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IMPORTANCE Few longitudinal studies have examined the association of olfactory
dysfunction with future decline in physical function.

OBJECTIVE To examine cross-sectional and longitudinal associations between olfaction and
physical function among older adults (age =65 years).

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from the Atherosclerosis
Risk in Communities (ARIC) study, a prospective cohort study that enrolled 15 792 adults aged
45 to 64 years from 4 US communities. In the present study, we used data from visits 5
(2011-2013), 6 (2016-2017), and 7 (2018-2019). Data were analyzed July 16, 2025.

EXPOSURE Olfaction was measured using the 12-item Sniffin’ Sticks Odor Identification Test
(total score range, 0-12) at visit 5 and categorized as good (11-12 [reference]), moderate
(9-10), and poor (0-8).

MAIN OUTCOMES AND MEASURES Physical function was assessed using the Short Physical
Performance Battery (SPPB) overall score (range, 0-12); SPPB subscale scores (range, 0-4) for
balance, 4-m usual pace walk, and chair stand; and gait speed at visits 5 (baseline), 6, and 7.
Grip strength was assessed at visits 5 and 7.

RESULTS In the analytic sample of 5474 participants (mean [SD] age, 75.3 [5.0] years; 3163
[57.8%] female), the estimated mean difference in total SPPB scores was -0.14 (95% Cl,
-0.28 to -0.01) among those with moderate vs good olfaction and -0.49 (95% Cl, -0.63 to
-0.35) among those with poor vs good olfaction. In longitudinal analyses, compared with
participants with good olfaction, the estimated mean annual difference in SPPB score was
-0.05 (95% Cl, 0.08 to -0.02) among those with moderate olfaction and -0.11 (95% Cl,
-0.14 to -0.08) among those with poor olfaction. Consistent trends were observed across
SPPB subscales (eg, balance score: estimated mean difference in poor vs good olfaction,
-0.18 [95% Cl, -0.02 to -0.12]), gait speed (-0.06 [95% Cl, -0.07 to -0.04] m/s), and grip
strength (-1.50 [95% Cl, -1.98 to -1.01] kg).

CONCLUSIONS AND RELEVANCE In this cohort study, poor olfaction in older adults was
associated with a decline in physical functioning. These findings may have clinical
implications for identifying older adults at elevated risk. Future research should investigate
biologic mechanisms linking olfactory dysfunction with functional aging.
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he sense of smell plays an important role in well-

being, quality of life, nutrition, and safety.! Olfactory loss

is common among older adults, with more than 40% of
US adults older than 65 years experiencing some degree of
olfactory dysfunction. The prevalence of poor olfaction in-
creases with age.?™* Olfaction is a multifaceted process that
involves both sensory and cognitive processing.” Age-related
olfactory decline may reflect structural and functional changes
in the olfactory epithelium, olfactory bulb, or multiple olfac-
tory cortical regions, such as the anterior olfactory nucleus,
piriform cortex, and entorhinal cortex.>”

Poor olfactory function has been established as an early
marker of neurodegenerative diseases, such as Alzheimer dis-
ease, and is associated with increased mortality.>-® Emerging
evidence links olfactory dysfunction to a wide range of other
age-related chronic conditions, including diabetes, kidney dys-
function, pneumonia, and cardiovascular diseases.>*°> These
potentially broad associations raise the possibility that poor
olfaction is a marker of accelerated biologic aging.'*'>

Decline in physical functioning, manifested by limited
mobility, frailty, and loss of independence, is a hallmark of
aging.'®!” If poor olfaction reflects systemic aging processes,'
it may serve as a sentinel preclinical marker of physical
function decline. Several US-based cross-sectional and longi-
tudinal studies have demonstrated that among older adults,
olfactory impairment is associated with reduced mobility,
balance, fine motor function, and manual dexterity as well as
increased risk of frailty.'#-2° However, 2 studies in older Japa-
nese adults did not find significant associations between ol-
faction and physical performance.?"-?? Limited longitudinal
studies to date have shown that poor olfaction is associated
with faster physical function decline and increased risk of
frailty in older adults.®23-26 Most of these studies were from
the Health, Aging, and Body Composition (Health ABC)
study,?*-2°> which included well-functioning participants
aged 70 to 80 years at enrollment. We performed both cross-
sectional and longitudinal analyses to assess whether there
were associations between olfaction and physical function
among older adults with wider age and physical function
representation in the Atherosclerosis Risk in Communities
(ARIC) study.

Methods

Study Population

This cohort study used data from the prospective ARIC study,
which was designed to investigate cardiovascular disease
etiology and risk factors. Detailed information on ARIC
study design and cohort characteristics has been described
elsewhere.?” In brief, from 1987 to 1989, the ARIC study
enrolled 15 792 adults aged 45 to 64 years from 4 US commu-
nities: Forsyth County, North Carolina; Jackson, Mississippi;
northwestern suburbs of Minneapolis, Minnesota; and Wash-
ington County, Maryland. Participants were followed up
through multiple in-person clinic visits, annual (semiannual
since 2012) telephone interviews, and surveillance of hospi-
talizations. For the present analysis, we used data from visits
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Key Points

Question Is poor olfaction associated with poor physical
functioning in older adults?

Findings In this cohort study of 5474 older adults (age =65
years), poor vs good olfaction was associated with worse
lower-extremity muscle strength, balance, gait speed, and grip
strength and faster annual declines in those physical functions.

Meaning Poor olfaction may be associated with poor physical
functioning in older adults.

5(2011-2013), 6 (2016-2017), and 7 (2018-2019). Olfaction was
assessed during visit 5; the Short Physical Performance Bat-
tery (SPPB) was administered during visits 5, 6, and 7; and grip
strength was assessed during visits 5 and 7. This study was ap-
proved by the Johns Hopkins Medicine institutional review
board, serving as the single institutional review board for this
study. All participants provided written informed consent. This
study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

Exposure Measure

Olfaction was assessed at visit 5 using the 12-item Sniffin’ Sticks
Odor Identification Test.?® Participants were asked to smell 12
common odorants from odor-embedded pens and identify the
correct odor from 4 choices presented in a multiple-choice for-
mat. One point was awarded for each correct identification, re-
sulting in a total score ranging from O to 12. The olfaction score
was categorized into 3 levels, consistent with the cut points
used in previous studies?®: good (11-12), moderate (9-10), and
poor (0-8).

Outcome Measure
The SPPBis a tool to evaluate lower-extremity function in older
adults and consists of 3 timed components: balance, 4-m usual
pace walk, and chair stand.?® The balance test evaluates indi-
viduals’ ability to maintain standing posture for 10 seconds with
3 different feet positions: side-by-side, semi-tandem, and full
tandem. The 4-m walk measures the individual’s usual walk-
ing speed with or without assistive devices, and the faster rec-
ord of 2 trials was used. The chair stand test measures time to
complete 5 consecutive chair stand-ups and sitting down with
arms crossed over the chest. The detailed procedure and scor-
ing mechanism for each test are described elsewhere.>° A score
of O was assigned to any task if the participant was physically
unable to complete it or it was unsafe to do so. Each subscale
was scored from O to 4 and summed to create the total SPPB
score ranging from O to 12, with a higher score indicating
better physical function.*° A score over 2 for each SPPB sub-
scale and a score over 6 for total SPPB denoted good physical
function.3!-32

Continuous gait speed (meters per second), measured in
the 4-m usual pace walk test, was an additional indicator of
lower-extremity function. A gait speed of 0.8 m/s and above
was defined as fair or good, and slower than 0.8 m/s was
defined as poor.33 Grip strength, an indicator of upper-
extremity muscle strength, was assessed using a handheld
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dynamometer to measure the maximum force in kilograms
exerted by the participants’ preferred hand.?* Grip strength was
assessed twice per visit approximately 15 to 20 seconds apart,
and the higher of the 2 measurements was used in our analy-
sis. Grip strength was recorded in kilograms, with a higher value
indicating stronger upper-extremity muscle strength. We de-
fined grip strength (kilograms) as high vs low using the cut-
offs of sex and body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared) proposed by
Fried et al** (men: 29 kg for BMI <24; 30 kg for BMI >24 to 28;
and 32 kg for BMI >28; women: 17 kg for BMI <23; 17.3 kg for
BMI >2 to 26; 18 kg for BMI >26 to 29; and 21 kg for BMI >29).
Although grip strength cutoffs are usually considered in the
context of sex, absolute grip strength is also influenced by
body size.?® Studies have found an improved fit to normative
data with the addition of BMI, and BMI-specific thresholds may
better reflect relative muscle weakness rather than absolute
strength to reduce the impact of body composition variabil-
ity on muscle strength.36-38

Baseline Covariates

We used a directed acyclic graph to identify potential con-
founders based on previous literature and knowledge.?* Co-
variates assessed at visit 1 included sex, self-reported race
(Black, White), field center, and educational level (operation-
alized as completed high school or higher education vsless than
high school). Given that the racial composition differs mark-
edly by ARIC field center, we created a combined race and cen-
ter variable with 5 categories: Black race in Mississippi and
North Carolina and White race in North Carolina (reference),
Minnesota, and Maryland. Only Black and White participants
were included in the analysis because of small sample sizes of
other racial and ethnic groups. Covariates assessed at visit 5
included age, smoking (ever vs never), alcohol consumption
(ever vs never), BMI (modeled using linear spline with knots
at 25 and 30, as those are cut points for overweight and obe-
sity, respectively),3 systolicand diastolic blood pressure, total
and high-density lipoprotein cholesterol levels, and preva-
lent chronic conditions, including diabetes, hypertension,
coronary heart disease, stroke, heart failure, any cancer, and
dementia.

Statistical Analysis

Baseline characteristics were summarized using means and SDs
for continuous variables and proportions for categorical vari-
ables. We used multiple imputation by chained equations*®
with 5 imputations to account for missing covariates in all re-
gression models.

For cross-sectional analyses of olfaction and physical func-
tion at visit 5, we conducted linear regression models using gen-
eralized linear models with good olfaction as the reference. We
fitted 3 nested models, sequentially adjusting for 3 sets of po-
tential confounders: model 1 adjusted only for age and age
squared, model 2 additionally adjusted for demographics (sex,
educational level, and race and center), and model 3 further
adjusted for behavioral factors (smoking, alcohol consump-
tion), metabolic indicators (BMI, systolic and diastolic blood
pressure, and total and high-density lipoprotein cholesterol lev-

jamaotolaryngology.com

Original Investigation Research

els), and chronic conditions (prevalence of diabetes, hyper-
tension, coronary heart disease, stroke, heart failure, and can-
cer). We used linear regression coefficients with 95% CIs to
quantify mean differences in physical function between mod-
erate or poor olfaction vs good olfaction. To compare the mag-
nitude of associations across different physical function out-
comes, we z standardized all outcome variables and repeated
the aforementioned analyses. We additionally fitted logistic
regression models and reported odds ratios using dichoto-
mized outcome measures.

For longitudinal analyses of olfaction and changes in physi-
cal function, we fitted linear mixed-effects models using in-
formation on physical function outcomes at visits 5, 6, and 7
(with the exception of grip strength, which was assessed only
atvisits 5 and 7). Visit 5 was considered the baseline in the lon-
gitudinal analysis. To account for potential biases from infor-
mative missingness and attrition from visit 5 to visits 6 and 7
due to death or nonparticipation, we used stabilized inverse
probability of censoring weights*!' derived from logistic re-
gression models adjusted for age, age squared, demograph-
ics, behavioral and metabolic risk factors, and chronic condi-
tions. Time was calculated as the number of days from visit 5
(baseline) to visits 6 and 7 divided by 365.25. We modeled ol-
faction as a categorical variable, comparing moderate and poor
olfaction groups with the good olfaction group. In the mod-
els, the main effect size term for olfaction groups quantified
baseline mean differences in physical function, and the inter-
action term between olfaction and time estimated the mean
differences in annual rate of decline in physical function. In
exploratory analyses, we examined olfaction score as a con-
tinuous variable. Physical function outcomes were z standard-
ized, and the olfaction score was modeled using a cubic spline
function to capture potential nonlinearity in the relationship
with knots at 6, 8, and 10, which constitute cut points for an-
osmia, hyposmia, and moderate olfaction, respectively.*? We
estimated the annual rate of decline in standardized physical
function across the range of olfaction scores to evaluate a po-
tential dose-response relationship. This approach preserves
information, improves statistical efficiency, and allows visu-
alization of potential nonlinear associations that cannot be cap-
tured using categorical exposures alone.

In sensitivity analyses, we repeated all cross-sectional and
longitudinal models among participants without dementia or
Parkinson disease at visit 5. We also conducted subgroup analy-
ses stratified by age (=75 and <75 years; based on the median
baseline age), sex, and race. Furthermore, we performed an
analysis among participants who had another olfaction as-
sessment at visit 6 that additionally controlled for olfaction
change from visit 5 to visit 6. We conducted all analyses using
SAS, version 9.4 (SAS Institute Inc) and used R, version 4.4.2
(R Foundation for Statistical Computing) to construct plots.
Data were analyzed July 16, 2025.

|
Results

Of 6538 participants attending visit 5 of the ARIC study, we ex-
cluded 465 with missing olfaction assessment, 565 with miss-
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Table 1. Descriptive Statistics of Baseline Covariates in Older Adults by Olfaction Function

Participants®

Olfaction
Characteristic Total (N = 5474) Good (n = 2058) Moderate (n = 1840) Poor (n = 1576)
Age, mean (SD), y 75.3 (5.04) 74.5 (4.76) 75.2 (4.9) 76.6 (5.3)
Completed high
school or higher
education
Total 4741 (86.6) 1883 (91.7) 1596 (86.8) 1262 (80.3)
Missing, No. 9 4 1 4
Sex
Female 3163 (57.8) 1354 (65.8) 1051 (57.1) 758 (48.1)
Male 2311 (42.2) 704 (34.2) 789 (42.9) 818 (51.9)
Race
Black 1172 (21.4) 229 (11.1) 403 (21.9) 540 (34.3)
White 4302 (78.6) 1829 (88.9) 1437 (78.1) 1036 (65.7)
Race and center
Black, Mississippi 1089 (19.9) 207 (10.1) 368 (20.0) 514 (32.6)
Black, North 83 (1.5) 22(1.1) 35(1.9) 26 (1.7)
Carolina
White, North 1100 (20.1) 474 (23.0) 344 (18.7) 282 (17.9)
Carolina
White, Minnesota 1648 (30.1) 723(35.1) 560 (30.4) 365 (23.2)
White, Maryland 1554 (28.4) 632 (30.7) 533(29.0) 389 (24.7)
Ever smoker
Total 2975 (58.4) 1051 (54.8) 1036 (60.3) 888 (61.1)
Missing, No. 383 139 122 122
Ever alcohol drinker
Total 4288 (79.1) 1657 (81.3) 1431 (78.5) 1200 (76.9)
Missing, No. 51 19 19 16
BMI
Mean (SD) 28.70 (5.55) 28.69 (5.53) 28.84 (5.44) 28.54 (5.70)
Missing, No. 14 4 1 9
Blood pressure, mean
(SD), mm Hg
Systolic 130.03 (17.93) 129.87 (17.71) 129.86 (17.66) 130.45 (18.53)
Diastolic 66.16 (10.59) 66.22 (10.21) 66.13 (10.59) 66.12 (11.05)
Missing, No. 15 4 3 8
Cholesterol level,
mean (SD), mg/dL
Total 181.5 (42.0) 184.8 (42.3) 182.1 (41.4) 176.5 (41.7)
HDL 52.1(13.9) 53.2(14.0) 51.9(13.7) 50.7 (14.0)
Missing, No. 34 7 8 19
Diabetes
Total 1743 (32.2) 576 (28.2) 595 (32.7) 572 (36.6)
Missing, No. 52 17 21 14
Hypertension
Total 4013 (73.9) 1482 (72.3) 1348 (73.8) 1183 (76.1)
Missing, No. 43 9 13 21
Prevalent coronary
heart disease
Total 796 (14.8) 269 (13.3) 264 (14.6) 263 (17.0)
Missing, No. 92 32 29 31
Prevalent stroke
Total 197 (3.6) 58(2.8) 63 (3.4) 76 (4.8)
Missing, No. 9 5 3 1
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Table 1. Descriptive Statistics of Baseline Covariates in Older Adults by Olfaction Function (continued)

Participants®

Abbreviations: BMI, body mass index

Olfaction (calculated as weight in kilograms
Characteristic Total (N = 5474) Good (n = 2058) Moderate (n = 1840) Poor (n = 1576) divideq by heigfjt in meters §quared);
Prevalent heart failure 666 (12.2) 194 (9.4) 216 (11.7) 256 (16.2) HDL, high-density lipoprotein;
NA, not applicable.
Prevalent cancer .
Sl conversion factor: To convert total
Total 1219 (22.5) 459 (22.5) 391 (21.5) 369 (23.7) and HDL cholesterol to millimoles per
Missing, No. 55 19 19 18 liter, multiply by 0.0259.
Dementia 169 (3.1) 10(0.5) 23(1.3) 136 (8.6) ? Data are presented as number
Parkinson disease 287 (5.2) 47 (2.3) 91 (5.0) 149 (9.5) (percentage) of participants unless
otherwise indicated.
Table 2. Cross-Sectional Analysis of Olfaction Categories and Measures
of Physical Function in 5474 Older Adults
B Coefficient (95% CI)
Measure, olfaction category® Model 1° Model 2¢ Model 3¢

SPPB score (range, 0-12)
Moderate -0.25(-0.40to -0.11)
Poor -0.77 (-0.92 to -0.62)
Balance score (range, 0-4)
Moderate -0.06 (-0.12 to 0.00)
Poor -0.26 (-0.33 t0o -0.20)

4-m Walk score (range, 0-4)

Moderate -0.07 (-0.12 to -0.03) -0.04 (-0.09 to 0.00)
Poor -0.23(-0.28 t0 -0.18) -0.17 (-0.22 t0 -0.12)
Chair stand score (range,
0-4)
Moderate -0.12 (-0.20 to -0.05) -0.08 (-0.16 to -0.01)
Poor -0.28 (-0.36 to -0.20) -0.16 (-0.25 to -0.08)

Continuous gait speed, m/s
Moderate -0.03 (-0.04 to -0.02)

Poor -0.08 (-0.09 to -0.07)

Grip strength, kg

1.29 (0.65 to 1.94)

2.22 (1.54 t0 2.90)

Moderate

Poor

-0.15(-0.30t0 -0.02)
-0.54 (-0.69 to -0.39)

-0.03(-0.09 t0 0.03)
-0.20 (-0.27 to -0.14)

-0.02 (-0.04 to -0.01)
-0.06 (-0.07 to -0.04)

-0.56 (-1.01 to -0.11)
-1.62(-2.11t0-1.13)

-0.14 (-0.28 t0 -0.01)

-0.49 (-0.63 to -0.35) Abbreviation: SPPB, Short Physical

Performance Battery.

2 The olfaction score was categorized
as good (11-12), moderate (9-10),
and poor (0-8), with good as the
reference category.

-0.02 (-0.08 to 0.04)
-0.18 (-0.02 to -0.12)
b Adjusted for age and age squared.
-0.04 (-0.08 to 0.00)
-0.15(-0.20 to -0.10)

¢ Adjusted for demographics (age,
age squared, sex, educational level,
and race and center).

d Adjusted for demographics (age,
age squared, sex, educational level,
and race and center), behavioral
factors (smoking, alcohol
consumption), metabolic factors
(body mass index, systolic blood
pressure, diastolic blood pressure,
and total and high-density
lipoprotein cholesterol levels), and
medical history (diabetes,
hypertension, coronary heart
disease, stroke, heart failure, and
cancer).

-0.08 (-0.15 to 0.00)
-0.16 (-0.24 to -0.07)

-0.02 (-0.03 to -0.01)
-0.06 (-0.07 to -0.04)

-0.53 (-0.98 to -0.09)
-1.50(-1.98 to -1.01)

ing SPPB measures, and 22 Black participants from the Min-
nesota and Washington County field centers and 12 participants
from racial groups other than Black or White due to small
sample sizes, leading to the final analytic sample of 5474 par-
ticipants (eFigure in Supplement 1). Among these partici-
pants (mean [SD]age, 75.3[5.0] years), 1172 (21.4%) were Black,
4302 (78.6%) were White, 2311 (42.2%) were male, and 3163
(57.8%) were female. A total of 2058 (37.6%) had good olfac-
tion, 1840 (33.6%) had moderate olfaction, and 1576 (28.8%)
had poor olfaction (Table 1). Those with moderate or poor ol-
faction, compared with those with good olfaction, were older
on average and more likely to be male, Black, and ever smok-
ers. They were also less likely to have completed high school
education and to be classified as ever drinkers of alcohol, and
they had a higher prevalence of chronic conditions.

Cross-Sectional Analysis
After adjusting for all a priori specified covariates, individu-

als with moderate and poor olfaction tended to have lower SPPB

jamaotolaryngology.com

total scores compared with those with good olfaction (Table 2).
The estimated mean difference in SPPB scores was -0.49 (95%
CI, -0.63 to —0.35) for the poor vs good olfaction groups and
-0.14 (95% CI, -0.28 to -0.01) for the moderate vs good ol-
faction groups. Consistent patterns were observed across sub-
scales of SPPB (eg, balance score: estimated mean difference
in poor vs good olfaction, -0.18 [95% CI, -0.02 to -0.12]), con-
tinuous gait speed (-0.06 [95% CI, -0.07 to -0.04] m/s), and
grip strength (-1.50 [95% CI, -1.98 to -1.01] kg). Logistic re-
gression models using dichotomized physical function out-
comes yielded consistent findings (eTable 1in Supplement 1),
with both moderate and poor olfaction associated with lower
odds of having good physical function compared with good ol-
faction. Individuals with moderate and poor olfaction had con-
sistently lower physical function across all domains com-
pared with those with good olfaction (Figure 1). When
comparing the magnitude of associations on the same scale
using z-standardized physical function outcomes, the asso-
ciation of poor vs good olfaction with total SPPB score
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Figure 1. Dot-and-Whisker Plot of Cross-Sectional Analysis
of Olfaction and Physical Function Outcomes

Measure,

olfaction Standardized

category difference (95% Cl)

SPPB score
Moderate -0.06 (-0.11 to 0.00) —_—
Poor -0.20(-0.27 to -0.14) —_—

Balance
Moderate -0.02 (-0.08 to 0.04) —a>
Poor -0.18(-0.24t0 -0.12) —_——

4-m Walk
Moderate -0.05(-0.11t0 0.01) ——
Poor -0.20(-0.27 to -0.14) —_—

Chair stand
Moderate -0.06 (-0.12 to 0.00) —_—a
Poor -0.12 (-0.19 to -0.06) —_—

Gait speed
Moderate -0.10(-0.15 to -0.04) —_—
Poor -0.25(-0.31t0-0.19) <—=&——

Grip strength
Moderate -0.05 (-0.09 to -0.01) —_—
Poor -0.14 (-0.19to -0.10) ——

S P T

Standardized difference (95% Cl)

Standardized difference with 95% Cl for each physical function measure was
derived from generalized linear models, with good olfaction as the reference.
Adjustment factors are described in the Statistical Analysis subsection of the
Methods section. The olfaction score was categorized as good (11-12), moderate
(9-10), and poor (0-8). SPPB indicates Short Physical Performance Battery.

(B = -0.20; 95% CI, -0.27 to -0.14) was slightly larger than that
for grip strength (B = -0.14; 95% CI, -0.19 to -0.10).

Longitudinal Analysis

Individuals with moderate and poor olfaction, compared with
those with good olfaction, experienced greater declines in
nearly all physical function outcomes (Table 3). After adjust-
ing for all covariates, compared with those with good olfac-
tion at baseline, individuals with moderate olfaction had a
faster annual change in SPPB score of -0.05 (95% CI, -0.08
to —0.02), while the corresponding estimate for individuals
with poor olfaction was —0.11(95% CI, -0.14 to -0.08). The as-
sociation pattern was supported by cubic spline models, which
demonstrated a positive dose-response relationship between
olfaction dysfunction and decline rate (Figure 2).

Sensitivity Analysis

In both cross-sectional and longitudinal analyses excluding
participants with dementia or Parkinson disease at visit 5
(n = 5074), results were similar to those of the main analyses
(eTables 2 and 3 in Supplement 1). Subgroup analyses strati-
fied by age, sex, and race also showed results consistent with
those of the main analyses (eTables 2 and 3 in Supplement 1),
although some estimates were no longer statistically signifi-
cant due to decreased sample size. In the analysis of 3085 par-
ticipants who had another olfaction assessment at visit 6 that
additionally controlled for olfaction change from visit 5 to visit
6, the association patterns remained similar to those in the
main analysis (eTable 4 in Supplement 1).
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|
Discussion

In this large cohort study of 5474 community-dwelling older
adults, olfactory dysfunction was associated with poor physi-
cal function and with physical function decline observed
over approximately 7 years. Associations were also found
across multiple physical function measures even after adjust-
ing for potential confounders and accounting for potential
selection bias due to cohort attrition. The findings remained
robust in sensitivity analyses restricted to participants with-
out prevalent dementia and across subgroups defined by age,
sex, and race.

Several prior cross-sectional and longitudinal studies
have shown that individuals with poor olfaction tend to per-
form poorly on physical function assessments.'®19:2326 Qur
findings extend the literature by demonstrating a gradient
pattern in the associations across all physical function out-
comes, including total SPPB score, SPPB subscale scores, and
grip strength. The absolute differences between poor and
good olfaction groups were -0.49 (95% CI, -0.63 to -0.35) for
total SPPB score and —0.06 (95% CI, —-0.07 to —0.04) m/s for
continuous gait speed, both exceeding thresholds of small
but clinically meaningful differences in physical function.*?
Compared with the cross-sectional findings from the Health
ABC cohort,?* our study showed a consistent pattern but ob-
served larger estimates. The observed discrepancy may re-
flect differences in study population characteristics and ana-
lytic approaches. Notably, the Health ABC study adjusted for
a broader set of covariates, some of which were likely media-
tors rather than confounders, including dementia, Parkinson
disease, and depressive symptoms; these were not con-
trolled for in our analyses. The standardized cross-sectional
difference between poor and good olfaction was largest for con-
tinuous gait speed among all the assessed outcomes, whereas
the difference in grip strength was the smallest. This sug-
gests that olfactory dysfunction may be more strongly asso-
ciated with lower extremity strength than with upper extrem-
ity strength. While both upper and lower limb functions are
crucial for mobility and overall health, evidence suggests that
age-related muscle strength reduction tends to be more pro-
nounced in legs than in the arms.** As people age, there is a
shift in muscle activity patterns, with decreased lower limb and
increased upper limb activity,*> which may explain the dis-
proportionate association of olfactory dysfunction with lower
body performance.

To our knowledge, limited studies have provided evi-
dence that olfactory dysfunction is associated with acceler-
ated physical decline.?232> Our longitudinal findings revealed
a dose-response relationship, which suggests that poor olfac-
tion is associated with faster physical decline among older
adults. While physical decline was observed in the full study
sample, including participants with good olfaction, individu-
als with moderate and poor olfaction experienced greater
declines. This pattern supports the hypothesis that olfactory
dysfunction may be an early marker of accelerated aging.’
Several mechanisms may underlie the observed association
between olfactory dysfunction and accelerated physical
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Table 3. Longitudinal Analysis of Olfaction Categories and Measures of Physical Function in Older Adults

i B Coefficient (95% Cl)
Measure, olfaction
category? Model 1° Model 2¢ Model 3¢
SPPB score
Time, y -0.14 (-0.16 t0o -0.12) -0.14 (-0.16 t0 -0.12) -0.14 (-0.16 t0 -0.12)

Olfaction x time, y
Moderate -0.05 (-0.08 to -0.03)

Poor -0.12 (-0.16 to -0.09)

-0.05 (-0.08 to -0.03)
-0.12 (-0.15 to -0.09)

-0.05 (-0.08 to -0.02)
-0.11(-0.14 to -0.08)

Balance score
Time, y -0.05 (-0.06 to -0.04)
Olfaction x time, y

-0.02 (-0.04 to -0.01)

-0.03 (-0.05 to -0.02)

Moderate

Poor

-0.05 (-0.06 to -0.04)

-0.02 (-0.04 to -0.01)
-0.03 (-0.05 to -0.02)

-0.05 (-0.06 to -0.04)

-0.02 (-0.03 to -0.01)
-0.03 (-0.04 to -0.01)

4-m Walk score
Time, y -0.02 (-0.03 to -0.01)
Olfaction x time, y

Moderate -0.01 (-0.02 to 0.00)

Poor -0.03 (-0.04 to -0.02)

-0.02 (-0.03 to -0.01)

-0.01 (-0.02 to 0.00)
-0.03 (-0.04 to -0.02)

-0.02 (-0.03 to -0.01)

-0.01 (-0.02 to 0.00)
-0.03 (-0.04 to -0.02)

Abbreviation: SPPB, Short Physical
Performance Battery.

Chair stand score
Time, y -0.07 (-0.08 to -0.06)
Olfaction x time, y

Moderate -0.02 (-0.03 to 0.00)

Poor -0.05 (-0.07 to -0.03)

-0.07 (-0.08 to -0.06)

-0.02 (-0.03 to 0.00)
-0.05 (-0.06 to -0.03)

2 The olfaction score was categorized
as good (11-12), moderate (9-10),
and poor (0-8), with good as the
reference category.

-0.07 (-0.08 to -0.06)

-0.02 (-0.03 t0 0.00) b Adjusted for age and age squared.

-0.04 (-0.06 to -0.03) ¢ Adjusted for demographics (age,

age squared, sex, educational level,

Continuous gait speed
Time, y -0.008 (-0.009 to -0.006)
Olfaction x time, y

Moderate -0.002 (-0.005 to 0.000)

Poor -0.002 (-0.005 to 0.000)

-0.008 (-0.009 to -0.006)

-0.002 (-0.005 to 0.000)
-0.002 (-0.005 to 0.000)

and race and center).

-0.008 (-0.010 to -0.006) d Adjusted for demographics (age,
age squared, sex, educational level,
and race and center), behavioral
factors (smoking, alcohol

consumption), metabolic factors

-0.002 (-0.004 to 0.000)
-0.001 (-0.004 to 0.001)

Grip strength
Time, y -0.06 (-0.61 to -0.52)
Olfaction x time, y

-0.08 (-0.15 to -0.01)

-0.16 (-0.23 to -0.08)

Moderate

Poor

-0.06 (-0.61to -0.51)

-0.07 (-0.14 to0 0.00)
-0.13(-0.21 to -0.05)

(body mass index, systolic blood
pressure, diastolic blood pressure,
and total and high-density
lipoprotein cholesterol levels), and
medical history (diabetes,
hypertension, coronary heart
disease, stroke, heart failure, and
cancer).

-0.57 (-0.62 to -0.52)

-0.07 (-0.14 to 0.00)
-0.13(-0.21 to -0.05)

decline. First, olfactory dysfunction shares common patho-
physiological pathways with other hallmarks of aging, in-
cluding neurodegeneration,*®%” systemic inflammation,”
and impaired sensory processing.*® Impaired olfaction is a
well-established prodromal symptom of neurodegenerative
disorders, such as Alzheimer and Parkinson diseases,*® which
are characterized by early motor impairment and physical
decline.>%>! Second, olfactory dysfunction may have down-
stream behavioral and psychosocial consequences that con-
tribute to accelerated functional decline. A diminished sense
of smell reduces appetite and food enjoyment,>? leading to
lower overall food intake or shifted diet.>* Olfactory dysfunc-
tion may also impair individuals’ social interaction and par-
ticipation in daily activities.>* These disruptions can result in
poor nutrition and reduced physical activity, both of which
are known contributors to age-related losses in muscle mass
and strength.>>->® Therefore, olfactory dysfunction may be
both a biologic indicator and a behavioral marker of acceler-
ated aging. Our longitudinal analysis demonstrated that poor
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olfaction was associated with annual declines across all physi-
cal function domains examined in a dose-response pattern,
suggesting the potential utility of olfaction as a continuous
marker of future physical decline.

Strengths and Limitations

Our study has several strengths, including a focus on a large
community-based population, a longitudinal design, and rig-
orous statistical methods with extensive sensitivity analy-
ses. Nevertheless, we acknowledge several limitations. First,
while olfaction typically declines with age, we used olfaction
measurement only at the study baseline (visit 5). We were un-
able to conclude whether olfaction decline after visit 5 may
have biased the results. However, the sensitivity analysis of
participants who had another olfaction assessment at visit 6
revealed that the association patterns remained similar to those
in the main analyses. Second, the study population was lim-
ited to older adults; therefore, findings may not be generaliz-
able to younger populations. Third, despite adjusting for a list
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Figure 2. Line Graphs of Estimated Rate of Annual Change in Physical Function Outcomes
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Estimated annual change rate in each physical function measure was estimated
in linear mixed-effect models. All physical function outcomes were
standardized, and olfaction score was modeled using a cubic spline function
with knots at 6, 8, and 10. Adjustment factors are described in the Statistical

Analysis subsection of the Methods section. The olfaction score was
categorized as good (11-12), moderate (9-10), and poor (0-8), with good as the
reference category. Shading represents 95% Cls. SPPB indicates Short Physical
Performance Battery.

of potential confounders, residual confounding may remain
due to unreported impairment in lung function, nutrition sta-
tus, and rhinosinusitis.”®-¢° Fourth, the 12-item Sniffin’ Sticks
Odor Identification Test assesses higher-order olfactory pro-
cessing and does not solely reflect peripheral olfactory func-
tion because successful item identification also depends on
cognitive domains, such as semantic memory and naming. To
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address this concern, we performed a sensitivity analysis ex-
cluding participants with dementia or Parkinson disease at
baseline, and the associations between olfactory identifica-
tion performance and physical function outcomes remained
similar to those in the main analyses, suggesting that the ob-
served associations were not greatly confounded by neuro-
logical diseases.
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Conclusions

In this cohort study, poor olfaction in older adults was
associated with a decline in physical functioning. This find-
ing may have clinical implications for identifying older
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