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Abstract

Introduction: Population-based studies show inconsistent effects of cigarette smoking on olfac-
tory function. We aimed to identify direct and indirect associations between measures of smok-
ing exposure/nicotine dependence and altered olfaction in a nationally representative sample of
adults.

Methods: NHANES 2011-2014 (n = 7418) participants (mean age = 57.8 + 12.2 years) self-reported
olfaction and related health and demographic risks. Affirmative answers to three questions defined
altered olfaction (olfactory problems in the past years; worse ability since age 25; phantom smells).
Smoking (never, former, current) was self-reported by chronicity (pack years, PY) and dependency
(time to first cigarette upon waking) and verified by serum cotinine. Associations were tested with
logistic regression, reporting odds ratios (ORs) and 95% confidence intervals (Cls), and mediation
models.

Results: Estimated prevalence of altered olfaction was 22.3%, with age-related increases. Nearly
half of the sample were former/current smokers (47.4%). Controlling for olfactory-related risks, >10
PY smokers had significantly greater odds of altered olfaction versus never smokers (OR 1.36, CI:
1.06-1.74). The odds of altered olfaction were heightened among current smokers (=10 PY) who
also had high nicotine dependence (smoked <30 min of waking) (OR 1.41, Cl: 1.01-1.99). Light
smokers (<10 PY smokers) did not show increased odds versus never smokers. Current smokers
who also were heavy drinkers (>4 drinks/day) had the highest odds for altered olfaction (OR 1.96,
Cl: 1.20-3.19). Olfactory-related pathologies (sinonasal problems, serious head injury, tonsillec-
tomy, xerostomia) partially mediated the association between smoking and altered olfaction.
Conclusions: Chronic cigarette smoking was associated with increased odds of self-reported olfac-
tory alterations, directly and indirectly via olfactory-related pathologies.

Implications: Analysis of the US nationally representative data revealed significant positive asso-
ciations between chronic smoking and alterations in the sense of smell. Rates of smell alteration
(self-reported problems in the past year, losses with aging, and phantom smells) increased from
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23% among adults to 33% for chronic smokers and 38% for chronic smokers who also reported
heavy drinking. Chronic smoking showed associations with smell alteration that were direct and
indirect through exposure to olfactory-related pathologies (naso-sinus problems, dry mouth, head/
facial injury). Smell alteration can impact smokers’ quality of life by challenging the ability to sense
warning odors, food flavor, and olfactory-stimulated emotions and memories.

Introduction

Analysis of NHANES 2011-2012 data indicates that olfactory dys-
function is a prevalent problem, affecting nearly 13% of the US adults
>40 years of age.! Ranging from partial (hyposmia) to complete
(anosmia) loss and phantom sensations, olfactory dysfunction can
result from the loss of olfactory receptors, inability of odors to reach
and bind to these receptors, interrupted transmission of the odor mes-
sage to the central olfactory systems, or inability to correctly identify
and label odors. Clinical and population-based studies®? show that
modifiable and nonmodifiable risks of olfactory dysfunction include
frequent sinonasal problems,* head or face trauma,’ exposure to cer-
tain chemicals,® neurodegenerative disorders,” and advanced age.'*
Individuals with olfactory dysfunction are more likely to experience
hazardous exposures in the environment and food,® poorer nutri-
tional status,’ and reduced quality of life.'° Healthy People 2020 has
goals to increase the proportion of adults who seek diagnosis and
treatment for chemosensory disorders,'! compelling greater attention
to prevention and treatment of olfactory dysfunction.!’

Cigarette smoking may be a modifiable risk factor for olfactory
dysfunction. In animal models, chronic exposure to aqueous ciga-
rette smoke decreased functional olfactory receptors.'? Population-
based findings are less consistent. From the Epidemiology of Hearing
Loss Study, current smokers (relative to former and never smokers)
at baseline had greater odds of olfactory dysfunction in odor identi-
fication task,? yet the 5-year follow-up revealed no significant asso-
ciation between baseline smoking status and incidence of olfactory
dysfunction.” Among 1300 Swedish adults, there was no significant
association between odor identification ability and cigarette smok-
ing, whether defined as current smoking, heavy smoking, or by pack
years."* A Spanish study (7 = 9348) using home-administered odor
identification tests, found former or current smoking as mildly pro-
tective of olfactory function.> Conversely, current smoking was a
risk factor for measured olfactory dysfunction in a German study
(n = 1312), with dose-response relationships between cigarettes/day
and frequency of impairment.'> Similarly, dose-response relation-
ships were reported between chronic smoking and olfactory impair-
ment in a community-based study (1 = 638).'¢

Chronic cigarette exposure could indirectly impair olfactory
function via known risk factors, including upper respiratory track
infections,'” sinonasal problems,' and xerostomia.'”” Analysis of
NHANES 2011-2012 data suggested that significant risk factors
for self-reported olfactory alteration included persistent cold/flu,
persistent xerostomia, frequent nasal congestion, head injury, and
heavy alcohol consumption.?’ Smokers appear more susceptible to
viral respiratory colds,?" acute and chronic rhinitis, nasal inflam-

22 xerostomia;?® have longer recovery after mild traumatic

mation,
brain injury;** and report greater alcohol consumption.? Excessive
alcohol consumption has been linked to depressed olfactory func-
tion measured by odor identification?® and/or odor discrimination?’
testing, and olfactory dysfunction was observed among those with

neurological complications of alcohol dependence.?®

Presently, we examined the independent and joint effects of
smoking status and olfactory-related risks on self-reported olfactory
alteration in the NHANES 2011-2014 dataset. Olfactory alteration
was operationalized as an index based on three responses, recorded
at the time of the NHANES interview, and treated as a binary clas-
sification.?” Smoking exposure was defined in terms of chronicity,
severity of nicotine dependence, and presence of current smoking.
We hypothesized that defining smoking status by chronicity, depend-
ence, and nicotine biomarker would strengthen its association with
self-reported olfactory alteration. We also hypothesized a synergis-
tic effect of dependent smoking and heavy alcohol consumption on
olfactory alteration. Finally, since self-reported olfactory alterations
showed good association with clinically identified risks of olfactory
dysfunction,® we tested the hypothesis that smoking would have an
indirect effect on self-reported olfactory alteration via other olfac-
tory-related pathologies. Findings from this study have implications
for smoking cessation—olfactory abilities may improve with smok-
ing cessation.!6:2%30

Methods

Data for the present study were abstracted from the NHANES.
Conducted each year by the National Center for Health Statistics
(NCHS) of the Centers for Disease Control and Prevention,
NHANES involves cluster, multistage sampling to randomly select
US households to provide insight into emerging health issues, disease
risk, and changes in health problems over time.*! The resulting sam-
ple is nationally representative of civilian, noninstitutionalized resi-
dents, selected for assessment of health and nutrition via interview
questionnaires, laboratory tests, and physical examinations.

For this study, the continuous NHANES 2011-2012 and 2013-
2014 cycles were merged, and data from adults, aged 40 years and
older (n = 7418), who answered questions on olfactory-related
problems, cigarette smoking, and other potential risk factors were
analyzed. The NCHS Research Ethics Review Board approved all
procedures, and participants provided written, informed consent.

Measures

Self-Rated Olfactory Alteration

The NHANES Chemosensory Questionnaire (CSQ) included items
regarding self-reported olfactory ability as well as symptoms, medi-
cal treatment, and presence of related risk factors for olfactory
dysfunction.’® These questions were content-validated by experts
in chemosensation and tested to ensure consistency in participant
understanding, processing, and interpretation.! Since combin-
ing questions on current olfactory function and losses with aging
improved the sensitivity and specificity of self-reported olfactory
ability,®> three CSQ questions were used in an index to classify
olfactory alteration: perceived olfactory problems within the past
12 months [yes], or phantom odor sensations [yes], or perceived
changes in function since age 25 [worse now].?° A positive response
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on any of these questions resulted in a positive score for olfactory
alteration. The dichotomous measure [‘yes’ or ‘no’| for olfactory
alteration was the outcome variable in data analyses. This classi-
fication has shown excellent test—retest reliability over 6 months*
and good correspondence with clinically supported risk factors.?®
Classification with this index has reasonable specificity (78.1%)
and modest sensitivity (54.4%) in identifying anosmia/severe
hyposmia via single screening measure,! a specificity/sensitivity pat-
tern expected of conditions, such as olfactory dysfunction, which
are rarely measured.*

Cigarette Smoking and Smoking Status Classification

The NHANES home interview included questions about daily ciga-
rette use, history of use, details about length of time being a smoker,
and time to first cigarette upon waking in the morning.** Serum coti-
nine was measured in the NHANES mobile examination center. The
interview responses and cotinine levels yielded five smoking status
classifications (for details see Supplementary Table S1).

Smokers were classified based on an affirmative response to ever
smoking 100 cigarettes in their lifetime; never smokers answered
‘no.” Current smokers answered ‘yes’ to the question ‘do you now
smoke cigarettes’ whereas former smokers answered ‘no.” Former
smokers also reported the length of time since quitting cigarettes,
which was converted into a continuous measure (years, portion of
years). Light smokers were uniquely defined for comparison with
each smoking status classification (Supplementary Table S1) and
included the 2.7% of smokers who reported smoking ‘some days’
or 1 cigarette/day.

Chronic Smoker. Packs smoked per year (packs/day x years smoked)
defined light [<10 pack years (PY), n = 1343] or chronic (210 PY,
n = 1922) smokers. Chronic smokers were classified further as cur-
rent (n = 915; reporting cigarette use in the last 30 days) or former
(n =1007; reporting cigarette use around the time when they smoked
regularly). Years smoked was calculated for current (interview age
- age reported started smoking) and former [interview age - (age
reported started smoking - reported number of years since quitting)]
smokers.

Current Chronic, High Dependent Smoker. Smoking status was
refined by a proxy for nicotine dependence, time to first cigarette of
the day (TTFC), which is linked with negative health outcomes.>*3”
Current chronic high dependent smokers were defined as >10 PY
and <30 minutes of waking (7 = 582). Current light smokers were
either <10 PY or >30 minutes TTFC (n = 697).

Chronic Active Smoker. PY was combined with available serum coti-
nine measures (NHANES 2011-2012 subset). Serum cotinine, the
main nicotine metabolite, is regarded as the best biomarker of smok-
ingexposure.** Typicallevelsamong nonsmokers are <1 ng/mL; those
with heavier exposure (eg, secondhand smoke) are 1-10 ng/mL?®.
We used >10 ng/mL cotinine to define a smoker® and distinguish
false self-reports of nonsmoking. Thus, chronic active smokers
were: 210 PY smokers with cotinine levels 210 ng/mL (7 = 418);
current light smokers <10 PY or <10 ng/mL cotinine (7 = 422);
and never/former smokers <10 ng/mL cotinine. Because cotinine

40 multivariate

metabolism varies between race/ethnicity groups,
analyses were verified using race/ethnicity-specific cotinine expo-

sure levels.*!

High Dependent Active Smoker. Smoking status was defined with
both TTFC and cotinine levels to compare to never/former smokers
with <10 ng/mL cotinine. High dependent active smokers reported
TTFC <30 minutes and 210 ng/mL cotinine (7 = 297); light smokers
were TTFC >30 minutes (7 = 450) or <10 ng/mL cotinine (7 = 450).

Heavy Alcohol Drinking and Defining High Dependent
Smoker-Drinkers

The NHANES alcohol use questionnaire probed current and life-
time alcohol use trends. Heavy drinking, defined as answering ‘yes’
to there being a time/times in their life that they drank 4/5 drinks
on almost every day (versus ‘no’), was examined independently as a
risk factor for olfactory alteration and combined with high depend-
ent smoking (TTFC < 30 minutes). Adults were classified as either
never/former smoker and heavy drinker (7 = 628), high dependent
smoker and nonheavy drinker (7 = 391), or high dependent smoker/
heavy drinker (7 = 214) to compare with neither smokers nor heavy
drinkers (n = 4642).

Olfactory-Related Pathologies and Sociodemographic Risk

Factors

Potential risk factors of olfactory alterations were assessed as covari-
ates, including sociodemographic variables and olfactory-related
pathologies. Education status was dichotomized (<high school edu-
cation and >high school education). Race was classified as Mexican
American, Other Hispanic, nonHispanic white, nonHispanic black,
nonHispanic Asian, or Other nonHispanic/Multi-Race. Income-to-
poverty ratio (family income divided by federal poverty threshold)
was dichotomized as below (<1) or above (>1) the poverty line.
Marital status was defined as married or not (widowed, divorced,
separated, and never married). Self-rated health status was dichot-
omized (poor/fair health and excellent/very good/good health).
Sinonasal problem during the past 12 months was defined as report-
ing persistent cold/flu (lasting more than a month) or frequent nasal
congestion from allergies. Other examined risks included xerostomia
(persistent dry mouth) during the past 12 months, history of serious
head or face injury, history of tonsillectomy, and history of frequent
ear infections (3+).

Data Analysis
Because of the complex sampling design of NHANES, sample
weights were combined across 2-year data collection cycles to adjust
for over-sampling of selected population subgroups, survey nonre-
sponse, and poststratification. Statistical analyses were completed
using SAS version 9.4 (Cary, NC), and mediation models were com-
puted in SPSS using the PROCESS macro. All tests were two-tailed
and p values <.05 were considered statistically significant.
Univariate associations between self-reported olfactory altera-
tions and potential risks were assessed with chi-square tests
(categorical variables) and two-tailed #-tests (continuous vari-
ables). Only chronic/dependent/active smokers (not light smokers;
Supplementary Table S1) were compared to never/former smokers in
univariate analyses. Post hoc analyses were completed for chi-square
tests, when necessary, using adjusted standardized residuals.
Potential risks for self-reported olfactory alteration, including
all smoking status classifications, were examined in unadjusted
and adjusted logistic regression models. Odds ratios were consid-
ered significant if the confidence interval did not include the value
one. Variables that were statistically significant in the unadjusted



Nicotine & Tobacco Research, 2019, Vol. 21, No. 6

821

model were included as covariates in the multivariable (adjusted)
models. Age and sex were selected a priori due to their known asso-
ciation with both smoking and olfactory function. Separate multi-
variable models were tested for each smoking status classification
(Supplementary Table S1). Former smokers were grouped with never
smokers for the analyses, except for the >10 PY (chronic) measure-
ment; former smokers did not have significantly greater odds of
olfactory alteration (versus never smokers) and greater years since
quitting smoking was not associated with lower odds of an olfac-
tory alteration when controlling for age and sex (OR: 1.00; 95%
CI = 0.99 to 1.01). For the smoking status classifications including
cotinine, only the NHANES 2011-2012 cycle was available, creat-
ing unequal sample sizes of nonsmokers versus chronic active/high
dependent smokers. Accordingly, logistic regression models were
tested using age and sex matched nonsmokers and smokers using
propensity scores derived from the MatchlIt package (www.r-project.
org), using the ‘nearest’ option.

Two mediation models were examined in the smoking status
classifications that showed greatest odds of self-reported olfactory
alteration in multivariable analysis (ie, current chronic high depend-
ent smokers, high dependent smoker-drinkers). The PROCESS
macro allowed a logistic regression analytical framework with
bootstrapping to estimate indirect and direct effects with a dichoto-
mous outcome variable. The mediator variable in each model was
an olfactory risk score—the significant risk factors for olfactory
alteration in multivariable analyses (score 0 to 5) based on equally-
weighted ‘yes’ responses to: frequent nasal congestion; persistent
cold/flu; xerostomia; tonsillectomy; or history of a serious head/
face injury. The first model tested whether the olfactory risk score
(m) mediated the association between current chronic high depend-
ent smoking (x) and olfactory alteration (y). The second model

tested whether the olfactory risk score (m) mediated the association
between high dependent smoker-drinkers (x) and olfactory alteration
(y). Correlations between all variables were assessed prior to media-
tion modeling to test for expected bivariate relationships (between
x and y, x and m, and m and y), controlling for x. Beta estimates,
standard errors, and 95% confidence intervals were used through
bootstrapping procedure using 5000 resampling to estimate the
mediation relationships. Relationships were considered significant if
the confidence intervals did not include the value zero. The ratio of
indirect effect to total effect was used to quantify the proportion
mediated. Covariates in both models on the a and b paths were age,
sex, race, and income-to-poverty ratio. Alternate models, with the
direction of causality switched, were tested; these models failed to
adequately fit the data.

Results

Nearly half of the total sample (52.3%) were never smokers ver-
sus former/current smokers (47.4%). Table 1 provides demographic
characteristics of the total sample and by smoking status. Smokers,
in all five classifications, were more frequently male, non-Hispanic
White, with lower education level, living below the poverty line, and
heavy drinkers.

Olfactory alteration was reported by 22.3% (n = 1609) of the
total sample. Of those, 32.4% reported loss since age 25, 26.2%
reported a problem in the past year and loss since age 25, and 6.5%
reported all three (smell problems in past year, loss with aging,
phantom smells). Phantom smells were reported by 20.4%. These
results are comparable to prevalence estimates in the NHANES
2011-2012%°.

Table 1. Demographic Characteristics of Participants in the NHANES 2011-2014 Sample and Stratified by Smoking Status Classification

Entire NHANES  Current and former

Current chronic high

Chronic active  High dependent ~ High dependent

sample chronic smokers? dependent smokers” smokers© active smokers?  smoker-drinkers ¢

Number of participants 7418 1922 582 418 297 214
Gender (%)

Male 47.2 56.6 53.7 58.4 54.5 70.6

Female 52.8 43.4 46.4 41.6 45.5 294
Age (years) 57.8+12.2 594 +11.6 59.8+9.6 54.5 +10.5 54.0 = 10.2 53.2+8.8
Race (%)

Mexican American 6.2 3.1 1.1 1.9 2.4 1.8

Other Hispanic 4.9 3.0 2.7 2.5 2.2 1.9

NonHispanic white 71.2 79.9 80.5 79.1 76.5 81.7

NonHispanic black 10.7 9.0 9.5 9.6 11.3 10.3

NonHispanic Asian 4.8 2.0 1.1 1.0 1.1 <1

Other/multi-race 2.2 3.0 5.1 5.8 6.5 4.0
Education (%)

< High school 17.1 21.2 27.5 24.6 26.6 32.7

>High school 82.9 78.8 72.5 75.4 73.4 67.3
Income-to-poverty ratio 12.9 15.6 25.5 17.9 23.1 30.8

(% <1)
Marital status

Married(%) 63.2 56.6 49.9 51.4 46.9 48.3
Heavy drinkers (%) 15.5 30.5 37.4 33.6 32.7 100.0

2>10 PY (packs smoked per day x years smoked) smokers.

v>10 PY smokers who report Time to First Cigarette (TTFC) as <30 minutes.
€210 PY smokers with serum cotinine > 10 ng/ml.

dSmokers who report TTFC as <30 minutes with serum cotinine > 10 ng/ml.

Smokers who report TTFC as <30 minutes as well as consuming 4/5 alcoholic drinks on most/every day.
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Olfactory Alteration Risks—Univariate Analysis multirace; lower proportion by nonHispanic Black and Asians.
Table 2 reports distribution of olfactory alteration by separate Adults who were unmarried, lived below the poverty line, had self-
potential risks, including smoking status classifications. Adults of rated fair/poor health, or were heavy drinkers had significantly
age 80 years and more most frequently reported olfactory alteration. greater reported frequency of olfactory alteration. Additionally,
By post hoc testing, significantly higher proportion of olfactory alter- greater frequency of olfactory alteration was reported by those with
ation was reported by nonHispanic White and other nonHispanic/ history of serious head/face injury, tonsillectomy, ear infections,

Table 2. Distribution of Self-Reported Olfactory Alteration by Separate Potential Risk Factors, Including Smoking Status Classification

Total sample Olfactory alteration % of self-reported olfactory alteration
N N % Yes % No Statistic
Age, years (mean) 57.8+12.2 58.6+12.4 57.6 +12.2 T=2.13*
Age strata ¥ =16.10*
40-49 years 1934 378 20.4 79.6
50-59 years 1852 402 22.8 77.2
60-69 years 1848 406 22.3 77.7
70-79 years 1069 216 221 77.9
80+ years 715 207 28.3 71.7
Sex 2 =0.28
Male 3556 747 22.4 77.6
Female 3862 862 22.2 77.8
Race/Ethnicity ¥ =30.52%%%
Mexican American 803 172 21.3 78.7
Other Hispanic 737 162 21.9 78.1
NonHispanic black 1777 351 19.4 80.6
NonHispanic white 3047 761 23.2 76.8
NonHispanic Asian 894 118 13.1 86.9
Other/multi-race 160 45 30.9 69.1
Marital Status ¥ =10.32%%%
Married 4301 844 21.0 79.0
Not Married 3108 762 24.3 75.7
Education ¥*=2.58
< High school 1925 433 24.0 76.0
>High school 5484 1176 22.0 78.0
Income-to-poverty ratio ¥ =16.71%**
IPR <1 (poverty) 1426 377 27.9 72.1
IPR>1 5322 1112 21.7 78.3
Self-rated health ¥ =50.20%%*
Fair or poor 1793 514 30.0 70.0
Excellent, very good, good 4704 924 20.8 79.2
Heavy Alcohol Use ¥ =55.91%%%
Yes 986 281 31.8 68.2
No 5464 1142 21.0 79.0
Smoking Status Classification
Chronic Smokers 1922 544 29.3 70.7 ¥>=77.82%**
Never smokers 3942 725 19.1 80.9
Current Chron High Dependent Smokers 582 181 32.8 67.2 ¥? =44.96%**
Never/former smokers 6058 1243 21.2 78.8
Chronic Active Smokers 418 134 30.6 69.4 ¥ =15.98*
Never/former smoker 2468 542 22.0 78.0
High Dependent Active Smokers 297 97 31.3 68.7 x> =13.99*
Never/former smoker 2468 542 22.0 78.0
High Dependent Smoker-drinkers 214 70 37.6 62.4 y?=37.37%%%
Never/former smoker and nondrinker 4642 936 20.5 79.5
Olfactory risks, “Yes,” ever had...
Serious head/face injury 1573 465 28.2 71.8 ¥ =353.26%%*
Ear infections, 3+ times 1397 423 27.8 72.2 ¥? = 44.67
Tonsils removed 1853 476 26.0 74.0 y?=28.23%%%
“Yes,” in last 12 months
Cold/flu for >1 month 478 182 38.8 61.2 y2=76.22%%%
Persistent dry mouth 1115 424 37.5 62.5 y? = 149.82%%*
Frequent nasal congestion 2055 671 322 67.8 ¥ =168.09%**

*p<.05;***p < 001,
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persistent cold/flu, dry mouth, and frequent nasal congestion. These
risks are consistent with the NHANES 2011-2012 analysis.?

Across smoking status classifications, more smokers reported an
olfactory alteration compared to never/former smokers. The highest
frequency of olfactory alteration was reported by high dependent
smoker-drinkers (37.6%).

The unadjusted odds ratios and 95% CI for these risk fac-
tors were examined prior to multivariable analysis and identi-
fied the following significant factors for the final adjusted models
(Supplementary Table S2): age, being unmarried, income-to-poverty
ratio <1, sinonasal problems, xerostomia, head/face injury, tonsil-
lectomy, multiple ear infections, self-rated fair/poor health, and
smoking (not light smoking) defined by all five smoking status clas-
sifications (Supplementary Table S1).

Smoking Status Classification and Olfactory
Alteration—Multivariable Analysis

Each five smoking status classifications (Supplementary Table S1)
was tested in separate adjusted models (Figure 1; tabular form in
Supplementary Table S2). Across fully adjusted models, smoking sta-
tus classified by chronic (>10 PY) or chronic high dependent smokers
remained significant risk factors. The odds of olfactory alteration

A. Current and Former Chronic Smokers

Variables OR

Age 1.00 L]

Male Sex 099 -
Non-Hispanic Black vs White 0.85 ——
Non-Hispanic Asian vs White 076 —=—

Not Married 1.02 —-—

IPR <1 1.23 —
Sinonasal problems 175 ——
Xerostomia 1.80 —-—
Head/Face Injury 1.30 ——
Tonsils Removed 1.29 —-—
Multiple Ear Infections 1.17 T
Self-rated fair/poor health 1.23 ——
Heavy drinker 1.38 -
<10 PY light vs never smoker 097 —
Chronic smoker vs never smoker  1.36 ——

00 a7 10 26

C. Current Chronic High Dependent Smokers

were greater among high dependent smoker-drinkers. Sinonasal
problems and xerostomia were significant independent risk factors
for olfactory alteration in all models. The significance of other risk
factors (history of a serious head/face injury, tonsillectomy, poor
self-rated health, heavy alcohol use, poverty) varied between the five
adjusted models.

Chronic Smokers

Chronic smokers (former, current) versus never smokers had sig-
nificantly greater odds of olfactory alteration (1.36, 95% CI = 1.06
to 1.74; Model A). However, examined separately (Model B), only
former chronic smokers remained at significantly greater odds (1.42,
95% CI =1.09 to 1.84), current chronic smokers did not (1.29, 95%
CI=0.93 to 1.80).

Current Chronic, High Dependent

TTFC < 30 minutes was not a significant risk factor alone (1.30,
95% CI =0.94 to 1.79), but current chronic, high dependent smok-
ers were at significantly greater odds of an olfactory alteration versus
never/former smokers (1.41, 95% CI = 1.01 to 1.99) (Model C).
No significant difference was seen between light smokers and never/
former smokers in any model.

B. Chronic Smokers Stratified by Current and Former

Variables OR
Age 1.00 .
Male Sex 099 —-
Non-Hispanic Black vs White 0.85 —
Non-Hispanic Asian vs White 0.76 —
Not Married 1.03 —-—
IPR <1 1.23 ——
Sinonasal problems 175 ——
Xerostomia 1.80 —-—
Head/Face Injury 1.30 —
Tonsils Removed 1.29 —a—
Multiple Ear Infections 1.17 ——
Self-rated fair/poor health 123 ——
Heavy drinker 1.38 —
<10 PY light vs never smoker 097 —e
Current chronic smoker vs never smoker  1.29 ——
Former chronic smoker vs never smoker ~ 1.42 ——
a0 am 10 26

D. High Dependent Smoker—Heavy Drinkers

Variables OR Variables OR

Age 1.002 - Age 1.003 L]

Male Sex 1.01 —— Male Sex 1.05 —-—

Non-Hispanic Black vs White 0.86 — Non-Hispanic Black vs White 0.82 —e—

Non-Hispanic Asian vs White 0.78 —_— Non-Hispanic Asian vs White 078 —=—

Not Married 1.02 —— Not Married 1.02 —-—

IPR <1 1.22 — IPR <1 1.18 —-—

Sinonasal problems 1.80 — Sinonasal problems 1.81 ——

Xerostomia 1.75 — Xerostomia 1.74 —-

Head/Face Injury 135 — Head/Face Injury 1.38 —a—

Tonsils Removed 1.28 —— Tonsils Removed 1.31 —a—

Multiple Ear Infections 1.16 — Multiple Ear Infections 1.09 ——

Self-rated fair/poor health 124 —— Self-rated fair/poor health 1.27 ——

Heavy drinker 1.44 — Dependent smoker, non-drinker 1.30 —

<10PY/>30min TTFC light vs never smoker 0.90 —_— Non-smoker, heavy drinker 1.45 —

Chronic high dependent vs never smoker 141 —— High dependent smoker-drinker 1.96 —
alsa 0;1 1'0 :IE 050 a7t 10 26

Figure 1. Forest plots of adjusted odds ratios and 95% confidence intervals of risk factors associated with self-reported olfactory alteration in the US adults in
models by different smoking status classifications (A-D; results shown in tabular form in Supplementary Table S2).
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Chronic Active Smoker

The cotinine biomarker did not add predictive ability. There were
nonsignificant greater odds that chronic active smokers [1.22, 95%
CI = 0.72 to 2.05] or high dependent active smokers [1.22, 95%
CI = 0.77 to 1.93] had olfactory alteration versus never/former
smokers.

Chronic Active Smokers and High Dependent Active Smokers
Chronic active smokers and high dependent active smokers com-
pared with age and sex matched never/former smokers also did
not have increased odds of olfactory alteration. Furthermore,
cotinine alone as a continuous measure of smoking, or by race
specific cut-off points, was not significantly related to olfactory
alteration.

High Dependent Smoker-Drinkers

High dependent smoker-drinkers had higher odds for olfactory al-
teration than any other smoker group (1.96,95% CI = 1.20 to 3.19)
(Model D). Heavy drinking alone was not significant or just signifi-
cant contributor to olfactory alteration (Supplementary Table S2).
Being a dependent smoker and nonheavy drinker or nonsmoker and
heavy drinker were not significant risk factors. All smoking variables
were tested with heavy alcohol use; TTFC with heavy alcohol pro-
duced the highest odds ratios with olfactory alteration.

Examination of the Indirect Relationship With

Olfactory Alteration Through Mediation Modeling

Figure 2 displays the two mediation models, regression coefficient
estimates (beta estimates) with 95% confidence intervals of path-
ways, and indirect and direct effects, when controlling for age,
gender, race/ethnicity, and poverty. The first model displays the
indirect relationship between current chronic high dependent smok-
ers with olfactory alteration through olfactory risk score. All beta
estimates (path a and b, Figure 2) were positive—there were greater
number of olfactory risk factors with moving from never/former
smokers to chronic high dependent smokers, which associated with
greater odds of olfactory alteration. Both direct and indirect effects
were significant (0.3786, 95% CI = 0.1707 to 0.5865; 0.1043, 95%
CI = 0.0611 to 0.1538), indicating partial mediation. Of the associ-
ation between smoking and olfactory alteration, 21.6% was medi-
ated via olfactory risk factor score.

The second model showed similar, but more significant results.
Moving from never/former smoker and nondrinker to high depend-
ent smoker-drinker was associated with greater olfactory risk factor
score, and then with greater odds of olfactory alteration. The direct
(0.3651, 95% CI = 0.0373 to 0.6929) and indirect (0.1884, 95%
CI = 0.1155 to 0.2767) effects were both significant. Of the associ-
ation between smoking-drinking and olfactory alterations, 34.0%
was mediated via olfactory risk factor score.

Discussion

Analysis of data from NHANES 2011-2012 and 2013-2014 cycles
revealed an estimated prevalence of altered olfaction at 22.3%
across adults ages >40 years, including self-reported problems in the
past year, perceived losses of olfaction since age 25, and/or phan-
tom olfactory sensations. This prevalence is nearly equivalent to the
2011-2012 NHANES estimates.?’ A significantly greater frequency
of smokers reported olfactory alterations (range 29.3-32.9%)

A.
Olfactory Risk Score
(m)
0.234 (0.147- 0‘442 (0.384-
0.322)%+* 0.507)
Indirect effect (a x b):
0.104 (0.061-0.154) b
Chronic High ¢ Self-reported Olfactory
- .
Dependent Smoker (x) Alteration (y)
0.379 (0.171-
0.587)***
Covariates: Age, Gender,
Ethnicity/Race, Poverty

B.

Olfactory Risk Score

(m)
0.426 (0.290- 0.442 (*1)367-
0.562)%** 0.517)
a Indirect effect (a x b): b
0.188 (0.116-0.277)
S Hlih D];p.c r;(dcm ¢ Self-reported Olfactory
moker-Drinker (x) —_— Alteration (y)
0.365 (0.037-

0.693)* \

Covariates: Age, Gender,
Ethnicity/Race, Poverty

Figure 2. Models of the association between (A) chronic high dependent
smoking or (B) high dependent smoking-drinking and self-reported olfactory
alterations mediated by olfactory risk score in data from the National Health
and Nutrition Examination Survey 2011-2014. The a paths represent the
relationship between x and m, and the b paths represent the relationship
m and y. The product of path a and b represents the indirect effect of
chronic dependent smoking or dependent smoking-drinking on olfactory
alteration; the ¢’ path represents the direct effect on olfactory alteration.
Results displayed for each path include regression coefficient estimates (95%
confidence intervals). *p < .05, **p < .01, ***p < .001.

depending on how smoking was characterized. Chronic smokers,
who reported high dependency and heavy drinking, had the highest
prevalence of olfactory alteration (37.6%). Some of the association
between chronic smoking was mediated by an index of exposure
to pathologies associated with olfactory dysfunction (frequent
nasal congestion, persistent cold/flu, xerostomia, tonsillectomy, seri-
ous head/face injury). These findings suggest more negative effects
may be added to the list of smoking’s harms. Olfactory alterations
can impair ability to detect warning odors (eg, smell of smoking),
perceive food flavor and enjoy eating, as well as experience odors
related to emotion, memory and behaviors.!

The prevalence of self-reported olfactory alteration was almost
double that of 12.4% dysfunction in the 2012 NHANES data,’
measured by brief odor identification task. A single odor identi-
fication task cannot detect perception of smell loss with aging or
phantosmia, both of which were captured in the self-reported clas-
sification used here. Clinicians and public health professionals*
accept self-report as an efficient means of assessing individual and
population characteristics, risk factors and diseases. Importantly,
self-report assesses perception of illness, which may differ from clin-
ical assessment of disease.* Individuals may perceive an illness that
does not fall within the diagnostic criteria of a disease. Importantly,
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olfactory perception is complex and the brief odor identification
task, measured in NHANES,! only captures part of this complexity.
Self-reported olfactory alteration also associated significantly with
identified risks for olfactory dysfunction’*—sinonasal problems,!®
xerostomia,> history of serious head/face injury,’ tonsillectomy,*
and poverty.*

Interestingly, in recent analyses of the NHANES 2012 data,
cigarette smoking appeared to be a protective factor for measured
olfactory function! with nonsignificant effects on self-reported func-
tion.” However, in the current analyses, cigarette smoking was
associated positively with self-reported olfactory alteration, when
characterized by chronicity (210 PY), dependency (time to first cig-
arette <30 minutes), and combined with heavy drinking. The chron-
icity of smoking (210 PY) significantly increased odds of olfactory
alteration in former and current smokers when examined together,
but not in current smokers alone. Only current smokers, who were
chronic and dependent, had elevated odds for olfactory alteration.

Four other studies used pack years to characterize the smok-
ing—olfaction association. One found no association when examin-
ing pack years in former and current smokers, or heavy use (>20
cigarettes/day) among current smokers." The other three studies
reported dose-related responses in current smokers (defined by pack
year) by decreased olfactory sensitivity** and poorer odor discrim-
ination or identification.'®* These previous studies did not control
for other risk factors for olfactory dysfunction (eg, sinonasal issues,
head trauma, xerostomia) that may also afflict smokers and partially
mediate relationships between smoking and olfactory alteration
as shown in the present analysis. None of the other studies exam-
ined the relationship between olfaction and smoking dependency.
Time to first cigarette, a fast and inexpensive screening of nicotine
dependence, has associated with quitting success,*” pulmonary im-
pairment,”” and corresponds with smoking biomarkers (eg, nico-
tine, cotinine, hydroxycotinine concentrations).* The present study
results suggest value in characterizing smoking thoroughly to accur-
ately assess its association with olfactory alteration.

We failed to detect an association with years since quitting smok-
ing and improvement in olfaction in former smokers, as observed
in other studies previously.!®* One potential reason for the lack of
association could be the older age of our sample (mean age 57.8
versus 42.9 years in a previous study'®). Advanced age associates
with a greater risk of olfactory dysfunction.? Increase in years since
quitting also corresponds with increasing age, which may attenuate
positive effects on olfactory function. The present study controlled
for many demographic and pathology-related risks for olfactory
dysfunction, which may explain a lack of association between years
quitting and olfactory alteration.

Although time to first cigarette has been shown to associate with
cotinine levels, we failed to find that serum cotinine strengthened the
association with olfactory alteration. There is no universally accepted
cotinine level to distinguish smoking status or heaviness of smok-
ing. A systematic review of self-reported smoking status and serum
cotinine levels found cut-off points that ranged from 8 to 100 ng/
mL*, Race, gene expression and medications competing with binding
substrates,* and sex*' affect cotinine metabolism and inter-individual
variation. Although cotinine has a longer half-life than nicotine, it
remains in the system for about 16 hours,*® which may miss chronic,
dependent smokers most at risk for olfactory alteration. The cotinine
measure is expensive, and, according to this analysis, appears less
predictive of altered olfaction than self-reported smoking behaviors.

Chronic smoking and heavy drinking showed synergistic effects
on altered olfaction. Although smokers more often tend to be heavy
drinkers,? their joint effect had not been examined previously as
a risk factor for olfactory alteration. Instead, studies use smoking
as a covariate when examining the association with alcohol use.?**°
Presently, the odds of altered olfaction were greatest among chronic,
dependent smokers who also reported heavy alcohol drinking. These
addictions may increase risk of olfactory alteration through patholo-
gies associated with olfactory dysfunction. An olfactory risk score
comprised of five pathologies (frequent nasal congestion, persistent
cold/flu, presence of xerostomia, tonsillectomy, or history of a ser-
ious head/face injury) explained 22-34% of the association between
smoking alone or with heavy drinking. Although the relationship
between smoking, olfactory alterations, and these other olfactory
pathologies have been examined independently, no study to our
knowledge has examined this complex relationship simultaneously.
Mediation modeling allowed us to test all variables and their rela-
tionships together, displaying their complex associations.

Although this study utilized a nationally representative sample
of adults, there are limitations to acknowledge, including the
cross-sectional design. Self-report of olfactory function, related risk
factors, smoking, and alcohol behavior are potentially biased by
factors such as social desirability. From NHANES 2012 data, the
index of self-report of olfactory function had relatively reasonable
sensitivity in the ability to match the diagnosis of ansomia/severe
hyposmia from a single odor identification task. Thus, the self-report
index likely misses chronic smokers who have milder olfactory dys-
function (hyposmia), have not been tested for olfactory functioning
previously, or had progression of olfactory loss that was gradual and
unnoticed. The relationship between self-report and measured olfac-
tory function likely also varies by sociodemographic characteristic
or cause of the olfactory problem. In addition, unexamined risks for
olfactory alteration probably exist. The analysis strategy may not
have detected complex interactions between demographic factors
(eg, education, income, marital status) on the associations between
chronic smoking and olfactory function. The analyses with cotinine
levels were on a subset (NHANES 2011-2012 cycle) and did not
consider other types of tobacco products, which could influence ol-
factory function. Finally, other complex mediation relationships and
combined lifestyle factors should be examined to fully understand
the relationship of cigarette smoking on olfactory function.

Conclusion

In analysis of NHANES among adults of age 40 years and more,
chronic dependent cigarette smoking alone or with heavy alcohol
consumption was associated with increased odds of self-reported
olfactory alteration, a classification that captured problems during
the past year, losses noticed with age, and experiencing phantom
smells. Some of this association was direct and some was explained
by an increased frequency of pathologies associated with olfactory
dysfunction (frequent nasal congestion, persistent cold/flu, presence
of xerostomia, tonsillectomy, and history of a serious head/face
injury). The associations between smoking and altered olfaction
were uncovered by characterizing smoking by chronicity and level
of dependence. The simple olfactory alteration questions used in this
study could be used by clinicians with their chronic smoking patients
to detect smell alterations. Realization that altered sense of smell
may recover with smoking cessation, may give smokers one more
reason to stop.
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