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ABSTRACT

The NIH Toolbox for Assessment of Neurological and Behavioral Function (NIH Toolbox) is a set of
brief measures for the assessment of cognitive function, emotional health, motor function, and
sensory function for use in clinical trials and in epidemiologic and longitudinal studies. Gustatory
perception is assessed as 1 of 6 areas of sensory function. A team of 11 scientists with expertise
in taste perception selected 2 gustatory measures, 1 of which can be used in young pediatric pop-
ulations. The measure selected for young pediatric populations assesses sucrose (sweet) taste
preference and can also be used across the age span of 5 to 85 years. For adult populations,
the selected measure is a regional test, which assesses variability in perceived intensity of quinine
hydrochloride (bitter) when applied to the tongue tip as well as perceived with the whole mouth. The
team also recommends the regional test for assessing other tastants, such as sodium chloride
(salty). Validation studies have demonstrated that the measures modified for the NIH Toolbox cor-
relate with more traditional assessments, and can identify known population differences in
gustation. Neurology® 2013;80 (Suppl 3):520-S24

DEFINITION OF GUSTATION Gustation consists of the perception of sensations that are usually described as having
1 or more basic taste qualities: sweet, salty, sour, bitter, or wmami (savory/brothy). These sensations facilitate
consumption of nutrients (sweet, salty, umami) and contribute to rejection of toxins (bitter). The gustatory system’s
key function in guiding food intake makes it important to health and the preventon of chronic diseases and
conditions. For example, individual differences in bitter taste perception are known to contribute to differences in
food preferences and consumption of certain fruits and vegetables, thereby influencing health.! Gustation arises from
the cellular activation of taste receptors that are localized to the plasma membranes of modified epithelial cells.?
Along with supporting cells, these specialized cells form taste buds that are found inside papillac on the tongue
surface or within the tissues of the soft palate and pharynx. Gustatory fibers in the facial, glossopharyngeal, and vagal
cranial nerves innervate taste buds in the oral cavity. These fibers carry taste information from the oral cavity to the
nucleus of the solitary tract in the brainstem.” In primates, projections from the nucleus of the solitary tract carry
taste information to the thalamus, which in turn projects to gustatory cortex.”

Psychophysical measures characterize different aspects of gustatory perception. These include the responsiveness
of the system to taste stimuli as well as the hedonic value of the sensation. Measures of taste function include detec-
tion thresholds, just noticeable differences in taste perception, perceived intensity, and taste quality judgments.
Measurements involving hedonic value usually consist of estimates of pleasantness, liking, or preference. For chil-
dren younger than age 5, most psychophysical measures assess hedonic value of taste by acceptance or rejection of

foods or simple taste solutions.

NIH TOOLBOX FOR ASSESSMENT OF NEUROLOGICAL AND BEHAVIORAL FUNCTION: METHODOLOGY
SELECTED FOR NIH TOOLBOX GUSTATION ASSESSMENTS The Taste Team comprised scientists with

expertise in human taste perception augmented by experts in experimental psychology, epidemiology, public
health, and statistics. This team engaged in a series of discussions that led to the selection of gustatory measures
for the NIH Toolbox for Assessment of Neurological and Behavioral Function (NIH Toolbox). Scientists with
knowledge of both pediatric and geriatric taste perception participated. At the outset, the team was instructed
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to select the best methods available for the assessment
of gustatory perception in individuals ranging in age
from 3 to 85 years, that were also brief (approximately
5 minutes), available at minimal cost, readily adminis-
tered on a large scale, reliable, and validated.

The team agreed that assessments of bitter, sweet,
and salty taste perception should be used. Taste thresh-
old assessments were not feasible because of the time
constraints of the NIH Toolbox. Intensity scaling was
selected as the methodology for use in adults, whereas
a hedonic measure was selected for use in young children
(younger than 12 years).

CHOICE OF SCALE A general Labeled Magnitude
Scale was selected for all taste-intensity scaling tasks
because it has the ability to distinguish a range of taste
perception from low or dysfunctional to extremely
intense (“supertasters”).* Furthermore, an instructional
set has been established that provides brief and consistent
training on use of the general Labeled Magnitude Scale,
and promotes ease of use in older adults.>® The team
recognized that this scale may not be appropriate for
young children.

CHOICE OF TASTE STIMULI FOR USE IN
TESTING Bitter taste perception is a key factor in deter-

mining the preference for and consumption of leafy veg-
etables as well as compliance with oral medications,
particularly in children.””” The human diet includes
plant products that contain bitter-tasting phytonutrients
such as catechins (in tea and red wine) and glucosinolates
(in broccoli and cabbage) that have been linked to health
benefits.” Individual differences in sensitivity to the bit-
terness of phytonutrients have been shown to influence
both the likability and consumption of plant products
such as tea and vegetables.”"" Therefore, bitter taste
perception was a suggested area of focus for the NIH
Toolbox.

After consideration of a few frequently used bitter-
tasting substances, the taste team selected quinine hydro-
chloride for inclusion in the NIH Toolbox. Quinine is
an alkaloid that is extracted from the bark of the cin-
chona tree. Quinine is approved by the US Food and
Drug Administration as a flavoring agent in tonic water,
although there have been a few case studies of quinine
hypersensitivity shown as dermatologic symptoms.'?
Age differences have been observed in both threshold
and suprathreshold perception of quinine, making it
an appropriate compound for inclusion in longitudinal
studies." The genetics of quinine perception is an area of
active research.'t

Cellular transduction mechanisms differ for each
of the 5 basic taste qualities. Receptors for salty and
sour perception are thought to activate ion channels,
whereas sweet, bitter, and umami perception involve
G-protein—coupled receptors.” Because it is possible to

have deficits, enhancements, or confusion in perception
within an individual taste modality, a thorough gusta-
tory assessment should include representatives from each
of the 5 generally accepted taste qualities. For assessment
of taste qualities other than bitter, testing with sodium
chloride, sucrose, citric acid, and monosodium gluta-
mate are recommended as typical examples of salty,
sweet, sour, and umami tastants that would be valu-
able to include, time permitting.

RATIONALE FOR REGIONAL TESTING Genetic dif-
ferences in taste-receptor function or expression account
for some, but not all, of the individual differences in
taste perception.'>'® Other differences are likely attrib-
utable to the density of papillac on the tongue surface, or
environmental factors such as damage to the nerves
innervating the oral cavity.">™” For example, the chorda
tympani branch of the facial nerve, which innervates the
anterior two-thirds of the tongue, is vulnerable to dam-
age because of its anatomical location. Extending along
the medial surface of the tympanic membrane in the
middle ear, the chorda tympani nerve joins the lingual
nerve before passing within the soft tissue of the man-
dible. This location makes the nerve susceptible to dam-
age from ear infections, middle-ear procedures, jaw

Regional application of tastant to the
anterior tongue

Figure 1

In the Regional Test, the examiner gently applies taste solu-
tion to the anterior tongue by moving a cotton swab soaked
in taste solution in a slow continuous motion along the front
of the tongue. For NIH Toolbox norming, direction of applica-
tion was always from the left side of the tongue across the
tip and finishing on the right side of the tongue. It is also
acceptable to reverse the direction of application, moving
in a slow continuous motion from the right side, across the
tip to the left side.
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injuries, and dental procedures.”” Because 3 different
cranial nerves (facial, glossopharyngeal, and vagal) inner-
vate taste receptors in the oral cavity, it is difficult to
detect localized taste loss by whole-mouth assessment
alone. However, damage to the chorda tympani can
be detected by isolating taste stimulation to the anterior
portion of the tongue (regional application of tastants).
Damage to the chorda tympani nerve can lead to the
perception of taste phantoms (dysgeusia) and is thought
to lead to the perception of oral pain phantoms as well.'®
Variation in chorda tympani nerve-mediated taste inten-
sity has also been shown to influence vegetable
consumption.’

Unilateral reductions of taste on the tp of the tongue
can be observed with unilateral sacrifice of the chorda
tympani nerve during acoustic neuroma surgery.'> How-
ever, in the absence of this type of unilateral damage,
taste-intensity ratings on the left and right side of the

[ Figure 2 Sucrose preference test ]

In the sucrose preference test, sucrose solutions are placed on the table in the order they are
to be tasted. The first solution to be tasted is placed above the number 1 whereas the sec-
ond solution tasted is placed above the number 2. The subject tasted both solutions (top
panel) and then pointed to the one she preferred (bottom panel).
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tongue are highly correlated.”” Therefore, because of time
constraints, the NIH Toolbox uses a regional test that
employs application of taste solution to the entire tongue
tip, rather than to each side separately (figure 1).

CHOICE OF A PEDIATRIC MEASURE A forced-choice,
paired-comparison, tracking technique for sucrose pref-
erence was selected as the NIH Toolbox gustatory mea-
sure for young children (figure 2).?"** This method
requires participants to taste pairs of sucrose solutions of
varying concentrations (from 3% to 36%). After tasting
each pair of solutions, the participants are asked to point
to the solution they prefer. The sucrose preference test
continues until the participant chooses the same sucrose
concentration twice in a row, relative to both a higher
and a lower concentration, excluding the first trial.
This tracking task is brief (approximately 15 minutes)
and does not require children to maintain sustained
attention or remember previous trials, which could yield
sputious age-dependent response differences. The full
task includes 2 repetitions or series that alternate solu-
tion order. Each series takes 5 to 7 minutes to complete,
and requires the presentation of 3 to 9 pairs of solutions.
Because the 2-series version exceeds the time limit for
gustatory assessment for the NIH Toolbox, we explored
whether the method might be shortened to a single
series. Existing datasets containing data from 356 chil-
dren, 169 adolescents, and 424 adults were used for
these analyses. Analyses confirmed that a single-series
version of the task is sensitive to age effects, with chil-
dren and adolescents demonstrating higher sucrose pref-
erences than adults.” A single-series version of the
assessment was thus selected as the NIH Toolbox gus-
tation measure recommended for young children.
Studies have shown that children have higher prefer-
ences for sweet than do adults, with the preference for
sweet declining in late adolescence.” In adults, smoking
has been associated with decreased sweet preference,
whereas a family history of alcoholism is associated with
increased sweet preference.”” The sucrose preference test
is thus recommended as a supplemental measure for older
participants, to be administered if time permits.

SUMMARY The NIH Toolbox gustation assessments
focus on perceived bitter taste intensity in those 12 to
85 years of age, and on sucrose preference for ages 5
to 85 years of age. These methods employ techniques
frequently used in taste psychophysics, which have been
modified to meet NIH Toolbox requirements. Valida-
tion work indicates that the assessment techniques, as
modified for the NIH Toolbox, are adequate to detect
individual differences in taste functioning as well as
sucrose taste preference. Additional recommended assess-
ments, time permitting, include whole-mouth and
regional taste-intensity perception of sour, salty,
and umami taste qualities.
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EDITOR'S NOTE

The Sucrose Preference Test was not included in the final NIH Toolbox

core batteries. It is available as an experimental measure.
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