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Abstract

Epidemiological studies of the senses of olfaction (smell) and gustation (taste) are needed since
impairments in these senses have important implications for health. Only a few attempts have been
made to measure the prevalence of olfactory and gustatory or taste dysfunction and many
methodological challenges remain to be addressed. These challenges differ from those faced in
studies based in the clinic or research laboratory. Epidemiological studies of smell and taste
represent translational research, since they can be used to understand how findings from laboratory
or clinical studies apply to the general population. This paper briefly reviews existing methods for
“how” to measure smell and taste dysfunction and then illustrates findings based on prior
epidemiological studies to indicate “why” we wish to measure smell and taste functioning in
population-based samples. Self report information collected on smell and taste loss in a national
sample, the 1994-1995 Disability Sample (Phase | screening) of the National Health Interview
Survey (NHIS-D), is contrasted with results provided by an exam-based measure of olfactory
impairment in an epidemiological study conducted in Beaver Dam, WI. The comparison of self
report and exam-based measures of smell or taste loss leads to the question of how to best define
smell or taste impairment in population samples, since unlike other sensory domains (hamely,
vision and hearing), there are no internationally accepted standards of impairment for the
chemosenses. In addition to highlighting existing epidemiological studies, the current
development of an NIH Toolbox of brief exam measures is described. Through this symposium,
we hope to advance the nascent field of olfactory and taste epidemiology.
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Introduction

Epidemiology has been defined as the study of the distribution of a disease or physiological
condition in human populations and of factors that influence this distribution.1 From a
slightly different perspective, epidemiology can also be defined as the distribution and
determinants of health-related states or events in specified populations and the application of
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this study to control of health problems.2 Through epidemiological studies, factors that
affect health are identified and the relative strength of associations are assessed
quantitatively. Epidemiology draws upon several other fields, for example, mathematics and
statistics for quantitative methods, biology and medicine for understanding disease
processes, and the social sciences for insights into risk factors amenable to health promotion
activities or other interventions.

Epidemiological studies of the chemosensory disorders of smell and taste may contribute
significantly to the improvement of the health of individuals and the population. Smell and
taste loss are relatively common problems that may have a tremendous impact on a person’s
quality of life. While the sensory systems of smell and taste are often grouped together
clinically, each has its own unique features and potential clinical problems. The brain
processes smell and taste differently, so damage to either sense can cause different types of
problems, depending on the degree of dysfunction. Age-related smell and taste loss poses a
significant challenge for the health care of an increasingly older population.

Unlike hearing or vision tests, the tests to measure smell and taste loss are not based upon
standard, internationally-accepted procedures. Instead, the literature is full of several
alternative methods for measuring smell and taste loss. Some of these tests have been used
to compile information from relatively large samples of clinic patients seeking treatment for
a smell or taste loss.375 From these clinic samples and information collected from
convenience samples (student volunteers, meeting participants, etc.), it is possible to learn
about potential risk factors and develop hypotheses about associations that may apply to the
population generally. Unfortunately, without conducting well-designed epidemiological
research studies in population-based samples, we cannot be sure whether the suspected,
hypothesized associations and potential risk factors are truly contributing in a major way to
the conditions (smell or taste loss) of interest.

Epidemiological studies on “representative” subjects across the lifespan are expensive and
difficult to conduct. It is especially difficult to enroll subjects who are not motivated to seek
treatment for a current illness or chronic condition and maintain their interest in contributing
time from their schedules over a period of years. However, the contribution made by these
studies to our understanding of human health in relation to chronic diseases has been
immense. For example, the Framingham (MA) Heart Study that began in 1948 with funding
from the National Heart Institute has supplied a wealth of information on the epidemiology
of heart disease and provided researchers with many avenues for developing prevention
strategies. Over time, there were opportunities to include other health measures in the
Framingham Heart Study, for example, hearing threshold measurements collected in
different decades. These Framingham hearing exam measures have contributed significantly
to our knowledge of the epidemiology of age-related hearing loss in the United States.6:7
One goal for the future is to include measures of smell and taste loss in large-scale,
multifaceted epidemiological research studies. Also, epidemiological studies primarily
focused on chemosensory disorders are needed to develop and test approaches to prevent or
delay declines in sensory function with aging. Together these approaches will enable us to
make significant progress translating the findings from basic science and clinical studies to
improvements in public health.

Clinical Research Findings

Clinical studies have shown that complete olfactory loss (anosmia) is uncommon, and that a
complete loss of taste (ageusia) is rare.375:8711 Individuals can often compensate for partial
loss.12:13 Also, smell and taste are the only human sensory systems that have the capacity
to regenerate after damage, so some recovery of function is usually possible.
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Since complete loss of the ability to smell or taste is uncommon, these conditions may seem
insignificant when compared to blindness and deafness. However, sufferers of anosmia or
ageusia often describe their lives as being nearly unbearable since they are deprived of the
many pleasant tastes and odors of daily living.10 The consequences of the more common
conditions of a reduced or diminished ability to smell (hyposmia) or taste (hypogeusia) go
well beyond the inconvenience of a bland meal.14 Impairment of smell or taste can result in
eating spoiled or contaminated food or not being aware, through smell, of a gas leak.15

Some patients complain not of smell or taste loss but, instead, of distortions such as
persistent unpleasant or painful sensations described as bad, foul, rancid, acidic, metallic, or
burning. These problems may result in diagnosis of a condition known as dysgeusia (altered
or abnormal tastes) or burning mouth syndrome.16+17 In addition, smell phantoms and
distortions of the sense of smell (dysosmia) have been reported in patients with allergic
rhinitis and other conditions.18 Such patient complaints are more common among older
people and can result in major quality of life issues.19721

Factors that have been associated with smell or taste loss include:

» Sexand age — Men are more likely to experience smell loss than women; men
experience more smell loss earlier in life perhaps due to occupational or
environmentally hazardous exposures.22 Since age-related taste loss is less
common than smell loss, taste is more robust across the age span.23

»  Environment — Airborne pollution and toxic odors in the workplace can
permanently damage the sense of smell.24

e Trauma - Frontal head injury can permanently damage the sense of smell.25:26

» Disease or illness — Chronic rhinitis and allergies can adversely affect the sense of
smell and reduce the appreciation of food; the effect may be short-term or
permanent.27 Infections of the middle ear can damage the sense of taste.28:29

»  Prescription medications — Certain prescription drugs can affect taste quality
perception.30

»  Cancer treatment — Chemotherapy and radiation treatment for head and neck cancer
can damage the sense of taste.31733

Differences in the ability to smell and taste contributes to our food choices, diet, nutrition,
and may impact overall health status.34-35 Clinical studies have demonstrated that the
ability to recognize some tastes is present at birth; for example, the pleasure response to
sweetness and the disgust at bitterness.36 A response to salt develops during the first year of
life.37 Our food preferences may be influenced by both genetic and cultural factors, and the
resulting preferences may have significant associations with a variety of health risk factors,
including obesity, high blood pressure, and cardiovascular disease.38740

A genetic trait in humans (although it may be modified by external or environmental causes)
is the ability or inability to taste the bitter quality of two related substances:
phenylthiocarbamide (PTC) or 6-n-propylthiouracil (PROP).41746 Tasters of PROP and
especially super-tasters (those who rate PROP as being extremely bitter) have been shown to
have a more intense appreciation for other tastes, such as other bitter substances, sweet, salt,
and acidic (sour) tastes.47~49 Linda Bartoshuk, a discussant in the symposium, has
suggested that super-tasters, tasters, and non-tasters of PROP may be described as living in
different sensory worlds, with “super-tasters experiencing a neon world and non-tasters
experiencing a pastel world”.50'51 People who are tasters or non-tasters, or who have a
strong liking of sweet tastes, may have differing health risk profiles, including increased or
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decreased susceptibility to certain diseases, and preference or tolerance for tea, coffee,
alcohol, or cigarettes.52755 This is a relatively new and growing field of investigation.

Assessing and differentiating smell and taste loss

Mild smell and taste loss often goes unnoticed. Some smell loss may accompany seasonal
nasal congestion or a head cold. This type of smell loss usually goes unreported and
unmeasured, because people generally consider it to be a temporary and mild annoyance.

More serious smell loss can be caused by nasal obstruction that requires corrective surgery
or by chronic viral infections with swelling that require special medications.56:57 These
conditions are sufficiently distressing that people often seek medical attention.

Otolaryngologists, or otorhinolaryngologists, are physicians who specialize in diseases of
the ear, nose, and throat, including problems affecting smell and taste. An otolaryngologist
will conduct a physical examination of the nose and mouth and perform customized tests to
assess the degree of any smell and/or taste loss. As part of the exam, the physician will take
a personal history and ask the patient to complete a questionnaire to fully describe the
problem (“self reporting™). It is very important that the physician diagnose whether the loss
is due to a problem with the sense of smell, taste, or both. In many cases, patients will claim
a loss of taste because food has become less enjoyable or seems bland, but testing shows that
the problem actually involves the sense of smell.

This example points to a very important interaction between taste and smell: our
appreciation of food flavor is a complicated mix of taste (sweet, sour, salty, bitter, umami),
smell (aromas), texture (smoothness), and temperature (hot and cold) sensations felt through
chewing or drinking.58 Food aromas generated by chewing activate the sense of smell by
way of a special channel in the roof of the throat (retronasal olfaction). If this channel is
blocked due to nasal inflammation, for example, aromas can not reach the person’s sense of
smell, and a major contributor to the enjoyment of flavor is lost.

There are several different tests for smell and taste, and the choice of test may be due to
convenience, ease-of-use, the nature of the loss, and cost.

Tests for the Loss of Smell

In the clinical setting in the United States, where time, cost, and insurance are critical
factors, smell loss is usually assessed with a “scratch-and-sniff” test.59 This test consists of
a booklet with 10-40 individual sheets that have microencapsulated beads impregnated with
specific odors. The patient scratches the beads with a pencil to release the odor and then
identifies the odor from a list of five choices. This type of test measures one’s ability to
recognize a particular odor, but does not measure one’s sensitivity or threshold to certain
smells. Once the test is completed, the number of errors is recorded and then compared
against a standard number of responses by normal individuals. This type of test is relatively
quick (under 30 minutes), novel, and fun. The test assumes a normal level of cognitive
function, so it is not suitable for individuals with dementia and other types of
neurodegenerative disease.

A more exacting test of smell function can be conducted in academic research studies or
other research environments.11:60:61 In these cases, patients are recruited to participate in a
series of tests in which time and convenience are secondary to a more thorough examination.
These examinations can include measures of threshold sensitivity and odor identification.
The test equipment is often customized and not suitable for a physician’s office. Its use
requires special training.
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Another recently developed method for olfactory assessment is with an “olfactometer”, an
odor delivery system that allows the examiner to pass precise concentrations of a known
odor to the nose of the patient.62 The patient indicates the lowest concentration that is
detectable, and names the odor. In this way, the patient’s smell response profile can be
determined and compared against a normal standard.

A complete clinical evaluation of smell loss includes:
»  Physical examination of the ears, nose, and throat
»  Personal history (for example, exposure to toxic chemicals or trauma)
*  Questionnaire (self-report)
» Validated test supervised by a health care professional

» Discussion of treatment options, such as surgery, antibiotics, or steroids

Tests for the Loss of Taste

The sense of taste regulates food intake and choice and is essential for life.10 Consequently,
the brain organization of the sense of taste is complicated and redundant. It is very difficult
to damage the taste system completely without a threat to life. Specialized taste cells are
located throughout the tongue, roof of the mouth, and throat, so it is very difficult to test the
entire system.

Two types of taste tests are used. The first test uses “whole mouth stimulation” or the “sip
and spit” method.57 In this method, a solution of a known concentration of a sweet, salty,
bitter, or sour substance is gargled and sloshed in the mouth and then discarded. The patient
is asked to identify the taste substance, and the concentration can be varied to determine
threshold sensitivity. It is an easy test to administer but assumes generalized taste loss.
Regional damage (for example, on the front or tip of the tongue) would be masked by
stimulation of the remaining taste cells elsewhere in the mouth.63

The second test uses a more localized application of taste substances. An eyedropper or
other applicator system can be used to place a small amount of taste solution in a precise
location on the tongue.64 Alternatively, small filter paper discs or dissolvable (edible) strips
can be impregnated with a known concentration of a sweet, salty, bitter, or sour substance,
and then the filter paper or strip can be placed on a specific part of the tongue or palate.
65+66 The patient is asked to identify the taste substance. The concentration can be varied to
determine threshold sensitivity. This test is also easy to administer. The goal is to activate
major regions of taste cells to determine whether the individual suffers from partial taste
deficit or damage.

A complete clinical evaluation of taste loss includes:
*  Physical examination of the ears, nose, and throat
»  Dental examination and assessment of oral hygiene
e  Personal history (for example, trauma to mouth, cancer, or medications)
*  Questionnaire (self-report)
» Validated test supervised by a health care professional

» Discussion of treatment options, such as proper oral hygiene or different
medications
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Materials and methods

The materials for this report are based on health interview or examination data from prior
epidemiological studies initiated by the co-authors and a published compilation of earlier
examination studies.61:67:68 The first data set was the 1994-1995 Disability Supplement
(Phase | screening) to the National Health Interview Survey (NHIS-D), which consisted of a
large, nationally-representative sample of the United States civilian, non-institutionalized
population. Self reported losses of the senses of smell and/or taste were obtained via
personal household interviews conducted by trained U.S. Census Bureau staff. The sample
response rates for the NHIS core surveys were 94.1% and 93.8% in 1994 and 1995,
respectively.69:70 The combined 1994-1995 Disability Supplement Phase | data set
contains information on 197,588 persons (including 57,553 children), or 90.4% of the
persons responding to the NHIS core survey questionnaire during these two years. The
questions about problems with the sense of smell or taste were not asked of children. In
addition, we have excluded proxy respondents to the NHIS, leaving a total of 81,840 adult
subjects for analysis. A description of findings with respect to olfaction and taste from the
first year (1994) of the NHIS-D were published previously.67

The smell questions asked in the NHIS-D were:

» Do {you} now have any problems with {your} sense of smell, such as not being
able to smell things or things not smelling the way they are supposed to? Answers
were: Yes/No/Don’t know

*  Which problem do {you} have, not being able to smell things or things not
smelling the way they are supposed to? Answers were: Loss of smell/Things don’t
smell right/Don’t know

* Is{your} loss of smell complete or partial? Answers were: Complete/Partial/Don’t
know

»  Have {you} had problems with {your} sense of smell for at least 3 months?
Answers were: Yes/No/Don’t know

The taste questions asked in the NHIS-D were:

» Do {you} have a problem with {your} sense of taste, such as not being able to taste
salt or sugar or with tastes in the mouth that shouldn’t be there, like bitter, salty,
sour or sweet tastes? Answers were: Yes/No/Don’t know

*  Which problem or problems do {you} have, not being able to taste salt or sugar,
tastes in the mouth that shouldn’t be there, or some other problem? Answers were:
Not tasting salt/Not tasting sugar/Tastes that shouldn’t be there/Other problem

» Have {you} had any of these problems with taste for at least three months?
Answers were: Yes/No/Don’t know

Data from an olfactory examination (1998-2000) administered in a population-based
longitudinal study of sensory aging, the Epidemiology of Hearing Loss Study (EHLS), in
Beaver Dam, WI are also discussed. These data were collected using a clinical olfactory
exam known as the San Diego Odor Identification Test (SDOIT).61 The figures shown in
this paper are derived from tables contained in the original publication.

The third source of information analyzed is based on an exhaustive compilation of findings
summarized in a review article of the world scientific literature on PTC (or PROP) taster
status.68 This review lists information collected on more than 370 study samples worldwide,
all published between 1934 and 1998. We have analyzed the information provided in a table
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in list form by calculating medians and mid-ranges (interquartile ranges) across the
individual sample results shown for different nationalities or ethnic/racial groups.

For prevalence estimates and multivariable logistic regression analyses of the NHIS-D data
set, we have used the SAS package of statistical programs and SUDAAN to adjust for
complex sampling designs employed in this nationally-representative health survey.71:72

The prevalence of self reported problems with smell only, taste only, and with both smell
and taste in the U.S. in the period 1994-1995, based on the NHIS-D, is shown in Table 1.
Across the adult age range, the percent with smell only problems increased five-fold from
0.94% at 18 to 24 years of age to 4.71% at 85+ years. For taste only problems, there was a
24-fold increase in percent prevalence from 0.07% to 1.70% for the youngest compared to
the oldest adults. For problems with both smell and taste, there was an 11-fold increase in
percent prevalence, from 0.19% to 2.06% for the youngest compared to the oldest adults.

The bottom half of Table 1 provides percent prevalences for the follow-up questions asked
of subjects who reported problems with their senses of smell and/or taste. The overall
prevalence of self-reported olfactory problems only (without taste problems) in the general
population, ages 18 years or greater is relatively low, about 1.60%. Based on the Census
estimate of 190 million civilian, non-institutionalized adults (18+ years) in 1994-1995 in the
United States, the estimated number of adults with self-reported problems with their sense of
smell was about 3 million (4 million, if we include respondents who reported problems with
both smell and taste).

The reported rates of different types of olfactory problems (including subjects with both
smell and taste problems) are shown graphically in Figure 1. The olfactory problems
reported were primarily “loss” of smell function (84% or 3.4 million) compared to “things
don’t smell right” (12% or 500,000) or “don’t know” (4%). Of those indicating a problem
with smell loss, partial loss (75% or 2.5 million) of smell function was reported much more
commonly than “complete” loss (23% or 770,000). Percent prevalences for three age groups,
younger adults 18 to 44 years, middle-aged adults 45 to 64 years, and older adults 65+ years
of age, are also shown in Figure 1.

The statistical significance of age-specific increases in prevalences can be judged from
Table 2, which presents odds ratios for each age and smell/taste category compared to the
percent prevalence for the reference age group, 25 to 34 years. This table is restricted to
subjects who reported chronic (3+ months) problems with their senses of smell and/or taste.
The odds ratios are all highly significant (p < 0.001) for the age group 55 to 64 years or
older.

The percent prevalences by sex (female versus male) were statistically different for chronic
smell loss only, not for chronic problems with taste only or with both smell and taste. Males
were more likely to report a chronic problem with smell alone (22% increased); although not
significant, males were less likely (11% decreased) to report a chronic problem with taste
alone or with both smell and taste. Comparisons by race/ethnicity also showed statistically
significant differences for chronic smell loss only. There was a two-fold increased
prevalence for non-Hispanic whites compared to either Hispanics or non-Hispanic blacks.
Although not significant, the pattern was reversed for chronic problems with taste only;
there was a 26% to 31% increase in reported prevalence for Hispanic and non-Hispanic
blacks compared to non-Hispanic whites.
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Associations with other, non-chemosensory problems are also shown in Table 2, as part of
the multivariable statistical logistic model used for this analysis. Four conditions were
selected for inclusion in the multivariate model: trouble with hearing, trouble with vision,
any functional limitations, and depression in the past year. The associations with these
variables are demonstrated by odds ratios, which remain significant after adjusting for age,
sex, race/ethnicity, as well as each of the other selected conditions. The largest odds ratios,
exceeding 4-fold effects, were for chronic taste problems only with any functional
limitations and with depression in the past year, and for chronic smell and taste problems
with any functional limitations.

In contrast to the self reported data discussed above, Figure 2 shows the age- and sex-
specific percent prevalences of olfactory impairment as measured by the SDOIT in the
EHLS, a population-based study of sensory loss and aging in a cohort of community-
dwelling older adults in Beaver Dam, WI.61 All the examination-based prevalences shown
in Figure 2 are much greater than the self reported prevalences shown in Figure 1 and were
much higher than the participants in the EHLS reported.61 Men were more likely than
women to have an olfactory impairment, which was also found in the NHIS-D self report
data set to a lesser extent. From age 53 to 79 years of age, men had more than double the
odds of olfactory impairment than women; only at ages 80+ years, did women have similar
prevalence of olfactory impairment (59.4%) compared to men (69.5%).

The relative strength of multiple risk factors for olfactory impairment is shown using a
“forest” plot73 in Figure 3, which is constructed based on a table in the Beaver Dam, WI
olfaction study report.61 Adjusted odds ratio estimates (elliptical markers) and 95%
confidence intervals (shaded bars extended from both ends of the ellipses) are shown for
each risk factor, as estimated in a multivariate logistic regression model after elimination of
factors that did not contribute to the statistical fit. The scale for the odds ratio shown on the
X-axis is logarithmic and, on this scale, confidence intervals are symmetric about the odds
ratio estimates. An odds ratio of 2 corresponds to a doubling of the odds of olfactory
impairment, which is illustrated in the figure by subjects who had a stroke (compared to
subjects with “no stroke”) and, also, by current smokers (compared to subjects who “never
smoked”). Men were 2.5 times as likely to have olfactory impairment as women. The
highest odds ratio of 4.4 is for subjects with epilepsy (compared to subjects who did not
have epilepsy); however, the confidence interval is wide, ranging from 1.7 to 11.2. The wide
confidence interval indicates that only a small number of subjects in this population sample
had epilepsy.

Nasal congestion and upper respiratory tract infection had a smaller but significant odds
ratio of 1.6, and the confidence interval was narrow, 1.3 to 2.0, which reflects the fact that
this condition is quite common. Common risk factors may contribute significantly to the
“attributable” risk or burden of olfactory impairment, even though the relative risk (odds
ratio estimate) may not be large.

The odds ratio for age, categorized by 5-year age groups, was 1.8 with a very tight
confidence interval of 1.7 to 1.9. This implies a strong, continuing effect of aging on risk of
olfactory impairment.

Of the potential risk factors included in the figure, only the effect of past smoking
(compared to “never” smoked) was non-significant, which is evident in the figure since the
95% confidence interval crossed (overlapped) 1.0. The authors of the Beaver Dam, WI
olfaction study tested for potential interactions between these risk factors, but none were
found to be statistically significant.61
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Similarly to the NHIS data on the self reported problems with the sense of smell (shown in
Figure 1), the prevalence of self reported problems with the sense of taste are shown in
Figure 4. The percent prevalence of reported taste problems (including subjects who
reported problems with both smell and taste) was 0.93% (9.3 per 1,000 adults or an
estimated 1.8 million persons in the United States in 1994-1995). The percent prevalence of
problems with taste is less than half (44%) the prevalence of self reported smell problems.
The majority of reported taste problems (86% or 1.5 million persons) were “chronic”,
having persisted 3 months or longer during the past year. There was no one dominant type of
reported taste problem. The prevalences of reported problems with tasting sugar, or with
tasting salt, were about equal. When added together, the prevalence of these two problems
combined were about the same magnitude as the report of problems with an inappropriate
taste in the mouth. Somewhat more subjects responded they had some “other” taste problem.
As with smell problems, the prevalence of taste problems increased with age. The highest
prevalence was found for older adults, 65+ years of age, with middle-aged adults 45 to 64
years, and younger adults, 18 to 44 years, having progressively lower prevalences.

Unfortunately, there are no published population-based studies of taste loss using
examination-based measures. Therefore, it is not known how the prevalence of taste loss
differs between self report and examination-based measures. This is important because self
reports of taste problems are frequently found to be smell problems after clinical evaluation
and testing. Another paper in this symposium will describe preliminary findings based on
taste examination measures obtained from a new study of the offspring of the original cohort
of older adults in Beaver Dam, WI.74

Another aspect of taste function has been widely studied in many nationalities and ethnic/
racial groups around the world, the ability to taste phenylthiocarbamide (PTC). Early studies
circa 1930 showed that the ability to taste PTC or a related chemical compound, 6-n-
propylthiouracil (PROP), was under genetic control and was possibly a simple Mendelian
trait.4174 Subsequent linkage studies have shown the underlying genetics to be more
complex, with multiple alleles on two or more chromosomes.45:46

The inability to taste PTC (percent non-tasters) varies significantly worldwide from one
nationality or ethnic/racial group to another, as shown in Figure 5. The data plotted in this
figure were extracted from a review article that summarized findings from tests conducted in
more than 370 study samples worldwide, all published between 1934 and 1998.68 The
rectangular markers or boxes represent the median percentage of PTC non-tasters across the
studies listed within each group. Vertical bars indicate variability by showing the 25th to
75th percentile range (or mid-range) across studies within each group. When there were too
few studies within a group to calculate the mid-range, only the median is shown. For
example, among Australian Aborigines, approximately half (47.7%) are PTC non-tasters.
The corresponding medians for people of European origin, including North American white,
the percentages of non-tasters were 28% to 27%, respectively. Chinese, African, and Native
American Indian groups all have lower percentages of non-tasters, with medians ranging
from 13% to 6%.68:75 In virtually all groups tested to date, there are some people who can
and some who cannot taste PTC.

Discussion

We have described in general terms why we believe epidemiological studies of the
chemosenses — the study of incidence or prevalence and risk factors for olfactory and taste
loss in populations — is important both for individuals as well as for public health. We have
shown risks (using odds ratios) for increased impairment for basic demographic factors and
selected chronic health conditions. As with other sensory domains, age is a principal risk
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factor for both taste and smell impairment. Using the NHIS-D data, we have also shown
statistically increased sex-specific and race/ethnicity-specific prevalences among males
(smell loss) and non-Hispanic whites (smell loss).

Our results using the nationally-representative NHIS-D data were restricted to self report of
any smell/taste losses, excluding information in the original dataset provided by proxy
respondents (typically, by spouses when the other one was not at home or otherwise
unavailable to answer the interviewer’s questions). In fact, we have analyzed the data both
ways and not found major differences in the pattern of results. Nevertheless, in more recent
years (since 1997) the National Health Interview Survey (NHIS) has changed the design to
exclude proxy responses in the adult sample. Most questions are now directed only at the
“sample” adult, not for all members in the household. We chose to present the results in this
paper based only on self report given the change in the NHIS design and our concern for as
precise or accurate response as possible of the adult respondent’s senses of smell and/or
taste.

The epidemiologic study described in this report has revealed wide differences in percent
prevalences when self report measures are compared to exam measures of smell loss. In
addition to the data sets examined in this report, other published epidemiological studies
from Germany and Sweden have also shown high percent prevalences of smell loss as
assessed using comparable clinical olfactory examination methods.11:60

The finding of large differences between self report and exam measures is not unexpected in
epidemiological studies of sensory function. Similar differences can be seen in response to
questions about vision or hearing loss. For hearing loss we know something about the age-
specific pattern of differences in report versus exam measures.76:77 For example, in the
U.S. National Health and Nutrition Examination Survey (NHANES), which includes a
household interview prior to the health examinations conducted in mobile exam centers, we
can compare self report to exam measures of hearing impairment. In NHANES, reported
difficulty with hearing is mentioned relatively more frequently among young adults than
older adults when compared to an objective criterion based on pure-tone average hearing
thresholds. People may adjust their self report of sensory (hearing, vision, or chemosensory)
problems to reflect their expectations at a given age; younger subjects may have recent
memory of much better hearing (or sense of smell) and readily notice and report any
diminution or impairment, while older subjects may think their hearing (or sense of smell) is
fine for a person of their age. The Beaver Dam study reported high specificity, 94%, of self
report smell loss (i.e., a reported smell loss was nearly always confirmed by examination).61
The sensitivity of self reported smell loss for predicting examination-based impairment was
unacceptably low, 20%, although somewhat better for middle-aged compared to older
adults.61

With regard to taste function, researchers have been more interested in studying factors that
may affect food choice, such as the differing perceptions of tastes as too bitter or too sweet,
than they have been in identifying subjects with generalized taste loss. The preference for
foods has broad relevance to public health concerns, unlike the presumably rare condition of
ageusia. A prime example of this focus has been the study of taster status for PTC (or
PROP), which was originally thought to be a simple Mendelian trait in the population.
Although our understanding of the genetics and psychophysical methods for measuring PTC
or PROP in populations has increased, we still do not know why this trait has been
maintained in human populations. Several studies have suggested this polymorphism may
influence food selection, nutritional status, thyroid metabolism, and consumption of bitter
tasting beverages such as coffee or alcohol.38:47:49:78:79 The regional geographic
prevalence of the PTC taster phenotype may also reflect population structure in human

Ann N'Y Acad Sci. Author manuscript; available in PMC 2010 July 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hoffman et al.

Page 11

evolution.80 The pattern shown in Figure 5 is consistent with recent studies using Y
chromosome and mitochondrial DNA population structure data to trace the geographic
diffusion of human population groups over the past 100 thousand years.81:82

What will the future hold for epidemiologic studies of smell and taste? With the recent
establishment of the NIH Blueprint for Neuroscience Research, a large epidemiologic
project has been funded to develop an NIH Toolbox of relatively brief measures for use in
assessing neurobehavioral functioning in four domains: cognition, emotion, sensation, and
motor. Within the sensation domain, there are several sub domains: balance/vestibular,
hearing, smell, somatosensation, taste, and vision. Each sub domain team has several expert
members devising potential brief measures that will then be piloted in field tests and,
subsequently, used to develop norms in the U.S. for ages 3 to 85 years in both non-Hispanic
and Hispanic population groups. The ultimate goal is to provide well-documented, valid
measures for use in future large epidemiological or clinical trial studies. Given the wide age
range for the NIH Toolbox measures, it is clear that different measures or methodologies
may have to be developed for the youngest and/or oldest subjects.

Potential uses of the NIH Toolbox measures are many. For example, The National
Children’s Study, which will be launched soon in over 100 communities in the U.S., will
have an expected sample size of 100,000 subjects recruited from before conception and
studied until at least age 21 years. Having available well researched, age-appropriate
measures of neurobehavioral functioning over the age span from 3 to 21 years will be a boon
to this study. Other potential uses for the NIH Toolbox measures include their incorporation
into the ongoing health examinations performed in NHANES. Beginning in 1999, NHANES
began operating as a continuous survey in 2-year cycles collecting health, nutritional, and
medical data on approximately 10,000 participants from birth to 85 years of age. Each two
years, NHANES enrolls a nationally-representative sample using a probability sample of the
population via a complex series of statistical techniques. Information is collected by direct
interview, direct examination, and review of medical records of participants. It is conducted
by the National Center for Health Statistics, CDC, with joint funding support for
examination components provided by several components of the National Institutes of
Health.

The papers in this symposium on Epidemiological Studies of Olfaction and Taste include
presentations of findings from existing epidemiological studies and discussion of some of
the methodological challenges of measuring smell and taste function in field studies with
children and adults, including the needed tools and resources, and barriers to progress. In
addition to describing existing studies, other promising approaches under development will
be discussed, including the NIH Blueprint for Neuroscience Research effort to construct an
NIH Toolbox of brief exam measures in the sensory domain. The goal is to improve
olfactory and taste health through epidemiologic research that measures important aspects of
these chemosensory functions while also assessing potential risk factors and other conditions
associated with disorder or impairment.
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Self-reported problems with sense of smell
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Figure 1.
Self reported problems with sense of smell, based on questions in the U.S. National Health
Interview Survey, Phase | Disability Supplement (NHIS-D), 1994-1995.
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mpairment based on the SDOIT, EHLS, Beaver Dam, WI

Figure 2.

Age in years

Prevalence of smell impairment based on the San Diego Odor Identification Test (SDOIT),
as used in the Epidemiology of Hearing Loss Study (EHLS), a population-based study of
sensory loss and aging in older adults in Beaver Dam, WI.61
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Multivariate model of risk factors for smell impairment
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Figure 3.

Comparison of odds ratios for selected multiple risk factors for smell impairment based on
published findings from the Epidemiology of Hearing Loss Study (EHLS), a population-
based study of sensory loss and aging in older adults in Beaver Dam, WI. 61 The elliptical
markers indicate odds ratio estimates for the risk factors and the shaded bars on either side
represent 95% confidence intervals for the odds ratio estimates. All the variables were
included in the multivariate logistic regression model, which means the odds ratio of each
risk factor is adjusted for the effects of the other risk factors in the model.
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Self-reported problems with sense of taste
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Figure 4.
Self reported problems with the sense of taste, based on questions in the U.S. National
Health Interview Survey, Phase | Disability Supplement (NHIS-D), 1994-1995.
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Global variation in prevalence of PTC/PROP non-tasters
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Figure 5.

Global variation in sensitivity to the bitter taste of phenylthiocarbamide (PTC), or a related
chemical compount, 6-n-propylthiouracil (PROP). The median and mid-range of
percentages of non-tasters within each nationality or ethnic/racial group is plotted. The
highest percentages of PTC non-tasters were reported for Australian Aborigines (plotted on
the left side), while the lowest percentages of non-tasters were reported for Native American
Indian groups (plotted on the right side). Data for this figure were extracted from a
published table that summarized findings from tests conducted in more than 370 study
samples worldwide, all published between 1934 and 1998.68
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Table 1

Percent prevalence of problems with sense of smell only, sense of taste only, or both senses, based on
respondent’s self report (no proxy responses) by demographic factors and types of problems in the NHIS-D,
Phase I, 1994-1995

Problem with both smell and

Number in sample  Problem with smell only  Problem with taste only taste
n % % %
Total 81,840 1.60 0.44 0.49
Age (years)
18-24 7,105 0.94 0.07 0.19
25-34 16,825 0.79 0.12 0.17
35-44 17,769 1.04 0.31 0.38
45-54 13,102 1.55 0.46 0.41
55-64 9,781 2.13 0.71 0.71
65-74 9,961 2.57 0.72 0.73
75-84 5,808 3.55 1.05 1.20
85+ 1,489 471 1.70 2.08
Sex
Female 51,798 151 0.49 0.52
Male 30,042 1.75 0.37 0.43
Race/ethnicity
NHT white 60,016 1.82 0.43 052
NHT black 10,017 0.86 0.58 0.48
Hispanic 9,028 0.72 0.40 0.25
Other 2,779 1.18 0.33 0.38
KindS of problem?
Loss of function 81,840 1.37 0.06 0.08
Abnormal smell/taste 81,840 0.16 0.18 0.05
Mixed or other 81,840 —_ 0.19 0.35
Unknown 81,840 0.06 0.01 0.01
How long lasting?
Less than 3 months 81,840 0.12 0.08 0.03
Chronic (3+ months) 81,840 1.44 0.34 0.41
Mixed or other — — 0.03
Unknown 81,840 0.05 0.01 0.02
How much loss?
Partial 81,840 1.07 0.03 0.02
Completel 81,840 0.28 0.03 0.03
Mixed 81,840 — — 0.03
Unknown or other 81,840 0.26 0.38 0.41

TNH = non-Hispanic
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§For taste, loss of function means respondents said they had problems tasting sugar or salt; abnormal means “tastes that shouldn’t be there”. For

respondents with both smell and taste loss of function, the criteria that applied to each one separately — smell loss and taste loss — were satisfied.
Similarly, “abnormal” for those with both smell and taste loss meant that both smell and taste abnormalities were reported.

ﬂFor taste, partial loss was when the respondent said they had a problem tasting one or the other, sugar or salt, but not both, while “complete” loss

was the category assigned when they could not taste either sugar or salt. For respondents with both smell and taste loss, the criteria for complete
loss for each one separately were satisfied.
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Odds ratio (OR) estimates of relative risk from multivariable logistic analysis of demographic and other health
problems that may affect the risk of chemosensory problems (either a chronic smell problem only, a chronic
taste problem only, or both chronic smell and taste problems), based on respondent’s self report (no proxy
responses) in the NHIS-D, 1994-1995 (n=81,840)

Chronic smell  Chronic taste
problem only  problem only

Chronic smell and
taste problems

Risk factors OR OR OR
Age (years)

18-24 1.30 0.65 1.05

25-34 1.00 1.00 1.00

35-44 117 2.14 1.81

45-54 151 2.47 154

55-64 1.82% 3.42% 229"

65-74 2.02* 3.22" 213"

75-84 2.29" 361" 245"

85+ 222" 4,06 2.93"
Sex

Female 1.00 1.00 1.00

Male 1.20* 0.88 0.90
Race/ethnicity

NHT white  1.00 1.00 1.00

NHT black 051" 131 0.89

Hispanic 0.49™ 1.26 0.65

Other 0.87 1.09 1.10
Trouble with hearing

No 1.00 1.00 1.00

Yes 2.30" 1.68 2.46*
Trouble with vision

No 1.00 1.00 1.00

Yes 155" 2.74% 2.40"
Functional limitations

No 1.00 1.00 1.00

Yes 270" 447" 434"
Depression in last year

No 1.00 1.00 1.00

Yes 2.36" 433" 343"

TNH = non-Hispanic

Statistical significance:

*

(p < 0.001)
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