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Abstract

Insights into risk factors for olfactory decline are needed, because knowledge about its origin is
limited. This impairment has important implications for human health. Several epidemiologic
studies of olfaction provide insight into the prevalence of olfactory disorders.

Here, we review the major population studies carried out on this topic to date. Our purpose is to
characterize knowledge about olfactory disorders from human studies. We also describe the
existing methods for measuring the sense of smell in population studies, present recent insights
into the epidemiology of smell disorders, and discuss the risk factors identified to date. Synthesis
of these data shows that olfactory dysfunction increases as people age and is worse in men. Further
study of olfaction is warranted for gaining better information on the etiologies affecting its
impairment, research that will have a large public health impact.
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Introduction

Olfaction plays a major role in human daily life. The key role of this ancient sensory system
is to provide information on chemicals in the environment [11. Olfaction plays a role in the
detection of dangerous compounds, maintaining of nutrition, interpersonal behavior,
neurologic health, and sensation of pleasure, among other functions. Consequently, olfactory
dysfunction can lead to a risk of injury (especially regarding dangerous chemicals, exposure
to smoke, and putrid food), malnutrition, social isolation, and a poor quality of life. Indeed,
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olfactory decline has been shown to presage neurologic disease and to predict death itself [2].
Understanding the risk factors that underlie this important sensory condition, therefore, is of
great interest. Analysis of existing data from human cohorts could identify interventions that
would prevent, mitigate, or potentially reverse olfactory loss. Such information would have
an enormous public health impact.

This epidemiologic review summarizes the definition of, characteristics that mark, and
assessment of olfactory disorders in population studies. Using existing data, we describe
their prevalence and discuss our knowledge of factors that underlie susceptibility to these
disorders.

Types of olfactory disorders: definitions and characteristics

There are two major categories of olfactory disorders: the loss of olfactory ability and
qualitative changes in olfactory perception. Diminished smell function is defined as
hyposmia, and complete smell loss is defined as anosmia. These loses can be general to all
odors, or they can be restricted to particular odorants (specific anosmias). Qualitative
olfactory impairment is referred to as dysosmia, and may be divided into parosmia and
phantosmia. Parosmia is defined by distorted odor perception in the presence of an odor
source, usually unpleasant odors described as “foul’, ‘rotten’, ‘sewage’, or ‘burning’ smells,
and often labeled as gasoline, chemical, tobacco, or coffee odors[3]. Phantosmia is defined
by odor perception in the absence of an actual odor []. Leopold[®ldefines phantosmia as “a
sensation in either one or both nostrils that cannot be masked by foods.”

Assessment of olfactory disorders in population studies

There are many tests used for evaluation of olfactory function. In a recent review, 27
olfactory tests that are currently used clinically throughout the planet were discussed in
detail, along with advantages and disadvantages of each [6].

The olfactory assessment most often used in the United States (US) for both clinical and
research purposes is the University of Pennsylvania Smell Identification Test (UPSIT) [7].
This UPSIT is comprised by a booklet with 40 individual sheets that have microencapsulated
beads impregnated with specific odors. The person being tested scratches a spot with a
pencil to release the odor and then identifies the odor from a list of four options. The result
is scored as number gotten correct. This type of smell assessment measures the ability to
recognize and identify in words a particular odor, but does not measure the threshold (or
sensitivity) to certain smells. Thus, this test relies on cognitive function for completion of
the assessment. Screening versions of this test are often employed in large-scale studies;
these contain 3 and 12 items, respectively, and the latter has been validated cross culturally
in the USA, Europe, and Scandinavian countries [8: 9],

A cross-culturally modified original UPSIT, the Japanese version of the UPSIT (UPSIT-J) is
also composed of 40 test odorants and 10 distractors; however, 11 test odorants and 5
distractors were replaced from the original version with those considered to be more familiar
to the Japanese population. The UPSIT-J is effective in assessing olfactory function in the
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Japanese population [19]. Researchers in other countries have made efforts to utilize or adapt
the UPSIT for use in their cultural contexts[!!], and age and gender norms are available.

Another commonly used olfactory test is the Sniffin’ Sticks (SS)[12] test. The test battery
includes assessment of odor identification, odor threshold, and odor discrimination, and is
scored on a scale of 1 to 48. The odor identification portion consists of 16 common odorants,
a multiple forced choice from four verbal choices per odorant, scored as number correct. The
odor discrimination consists of 16 pairs of odorants presented with a third odor in a forced
choice format where the participant has to select the different odor, also scored as number
correct. The odor threshold component consists of 16 distinct dilutions typically
administered by use of the staircase method, scored in reverse from 1 to 16. The test
commences at one of the two weakest dilutions, chosen randomly, for determining the
lowest concentration that the patient can reliably detect.

An alternative testing method is dynamic. Here, the interviewer modifies the concentrations
that are presented tailored to the subject’s previous responses. However, these processes are
relatively complex and require some technician training. Also, the duration of this procedure
can be long, limiting its use in population studies. The test is scored with age and gender
norms.

The San Diego Odor Identification Test (SDOIT) is an odor identification test with eight
common odors [13-15]. A picture array with the 8 test odorants and 12 distracters is used to
aid the participant with identification. This also lets the respondent the opportunity to give
nonverbal response to overcome any issues related to naming. If the respondent does not
correctly identify an odorant, they are given the correct name of the odorant, and it is
presented again, later in the test. The SDOIT score is the number of odorants correctly
identified (0-8) after two trials. Olfactory impairment is defined as identifying fewer than 6
odorants correctly [13].

The Scandinavian Odor-Identification Test (SOIT) consists of 16 odors with 4 response
choices each. Developed for Scandinavians, it has good test-retest and split-half reliability
[16. 17] This test is scored as number correct, and impairment is defined as10 to 12 for
hyposmia and 9 or less for anosmia.

Recently, a fast, easy, and reliable method of assessing olfactory thresholds was reported for
use in field studies. Kern et al. designed a 5-minute, in-home assessment of older adults
(National Social Life, Health and Aging Project, NSHAP) and used it in to study a
nationally representative sample of US home-dwelling older adults [18]. This test selected
the 6 dilutions of n-butanol to target the expected distribution of thresholds in this age group:
0.13%, 0.25%, 0.50%, 2.0%, 4.0% and 8.0% (dilution steps 6, 5, 4, 2, 1 and 0 of the Sniffin’
Sticks) (SS) threshold test, with comparable reliability.

Finally, the combined olfactory test (COT) is a feasible method for assessing the sense of
smell in the Hong Kong Chinese population [29]. This test consists of an odor identification
test involving nine odors and a threshold test for 1-butanol.
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Unlike hearing or vision tests, which are reproducible across cultures and populations, there
are no standard, internationally accepted procedures for assessing olfaction (other than of
electrophysiologic methods-see below). A representative population sample may encompass
a wide variety of ages and ethnicities, requiring a rapid, reliable assessment and a significant
amount of time and financial resources. The tests we described above have been used for
assessment of smell loss in different well-designed epidemiologic research studies in
population-based samples. Nevertheless, comparison of studies is challenging because of the
differences in methodology.

As an alternative to objective testing, assessment of olfaction by self-report has been used in
some studies. These include questionnaires [20] or simple yes/no responses to a question
such as “Do you have problems with your sense of smell?”[13]. A visual analog scale is also
used in some studies to provide information on the magnitude of the problem the participant
has with their sense of smell [211. However, the correlation of self-reported olfactory function
and objective measures is generally poor [22]. The factors that influence this disconnect are
unknown. Ratings of intensity of odors and pleasantness have also been performed.

Finally, electrophysiologic measures are often used in the research setting [23]. These are
logistically and technically challenging and are not suitable for population research and
therefore will not be discussed here.

Available major epidemiologic studies of olfaction

We will now briefly review major population studies of the epidemiology of olfactory
disorders.

The prevalence of olfactory disorders

The prevalence of olfactory disorders has been measured in several studies. The prevalence
of self-reported smell loss varies between 1.4% and 15.3% across these studies. Based on
objective olfactory assessment, population-based studies of olfactory loss indicate that the
prevalence of smell dysfunction varies between 2.7 and 24.5% (depending on age range and
other study differences). These data suggest that there is a relatively high prevalence of
olfactory impairment. Differences in prevalence across these studies may have several
reasons:

1 Self-report generally underestimates olfactory impairment[3]. In population-
based studies, the prevalence of self-reported smell impairment is lower than the
prevalence determined using testing. Self-reported smell function may not be a
sensitive indicator of objectively measured olfactory impairment, something that
might be especially true in mild cases [24]. People may tune their self-rated
assessment to reflect age-adjusted perception of where they think they should be
performing. Also, older adults often ignore a slow, gradual decline in odor
sensitivity. On the other hand, previously reported low sensitivities of self-
reported smell alterations might due to the fact that some studies used a single
question, which simply asked participants to rate their current smell ability (231,
As previously demonstrated, self-reported measures that as the question in terms
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of age context show a better correspondence with measured moderate to severe
dysfunction [24]. These current National Health and Nutrition Examination
Survey (NHANES) prevalence estimates are higher than 1994 National Health
Interview Survey (NHIS) estimates—the latter queried only about “chronic” taste
or smell problems (lasting =3 months) during the preceding year. In the most
recent NHANES study, asking about smell loss with age produced a higher
prevalence (17%) than asking about a problem within the past year [25]. Either
way, self-report does get at perceived smell loss, a phenotype that remains useful.

2. Unlike hearing or vision tests, the tests for measuring smell and taste loss are not
based upon standard, accepted procedures. A standard method used across global
populations is very difficult to achieve. Such a test would need to span cultural
differences in familiarity of smells as well as language barriers. Additionally, the
needs of young children those who are cognitively impaired, must be taken into
account. Thus, the literature is full alternative methods for measuring smell and
taste loss.

3. Population differences in olfaction may have many inputs. Differences in
exposures, activity, diet, and many other factors may explain why some
epidemiologic studies have identified differences in ability among specific
subpopulations (e.g., middle age and up populations in the Beaver Dam study
and Japanese-American males in the Honolulu Asia Aging Study (HAAS), or
African Americans in the NSHAP). Some epidemiologic studies are motivated
by a need to understand a current illness or chronic condition, such as the Blue
Mountains Eye Study and the Memory and Aging Project. This may color their
findings as they apply to specific groups. Also, genetic diversity may explain
some population differences in olfaction. Finally, the variable distribution of key
differences in age range, gender, comorbidity, smoking, mental health, and other
covariates (across a lifetime) may vary by country or region.

Major population studies

Skoévde (Sweden)

The Skdvde population study examined a random sample of 1900 adult inhabitants from the
city population records of Skdvde, Sweden, who were stratified by age and gender. Notably,
the characteristics of this sample match the overall population of Sweden. In the olfaction
component of the study, 1387 volunteers (73% of the full sample) were examined
concerning their self-evaluation of their odor detection sensitivity (age range 20~80+ years,
51.77% women). The prevalence of self-reported worse-than normal odor detection
sensitivity was 15.3%, and the prevalence of better-than normal odor detection sensitivity
17.4% [26], Using the SOIT as an objective measure, the prevalence of olfactory dysfunction
was 19.1%; 13.3% had hyposmia, and 5.8% suffered from anosmia [271. In 2007, the study
added 401 teenage inhabitants and assessed qualitative olfactory disorders. In this follow up
study, 1,713 individuals (age range 13~80+ years, 52.13% women) agreed to participate, and
the prevalence of parosmia (defined as a qualitative odor distortion, and often described as a
foul, rotten, or burnt sensation, almost always unpleasant) was 3.9% (4.0% in adults and
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3.4% in teenagers) by means of either a structured interview (adults) or a questionnaire
(teenagers)[28]. These are some of the only data on the prevalence of this type of olfactory
condition.

Beaver Dam (US)

The first large population-based study to report the prevalence of objective olfactory
impairment in the US was performed on 2491 adults living in Beaver Dam, Wisconsin, and
participating in the 5-year follow-up examination (1998-2000) of the Epidemiology of
Hearing Loss Study (EHLS), an ongoing (1993 to present) population-based longitudinal
study. Subjects comprised a middle-aged and elderly population (aged 53 to 97 years, 58%
women). The mean (SD) prevalence of impaired olfaction was 24.5% (1.7%) assessed by the
SDOIT, a figure that was much higher than that for self-reported smell impairment (9.5%).
The prevalence increased with age: 62.5% of those over the age of 80 years had objective
olfactory impairment. This study was perhaps the best-designed study of olfaction to date.
However, the participants were primarily of non-Hispanic white race and homogenous in
other ways, which may limit the generalizability of these data to minorities [13].

In a follow up investigation, the Beaver Dam Offspring Study (BOSS) (ages 21 to 84, 54.4%
women) was a study of age-related sensory disorders in the adult children of participants in
the EHLS. It examined the prevalence of olfactory impairment across spectrum of age in the
general adult population. In this study, the prevalence of olfactory impairment was low at
3.8% in this primarily middle-aged cohort; increased with age (from 0.6% in those <35
years to 13.9% among those =65 years), but was more common in men than in women,
similar to findings in older adults [29],

The National Health Interview Survey (NHIS) (US)

The National Health Interview Survey (NHIS) was administered to approximately 42,000
randomly selected households in 1994 (corresponding to 80,000 adults above 18 years of
age). The NHIS assessed olfactory function by questionnaire. Adjusted estimates derived
from this survey showed that 1.4% of US adults complained of an olfactory problem. The
prevalence rates increased rapidly with age: almost 40% of those who reported a
chemosensory problem were 65 years of age or older [3%]. The relatively low prevalence
rates are probably underestimate the actual prevalence, given the lack of objective testing.

Korea National Health and Nutrition Examination Survey (KNHANES) (South Korea)

Data from the 2009 Korea National Health and Nutrition Examination Survey (KNHANES)
(ages 20-95 years, 56.7% women) showed that the prevalence of subjective olfactory
disorders was 4.5% based on a self-reported olfactory questionnaire. This prevalence
increased with age for both men and women. This was the first large population-based study
to provide a clinical association between olfactory dysfunction and mental health [31]. To
analyze the association between olfactory dysfunction and mental health such as depressive
symptoms and suicidal thoughts in South Korea, using data from the 2010-2011
KNHANES, Joo et al. found that the prevalence of olfactory dysfunction was 5.0% (ages =
19 years)[32],

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang and Pinto

Page 7

The National Social Life, Health and Aging Project (NSHAP) (US)

The National Social Life, Health and Aging Project (NSHAP) is a nationally representative
sample of older U.S. adults, with 3,005 community-dwelling adults aged 57-85, 56.7%
women, studied in 2005-6 (Wave 1) and the same participants and their cohabiting partners
studied again in 2010-11 (Wave 2) (n=2918) (http://www.norc.org/Research/Projects/Pages/
national-social-life-health-and-aging-project.aspx). Olfaction was measured with a 5-item
version of the SS (0-5 correct) in both Waves 1 and 2, and the olfactory threshold to n-
butanol was measured by use of a modified method (described above) in Wave 2. NSHAP
Wave 1 analyses showed that the prevalence of severe olfactory dysfunction was 2.7%[331.
Dysfunction was associated with increased age and in men, despite adjustment for
differences in psychosocial and health conditions. Interestingly, African Americans were
more likely than to experience olfactory impairment in adjusted analyses [34]. Perhaps the
most striking information to come out of this work is that odor identification is one of the
strongest predictors of 5-year mortality and that it may serve as a bellwether for slowed agig
physiological processes or as a marker of environmental exposures [1].

Olfaction in Catalonia (OLFACAT) (Spain)

Using a creative method similar to a historic study of olfaction performed by National
Geographic Magazine [33], the OLFACAT (Olfaction in Catalonia) survey studied the
general population of Catalonia in Spain. Questionnaires on olfaction and health and a set of
four microencapsulated odorants (rose, banana, musk, and gas) were distributed to the
general population through a bilingual (Catalan, Spanish) newspaper in Catalonia in
December 2003. From this, 9348 surveys were analyzed from the 10,783 returned. The
respondents were aged 5 to 91 years, and 65.7% were women. Normosmia, hyposmia, and
anosmia were defined as when participants detected, recognized, or identified all four, one to
three, or none of the odors, respectively. For problems with detection, the overall prevalence
of dysfunction was 19.4%, with anosmia being 0.3%. Olfaction was worse in men than in
women across all ages. There was a significant age-related decline in odor detection;
however smell recognition and identification increased up to the 30s and then declined in the
50s. Risk factors in this study for anosmia were: being a man, history of smell loss, and
worse olfactory self-perception for detection; less education, poor self-perception and
pregnancy for olfactory recognition; and older age, worse self perception, history of
sustained head trauma, and smell loss for identification [36].

Honolulu-Asia Aging Study (HAAS) (US)

Recent neuropathologic advances suggest that the olfactory system may be one of the
earliest brain regions involved in Parkinson’s disease (PD) [37]. Olfactory deficits have been
associated with the presence of incidental Lewy bodies in the brains of decedents without
Parkinson’s or dementia during life [38],

For examining the association of olfactory dysfunction with future development of PD,
olfaction was assessed by use of the Cross-Cultural Smell Identification Test (CCSIT, 12-
item modified UPSIT) in subjects who did not have clinical PD and dementia at baseline in
the population-based, longitudinal HAAS (ages 71 to 95 years, all men). The odor
identification scores were (0~5) 24.2%, (6~7) 22.7%, (8~9) 27.4%, and (10~12) 25.6%.
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Approximately 75% of participants had scores of less than 10, indicative of impaired odor
identification. Participants were followed for incidence of PD. HAAS showed that, after
adjustment, the odds ratios for PD in the lowest quartile was 5.2 compared with the top two
quartiles. Impaired olfaction predated clinical PD in men by at least 4 years and may be a
method by which we could identify those at high risk for later development of PD[3],

Memory and Aging Project (MAP) (US)

The Rush Memory and Aging Project aimed to identify risk factors for Alzheimer’s disease
(AD) in a longitudinal cohort of older adults living in Northern Illinois [40]. Notable aspects
of the study design include a detailed neuropsychological testing, collection of biomeasures
including olfaction measured by use of the CC SIT, and requirement for participation of
autopsy at death, with collection of brain specimens, allowing for neuropathologic analyses
[41]. At the time, 481 participants completed at least one follow-up evaluation (mean age
80.6 + 7.0 years, 72.6% women, 94.6% white and non-Hispanic); the prevalence of olfactory
impairment in MAP was 55.3%[42], which is comparable to the rate of impaired odor
identification performance (45.7%) described in prior research on olfaction in older adults
without dementia [43]. MAP showed that difficulty in identifying familiar odors was highly
correlated with AD pathology score in autopsied cases, and this effect was primarily due to
the accumulation of neurofibrillar pathology in the central olfactory regions [44]. The authors
also concluded that impaired olfactory performance might aid in the detection of underlying
Lewy-body disease [43].

Blue Mountains Eye Study (Australia)

Olfaction was measured with the San Diego Odor Identification Test (SDOIT) among 1636
participants (age =60 years, 58.1% female) residing in and around Sydney, Australia, as part
of the Blue Mountains Eye Study (2002-4). The prevalence of olfactory impairment was
27.0%. After multivariate adjustment, the likelihood of impaired olfaction increased twofold
with each decade after 60 years and was higher in men than in women. Worse olfactory
impairment was associated with a higher body mass index (BMI). Persons with PD who
showed cognitive impairment had an increased likelihood of mild and moderate olfactory
impairment [46]. The ability of these older adult to function and be independent was
significantly impaired if they had smell dysfunction [47].

Betula (Sweden)

This study derived from the third wave of the Betula study and examined demographic and
cognitive correlates of odor identification; 1906 healthy adults (age 45 to 90 years, 54.46%
female) were assessed in a number of tasks which measured a variety of cognitive domains.
These were: cognitive speed, semantic memory, and executive functioning. The study
examined odor identification by using a modified version of the SOIT which differed from
the original version so as to avoid ceiling effects. This study showed a linear deterioration in
odor identification in adults across the life course. Overall, women identified more odors
correctly than men did. Intrestingly, men and women in the the oldest age cohort (85-90
years) performed similarly[48].
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Risk factors that have been associated with olfactory disorders

Age

Gender

Race

Essentially all studies show that the prevalence of decreased olfactory function increases
very significantly with age [26. 32. 34, 36] Which portion of the age range that is included in
the study affects this phenomenon. For example, smell recognition and identification
declined after the sixth decade in the OLFACAT study [36]. In NSHAP, Pinto et al. found that
the odds of poor odor identification increased 82% per decade of age in subjects aged 57 to
85 years [34]. A number of factors may explain these findings [4°].

Like age, gender is a commonly identified risk factor for olfactory loss. Men are more likely
to suffer from smell loss. As an example, in the Beaver Dam study, the odds of men having
olfactory loss compared to women was 2.44, (95%CI 1.61-3.68)[2%]. Indeed, men experience
more smell loss earlier in life, perhaps due to increased likelihood of experiencing hazardous
exposures [26. 27, 29,34, 36,501 Other alternative explanations include the following:
Hormonal differences may play a brain-protective role earlier in life, even after menopause.
Estrogen and progesterone may have beneficial effects on stem cells in the peripheral or the
central olfactory areas, which might retard subsequent losses after their levels decline [51. 521,
Nerve function more generally may decline more rapidly in men; for example, cognitive
function declines faster in men than women [33],

However, not all studies have shown a relationship between gender and smell problems. For
example, a significant difference was found between two genders in nearly every age
subgroup, when the participants were categorized by decade of age [311 in the KNHANES.
Nevertheless, consensus data suggests that the male gender is a major predictor of olfactory
impairment.

Interestingly, a recent study found that women appear to have significantly more issues than
men in terms of social and domestic disorders relating to olfactory loss [211. This study
aimed to characterize the consequences of olfactory disorders in the United Kingdom and
supports the idea of gender differences in consequences of olfactory impairment. As a
supporting example, about 60% of diagnoses for smell disorders were in women within two
medical insurance claims populations [34]. This difference might be explained by the nature
of managed-care settings where women are more likely to seek treatment, but also support a
disparity in the burden of disease across genders.

Small-scale studies have shown that African-Americans had lower UPSIT scores and age-
and gender-adjusted percentile rank scores compared with Caucasians. Notably, these
differences were significant only in the younger subjects [%]. Bolstering a potential
difference in olfactory ability among populations, the 1986 National Geographic Smell
Survey found that olfaction is not consistent or uniform among geographic regions. In
contrast to other work, both male and female African respondents showed significantly
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better detection than did American respondents 561, Other than in these studies, there is little
known about racial differences in olfaction.

Recently, the NSHAP showed that African Americans had substantially worse olfactory
function compared with whites, twice the magnitude of gender differences, and comparable
to aging 9 years [>7] in adjusted analyses. Subsequent work looking at changes in olfaction
over time has shown that African Americans in NSHAP are more likely to experience an
initial olfactory decline [34]. Potential explanations for these findings include: differential
environmental exposures and life experiences may interact with biological differences in the
olfactory [571. Neurodegenerative diseases are more prevalent and morbid among African
Americans, which supports this study’s findings [58l.

Socioeconomic status

Depression

Financial Status—Although previous reports on the association between socioeconomic
status and olfaction are limited [5%, the Beaver Dam study showed that higher household
income was associated with decreased odds of olfactory impairment (OR = 0.48, 95% ClI
0.31-0.73>=$50 vs. <$50 K). This finding is consistent with extensive data showing that
higher socioeconomic status is associated with better health. Those with higher income may
have better access to health care or utilize health care at a higher rate [2%]. An increased
prevalence of olfactory impairment was also found in KNHANES, where it was significantly
associated with lower income 311, Perhaps surprisingly, the NSHAP found that no
socioeconomic or health factors—several of which exhibit a cross-sectional association with
olfactory function—were significantly associated with changes in olfactory function with
time [34]. This may indicate differences in the effect of socioeconomic status on olfaction
when one considers cross sectional versus longitudinal data (see below).

Education level—Both KNHANES and OLFACAT found that olfactory dysfunction was
significantly associated with education level 32361 For example, in OLFACAT, a low
educational level was a risk factor for problems with smell detection, smell recognition/
memory (middle school OR 1.2, 95% CI, 0.56-2.6; high school OR 0.84 95% ClI, 0.72-0.97;
university OR 0.93 95% CI, 0.83-1.04) and smell identification (middle school OR 0.49,
95% ClI, 0.21-1.16; high school OR 1.01 95% ClI, 0.88-1.15; university OR 1.21 95% Cl,
1.09-1.34)[36],

A few studies showed that depression is associated with olfactory dysfunction 39321, |n the
KNHANES, for example, the participants with olfactory dysfunction were at higher risk for
a depressed mood (OR1.505, 95% CI, 1.106-2.048) and suicidal thoughts (OR 1.306, 95%
Cl, 1.027-1.662). Participants with olfactory dysfunction had a higher risk of mental disease
than did participants without olfactory dysfunction, and this relationship persisted even after
further adjustment for depressive mood [321. In MAP, we found that more loneliness was
associated with worse odor identification (OR per 1 SD, 0.78, 95% CI 0.69-0.88). Similarly,
symptoms of depression were associated with worse olfaction among men (OR 0.58, 95%
Cl 0.37, 0.91). Although better global cognitive function was strongly associated with better
odor identification (OR [per 1 SD] 2.15, 95% CI 1.86, 2.50). After controlling for multiple
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factors, the associations with depression and loneliness were unchanged (Sivam A et. al, The
University of Chicago, unpublished data). Interestingly, although not the focus of the
NSHAP study, mental health did not affect the rate of change in olfactory function over 5
years [34],

Head trauma

Disease

Olfactory disorders related to head trauma can be present in as many as 15-30% of cases
[6.601, Moreover, survey participants who reported head trauma had a higher risk of anosmia
in the OLFACAT study [36]. There are several reasons for this association. Traumatic brain
injury with injury to the region of the olfactory bulb or central olfactory areas could be a
result of direct brain trauma. Peripherally in the nose, stretching or shearing of the olfactory
nerves as they traverse the skull base may occur in the course of a sudden head contusion
(611, Finally, a decreased volume of the olfactory bulb may be caused by decreased sensory
input [62]. We note that surgery to the nose or brain may induce similar “traumatic” changes
to olfactory function.

Although many small-scale studies focused on specialized patients, there are some common
diseases that were analyzed in the main studies. In the Beaver Dam study, a history of stroke
and a history of epilepsy, and an ankle-brachial index (ABI) < 0.9, were associated with an
increased prevalence of olfactory impairment. There was no association between olfactory
dysfunction and general quality of life, symptoms of depression, or diet [13. 291, Depressed
mood (OR 1.50, 95% Cl, 1.11-2.05) and suicidal thoughts (OR 1.31, 95% Cl, 1.027-1.662]
were associated with olfactory loss in the KNHANES (2010-2011) study [32]. The most
common diseases associated with olfactory loss are prior upper respiratory tract infections
[13] inflammatory sinonasal disease such as rhinitis [31: 321, chronic sinusitis [32, or nasal
polyps [27: 291 which produce major congestion in the nose or frank obstruction [13]. These
can impair airflow in the nasal airway, impeding odorant movement to the olfactory
epithelium, and may also impair olfactory sensitivity directly via inflammatory effects on
olfactory neurons. The effect may be short-term or permanent [63]. A recent study
demonstrates that, even in the absence of mucosal disease on CT scan, a significant subset of

patients with allergic rhinitis will exhibit hyposmia, mostly to a mild or moderate degree
[64]

Endocrine Physiology

Although carefully controlled data are not available, endocrine physiology may influence
olfaction in humans. For example, such changes including pregnancy [3¢], diabetes [13], and
thyroid dysfunction [31] are associated with changes in olfactory function. Most of these data
are clouded by self-report of olfactory problems, and, when they are age- and sex-adjusted
there is conflicting results with diabetes and olfactory impairment [131. As an example,
diabetes mellitus appears to be associated with prevalence of anosmia (OR 2.6, 95% CI, 1.3—
5.5 OR) in the Skdvde study, although no relationship with the prevalence of olfactory
dysfunction overall was found [27],
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Environment

Toxins—Exposure to air pollution or chemical toxins that are aerosolized in the workplace
can permanently damage the sense of smell [65], Local exposures to toxins such as ammonia,
gasoline, hairdressing chemicals, smoke, alcohol, and others can cause permanent smell
disorders [66]. Due to the rare nature of some occupational toxic exposures, this information
is generally gleaned from case series.

Smoking—Studies on the impact of the use of tobacco products on the sense of smell are
not conclusive. Some studies have shown adverse effects on smell detection, identification,
and intensity for some odors [13. 671 For example, the Beaver Dam Offspring Study showed
that smoking was associated with olfactory impairment only among women. In contrast,

others have found no effect on smell detection and discrimination for other odorants
[1,27,34]

The association between smoking and olfactory function might be the result of the effect of
the chemicals present in cigarette smoke on the nasal epithelium [68], where some data
suggest they are pro-inflammatory. However, smoking may also affect olfaction through its
effects on the vascular system [671 as well, or via effects on the brain.

Air pollution—There is significant evidence that increased exposure to ambient air
pollutants is associated with olfactory dysfunction. The most extensive work examining air
pollution and olfaction was conducted in a comparison of residents of Mexico City, a city
with notably high levels of air pollution, to residents of the nearby city of Tlaxcala, which
reportedly has lower pollution levels. Control subjects (low pollution) performed
significantly better in olfactory function tests compared to subjects from the high-pollution
city [691. Sorokowska et al. compared subjects from industrialized Germany to those from
the Bolivian rainforest and found that the Tsimane’ people of the rainforest had significantly
better olfactory function than did Germans [0, which they suggested was related to
differential pollution exposure (although many other confounding factors were not assessed).

Air pollution contacts the olfactory epithelium through inspiration, translocates from there to
the olfactory bulb, and can migrate to the olfactory cortex. Air pollutants can be deposited at
each location, causing direct damage and disruption of normal-tissue morphology, or
inducing local inflammation and cellular stress responses. Formal studies on the
epidemiology of air pollution have not yet been published, although the NSHAP has found
an association of decreased olfactory function with increased PM, 5 exposure in older adults
(Pinto JM et. al, The University of Chicago, unpublished work).

Neurodegenerative disease and cognition

Olfactory loss has been closely linked to several neurodegenerative diseases, including AD
[44] Lewy body disease [38. 451 and PD [39. 461 epilepsy, stroke [13], phobia [3%], and
cognitive impairment [46: 711 perhaps leading to central olfactory disorders. In support of
these findings, olfactory impairment was associated with a worse performance on cognitive
function tests. Each unit decrease in the SDOIT score was associated with a 1-second
increase in the Trail Making Test (TMT-A) (B = 1.3, 95% CI 1.0-1.6, p < .0001) and
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Grooved Pegboard (GPB) (B = 1.2, 95%CI 0.7-1.8, p < .0001) completion times and a 3
second increase in TMT-B (B = 3.3, 95%CI 2.3-4.3, p <0.0001) completion time in the
multivariate models that included the whole cohort in the Beaver Dam Offspring Studyl72].
Odor identification deficits occur in both AD and in mild cognitive impairment (MCI), and
they predict clinical conversion from MCI to AD [73l. This is a complex topic; a full
discussion is outside the scope of this review.

Prediction of mortality has focused on disease and frailty. In the Blue Mountains Eye Study,
21.8% of participants with olfactory impairment died over the 5 years, compared with less
than 10% of participants without olfactory loss. Moderate olfactory loss (SDOIT score <3)
was associated with a 68% increased risk of all-cause mortality [71]. In the MAP, the
association of olfactory dysfunction with mortality was examined without dementia or PD
by use of a standard 12-item test of odor identification. The mortality risk was about 36%
higher with a low score (6, 10th percentile) compared with a high score (11, 90th percentile),
indicating that difficulty identifying familiar odors in old age is associated with increased
risk of death [74]. In the NSHAP, olfactory function is strongly predicts death in 5 years.
Mortality for anosmic older adults was four times that of normosmic individuals, whereas
hyposmic individuals had in between mortality (p<0.001), this relationship was present
across the age range. Anosmic older adults had more than three times the odds of death
compared to normosmic individuals (OR 3.37, 95%Cl 2.04-5.57), higher than any
independent of known leading causes of death, and did not result from common
mechanisms, indicating an independent effect [1].

Recently, Devanand et al. replicated this finding, even after controlling for dementia and
medical comorbidity. The association between lower UPSIT score and increased mortality
persisted after controlling for age, gender, education, ethnicity, language, modified Charlson
medical comorbidity index, dementia, depression, alcohol abuse, head injury, smoking, body

mass index, and vision and hearing impairment (HR = 1.05, 95%CI 1.03-1.07, p < 0.001)
[73],

Dysfunction in cross-section vs. decline over time

To our knowledge, there are few longitudinal studies of olfactory function. In the Beaver
Dam Offspring Study, Schubert et al. examined this question with data collected 5 years
apart by use of the SDOIT. They found that, overall, 3.2% of participants had a decline in
the SDOIT score at 5 years. In age- and sex-adjusted models, the mean intima media
thickness (OR 1.17, 95%CI 1.01-1.34, per 0.1 mm) and the number of sites (range 0-6) with
carotid artery plaque (OR 1.35, 95%CI 1.11-1.65, per site) at baseline were associated with
an increased risk for decline. The plaque score (OR 1.24, 95%CI 1.01-1.53) was a
significant independent predictor of olfactory decline in a multivariate model [671. Pinto et. al
collected 5-year follow-up data from NSHAP [34]. They also found that odor identification
declined most rapidly among older individuals (p < .001) and in men (p = .005). By age 85,
the probability of losing the ability to identify a specific odor over the next 5 years was high
(between 0.29 and 0.45). Interestingly, African Americans declined more rapidly than did
whites. Wehling et al. evaluated a longitudinal study on cognitive aging. They found a
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similar age-related decline in olfactory performance, although odor identification showed a
trend toward faster decline as people age. Women showed less decline compared with men,
especially regarding determining if something was edibile [5]. In addition, for determination
of the consequences—nboth health related and social—of olfactory loss, additional longer-
term follow-up is needed, especially in diverse populations.

The study of incidence, prevalence, and risk factors for olfactory disorders in populations is
important both for individuals and for the public at large. As with other sensory domains,
age is a principal risk factor for smell impairment, although the precise risk factors that
affect age-related loss of smell are not well characteized. Sex-specificity and race/ethnicity-
specificity are also important factors. Educational level and social status affect olfaction,
likely via general effects on health, but there is no consistent conclusion. Environmental
factors seem to affect olfaction and are plausible causal players, as the nose is exposed
directly. A growing body of evidence suggests that ambient-air pollution affects olfactory
function.

Prior upper respiratory tract infections, nasal/sinus disease, and head trauma were the
primary and the most common etiologies of olfactory loss in clinic-based studies, and
epidemiologic studies support this. Studies focused upon specific subpopulations have
shown that loss has also been closely linked to cognitive decline, particularly in
neurodegenerative diseases, a relationship that needs further mechanistic work, but one with
a large public health impact.

Conclusions

Olfactory disorders greatly compromise daily life. The current body of epidemiologic data
suggests a significantly high prevalence of olfactory impairment in a wide variety of
populations. Here, we have highlighted existing epidemiologic studies and discussed the risk
factors for olfactory disorders. The adverse consequences of olfactory disorders and their
high prevalence call for future research that will provide a better understanding of the
pathogenesis and treatment of these disorders. However, epidemiologic studies primarily
focused on chemosensory disorders are needed for the development and testing of
approaches to preventing or delaying declines in sensory function with aging. Through
major efforts in these areas, we can work toward significant progress in preventing,
mitigating, or reversing the deleterious public health consequences of olfactory loss.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

JY was supported by a grant from the State Scholarship Fund from the China Scholarship Council. JMP was
supported by the National Institute of Allergy and Infectious Diseases (Chronic Rhinosinusitis Integrative Studies
Program [CRISP], Al 106683). Susie Kim provided administrative assistance and Elizabeth Lanzel provided
editorial support.

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang and Pinto

References

Page 15

Papers of particular interest, published recently, have been highlighted as:

« Of importance

Of major importance

ee1. Pinto JM, Wroblewski KE, Kern DW, Schumm LP, McClintock MK. Olfactory dysfunction

2.

10

11.

12.

13.

predicts 5-year mortality in older adults. PLoS One. 2014; 9(10):e107541. [PubMed: 25271633]

Shepherd GM. The human sense of smell: are we better than we think? PLoS biology. 2004;
2(5):E146. [PubMed: 15138509]

. Bonfils P, Avan P, Faulcon P, Malinvaud D. Distorted odorant perception: analysis of a series of 56

patients with parosmia. Archives of otolaryngology--head & neck surgery. 2005; 131(2):107-112.
[PubMed: 15723940]

. Frasnelli J, Landis BN, Heilmann S, Hauswald B, Huttenbrink KB, Lacroix JS, Leopold DA,

Hummel T. Clinical presentation of qualitative olfactory dysfunction. Eur Arch Otorhinolaryngol.
2004; 261(7):411-415. [PubMed: 14610680]

. Leopold D. Distortion of olfactory perception: diagnosis and treatment. Chem Senses. 2002; 27(7):

611-615. [PubMed: 12200340]

. Doty RL. Office procedures for quantitative assessment of olfactory function. Am J Rhinol. 2007;

21(4):460-473. [PubMed: 17882917]

. Doty RL, Shaman P, Applebaum SL, Giberson R, Siksorski L, Rosenberg L. Smell identification

ability: changes with age. Science. 1984; 226(4681):1441-1443. [PubMed: 6505700]

. 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(3):489—
502. [PubMed: 6463130]

. Shah M, Deeb J, Fernando M, Noyce A, Visentin E, Findley LJ, Hawkes CH. Abnormality of taste

and smell in Parkinson’s disease. Parkinsonism Relat Disord. 2009; 15(3):232-237. [PubMed:
18606556]

. Ogihara H, Kobayashi M, Nishida K, Kitano M, Takeuchi K. Applicability of the cross-culturally
modified University of Pennsylvania Smell Identification Test in a Japanese population. AmJ
Rhinol Allergy. 2011; 25(6):404-410. [PubMed: 22185745]

Fornazieri MA, dos Santos CA, Bezerra TF, de Pinna FR, Voegels RL, Doty RL. Development of
normative data for the Brazilian adaptation of the University of Pennsylvania Smell Identification
Test. Chem Senses. 2015; 40(2):141-149. [PubMed: 25547105]

Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ‘Sniffin’ sticks’: olfactory performance
assessed by the combined testing of odor identification, odor discrimination and olfactory
threshold. Chem Senses. 1997; 22(1):39-52. [PubMed: 9056084]

Murphy C, Schubert CR, Cruickshanks KJ, Klein BE, Klein R, Nondahl DM. Prevalence of
olfactory impairment in older adults. Jama. 2002; 288(18):2307-2312. [PubMed: 12425708]

14. Schubert CR, Cruickshanks KJ, Klein BE, Klein R, Nondahl DM. Olfactory impairment in older

adults: five-year incidence and risk factors. The Laryngoscope. 2011; 121(4):873-878. [PubMed:
21298645]

15. Raynor LA, Pankow JS, Cruickshanks KJ, Schubert CR, Miller MB, Klein R, Huang GH. Familial

aggregation of olfactory impairment and odor identification in older adults. The Laryngoscope.
2010; 120(8):1614-1618. [PubMed: 20564662]

16. Nordin S, Bramerson A, Liden E, Bende M. The Scandinavian Odor-Identification Test:

development, reliability, validity and normative data. Acta Otolaryngol. 1998; 118(2):226-234.
[PubMed: 9583791]

17. Nordin S, Nyroos M, Maunuksela E, Niskanen T, Tuorila H. Applicability of the Scandinavian

Odor Identification Test: a Finnish-Swedish comparison. Acta Otolaryngol. 2002; 122(3):294-297.
[PubMed: 12030577]

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang and Pinto

Page 16

18. Kern DW, Schumm LP, Wroblewski KE, Pinto JM, Hummel T, McClintock MK. Olfactory
thresholds of the U.S. Population of home-dwelling older adults: development and validation of a
short, reliable measure. PL0oS One. 2015; 10(3):e0118589. [PubMed: 25768291]

19. Lam HC, Sung JK, Abdullah VJ, van Hasselt CA. The combined olfactory test in a Chinese
population. J Laryngol Otol. 2006; 120(2):113-116. [PubMed: 16359576]

20. Lin SH, Chu ST, Yuan BC, Shu CH. Survey of the frequency of olfactory dysfunction in Taiwan. J
Chin Med Assoc. 2009; 72(2):68-71. [PubMed: 19251533]

21. Philpott CM, Boak D. The impact of olfactory disorders in the United kingdom. Chem Senses.
2014; 39(8):711-718. [PubMed: 25201900]

22. Smith W, Murphy C. Epidemiological studies of smell: discussion and perspectives. Annals of the
New York Academy of Sciences. 2009; 1170:569-573. [PubMed: 19686194]

23. Kayser J, Tenke CE, Kroppmann CJ, Alschuler DM, Ben-David S, Fekri S, Bruder GE, Corcoran
CM. Olfaction in the psychosis prodrome: electrophysiological and behavioral measures of odor
detection. International journal of psychophysiology: official journal of the International
Organization of Psychophysiology. 2013; 90(2):190-206. [PubMed: 23856353]

24. Rawal S, Hoffman HJ, Chapo AK, Duffy VB. Sensitivity and Specificity of Self-Reported
Olfactory Function in a Home-Based Study of Independent-Living, Healthy Older Women.
Chemosens Percept. 2014; 7(3-4):108-116. [PubMed: 25866597]

25. Rawal S, Hoffman HJ, Bainbridge KE, Huedo-Medina TB, Duffy VVB. Prevalence and Risk Factors
of Self-Reported Smell and Taste Alterations: Results from the 2011-2012 US National Health
and Nutrition Examination Survey (NHANES). Chem Senses. 2015

26. Nordin S, Bramerson A, Bende M. Prevalence of self-reported poor odor detection sensitivity: the
skovde population-based study. Acta Oto-laryngologica. 2004; 124(10):1171-1173. [PubMed:
15768812]

27. Bramerson A, Johansson L, Ek L, Nordin S, Bende M. Prevalence of olfactory dysfunction: the
skovde population-based study. The Laryngoscope. 2004; 114(4):733-737. [PubMed: 15064632]

28. Nordin S, Bramerson A, Millgvist E, Bende M. Prevalence of parosmia: the Skovde population-
based studies. Rhinology. 2007; 45(1):50-53. [PubMed: 17432070]

29. Schubert CR, Cruickshanks KJ, Fischer ME, Huang GH, Klein BE, Klein R, Pankow JS, Nondahl
DM. Olfactory impairment in an adult population: the Beaver Dam Offspring Study. Chem
Senses. 2012; 37(4):325-334. [PubMed: 22045704]

30. Hoffman HJ, Ishii EK, MacTurk RH. Age-related changes in the prevalence of smell/taste
problems among the United States adult population. Results of the 1994 disability supplement to
the National Health Interview Survey (NHIS). Annals of the New York Academy of Sciences.
1998; 855:716-722. [PubMed: 9929676]

31. Lee WH, Wee JH, Kim DK, Rhee CS, Lee CH, Ahn S, Lee JH, Cho YS, Lee KH, Kim KS, et al.
Prevalence of subjective olfactory dysfunction and its risk factors: korean national health and
nutrition examination survey. PLoS One. 2013; 8(5):62725. [PubMed: 23671628]

32. Joo YH, Hwang SH, Han KD, Seo JH, Kang JM. Relationship between olfactory dysfunction and
suicidal ideation: The Korea National Health and Nutrition Examination Survey. Am J Rhinol
Allergy. 2015; 29(4):268-272. [PubMed: 26163247]

33. Boesveldt S, Lindau ST, McClintock MK, Hummel T, Lundstrom JN. Gustatory and olfactory
dysfunction in older adults: a national probability study. Rhinology. 2011; 49(3):324-330.
[PubMed: 21858264]

«34. Pinto JM, Wroblewski KE, Kern DW, Schumm LP, McClintock MK. The Rate of Age-Related
Olfactory Decline Among the General Population of Older U.S. Adults. J Gerontol A Biol Sci
Med Sci. 2015

35. Wysocki CJ, Gilbert AN. National Geographic Smell Survey. Effects of age are heterogenous.
Annals of the New York Academy of Sciences. 1989; 561:12—28. [PubMed: 2735671]

«36. Mullol J, Alobid I, Marino-Sanchez F, Quinto L, de Haro J, Bernal-Sprekelsen M, Valero A,
Picado C, Marin C. Furthering the understanding of olfaction, prevalence of loss of smell and risk
factors: a population-based survey (OLFACAT study). BMJ Open. 2012; 2(6)

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang and Pinto

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 17

Del Tredici K, Rub U, De Vos RA, Bohl JR, Braak H. Where does parkinson disease pathology
begin in the brain? Journal of neuropathology and experimental neurology. 2002; 61(5):413-426.
[PubMed: 12030260]

Ross GW, Abbott RD, Petrovitch H, Tanner CM, Davis DG, Nelson J, Markesbery WR, Hardman
J, Masaki K, Launer L, et al. Association of olfactory dysfunction with incidental Lewy bodies.
Mov Disord. 2006; 21(12):2062—-2067. [PubMed: 16991138]

Ross GW, Petrovitch H, Abbott RD, Tanner CM, Popper J, Masaki K, Launer L, White LR.
Association of olfactory dysfunction with risk for future Parkinson’s disease. Ann Neurol. 2008;
63(2):167-173. [PubMed: 18067173]

Bennett DA, Schneider JA, Buchman AS, Mendes de Leon C, Bienias JL, Wilson RS. The Rush
Memory and Aging Project: study design and baseline characteristics of the study cohort.
Neuroepidemiology. 2005; 25(4):163-175. [PubMed: 16103727]

Bennett DA, Wilson RS, Arvanitakis Z, Boyle PA, de Toledo-Morrell L, Schneider JA. Selected
findings from the Religious Orders Study and Rush Memory and Aging Project. Journal of
Alzheimer’s disease: JAD. 2013; 33(Suppl 1):S397-403. [PubMed: 22647261]

Wilson RS, Arnold SE, Tang Y, Bennett DA. Odor identification and decline in different cognitive
domains in old age. Neuroepidemiology. 2006; 26(2):61-67. [PubMed: 16352908]

Swan GE, Carmelli D. Impaired olfaction predicts cognitive decline in nondemented older adults.
Neuroepidemiology. 2002; 21(2):58-67. [PubMed: 11901274]

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(1):30-35. [PubMed: 17012338]

Wilson RS, Yu L, Schneider JA, Arnold SE, Buchman AS, Bennett DA. Lewy bodies and olfactory
dysfunction in old age. Chem Senses. 2011; 36(4):367-373. [PubMed: 21257733]

Karpa MJ, Gopinath B, Rochtchina E, Jie Jin W, Cumming RG, Sue CM, Mitchell P. Prevalence
and neurodegenerative or other associations with olfactory impairment in an older community. J
Aging Health. 2010; 22(2):154-168. [PubMed: 20133956]

Gopinath B, Anstey KJ, Kifley A, Mitchell P. Olfactory impairment is associated with functional
disability and reduced independence among older adults. Maturitas. 2012; 72(1):50-55. [PubMed:
22321638]

Larsson M, Nilsson LG, Olofsson JK, Nordin S. Demographic and cognitive predictors of cued
odor identification: evidence from a population-based study. Chem Senses. 2004; 29(6):547-554.
[PubMed: 15269128]

Rawson NE. Olfactory loss in aging. Sci Aging Knowledge Environ. 2006; 2006(5):pe6. [PubMed:
16469731]

Corwin J, Loury M, Gilbert AN. Workplace, age, and sex as mediators of olfactory function: data
from the National Geographic Smell Survey. J Gerontol B Psychol Sci Soc Sci. 1995; 50(4):P179—
186. [PubMed: 7606529]

Pawluski JL, Brummelte S, Barha CK, Crozier TM, Galea LA. Effects of steroid hormones on
neurogenesis in the hippocampus of the adult female rodent during the estrous cycle, pregnancy,
lactation and aging. Front Neuroendocrinol. 2009; 30(3):343-357. [PubMed: 19361542]
Lennington JB, Yang Z, Conover JC. Neural stem cells and the regulation of adult neurogenesis.
Reprod Biol Endocrinol. 2003; 1:99. [PubMed: 14614786]

Lipnicki DM, Sachdev PS, Crawford J, Reppermund S, Kochan NA, Trollor JN, Draper B, Slavin
MJ, Kang K, Lux O, et al. Risk factors for late-life cognitive decline and variation with age and
sex in the Sydney Memory and Ageing Study. PLoS One. 2013; 8(6):e65841. [PubMed:
23799051]

*54. Nguyen-Khoa BA, Goehring EL Jr, Vendiola RM, Pezzullo JC, Jones JK. Epidemiologic study of

55.

56.

smell disturbance in 2 medical insurance claims populations. Archives of otolaryngology--head
& neck surgery. 2007; 133(8):748-757. [PubMed: 17709610]
Jones RE, Brown CC, Ship JA. Odor identification in young and elderly African-Americans and
Caucasians. Spec Care Dentist. 1995; 15(4):138-143. [PubMed: 9002916]
Barber CE. Olfactory acuity as a function of age and gender: a comparison of African and
American samples. Int J Aging Hum Dev. 1997; 44(4):317-334. [PubMed: 9279598]

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yang and Pinto

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 18

Pinto JM, Schumm LP, Wroblewski KE, Kern DW, McClintock MK. Racial disparities in olfactory
loss among older adults in the United States. J Gerontol A Biol Sci Med Sci. 2014; 69(3):323-329.
[PubMed: 23689829]

Chin AL, Negash S, Hamilton R. Diversity and disparity in dementia: the impact of ethnoracial
differences in Alzheimer disease. Alzheimer Dis Assoc Disord. 2011; 25(3):187-195. [PubMed:
21399486]

Silveira-Moriyama L, Azevedo AM, Ranvaud R, Barbosa ER, Doty RL, Lees AJ. Applying a new
version of the Brazilian-Portuguese UPSIT smell test in Brazil. Arq Neuropsiquiatr. 2010; 68(5):
700-705. [PubMed: 21049178]

Atighechi S, Salari H, Baradarantar MH, Jafari R, Karimi G, Mirjali M. A comparative study of
brain perfusion single-photon emission computed tomography and magnetic resonance imaging in
patients with post-traumatic anosmia. Am J Rhinol Allergy. 2009; 23(4):409-412. [PubMed:
19671257]

Wu AP, Davidson T. Posttraumatic anosmia secondary to central nervous system injury. Am J
Rhinol. 2008; 22(6):606—607. [PubMed: 19178798]

Jiang RS, Chai JW, Chen WH, Fuh WB, Chiang CM, Chen CC. Olfactory bulb volume in
Taiwanese patients with posttraumatic anosmia. Am J Rhinol Allergy. 2009; 23(6):582-584.
[PubMed: 19958606]

Ciofalo A, Filiaci F, Romeo R, Zambetti G, Vestri AR. Epidemiological aspects of olfactory
dysfunction. Rhinology. 2006; 44(1):78-82. [PubMed: 16550956]

Guss J, Doghramji L, Reger C, Chiu AG. Olfactory dysfunction in allergic rhinitis. ORL J
Otorhinolaryngol Relat Spec. 2009; 71(5):268-272. [PubMed: 19797935]

Mascagni P, Consonni D, Bregante G, Chiappino G, Toffoletto F. Olfactory function in workers
exposed to moderate airborne cadmium levels. Neurotoxicology. 2003; 24(4-5):717-724.
[PubMed: 12900085]

Smith WM, Davidson TM, Murphy C. Toxin-induced chemosensory dysfunction: a case series and
review. Am J Rhinol Allergy. 2009; 23(6):578-581. [PubMed: 19958605]

**67. Schubert CR, Cruickshanks KJ, Fischer ME, Huang GH, Klein R, Tsai MY, Pinto AA. Carotid

68.

69.

70.

71.

Intima Media Thickness, Atherosclerosis, and 5-Year Decline in Odor Identification: The Beaver
Dam Offspring Study. J Gerontol A Biol Sci Med Sci. 2015; 70(7):879-884. [PubMed:
25182599]
Vent J, Robinson AM, Gentry-Nielsen MJ, Conley DB, Hallworth R, Leopold DA, Kern RC.
Pathology of the olfactory epithelium: smoking and ethanol exposure. The Laryngoscope. 2004;
114(8):1383-1388. [PubMed: 15280712]
Guarneros M, Hummel T, Martinez-Gomez M, Hudson R. Mexico City air pollution adversely
affects olfactory function and intranasal trigeminal sensitivity. Chem Senses. 2009; 34(9):819-826.
[PubMed: 19819935]
Sorokowska A, Sorokowski P, Hummel T, Huanca T. Olfaction and environment: Tsimane’ of
Bolivian rainforest have lower threshold of odor detection than industrialized German people.
PL0S One. 2013; 8(7):€69203. [PubMed: 23922693]
Gopinath B, Sue CM, Kifley A, Mitchell P. The association between olfactory impairment and total
mortality in older adults. J Gerontol A Biol Sci Med Sci. 2012; 67(2):204-209. [PubMed:
22080501]

«+72. Schubert CR, Cruickshanks KJ, Fischer ME, Huang GH, Klein R, Pankratz N, Zhong W,

Nondahl DM. Odor identification and cognitive function in the Beaver Dam Offspring Study. J
Clin Exp Neuropsychol. 2013; 35(7):669-676. [PubMed: 23789858]

*73. Devanand DP, Lee S, Manly J, Andrews H, Schupf N, Masurkar A, Stern Y, Mayeux R, Doty RL.

74.

75.

Olfactory identification deficits and increased mortality in the community. Ann Neurol. 2015;
78(3):401-411. [PubMed: 26031760]
Wilson RS, Yu L, Bennett DA. Odor identification and mortality in old age. Chem Senses. 2011,
36(1):63-67. [PubMed: 20923931]
Wehling EI, Lundervold AJ, Nordin S, Wollschlaeger D. Longitudinal Changes in Familiarity, Free
and Cued Odor Identification, and Edibility Judgments for Odors in Aging Individuals. Chem
Senses. 2015

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



Page 19

Yang and Pinto

0e

¢Modai-}as 01 anp aouajenald
|en1oe sarewnsalapun Ay

a|dwes able|

10 paurejdwod
s)npe
SN JO %Y'T-

MBIAIBIUI BWIOY

000°08

VSN (SIHN) Asning
MIIAIRIU] Y}eaH JeuolieN

6¢

¢aneIUasaIdal aq Jou Aew

$10308)

3s1 [enusjod uo ajgejrene
UOIRLIOLUI BAISUBIXD SBIPNIS
[eutpnuBuol may ay Jo suo

(s1eak

G9< asoyl
Buowre 96T
01 sieak Ge>
8s0y Ul %90
wouy) abe yum
pasealoul siy)-
10yod
pafe-a|ppiw
Aewnd

SILD Ul 9%8°E
18 MO| Sem
Juswuredwi
Aioyoeyj0

10 90ud[enald-

lioas

%V'vS ¥8-T¢

€661

VSN ‘IM Apms
Bundsyo weq Janeag ay L

€T

¢sdnoub Aiouiw
01 Aujiqezijessush papwi|

$10108} Ysu [enusiod uo
3]qe[IeAR UOIIRWIOLUI SAISUSIXD

%S'¥¢

Sem Uuonaey|o
pairedwi

10 9ousenald-

lioas

%89 16-€5

16v¢

vsSn
‘IM Apmis weq Janeag ayL

8¢

¢algelial
s3] aq Aew eyep abeuss)

S19pJOSIP aAnel[enb passasse
‘uone|ndod abeuss) e pappe

*(s19beUB3)

31 JO %i'E pue
siinpe ay} Jo
%0'17) elwsoled
pey Buiney
uodal Jap|o pue
sIeak £T pabe
uonejndod
|elauab

31 JO %6°€=

yodal-}es

% €T'¢S +08-€T

€TLT

UBPaMS BPAGS

1292

Jodal-y|as

uonejndod

YSIPaMS 3npe [esaush

3y Jo anneIuasaldal ‘sabe

11e ssoJoe ejep paseq-uoirejndod

BILUSOUE WOJ)
paJayns %48°G
pue ejwsodAy

pey %EeT
‘%T 6T SeM
uonaunysAp
A101984]0 JO
douajenald ayl-
(uodaus

~4195) %€'ST
sem AJIAIISUSS
uonoalep

10po [ewLou
uey-1a100d-

1108 ‘Modau-y|es

% LLTS +08-0¢

L8ET

U3PaMS 3PAOYS

80U ;B JoY

SaSSouUMeaf\

sybue 1S

sbuipuy Jofe iy

91 |PWs

(erewsd 9) lpuLD

(ebue.) aby

uolre|ndod

Author Manuscript

Author Manuscript

T algel

siapJosip A101oe)jo Jo ABojolwapida ay) JO SAIPNIS JO S NSay

Author Manuscript

Author Manuscript

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



Page 20

Yang and Pinto

Sy

papnjoul
USLIOM JaMa} ‘110403 103]9S

1I0Y09 paziisioeseyd ||am

UNIM paJeIdosse
s1 afie pjo ul
SI0pO Jeljiwey
BuiAsnuapi
Aynauip-

11S-00

%SVL

L'LF16L
abe ueaw

2911

VSN 71 (dvIN)
108l01d Bulby pue Alowsy

47

papN|oUI USLLIOM 13Md)
‘80UBIUBAUOD JO 1I0Y0J 108]8S

JUBWISSASSE
anubos Buipuelsino dn-mojjoy
ur uonedioned Jo ajel ybiy

uonubod
leqojb pairedwi
YHIM pajeldosse
s1 abe pjo

Ul uoreILUSPI
Jopo palredwi-
%€E°GSG Sem
Juswiredw
Aioyoey|0

10 9ousenald-

11S-00

%9°¢CL

0'L%908
abe ueaw

8y

VSN 1 (dVIN)
108l01d Buiby pue Alows\

9€

SSB|9 [24N}NJ-0190S ‘ANSIBAIP
21UY1e JO Mo ‘ajdwies wopuel
-uou siy} ui seiq fenuajod

a1dwres abre|

uonoalep
10po Ul aulj9ap
pajejal-abe
Jueoliubis e -
%Y 6T SeM
uonounysAp

10 90udenald-

1s81 Al Jopo

%7°59

876

ureds ‘eluofered 1vov410

sasned palinboe
‘sabe JaBunoA uo uorewsogul
0OU ‘Yyeap Jo asned ou

Pa]101U09 [|aMm

Aievow Jeak
-G J0 si0101paid
1sebuons

ay1 Jo auo

SI UOIIRIIIUAP!
lopo-

1s81 4l Jopo

%.L'1S

G8-1§

9EVT

VSN dVHSN

€e

paute|dxa SI aoueLIeA
a1 Jo abeyuaalad |fews e Ajuo

a|dwes annejuasaidal Ajjeuoijeu

%L'C Sem
uonaunysAp
A10108}|0 BIaN8S
10 9ousenald-

1s31 4l J1opO

%795

G8-19

§00€

VSN dVHSN

43

[euonoas
-S5049 {92UBQUNISIP |]AWS JO
saaJbiap ysinbunsip o1 ajgeun

U3[eay [elusw pue uonounysAp
A101984|0 USBMIB( UOITRII0SSE
1eaiulfo e papinoid ajdwes abe|

%0°G Sem
uonounysAp
Ai010B|0

10 dousenald-

alreuuonsanb

% v.°0S

CL6TT

(T T0Z-0T02)
23103 UIN0S SINVHN

1€

paj|oauod
ApoLis jou ‘podal-yjas

U3[eay [eIusW pue uonaunysAp
A10108}]0 UB9MIBQ LOIBID0SSE
1ea1u1]o e papino.d ajdwes able)

%S'Y

SeM S1apJosIp
Ai01oe)|0
anndalgns

10 90udenald-

alreuuonsanb

%795

§6-0¢

90€L

(6002)
23103 YIN0S SINVHN

sieak Go<

aJam wa)qoid
Aiosuasowayd
e pauodal

oYM asouyy

10 %0V 1sow|e-
wajqoid
AJ101084|0 UR

20U BJoY

SaSsoUMeaf\

sybus IS

sbuipuy Jofe N

21 |[PWS

(rewsd %) BpuLD

(ebue.) aby

uolre|ndod

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



Page 21

Yang and Pinto

papinoid Jou
x

6€

pasnooy abe Jap|o ‘Ajuo usw

sjuawnAsul
1531 parepljeA-|jam ‘dn-mojo)
1U3|[39X8 UM 8zIs ajdwies
abue| ‘ubisap [eutpniibuol

ad pue
S31p0gAMaT]
[euapIoul

10 90uasaid ayy
Yl pajeldosse
slouap
AJ0108)|0-

11§22

%0

S6-T.

192¢

VSN ‘IH (SYvH) Apmis

Buiby eisy-njnjouoH

8y

|euOI1108S-SS01D

az1s ajdwes ‘sajqelJen aaniubod
pue o1ydeibowsap pooh

ueds aj1|

}INpe 8y} Ss0Ioe
uonedluspl
10p0 pana

Ul UoIIRIOLIBIAP
Jeaul|

/lenpeub e-

1108

% 97'¥S

06-S¥

906T

Uspams e|n‘lag

9v

¢selq [enusiod ‘[euooas-ss01o

ajel dn-mojjo
yby ayes uonedionued ybiy

'%0°LC Sem
Juswuredwi
Ai0108)|0

10 90udenald-

110as

%T'8S

09<

9€9T

Apnms aA3 surejunol an|g

eljensny

yresp Jo
Sl pasealoul

20U BJoY

SaSsoUMeaf\

sybus IS

sbuipuy Jofe N

21 |[PWS

(rewsd %) BpuLD

(ebue.) aby

uolre|ndod

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



Page 22

Yang and Pinto

|9A3] [eUOITRINPS MO|
uondaasad-4|as Jood :uonearynuapl |jsws
AJI0ISIY |[BWS JO SSO|
uondaaiad-yjas Jood
18A8] [euolIeINPa MO] :uoniubodal |[Bws
S30UR)SONS SNOIXOU uondaalad .
9 01 ansodxa Buryows :uonubooal [jaws -119s 100d ‘|aAa] [EUOINEINPS MO] :UOID3ISP [[WS - usw | abe gureds "eluofeled 1vov410
Burjows
asn [0yoole Yifeay |elusw uoniubos
ve SUOI}IPUOJ Y3[eay SNIels J1WLOU0II0II0S SU BOLIBWY UBILYY usw | obe VSN dVHSN
foro swordwAs anissaidap 1IN G UOI1edNpa JO [3A3] Jamo| - usw | ofe VSN dVHSN
uoIyeapl [epIdINs poow passaidap spuIyL
18A8] uoneaNpa
‘Buijasunod jeaibojoyaAsd qol
43 1ING 8512193 aunnos Bupjows 92UBJ3JWINJID ISTEM UondWNSUod [oyodle - /| obe (TT0Z-0T0Z) ®210X UINOS SANVHNM
SISNUIS 21U0IYD
siiuys g snireday jo Aloisiy
1€ S}|Nsal 158} aulIn pue poojq sjuelnjjod Jre 0} a1nsodxa [enyigey WUl MO| - /| abe (6002) ©2103 YINOS SANVHNM
eigoyd uoissaidap VSN
0g UOISIA Y}IM 3]gno} (11e) suomnenwi| Jayo Burteay yum ajgnosy / / | 8be | (SIHN) A8AIng mainlaiu| UiesH [euoneN
swoydwAs anissaldap
201040 Aselalp
3411 Jo Anfenb
1any Bui}ood
LINI pnoJsed (uawom ur) Bupjows jo Aloisiy
salfua|e aWwoaul pjoyasnoy vsn
62 Asdajida Ainfur peay :jo A10is1y 6°0 > 19V SuoIpuod [eseu - usw | abe ‘IM Apnmis Buudsy O weq Jeneag ay L
Asdajida jo Aloisiy
ajons Jo Aloisiy
€T Bunyows Joud 19N 10 uonsabuod jeseu Buows WaLINd - usw | abe VSN ‘IM ApniS weq Janeag ay |
8z R /| obe ,U9PaMS apAoxS
snijjaw selagelp
Bunjows sdAjod [eseu - /| abe #UBPBMS BPAOYS
sJeak-yoed Jo Jaquinu Bunjows
12 JUa.IN :BURjOWS ‘SnjIjjaW SalaqeIp sdAjod Jeseu - usw | abe +USPIMS 8PAQAS
9z - - - | usW | ape USPaMS 9PAQYS
aoel | Jspuab | abe
Sa0UR BjoY 198443 ON Buimoys sy nsoy Sloped Xsiy BUIO sJoed siy dlydeBoweq uoire|ndod

Author Manuscript

siapJosip A101oe)0 Jo ABojoiwapida 1noge abpajMmouy| JUSLIND WO} S3IRLIBACI/S) NS Ao

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



Page 23

Yang and Pinto

ayey uonell|I4 Je[nIsWolD ¥4
aseasI s,uosunyied dd

eIWSOUR 10}
3

elwisodAy Jo,
! Yy w,

uoI1e190Sse JURdIIubIS o:\
elWwsoJed Jo agusjensld

v

BIWISOUR JO mo:m_goa%

uonounysAp A1019e}0 Jo adusjenald
+

||8WS [ewou uey) Jajood Joy
*

6€

81025 |SYD Jamo|
$SaU1daa|s aWIAep aAISSIOXd
Sjuawanow [amoq Jusnbaly ssa)
Bupjows ad

- usw

abe

vsn
‘IH (SYWH) Apnis Buiby eisy-ninjouoH

8y

Arejngeson paads aaniubod uoreanpa

- usw

abe

uspams ejmag

ti4

saKqeIp [INg
‘Bujows Juswiredwi A101084]0 delapoW

uoisuapadAy || abeis

BIW 3]043158]0y2J8adAY

Asda|1da 80115 ‘0E> H4D 8sessIp S, uosunied
yuawuredwi aAIubod ‘uonsabuod

Jeseu Juaind Juswiredw A101oe}0 ayelapowl

salaqelp uoisuanadAy || abeis
BIW 9]043153]0Y24adAyY Asdajida
‘oIS ‘Y49 awiredw A1019B4[0 plIW

ad

juawiredwi aAubod

0e< IINg

Bunjows

uonsabuod [eseu Jualnd :Juawiredw A1019e4[0 plIW

- usuwl

abe

ellRNSNY
‘AoupAs Apnis 943 surelunoln anjg

[44

Auige [enedsonsia ‘Alowsw
Bupiom ‘Aiowsw dUBWASS UOIRINPS

Aiowsw 21posida paads [enydactad

abe

vsn
11 (dvIN) 108lo1d Buiby pue Alowsin

S3IUBISANS SNOIXoU
01 ainsodxa Bupjows :uoniubooal ||aws

A1031S1Y []WS 40 SSO|
BWNeJ} peay Jo Aloisiy
uondaaiad-4|as Jood :uomealyuapl |[BWs

Aoueubaid
uondaaiad-yjas Jood
18A8] [euOIIRINPa MO] :UonIUB0IaI |[aWS

uondaalad-yjas Jood
AI0ISIY |[3WS JO SSO| :UONI1SP |[BWS

- usuwl

abe

MMVC_Sw ‘eluofered 1vov410

AI0ISIY |[BWS JO SSO|

So0UR BPY

s10}J3 ON Buimoys sinsay

s.1010B4 1Y BYI0

SJ010e4 X1y d1yde sboweq

uolre|ndod

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



Page 24

Yang and Pinto

Xapu| [elyoeIg-apuY 19V
xapu| sseN Apog INg

wswnnsu| BuiusaIog samfIqy aAmuboD ISV

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Curr Otorhinolaryngol Rep. Author manuscript; available in PMC 2019 January 03.



	Abstract
	Introduction
	Types of olfactory disorders: definitions and characteristics
	Assessment of olfactory disorders in population studies
	Available major epidemiologic studies of olfaction
	The prevalence of olfactory disorders

	Major population studies
	Skövde (Sweden)
	Beaver Dam (US)
	The National Health Interview Survey (NHIS) (US)
	Korea National Health and Nutrition Examination Survey (KNHANES) (South Korea)
	The National Social Life, Health and Aging Project (NSHAP) (US)
	Olfaction in Catalonia (OLFACAT) (Spain)
	Honolulu-Asia Aging Study (HAAS) (US)
	Memory and Aging Project (MAP) (US)
	Blue Mountains Eye Study (Australia)
	Betula (Sweden)

	Risk factors that have been associated with olfactory disorders
	Age
	Gender
	Race
	Socioeconomic status
	Financial Status
	Education level

	Depression
	Head trauma
	Disease
	Endocrine Physiology
	Environment
	Toxins
	Smoking
	Air pollution

	Neurodegenerative disease and cognition
	Mortality
	Dysfunction in cross-section vs. decline over time
	Summary

	Conclusions
	References
	Table 1
	Table 2

