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Abstract

Background: Social determinants of health (SDoH) are environmental conditions that influence
health outcomes. As olfactory dysfunction (OD) in older individuals is associated with increased
morbidity and mortality, we sought to investigate the impact of specific SDoH on olfactory
function.

Methods: A cross-sectional analysis of the Health, Aging and Body Composition Study, a US
population-based epidemiologic cohort study, was performed. Olfactory function was assessed
utilizing both a self-report and a psychophysical olfactory test (CC-SIT test). Multivariable logistic
regressions were performed to examine associations between specific SDoH with self-reported
anosmia (sOD) and objective anosmia (0OD) as assessed by psychophysical testing. Differences in
sensitivity and specificity were evaluated with sample tests for equality of proportions.

Results: Of 2219 participants, 13% had oOD and 18% had objective hyposmia; only 10% had
sOD. Individuals identifying as Black race had higher odds of oOD (odds ratio [OR]:1.41, 95%
confidence interval [C1]:1.02-1.95), while females and those reporting family incomes >$50,000
had lower odds of c0OD (OR: 0.46, CI:0.34-0.62; OR:0.52, C1:0.29-0.93), adjusting for covariates.
No specific SDoH was significantly associated with sSOD. The sensitivity and specificity of sOD
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for oOD was 23.1% and 92.0%, respectively. sOD had greater sensitivity in females than males
(30.8% vs. 18.8%, p = 0.030), while specificity varied significantly depending on family income
(range: 90.0%-94.8%, p = 0.033).

Conclusions: Utilizing a large population-based study, we find disparities in the prevalence and
self-recognition of OD among individuals of different gender, race, and income levels. Further
effort is needed to evaluate factors propagating these disparities and to raise awareness of OD
across all patient populations.
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INTRODUCTION

Olfactory dysfunction (OD), and particularly complete olfactory loss, is an important public
health concern that emerges disproportionately among aging individuals. Studies suggest
that up to 27.5% of elderly adults in the United States have some form of OD, and up to
one-third of this population reports dissatisfaction with their sense of smell.1=3 The health
ramifications of OD are numerous, contributing to diminished appetite and malnutrition,
injury due to failed perception of environmental hazards, reduced quality of life (QoL), and
major adverse health outcomes.#-8 Indeed, recent studies provide mounting evidence that
OD may be a harbinger of dementia and Parkinson’s disease and predict higher long-term
morbidity and mortality.’-10

The US Department of Health and Human Services defines social determinants of health
(SDoH) as “the conditions in the environments where people are born, live, learn, work,
play, worship, and age that affect a wide range of health, functioning, and QoL outcomes
and risks.”11 Racial and socioeconomic disparities have been found in outcomes of
cancer, diabetes, and heart disease.12:13 In a recent study, we identified five themes which
can be used to categorize specific SDoH that have been found to be associated with

OD: socioeconomic status (SES), education status, occupational exposures, racial/ethnic
disparities, and lifestyle/behavioral factors.14

The complexity and cost of performing broad population-based olfaction testing has led
to a deficiency of knowledge about risk factors for age related, noninfectious OD. While
several prior studies have looked at a limited set of available population-based datasets
on OD, these investigations have shortcomings in not exploring both subjective olfactory
dysfunction (sOD) and 0OD in the same cohort or not fully accounting for facets of
SDoH previously identified to be associated with OD.15-18 |n this study, we expand

upon a previous investigation by Dong et al., which utilized a pooled analysis of two
community-based studies, and found that Black individuals had markedly higher odds of
anosmia compared with White individuals in age- and sex-adjusted analyses.16 Here, we
systematically investigate the association between the more comprehensive five independent
categories of SDoH we previously identified, and both sOD and oOD, using a US
population-based epidemiologic cohort study of older adults. We also investigate whether
there are disparities in the prevalence of hyposmia or a reduced ability to detect odor that
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does not meet the criteria for anosmia. In addition, as previous studies have found a lack

of correlation between subjective and objective measures of olfaction, we assess whether
specific SDoH may account for differences in olfactory function perception and objective
measurement.2-19

METHODS

Study population

Participants were drawn from the Health, Aging and Body Composition (HealthABC)
study.20-21 Briefly, the HealthABC is an interdisciplinary study focused on risk factors for
the decline of function in healthier older persons, particularly change in body composition
with age.20 From 1997 to 1998, 3075 subjects were recruited from a random sample of
Medicare beneficiaries and age-eligible participants in two cities. As part of the larger
study, inperson interviews and examinations occurred at years 1, 2, and 3, with phone
calls alternating every 6 months. A total of 2535 participants completed both the subjective
and objective olfactory test, of whom 316 reported having a cold in the week prior to

the exam and were excluded from further analysis. This secondary data analysis did not
require institutional review board (IRB) review due to the utilization of a widely available,
deidentified, national dataset.

Olfactory function testing

Olfactory function was tested as part of the year 3 clinical visit utilizing the 12-item
cross-cultural smell identification test (CC-SIT), a psychophysical screening test commonly
referred to as the B-SIT (Sensonics; Haddon Heights, NJ), which is widely used in clinical
and epidemiological studies.2? One point was given for each correct answer with a total
score ranging from 0 to 12. Psychophysical testing offers a reproducibly quantifiable
description of olfactory performance and allows for evaluation of treatment response. As

in prior studies, we treat it as a surrogate of objective assessment because we lack truly
quantitative measurement capabilities.21523 We defined objective olfactory dysfunction
(0OD) as a CC-SIT score < 6, a threshold previously utilized to define clinically confirmed
anosmia among patients.18 We also analyzed the association between SDoH and /yposmia,
using a more sensitive cutoff of CC-SIT score <8.24 sOD was also assessed as part of the
year 3 clinical visit survey and was defined as an affirmative answer to the question: “Do
you suffer from smell and/or taste problems?”16

Social determinates of health

Demographic and lifestyle information was obtained via interviews during the year 1 clinical
visit, unless otherwise noted.16 {Dong, 2017 #14} Gender and race were dichotomously
coded as male/female and White/Black, respectively. Education was categorized as “less
than high school,” “high school,” and “above high school.” Measures of SES included:
family income, which was categorized as “less than $10,000,” “$10,000 to $25,000,”
“>$25,000 up to <$50,000,” “=$50,000"; whether they possessed supplemental insurance

to Medicare; and whether they had enough money for food. Alcohol drinking behaviors and
smoking, assessed in year 3, were defined as current, former, or never.16

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Page 4

Potential confounding variables

Statistical analyses were adjusted for the following comorbidities which have been shown to
be associated with OD. These data were obtained via in-clinic interviews and examinations
during year 3. Participants were asked how often they “feel excessively (overly) sleepy
during the day” with a response of “often (5-15 times/month)” or “almost always (16—30
times/month)” considered positive for daytime sleepiness.1® Prevalence of depressive
symptoms was defined as =10 on the 15-item Center for Epidemiologic Studies depression
(CES-D) scale.16 Prevalence of anxiety symptoms, previously found to be associated with
0D, 18 was defined as a positive response to “During the past week, have you felt nervous

or shaky inside?” or “During the past week, have you felt tense or keyed up?” Head

injury was defined as an affirmative answer to “Have you ever been hit in the head hard
enough to make you faint?”16 Body mass index (BM1) was categorized as normal (<25
kg/m?2), overweight (25-29.9 kg/m?), and obese (=30 kg/m?). Self-reported general health
status was defined as “excellent or very good,” “good,” and “fair or poor.” Cognition was
assessed using the modified Mini-Mental State Examination (3MSE), a 100-point expansion
of the 30-point Mini-Mental State Examination, with scores of <80 indicating dementia.20.25
Comorbid conditions such as Parkinson’s disease,28 pneumonia in the preceding 6 months,2’
cardiovascular disease (myocardial infarction or congestive heart failure), hypertension,
diastolic and systolic blood pressure,?8 cerebrovascular disease,?? and diabetes mellitus30
were also reported based on self-report.

Statistical analysis

Descriptive statistics were reported as median with interquartile range for continuous
variables and as number and percent for categorical variables. Univariable logistic
regressions were performed, separately for each SDoH, to identify factors associated with
the presence of either sOD or oOD and were reported as an odds ratio (OR) with 95%
confidence interval (Cl) and p-value. All aforementioned SDoH independent variables,
along with confounding variables that had a p < 0.2 on univariable regressions, were
included in a stepwise forward multivariable logistic model. For ease of interpretation,
diastolic and systolic blood pressure were converted to z-scores. Sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) of self-awareness of
olfactory loss in self-reported sOD in evaluating for oOD were calculated both in the entire
cohort and in subgroups of race, gender, education, and income. Differences in CC-SIT
scores, sensitivity, specificity, PPV, and NPV by race, gender, education, and incomes
were calculated and tested for statistical significance using sample tests without continuity
correction, Wilcoxon rank sum tests, and Dunn’s Kruskal-Wallis tests, as appropriate, and
p-values were adjusted with the Benjamini-Hochberg method for multiple comparisons.3!
Missing values (<1.1% of total datapoints) were imputed utilizing multivariate imputation
by chained equations.32 Statistical analyses were performed using R, Version 4.0.5 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

A total of 2219 individuals completed both the self-report olfactory awareness assessment
and objective olfactory CC-SIT test and were included in our study. Fifty-two percent (n=
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1164) of participants were female, 63% (7= 1,402) of participants self-described as White
race, and the median age at the time of olfactory testing was 75 (interquartile range [IQR]:
73-78) (Table 1). Among all participants, the median CC-SIT score was 10 (IRQ: 8-11),
13% (n=290) had anosmia or oOD with an additional 18% (= 392) qualifying as having
objective hyposmia, and 10% (n7= 221) had sOD on questionnaire.

The factors associated with the prevalence of sOD differed from those associated with oOD.
SDoH factors, including race, education, income, smoking or alcohol consumption, were not
individually associated with sOD on unadjusted logistic analysis (Table 2). However, other
participant factors, including anxiety symptoms (OR: 1.35, p=0.038), a history of hitting
one’s head hard enough to faint (OR: 1.95, p< 0.001), and cerebrovascular disease (OR:
1.59, p=0.033), were all associated with higher odds of sOD. In our complete multivariable
model, none of the SDoH we investigated were associated with sOD, although geographic
location of clinical testing site, history of hitting one’s head hard enough to faint, and
elevated systolic blood pressure were all significantly associated with sOD (Table 3).

When analyzing factors associated with oOD, female gender, increased educational
attainment, and higher family income were all associated with lower odds of 0OD on
unadjusted analysis. Black race, status as a former drinker as opposed to never drinking
alcohol, and being a current or former smoker as opposed to never smoking were all
associated with higher odds of 00D on unadjusted analysis (Table 2). On stepwise
multivariable logistic regression, we found that individuals identifying as Black race had
higher odds of 0OD (OR:1.41, 95% CI: 1.02-1.95), while females and those reporting
family incomes =$50,000 had lower odds of 0OD (OR:0.46, Cl:0.34-0.62; OR:0.52,
Cl:0.29-0.93) even after considering all confounding variables (Table 4). Education,
smoking status, and alcohol status did not maintain significance after accounting for all
covariates. We also found that higher diastolic blood pressure (OR:1.19; CI:1.03-1.39) and
cognitive impairment (OR:2.73; CI:1.86-3.98) were both associated with 0OD. Liberalizing
the definition of 0OD to include both anosmia and hyposmia (CC-SIT score <8) expanded
the prevalence of OD to 30.7% within this population. When comparing those with
hyposmia with individuals with intact olfactory function, we found that female gender and
higher income were associated with lower odds of hyposmia, while education and race did
not maintain significance after accounting for all covariates (Table S1 and Table S2).

When comparing sOD with 0OD within the entire cohort, we found a self-reported
perception of sOD had a low sensitivity (23.1%) and PPV (30.3%) for positive cOD,
while having a better specificity (92.0%) and NPV (88.8%) for negative 0OD (Table 5).
We explored whether specific SDoH may mediate the relationship between sOD and oOD,
and if the association between the two would be strengthened within certain subgroups.
We found that self-perception of olfactory function had greater sensitivity in females than
males (30.8% vs. 18.8%, p = 0.030), while the specificity significantly varied depending on
family income (p = 0.033). We also found that the NPV of sOD for 0OD varied between
subgroups of gender, race, education, and income, ranging from as low as 81.8% to as
high as 93.1% depending on which population we were testing in (Table 5). Evaluating
the entire cohort, we found that our objective measure of OD was associated with sOD,

as participants who endorsed sOD performed worse on the CC-SIT test than those who
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reported normal olfaction (CC-SIT score = 8 vs. 10, p< 0.001). We also found that CC-SIT
scores were associated with sOD when divided into subgroups based on gender, race, and
education; however, it was not related to sOD in those with family incomes below $10k
(Figure 1A-D). Lastly, when looking at only patients without sOD, we found that males,
Black race, those with less than high school educational attainment, and those with family
income <$10,000 all had significantly lower CC-SIT scores than other subgroups within
gender, race, education, and family income (Figure 2A-D).

DISCUSSION

Utilizing data from 2219 participants in the HealthABC study, we found that 13% of
individuals had objective absence of smell or anosmia (0OD) and 18% had objectively
reduced sense of smell (hyposmia), compared with only 10%, who self-reported subjective
olfactory impairment (sOD). When assessing risk factors for oOD, gender, race, and income
remained associated with oOD even after accounting for comorbidities, while education,
smoking status, and alcohol status were associated with oOD on univariable analysis but
not after accounting for comorbidities. When looking at risk factors for sOD, we did not
find that gender, race, education, income, smoking status, or alcohol status were associated
with sOD on univariate analysis or on multivariate analysis after considering comorbidities.
While participants who self-reported sOD performed worse on the CC-SIT than those

who reported normal olfaction, self-reports showed a very poor sensitivity (23.1%) for
identifying individuals with 0OD. The NPV of sOD for 0OD varied significantly between
subgroups of gender, race, education, and family income. In addition, when looking at
individuals who did not self-report OD, males, individuals of Black race, individuals who
did not complete high school, and individuals with lower family income all had lower
CC-SIT scores than females, White race, high school graduates, and higher income families,
respectively. These results necessitate further efforts to evaluate factors propagating these
disparities and compel physicians to consider differences in self-reporting when interpreting
a negative response to a subjective olfactory screen.

Evaluating our results using the previously reported thematic construct for SDoH, such

as racial/ethnic disparities, SES, education status, occupational exposures, and lifestyle/
behavioral factors, we found that race, similar to results from other studies, was an important
predictor of OD. Individuals reporting a Black racial identity had greater odds of 0OD

than those reporting White race, even when accounting for comorbidities (OR: 1.41, p=
0.037).16-18 The complexity of race as a construct challenges this interpretation, where
rather than a true biologic or genetic relation to OD, race is more likely a proxy for different
occupational exposures, life experience, and conditions that we are not capturing in our
limited dataset. For example, prior studies have found that Black race, people at lower
educational levels, and people at lower income levels were significantly more likely to live
within a mile of a polluting facility—an exposure that can damage olfactory capabilities.33
Unlike in prior studies, we did not find that race was associated with elevated rates of
self-reported poor olfaction.1>17

We find mixed results when exploring the role of SES in OD. In multivariate analysis, those
with family incomes >$50,000 were approximately half as likely to have 0OD than those
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with families with family income <$10,000 (OR = 0.52, p=0.027). Similarly, in an analysis
of the Beaver Dam Offspring Study, the authors found that an income of >$50,000/year was
associated with less OD (OR = 0.48).34 We did not, however, find an association between
SES and sOD. Patients with lower SES may be more at risk for true OD due to a myriad

of factors, such as living in areas with greater air pollution or having reduced access to
healthcare that may otherwise delay the deterioration of their condition.33:35

Similarly, we found the relationship between educational attainment and OD to be
inconsistent. There was no apparent association between education and sOD in this
population. After adjusting for covariates, those with less than a high school degree were not
more likely to have 0OD than those with a high school degree. Importantly, the HealthABC
utilizes the CC-SIT, a psychophysical olfactory assessment using only odorant identification
to stratify olfactory performance. This contrasts with other tests which assess olfactory
threshold, the minimum concentration at which an odor can be detected by participants,

and discrimination, the ability of a participant to discern between two odorants. Previous
studies have found that odor identification test are more susceptible to cognitive and
neurologic impairments, with patients with Alzheimer’s disease and Parkinson’s disease
found to do worse on odor identification than odor threshold tests.36:37 When interpreting
the effects of race, education, and SES on 00D in our study, responses and perceptions of
odorants used in the CC-SIT may be attributable to differences in cultural norms or life
experience, thus leading to lower odor identification rather than worse underlying disease.38
This highlights the importance of continuing to develop objective measures of disease that
perform consistently across all populations.

Our findings that a large proportion of individuals with objective olfactory deficits did not
self-report a diminished sense of smell is in-line with a recent review which found that

OD prevalence was significantly greater when measured by objective olfactory assessments
compared with subjective measures (28.8% vs. 9.5%, p < 0.001).2 Other studies have found
discordance between self-assessed measures of chemosensation and objective findings. In
an analysis of the National Social Life, Health, and Aging Project, the authors found that
74.2% of older adults with measured OD did not recognize it.3% In a recent analysis of

the National Health and Nutrition Examination Survey, the authors found that increased
age was associated with underreporting of olfactory impairment, though the analysis did
not reveal how other demographic characteristics affect the sensitivity of self-report.40 In
another recent analysis of the Sister Study, a study of middle-aged and older women,

the authors found that self-reports showed a low sensitivity (22.6%) for poor olfaction.1®
Here, we found that the sensitivity of sOD for 0OD is 23.1%, with a sensitivity as low as
16.8% in those with less than a high school degree. Moreover, we found that the NPV of
sOD for oOD—whether a patient reports no OD and truly has no olfactory issues—varied
significantly based on gender, race, education, and income. In total, these results suggest
that physicians should raise awareness of OD across all patient populations while strongly
considering the use of objective olfactory testing to evaluate patients where there exists
suspicion for OD.

In contrast to prior studies, in the HealthABC population we did not find that gender, race,
education, SES, or behaviors such as smoking or alcohol consumption were associated with
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differences in sOD, though we did find differences in self-awareness and reporting accuracy
depending on gender, race, education, and SES.1®17 Direct comparison across studies is
difficult due to differences in study population and survey formulation; for example, the
HealthABC asks participants whether they have smell or taste problems, and not if they
have a decrease in smell as other surveys do.1® Overall, we postulate that the accuracy of
self-report of OD for objective disease is poor, as people interpret the question differently
and disparities may exist in awareness and education of sensory deficits across various
populations.

Our analysis has several limitations. Due to the study design of the dataset using an
affirmative answer to the question: “Do you suffer from smell and/or taste problems?” to
identify sOD, there remains ambiguity as to whether the participant’s response is driven by
olfactory or gustatory dysfunction. Our use of this question was based on prior analyses

of this dataset,16 and even when using this question encompassing both smell and taste,
self-report of chemosensory dysfunction is lower than that uncovered by psychophysical
testing. Moreover, prior studies have found that individuals often self-report codysfunction
of these two senses, and individuals who do not report taste dysfunction rarely report OD.41
Secondly, the variables provided within the HealthABC dataset, while comprehensive, may
not fully account for all confounders. For example, the database lacks questions about
vocation, thereby limiting our analysis into the association between OD and occupational
exposure risks, a previously identified category of SDoH.14 Additionally, the dataset does
not include diseases, such as chronic rhinosinusitis (CRS), and environmental exposures,
such as lead, that have previously been found to be associated with OD and might exist

as underlying confounding factors; this is especially true considering previously published
studies that have found disparities in care for CRS and that lower SES was associated with
a higher CRS rate.*2-44 Lastly, the HealthABC cohort comprised only elderly adults above
the age of 70(median age: 75, IQR:73-78) limiting its generalizability to younger patients.
Nonetheless, the known association between OD and morbidity and mortality in elderly
adults necessitates further investigation into a population with a disproportionate burden

of noninfectious OD. A recent meta-analysis found that in studies with a mean age >55
years, the prevalence of OD was 34.5%, compared with an OD prevalence rate of 7.5%

in studies with a mean age <55 years.2 The association between specific SDoH and OD
remains underexplored across all ages due to the hurdles to widespread olfactory testing in
population studies, and we believe this study provides valuable insight into the disparities in
olfactory function within older adults.

CONCLUSION

While our study reports no association between SDoH and awareness of sOD, certain SDoH
factors may impact olfactory function when measured using the CC-SIT psychophysical
olfactory test (0OD). We also found that the accuracy of self-reports of sOD for 0OD varies
based on gender, race, education, and income. As OD is associated with morbidity and
mortality, it is imperative that we make an effort to further evaluate factors propagating these
disparities while providing more equitable care for our patients.
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FIGURE 1.

Subjective Olfactory Dysfunction E No E Yes

Comparison of cross-cultural smell identification test (CC-SIT) scores between those with
and without subjective olfactory dysfunction, within subgroups of gender (A), race (B),
education (C), and family income (D). p-value from Wilcoxon rank sum test. ns = not

significant (p = 0.05). *< 0.05, **< 0.01, ***< 0.001
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Among those without subjective olfactory dysfunction, comparison of cross-cultural smell
identification test (CC-SIT) scores within subgroups of gender (A), race (B), education (C),
and family income (D). Red diamond represents the mean. Panels A and B: Wilcoxon p <
0.001 for both. Panels C and D: Kruskal-Wallis p < 0.001 for both
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Patient characteristics and distribution of variables

Characteristic

Site

Memphis

Pittsburgh

Gender

Male

Female

Race

White

Black

Age at year 3 clinic visit
70-74

75-79

80-84

Education

Less than high school
High school graduate
Post-secondary schooling
Alcohol consumption
Never

Current

Former

Smoking status

Never

Former

Current

Family income
<$10,000

$10,000 to $25,000

> $25,000 up to $50,000
= $50,000

Supplemental insurance to Medicare
Enough money for food
Primary care received at
Private doctor’s office
Public clinic

Health maintenance organization
Hospital outpatient clinic
Daytime sleepiness

Depressive symptoms

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2024 December 16.

N=2,219

1,082 (49%)
1,137 (51%)

1,055 (48%)
1,164 (52%)

1,402 (63%)
817 (37%)

921 (42%)
1,050 (47%)
248 (11%)

479 (22%)
744 (34%)
996 (45%)

629 (28%)
1,141 (51%)
449 (20%)

1,019 (46%)
1,044 (47%)
156 (7.0%)

262 (12%)
822 (37%)
750 (34%)
385 (17%)
1,850 (83%)
2,039 (92%)

1,891 (85%)
96 (4.3%)
147 (6.6%)
85 (3.8%)
293 (13%)
249 (11%)

TABLE 1

Page 14
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Characteristic

Anxiety symptoms

Hit head hard enough to faint
Parkinson’s disease

BMI

<25

25-29.9

>30

Avg sitting systolic BP, mm Hg
Avg sitting diastolic BP, mm Hg
Self-reported health
Excellent/very good

Good

Fair/poor

Cognitive impairment
Pneumonia, preceding 6 months
Ml/heart disease
Cerebrovascular disease
Hypertension

Diabetes mellitus

CC-SIT score

Objective olfactory dysfunction (anosmia)

Subjective olfactory dysfunction

Hyposmia or anosmia

N =2,219
735 (33%)
211 (9.5%)
12 (0.5%)

749 (34%)

934 (42%)

536 (24%)

134.00 (120.00, 148.00)
70.00 (64.00, 78.00)

1,003 (45%)
840 (38%)
376 (17%)
235 (11%)
15 (0.7%)
494 (22%)
195 (8.8%)
1,251 (56%)
368 (17%)
10.00 (8.00, 11.00)
290 (13%)
221 (10.0%)
682 (30.7%)

Page 15

Note: n(%); Median (interquartile range [IQR[). Anosmia (objective olfactory dysfunction) defined as CC-SIT score <6. Hyposmia defined as

CC-SIT score <8.

Abbreviations: BMI, body mass index; BP, blood pressure; CC-SIT, cross-cultural smell identification test; MI, myocardial infarction.
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