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Association of Alterations in Smell and Taste with Depression in
Older Adults
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Objective: Examine the relationship between depression and changes in smell or taste.

Study Design: Cross-sectional analysis of 2011-2012 and 2013-2014 National Health and Nutrition Examination Survey
(NHANES).

Methods: We examined 5,275 adults >40 years old who completed smell and taste questionnaires as well as a validated
depression assessment instrument, the Patient Health Questionnaire (PHQ-9). Analyses incorporated sampling weights to
account for the complex sampling design and associations were analyzed using multivariate logistic regression adjusted for
related demographics and socioeconomic data.

Results: The prevalence of altered smell and taste was 23.0% (95% CI: 20.7-25.3%) and 11.9% (95% CI: 10.7-13.1%),
respectively. Among those who met criteria for major depressive disorder, the prevalence of altered smell and taste was
higher at 39.8% (95% Cl: 33.4-46.1%) and 23.7% (95% CI: 18.7-28.7%), respectively. In a multivariate model adjusting for
age, gender, education, major comorbidities, smoking history, heavy alcohol use, sinus disease, cold symptoms, and trauma
history, adults >40 and <65 years old who reported alterations in smell (OR: 1.64, p = 0.004) and adults >40 years old who
reported alterations in taste (OR: 1.77, p = 0.001) were more likely to meet criteria for major depressive disorder.

Conclusion: There is a strong association between major depression and alterations in smell and taste among certain
age groups in the general U.S. population. Primary care providers should screen for depression when patients report changes

in smell or taste.

Level of Evidence: 4.
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INTRODUCTION

The ability to smell and taste contributes signifi-
cantly to a patient’s quality of life. However, in the
United States, an estimated 15 million individuals
report problems with smell and 7.5 million individuals
report having problems with taste in the previous 12
months, with the prevalence increasing with age.! Olfac-
tory dysfunction can result from viral upper respiratory
infections (URI), side effects of certain medications, head
trauma, sinonasal disease, congenital anosmia, neurode-
generative disorders, or normal aging.?® Disorders of
taste are less common and are often difficult to
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distinguish from olfaction-related gustatory alterations.”
Common causes of taste dysfunction include URI, head
trauma, medications, and idiopathic causes.”%8 Olfaction
and gustation play an important role in eating, hazard
detection (eg, poisonous fumes, smoke, spoiled food),
social communication, and overall quality of life.>91°

While other major sensory impairments such as
blindness and hearing loss are known to be associated
with mental health disorders, the link between olfactory
dysfunction and depression is not as well character-
ized. 1713 Previous studies have associated impairment of
olfactory function with worse cognitive function, feelings
of vulnerability, increased loneliness, and depressive
symptoms.*1418 However, these studies had small sample
sizes limited to an institution or specific population with
oftentimes conflicting results. Many specifically only
examined patients with chronic sinonasal disease or
patients seeking medical attention for olfactory disorders.
The relationship between major depression and changes
in smell or taste has not been previously described in a
nationally representative sample of U.S. adults.!”!® Even
less is known about the relationship between gustatory
disorders and depression; limited studies show an associa-
tion between taste perception and affective disorders, and
anecdotally clinicians have observed patients developing
depression subsequent to gustatory dysfunction.'®2°

The National Health and Nutrition Examination
Survey (NHANES) collected health surveys on taste and
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smell ability as well as related health conditions for the
first time in representative samples in the U.S. in 2011-
2012 and 2013-2014. In this study, we used extracted
data from the NHANES survey to study the relationship
between depression and alterations in smell and taste in
adults >40 years old.

METHODS

Adult data was collected from the 2011-2012 and 2013-
2014 NHANES, which uses a complex, multistage, probability
sampling design to select participants from the civilian nonin-
stitutionalized U.S. population. Since the data was already de-
identified and is publicly available, this study was exempt from
institutional review board approval.

Adults who were 40 years or older were eligible to partici-
pate in the taste and smell disorders component of the
NHANES, which was administered in the 2011-2012 and 2013—
2014 surveys for the first time. The analytic cohort was com-
posed of 6,352 adults who had complete data on smell and taste
alteration and depression. There were no exclusion criteria to
the taste and smell questionnaire. Participants were categorized
as having smell alteration if they reported a problem in smell
in the past 12 months (yes/no), worse sense of smell since age
25 (better now/worse now/no change), or smelling an unpleas-
ant, bad, or burning odor when nothing is there (yes/no).?! Par-
ticipants were categorized as having taste alteration if they
reported a problem with taste in the mouth in the past 12
months (yes/no) or change in ability taste food flavors such as
chocolate/vanilla/strawberry since age 25 (yes/no). “Associated
medical history” variables included persistent cold/flu for longer
than a month in the past 12 months (yes/no), ever having two
or more sinus infections (yes/no), ever having a broken nose or
other serious injury to face or skull (yes/no), and ever having a
loss of consciousness because of a head injury (yes/no). Sociode-
mographic information was collected for each respondent
including age, gender, race/ethnicity (non-Hispanic White, non-
Hispanic Black, Mexican-American or other Hispanic, Asian, or
others), education level (<12th grade, high school graduate, or
some college or more), and annual household income (<US
$20,000, $20,000-45,000, $45,000-75,000, >$75,000).
“Comorbidity” variables known to be related to smell and taste
alteration included in the study were diabetes (based on self-
reported diagnosis and/or current use of insulin or other dia-
betic medications), cardiovascular disease (congestive heart fail-
ure, coronary artery disease, angina pectoris, or myocardial
infarction), stroke (self-reported history), hypertension (told by
physician on two more more visits about hypertension diagno-
sis), smoking status (current, former, and never), and heavy
alcohol use (>4 drinks per day).

The nine-item Patient Health Questionnaire (PHQ-9) was
used to evaluate depressive disorders. The validated question-
naire is a self-administered version of the PRIME-MD diagnos-
tic instrument for common mental disorders that measures the
presence and severity of depression with scores ranging from 0—
27.22 A PHQ-9 score >10 is considered diagnostic for major
depression with a sensitivity of 88% and specificity of 88%.22
Participants were categorized as having any depressive symp-
toms or major depressive disorder if either of the initial ques-
tions addressing depressed mood was answered as “more than
half the days” or “nearly every day” and the PHQ-9 score was
>5 or >10, respectively.

Data was analyzed using Stata software (version 11.1, Sta-
taCorp, College Station, TX, U.S.A.). Survey variables that
incorporated weighting, clustering, or stratification were used
in the statistical analysis to produce national estimates for the

Laryngoscope Investigative Otolaryngology 3: April 2018

prevalence of taste and smell disorders based on the survey
design for NHANES. Unweighted numbers were reported in
Table I to provide descriptive measures of the study cohort. Sta-
tistical analysis included the Student’s ¢ test for continuous var-
iables and chi-square or Fisher’s exact tests for categorical
variables. The population prevalence of smell and taste altera-
tions were estimated with 95% confidence intervals. Logistic
regression analyses were used to examine the associations
between smell/taste alteration and depression. Sociodemo-
graphic variables along with cardiovascular factors and other
related medical risk factors were explored in association in
association with the smell and taste alteration. All significant
tests were two-sided with a type 1 error rate of 0.05.

RESULTS

The overall study population consisted of 5,275
adults 40 years or older who participated in the
NHANES survey in 2011-2012 and 2013-2014. Of those
who participated, 1,172 adults were classified as having
self-reported smell alteration, and 652 were classified as
having self-reported taste alteration. In adults who
reported having alterations in smell, the average age
was 59.5 years old, 49.3% were female, 50.9% were
white, 55.0% had some college education or more, and
26.9% had an annual household income less than
$20,000 a year. In adults who reported having altera-
tions in taste, the average age was 60.0 years old, 50.3%
were female, 48.2% were white, 50.6% had some college
education or more, and 29.6% had an annual household
income less than $20,000 a year. Also, adults with alter-
ations in taste or smell had a significantly higher preva-
lence of hypertension, cardiovascular disease, diabetes,
stroke, smoking, heavy alcohol use, two or more sinus
infections, persistent cold symptoms, previous head
injury, and nasal or facial fractures. Table I displays fur-
ther details regarding the sociodemographic characteris-
tics of this study’s cohort.

Table II describes the prevalence of smell or taste
alterations in three groups: the study cohort, those in
the study with any depressive symptoms, and those in
the study with major depressive disorder. The overall
estimated prevalence of alterations in smell and taste in
U.S. adults >40 years were 23.0% (20.7-25.3) and 11.9%
(10.7-13.1), respectively. Among respondents with
depressive symptoms, the prevalence of alterations in
smell and taste were estimated to be 33.9% (27.8-39.9)
and 19.3% (14.7-23.8), respectively, both higher than the
overall population. The prevalence of alterations in smell
and taste were also estimated to be higher among partic-
ipants with major depressive disorder at 39.8% (33.4—
46.1) and 23.7% (18.7-28.7), respectively.

Table III displays the results of the stepwise multi-
variate logistic regression analysis of the association
between depressive disorders and alterations in smell
and taste. After controlling for demographic factors,
comorbidities, and associated medical history, adults
with alterations in smell were more likely to have any
depressive symptoms (OR: 1.35, p =0.02) and major
depressive disorder (OR: 1.67, p <0.001), and adults who
reported alterations in taste were more likely to have
major depressive disorder (OR: 1.77, p = 0.001).
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TABLE

Demographic Characteristics of Participants Age >40 Years NHANES 2011-2012 & 2013-2014.

Smell Alteration

Taste Alteration

Characteristics Yes (n=1172) No (n=4103) p Yes (n = 652) No (n = 4623) p
Gender, n (%)
Male 594 (50.7) 2173 (53.0) 324 (49.7) 2443 (52.8)
Female 578 (49.3) 1930 (47.0) 0.17 328 (50.3) 2180 (47.2) 0.13
Age, mean (SD) 59.5 (12.0) 58.8 (11.8) <0.001* 60.0 (11.7) 58.9 (11.8) 0.001*
Race, n (%)
White 596 (50.9) 1796 (43.8) 314 (48.2) 2078 (45.0)
Black 247 (21.1) 1003 (24.4) 162 (24.8) 1088 (23.5)
Hispanic 222 (18.9) 833 (20.3) 118 (18.1) 937 (20.3)
Asian 68 (5.8) 389 (9.5) 35 (5.4) 422 (9.1)
Other 39 (3.3) 82 (2.0) <0.001* 23 (3.5) 98 (2.1) 0.002*
Education, n (%)
Less than high school 262 (22.4) 928 (22.6) 192 (29.5) 998 (21.6)
High school graduate 265 (22.6) 907 (22.1) 130 (19.9) 1042 (22.5)
Some college or more 645 (55.0) 2268 (55.3) 0.93 330 (50.6) 2583 (55.9) <0.001*
Comorbidities, n (%)
Hypertension 612 (52.2) 1866 (45.5) <0.001* 368 (56.4) 2110 (45.6) <0.001*
Diabetes 247 (21.1) 746 (18.2) 0.03* 159 (24.4) 834 (18.0) <0.001*
Cardiovascular disease 191 (16.3) 413 (10.1) <0.001* 115 (17.6) 489 (10.6) <0.001*
Stroke history 83 (7.1) 185 (4.6) <0.001* 51 (7.8) 217 (4.7) 0.001*
Smoking, n (%)
Never 470 (40.1) 1985 (48.4) 264 (40.5) 2191 (47.4)
Former 416 (35.5) 1305 (31.8) 226 (34.7) 1495 (32.3)
Current 286 (24.4) 813 (19.8) <0.001* 162 (24.8) 937 (20.3) 0.002*
Annual household income, n (%)
<$20,000 315 (26.9) 782 (19.1) 193 (29.6) 904 (19.6)
$20,000-45,000 332 (28.3) 1067 (26.0) 190 (29.1) 1209 (26.2)
$45,000-75,000 179 (15.3) 749 (18.3) 94 (14.4) 834 (18.0)
>$75,000 275 (23.5) 1165 (28.4) 133 (20.4) 1307 (28.3)
Refused/unsure 1(6.1) 340 (8.3) <0.001* 42 (6.4) 369 (8.0) <0.001*
Medical history, n (%)
Sinus infection 515 (43.9) 1262 (30.8) <0.001* 272 (41.7) 1505 (32.6) <0.001*
Previous head injury 251 (21.4) 514 (12.5) <0.001* 130 (19.9) 635 (13.7) <0.001*
Persistent cold symptoms 133 (11.4) 213 (6.2) <0.001* 76 (11.7) 271 (5.9) <0.001*
Nasal or facial fracture 248 (21.2) 585 (14.3) <0.001* 143 (21.9) 690 (14.9) <0.001*
Heavy alcohol use 268 (22.9) 688 (16.8) <0.001* 141 (21.6) 815 (17.6) 0.01*
*p <0.05
Defined as having four or more drinks of any alcoholic beverage daily.
SD = standard deviation.
Table IV displays the results of the same stepwise
multivariate logistic regression model performed in TABLE II.

Table III after stratifying the study cohort into two age
groups. Adults <65 years old with alterations in smell
were more likely to have any depressive symptoms (OR:
1.36, p = 0.03) and major depressive disorder (OR: 1.64,
p =0.004). However, adults >65 years old with altera-
tions in smell had no significant association with major
depressive disorder after controlling for comorbitidies
(OR: 1.72, p=0.075). The association between altera-
tions in taste and major depressive disorder was not
affected by the age stratification.
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Prevalence of Smell and Taste Alterations in Participants Age >40
Years NHANES 2011-2012 & 2013-2014 (weighted estimates).

Taste Alteration
(95% ClI)

Smell Alteration
(95% Cl)

Total prevalence
Any depressive symptoms*
Major depressive disorder*

23.0 (20.7-25.3)
33.9 (27.8-39.9)
39.8 (33.4-46.1)

11.9 (10.7-13.1)
19.3 (14.7-23.8)
23.7 (18.7-28.7)

TDefined as in Methods.
Cl = confidence interval.
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TABLE lIl.

Stepwise Regression Models of the Association between Major Depressive Disorder or Any Depressive Symptoms with Smell and Taste
Alterations.

Smell Alteration

Taste Alteration

Any Depressive Symptoms’

Major Depressive Disorder’

Any Depressive Symptoms’ Major Depressive Disorder"

Variable OR (95% Cl) p OR (95% CI) P OR (95% Cl) o OR (95% Cl) o

Base model 1.84 (1.42-2.39) <0.001** 2.37 (1.80-3.11) <0.001** 1.91 (1.36-2.69) 0.001** 2.49 (1.78-3.49) <0.001**

Base + dgmographic 1.66 (1.27-2.19)  0.001** 2.13 (1.64-2.77) <0.001** 1.64 (1.14-2.35) 0.009* 2.16 (1.53-3.04) <0.001*
factors

Base + dgmographic 1.48 (1.15-1.90)  0.003**  1.86 (1.44-2.41) <0.001** 1.49 (1.07-2.08) 0.021* 1.94 (1.40-2.70) <0.001**
factors™ +

comorbidities®

Base + demographic  1.35 (1.05-1.74)  0.02*
factors* +
comorbiditiesS +
associated
medical history*

1.67 (1.28-2.19) <0.001** 1.37 (0.98-1.91) 0.066

1.77 (1.27-2.46)  0.001**

*p < 0.05; *p <0.01
"Defined in Methods.
*Demographic factors include age, gender, education, and income.

SComorbidities include hypertension, cardiovascular disease, diabetes, stroke, smoking, and heavy alcohol use.
#Associated medical history includes previous sinus infections, persistent cold symptoms, previous head injury, and nasal/facial fracture.

Cl = confidence interval; OR = odds ratio.

DISCUSSION

To our knowledge, this is the first study in the liter-
ature to investigate the relationship between major
depression and self-reported alterations in olfaction and
gustation using a large nationally representative sample
that included a validated questionnaire to diagnose
major depressive disorder. One previous study by Boes-
veldt et al. analyzing data from a nationally representa-
tive probability sample of 3005 older American adults
reported an association between any depressive symp-
toms and olfactory dysfunction, which is consistent with
our results.?® That study, however, did not evaluate for
major depression.?® All other previous studies evaluating
the relationship between depression and olfaction or

taste were small case-control studies with varied
results.?*?5

The overall prevalence of altered smell and taste
were estimated to be 23.0% and 11.9% among U.S.
adults, respectively. This corresponds to studies of olfac-
tory dysfunction that reported a prevalence of 19% to
24% in adults.?2® Few published reports have
described the prevalence of gustatory dysfunction; major
chemosensory clinical centers report that while approxi-
mately 70% of patients with gustatory complaints dem-
onstrated olfactory loss, fewer than 10% demonstrated
quantifiable taste loss.2?3° Given the relatively low inci-
dence of taste disorders in the general population and
that most subjective taste complaints can be attributed

TABLE IV.

Regression Model of the Association between Major Depressive Disorder or Any Depressive Symptoms with Smell and Taste Alterations
Stratified by Age.

Smell Alteration

Taste Alteration

Any Depressive
Symptoms’

Major Depressive Disorder’

Any Depressive

Symptoms’ Major Depressive Disorder’

Variable OR (95% Cl) p

OR (95% CI) P

OR (95% ClI) p OR (95% Cl) P

<65 years Base + demographic 1.36 (1.03-1.81) 0.031* 1.64 (1.19-2.26) 0.004** 1.32 (0.88-1.98) 0.172 1.66 (1.12-2.47) 0.014*

factors* +
comorbidities$ +
associated
medical history*

>65 years Base+d§mographic 1.24 (0.77-2.00) 0.362 1.72 (0.94-3.12) 0.075

factors* +
comorbidities® +
associated
medical history*

1.54 (0.99-2.40) 0.056 2.14 (1.07-4.30)* 0.033*

*p < 0.05; ™ p <0.01
"Defined in Methods.
*Demographic factors include age, gender, education, and income

SComorbidities include hypertension, cardiovascular disease, diabetes, stroke, smoking, and heavy alcohol use
#Associated medical history includes previous sinus infections, persistent cold symptoms, previous head injury, and nasal/facial fracture

Cl = confidence interval; OR = odds ratio.
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to olfactory loss, it has been recommended that olfaction
be the primary investigative focus for clinicians.?!

In our study cohort, we found significantly higher
rates of comorbidities and other medical conditions in
adults with alterations in smell or taste. This is consis-
tent with previous studies analyzing national surveys on
this topic.3%23 Persistent cold/flu symptoms, sinonasal
disease, and head trauma have been reported as being
associated with olfactory and gustatory dysfunction
likely due to disruption or obstruction of the olfactory
mucosa.’™>8 Comorbidities and exposure to environmen-
tal toxins such as smoking and alcohol also likely
increase the risk of damage to the olfactory mucosa lead-
ing to dysfunction.?*

Older age has been consistently shown to correlate
with a decreased ability to both smell and taste, with
older males most affected.!626-2835:36 However, findings
are inconsistent regarding the effect of age on the psy-
chological impact of olfactory dysfunction. While some
studies found that elderly people with olfactory impair-
ment were more likely to report depression and low
quality of life, others found this association to be con-
founded by low cognitive function or other general
health-related problems.'* %3537 In this study, altera-
tions in smell impairment was a strong predictor for
depressive symptoms and major depressive disorder in
adults less than 65 years old but not for adults >65
years old suggesting the association is likely confounded
by the age-related physical and mental health changes
seen in the geriatric population. The association between
alterations in taste and major depressive disorder, on
the other hand, was not affected by age stratification
suggesting that alterations in taste may be a stronger
predictor than alterations in smell for depression in the
geriatric population.

We found that among those who met the criteria for
major depressive disorder, the prevalence of altered
smell and taste was higher at 39.8% and 23.7%, respec-
tively. Even after controlling for sociodemographic fac-
tors, comorbidities, and associated medical risk factors,
adults with olfactory or gustatory dysfunction were more
likely to have major depressive disorder compared to
adults without olfactory or gustatory dysfunction. The
literature on olfactory or gustatory dysfunction in
depressed populations is limited; however, a recent sys-
tematic review found several case-control studies that
demonstrated patients with depression exhibited multi-
ple aspects of smell dysfunction, including decreased
scores for olfactory threshold, discrimination and identi-
fication, compared to controls.?* Only one case-control
study investigating the association between taste and
depression was identified in the literature. The study of
39 patients in 1969 found that depressed patients
required a significantly higher threshold concentration
to perceive all basic taste modalities (sweet, salty, sour,
and bitter) compared to nondepressed patients.?®

Possible pathophysiologic mechanisms for the devel-
opment of olfactory dysfunction secondary to depression
or vice versa have been proposed. Depression is associ-
ated with elevated levels of inflammatory cytokines such
as interleukin-6, tumor necrosis factor o, interleukin-1p,
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and glucocorticoids which can inhibit neurogenesis lead-
ing to limited proliferation of olfactory neurons.24:3839
Olfactory dysfunction causing secondary development of
depression has also been suggested. In animal models
where the olfactory bulbs have been ablated, the result-
ing chemical and behavioral states are similar to the
profile of a depressed state.243%:40

A pathophysiologic mechanism for the association
between gustatory dysfunction and depression may
involve the development of anhedonia, a core symptom
of major depressive disorder, which can be detected in a
decreased response to palatable food in rat models. One
study demonstrated reduced expression of 5-HT1A
receptors for serotonin in the taste cells of rats that
develop anhedonia, suggesting that biological changes in
taste cells may be a contributing factor to the develop-
ment of depressive symptoms.*!

The association between major depressive disorder
and olfactory and taste dysfunction in older adults is
further supported by a recent study on whether olfactory
training improves quality of life and reduces the likeli-
hood of depressive symptoms. A randomized unblinded
study in Germany of 91 older participants (54 to 84
years) demonstrated that olfactory training for five
months improved olfactory function and decreased
depressive symptoms.*? Further study is necessary to
determine the role and clinical impact of olfactory train-
ing in reducing the odds of major depressive disorder,
but it may be a promising inexpensive intervention in
the future.

There are some limitations to this study that should
be considered when interpreting the results. First, the
reliance on self-reporting by individuals raises the possi-
bility of recall bias. Alterations in smell and taste were
not confirmed with objective standardized clinical tests,
and the severity of smell and taste disturbances was not
assessed. Second, the cross-sectional design of the study
precludes the ability to draw valid conclusions on causal-
ity. Finally, the results are generalizable only to older
adults in the U.S. population.

CONCLUSION

There is a strong association between major depres-
sion and olfactory and gustatory dysfunction among
adults in certain age groups in the general U.S. popula-
tion. Healthcare practitioners may be able to improve
the quality of life of patients reporting alterations in
taste or smell by screening for depressive symptoms and
referring patients to mental health services. Further
prospective studies are warranted to determine whether
improving olfactory and gustatory function in older
adults reduces the odds of major depressive disorder.

BIBLIOGRAPHY

1. Bhattacharyya N, Kepnes LJ. Contemporary assessment of the prevalence
of smell and taste problems in adults. Laryngoscope 2015;125:1102—
1106.

2. Croy I, Nordin S, Hummel T. Olfactory disorders and quality of life—an
updated review. Chem Senses 2014;39:185-194.

3. Santos DV, Reiter ER, DiNardo LJ, Costanzo RM. Hazardous events asso-
ciated with impaired olfactory function. Arch Otolaryngol Head Neck
Surg 2004;130:317-319.

Hur et al.: Association of Smell and Taste with Depression



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Temmel AF, Quint C, Schickinger-Fischer B, Klimek L, Stoller E, Hummel

T. Characteristics of olfactory disorders in relation to major causes of
olfactory loss. Arch Otolaryngol Head Neck Surg 2002;128:635-641.

. Wrobel BB, Leopold DA. Clinical assessment of patients with smell and

taste disorders. Otolaryngol Clin North Am 2004;37:1127-1142.

. Wrobel BB, Leopold DA. Smell and taste disorders. Facial Plast Surg Clin

North Am 2004;12:459-468, vii.

. Soter A, Kim J, Jackman A, Tourbier I, Kaul A, Doty RL. Accuracy of self-

report in detecting taste dysfunction. Laryngoscope 2008;118:611-617.

. Boyce JM, Shone GR. Effects of ageing on smell and taste. Postgrad Med

J 2006;82:239-241.

. Stevenson RdJ. An initial evaluation of the functions of human olfaction.

Chem Senses 2010;35:3-20.

Pence TS, Reiter ER, DiNardo LJ, Costanzo RM. Risk factors for hazard-
ous events in olfactory-impaired patients. JAMA Otolaryngol Head Neck
Surg 2014;140:951-955.

Heine C. Dual sensory loss and its mental health impacts: where to now?
Front Aging Neurosci 2014,6:348.

Li CM, Zhang X, Hoffman HJ, Cotch MF, Themann CL, Wilson MR. Hear-
ing impairment associated with depression in US adults, National
Health and Nutrition Examination Survey 2005-2010. JAMA Otolar-
yngol Head Neck Surg 2014;140:293-302.

Mener DJ, Betz J, Genther DJ, Chen D, Lin FR. Hearing loss and depres-
sion in older adults. J Am Geriatr Soc 2013;61:1627-1629.

Seo HS, Jeon KJ, Hummel T, Min BC. Influences of olfactory impairment
on depression, cognitive performance, and quality of life in Korean
elderly. Eur Arch Otorhinolaryngol 2009;266:1739-1745.

Sivam A, Wroblewski KE, Alkorta-Aranburu G et al. Olfactory Dysfunc-
tion in Older Adults is Associated with Feelings of Depression and Lone-
liness. Chem Senses 2016; 41:293-299.

Gopinath B, Anstey KJ, Sue CM, Kifley A, Mitchell P. Olfactory impair-
ment in older adults is associated with depressive symptoms and poorer
quality of life scores. Am J Geriatr Psychiatry 2011;19:830-834.

Katotomichelakis M, Simopoulos E, Tzikos A, et al. Demographic corre-
lates of anxiety and depression symptoms in chronic sinonasal diseases.
Int J Psychiatry Med 2014;48:83-94.

Bramerson A, Nordin S, Bende M. Clinical experience with patients with olfac-
tory complaints, and their quality of life. Acta Otolaryngol 2007;127:167-174.

Heath TP, Melichar JK, Nutt DJ, Donaldson LF. Human taste thresholds
are modulated by serotonin and noradrenaline. J Neurosci 2006;26:
12664-12671.

Maheswaran T, Abikshyeet P, Sitra G, Gokulanathan S, Vaithiyanadane V,
Jeelani S. Gustatory dysfunction.  Pharm Bioallied Sci 2014;6:S30-33.

Rawal S, Hoffman HJ, Bainbridge KE, Huedo-Medina TB, Duffy VB. Prev-
alence and risk factors of self-reported smell and taste alterations:
results from the 2011-2012 US National Health and Nutrition Examina-
tion Survey (NHANES). Chemical Senses 2016;41:69-76.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief
depression severity measure. JJ Gen Intern Med 2001;16:606-613.

Boesveldt S, Lindau ST, McClintock MK, Hummel T, Lundstrom JN. Gus-
tatory and olfactory dysfunction in older adults: a national probability
study. Rhinology 2011;49:324-330.

Laryngoscope Investigative Otolaryngology 3: April 2018

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kohli P, Soler ZM, Nguyen SA, Muus JS, Schlosser RJ. The association
between olfaction and depression: a systematic review. Chem Senses
2016;41:479-486.

Steiner JE, Rosenthal-Zifroni A, Edelstein EL. Taste perception in depres-
sive illness. Isr Ann Psychiatr Relat Discip 1969;7:223-232.

Murphy C, Schubert CR, Cruickshanks KdJ, Klein BE, Klein R, Nondahl
DM. Prevalence of olfactory impairment in older adults. JAMA 2002;
288:2307-2312.

Bramerson A, Johansson L, Ek L, Nordin S, Bende M. Prevalence of olfac-
tory dysfunction: the skovde population-based study. Laryngoscope 2004;
114:733-737.

Vennemann MM, Hummel T, Berger K. The association between smoking
and smell and taste impairment in the general population. J Neurol
2008;255:1121-1126.

Deems DA, Doty RL, Settle RG, et al. Smell and taste disorders, a study
of 750 patients from the University of Pennsylvania Smell and Taste
Center. Arch Otolaryngol Head Neck Surg 1991;117:519-528.

Cowart BJ, Young IM, Feldman RS, Lowry LD. Clinical disorders of smell
and taste. Occup Med 1997;12:465-483.

Malaty J, Malaty IA. Smell and taste disorders in primary care. Am Fam
Physician 2013;88:852—-859.

Liu G, Zong G, Doty RL, Sun Q. Prevalence and risk factors of taste and
smell impairment in a nationwide representative sample of the US pop-
ulation: a cross-sectional study. BM<J Open 2016;6:¢013246.

Lee WH, Wee JH, Kim DK, et al. Prevalence of subjective olfactory dys-
function and its risk factors: korean national health and nutrition exam-
ination survey. PLoS One 2013;8:e62725.

Nakashima T, Kimmelman CP, Snow JB, Jr. Structure of human fetal and
adult olfactory neuroepithelium. Arch Otolaryngol 1984;110:641-646.

Boesveldt S, Yee JR, McClintock MK, Lundstrom JN. Olfactory function
and the social lives of older adults: a matter of sex. Sci Rep 2017;7:
45118.

Hummel T, Kobal G, Gudziol H, Mackay-Sim A. Normative data for the
“Sniffin’ Sticks” including tests of odor identification, odor discrimina-
tion, and olfactory thresholds: an upgrade based on a group of more
than 3,000 subjects. Eur Arch Otorhinolaryngol 2007;264:237-243.

Simopoulos E, Katotomichelakis M, Gouveris H, Tripsianis G, Livaditis M,
Danielides V. Olfaction-associated quality of life in chronic rhinosinusi-
tis: adaptation and validation of an olfaction-specific questionnaire.
Laryngoscope 2012;122:1450-1454.

Furtado M, Katzman MA. Examining the role of neuroinflammation in
major depression. Psychiatry Res 2015;229:27-36.

Yuan TF, Hou G, Arias-Carrion O. Chronic stress impacts on olfactory sys-
tem. CNS Neurol Disord Drug Targets 2015;14:486-491.

Song C, Leonard BE. The olfactory bulbectomised rat as a model of depres-
sion. Neurosci Biobehav Rev 2005;29:627-647.

Kim D, Chung S, Lee SH, Koo JH, Lee JH, Jahng JW. Decreased expres-
sion of 5-HT1A in the circumvallate taste cells in an animal model of
depression. Arch Oral Biol 2017;76:42-47.

Birte-Antina W, Ilona C, Antje H, Thomas H. Olfactory training with older
people. Int J Geriatr Psychiatry 2017;33:212-220.

Hur et al.: Association of Smell and Taste with Depression

99



