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Background. Age-related olfactory loss (presbyosmia) substantially decreases quality of life, presages neurodegen-
erative disease, impairs nutrition, and predicts mortality. We sought to determine how race is associated with olfactory
loss in older American adults in order to inform both health care and policy.

Methods. The National Social Life, Health and Aging Project interviewed a cross-sectional nationally representative
probability sample of older adults in the United States. African Americans and Hispanics were oversampled, providing
power to detect disparities for these subgroups. As part of an omnibus survey of demographic, social, psychological, and
biological measures, National Social Life, Health and Aging Project assessed the ability to verbally identify odors by
presenting five odor pens. Multivariate ordinal logistic regression quantified racial differences in odor identification, and
then tested potential confounders.

Results. African Americans and Hispanics had markedly worse olfactory function (controlling for gender and age)
compared with whites (p <.001), twice the magnitude of gender differences, and comparable to aging 9 years. Cognition,
household assets, and education accounted for the disparity found among Hispanics but not among African Americans.
Moreover, other potential confounders, such as physical or mental health, including tobacco and alcohol use, did not
account for the African American health disparity, which remained significant (p = .001) after including these factors.

Conclusions. African Americans are more likely to suffer from presbyosmia, a health disparity not explained by
gender, education, cognition, physical or mental health, and health behaviors. This novel health disparity may result
from lifetime environmental exposures, diet, or genetic susceptibility. Dissecting the interactions among these putative
mechanisms will provide insight into ameliorating this decline in critical human sensory function.
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GE-RELATED olfactory loss (presbyosmia) predicts

mortality (1) and is an important public health prob-
lem worldwide (2—4). In the United States, millions of older
adults are affected and olfactory complaints overall lead to
more than 200,000 physician visits annually. Because olfac-
tion declines over time (4), the clinical impact will increase
as the U.S. population ages. This sensory impairment of
aging affects critical functions, such as nutrition (5), immu-
nity (5), sensation of pleasure (6), detection of environmental
hazards (7), mood, cognition, behavior, sexuality, and well-
being, and therefore it poses a profound burden on older
adults. Indeed, up to one third of older participants report
dissatisfaction with their ability to smell (8), and approxi-
mately 50% are unable to detect the standard warning odor
in natural gas (9). Importantly, decline in olfaction has been

linked to several neurodegenerative conditions (10-12).
Thus, olfactory sensory loss is related to factors that are crit-
ical to the physical well-being, social function, and quality
of life of older adults. Despite its impact, human olfaction is
relatively understudied, particularly in diverse populations.
The National Social Life, Health and Aging Project
(NSHAP) is the first study of social relationships and health in
a nationally representative probability sample of older adults.
The NSHAP data set offers several advantages for studying
presbyosmia including generalizability of findings across
the U.S. population of older adults. The omnibus survey was
designed to study interplay of sociological and medical issues
in older persons (13—15), including health disparities (16). In
order to characterize olfactory function during aging for the
U.S. population, we designed a chemosensory module for
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inclusion in this home-based survey (17,18). NSHAP extends
previous work in homogenous, nonnationally representative
populations (3,4) by examining a national population sample
that is racially diverse and by an exclusive focus on aging.
Identification of population subgroups at increased risk
for poor health outcomes is now a paramount priority
worldwide to improve medical care (19). Racial disparities
in common and burdensome conditions that affect older
adults, such as diabetes, heart disease, cancer, and other
age-related sensory conditions (20), have become a focus
of investigation recently in the United States and in Europe
(21,22) with striking differences found across a variety of
diseases. Despite its impact on human function, quality of
life, and mortality, we have little information on potential
disparities in olfactory function. Therefore, we tested the
ability to identify odors in the NSHAP sample and utilized
additional data on a variety of plausible social, psychologi-
cal, and medical mechanisms that could underlie the effect.

METHODS

Participants

In addition to being a nationally representative probability
sample, NSHAP oversampled African Americans, Hispanics,
men, and the oldest participants (those aged 75-84 at the time
of screening) to increase power for analyzing race, gender,
and age differences (23). In-home interviews were conducted
by professional interviewers (National Opinion Research
Center) with 3,005 community-dwelling older adults (1,455
men and 1,550 women) aged 57-85 years living throughout
the United States between July 2005 and March 2006. The
weighted participation rate was 75.5%, and item cooperation
rates were high (24). The weighted distribution of demo-
graphic variables in the resulting sample closely matched
those of the 2002 Current Population Survey.

NSHAP assessed a broad range of social, psychological,
health, and demographic measures. Most relevant are (a) soci-
odemographic characteristics, (b) physical and psychological
health, (c) sensory function including olfactory testing, and
(d) health behaviors, detailed subsequently. The protocol was
approved by the Institutional Review Boards of the University
of Chicago and National Opinion Research Center; all
respondents provided written, informed consent (25).

Olfactory Function Field Examination

Olfactory function was assessed using a validated odor
identification task (26). The long NSHAP interview, con-
ducted by field interviewers in the home, demanded the short-
est version of the task that correlated highly with the long
form, using five carefully selected odorants (17,26,27). Odors
were presented one at a time, and respondents were asked to
identify each from a set of four prompts in a forced choice
protocol (26). Specifically, the interviewer held the pen for the
participant to sniff and then presented a card with four picture

and words, one matching the target odorant. The target odor-
ants and corresponding response sets (correct odor in italics)
were as follows: (a) chamomile, raspberry, rose, or cherry; (b)
smoke, glue, leather, or grass; (c) orange, blueberry, straw-
berry, or onion; (d) bread, fish, cheese, or ham; and (e) chive,
peppermint, pine, or onion. Odor pens were purchased from
Burghart Messtechnik (Wedel, Germany) and stored and uti-
lized according to the manufacturer’s instructions.

Race or Ethnicity

Race and ethnicity were coded using the standard
National Institutes of Health classification based on two
questions, “Do you consider yourself primarily white or
Caucasian, black or African American, American Indian,
Asian, or something else?” and “Do you consider your-
self Hispanic or Latino?” African Americans who identi-
fied themselves as Hispanic were included in the African
American category (n = 7) and American Indian, Asian,
or others were combined into a single category. Twelve
respondents provided insufficient race or ethnicity informa-
tion and were excluded from the analysis.

Potential Confounding Variables

Cognitive function (specifically memory and mental
arithmetic) was measured with a modified version of the
Short Portable Mental Status Questionnaire (28). Education
was defined by the highest degree or certification earned.
Respondents also reported their net household assets (house,
cars, or rental properties/businesses owned; financial assets
including savings accounts, stocks, and pensions minus
outstanding debt). Self-rated physical health was measured
by a standard 5-point scale (excellent, very good, good, fair,
or poor). Comorbid diseases were assessed with the Charlson
Index modified for NSHAP (29). Frequencies of depressive
symptoms, anxiety symptoms, and perceived stressors were
measured with standard scales modified for survey use: 11-item
Center for Epidemiologic Studies Depression (CES-D)
scale, Hospital Anxiety Scale, and the Perceived Stress Scale
(30). In all three measures, respondents chose the relevant
symptom frequency: (a) rarely or none of the time, (b) some
of the time, (c) occasionally, or (d) most of the time; the
average score across all items was used in the analysis. Health
behaviors affecting olfaction were current smoking, based on
either salivary cotinine level (n = 2,219) or self-report (n =
709), and problem drinking, based on a combination of the
CAGE alcoholism questionnaire (31) and frequency of having
four or more drinks on one occasion in the last 3 months.

Statistical Analysis

The analysis treated the number of odors correctly
identified (0—1 [combined], 2, 3, 4, or 5) as the depend-
ent variable. Refusals to answer individual items were
coded as incorrect, following the forced choice protocol.
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Multivariate ordinal logistic regression modeled the rela-
tionship between covariates of interest and olfactory identi-
fication. Odds ratios are reported per decade increase in age
for ease of interpretation (also roughly equivalent to one
SD). Multiple imputation was used when fitting Models 3
and 4 to address missing values for several of the covariates
(Table 1; see Supplementary Methods and Supplementary
Table 1 for complete details; [32]). Wald tests provided
p values (all two-sided) and were inverted to obtain 95%
confidence intervals (CI). Models were refit after exclud-
ing respondents with a prior head injury or nose surgery to
confirm that this did not affect the results.

To verify the adequacy of the ordinal logistic models,
two-parameter item response models were also fit that
incorporated the covariates through a structural component
(26). In addition, ordinal logistic regression models were fit
after excluding one identification item at a time to ensure
that a single odor was not unduly affecting the results
(Supplementary Table 2).

Olfactory performance is presented graphically by plot-
ting the predicted probabilities of getting all five, four or

Table 1. Distributions of Variables Used in Analysis

Variables Weighted % N
Odors correctly identified 2,928

0 1.1

1 2.4

2 5.0

3 139

4 29.3

5 48.5
Sex (% men) 48.9 2,928
Race or ethnicity 2,928

White 80.8

African American 9.9

Hispanic (non-African American) 6.9

Others 2.5
Education 2,928

<High school 18.4

High school graduate or equivalent 26.7

Some college 30.2

Bachelors or higher 24.8
Self-rated physical health 2917

Poor 6.8

Fair 18.0

Good 29.4

Very good 32.7

Excellent 13.2
Current smoker 19.0 2,928
Problem drinking 25.8 2,928

Weighted Mean ~ Range SD N

Age 68.0 57-85 7.8 2,928
Cognition (SPMSQ*) 9.3 0-10 1.2 2,928
Household assets (log, ) 5.2 0-7.3 1.2 1,817
Comorbidity index 1.8 0-10.5 1.8 2,928
Depressive symptoms 1.5 1-3.9 0.5 2,923
Anxiety symptoms 1.5 1-4 0.5 2,724
Perceived stressors 14 14 0.6 2,726

*SPMSQ = Short Portable Mental Status Questionnaire.

more, or three or more odors correct based on logistic regres-
sion models corresponding to each performance criterion.
Analyses were weighted using the weights distributed
with the data set to account for differential probabilities of
selection and differential nonresponse; design-based stand-
ard errors were calculated using the linearization method
(33) together with the strata and primary sampling unit indi-
cators provided with the data set. Statistical analyses were
conducted with Stata Version 12.1 (Stata Corp LP).

REsuLTS

Of the 3,005 NSHAP respondents, 98% completed the
olfactory module. Only 49% of the population responded
correctly to all five odorants, 78% got four or more correct,
92% met the less stringent performance criterion of three
or more correct, and 97% got two or more correct. We used
each of these increasingly liberal criteria to model olfactory
performance. The distributions of each of the variables used
in the analysis are provided in Table 1.

Olfactory performance declined steadily across age
groups. The likelihood of getting all five items cor-
rect declined from 0.64 at age 57 to only 0.25 by age 85
(Figure 1). Similar declines with age (ie, similar slopes on
the logit scale) were observed for the less stringent per-
formance criteria. Controlling for differences in age, men
scored lower than women; specifically, their odds of meet-
ing a given performance criterion were 29% less than wom-
en’s odds (OR =0.71,95% CI = 0.62-0.80). This difference
in performance between men and women is equivalent to
the effect of a 5 year increase in age. Moreover, the mag-
nitude of this gender difference was the same across ages
(p = .50 for the interaction between gender and age).

Consistent with other reported health disparities, non-
White respondents had poorer olfactory performance than
whites (Figure 2). Controlling for age and gender, non-
Whites had 47% lower odds of meeting a given performance
criterion than whites (OR = 0.53, 95% CI = 0.42-0.65)—a
difference equal to a 9 year increase in age or almost twice
the estimated gender difference (Table 2, Model 1). There
was no evidence that the magnitude of this disparity differed
with age (p = .24 for the interaction between race or ethnicity
and age) or that it was greater in men or women (p = .75 for
the interaction between race or ethnicity and gender).

NSHAP’s non-White respondents are a diverse group
representative of the U.S. population, composed of African
Americans, Hispanics, and other less prevalent groups.
Both Hispanics and African Americans had worse olfactory
identification abilities. There was no significant difference
detected among the three non-White groups (p = .44). Thus,
controlling for age and gender, each of the three non-White
groups scored lower than whites to approximately the same
degree (Table 2, Model 2).

This novel finding of racial differences in the ability
to identify odors could result from other differences


http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt063/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt063/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt063/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt063/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt063/-/DC1

326 PINTO ET AL.

1.0

©

o

]

© 0.8

]

Ke]

S

>

c

£ 0.6

B

c

i)

IS

2 0.4

o

o

G

c

2 0.2-| Number correct

§. 3ormore -------ooe

[ 4 ormore ————-
0.0 AlsS ———

55 60 65 70 75 80 85
Age

Figure 1. Olfactory function of older adults in the United States, adjusted for sex. Proportion of the study cohort answering the specified number (three or more,
four or more, or five) of olfactory test questions correct on the y-axis. Age in years on the x-axis.
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Figure 2. Olfactory function of older adults in the United States, stratified by race or ethnicity and sex. Proportion of the study cohort answering four or more

olfactory test questions correct on the y-axis. Age in years on the x-axis.

between the groups that also affect olfaction. To test
this, we first introduced covariates indicating cognitive
decline and education because of their known association
with olfactory identification and net household assets
as a measure of socioeconomic status. Only declining
cognition and less education were associated with
poorer olfactory performance (Table 2, Model 3). Each
additional error in the SPMSQ (ie, a one-point decrease)

was associated with a 24% reduction in olfactory
performance (OR = 1.32, 95% CI = 1.21-1.43). More
education was associated with better performance, with
an increase in one educational level associated with a
16% increase achieving performance criteria (OR = 1.16,
95% CI = 1.07-1.27). In contrast, there was no evidence
of an association between household assets and odor
identification score (p = .27).
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Table 2. Results From Ordinal Logistic Regression Models Fit to the Number of Odors Identified Correctly (five odors total, N = 2,928)

Odds Ratio (95% Confidence Interval), p Value

Covariates Model 1

Model 2

Model 3 Model 4

Age (decades)

Sex (men vs women)

Race or ethnicity (vs white)

All non-White

African American
Hispanic, non-African American
Others

Cognition (SPMSQ*)

Education®

0.48 (0.42, 0.54), <.001
0.70 (0.62, 0.80), <.001

0.53 (0.42, 0.65), <.001

Household assets (log, )
Self-rated physical health*
Comorbidity index
Depressive symptoms
Anxiety symptoms
Perceived stressors
Current smoker

Problem drinking

0.48, (0.42, 0.54), <.001
0.70 (0.62, 0.79), <.001

0.46 (0.33, 0.63), <.001
0.63 (0.45, 0.89), .009
0.55 (0.29, 1.02), .06

0.52 (0.46, 0.60), <.001
0.65 (0.56, 0.75), <.001

0.52 (0.46, 0.59), <.001
0.68 (0.58, 0.79), <.001

0.61 (0.46, 0.81), .001
0.91 (0.65, 1.29), .59
0.62 (0.36, 1.08), .09
1.32 (1.21, 1.43), <001
1.16 (1.07, 1.27), .001
1.07 (0.95, 1.19), .27

0.61 (0.46, 0.82), .001
0.94 (0.65, 1.35), .73
0.66 (0.40, 1.09), .10
1.30 (1.19, 1.41), <.001
1.14 (1.04, 1.24), .006
1.02 (0.91, 1.15), .68
1.13 (1.02, 1.25), .02
1.04 (0.98, 1.10), .16
0.78 (0.61, 1.01), .06
1.28 (1.02, 1.61), .04
0.94 (0.76, 1.16), .54
0.94 (0.75, 1.19), .61
0.88 (0.71, 1.09), .24

*SPMSQ = Short Portable Mental Status Questionnaire.

"Treated as a continuous measure using integer scores for educational level.

“Treated as a continuous measure using integer scores for health level (higher scores, better health).

Controlling for these cognitive and socioeconomic vari-
ables reduced the difference between Hispanics and whites,
which was no longer statistically significant. The differ-
ence between African Americans and whites—while also
reduced slightly—remained both substantial and statisti-
cally significant (OR = 0.61, 95% CI = 0.46-0.81). Thus,
differences in cognition and education account for much
of the difference in olfactory identification ability between
Hispanics and whites but not in African Americans.

Because disparities in the health of African Americans
place them at greater risk for a variety of diseases, we added
covariates capturing physical health, mental health, as well as
smoking and problem drinking, two health behaviors known
to have deleterious effects on olfaction (Table 2, Model
4). There was little evidence of an association between the
number of comorbid diseases and olfactory performance
(p = .16), although self-rated physical health was associated
with better performance (OR = 1.13, 95% CI = 1.02-1.25).
There was weak evidence that depressive symptoms were
associated with poor olfactory identification (p = .06). In
contrast, an increase in anxiety symptoms within the nor-
mal range was associated with better performance (p = .04).
Finally, although both current smoking and problem drinking
were associated with a slight reduction in olfactory perfor-
mance, neither was significant (p = .61 and .24, respectively).

African Americans still suffered reduced olfactory per-
formance, despite controlling for known health disparities
in physical disease, mental health, and health behaviors,
along with cognitive and socioeconomic variables. These
other health disparities did not change the magnitude of the
difference (Table 2, Model 3 vs 4).

These conclusions did not change when persons with a
history of nasal surgery (n = 208) or head trauma (n = 127)

were excluded. Results were also robust to modeling the
data in other ways such as item response models. We further
sought to determine if lack of familiarity with one particular
odor across groups accounted for the effects seen, but this
was not the case (Supplementary Table 2). Finally, these
results were similar when analyzed without imputed data
(Supplementary Table 1).

D1ScUSSION

About 22% of older American adults were unable to iden-
tify four or more of the five odors presented, a prevalence
similar to the 24.5% prevalence of olfactory dysfunction
found in a population from Beaver Dam, WI, where olfac-
tion was measured using the San Diego Odor Identification
Test (34). In both studies, four picture and word prompts
were provided in a combined test of odor detection and
identification.

Importantly, we show for the first time that the well-
established superior performance of women versus men in
olfactory function is maintained across the entire age range
from 57 to 85 years old, equivalent to aging 5 years. This sex
difference is not due to imbalances in socioeconomic status,
physical and mental health, or common health behaviors.
Because this sex difference is already evident in children
(35), it could arise from differences in olfactory sensitivity
or verbal fluency. Nonetheless, the similar prevalence
of olfactory dysfunction between the sexes as it declines
across age groups suggests that there is no sex difference in
the mechanism of olfactory aging.

Controlling for age and sex, there were striking racial
health disparities in the ability to identify odors that
were almost twice the magnitude of the sex difference
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and equivalent to aging 9 years. We acknowledge the
complexity of race as a construct in social, health, and
genetic studies. Here, participants classified themselves
by racial group using the standard National Institutes of
Health items measuring both race and ethnicity. Among
Hispanics, the health disparity was explained primarily
by education attained and cognitive abilities at the time
of testing, both of which affect cognitive processing and
verbal fluency, similar to other Hispanic health dispari-
ties (36). These results are consistent with the fact that
less education is associated with worse health and, among
whites, in our sample, with poorer olfactory function
(Supplementary Table 3).

In contrast, substantial olfactory disparities persist
between older African Americans and whites after con-
trolling for cognitive function and education and assets.
A number of physical and mental health variables, known
to affect olfaction, might also explain this health dispar-
ity. Indeed, we found that differences in physical health,
depressive symptoms, and anxiety symptoms were associ-
ated with olfactory function confirming what others have
reported. However, the race disparity for African Americans
remained identical after controlling for these additional fac-
tors. Likewise, health behaviors, such as smoking and prob-
lem drinking, did not explain the health disparity. Accurate
assessment of self-reported financial information is a sensi-
tive topic in survey research, but our core results are not
heavily dependent on the inclusion of assets, and thus this
issue does not invalidate our main findings.

We hypothesize that this disparity could arise from other
factors not measured in this study, a limitation of this sec-
ondary data analysis. Exposure to olfactory toxins in the
urban (pollutants), work (chemicals), or home (mold) envi-
ronments all degrade olfactory abilities and exposure to
such toxins is higher among African Americans (37,38).
The connection between olfaction and established cultural
differences across the life course should also be explored,
such as differential early life development, childhood and
adult nutrition, exercise, work environments, or participa-
tion in war. It is well established that minorities face greater
adversity in life and are subject to increased social vulner-
ability leading to negative health effects (39). Interestingly,
some data suggest that neurodegenerative diseases are more
prevalent and morbid among African Americans, which sup-
ports our findings given the relationship between olfactory
decline and these conditions (40). Genetic differences due
to distinct ancestry exist in different populations. However,
to date, no study has identified specific genetic variation
that underlies susceptibility to or resilience to olfactory
loss. In sum, race likely serves as a proxy for differential
environmental exposures and life experiences, which may
interact with biological differences in the olfactory system,
should they exist.

These cross-sectional results highlight the need to
perform longitudinal studies to estimate within-person

decline in olfactory function with age and its association
with important social and health factors. This will be espe-
cially important for determining how much, if any, of the
population difference described here is due to accelerated
olfactory aging. Moreover, the pattern “writ large” in the
African American population likely generalizes to any set
of people experiencing similar risk factors for olfactory
decline.

These results have several important implications. Our
data show that older African Americans and Hispanics in
the United States are more likely to suffer from olfactory
dysfunction, with potentially grave consequences for their
health and social life. Minority populations in other devel-
oped nations may face similar sensory disparities. Given
the critical role that olfaction plays in safety, nutrition and
diet, sensation of pleasure, quality of life, and even mor-
tality, this represents a major burden to underserved popu-
lations. Clinicians should recognize that race, along with
the conventionally recognized factors of gender and age,
is an important risk factor for olfactory function in older
age. Identifying the underlying determinants of these dif-
ferences will allow us to design strategies—at the molecu-
lar, organismal, behavioral, environmental, or societal
level—that can prevent or mitigate the great burden that
they cause.

SUPPLEMENTARY MATERIAL

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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