
Olfactory Identification Deficits, Cognitive Decline, and Dementia 
in Older Adults

D.P. Devanand, M.D.
Departments of Psychiatry and Neurology, Division of Geriatric Psychiatry, Columbia University 
Medical Center, New York, NY

Abstract

Several recently developed biomarkers of Alzheimer disease (AD) are invasive, expensive, and 

difficult to obtain in most clinical settings. Olfactory identification test performance represents a 

noninvasive, inexpensive biomarker of AD that may have predictive accuracy comparable with 

neuroimaging measures and biomarkers assessed in cerebrospinal fluid. Neurofibrillary tangles in 

the olfactory bulb are among the earliest pathologic features of AD and are also seen in the 

projection pathways from the olfactory bulb to secondary olfactory brain regions, including the 

piriform and medial temporal cortex, orbitofrontal cortex, and other limbic regions. Odor 

identification impairment characterizes AD and predicts the clinical transition from mild cognitive 

impairment to AD in both clinical and community samples. Epidemiologic data indicate that in 

cognitively intact older adults, impairment in odor identification predicts cognitive decline but that 

episodic verbal memory impairment does not predict cognitive decline. Odor identification 

impairment has also been shown to predict mortality in older subjects with mortality risk 

increasing with greater severity of impairment in odor identification. The exact cause of this 

association is not known, but olfactory deficits may lead to an increase in accidents in the home, 

because of the inability to smell and taste food that is unsafe or not smelling a gas leak or fire, and 

this may increase mortality risk. Standardized tests of odor identification ability are widely 

available and may provide a useful tool to improve diagnostic and predictive accuracy for 

cognitive decline, AD, and mortality in older adults.
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EARLY MARKERS OF ALZHEIMER DISEASE

The aging of the population has been associated with increased prevalence of diseases 

associated with age, including Alzheimer disease (AD). Cholinesterase inhibitors and the N-

methyl-D-aspartate (NMDA) receptor partial antagonist memantine are approved for the 

treatment of AD but are associated with limited clinically measurable improvement in 
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cognition. Antiamyloid therapies and other types of experimental therapies have been 

unsuccessful to date.1,2

Identification of predictors of the clinical transition to a diagnosis of AD is important to 

estimate prognosis that can be helpful to patients and family members and to target early 

treatment in patients who are at high risk. Age is a risk factor for most dementia subtypes 

and for AD more specifically.3 The apolipoprotein E e4 genotype is a well-established risk 

factor for AD, and although other genes have been identified, none has as strong an 

association with AD as the apolipoprotein E e4 genotype.4 Measures that clearly distinguish 

patients with AD from cognitively intact control subjects and are associated with the 

transition from mild cognitive impairment (MCI) to AD include neuropsychological 

impairment in tests of memory and executive function, hippocampal and entorhinal cortex 

atrophy and reduced cortical thickness on magnetic resonance imaging scan of brain, 

parietotemporal blood flow and metabolism deficits with single-photon emission computed 

tomography and 18F-fluorodeoxyglucose positron emission tomography (PET), increased 

uptake/retention with amyloid imaging radiotracers using PET, and decreased β42-amyloid 

levels and increased tau and phospho-tau levels in cerebrospinal fluid.3

Several of these neurobiologic markers are expensive and often invasive, and each of them 

typically achieves sensitivity and specificity in the range of 60%–80% in most studies that 

have examined the prediction of the transition from MCI to a clinical diagnosis of AD.5,6 In 

clinical practice, noninvasive markers are more practical and feasible, and impairment in 

odor identification has emerged as an important biomarker with diagnostic group 

discrimination and predictive utility that are comparable with the more invasive biomarkers.

NEUROBIOLOGY OF OLFACTION

The experience of smelling an odor is the result of small molecules that enter the nasal 

cavity, dissolve in the mucosa of the olfactory epithelium, and then interact with olfactory 

receptor neurons via transmembrane G-protein coupled olfactory receptor proteins.7 Each of 

these proteins expresses one olfactory receptor, and similar receptors project to the same 

glomeruli in the olfactory bulb. In these round glomeruli, the axons of olfactory receptor 

synapse onto apical dendrites of olfactory bulb neurons, which are mitral and tufted cells.8

Neurons from the olfactory bulb project to several structures including the amygdala, 

piriform cortex, and entorhinal cortex, which then project to the orbital and orbitofrontal 

cortex via the thalamus (Figure 1). The entorhinal cortex provides the main input to the 

hippocampus. Neuronal connections also occur in reverse, including back to the olfactory 

bulb. Neurotransmitter input from noradrenergic and serotonergic neurons and cholinergic 

neurons from the nucleus basalis is modulatory throughout the olfactory pathways.7,9 During 

the aging process, the number of olfactory receptor neurons declines as olfactory epithelium 

is gradually replaced with respiratory epithelium.10 Late components of olfactory event-

related potentials show increased latency with age, confirming that central structures are 

involved in the olfactory pathways.11
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NEUROPATHOLOGY

Neurofibrillary tangles, a key pathologic feature of AD, are found in olfactory neurons in the 

olfactory bulb in patients with mild AD, and odor identification deficits during life correlate 

with tangles in the olfactory bulb and its projection areas at autopsy.12,13 In AD, the 

olfactory bulb shows minimal mature amyloid plaques, and the neurofibrillary tangle burden 

with abnormally phosphorylated tau protein is typically higher.14–17 Basic findings from 

animal models are consistent with these associations: Odor discrimination deficits are not 

observed in the Tg2576 AD mouse model that is an amyloidogenic mouse model,18 but 

increased investigation of novel odors is diminished in transgenic mice expressing human 

tau protein.19

OLFACTION IN NORMAL AGING

There is a general decline in odor identification ability with aging, which accelerates 

markedly above 70 years of age.20 In older adults without cognitive impairment, age 

correlates inversely with odor identification test scores.21,22 Practically, this means that 

absolute scores on olfaction tests cannot be used to define abnormality, and age adjustment 

needs to be used. Women score slightly better than men on odor identification tests, but this 

difference is not large and is not detectable in disorders like AD that are associated with 

severe olfactory pathology.

CLINICAL FINDINGS IN MCI AND AD

After initial clinical studies established the presence of marked olfactory deficits in patients 

with AD compared with cognitively intact control subjects,23,24 subsequent research has 

focused on the utility of impairment in odor identification in predicting the transition from 

MCI to AD and its association with cognitive decline in older adults without cognitive 

impairment.5,25 The most prominent olfactory deficit is in odor identification, which 

involves identifying a specific odor when presented to the nostrils, typically in a multiple-

choice test format. Odor identification testing is useful in humans because they possess 

markedly inferior olfactory abilities when compared with other mammalian species (e.g., 

canines and rodents), and therefore multiple-choice items with very distinct odors are 

needed for reliable odor identification testing. For example, in the most widely used odor 

identification test, the scratch-and-sniff University of Pennsylvania Smell Identification Test 

(UPSIT), one of the items has four possible choices that are clearly distinct from each other: 

paint thinner, cherry, coconut, and cheddar cheese (Figure 2).26 There are minor cross-

cultural differences in the ability to identify common odors,27 and versions in different 

languages are available for the UPSIT. Although an odor identification test can be self-

administered, it is advisable for a staff member to administer the test to ensure that all test 

procedures are conducted correctly, including the completion of all items. Odor 

identification impairment is believed to reflect damage in the brain regions that receive 

neuronal projections directly or indirectly from the olfactory bulb, including the piriform 

cortex, amygdala, hippocampal and entorhinal cortex, and orbitofrontal cortex. When the 

smell is perceived, odor memory and odor naming, which are modulated by several limbic 
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regions, together contribute to the eventual integrated process of odor identification that 

likely involves the orbitofrontal cortex and other frontal lobe regions.7

Impairment in odor discrimination, which is the ability to differentiate between two or more 

odors, also occurs in patients with MCI and AD but is slightly less robust than odor 

identification in distinguishing patient groups.26,28 Odor sensitivity, which is the minimum 

concentration of an odor for reliable detection, typically is tested by the same odor presented 

sequentially in increasing concentrations. In AD, odor sensitivity can be impaired and 

becomes more prominent as the disease progresses beyond the mild stages of dementia.

OLFACTORY IMPAIRMENT AND COGNITIVE DECLINE IN COGNITIVELY 

INTACT OLDER ADULTS

There is growing evidence that odor identification deficits are associated with cognitive 

decline, including the transition from normal cognition to MCI.21,25 In a study of a 

multiethnic community cohort of 1,037 older adults in North Manhattan with an average age 

of 80 years, impairment in odor identification was superior to deficits in verbal episodic 

memory in predicting cognitive decline in cognitively intact participants followed for 2–7 

years.25 This raises the interesting question of whether an odor identification test may be 

superior to memory testing in screening older adults at risk of cognitive decline, either for 

prognostic or potential therapeutic purposes.

Other epidemiologic data also show that odor identification deficits are associated with 

future cognitive decline.29,30 Therefore, early olfactory impairment may signify early AD 

pathology and may be useful as part of a preclinical detection strategy, although the 

magnitude of the impairment in cognitively intact individuals (odds ratios range from 1.4 to 

2.0 across studies) is insufficient to be used as the sole biomarker to predict longer term 

outcome.

There has been little evaluation of odor identification in middle-aged and young adults and a 

paucity of systematic follow-up studies to assess the risk of cognitive decline and dementia. 

This gap needs to be filled in future research because of growing evidence that AD 

neuropathology develops in the brain several decades before clinical symptoms are 

manifest.3

OLFACTION, MCI, AND AD

The odor identification deficits demonstrated in AD are likely because of lesions in the 

primary olfactory cortex that comprises the olfactory bulb and its neuronal projections to the 

piriform, amygdala, and entorhinal cortices and secondary olfactory cortex (hippocampus, 

orbitofrontal cortex) that receives neuronal projections from the primary olfactory cortex. 

These brain regions are postulated to be where odors are identified based on integration of 

odor information received from the olfactory pathway and the projection areas that are 

involved in the naming and recall of odors.7
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In both clinical and epidemiologic samples, there is a clear increase in odor identification 

deficits from cognitively intact individuals to MCI to AD.25,29,30 In a longitudinal study of 

148 outpatients with MCI, broadly defined, baseline odor identification deficits were 

associated with a fourfold increased risk of conversion from MCI to AD and contributed 

unique variance in the prediction of conversion from MCI to AD.5 In addition to UPSIT 

scores, measures of episodic verbal memory, informant report of functional decline, and 

magnetic resonance imaging hippocampal and entorhinal cortex atrophy comprised a five-

variable model that showed predictive accuracy of 85% for the transition from MCI to AD. 

The correlations among these five measures were moderate, reinforcing the view that 

multiple clinical markers and biomarkers like odor identification deficits may need to be 

assessed to improve diagnostic and predictive accuracy in individual patients.

Several studies have shown that impairment in odor identification strongly distinguishes AD 

from control subjects,23,24 and to our knowledge, every published study has shown this 

group difference. There is also consistent evidence that impairment in odor identification 

predicts the transition from MCI to AD with predictive utility that is comparable with other 

more invasive and expensive biomarkers. Head-to-head comparisons of odor identification 

deficits with cerebrospinal fluid and PET imaging markers in large samples are limited, but 

ongoing research should help to clarify their relative diagnostic and predictive utility.31

INCREASED MORTALITY RISK

An intriguing, relatively new, finding is that impaired odor identification is associated with 

increased mortality risk in older adults. In a multiethnic community cohort, 349 of 1,169 

individuals (29.9%) died during an average follow-up period of 4 years.32 The association 

between lower UPSIT scores and increased mortality remained even after controlling for 

age, gender, education, depression, dementia diagnosis, alcohol abuse, head injury, medical 

comorbidity, smoking, body mass index, and vision and hearing impairment. The hazard 

ratios for mortality risk increased with decrease in UPSIT scores from 1.58 for the second 

quartile to 3.81 for the lowest quartile for UPSIT scores. To date, three of four published 

studies have found this association to be significant.32–35 The one study that did not find a 

significant association also reported the association of odor identification impairment with 

increased mortality, but it lost significance after controlling for serum cholesterol and 

cognitive performance.35 Possible explanations for the association between impaired odor 

identification and mortality include an increase in the risk of eating spoiled food, cooking-

related accidents, and inability to smell gas fumes or fire. Empirical research is lacking on 

these possibilities in individuals with odor identification impairment. Published studies have 

focused on older adults, and prospective follow-up studies of young to middle-aged adults 

with odor identification impairment are needed to shed further light on the association 

between odor identification impairment and increased mortality risk.

LIMITATIONS TO OLFACTORY TESTING

The UPSIT, which on average takes 20 minutes to administer, is highly reliable and well 

validated. Shorter versions of the test (e.g., the 12-item Brief Smell Identification Test [B-

SIT], which takes 7 minutes on average) are almost as useful as the long version in 
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distinguishing patient groups and predicting the future clinical diagnosis of AD.24 Other 

commercially available odor identification tests are comparable with the UPSIT in 

distinguishing groups of patients (e.g., Sniffin‘ Sticks, Sense Trading, The Netherlands).

Odor identification test performance is lower in active smokers and individuals with current 

upper respiratory tract infections and in a small number of individuals who have congenital 

anosmia and cannot perform above minimal levels on such tests. Past smoking affects 

olfactory function, and return of function is related to the amount of previous smoking.36

Odor identification tests are not highly specific and can be abnormal in persons with 

schizophrenia, Parkinson disease, Lewy body dementia, and possibly vascular dementia.37,38 

Therefore, if an odor identification test is used for screening or to estimate prognosis in 

individuals with cognitive decline, MCI, or AD, it is important to exclude these neurologic 

and psychiatric disorders before administering the test.

Odor identification impairment increases with age, and the cutoffs for normality can range 

from the mid-to-high 30s for the 40-item UPSIT (scoring range: 0–40) in young adults to the 

high 20s to low 30s for individuals in their eighties. Similar age-adjusted scores are needed 

for all other currently available odor identification tests, and absolute cutoff scores cannot be 

used uniformly for adults across the lifespan. Therefore, odor identification testing is best 

used as information that provides added utility to a thorough clinical diagnostic workup, 

supplemented by other investigations as needed.

CONCLUSIONS

In AD, the evidence clearly demonstrates that olfactory dysfunction, typically assessed by an 

odor identification test, occurs early in the disease process, even at a preclinical stage where 

such a test may be superior to testing for verbal episodic memory in predicting longer term 

cognitive outcome. Odor identification impairment shows moderate predictive utility for 

cognitive decline in cognitively intact older adults and for the transition from normal 

cognition to MCI and strong predictive utility for the transition from MCI to AD. Practically, 

to improve predictive accuracy, olfactory testing may need to be combined with other 

measures for potential use as a screening tool to identify individuals at risk of cognitive 

decline in the general population. Relative to cognitive testing and assessment of other 

biomarkers, the largely unique variance contributed by impairment in odor identification to 

the prediction of MCI and AD suggests that it may be particularly useful when combined 

with other tests for such purposes. Age-related changes occur with olfaction, but they also 

occur with virtually all markers of MCI and AD: decline in cognitive test performance, 

measures of magnetic resonance imaging atrophy, 18F-fluorodeoxyglucose PET and amyloid 

PET abnormalities, and decreased β42-amyloid with increased tau and phosphor-tau levels in 

cerebrospinal fluid.39–42

In addition to the advantages of being easy to administer and cost-effective because of its 

relatively low price, an odor identification test may be a useful measure to select/stratify 

patients in treatment trials of cognitively impaired patients or prevention trials in cognitively 

intact individuals, because olfactory deficits can predict cognitive decline in cognitively 
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intact individuals and are an early biomarker of AD neuropathology. Odor identification 

tests remain primarily a research tool, but some clinical practitioners do use them. The 

current clinical recommendation is that odor identification tests can be administered to 

provide potentially useful information only when combined with a thorough clinical, 

neuropsychological, and, if necessary, neuroimaging evaluation for patients who present 

with cognitive decline and an uncertain diagnosis, taking into account the specific conditions 

that need to be excluded before administering an odor identification test. The observation 

that odor identification impairment predicts increased mortality has important public health 

implications that go beyond its potential diagnostic and predictive utility in cognitively 

impaired older adults and requires further investigation.
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FIGURE 1. 
Central olfactory projections of the olfactory system. Direct connections between the 

olfactory bulb and hypothalamus may not be present in humans and some other mammals. 

(Copyright © 2010 RL Doty.).
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FIGURE 2. 
The UPSIT. Each page has an odor microencapsulated in a dark rectangle that is scratched 

with a pencil, sniffed, and then one of four choices of named odors on that page is marked. 

There are 40 separate pages, each response that correctly identifies the odor receives a score 

of 1 and an incorrect response a score of 0, and the total score ranges from 0 to 40. 

(Copyright Sensonics International © 2016.).
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