1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Physiol Behav. Author manuscript; available in PMC 2020 March 15.

-, HHS Public Access
«

Published in final edited form as:
Physiol Behav. 2019 March 15; 201: 111-122. doi:10.1016/j.physbeh.2018.12.017.

Heightened olfactory dysfunction and oral irritation among
chronic smokers and heightened propylthiouracil (PROP)
bitterness among menthol smokers

Valerie B. Duffyl*, Sarah-Grace Glennon?, Brittany A. Larsen?, Shristi Rawal?, Cheryl
Oncken?3, and Mark D. Litt*
1Department of Allied Health Sciences, University of Connecticut, Storrs, CT

2Department of Nutritional Sciences, School of Health Professions, Rutgers University, Newark,
NJ

SDepartment of Medicine, University of Connecticut School of Medicine, Farmington, CT

4Division of Behavioral Sciences & Community Health, University of Connecticut School of Dental
Medicine, Farmington, CT.

Abstract

Chronic cigarette smoking may influence chemosensory function, which in turn, may affect
cigarette usage. Because menthol in cigarettes can attenuate nicotine bitterness, choice of menthol/
nonmenthol cigarettes may be influenced by ability to perceive bitterness. We examined
chemosensory function of chronic smokers, hypothesizing they would show altered function in
comparison to non-smokers and by menthol cigarette preference. In laboratory-based measures,
chronic smokers (N=135; 84 menthol smokers) self-reported their chemosensory function and
participated in smell (identification task with perceived intensity) and taste (quinine and NaCl
intensity on tongue-tip and whole mouth) testing. A taste genetics probe (propylthiouracil (PROP)
bitterness) also was assessed. Self-reported and measured chemosensory function were compared
with nationally-representative 2013-2014 National Health and Nutrition Examination Survey
(NHANES) data generated with similar measures. The taste measures also were compared
between smokers and age- and sex-matched non-smokers from a laboratory database. Frequencies
of self-reported smell and taste alterations among smokers exceeded NHANES prevalence
estimates for non-smokers. The rate of measured smell dysfunction also exceeded NHANES
prevalence for hyposmia. Compared to non-smokers, smokers reported elevated tongue-tip and
whole mouth intensities from 1 M NaCl, with no significant differences in whole mouth quinine or
0.32M NaCl. Inconsistent with previous hypotheses, smokers were not more likely to report
depressed PROP bitterness than non-smokers. However, as expected, menthol smokers reported
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greater PROP bitterness than non-menthol smokers. In conclusion, chemosensory alterations were
more frequent among chronic smokers, including hyposmia and heightened intensity from NaCl at
an oral-irritant concentration. PROP supertasters were most likely to prefer mentholated cigarettes.
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1. Introduction

Cigarette smoking is a leading cause of death worldwide. In the United States, 37.8 million
adults (15.5%) were considered current cigarette smokers in 2016 [1]. Of broad interest is
how chronic smoking influences chemosensory function, which in turn, could impact other
health behaviors and smoking cessation efforts. Choice of cigarette flavor, between menthol
and non-menthol, also is of interest from a health perspective [2] and has been associated
with the TAS2R38 taste receptor genotype [3]. The addition of menthol to cigarettes
increases the palatability and appeal of cigarettes by masking the bitterness of tobacco
smoke, and by dampening the harshness.

Preference for menthol cigarettes also may be influenced by variation in ability to perceive
flavors and taste. Individuals with heightened ability to experience bitterness and irritation
from nicotine may prefer mentholated tobacco products to help mask these unpleasant
sensations. Conversely, long-term cigarette smoking also may influence chemosensory
function and, in turn, the palatability of tobacco products and the success of cessation
efforts. However, the effects of smoking on chemosensory function are unclear [4].
Therefore, in this study, we sought to investigate smell and taste function among adults who
are current chronic smokers, compare them with non-smokers, and to compare
chemosensory function between menthol vs. non-menthol smokers.

Cigarette smoking can alter olfactory processes directly or indirectly. Direct exposure to
aqueous cigarette smoke diminishes functional olfactory receptors in animal models [5] and
overwhelms the capacity of the olfactory epithelium to regenerate with advancing age [6].
Indirectly, chronic cigarette exposure could increase susceptibility to factors reported to
impair olfactory function, including frequent nasal infections, allergies [7], cranial/facial
injury [8], and viral infections/tonsillectomy [9]. Smokers appear more susceptible to viral
respiratory infections [10, 11], acute and chronic rhinitis, nasal inflammation [12, 13] and
traumatic brain injury [14]. In small clinical studies, smokers require higher concentration to
detect an odor [15-17]. A dose-response relationship between chronic smoking and
diminished odor identification ability has been reported in a community-based study [18].

Population-based studies extend these smaller studies by statistically controlling for
demographic factors that can influence the association between smoking and olfactory
function, which is usually assessed by odor identification task. The range of measured
olfactory dysfunction in population-based studies ranges from as low as 3.8% [19, 20] in the
Beaver Dam Offspring Study, to 12.4% in the National Health and Nutrition Examination
Survey (NHANES) [9], and up to 19.1% in the Skdvde study [21]. Increased rates of
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olfactory dysfunction are seen in older adults [9, 22, 23], males [23-28], certain ethnic/racial
minorities [9, 23] and those with lower income/educational attainment [9, 19].

The association between smoking and olfactory dysfunction in population-based studies is
not clear-cut. A population-based sampling from a German city found greater odds of
measured olfactory dysfunction among smokers, with greater odds among heavier smokers
[29]. The Epidemiology of Hearing Loss Study reported greater odds of olfactory
dysfunction among smokers in cross-sectional analyses [22], yet smokers were not more
likely to develop olfactory dysfunction over 5-years in the follow-up study [30]. Likewise,
the Skdvde population-based study failed to find significant associations between odor
identification ability and cigarette smoking [21]. Lower risk of olfactory dysfunction and
smoking was reported in a large Spanish study with a home-administered odor identification
test [31] as well as in the 2012 US National Health and Nutrition Examination Survey
(NHANES). The inconsistent association between smoking and olfactory dysfunction may
have resulted from defining smoking status using just a single item, which can yield
unreliable results.

Similarly, inconsistent findings emerge in studies of self-reported dysfunction. For example,
analysis of the 2009 Korean NHANES showed no association between smoking status and a
single question about problems with the sense of smell during the previous three months
[32]. However, asking a series of questions about olfactory function can improve the self-
recognition of olfactory dysfunction [33], which had previously been reported as poor [34,
35]. Analysis of the US NHANES 2012-2014 identified greater odds of self-reported
olfactory alteration, defined by a series of questions, among smokers with part of this
association explained by risk factors for olfactory dysfunction [36].

Compared with olfactory dysfunction, dysfunction of whole mouth taste perception is less
common [37]. This may be partially explained by the redundancy of the three taste-related
nerves (cranial nerves VII (facial nerve), IX (glossopharyngeal nerve) and X (vagus nerve))
that carry sensory information from the periphery to the central nervous system. More
common is regional taste dysfunction from an area of taste nerve innervation, which in turn,
can alter whole mouth taste perception, touch/tactile and pain perception, resulting in
dysgeusia and phantom oral pain sensations [38]. One example is viral-related damage of
taste from the chorda tympani nerve, depressing taste intensity on the tongue tip. Following
the release of inhibition model, loss of taste from the chorda tympani could result in
increased touch and pain sensations on the tongue tip, depressed retronasal flavor sensations,
and increased whole mouth taste sensations [38]. Damage to multiple taste-related nerves
could depress whole mouth taste function, however. Major causes of taste dysfunction
include xerostomia (persistent dry mouth), cranial/facial injuries, upper respiratory and
middle ear infections, surgeries to the ear, nose or throat, and aging [38]. The prevalence of
reported altered taste and retronasal olfactory sensations (recent problems occurring within
the last year, loss in taste or flavor with age, or dysgeusia) in adults >40 years and older in
this NHANES 2011-2012 sample was 19% [39].

Cigarette smoking also may alter taste processes directly or indirectly. Long-term exposure
to nicotine in rats decreases fungiform papillae size and changes their anatomical
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characteristics [40], which could explain lower density of tongue-tip taste papillae
(fungiform papillae) [41] or difference in taste bud morphology and vascularization in
fungiform papillae [42] among chronic smokers. Smokers have been found to have lower
resting salivary flow rates and more frequent reports of xerostomia than non-smokers [43,
44], as well as greater rates of respiratory infections [10, 11]. However, as with olfaction,
inconsistent associations have been observed between taste function and cigarette smoking.
In comparison to non-smokers, smokers have no significant differences in aqueous taste
thresholds [45-47], or only elevated threshold (less sensitivity) to quinine [48], sucrose [49],
sodium chloride [50], or elevated thresholds by filter paper method [51] and
electrogustometry [42, 52-54] of loci on the tongue tip, foliate papillae and soft palate.
Smoking cessation from 2 to 9 weeks was associated with improvements in taste threshold
by electrogustometry [54]. Less is understood about smoking associations with
suprathreshold taste function, including on regional areas of the tongue. No effects of
smoking have been reported on the ability to correctly identify concentrated sweet, salty,
sour and bitter sensations [29]. Smoking coupled with obesity has been associated with
decreased perceived intensity of sweetness as well as creaminess of dessert-type sugar/fat
mixtures independent of olfactory cues [55]. Smoking cessation appear to lead to increases
in perceived bitterness [56].

Although nicotine stimulates complex taste, olfactory, and somatosensory sensations [57],
variation in bitter taste in particular has been linked to differences in cigarette smoking
behaviors. Nicotine stimulates bitter taste through TRPM5-dependent and independent
mechanisms [58]. Most studies report intensified oral sensations among
phenylthiocarbamide (PTC) and propylthiouracil (PROP) tasters [59], including elevated
taste [60] and touch [61] sensations, elevated taste [51] or taste/touch [52] thresholds, and
greater risk of oral pain [62]. Research from the 1960s reported that smokers and non-
smokers did not differ significantly in PTC/PROP thresholds [48], or that smokers were
more likely to be nontasters [63, 64]. More recent studies of bitter taste variation in humans
have shown that nontasters of bitterness are more likely to be smokers [65], show greater
cigarette dependence [66], and less nicotine aversion [56]. The ability to taste PTC/PROP
bitterness relates to polymorphisms in the 7AS2R38 receptor gene [67, 68]. Population-
based testing indicates that PTC tasters (assessed by taste-strip test or 7ASZR38 genotype)
may be protected from smoking cigarettes in some racial/ethnic groups [69], whereas non-
tasters demonstrate greater motivation to smoke based on sensory cues than do tasters [70].
It should be noted, however, that the association between PTC/PROP bitterness [71] or
TAS2R38 genotype and smoking is not always seen [72], and that these effects may instead
be race-/ethnic-specific [73]. Menthol in cigarettes blocks some of the negative oral
sensations from cigarettes [74, 75], presumably producing a palatable cigarette even to PTC/
PROP tasters. Female PTC/PROP tasters identified by 745238 receptor genotype, for
example, were more likely to smoke menthol cigarettes [3].

The purpose of this laboratory-based study was to examine suprathreshold chemosensory
function among a group of chronic smokers, including odor identification, perceived odor
intensity, and perceived taste intensity with the whole mouth and regionally. The chronic
smokers were characterized for cigarette exposure and degree of nicotine dependence with
standardized assessment tools. In a case-control design, a primary comparison group of non-
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smokers was from the 2013-2014 cycle of the US National Health and Nutrition
Examination Survey (NHANES), a nationally-representative sample of the U.S. population.
A secondary group of non-smokers was from a laboratory-based sample who were age and
sex-matched to the chronic smokers for comparison of taste function and the bitterness of
PROP. Additionally, we were interested in whether smell and taste function vary between
menthol and non-menthol smokers. It was hypothesized that chronic cigarette users would
show decrements in smell and taste compared to non-smokers. It was also expected that
those demonstrating PROP supertaster status would prefer menthol cigarettes to non-
menthol cigarettes.

2. Material and methods

2.1 Subjects

The study was approved by the institutional review board at the UConn Health, where the
study took place. The analytic sample of 135 adults (65 males) was obtained from the
baseline data of a study on the effects of nicotine and flavorings on the use of electronic
cigarettes in regular smokers. Participants were adults from the greater Hartford,
Connecticut area, ages 18 to 55 years, who responded to newspaper and radio
advertisements between May 2014 and December 2016. A telephone screening protocol
determined whether the potential participants met the inclusion and exclusion criteria for
initial eligibility. The criteria for inclusion were 1) current use of at least ten cigarettes daily;
2) willing to abstain from cigarette smoking, and to substitute with e-cigarettes, for six
weeks; and 3) literacy levels sufficient for reading and signing a consent form in the English
language. The criteria for exclusion were: 1) unstable medical or psychiatric disorders,
including uncontrolled hypertension (blood pressure>160/100 mm Hg); 2) pregnancy; 3)
known hypersensitivity to nicotine or to propylene glycol; 4) previous myocardial
infarction(s) or cerebrovascular accident(s); 5) insulin-dependent diabetes; and 6) known
chronic obstructive pulmonary disease or asthma. During the initial screening process
participants completed the Smoking History Questionnaire (SHQ [76]), a self-report
questionnaire used to assess smoking history and patterns. The SHQ includes items
pertaining to smoking products, brands preferred/used, and smoking frequency. Based on
responses regarding smoking products and brands used, participants were classified as non-
menthol or menthol smokers. Participants provided informed and written consent and were
compensated $20 for participation in the baseline assessments.

2.2 Study Procedures and Measures

Those persons who met the inclusion/exclusion criteria were invited to participate in the
baseline measurements conducted from 10:00AM — 2:00PM at the UConn Health Clinical
Research Center. All subjects were asked to refrain from cigarette smoking for at least 3
hours prior to the scheduled time of visit. After the consent process, the participants
underwent a brief physical exam, a breath test was conducted to measure exhaled carbon
monoxide (CO) (Bedfont Micro+™ Smokerlyzer handheld CO monitor: Harrietsham, Kent,
England), and completed smoking-related questionnaires. CO levels are elevated in smokers
as well as with recent smoking and a CO breath test with a cut-off value <12 ppm can
identify smokers who have abstained from smoking for 8 hours or since the previous
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evening [77]. To characterize nicotine dependence, participants completed the Fagerstrom
Test of Nicotine Dependence [78], including time to first cigarette [79] and the Wisconsin
Inventory of Smoking Dependence Motives [80]. Because alcohol consumption and cigarette
smoking behaviors are associated, smokers were briefly assessed for alcohol consumption
by the Alcohol Timeline Followback (TLFB-Alcohol) [81]. Heavy drinking was defined as
drinking over the preceding 3 months =8 drinks or more per week for females and =15
drinks per week for males [82]. Binge drinking was >4 drinks during a single occasion for
females and =6 drinks for males according to the TLFB-Alcohol [81], consistent with the
National Institute on Alcohol Use and Abuse definition and US Dietary Guidelines [82].

Following these initial assessment procedures, the chemosensory assessments were carried
out.

2.2.1. Self-reported chemosensory function and related risk factors.—
Participants first self-reported smell and taste function using a questionnaire similar to that
used in the NHANES protocol [39, 83]. Questionnaire items assessed information about
smell and taste problems within the past year, sensory losses since age 25 years old, and
phantom smell or taste sensations (phantosmia/parosmia, dysgeusia). Consistent with
scoring in NHANES [39], Smell Alteration and Taste Alteration were scored O if none of
these decrements was reported and scored 1 if any of these was reported. In a departure from
the NHANES protocol, chronic smokers were asked, beyond the yes/no problem in the past
year, to describe their sense of smell or taste as excellent, good, a little trouble, moderate
trouble, a lot of trouble, lost sense of smell, refused and don’t know. Thus, a smoker could
respond noto a smell problem but also report troubles on the next question. We report this
additional description in the text and use the total self-reported alteration in calculation of
sensitivity and specificity to the measured olfactory function.

Participants also self-reported risk factors in their health history previously known to be
associated with chemosensory alterations, including history of tonsillectomy, persistent cold
or flu, nasal congestion, dry mouth (xerostomia) and injury to neck, head, or face. Smokers
who reported any of these risk factors were scored as positive-history versus no-history. This
history variable was used as a covariate in analyses of self-rated and measured
chemosensory function.

2.2.2. Measurement of intensity of taste and olfactory stimuli.—Participants
made the intensity ratings on the general Labeled Magnitude Scale (gLMS), a scale with
intensity labels spaced in a logarithmic fashion and generalized to measure any kind of
psychophysical stimuli [84]. The gLMS scale ranges from 0=nothing to 100=strongest
sensation of any kind, with intermediate labels of 1.4=barely detectable, 6=weak,
17=moderate, 35=strong, and 53=very strong. Participants were oriented to using the gLMS
by rating the intensity of brightness of three remembered stimuli (for example, the
brightness of a well-lit room), using procedures outlined in the NHANES protocol [85];
however, only remembered stimuli were used and not LED-generated brightness stimuli [9].
Previous research has shown that the gLMS generates intensity ratings consistent with
magnitude matching [84].

Physiol Behav. Author manuscript; available in PMC 2020 March 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Duffy et al.

Page 7

2.2.3. Measured olfactory function.—Olfactory function was measured using a 16-
item odor identification task with the addition of an intensity rating of each odor on the
gLMS, as described previously [85]. Using a forced choice procedure, the participants were
asked to select the correct odor from among three other erroneous distractor odors. The
odors were generated by an olfactometer (Osmic Enterprises, Inc., Cincinnati, OH), and
included food (cherry, strawberry, lemon, onion, coffee, cinnamon, chocolate, grape,
vanilla), warning (gasoline, smoke, menthol) and household (soap, leather, baby powder,
rose) odors. Participants correctly identifying zero to twelve items were classified as having
one of two dichotomized olfactory dysfunctions (0-7 anosmia/severe hyposmia, 8-12
hyposmia); those correctly identifying =13 odors were classified with normosmia. This
scoring proportionally follows that for the 40-item University of Pennsylvania Smell
Identification Task [86] and consistent with the scoring of olfactory dysfunction with the 16-
item Sniffin” Sticks test® [87].

2.2.4. Measured taste function and PROP tasting.—Taste function was measured
according to the NHANES protocol [9, 85]. For the taste testing, participants sampled
tastants, served at room temperature and in plastic medicine cups. Following the NHANES
protocol, participants used the gLMS to report the intensity of concentrated 1mM quinine
hydrochloride (QHCI; SAFC, St. Louis, MO) and 1 M sodium chloride (NaCl; Morton Salt,
Chicago, IL) drawn across the tongue apex and then, along with .32 M NaCl, sampled with
the whole mouth [85].

As a probe of taste genetics and indicator of variation in oral sensations [68, 88], participants
also reported the intensity of 1 mM and 3.2 mM PROP (Tokyo Chemical Industry Co., Ltd.,
Portland, Oregon) sampled with the whole mouth. Participants expectorated after each
sample, rinsed before and after each sample with bottled water, and expectorated the rinse.
Consistent with our previous report [88], nontasters, medium tasters, and supertasters of
PROP were defined by the perceived intensity of PROP relative to that of NaCl. However
here, only a ratio of 1 mM PROP to 0.32 M NaCl was considered (and not also the 3.2 mM
PROP to 1 M NaCl in the original definition [88]) because of preliminary findings of higher
intensity of response to these stimuli in chronic smokers [89]. Nontasters reported 3.2 mM
PROP<20 (around moderate), 1 mM PROP <17 (less than moderate) and/or the ratio of
1mM PROP to 0.32 NaCl <0.4. Supertasters reported 3.2 mM PROP =55 (greater than very
strong), 1 mM PROP >35 (greater than strong), a ratio of 1mM PROP to 0.32 NaCl at =1,
and reported an increase in perceived intensity from 1 mM to 3.2 mM PROP. Medium tasters
rated the 3.2 mM PROP as between 20 and 55, or did not meet the criteria for either
nontasters or supertasters.

2.3. Statistical Analysis

Statistical analyses were conducted using SPSS version 24 (Armonk, New York) with a
significance criterion of p<.05. Demographics, smoking history, body mass index (BMI),
alcohol drinking, and several health conditions that have been associated with taste and
smell function were examined in this sample, as well as subdivided by non-menthol (n=51)
and menthol (n=84) smokers. Because recent smoking may have an acute effect on
chemosensory function, CO levels were considered in the case-control analyses as well as
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within the chronic smokers as a covariate. Likewise, problem alcohol drinking behaviors
(both heavy and binge drinking) were considered in the analyses. Total smoking exposure
(years smoked X average cigarettes smoked per day) showed strong correlation with age in
this sample (p=0.61, p<.001) and was not considered separately in the analysis.

For the case-control analysis, Table 1 describes the samples that were compared with the
chronic smokers. The NHANES is a nationally-representative sample of adults (ages 40
years to over 80 years old), which was used to compare with the chronic smokers for self-
reported function, measured smell and taste, but not PROP bitterness. Since NHANES
included older adults, we also compared the smokers with the NHANES sample truncated at
age 55 years, the top age of the smoker sample. The NHANES sample for each comparison
varies somewhat based on available data. In addition, taste function as well as the intensity
of 3.2 mM PROP were compared between the chronic smokers and an age- and sex-match
group of reportedly healthy non-smokers without heavy alcohol consumption/binge drinking
collected in our laboratory-based studies between 2000 and 2010 (n=260).

Self-reported chemosensory function and related risk factors of the sample of chronic
smokers were compared to those of the NHANES 2013-2014 sample. Rates of taste and
smell alteration within chronic smokers were examined by age decade, gender, menthol
smoking status, and history of risk factors (y/n) using the chi-square test. For measured
olfactory function, the percent of smokers with olfactory dysfunction was compared to rates
for the 2013-2014 NHANES sample (total and nonsmokers) and for the sample truncated at
age 55 years (total and nonsmokers). The NHANES classification of olfactory dysfunction,
including hyposmia and anosmia/severe hyposmia, was determined using criteria previously
reported [9]. Within chronic smokers, the number of odors correctly identified and odor
intensity across the 16 odors were compared between males and females, those with/without
history of risk factors, and non-menthol versus menthol smokers, using analysis of
covariance, controlling for demographics, CO levels, and reported alcohol drinking
problems (heavy drinking, binge drinking).

For measured taste function, chronic smokers were compared with NHANES 2013-2014
non-smokers who were between 40 and 55 years of age (for intensity ratings of quinine and
NaCl) and a sex and age-matched non-smoker sample (n=260) from our laboratory database
(for intensity ratings of quinine, NaCl and PROP). Matching was performed using a
propensity score matching procedure in R (the Matchlit procedures) [90]. The propensity
score was estimated using the method of nearest to match, matching non-smokers to
smokers by age and sex. A greater than 1:1 control to case ratio matching is preferred for
increased statistical power and decreased standard errors [91, 92].

Taste function was tested for mean differences between chronic smokers and non-smokers
with analysis of covariance, controlling for age- and sex effects (assessing and adjusting for
equality of variances), and/or frequency differences across PROP taster group categories or
intensity label categories with the chi-square statistic. Taste function and bitterness of PROP
between non-menthol and menthol smokers was tested for mean differences with analysis of
covariance, controlling for demographic variable that were significantly different between
these two groups as well as CO level and reported alcohol drinking problems (heavy
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drinking/binge drinking). In addition, PROP taster classification of non-tasters, medium
tasters and supertasters was compared between menthol and non-menthol preferring chronic
smokers.

3.0 Results

Table 2 shows the characteristics of the participants, overall and between non-menthol and
menthol preferring smokers, as well as NHANES 2013-2014 nonsmokers aged 40 to 55
years. For nicotine dependence, 84% reported smoking within 30 minutes of waking. For
alcohol problems, 17.8% were heavy drinkers, 29.6% were binge drinkers, and 31.1%
reported both problems. Forty-six percent of the sample had CO levels about 12 ppm,
indicating that they had not abstained from smoking 8 hours prior to the baseline
assessment.

More than half of the chronic smokers (73 of 135; 54%) reported at least one of the risk
factors in their health history that have been associated with chemosensory alterations.
Relative to the NHANES non-smokers, the chronic smokers had comparable rates of
tonsillectomy, persistent cold/flu and frequent nasal congestion/allergy, a slightly higher rate
(6% higher) of xerostomia, and a slightly lower rate (6% lower) of head trauma with loss of
consciousness. The average BMI of the chronic smokers was comparable to that in the
NHANES sample (Table 2). Chi-square analyses indicated that, among our sample, menthol
cigarettes were preferred over non-menthol cigarettes by chronic smokers who were black,
unmarried, had lower incomes, and were unemployed. Because only a single Black
participant was classified as non-menthol smoker, analyses by menthol status were
conducted among Whites only, as well as the whole study sample. Independent of
demographic differences, menthol smokers did not differ significantly on baseline CO levels
[A1, 134)=2.1, p=0.15)]. Among the five risk factors examined, the number of persons
endorsing each did not differ between menthol and non-menthol smokers.

3.1. Self-reported Smell and Taste Alteration

The percent of chronic smokers reporting alteration in smell or taste was similar to that for
the total NHANES 2013-2014 sample (Table 3). However, the percent of smokers reporting
smell or taste alterations exceeded that for the NHANES 2013-2014 sample that was
restricted just to non-smokers. To describe these differences, chronic smokers reported lower
frequency of phantosmia and dysgeusia yet more endorsements of improved ability to smell
and improved ability to taste (compared to when they were 25 years old) than did the
NHANES 2013-2014 total sample or the NHANES non-smokers.

In sub-analyses, the self-reported smell alteration frequency (yes/no) among the chronic
smokers did not show increases by age decade (X2(3):1.88; p=0.60) or vary between males
and females (Xz(l):0.09; p=0.76). However, females were more likely than males to report
improved ability to taste since the age of 25 years (versus worse or no change), which was
significant for sour (x %(2)=8.55;=0.02) and trended for sweet (y%(2)=5.83; p=0.054) and
salty (x?(2)=5.55; p=0.06) sensations.
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Beyond the dichotomous yes/no response and responses allowed in the NHANES protocol,
7 additional smokers reported trouble with their sense of smell (despite a “no” response to
the current smell problem question) and 6 additional participants reported problems of
inability to smell some things, things don’t smell right, or smells make them anxious.
Likewise, with further description of self-reported taste function, 7 smokers reported trouble
with the sense of taste (despite reporting “no” current taste problem). Ten additional smokers
reported problems, including a little trouble (3 of 10), cannot taste some or most things (3 of
10), some things don’t taste right (2 of 10), or inability to describe the problem (2 of 10).
Considering these additional responses and examining for differences shown in Table 2,
smell or taste alteration did not vary significantly between menthol smokers versus non-
menthol smokers (p’s>0.5). However, chronic smokers who reported a smell alteration were
more likely to report a history of risk factors for chemosensory alterations (29 versus 13)
than those who did not report a smell alteration (49 versus 44) (Xz(l):4.66, p<0.05). In a
similar analysis, there was no significant association between taste alteration and history of
risk factors (y2(1)=1.03;p=0.31).

3.2. Measured Smell Function

The rate of olfactory dysfunction, particularly hyposmia, among the chronic smokers was
40.7%, exceeding the rate reported in the total 2013-2014 NHANES sample (Table 4),
including the subset of non-smokers and those between the ages of 40 and 55 years. Within
our sample of chronic smokers, the percentage with olfactory dysfunction was 34.2% among
those <40 years of age (n=76), and 49.2% among those =40 years (n=59). There was no
significant difference in olfactory dysfunction rates between males and females, or between
those with versus without self-reported history of risk factors (p’s>0.4).

When examining the sensitivity and specificity of self-report against measured smell
dysfunction, the chronic smokers showed much better specificity (correct identification of
normal) at 72.5%, than sensitivity (correct identification of dysfunction) at 36.5%. The low
sensitivity is expected with the higher frequency of hyposmia versus more severe
dysfunction (anosmia/severe hyposmia) [9].

The number of correctly identified odors did not vary significantly between male and female
chronic smokers, in analysis of covariance controlling for age and other covariates
(12.58+0.24 versus 12.92+0.23, respectively). The odors identified correctly at least 85% of
the time were specific foods (100% onion, 94.8% coffee, 92.6% cherry, 88.9% vanilla) and
non-foods (93.3% leather, 88.1% baby powder, 85.2% rose). Odors identified incorrectly at
least 40% of the time included foods (51.1% chocolate) and non-foods (45.2% gasoline,
40% menthol). In multiple regression analysis independent of demographic variables, CO
levels and reported alcohol problems, the number of correctly identified odors did not vary
significant between menthol versus non-menthol smokers (p=. 13, p=0.16). The average
intensity of the odors ranged from <moderate (in order of ascending average intensity—
chocolate, menthol), moderate to strong (strawberry, vanilla, smoke, cinnamon, rose, lemon,
gasoline, cherry, leather, baby powder), and =strong (soap, grape, coffee, onion). In t-tests,
the average odor intensity across the 16 odors neither varied significantly between females
and males (28.78+1.54 SEM versus 27.75+1.41, respectively; p=.7) nor between non-
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menthol versus menthol smokers (27.25+1.56 SEM versus 28.92+1.39, respectively; p=.49).
Average odor intensity showed weak but significant age-related effects (8=-0.18, p<0.05) in
multiple regression analysis independent of demographic variables.

3.3. Taste Function

Relative to the laboratory-based non-smokers, the smokers rated the taste of the 3.2 mM
PROP stimulus as more intense when controlling for age, sex, CO level and alcohol drinking
effects [A1, 262)=5.433, p=0.021)]. According to PROP taster classification, the sample of
chronic smokers was composed of 21.1% non-tasters, 57.8% medium tasters, and 21.1%
supertasters, which is similar to the expected frequency of 25% nontasters, 50% medium
tasters, 25% supertasters. In the chronic smokers, the frequency of these taster groups did
not vary significantly between females and males ( )((2)2:3.428, p=0.18) or between whites
and non-whites (y(2)%=4.44, p=0.11).

The chronic smokers reported quinine intensity on the tongue tip as between moderate and
strong, and significantly less intense than the NaCl stimulus on the tongue tip, which had an
average rating between strong and very strong (26.64+1.97 SEM vs. 41.27+1.97,
respectively; £=8.679, p<.001). In comparison, water on the tongue tip had average intensity
ratings in the barely detectable range (1.64+0.48 SEM). The laboratory-based non-smokers
did not report this difference in quinine versus salt intensity on the tongue tip (23.15+1.42
SEM versus 24.29+1.32, £=0.889, 5=0.376). Reported history of chemasensory risk factors
did not explain significant variation in taste intensity.

Figure 1 shows the distribution of tongue tip and whole mouth taste intensities by intensity
label categories for smokers versus the laboratory-based non-smokers and the NHANES
2013-2014 non-smokers (ages of 40 and 55 years). For quinine on the tongue tip, the
smokers had significantly higher variance in distribution by F-test than either non-smoker
group (p’s<0.01), with greater frequency in lower and/or higher intensity categories by chi-
square analysis. For NaCl on the tongue tip (controlling for age, sex, and examining for CO
levels and alcohol drinking problems), smokers reported significantly higher mean
intensities than either group of non-smokers [A2,1027)=23.62, p<0.01)] and higher
frequencies in the strong and very strong intensity categories. Likewise, with the whole
mouth, quinine intensity did not show mean differences between the non-smoker groups
[F(2,1027)=1.51, p=0.22)] or distribution across the intensity categories. However, smokers
reported greater intensity in response to whole mouth 1 M NaCl than did either non-smoker
group for mean intensity [AH2,1027)=9.75, p<0.01)], and higher frequency of participants in
the very strong intensity category with chi-square testing. The intensity of 0.32 M NaCl was
a trend for mean intensity [A2,1027)=2.486, £=0.09)] with smokers tending to report greater
intensity than non-smokers in NHANES. The distribution of 0.32 M NaCl across the
intensity categories was not different between smokers and non-smoker groups.

Taste function between menthol and non-menthol preferring smokers

Because of the race difference in menthol and non-menthol smokers in the present study
(Table 2) and in the literature [93], taste function was examined in both White, Not
Hispanic/Latino participants, as well as in the whole sample with race as a covariate. In
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analysis of covariance (controlling for demographic, CO, and alcohol variables), the menthol
and non-menthol smokers did not vary significantly in mean intensities of tongue tip quinine
or NaCl, or whole mouth quinine or NaCl (1M, .32 M) (p’s range between 0.27 for quinine
tongue tip and between 0.51 and 0.81 for the other taste probes). However, menthol smokers
reported significantly higher average intensity to 1 mM PROP (42.48+3.11 versus
24.74+4.11, A1,134)=10.42, p<0.01) and 3.2 mM PROP (50.05+3.19 versus 38.44+4.17,
A1,134)=4.34, p=0.03) than did non-menthol smokers. Figure 2 shows the percentage of
PROP nontasters, medium tasters, and supertasters within the non-menthol and menthol
smoker groups. There were significantly fewer PROP nontasters but more supertasters
among the menthol smokers than non-menthol smokers for the whole sample

( ;((2)2:17.024, p<0.001) and among the white Not Hispanic/Latino participants
(x(2)%=12.58, p<0.002).

4.0 Discussion

This observational study involved chemosensory phenotyping of a sample of chronic adult
smokers (ages 18 to 55 year) recruited for an electronic cigarette intervention. In case-
control comparison, smell and taste function in these chronic smokers differed from non-
smokers in the 2013-2014 National Health and Nutrition Examination Survey (NHANES)
and/or from a laboratory-based sample of non-smokers. Approximately 41% of the smokers
had measured olfactory dysfunction, which was up to 7-fold higher than the non-smokers
from 2013-2014 NHANES. The smokers also reported elevated taste intensities from NaCl
sampled on the tongue tip or with the whole mouth in comparison to non-smokers, not at
concentrations where salt is primarily a taste (0.32 M), but at levels in which salt is an oral
irritant (1 M)[94]. In testing the ability to taste the bitterness of concentrated PROP, we did
not find that chronic smokers were taste-insensitive or nontasters in comparison to non-
smokers. However, among the chronic smokers, those who reported preferring menthol
cigarettes were more likely to report elevated bitterness from PROP or more likely to be
classified as supertasters.

The findings in the present study are consistent with those of studies linking chronic
smoking with greater risk of olfactory impairment in animal models [5, 6], tested by
threshold [15-17], odor identification [18, 22, 29] and self-report [36]. Chronic smoking
exposure may directly damage the peripheral and central olfactory system. In animal
models, chronic exposure to cigarette smoking is associated with changes to the peripheral
olfactory system, including olfactory epithelial neuron death, undermining the regeneration
capacity to maintain functional tissues [6, 95], as well as decreased functional olfactory
receptors [5]. Analysis of the NHANES data support direct associations between chronic
smoking on self-reported olfactory alteration, as well as identified indirect associations [36].
That is, chronic smoking was associated indirectly with olfactory alteration through greater
frequency of risk factors associated with this alteration, including sinonasal problems,
xerostomia and head trauma [36]. Here, we found that chronic smokers who reported a
history of these risk factors were more likely to self-report a smell alteration. However, we
did not find that our chronic smokers self-reported greater frequencies of sinonasal problems
and head trauma than the NHANES non-smokers of comparable age. Chronic smokers are
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reported to have greater level of sinonasal problems that may remediate with smoking
cessation [96].

Of the additional risk factors, the presence of xerostomia was associated with increased odds
of measured smell dysfunction in the 2012 NHANES data, but not when fully controlling
other demographic and health variables such as poverty, low-education, heavy drinking,
physical activity [9]. The slightly higher frequency of self-reported xerostomia in our
chronic smokers relative to the NHANES non-smokers (13% versus 8%, respectively) could
not explain the elevated measured olfactory dysfunction. Our sample of smokers did report
lower rates of phantosmia. Querying about “smelling things when nothing is there” may
reflect a phantom sensation and possibly a distortion in quality or parosmia [97], which has
been reported more frequently in women, and in those with nasosinus disease, but not
among smokers [97].

Of note, we did not observe the usual sex difference in olfactory function within the chronic
smokers (females>males) either for number of odors identified correctly or for perceived
odor intensity. Chronic smoking may counter the advantage that women show in
performance on olfactory tests; females may suffer greater negative effects of smoking on
olfactory dysfunction than males [19]. Males also showed higher prevalence of olfactory
dysfunction than females in the 2012 NHANES dataset [9], a sex difference that was most
pronounced in the most severe dysfunction category (anosmia/severe hyposmia) and nearly
equal prevalence in the less severe category (hyposmia). The present study of chronic
smokers had fewer cases of severe olfactory dysfunction (anosmia/severe hyposmia) than
NHANES, which also could explain a lack of sex differences in olfactory function.

Lower olfactory abilities among our chronic smokers also may relate to broader social
issues. Our chronic smokers had lower household income (<$20,000) than the NHANES
non-smokers, as well as lower educational attainment than the NHANES non-smokers, both
of which have been associated with greater odds of olfactory dysfunction [9]. The odor
identification task employed in the present study requires the ability to detect and correctly
label an odor, the latter requiring cognitive processes [98]. In studies with chronic smokers
older than those in the present study, poorer ability in odor identification has been associated
with mild cognitive impairment [24] and a greater number of cigarettes smoked per day has
been associated with poorer cognitive function [99]. Among participants closer in age to
those in the present study, variation in olfactory impairment on an odor identification task in
the Beaver Dam Offspring Study (mean age=49 years) was explained by three tests of
cognitive function (attention, processing speed and executive function) [100]. In the present
study, we incorporated perceived odor intensity in the odor identification test, a task that
does not require the cognitive burden of odor labeling. In data analysis not shown, the
average odor intensities rated by the smokers in the present study were similar to those of
non-smokers from a previous study from our laboratory, controlling for age- and sex-effects
[85]. Thus, our findings suggest a complexity to olfactory dysfunction among chronic
smokers that extends beyond the toxic effects of smoking on the olfactory system to negative
effects of low socio-economic status on health and well-being.
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Despite the high level of smell alteration among our chronic smokers, awareness of the
problem among those with measured dysfunction (sensitivity of self-report) was low, which
is to be expected. As we have reported previously [9], adults are unaware of olfactory
dysfunction unless it reaches the level of anosmia/severe hyposmia. Perceiving a problem
without meeting a diagnostic criterion also has been reported [101]. Conversely, perceiving
an improvement in smell ability since age 25 may be specific to the sense of smell or
broader “optimistic bias” that has been studied to understand why smokers do not respond to
messages about health risks of cigarette smoking [102]. We uncovered a greater level of self-
reported smell and taste alteration by providing participants chance to report beyond a
dichotomous response (yes/no) to a current problem and changes associated with aging.

Our results did not indicate that smokers have depressed taste perception, either in ability to
taste regionally on the tongue tip or with whole mouth experiences, as measured by
perceived intensity of concentrated salt and bitter solutions. Much of the previous scientific
literature on taste and smoking has involved threshold perception, reporting that smokers
have no difference [45-47] or elevated threshold to one or all qualities by solution [48-50],
filter paper method [51] and electrogustometry [42, 52-54]. However, threshold may not
predict suprathreshold perception [103], with individuals with lowest thresholds showing
large variation in perceived intensities.

In the present study, we found that, relative to non-smokers, the smokers reported greater
intensities to 1 M NaCl, an oral chemical irritant [94], which is consistent with the elevated
oral irritation and pain observed in previous studies [62, 104], and escalated levels of oral
health problems [105], periodontitis [106], oral pain [107] and xerostomia [43, 44] among
smokers. Other components of somatosensation, however, do tend to be depressed in
smokers including thermal sensitivity [61]. The elevated intensity of NaCl irritation could
not be explained by loss of taste, as seen with history of tympanic infections or taste nerve
damage [38]. Fewer chronic smokers in the present study reported dysgeusia (2.2%) than the
non-smokers in the NHANES 2012 [39] or in the NHANES 2013-2014 reported here (5 to
6%). Dysgeusia can result from something tasted in the mouth or from taste nerve damage
and production of a central phantom taste sensation [38]. Thus, the results of the taste testing
and self-report suggest that the elevated taste intensity in response to 1 M NaCl resulted
from an irritation response instead of a pattern of taste dysfunction that has been associated
with dysgeusia. Interestingly, we found that a greater majority of our smokers reported
improved retronasal olfactory sensations with aging. Enhanced retronasal olfaction could
result from elevated taste and oral somatosensory sensations [108].

We did not observe more PROP nontasters among our sample of chronic smokers than the
frequency theoretically expected (21% versus 25%, respectively), which is inconsistent with
previous findings of higher prevalence of nontasters among smokers [63, 65]. In fact, a
recent crowdsourced study reported that higher bitterness of PROP (delivered by filter paper)
was reported by current smokers than never smokers [71]. Our testing employed aqueous
solutions of concentrated PROP, which is more intense than commercially available PTC
strips but roughly equivalent laboratory-made PROP papers [71]. Frequently, PROP taster
categories are defined in terms of the PROP-to-NaCl intensity ratio (including 1 M NaCl),
with nontasters having the lowest ratios (<0.4) and supertasters the highest (>1.2) [88, 109].
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However, our findings with elevated intensities of 1 M NaCl suggest that this ratio could
falsely shift the PROP/NaCI ratio toward more nontasters and fewer supertasters. Thus, our
method to define taster status relied on perceived intensities of two concentrations of PROP
and the relative intensity of PROP compared with .32 M NaCl, as reported in an earlier study
[88], but, to avoid erroneously characterizing individuals as nontasters, we did not use the
comparison of PROP bitterness to the intensity of 1 M NaCl in our taster classification

Consistent with findings that female tasters by 7AS2R38 receptor genotype were more
likely to smoke menthol cigarettes [3], the present study found that, relative to non-menthol
smokers, menthol smokers were skewed toward reporting that PROP had greater bitterness.
This finding did not generalize to the bitterness of quinine, only PROP, which may indicate a
stronger taste genetic component to this relationship. Menthol may improve the ability to
tolerate the unpleasant sensations of nicotine by providing a minty odor [110] and oral and
nasal cooling [111], especially for younger smokers and minorities [112]. Our findings did
not support the hypothesis that smokers with a greater level of measured taste alteration
would be more likely to report smoking menthol cigarettes. Thus, the pattern of menthol
versus non-menthol cigarettes appears more closely associated with a genetic propensity to
experience greater bitterness and irritation in foods and beverages [113] and nicotine [56],
associated with the phenotypic ability to taste the bitterness of PROP.

This study had limitations, including a convenience sample of chronic smokers, limited
representativeness, and reliance on self-reported history. The taste protocol did not include
all taste qualities and did not involve testing a wider range of somatosensory sensations.
Nonetheless, the sample was well characterized for smoking status and phenotyped with
standardized suprathreshold measures that could be directly compared with the new
NHANES self-reported and measured smell functioning [9, 39], as well as controlling for
the temporal effects of smoking and alcohol drinking problems in the analyses.

5.0. Conclusion

This sample of smokers showed elevated levels of measured olfactory dysfunction but no
evidence of taste dysfunction. The smokers reported heightened irritation from a
concentrated NaCl solution. Menthol smokers were more likely to be bitter tasters of PROP,
the probe for genetic variation in taste. The findings have implications for regulation of
tobacco products. Elimination of menthol from cigarettes could have a significant effect on
palatability for significant numbers of smokers who are sensitive to bitterness. On the other
hand, the use of menthol in nicotine replacement products, including nicotine gum and
electronic cigarettes, could help cessation efforts in bitter-sensitive smokers.
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Highlights

. Chronic smokers had greater level of mild olfactory dysfunction than non-
smokers.

. Chronic smokers reported greater intensity from concentrated NaCl than non-
smokers.

. Chronic smokers were not more likely to be genetic non-tasters of
propylthiouracil.

. Menthol cigarette smokers were more likely to be genetic supertasters.
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Figure 1.
Percent of non-smokers (laboratory-based sample, National Health and Nutrition

Examination Survey (NHANES) 2012-2014 sample) and chronic smokers that fall into
categories for taste intensity for quinine and NaCl painted on the tongue tip) and quinine and
NaCl sampled with the whole mouth. Percentages in non-smokers and smokers were tested
by the chi square statistic.
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Figure 2.
Percent of non-menthol and menthol smokers who fall into the categories of propythiouracil

(PROP) taster categories tested with the chi square statistic.
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Table 1.
Comparison samples to the chronic smokers.

Source Description Cycle Comparison Specific sample

This survey is collected in 2-
: Total sample (smokers and

y:erltrigytglﬁts. Scr?:)lglcge(g ellr; Self-reported non-smokers) for self-report
Fe ort)pand mobile exam unit chemosensory function, and for smell testing. Includes
(sr‘;ell and taste tests) in 8-item odor ages 40 to above 80 years.

NHANES various locations throuahout 2013/2014 | identification; taste test Comparison with chronic
the U.S. The sample isg for quinine and NaCl smokers also shown for non-
statisficélly Weigt?ted 10 be tongue tip and whole smokers and non-smokers
generalizable to the U.S. mouth l;;eéween ages 40 and 55 years
population. '
These data were collected in a Taste test for quinine and
single research laboratory; a NacCl tongue tip and .

Duffy Laboratory non-smokers | convenience sample recruited 2000-2010 | whole mouth; tzr?eosi?\f ﬁgdo?e(:ﬁgs}ggﬁc}sers
from the University propylthiouracil p
community. bitterness
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Chronic smoker characteristic by menthol smoker status and NHANES 2013-2014 non-smokers

Table 2.

Characteristics Total Sample Non- Menthol Chi-square NHANES
Menthol between Non- | 2013-2014
menthol & Non-
Menthol Smokers¥
N=135 N=51 N=84 N=919
Gender x2(1)=3.74"

Male 52% 21 49 42%
Female 48% 30 35 58%
Age (years) (mean=SEM) 37.1+0.91 | 36.7+1.4 | 37.4%1.2 46.8+0.2

Marital Status x2(1)=4.11"*
Single/Divorced/Widowed 64% 24 25 28%
Married/Cohabitating 36% 27 59 72%

Race’ X2(1)=21.78™"

Black 23% 1 30 21%
White 75% 50 50 59%
Multi-racial 2% 0 3 20%

Ethnicity x2(1)=355"

Hispanic or Latino 7% 1 9 27%
Not Hispanic or Latino 93% 50 75 73%

Household Income x2(1)=8.88""
<$20,000 41% 12 42 12%
>$20,000 59% 39 40 88%

Education Level x2(1)=1.29
High School Diploma or less 41% 18 38 36%
Some College or beyond 59% 33 46 64%

Employment Status x2(2)=10.28™*

Full-Time Outside the Home 38% 28 23
Part-Time Outside the Home 23% 8 23
Unemployed/Retired 39% 15 38

Years - Regular Smoker (mean+SEM) 18.9+0.9 19.6+1.3 | 18.5%1.3

Age (Years) — Began Regular Smoking (mean+SEM) 17.3+0.4 16.3+0.4 | 17.9+0.6

Cigarettes Daily - Regular Smoker (mean+SEM) 12.0+0.6 12.9+0.9 | 11.6+0.7

Body Mass Index (mean+SEM) Tt 28.8+0.6 28.2+0.9 | 29.2+0.7 x2(2)=4.06 | 28.7+0.34
Underweight (<18.5) 2% 0 3 1%
Normal (18.5-24.9) 29% 20 19 27%
Overweight (25-29.9) 33% 16 28 32%
Obese (>30) 36% 15 34 40%
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Characteristics Total Sample Non- Menthol Chi-square NHANES
Menthol between Non- | 2013-2014
menthol & Non-
Menthol Smokers¥
Heavy Drinking x2(2)=1.28
Yes 18% 12 39 15%
No 82% 12 72 85%
Binge Drinking x2(2)=4.39 *
Yes 30% 21
No 70% 19
Tonsillectomy and/or adenoidectomy x2(1)=0.03
Yes 19% 9 16 15%
No 81% 40 66 85%
Persistent cold/flu in the last 12 months x2(1)=1.45
Yes 7% 2 8 5%
No 93% 49 76 95%
Persistent xerostomia x2(1)=0.05
Yes 13% 6 11 10%
No 87% 45 73 90%
Frequent nasal congestion/allergies in last 12 months x2(1)=0.41
Yes 27% 12 24 27%
No 73% 39 60 73%
Ever suffered neck, face, head injury (concussion) x2(1)=1.54
Yes 20% 13 14
No 80% 38 70
Ever suffered neck, face, head injury (lost consciousness) Fisher ex%cg
p=0.
Yes 8% 7 4 11%
No 92% 44 80 89%

¥Reported as percentage of the NHANES sample or mean+SEM between ages 40 and 55 years old.

f(black versus white);
1t .
(menthol vs. non, £2.45, p<0.05);
Tt . .
(normal vs overweight versus obese);
*
p<0.1;

*:

*
p<0.05
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Page 28

Rates of self-reported smell and taste alteration in chronic smokers compared with the NHANES 2013-2014

¥
total sample and never smokers

Both Smell and Taste AlteraltionT

Percentage (%) of | Prevalence Prevalence in
Smoker Sample in NHANES
(n=135) NHANES 2013-2014 Never
2013-2014 smokers only
(n=3815) (n=2025)
Smell AIterationJr 215 216 176
During the past 12 months, had a problem with ability to smell, such as not being 104 82 6.4
able to smell things or things not smelling the way they are supposed to
Waorse ability to smell now compared to when 25 years old 171% 156 124
During the past 12 months, smell things when nothing is there (phantom smell) 22 7.1 57
Ability to smell better compared to age 25 years old 108~ 6.5 5.4
Taste AIterationJr 185 16.9 145
During the past 12 months, had a problem with your ability to taste sweet, sour, 6.7 49 3.6
salty or bitter foods and drinks
Worse ability to taste salt, sweet, sour, or bitter now compared to when 25 years 10.0-12.7% 3.9-4.8 3.0-3.9
old
Ability to taste food flavors such as chocolate, vanilla or strawberry now 11.7% 7.9 6.3
compared to when 25 years old
During the past 12 months, tasted things when nothing was there (dysgeusia) 0 5.5 4.7
Better ability to taste since age 25 (salt, sweet, sour, or bitter) compared to 8.2-11.8% 4.0-8.2 2.6-7.6
age 25 years old
9.6 8.6 5.7

¥NHANES includes adults ages 40 to over 80 years old.

fSub—scores will not sum to total alteration index because of overlapping responses.

*
% out of participants who are older than age 25 (n=109 to 111)
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Rates of measured olfactory dysfunction famong chronic smokers compared with the NHANES 2013-2014

Table 4.

total sample, never smokers, and ages 40 to 55 years old”

Chronic smokers matched to

Percentage (%) of
Smoker Sample

Prevalence in

NHANES 2013-2014 (n=3519)

Prevalence in
NHANES 2013-2014

all ages in NHANES sample (n=135) Never smokers only
(n=1878)
Anosmia/Severe hyposmia 22 2.7 2.7
Hyposmia 385 10.8 10.4
Normosmia 59.3 86.4 86.9
Total Dysfunction 40.7 135 13.1

Chronic smokers matched to 40
to 55 years old from the

Percentage (%) of
Smoker Sample

Prevalence in
NHANES 2013-2014

Prevalence in
NHANES 2013-2014

NHANES sample (n=135) (n=1405) Never(zn;glg%rs only
Anosmia/Severe hyposmia 2.2 0.8 1.0
Hyposmia 38.5 6.4 6.7
Normosmia 59.3 92.9 92.3
Total Dysfunction 40.7 7.1 7.7

fo odor identification task (16-item olfactometer-generated odors among smokers; 8-item scratch and sniff booklet among NHANES participants.

¥ . . . .
NHANES includes adults ages 40 to over 80 years old; this table shows chronic smokers versus all NHANES age groups (top) and restricted to

just ages 40 to 55 years.
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