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Abstract

The association of olfactory dysfunction with mortality was examined in 1162 older persons without dementia or Parkinson’s
disease. They completed a standard 12-item test of odor identification and then were followed for a mean of 4.2 years
(standard deviation [SD] = 2.6, range: 0–9) during which 321 individuals died (27.6%). The relation of olfactory score to risk of
death was assessed in a series of proportional hazards models adjusted for age, sex, education, and other covariates. Olfactory
scores ranged from 0 to 12 correct (mean = 9.0, SD = 2.2). In an initial analysis, risk of death decreased by about 6% for each
additional odor correctly identified (hazard ratio = 0.94; 95% confidence interval: 0.90, 0.98). Thus, mortality risk was about
36% higher with a low score (6, 10th percentile) compared with a high score (11, 90th percentile). The association persisted in
subsequent analyses that controlled for naming ability, disability, cerebrovascular disease, characteristic patterns of leisure
activity, depressive symptoms, and apolipoprotein E genotype. The results indicate that difficulty identifying familiar odors in
old age is associated with increased risk of death.
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Introduction

Both cross-sectional (Russell et al. 1993; Doty et al. 1984; Ship

et al. 1996; Larsson and Finkel 2000) and longitudinal (Ship

et al. 1996; Calhoun-Haney andMurphy 2005) studies suggest

substantial loss of olfactory function in old age. However,
there is wide variability in olfactory functioning among older

individuals. Olfactory function in some differs little from

younger persons; others show subtle deficits; and some are

profoundly anosmic. Recent research has found that some

impaired olfaction in old age is associated with postmortem

evidence of neurodegenerative disease, particularly neurofi-

brillary tangles (Wilson, Arnold, et al. 2007; Wilson et al.

2009) and Lewy bodies (Ross et al. 2006). These associations,
which are present even in the absence of dementia (Ross et al.

2006; Wilson, Arnold, et al. 2007; Wilson et al. 2009), may

explain why olfactory impairment predicts important conse-

quences of neurodegenerative conditions including cognitive

decline (Graves et al. 1999; Swan and Carmelli 2002; Wilson

et al. 2006), incidence of mild cognitive impairment and

dementia (Devanand et al. 2000; Wilson, Schneider, et al.

2007), incidence of Parkinson’s disease (Ponsen et al. 2004;
Ross et al. 2008), worsening parkinsonian gait (Wilson,

Arnold, Buchman, et al. 2008), and neuropsychiatric compli-

cations of Parkinson’s disease (Stephenson et al. 2010).

In the present study, we test the hypothesis that impaired

olfactory function predicts another consequence of neurode-
generative diseases: death. Participants are old persons from

the RushMemory and Aging Project, a longitudinal study of

risk factors for common chronic conditions of old age. They

did not have dementia or Parkinson’s disease at study base-

line when they completed a standard test of the ability to

identify familiar odors. Vital status was monitored for a

mean of approximately 4.2 years. In a series of proportional

hazards models, we tested for the hypothesized association
of olfactory performance withmortality and examined factors

that might account for it.

Methods

Participants

Subjects are from the Rush Memory and Aging Project,

a longitudinal study that involves annual clinical evaluations
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and brain donation at death (Bennett et al. 2005). Persons

were recruited from various retirement communities and

subsidized housing facilities in the Chicago metropolitan

area. Following a presentation about the project, interested

persons met with project staff who discussed the study fur-
ther, answered questions, and obtained informed consent.

The study began in 1997, expanded in 2001, and is continu-

ing. It was approved by the Institutional Review Board of

Rush University Medical Center.

At the time of these analyses, 1232 individuals had com-

pleted olfactory testing as part of their baseline clinical eval-

uation. We excluded 58 people who met criteria for dementia

(McKhann et al. 1984) at baseline and another 12 people
with a history of Parkinson’s disease. This left 1162 individ-

uals, and analyses are based on this group. They had a mean

age at the time of olfactory testing of 79.7 years (standard

deviation [SD] = 7.7), they had completed a mean of 14.4

years of education (SD = 3.3), and 74.5% were women.

Assessment of olfactory function

Olfaction was assessed with the Brief Smell Identification

Test (Doty et al. 1989, 1996), a measure of the ability to iden-

tify 12 familiar odors. In each case, an odorant-containing

microencapsulated patch was scratched with a pencil and
placed under the nose of the subject who then chose 1 of

4 names for the odor. The score is the number of correct re-

sponses. Up to 2 missing responses were allowed and assigned

an item score of 0.25. In previous research, short-term tempo-

ral stability has been adequate (Doty et al. 1989). In the sub-

jects included in the present analyses, Cronbach’s coefficient

alpha was 0.68, suggesting sufficient internal consistency.

Assessment of covariates

Naming was assessed with a 15-item version (Morris et al.

1989) of the Boston Naming Test, which involves naming pic-
tures of common objects. The Katz scale (Katz et al. 1963),

a measure of the level of assistance required in basic activities

of daily living (i.e., toileting, dressing) was used as an indicator

of disability. The overall burden of cardiovascular disease was

assessed with several variables (Wilson, Arnold, Beck, et al.

2008): number of 3 vascular risk factors present (i.e., smoking,

hypertension, and diabetes mellitus), number of 4 vascular

conditions present (i.e., myocardial infarction, congestive
heart failure, stroke, and claudication), body mass index

(i.e., weight divided by height squared [kilograms/meter

squared]), and bodymass index squared.We used 3 previously

established measures of frequency of participation in leisure

activities, with separate measures of cognitive activity, social

activity, and physical activity (Wilson, Scherr, et al. 2007).

Depressive symptoms were assessed with a 10-item version

of the Center for Epidemiological Studies Depression Scale
(Kohout et al. 1993). Apolipoprotein E genotyping was done

by Agencourt Bioscience Corporation with high throughput

sequencing of codon 112 (position 3937) and codon 158

(position 4075) of exon 4 of the apolipoprotein E gene on

chromosome 19, as described elsewhere (Wilson, Beck,

et al. 2007). Persons with at least one copy of the e4 allele

were compared with those without an e4 allele.

Data analysis

The association of olfactory score with mortality was assessed

with proportional hazards models (Cox 1972). All analyses

included terms for age, sex, and education. The initial model
included a term for olfactory test score. In separate subse-

quent analyses, we added terms for Boston Naming Test

score; Katz score; numbers of cardiovascular risk factors,

number of cardiovascular conditions, body mass index, and

body mass index squared; cognitive activity frequency, social

activity frequency, and physical activity frequency; and de-

pressive symptoms. In 2 final analyses, we added a term

for possession of the e4 allele and then repeated the analysis
with a term for the interaction of e4 with olfactory score.

Results

During a mean of 4.2 years of observation (SD = 2.6, range:

0–9), 321 (27.6%) individuals died. As shown in Table 1,

those who died were older, more likely to be male, and more

cognitively impaired than survivors. They also had more

health problems and were less active and more depressed.

As shown in Figure 1, scores on the Brief Smell Identifica-
tion Test in all subjects ranged from 0 to 12 correct (mean =

9.0, SD = 2.2) and were slightly skewed (skewness = –1.1).

The figure also suggests that olfactory performance was

Table 1 Baseline information on participants who survived and those who
died

Characteristics Survived (n = 841) Died (n = 321) P value

Age 78.1 (7.7) 83.8 (6.1) <0.001

Education 14.4 (3.4) 14.4 (2.9) 0.805

Women (%) 78.4 64.5 <0.001

Boston Naming Test score 13.9 (1.4) 13.7 (1.3) 0.035

Katz score 0.1 (0.5) 0.3 (0.8) <0.001

Vascular risk factors 1.1 (0.8) 1.3 (0.8) <0.001

Vascular conditions 0.3 (0.5) 0.5 (0.7) <0.001

Body mass index 27.6 (5.5) 27.3 (5.3) 0.487

Cognitive activity 3.2 (0.7) 3.1 (0.7) 0.015

Social activity 2.7 (0.6) 2.5 (0.6) <0.001

Physical activity 3.4 (3.8) 2.7 (3.3) <0.001

Depressive symptoms 1.2 (1.8) 1.5 (1.8) 0.002

Apolipoprotein E e4 (%) 22.6 22.5 0.977

Data are presented as mean (SD) unless otherwise indicated.
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somewhat higher in those who survived (green; mean = 9.2,

SD = 2.1) compared with those who did not (blue; mean =

8.4, SD = 2.3).

To test whether olfactory performance predicted mortal-

ity, we constructed a series of proportional hazards models.
All analyses were adjusted for the potentially confounding

effects of age (at study baseline), sex, and education. In

the initial model, risk of death decreased by about 6% for

each additional correct choice on the test (hazard ratio

[HR]= 0.94, 95% confidence interval [CI]: 0.90, 0.98). Figure 2,

which is based on this analysis, shows that a person with

a score of 6 correct (solid line, 10th percentile) was about

36% more likely to die than a person with a score of 11 (dot-

ted line, 90th percentile), which is an average score in young

adults (Doty et al. 1989).

We first considered the possibility that difficulty with nam-

ing could account for the association of olfactory function

with mortality. We repeated the analysis, therefore, with
a term for level of naming ability on the Boston Naming Test,

and results were unchanged (HR for olfactory score = 0.94;

95% CI: 0.90, 0.99).

We conducted additional analyses to see if health-related

factors affected findings. In separate analyses, the associa-

tion of olfactory performance with mortality persisted after

controlling for disability on the Katz scale (HR = 0.95; 95%

CI: 0.90, 0.99); cardiovascular risk factors and conditions
(HR = 0.95; 95% CI: 0.90, 0.99); characteristic patterns of

cognitive, social, and physical activity (HR = 0.95; 95%

CI: 0.91, 0.99); and depressive symptoms (HR = 0.95; 95%

CI: 0.91, 0.99).

Because apolipoprotein E genotype has been related to late

life olfaction (Murphy et al. 1998) and its association with

adverse health outcomes (Graves et al. 1999), we repeated

the initial analysis with a term for possession of at least
one e4 allele (present in 22.6%). The relation of olfactory per-

formance to mortality was unchanged (HR = 0.94; 95% CI:

0.90, 0.98), and in a subsequent analysis, there was no inter-

action between olfactory performance and the e4 allele.

Discussion

We used a standard test to assess the ability to identify fa-

miliar odors in a group ofmore than 1000 community-dwelling

older people. During a mean of about 4.2 years of observation,

more than 300 individuals died. Those with impaired olfactory

function were about 36% more likely to die than those with

relative good olfactory function. The results indicate that olfac-

tory dysfunction in old age predicts mortality.

We are not aware of previous research on the association of
olfaction with risk of death. However, olfactory dysfunction

in old age has been associatedwith neurodegenerative diseases

that are known to contribute to mortality. Thus, olfaction is

impaired in persons with Alzheimer’s disease (AD) (Doty

et al. 1987; Murphy et al. 1990) and its precursor, mild cog-

nitive impairment (Wang et al. 2002; Devanand et al. 2010);

olfactory dysfunction predicts incident mild cognitive impair-

ment (Wilson, Schneider, et al. 2007) andAD (Devanand et al.
2000;Wilson, Schneider, et al. 2007); and level of olfactoryper-

formance is related topostmortem level ofADpathology, even

in individuals who die without evidence of mild cognitive im-

pairment or dementia (Wilson, Arnold, et al. 2007; Wilson

et al. 2009). Olfactory function is also impaired in Lewy body

dementia (Olichney et al. 2005; Williams et al. 2009) and asso-

ciated with postmortem evidence of Lewy bodies in persons

without dementia (Ross et al. 2006). In addition, olfactory im-
pairment is an early sign of Parkinson’s disease (Ponsen et al.

2004;Ross et al. 2008),most probably due toLewybody inclu-

sions in olfactory bulb and primary olfactory cortex (Hawkes
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Figure 1 Distribution of odor identification scores in participants who
survived (green) and those who died (blue).
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Figure 2 Cumulative risk of death associated with a low (dotted line, 10th
percentile) compared with high (solid line, 90th percentile) odor identifica-
tion score, adjusted for age, sex, and education.
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et al. 1997;Braaketal. 2003;Hubbardetal. 2007).Therefore, it

is likelythatolfactorydysfunctionpredictsmortalitymainlybe-

cause it is a marker of common underlying neurodegenerative

conditions.

The link between olfactory impairment and mortality in
this study was evident even in the absence of other clinical

signs of neurodegenerative disease. This implies that olfac-

tory dysfunction is a relatively early sign of such conditions,

which is consistent with prior clinical (Wang et al. 2002;

Ponsen et al. 2004; Wilson, Schneider, et al. 2007; Ross

et al. 2008; Devanand et al. 2010) and pathological (Ross

et al. 2006; Wilson, Arnold, et al. 2007; Wilson et al.

2009) research. This suggests that olfactory testing may be
indicated in older persons with suspected cognitive or motor

impairment.

Confidence in these findings is strengthened by several fac-

tors. Odor identification was assessed with a standard test

albeit brief. Because there were many participants, there

was adequate power to detect an association between olfac-

tion andmortality. The participants were clinically well char-

acterized, making it possible to examine a range of factors
with the potential to account for the association.
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