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Epidemiology of olfaction: A short history
• National Geographic Society Study
–
–
–
–
–

6 item ‘scratch and sniff’ odor identification test
Worldwide response (1.2M US adults, 199K abroad)
Age and sex effects
1% could not smell 3/6 odors
Among those who could smell an odorant, ~50% could get
all 6 correct

Wysocki and Gilbert. National Geographic Smell Survey.
Ann N Y Acad Sci. 1989;561:12-28

National Health Interview Survey
• Do {you} now have any problems with {your} sense of smell,
such as not being able to smell things or things not smelling the
way they are supposed to? Answers were: Yes/No/Don't know
• Which problem do {you} have, not being able to smell things or
things not smelling the way they are supposed to? Answers
were: Loss of smell/Things don't smell right/Don't know
• Is {your} loss of smell complete or partial? Answers were:
Complete/Partial/Don't know
• Have {you} had problems with {your} sense of smell for at least
3 months? Answers were: Yes/No/Don't know
Hoffman HJ. Ann N Y Acad Sci. 1998 Nov 30;855:716-22.

NHIS 1994

Hoffman HJ. Ann N Y Acad Sci. 1998 Nov 30;855:716-22.

Beaver Dam Studies
• Recruited residents of a single town in WI as part of larger
epidemiology study
• San Diego Odor Identification Test (8 items)

• Largest, most comprehensive study at the time
• 24.5% impairment overall
• Major effects of age, sex, smoking, recent cold, history of
epilepsy or stroke
• Risk of subsequent cognitive impairment
Murphy C. JAMA. 2002 Nov 13;288(18):2307-12.
ME Fischer. J Am Geriatr Soc. 2016 Oct;64(10):1981-1987.

Beaver Dam Studies
• Olfactory impairment affects 24.5% of those over 55,
rising to 62.5% of those over 80 years old
• Longitudinal studies suggest smell dysfunction is a
predictor of subsequent cognitive impairment
• Change in incidence in offspring
• 17.3% prevalence in those 60-69 in 1998-2000
• 9.7% prevalence in those 60-69 in 2005-2006 (BOSS
offspring cohort)
• ? differences in lifestyle, health, or environmental factors
Murphy C. JAMA. 2002 Nov 13;288(18):2307-12.
Schubert CR. Chem Senses. 2012 May;37(4):325-34
Murphy C, et al. JAMA. 2002

US National Health and Nutrition
Examination Survey 2011-2012
• 3603 community-dwelling adults (aged 40+ years)
• Surveyed at home by technicians for chemosensory –
related health risks and behaviors
• New NIH toolbox smell test (odor identification) and self
report
• Self-reported smell alteration was 23%
– increased progressively with age
– highest in those aged 80+ years
Rawal S. Chem Senses. 2015 Oct 20.

NHANES 2011-2012
• In multivariable logistic regression, controlling for
sociodemographics, health behaviors, and
chemosensory-related conditions, the strongest
independent risk factor for smell alteration was
sinonasal symptoms
– OR= 2.06; 95% CI: 1.63-2.61
• Other significant risk factors were: heavy drinking, loss
of consciousness from head injury, family income
≤110% poverty threshold, and dry mouth/eyes
Rawal S. Chem Senses. 2015 Oct 20.

NHANES Objective Testing 2012
• N=1281 (70.5 %)

• Olfactory dysfunction was found in 12.4 %: 13.3 million
people
– 3.2 % anosmic/severe hyposmic (74 % males / 26 % females)

• Significant association with age
– 4.2 % (40 - 49 years), 12.7 % (60 - 69 years), and 39.4 % (80+ years)

• Risk factors included racial/ethnic minority status, incometo-poverty ratio ≤ 1.1, education <high school, and heavy
drinking
• Moderate-to-vigorous physical activity reduced risk of
impairment
Hoffman HJ. Rev Endocr Metab Disord. 2016 Jun;17(2):221-40.

Studies from other nations
• Skövde (Sweden)
• OLFACAT (Spain)
• Blue Mountain Eye Study (Australia)
• Others

• Difficult to compare, but similar risk factors identified

Brämerson A. Laryngoscope. 2004 Apr;114(4):733-7.
Mullol J. BMJ Open. 2012 Nov 6;2(6). pii: e001256.
Gopinath B. J Gerontol A Biol Sci Med Sci. 2012 Feb;67(2):204-9.

Challenges in population studies
• Collect lots of people or lots of clinical information
– Hard to do both

• Diversity/Representativeness
– Lack of studies in minority populations

• Different methods of testing the sense of smell

• Different geographic, cultural, social contexts, ages
• Cross sectional vs. longitudinal
– Snapshot versus change over time

A unique resource for studies of aging
• 3,005 community-residing adults, aged 57-85 years old
• Probability sample representative of the US population of older
adults
• Used to study the interplay of sociologic/medical issues including
elder abuse, social disconnectedness, sexuality, smoking and alcohol
use, medication use, diabetes, frailty, sleep
• Detailed/standardized heath questionnaire data
• Biomeasures available
• Olfactory testing, DNA

• Multiple waves of data collection
• 2005-06, 2010-11, 2015-16, 2020-21 (planning)

Suzman R, J Gerontol B Psychol Sci Soc Sci. 2009

Olfactory assessment in NSHAP
• Olfaction measured by validated 5 item version of
Sniffin’ Sticks
• Specifically, respondents were shown a picture
and corresponding word for each odor choice in
each of the 5 items
• Categories of olfactory function
– Anosmia (no sense of smell): 0-1 correct / 5
– Hyposmia (decreased sense of smell): 2-3 correct / 5
– Normosmia (normal sense of smell): 4-5 correct / 5
Mueller C. American Journal of Rhinology, 2006

Other information available in NSHAP
•
•

•

•
•

Race/ethnicity was assessed using the
•
standard NIH classification by self report
Cognitive function was assessed by a
modified version of the Short Portable
Mental Status Questionnaire (SPMSQ)
Self-rated physical health used the
standard 5-point scale with responses of •
“excellent, “very good,” “good,” “fair,” or
“poor”
Comorbidities were assessed by using a
modified version of the Charlson index.
Frequencies of depressive symptoms,
•
anxiety symptoms modified version of
the 11-item Center for Epidemiologic
Studies Depression Scale (CES-D)

Frequencies of anxiety symptoms and
perceived stressors were assessed by a a
modified version of the Hospital Anxiety
and Depression Scale (HADS), and a
modified version of the Perceived Stress
Scale (PSS), respectively
Current smoking: either salivary cotinine
level or self-report ; and problem
drinking: a combination of the CAGE
questionnaire and frequency of having
≥4 drinks on one occasion in the last 3
months
Education was based on the highest
degree or certification earned and
household assets were used as a
measure of socioeconomic status

Odor identification declines with age

Minorities are more likely to have
impaired olfaction
Covariate

Odds Ratio

95% CI

Age (decades)

0.48 ***

0.42, 0.54

Sex (men vs. women)

0.70 ***

0.62, 0.80

Race/Ethnicity (vs. White)
All non-white

0.53 ***

0.42, 0.65

Results from ordinal logistic regression models fit to the
number of odors identified correctly (5 odors total, n = 2,928)

Covariate

Age (decades)
Sex (men vs. women)

Odds ratio

95%CI

0.52 ***

0.46, 0.60

0.67 ***

0.57, 0.78

Survives correction for
physical and mental
health, comorbidities,
smoking and drinking

Race/Ethnicity (vs. white)

All non-white
African-American
(AA)
Hispanic, non-AA
Other

0.61 **
0.94
0.66

Cognition (SPMSQ)
Education
Household assets (log10)

0.46, 0.82

Self-rated physical
health
Comorbidity index

0.65, 1.35
0.40, 1.09
1.20, 1.42

Depressive
symptoms
Anxiety symptoms

1.14 **

1.04, 1.24

Perceived
stressors
Current smoker

1.02

0.92, 1.13

Problem drinking

1.30 ***

OR

95%CI

1.13*

1.02, 1.25

1.04

0.99, 1.10

0.77*

0.60, 1.00

1.30*

1.01, 1.65

0.94

0.75, 1.17

0.94

0.74, 1.18

0.93

0.78, 1.12

Results from ordinal logistic regression models fit to the number of
odors identified correctly (5 odors total, n = 2,928)

Older US adults face elevated air pollution
exposure
• The average pollution exposure in US older adults is above public
health standards
– 30 day PM2.5 exposure: 13.9 ± 5.4 μg/m3
– 1-year exposure: 13.9 ± 4.5 μg/m3

• World Health Organization (WHO) annual threshold: 10 μg/m3
• US EPA three-year annual average threshold: 12 μg/m3
• Thus, 64.2% or 78.1% of urban-dwelling older adults had
exposures above these safety limits, respectively, based on our 1
year exposure data

G. Ajmani, Environ. Research, 2016

Minorities face worse air pollution exposure

Mean exposure
Whites:
13.9 µg/m3
Minorities:
14.9 µg/m3
p = 0.020

Air pollution exposure is associated with
olfactory dysfunction
OR = 1.21
(1.01, 1.58)
p = 0.047

Air pollution exposure differences do not explain
racial disparities in olfactory dysfunction

Olfaction and mortality: A link?
• Rush Memory and Aging Project, n=1,162
– Retirement home residents in Illinois, largely white
– 12-item UPSIT
– 6% increased risk of death for each incorrect odor

• Blue Mountains Eye Study, n=1,636
–
–
–
–

Community dwelling near Sydney, Australia, largely white
8-item SDOIT
68% increased odds of death, but
No increased risk after controlling for cognition (MMSE)

Wilson RS, Chem Senses 2011; Gopinath B, J Gerontol Med Sci, 2012

% Dead 5 Years Later

Poor olfaction is associated with increased 5
year mortality
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Normosmic = 4-5 correct
Hyposmic = 2-3 correct
Anosmic = 0-1 correct

Anosmic

In all age groups, those with no or decreased sense
of smell are more likely to die in 5 years

Pinto JM, et al. PLoS One. 2014

Covariates
Olfactory dysfunction
(vs. Normosmic)
Anosmic

Model B

Model C

3.24
(1.99,5.28)

3.41
(2.06,5.64)

Hyposmic

1.54
(1.10,2.16)

1.48
(1.03,2.14)

Age (per year)

1.07
(1.05,1.09)

1.06
(1.04,1.09)

Female gender

0.70
(0.53,0.93)

0.74
(0.55,1.00)

0.91
(0.65,1.27)

0.88
(0.62,1.24)

0.57
(0.36,0.89)

0.61
(0.36,1.02)

0.84
(0.39,1.81)

0.88
(0.38,2.06)

0.72
(0.63,0.82)

0.76
(0.66,0.87)

Race/ethnicity
(vs. White)
Black

Hispanic

Other

Education

a

Comorbidity Index

1.36
(1.28,1.45)

Those with anosmia
have 3X the odds of
dying in 5 years than
those with normal
smell function

Controlling for physical health,
nervous system risk factors,
and demographics

Olfaction predicts mortality better than
major common diseases

Mechanism(s)?
• Sensitive indicator of neurologic function or
decline
• Decreased nutrition
• Environmental insult via respiratory exposures
• Marker of cumulative burden of aging and slowed
cellular regeneration/repair

Older adults with olfactory dysfunction had
2X odds of developing dementia 5 years later
Covariates

Odds Ratio

p-value

(95% Confidence Interval)

Olfactory Dysfunction

2.13 (1.32-3.43)

0.002

Cognition (per 1 point on

0.73 (0.61-0.87)

0.001

1.06 (1.01-1.11)

0.02

SPMSQ Score)
Age (per year)

*controlling for gender, race/ethnicity, education, and comorbidity

Adams DR. J Am Geriatr Soc. 2018 Jan;66(1):140-144.

Each odor identification error increased
the odds of dementia 5 years later
p=0.044

30

But, smell loss predicts mortality
independent of conversion to dementia
 Betula study, Sweden
 Association between SOIT score and mortality was
retained after controlling for dementia conversion
before death (HR = 0.92, 95% CI = 0.87-0.97, P =
.001)
 Mechanism may reflect other biological aspects of
aging

Ekström I. J Am Geriatr Soc. 2017 Jun;65(6):1238-1243.
31

Sensory deficits are common in older adults

32

A single common factor
accounts for the variation
in sensory dysfunction
across the senses

Evidence of sensory
aging or frailty
J Am Geriatr Soc. 2016 Feb; 64(2): 306–313.
Correia C. J Am Geriatr Soc. 2016 Feb; 64(2): 306–313.
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Global sensory impairment predicts
poor health outcomes





Slower timed walk: OR = 1.22, 95% CI = 1.05-1.42)
More disabilities (≥2 IADLs) OR = 1.45, 95% CI = 1.23-1.70)
Less activity (accelerometry): β = -2.7, 95% CI = -5.2 to -0.2)
Worse cognitive function (Montreal Cognitive Assessment):
β = -0.64, 95% CI = -0.84 to -0.44)
 Worse overall health (OR = 1.16, 95% CI = 1.03-1.31)
 Weight loss (>10%: OR = 1.31, 95% CI = 1.04-1.64)
 Increased mortality (OR = 1.45, 95% CI = 1.19-1.76)
Pinto JM. J Am Geriatr Soc. 2017 Dec;65(12):2587-2595.
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Conclusions
• We can learn much from population studies about
what factors predict smell loss
– Male gender, age, socioeconomic status, racial minority
status, neurologic disease, pollution exposure
– Exercise may be protective

• Olfaction is a global health indicator and strongly
predicts 5 year mortality
– Signaling neurodegenerative disease
– Other unknown biological processes related to aging

• Olfactory dysfunction predicts cognitive
impairment and brain dysfunction
– Warning of impending dementia, Alzheimer’s Disease,
and Parkinson’s Disease

Conclusions
• Sensory loss can be considered a form of frailty
– a common mechanism across senses for age-related
changes

• Multiple deficits are common
• Sensory loss across all 5 senses predicts major
health outcomes that are critical for older adults
• Bridging the gap between human and animal work
is needed to find ways to prevent, mitigate, or cure
these important clinical conditions

Thank you!

