 
Alzheimer’s disease using virtual reality. Neurology. 2008;71:888–895 

[19] Degel J,Piper D, Koster E.P. Implicit learning and implicit memory for odors: the 
influence of odor identification and retention time Chem. Sens,2001,26,267-280 

www.intechopen.com



 
Olfactory Dysfunctions in Alzheimer’s Disease 

 

141 

[20] Devanand DP, Folz M, Gorlyn M, MoellerJR, Stern Y : Questionable dementia: clinical 
course and predictors of outcome. J Am  Geriatr Soc 1997;45:321-328 

[21] Doty RL, Shaman P, Dann M. Development of the University of Pennsylvania Smell 
Identification Test: a standardized microencapsulated test of olfactory function. 
Physiol Behav. 1984;32:489–502. 

[22] Doty RL Studies of olfactory Dysfunction in Major Neurological Disorders, Advances 
in  biosciences,vol 93,pp593-602,1994 

[23] Doty RL, Reyes PF, Gregor T: Presence of both odor identification and detection 
deficits in Alzheimer’s disease. Brain Res Bull 1987;18:597-600 

[24] Doty RL, Perl DP, Steele JC, Chen KM, Pierce JD, Reyes P, Kurland LT: Olfactory 
dysfunction in trhee neurodegenerative disease. Geriatrics 1991; 46:47-51 

[25] Djordjevic J, Jones-Gotman M, de Sousa K, Chertkow H. Olfaction in patients with 
mild cognitive impairment and Alzheimer’s disease. Neurobiol Aging. 2007 
doi:10.1016/j. neurobiolaging. 2006.11.014. 

[26] Eibenstein A, Fioretti AB, Simaskau MN, Sucapane P, Mearelli S, Mina C, Amabile G, 
Fusetti M. Olfactory screening test in mild cognitive impairment. Neurol Sci. 
2005;26:156–160. 

[27] Engen T Remembering odors and their names Am Scient,1987,75,497-503 
[28] Frank RA, Galasko D, Hampel H, et al. Biological markers for therapeutic trials in 

Alzheimer’s disease;proceedings of the biological markers working group; NIA 
initiative on neuroimaging in Alzheimer’s disease. Neurobiol Aging. 2003;24:521–
536.  

[29] Gilbert PE, Murphy C. The effect of the ApoE epsilon4 allele on recognition memory 
for olfactory and visual stimuli in patients with pathologically confirmed 
Alzheimer’s disease, probable Alzheimer’s disease, and healthy elderly controls. J 
Clin Exp Neuropsychol. 2004;26:779–794.  

[30] Gilbert PE, Murpyy C. The effect of the ApoE e4 allele on recognition memory for 
olfactory and visual stimuli in patients with pathologically confirmed Alzheimer’s 
disease,probable Alzheiemr’s disease,and healthy elderly controls. J. Clin. Exp. 
Neuropsychol. 26(6),779-794(2004) 

[31] Graham JE, Rockwood K, Beattie BL, et al. Prevalence and severity of cognitive 
impairment with and without dementia in an elderly population. Lancet. 
1997;349:1793–1796. 

[32] Hall CB, Lipton RB, Sliwinski M, et al. A change point model for estimating the onset 
of cognitive decline in preclinical Alzheimer’s disease. Stat. Med. 2000;19:1555–
1566.  

[33] Hedner M,Nilsson LG, Olofsson JK, Bergman O, Eriksson E, Larsson M Age-related 
Olfactory decline in Associated with BDNF Val66met polymorphism:Evidence 
from a Population-Based Stady Front Aging Neurosci 2010 Jun 7;2:24 

[34] Herz RS,EngenT Verbal coding in olfactory versus nonolfactory cognition Men 
Cogn,1996,28,957-964 

[35] Hixson J, Vernier DT. Restriction isotyping of human apolipoprotein E by gene 
amplification and cleavage with Hhal. J. Lipid Res. 1990;31:545–548. 

[36] van Hoesen GW, Hyman BT, Damasio AR. Entorhinal cortex pathology in Alzheimer 
disease. Hippocampus. 1991;1:1–8.  

www.intechopen.com



The Clinical Spectrum of Alzheimer’s Disease  
– The Charge Toward Comprehensive Diagnostic and Therapeutic Strategies 

 

142 

[37] Hyman BT, van Hoeson GW, Kromer C, Damasio A. Alzheimer’s disease: cell specific 
pathology isolates the hippocampal formation. Science. 1984;225:1168–1170 

[38] Jack CRJ, Knopman DS,Jagust WJ et al. Hypothetical model of dynamic biomarkers of 
the Alzheimer’s pathological cascade. Lancet Neurol.9(1),119-128(2010) 

[39] Kovacs T. Mechanisms of olfactory dysfunction in aging and neurodegenerative 
disorders. Ageing Res. Rev 3,215-232(2004) 

[40] Koster E. P. Does  olfactory memory dependent on remembering odors? Chemical 
Senses,2005,vol 30,i236-i237 

[41] Laird NM, Ware JH. Random-effects models for longitudinal data. Biometrics. 
1982;38:963–974.  

[42] Larsson M, Semb H, Winblad B, Amberla K, Wahlund LO, Backman L. Odor 
identification in normal aging and early Alzheimer’s disease: effects of retrieval 
support. Neuropsychol. 1999;13:47–53. 

[43] Levy LM,Henkin RI,Hutter A, Lin CS, Schellinger D. Odor memory induces brain 
activation as measured by functional magnetic resonance imaging. J Comp Asst 
Tomog 1999;23: 487-498 

[44] Li KZH, Lindenberger U. Relations between aging sensory/sensorimotor and 
cognitive functions. Neurosci. Biobehav. Rev. 2002;26:777–783 

[45] Martske JS, Kopala LC, Good KC: Olfactory dysfunction in neuropsychiatric disorders: 
review and methodological considerations. Biol Psychiatry 1997;42:721-732 

[46] McKhann G, Drachmann D, Folstein M, Katzman R, Price D, Stadlan E. Clinical 
diagnosis of Alzheimer’s disease. Report of the NINCDS-ADRDA Work Group 
under the auspices of Department of Health and Human Services Task Force on 
Alzheimer’s Disease. Neurology. 1984;34:939–944.  

[47] Mesholam RI, Moberg PJ, Mahr RN, Doty RL :Olfaction in neurodegenerative disease: 
a meta-analysis of olfactory functioning in Alzheimer,s  and Parkinson’s diseases. 
Arch Neurol 1998;55:84-90 

[48] Morgan CD, Nordin S, Murphy C; Odor identification is an early marker for 
Alzheiemr’s disease:impact of lexical functioning and detection sensivity. J Clin 
Exp Neuropsychol 1995;17:793-803 

[49] Murphy C, Gilmore MM, Seery CS, Salmon DP, Lasker BR. Olfactory thresholds are 
associated with degree of dementia in Alzheimer’s disease. Neurobiol Aging. 
1990;11:465–469.  

[50] Murphy C, Bacon AW, Bondi MW, Salmon DP. Apolipoprotein E status is associated 
with odor identification deficits in nondemented older persons. Ann NY Acad Sci. 
1998;855:744–750.  

[51] Murphy C, Nordin S, Acosta L: Odor learning, recall and recognition memory in 
young and elderly adults. Neuropsychology 1997;11:126-137 

[52] Murphy C, Gilmore MM, Seery CS, Salmon DP, Lasker BR: Olfactory thresholds are 
associated with degree of dementia in Alzheiemr’a disease. Neurobiol Aging 
1990;11:465-469 

[53] Nordin S, Murphy C; Impaired sensory and cognitive olfactory function in 
questionable Alzheiemr’s disease. Neuropsychology 1996;10:113-119 

[54] Nordin S, Almkvist O, Berglund B, Wahlund L: Olfactory disfunction for pyridine and 
dementia progression in Alzheimer disease. Arch neurol 1997;54:993-998 

www.intechopen.com



 
Olfactory Dysfunctions in Alzheimer’s Disease 

 

143 

[55] Peters JM, Hummel T, Kratzsch T, Lotsch J, Skarke C, Frolich L. Olfactory function in      
mild cognitive impairment and Alzheimer’s disease: an investigation using 
psychophysical and electrophysiological techniques. Am J Psychiatry. 
2003;160:1995–2002. 

[56] Price JL, Davies PB, Morris JC, White DL. The distribution of tangles, plaques and 
related histochemical markers in healthy aging and Alzheimer’s disease. Neurobiol 
Aging. 1991;12:295–312 

[57] Royet JP, Croisile B, Williamson-Vasta R, Hibert O, Serclerat D, Guerin J. Rating of 
different olfactory judgments in Alzheimer’s disease. Chem Senses. 2001;26:409–417.  

[58] Saiiadian A, Doty RL Gyttnick DN, Chirugi RJ, Sivak M, Perl D : Olfactory dysfunction 
in amyotrophic lateral sclerosis. Neurodegeneration 1994;3 : 153-157 

[59] Saleron-Kennedy R, Cusack S, Cashman KD. Olfactory function in people with genetic 
risk of dementia. Ir J Med Sci. 2005;174:46–50. 

[60] Serby M,Larson P,Kalkstein D The nature and course of olfactory deficits in 
Alzheimer’s disease, Am J Psychiatry 1991,Mar,148(3):357-60 

[61] Serby M, Mohan C, Aryan M, Wiliams L, Mohs RC, Davis KL: Olfactory identification 
deficits in relatives of Alzheimer’s  disease pacients. Biol Psychiatry 1996;39:375-377 

[62] Talamo BR, Rudel R, Kosik KS, Lee VM, Neff S, Adelman L, Kauer JS: Pathological 
changes in olfactory neurons in patients with Alzheiemr’s disease. Nature 
1989;337:736-739 

[63] Temple S., Alvarez-Bylla A., Stem cells in the adult mammalian nervous system. Curr 
Opin Neurobiol 1999; 9 : 135-141 

[64] Warner M, Peabody C, Csernansky J: Olfactory functioning in schizophrenia and 
depression. Biol Psychiatry 1990;27:457-467 

[65] Wang QS, Tian L, Huang YL, Qin S, He LQ, Zhou JN. Olfactory identification and 
apolipoprotein E episolon 4 allele in mild cognitive impairment. Brain Res. 
2002;951:77–81.  

[66] Wesson D. Daniel, Efrat Leny, Ralph A. Nixon, Donald A. Wilson  Olfactory 
dysfunction correlates with Amyloid-beta burden in a Alzheimer,a disease mouse 
model The Journal of Neuroscience, January 13 2010,3(2):505-514 

[67] Wilson RS, Arnold SE, Schneider JA, Tang Y, Bennett DA. The relationship between 
cerebral Alzheimer’s disease pathology and odour identification in old age. J Neurol 
Neurosurg Psychiatry. 2007;78:30–35 

[68] Wilson RS, Barnes LL, Bennett DA. Assessment of lifetime participation in cognitively 
stimulating activities. J Clin Exp Neuropsychol. 2003;25:634–642.  

[69] Wilson DA The fundamental rol of memory in olfactory perception, Trends in 
Neurosciences,2003,26(5);244 

[70] Wilson DA, Learning to smell: olfactory perception from neurobiology to behavior, 
Baltimore MD, US:John Hopkins  University Press, 2006 

[71] Wilson RS, Barnes LL, Krueger KR, Hoganson G, Bienias JL, Bennett DA. Early and 
late life cognitive activity and cognitive systems in old age. J Int Neuropsychol Soc. 
2005;11:400–407. 

[72] Wilson RS, Arnold SE, Schneider JA, Kelly JF, Tang Y, Bennett DA. Chronic 
psychological distress and risk of Alzheimer’s disease in old age. Neuroepidemiol. 
2006;27:143–153. 

www.intechopen.com



The Clinical Spectrum of Alzheimer’s Disease  
– The Charge Toward Comprehensive Diagnostic and Therapeutic Strategies 

 

144 

[73] Wilson R S,Schneider JA, Arnold SE, Tang Y, Boyle PA,Benett DA Olfactory 
identification incidence of Mild Cognitive Impairment in Older Age Arch Gen 
Psychitrry, yuli,2007;64(7):802-808 

[74] Wen Li, James D. Haward, Jay A Gottfried Disruption of odour quality coding in 
piriform cortex mediates olfactory deficits in Alzheimer’s disease, Brain, 133(9) 
2714-2726 

[75] Wesson D, Ralph A Nixon, Donald A Wilson Olfactory dysfunction may serve as an 
early diagnostic tool for Alzheimer’s disease Journal of neuroscience, 2010 

[76] Wesson D ,Donald A Wilson ,Nixon A Ralph Shoud olfactory dysfunction be used as a 
biomarker of Alzheimer’s disease?, Exper Review of Neurotherapeutics, may 2010, 
vol. 10,No.5 pages 633-635,doi 10.1586 

[77] Wilson RS, Schneider JA, Barnes LL, et al. The apolipoprotein E ε4 allele and decline in 
different cognitive systems during a 6-year period. Arch. Neurol. 2002;59:1154–1160.  

[78] Wilson RS, Bienias JL, Berry-Kravis E, et al. The apolipoprotein E ε2 allele and decline 
in episodic memory. J Neurol. Neurosurg. Psychiatry. 2002;73:672–677.  

www.intechopen.com



The Clinical Spectrum of Alzheimer's Disease -The Charge Toward

Comprehensive Diagnostic and Therapeutic Strategies

Edited by Dr. Suzanne De La Monte

ISBN 978-953-307-993-6

Hard cover, 362 pages

Publisher InTech

Published online 06, September, 2011

Published in print edition September, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

The Clinical Spectrum of Alzheimer's Disease: The Charge Toward Comprehensive Diagnostic and

Therapeutic Strategies is highly informative and current. Acknowledged experts in the field critically review

both standard and under-appreciated clinical, behavioral, epidemiological, genetic, and neuroimaging

attributes of Alzheimer's disease. The collection covers diverse topics of interest to clinicians and researchers

alike. Experienced professionals and newcomers to the field will benefit from the read. The strengths and

weaknesses of current clinical, non-invasive, neuro-imaging, and biomarker diagnostic approaches are

explained. The perspectives give fresh insights into the process of neurodegeneration. Readers will be

enlightened by the evidence that the neural circuits damaged by neurodegeneration are much broader than

conventionally taught, suggesting that Alzheimer's could be detected at earlier stages of disease by utilizing

multi-pronged diagnostic approaches. This book inspires renewed hope that more effective treatments could

be developed based upon the expanding list of potential therapeutic targets.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Iuliana Nicola-Antoniu (2011). Olfactory Dysfunctions in Alzheimer’s Disease, The Clinical Spectrum of

Alzheimer's Disease -The Charge Toward Comprehensive Diagnostic and Therapeutic Strategies, Dr.

Suzanne De La Monte (Ed.), ISBN: 978-953-307-993-6, InTech, Available from:

http://www.intechopen.com/books/the-clinical-spectrum-of-alzheimer-s-disease-the-charge-toward-

comprehensive-diagnostic-and-therapeutic-strategies/olfactory-dysfunctions-in-alzheimer-s-disease



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


