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Abstract

Background: Poor sense of smell in older adults may lead to weight loss, which may further contribute to various adverse health outcomes.
However, empirical prospective evidence is lacking. We aimed to longitudinally assess whether poor olfaction is associated with changes in
body composition among older adults.

Methods: A total of 2,390 participants from the Health ABC Study had their olfaction assessed using the Brief Smell Identification Test in
1999-2000. Based on the test score, olfaction was defined as poor (0-8), moderate (9-10), or good (11-12). Total body mass, lean mass, and
fat mass were measured by dual-energy X-ray absorptiometry annually or biennially from 1999 to 2007.

Results: At baseline, compared to participants with good olfaction, those with poor olfaction weighed on average 1.67 kg less (95% CI: -2.92,
-0.42) in total mass, 0.53 kg less (95% CI: -1.08, 0.02) in lean mass, and 1.14 kg less (95% CI: -1.96, -0.31) in fat mass. In longitudinal
analyses, compared to participants with good olfaction, those with poor olfaction had a greater annual decline in both total mass (-234 g,
95% Cl: -442,-26) and lean mass (-139 g, 95% CI: =236, -43). They also tended to have a greater annual loss of fat mass (-113 g, 95% CI:
-285, 59), but the difference was not statistically significant.

Conclusions: Our results indicate poor olfaction is associated with lower body weight and greater weight loss in older adults. It is imperative
for future studies to investigate potential underlying mechanisms and associated adverse health consequences.

Keywords: Olfactory impairment, Epidemiology, Body composition

In older adults, olfaction impairment is a common but (5,6). In older adults, changes in weight and body composition are

underrecognized sensory deficit that may precede some age-related
adverse health conditions. The prevalence of poor olfaction increases
with age, affecting up to 25% of adults aged 50 and older (1), and
increases to 60%—75% among those 80 years and older (1). It has
been hypothesized that poor olfaction may lead to dietary changes
which may further lead to changes in body composition over time
(2,3). Olfaction may also be associated with the levels of metabolic
hormones, for example, leptin, a chemical that helps regulate satiety
(4) and may affect body composition (eg, lean mass and fat mass)

© The Author(s) 2020. Published by Oxford University Press on behalf of The Gerontological Society of America.
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often important indicators of health status. For example, weight
loss, loss of lean mass, and loss of fat mass in older adults have
been linked to impaired mobility (7), lower bone mineral density
(8), chronic conditions (eg, depression (9), Parkinson’s disease (10),
Alzheimer’s disease (11), and dementia (12)), and ultimately higher
mortality (13).

Several studies have examined olfaction in relation to body
weight or body mass index in older adults. While the overall evi-
dence suggests an inverse association (14-16), study findings have
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been inconsistent (17,18). Further, these are cross-sectional studies
and did not analyze changes in body composition. We therefore
examined the relationship between poor olfaction and body com-
position by conducting two sets of analyses: (i) a cross-sectional
approach examining poor olfaction in association with concurrent
body weight to confirm and expand the existing literature, and (ii) a
prospective analysis of poor olfaction and changes in body compos-
ition, using repeated measures of body composition assessed on an
annual or biennial basis over a 7-year period.

Method

Study Population

Details of the Health, Aging and Body Composition Study (Health
ABC) was published previously (19,20). Briefly, the study en-
rolled 3,075 community-dwelling, relatively healthy older adults
(45% women, 33% black), aged 70-79, during 1997-1998 from
Memphis, TN and Pittsburgh, PA. Eligibility criteria included a self-
reported ability to climb 10 stairs and walk % mile with no difficulty,
no mobility-related problems in performing everyday tasks, cancer-
free for the previous 3 years, and no intention of changing residence
for at least three years. The health of study participants was subse-
quently evaluated by means of annual clinical or home visits and
semiannual phone interviews. Olfaction was tested at the year 3
clinical visit in 1999-2000, which was considered as the baseline for
the current analyses. Institutional Review Boards at the University
of Tennessee, the University of Pittsburgh, and the University of
California-San Francisco approved all study protocols and written
informed consent was obtained for all participants.

Body Composition Measures

Three body composition measures were analyzed in this study: (i)
total mass, (ii) total lean mass (ie, fat-free mass), and (iii) total fat
mass. All measures were assessed at clinical visits in years 3, 4, 5,
6, 8, and 10, using whole-body dual-energy X-ray absorptiometry
(DXA), a noninvasive method that accurately measures both total
body composition and regional subsections (21). Two separate
x-rays are generated using different energy levels and then, through
the comparison of the two results, accurate totals can be assessed
for various body composition measures (21). Validation for DXA in
assessing lean mass (22) and fat mass measurements (23) has been
published previously.

Brief Smell Identification Test

As part of the year 3 clinical visit, study participants completed
the Brief Smell Identification Test (BSIT) (24). The BSIT is an ab-
breviated version of the 40-item Pennsylvania Smell Identification
Test and is the most commonly used screening test for olfac-
tory impairment in epidemiological studies (25,26). Briefly, par-
ticipants are presented 12 common odors one at a time via a
scratch-and-sniff card and asked to choose from four options the
descriptor that best matches their impression of the odor pre-
sented. Each correct answer is given one point and the final score
is the total of correct answers, ranging from 0 to 12, with a higher
score indicating a better sense of smell (27). This test of olfaction
identification has been validated in multiple studies (27,28). For
this study, we categorized the BSIT score into tertiles: good (BSIT
score 11-12), moderate (BSIT score 9-10), and poor olfaction
(BSIT score 0-8).

Covariates Assessment

Covariates in the analyses include demographics (ie, age, sex, race,
clinic site, height, education, and family income), smoking status,
brisk walking as a surrogate for physical activity, self-reported
general health status, and several common chronic diseases as de-
tailed below. Except for age, all demographic variables were from
year 1 clinical visit as they were not assessed in year 3. For others,
analytic variables were from year 3.

In the analysis, we defined the following health conditions
and diseases according to previously published criteria. Briefly,
cancer (29) (excluding melanoma), cardiovascular diseases (30)
(coronary heart disease, congestive heart failure, cerebrovascular
disease, and peripheral vascular disease), and neurodegenerative
diseases (Parkinson’s disease (25) and dementia (31)) were ad-
judicated by the study team after comprehensive reviews of self-
reported diagnostic information, hospitalization records, current
medication use, and death certificates. Further, cognitive function
was assessed in years 1, 3, 5, 8, and 10, using the Modified Mini-
Mental State Examination (3MS, score range 0-100) (32). We de-
fined participants as having dementia (31) if (i) their 3MS score in
year 1 was <80 or (ii) their race-stratified score decline was >1.5
SDs since year 1. We defined depressive symptoms (33) as a score
>10 on the 10-item Center for Epidemiological Studies-Depression
(CES-D) scale. Diabetes (34) was assessed through self-reported
diagnosis or antidiabetic medication use or if fasting blood glu-
cose levels were 2126 mg/dL or 2-hour oral glucose tolerance test
levels were 2200 mg/dL. Finally, hypertension (35) was defined
through self-reported diagnosis and medication use, or if systolic
blood pressure was >140 mmHg or diastolic blood pressure was
>90 mmHg.

Statistical Analysis

For the purpose of the current analyses, we defined year 3 clinical
visit (1999-2000) as the baseline, and the last body composition
assessment at the year 10 clinical visit (2006-2007) as the end of
follow-up. A total of 2,537 participants took the BSIT test at base-
line (year 3 visit). After excluding 136 participants with missing
body composition measures and 11 for missing covariates other than
family income, the final analytic sample included 2,390 study parti-
cipants. Since missing family income was relatively common (12%),
we created a missing category for the analysis. Means and SDs for
continuous variables and frequency for discrete variables are pre-
sented as summary statistics.

We examined olfaction in relation to each of the three param-
eters of body composition (ie, total, lean, and fat mass), using par-
ticipants with a good sense of smell as the reference group (BSIT
score 11-12). The baseline cross-sectional analysis was completed
by means of multivariable linear regression, adjusting for demo-
graphics, lifestyle choices, and health and disease status as defined
above. In the longitudinal analysis, we examined repeated measures
for each body composition parameter from clinical visits at years
3,4,5, 6,8, and 10, corresponding to 0, 1, 2, 3, 5, and 7 years
of follow-up. We used multivariable linear mixed models estimated
by the maximum likelihood method to assess differences in annual
changes of body composition across olfaction groups by examining
interaction terms between the olfaction and follow-up year vari-
ables, assuming an unstructured covariance matrix for residuals.
We further utilized a difference-in-differences approach to compare
differences in body composition changes at each of the follow-up
years when body compositions were measured. Inverse probability
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Table 1. Population Characteristics by Olfaction Status at the Year 3 Clinical Visit

Poor Olfaction Moderate Olfaction Good Olfaction
BSIT Score 0-8 BSIT Score 9-10 BSIT Score 11-12
n=782 n=2818 n =790
Continuous variables, mean = SD
Age in years 76.1 =291 75.5 £2.90 75.1 = 2.60
Standing height in meters 1.68 = 0.09 1.66 = 0.10 1.65 = 0.09
Categorical variables, number (%)
Sex
Female 317 (40.5) 425 (52.0) 490 (62.0)
Male 465 (59.5) 393 (48.0) 300 (38.0)
Race
White 417 (53.3) 506 (61.9) 539 (68.2)
Black 365 (46.7) 312 (38.1) 251 (31.8)
Clinic site
Pittsburgh 369 (47.2) 406 (50.4) 431 (54.6)
Memphis 413 (52.8) 412 (49.6) 359 (45.4)
Physical activity
>90 min/wk 71 (9.1) 78 (9.5) 95 (12.0)
<90 min/wk 711 (90.9) 740 (90.5) 695 (88.0)
Smoking status
Never smoker 322 (41.2) 363 (44.4) 387 (49.0)
Former smoker 84 (10.7) 64 (8.0) 41 (5.2)
Current smoker 376 (48.1) 390 (47.3) 362 (45.8)
Education
Less than high school 255 (32.6) 177 (21.6) 125 (15.8)
High school graduate 220 (28.1) 282 (34.5) 268 (33.9)
Postsecondary 307 (39.3) 359 (43.9) 397 (50.3)
Family income
Less than 10k 109 (13.9) 84 (10.3) 62 (7.8)
10k to 25k 280 (35.8) 254 (31.0) 258 (32.7)
25k to 50k 209 (26.7) 255 (31.2) 233 (29.5)
Greater than 50k 96 (12.3) 119 (14.5) 151 (19.1)
Missing 88 (11.3) 106 (13.0) 86 (10.9)
Health status
Excellent/very good 307 (39.3) 363 (44.4) 400 (50.6)
Good 296 (37.8) 329 (40.2) 270 (34.2)
Fair/poor 179 (22.9) 126 (15.4) 120 (15.2)
Diabetes
Yes 203 (26.0) 195 (23.8) 160 (20.3)
No 579 (74.0) 623 (76.2) 630 (79.7)
Hypertension
Yes 588 (75.2) 623 (76.2) 571 (72.3)
No 194 (24.8) 195 (23.8) 219 (27.7)
Cancer
Yes 151 (19.3) 164 (20.1) 157 (19.9)
No 631 (80.7) 654 (79.9) 633 (80.1)
Cardiovascular diseases
Yes 229 (29.3) 238 (29.1) 226 (28.6)
No 553 (70.7) 580 (70.9) 564 (71.4)
Parkinson or dementia
Yes 209 (26.7) 101 (12.4) 60 (7.6)
No 573 (73.3) 717 (87.6) 730 (92.4)
Depressive symptoms
Yes 133 (17.0) 123 (15.0) 94 (11.9)
No 649 (83.0) 695 (85.0) 696 (88.1)

Note: BSIT = Brief Smell Identification Test.

weighting was used to address for loss-to-follow-up. We presented
this difference-in-differences analysis as Supplementary Materials.
In addition, we conducted subgroup analyses to examine whether
associations differ by sex and self-reported race. We did not stratify
by age because the age range was only 10 years. Finally, as weight loss

is often associated with poor health in older adults and commonly
occurs in chronic diseases such as cancer and neurodegenerative
diseases, we additionally conducted subgroup analyses stratified
by health status, accounting for baseline self-reported health (fair
to poor vs excellent to good), and the presence of baseline cancer,
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Table 2. Cross-sectional and Longitudinal Analyses of Olfaction in

i n ! 75 Total Mass
Relation to Body Composition Measures in the Health ABC Study
74 Drasag,
Differences in Body Composition Measures at Baseline =) .".._ PR it
£73 B LLERPRo, -
Body Composition Measures Difference (SE) 95% CI o
w72
Total mass (kg) =
Poor olfaction -1.67% (0.64) (-2.92,-0.42) ,_g 71
Moderate olfaction 0.09 (0.60) (-1.10,1.27) 270
Good olfaction Ref
Total lean mass (kg) 69
Poor olfaction -0.53 (0.28) (-1.08,0.02)
Moderate olfaction 0.02 (0.27) (-0.50, 0.54) 68
Good olfaction Ref 3 4 5 6 7 8 9 10
Total fat mass (kg)
Poor olfaction -1.14% (0.42) (-1.96,-0.31) 49 Lean Mass
Moderate olfaction 0.06 (0.40) (-0.72, 0.84) 485
Good olfaction Ref )
g 48

Differences in Annual Changes in Body Composition
Measures Over 7 Years

Difference
in Annual
Body Composition Measures Changes (SE) 95% CI
Total mass (g)
Poor olfaction -234* (105) (-442, -26)
Moderate olfaction -189 (98) (-383,6)
Good olfaction Ref
Total lean mass (g)
Poor olfaction -139* (49) (=236, -43)
Moderate olfaction -49 (46) (-141,43)
Good olfaction Ref
Total fat mass (g)
Poor olfaction -113 (88) (-285, 59)
Moderate olfaction -162 (86) (-331,8)
Good olfaction Ref

Notes: Adjusted for age, sex, race, height, education, clinic site, family in-
come, smoking status, physical activity, self-reported health status, cancer,
depression, dementia, cardiovascular diseases, diabetes, and hypertension.
Poor olfaction represents BSIT score 0-8, moderate 9-10, and good 11-12.
BSIT = Brief Smell Identification Test; CI = confidence interval; SE = standard
error.

*p <.0S.

dementia, or Parkinson’s disease (10,36,37). We used SAS 9.4 (SAS
Institute Inc., Cary, NC) for all statistical analyses.

Results

At baseline, study participants with a poor sense of smell were more
likely to be older, slightly taller, male, black, from the Mempbhis study
site, and former smoker, and to report lower education, lower family
income, and poor health status (Table 1). For chronic diseases, par-
ticipants with poor olfaction were more likely to have diabetes,
Parkinson’s disease or dementia, and depressive symptoms.

Cross-sectional Analysis

In the cross-sectional analysis at year 3 clinical visit, poor olfaction
was significantly associated with lower total mass and lower fat
mass when compared to the reference group (Table 2). Specifically,
older adults with poor olfaction had a total body mass that was, on
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Figure 1. Changes in body composition measures by olfaction status from
clinical visits year 3 to year 10. Solid line: poor olfaction (BSIT score 0-8);
dotted line: moderate olfaction (BSIT score 9-10); dashed line: good olfaction
(BSIT score 11-12). BSIT = Brief Smell IdentificationTest. Full color version
is available within the online issue.

average, 1.67 kg lower (95% CI: -2.92, -0.42) than those with good
olfaction, and for total fat mass, the difference was -1.14 kg (95%
CI: -1.96, -0.31). Their lean mass was also lower, but the difference
(-0.53 kg, 95% CIL: -1.08, 0.02) was not statistically significant.
There was no difference contrasting moderate with good olfaction
for any of the anthropometric outcomes.

Longitudinal Analysis

During the follow-up, all three measures of body composition de-
creased overtime across olfaction groups (Figure 1). In longitudinal
analysis (Table 2), compared with the group with good sense of
smell, poor olfaction was associated with greater average body com-
position losses per year, specifically for total mass (-234 g, 95% CI:
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-442, -26) and lean mass (-139 g, 95% CI: =236, -43). A similar
observation was made for fat mass, but the association was not
statistically significant. The difference-in-differences analysis that
examined year-by-year changes largely confirmed these observations
(Supplementary Table 1).

Results from subgroup analyses by sex and race generally showed
similar patterns (Supplementary Table 2), although the estimates are
less stable due to smaller sample sizes. Notably, in a few of the ana-
lysis, the moderate olfaction group showed statistical differences
from the poor olfaction group among women or white participants.
The subgroup analyses by health status also showed comparable re-
sults (Supplementary Table 3).

Discussion

In this large biracial cohort of community-dwelling older adults, poor
olfaction was associated with lower body weight and greater weight
loss over time, notably for total and lean masses. To the best of our
knowledge, this is the first prospective evidence that documents poor
olfaction in relation to changes in body weight and composition.
These changes could not be explained by population demographics,
behavioral, and health-related factors. Our data clearly demonstrate
a pattern of poor olfaction associated weight loss in older adults.

Poor olfaction is prevalent among older adults and may have
profound health implications. While the research has focused on
poor olfaction in relation to dementia and Parkinson’s disease, our
analyses showed these neurodegenerative diseases only explained
about 20% of the increased mortality associated with poor ol-
faction among older adults (38), suggesting poor olfaction is a
broader marker for accelerated aging among older adults beyond
neurodegenerative diseases. In the same analyses, weight loss ac-
counted for ~6% of the elevated mortality among older adults with
a poor sense of smell (38).

Loss of body mass is common among older adults (39), with men
generally declining in weight after age 55 and women after age 65
at an average loss of 0.1-0.2 kg per year (40). Examining weight
loss solely by total mass, however, leaves an incomplete picture of
health for older adults. The loss of lean mass, especially relative to
the retention of fat mass, is considered to be a major indicator of
poor and declining health risks in older adults. The loss of lean mass
can lead to a multitude of health and life quality concerns, including
impaired mobility (41) and increased mortality (42). Further, not all
weight loss occurs for the same reason or has similar outcomes for
body composition. For example, weight loss brought upon by diet
and exercise is more likely to preserve lean mass and reduce fat mass
(43), while weight loss due to disease or other health-related factors
may diminish lean mass as well as total body mass (40).

This study clearly demonstrated an association between poor
olfaction and weight loss in older adults, independent of a range
of potential confounders and general health status. However, the
mechanisms that underlie this association remain unclear. Scientists
have speculated that poor olfaction may alter a person’s appetite
and dietary intake (2,3) which may in turn lead to changes in body
weight and composition. Opinions about the direction of this associ-
ation differ however, with some speculating that poor sense of smell
and associated taste changes results in lower appetite and enjoyment
of eating and therefore reduced caloric intake (44), whereas others
speculate that poor olfaction may lead to higher intake of caloric-
intensive and tastier foods (45), and therefore encourage weight gain.
Neither speculation has been rigorously examined. Additionally,
with the potential linkage between olfaction and hormones such as

leptin (6,46), there are likely complex interactions among satiety,
food intakes, sensory inputs of taste and smell, and metabolic rates
to affect body composition over time (6,46). A connection between
olfaction, metabolism, and body weight was recently suggested by
a murine experiment, which found that mice with a poor sense of
smell experienced significant weight loss, even though the caloric
intake was held constant (47). The authors reported that poor ol-
faction led to a higher resting metabolic rate in mice, which ex-
plained a lower body weight despite consistent calorie intake. There
are no comparable empirical data in humans; however, some earlier
cross-sectional studies have linked to olfaction to metabolic or
eating disorders including obesity (47), anorexia (48), and diabetes
(46). Future studies should systematically investigate the potential
connections among poor olfaction, dietary changes, metabolic rate,
body composition, and health status in the context of aging.

The current study has several notable strengths. Health ABC is
a large, well-characterized, community-based, biracial cohort that
was designed specifically to prospectively investigate changes in
body composition and function in older adults. All these character-
istics strengthen the validity and generalizability of study results to
similar free-living populations. The cohort had repeated assessments
of body composition using DXA and thus enabled precise assess-
ment of change in various components of body composition on an
annual or biennial basis for up to 7 years. Finally, the study collected
a wide range of covariates that allowed us to account for potential
confounding from demographics, lifestyle, and health conditions.

This study also has several limitations. First, Health ABC parti-
cipants had their olfaction assessed at age 75 years on average over
a narrow age range. Therefore, generalizability to relatively younger
older adult populations is limited. Further, the sense of smell de-
creases steadily with age, but we measured olfaction only once at
a single time point. Examining the trajectory of olfaction decline in
older adults and how it affects body composition and health out-
comes would be a potentially important interesting direction to head
in further studies. Additionally, the BSIT only assesses smell iden-
tification, not threshold or discrimination, and additional research
should be done to examine how various modalities of olfaction af-
fect body composition in the context of aging. The BSIT does not
differentiate between causes of olfactory impairment, which could
be due to unrelated causes such as nasal surgery or head injuries.
Finally, while the study identified a significant association between
poor olfaction and weight loss in older adults, the clinical signifi-
cance and implications of this observation remain unknown and
need to be further investigated.

In conclusion, we found that poor olfaction in older adults was
associated with a decline of body mass, fat mass, and lean mass in
this large community-based cohort. This association was robust and
independent from lifestyle factors or health status. Future studies
should investigate the underlying mechanisms and its health impli-
cations in the context of aging.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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