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Abstract

The ability to identify odors predicts morbidity, mortality, and quality of life. It varies by age,
gender, and race and is used in the vast majority of survey and clinical literature. However, odor
identification relies heavily on cognition. Other facets of olfaction, such as odor sensitivity, have
a smaller cognitive component. Whether odor sensitivity also varies by these factors has not
been definitively answered. We analyzed data from the National Social Life, Health, and Aging
Project, a nationally representative study of older US adults (n = 2081). Odor identification was
measured using 5 validated odors presented with Sniffin’ Stick pens as was odor sensitivity in
a 6-dilution n-butanol constant stimuli detection test. Multivariate ordinal logistic regression
modeled relationships between olfaction and age, gender, race, cognition, education, socioec-
onomic status, social network characteristics, and physical and mental health. Odor sensitivity
was worse in older adults (P < 0.01), without gender (P = 0.56) or race (P = 0.79) differences.
Odor identification was also worse in older adults, particularly men (both P < 0.01), without dif-
ferences by race. Decreased cognitive function was associated with worse odor identification
(P < 0.01) but this relationship was weaker for odor sensitivity (P = 0.02) in analyses that ad-
justed for other covariates. Odor sensitivity was less strongly correlated with cognitive ability
than odor identification, confirming that it may be a more specific measure of peripheral olfac-
tory processing. Investigators interested in associations between olfaction and health should
consider both odor sensitivity and identification when attempting to understand underlying
neurosensory mechanisms.
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Introduction

Olfaction is a critical and evolutionarily ancient special sense
(Hoskison 2013). The ability to identify odors has been shown to
be strongly connected to not only neurological health (Velayudhan
et al. 2013; Attems et al. 20135; Yaffe et al. 2017; Tonacci et al. 2017;
Quarmley et al. 2017; Adams et al. 2018) but also morbidity and
mortality itself (Wilson et al 2011; Gopinath et al. 2012; Pinto et al.
2014b; Schubert et al. 2017b; Somekawa et al. 2017). This facet
of olfaction varies by age, gender, and race and is used in the vast
majority of survey and clinical literature. However, odor identifica-
tion is considered to be a secondary level of olfaction processing
and relies on intact peripheral and central components of the ner-
vous system—that is, to accurately identify an odor requires both
perception and cognition (Martzke et al. 1997; Hedner et al. 2010;
Schablitzky and Pause 2014). Therefore, it remains challenging to
separate the peripheral and central components of olfaction with re-
gards to their relationships with neurodegenerative disease and other
health outcomes.

In contrast, odor sensitivity (also known as threshold) is an-
other facet of olfaction that is thought to be a more direct indicator
of the primary level of odor processing that occurs in the olfac-
tory system—namely signaling from the olfactory receptors of the
nasal epithelium and, perhaps, basic information processing in the
olfactory bulb (Whitcroft et al. 2017). Testing for odor sensitivity
gauges an individual’s ability to detect the concentration of a par-
ticular odor, independent of recalling and naming it, and, thus, poses
a low or minimal cognitive burden (mostly in the working memory
domain). This also makes odor sensitivity less culturally specific.
Despite these advantages, odor sensitivity is more challenging to
measure and there are few large-scale studies of the factors associ-
ated with odor sensitivity.

Previous studies reported that odor sensitivity is related to age,
gender, nasal diseases, neurodegenerative diseases, and smoking
(Hayes and Jinks 2012; Lee et al. 2013). Recently, a study of 832
older adults explored factors related to the odor threshold to
n-butanol (Schubert et al. 2017a). Due to the nature of the samples
involved in these studies, however, applicability to the general popu-
lation of older adults and diverse populations of the United States
is not clear.

Comparing correlates of odor identification and odor sensitivity
may allow us to better understand the relationship between olfaction
and health, especially regarding cognition and neurodegeneration
(Lotsch et al. 2008). Therefore, we addressed the question of how
odor sensitivity is related to demographic, social, and health factors
in the National Social Life, Health, and Aging Project (NSHAP), the
first study to collect both odor identification and odor sensitivity
along with a large amount of health and social information from a
representative sample of older US adults.

Materials and methods

Subjects

The NSHAP interviewed a probability sample of home-dwelling
older US adults (born 1920-1947) in 2010-2011, assessing demo-
graphics, social life, and health conditions, including olfaction. All
respondents were living at home and able to participate in the study,
consistent with being a representative sample across the spectrum
of cognitive function (Kotwal et al. 2016). Further details regarding
the design, data collection, and baseline characteristics of NSHAP
respondents are available elsewhere (O’Doherty et al. 2014). The
institutional review boards of The University of Chicago and NORC

approved the study; all respondents provided written, informed
consent.

The consent and completion rates for both the n-butanol detec-
tion and odor identification tests were high (>95%). The analytic
sample includes those respondents born between 1920 and 1947
who had #n-butanol sensitivity and race/ethnicity data (n = 2081).
Mean age was 72.4 years (standard deviation [SD] = 7.5, range
62-91) and 46.8% self-identified as men. The racial/ethnic com-
position included 81.5% Whites, 9.9% African Americans, 6.3%
Hispanics, and 2.4% Others, including 0.9% Asians and 0.9%
American Indians or Alaskan natives (all weighted percentages).

Odor Sensitivity

The sense of smell was evaluated using the Olfactory Function
Field Exam (OFFE), a tool designed specifically for field research
(Kern et al. 2014b, 2015). The OFFE evaluated odor sensitivity to
n-butanol using commercially available Sniffin’ Sticks smell pens
(Burghart Medical Technology). Briefly, respondents were first pre-
sented with a pen that contained the strongest concentration of
n-butanol (8%) to ensure that they understood the stimuli they
would be asked to detect. The respondent’s detection abilities were
then determined by presenting a series of 3 pens, only one of which
contained the target n-butanol odor. After all 3 pens in the series
had been presented, the Field Interviewer asked the respondent,
“Which of the three pens contains the odor?” and entered the re-
sponse into the Computer-Assisted Personal Interview before going
on to the next pen series. There were 6 series, each with a dif-
ferent concentration of n-butanol (0.13%, 0.25%, 0.50%, 2.00%,
4.00%, and 8.00%). An odor sensitivity score was generated based
on the number of correctly identified series (range 0-6). Cronbach’s
alpha for this scale was 0.68.

Odor identification

Odor identification (i.e., the ability to recognize and name an odor)
was evaluated using a validated 5-item test (Hummel et al. 1997).
Odors were presented at suprathreshold levels using odor pens
(Sniffin> Sticks, Burghart Medical Technology), and respondents
were asked to identify each odor by choosing from a set of 4 picture
or word prompts. Refusals or “don’t knows” were coded as incor-
rect. The number of correctly identified odors was coded as an odor
identification score (range 0-5). Cronbach’s alpha for this scale was
0.63. Further details of these validated tests are available elsewhere
(Kern et al. 2014a,b).

Socioeconomic status

Education was defined by the highest degree or certification earned.
Education was classified into 4 categories: less than high school
degree, high school degree or equivalent, vocational certificate/
some college/associate degree, and bachelor’s degree or higher.
Respondents also reported their net household assets (house, cars, or
rental properties/businesses owned; financial assets including savings
accounts, stocks, and pensions minus outstanding debt).

Social network

Social network size was assessed using the network roster.
Respondents could name up to 5 individuals with whom they
had discussed important matters in the last 12 months. Network
density, defined as the proportion of all possible pairs among the
relevant set of individuals in which the 2 individuals know each
other, ranged from 0 to 1 with higher values indicating a more
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close-knit social network. Social engagement was evaluated
by asking how often the respondent attended social activities
(volunteering, religious services, organized group meetings, and
socializing with friends and family) in the past year (never, less
than once a year, about once or twice a year, several times a year,
about once a month, every week, or several times a week; range
0-24). Partner status was defined using the information on whether
they were married or had a partner. Social support was assessed
by asking subjects how often they can rely on or open up to their
spouse, family, or friends (never, hardly ever or rarely, some of the
time, or often; range 0-18). Social strain was evaluated by asking
how often their spouse, family, and friends make too many de-
mands, criticize, or get on their nerves (never, hardly ever or rarely,
some of the time, or often; range 0-27). These measures are de-
scribed in detail elsewhere (Cornwell et al. 2009).

Mental health

Frequency of depressive symptoms, anxiety symptoms, loneliness,
and perceived stressors was measured with standard scales modi-
fied for survey use: the 11-item Center for Epidemiologic Studies
Depression scale (range 0-22), the Hospital Anxiety and Depression
Scale’s anxiety subscale (range 0-21), the Revised UCLA Loneliness
Scale (range 0-6), and the Perceived Stress Scale (range 0-8)
(Shiovitz-Ezra et al. 2009; Payne et al. 2014).

Cognition

Cognitive function was measured with the survey adaptation of
the Montreal Cognitive Assessment (MoCA-SA; range 0-20).
The MoCA-SA can be administered reliably in a survey setting
while preserving sensitivity to a broad range of cognitive abilities
and similar performance across demographic subgroups (Kotwal
et al. 2015; Dale et al. 2018). The MoCA-SA can be converted
to the full MoCA using the equation MoCA = 6.83 + (1.14 x
MoCA-SA) (Payne et al. 2014); a MoCA score >22 has been con-
sidered by others to indicate normal cognitive status (Kotwal
et al. 2016).

Physical health

Comorbid diseases were measured with the Charlson Index modified
for NSHAP (Katz et al. 1996; Vasilopoulos et al. 2014). Self-rated
physical health was measured by a standard S-point scale (poor = 1,
fair, good, very good, or excellent = 5). Current smoking status was
based on self-report.

Statistical analysis

A series of multivariate ordinal logistic regression models were
fit to assess the association between covariates and odor sensi-
tivity or identification using Stata Version 14 (StataCorp LP).
Odds ratios (ORs) and 95% confidence intervals (Cls) are re-
ported. Comparison of the strength of the relationship between a
covariate and odor sensitivity versus olfactory identification was
completed using the seemingly unrelated estimation command
(suest) in Stata. Multiple imputation, via chained equations,
was used to account for missing data in a number of covariates
(Table 1). Twenty sets of imputations were generated. A sensitivity
analysis utilizing a structural equation model approach produced
similar results (data not shown). Performance on each of the ol-
factory function tasks was presented by plotting the predicted
probability of normosmia (a score of >4 for odor identification

Table 1. National Social Life Health and Aging Project (NSHAP,
Wave 2) sample characteristics®

Mean SD n
Age 72.4 7.5 2081
Household assets (log, ) 5.4 0.7 1240
Loneliness 1.1 1.5 1782
Perceived stressors 2.8 2.3 1745
Depression 4.5 4.2 2081
Anxiety 4.7 3.6 1745
Social network size 3.8 1.4 2081
Social strain 8.3 4.3 2080
Social network density 0.77 0.28 1909
Social engagement 12.7 6.2 2081
Social support 14.3 3.0 2080
Cognition (MoCA-SA)® 14.0 3.9 2081
Comorbidity index 1.2 1.5 2081
Y% n

Odor identification 2076
(# correct)

0 2.7

1 2.7

2 6.1

3 10.8

4 32.3

S 45.4
n-Butanol sensitivity 2081
(# correct)

0 8.9

1 7.8

2 12.0

3 17.8

4 25.0

S 20.4

6 8.1
Gender (% men) 46.8 2081
Race/ethnicity 2081

White 81.5

African American (AA) 9.9

Hispanic, non-AA 6.3

Other 2.4
Education 2081

Less than high school 16.0

High school graduate 26.4

Some college 30.5

Bachelors or higher 27.1
Partnered 70.3 2081
Smoking 12.7 2081
Self-rated physical health 2078

Poor 5.7

Fair 18.9

Good 31.6

Very good 31.1

Excellent 12.7

Estimates were weighted to account for differential selection and
nonresponse using the person-level weights provided in the data.

2Only includes respondents born between 1920 and 1947 who had both
n-butanol sensitivity and race/ethnicity data.

"Survey adapted Montreal Cognitive Assessment.

and 25 for odor sensitivity) based on logistic regression models.
Analyses were weighted using the person-level weights included
in the data set; these weights account for differential nonresponse
and differential selection probabilities.
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Results

Odor sensitivity and odor identification by
demographic characteristics

The mean odor sensitivity score was 3.4 (SD = 1.7; range 0-6).
The mean odor identification score was 4.0 (SD = 1.2; range
0-5). The correlation between odor sensitivity and identification
was 0.34, which is in agreement with prior reports (Koskinen
et al. 2004).

Both odor sensitivity and odor identification were significantly
worse at older ages (Table 2; Figure 1). A decade increase in age
was associated with a 27% reduction in the odds of meeting a given
threshold criterion (OR = 0.73,95% CI = 0.63-0.85, P < 0.001). For
odor identification, the same decade increase in age was associated
with a 45% reduction in the odds of meeting a given performance
criterion (OR = 0.55, 95% CI = 0.47-0.63, P < 0.001). Although
there were no differences by gender for odor sensitivity (OR = 0.94,
95% CI = 0.76-1.17, P = 0.56), male gender was associated with
lower odor identification scores (OR = 0.74, 95% CI = 0.58-0.93,
P =0.01).

For both odor sensitivity and odor identification, no significant
differences were detected between African Americans and White
Americans (P > 0.05) or between Hispanics and White Americans
(P > 0.05). However, participants who identified their race as Other
had better sensitivity to 7-butanol compared to White Americans
(OR =2.63,95% CI = 1.31-5.29, P = 0.008), which was primarily
driven by the American Indian/Alaskan Native group (OR = 3.74,
95% CI = 2.07-6.76; 1 = 48).

We employed education and net household assets in our models
as measures of socioeconomic status (Murphy et al. 2002). There
was no evidence of an association between education and odor sen-
sitivity or identification (P > 0.05). Having higher household as-
sets was associated with better odor sensitivity (OR = 1.13, 95%
CI = 1.02-1.26, P = 0.02) but not odor identification (OR = 1.04,
95% CI =0.95-1.13, P = 0.41).

Social network

To evaluate whether social factors were associated with olfaction,
we examined social network size, network density, social engage-
ment, having a partner, social support, and social strain. Larger
social network size was associated both with better odor sensi-
tivity (OR = 1.10, 95% CI = 1.01-1.19, P = 0.03) and higher
odor identification scores (OR = 1.12, 95% CI = 1.03-1.22,
P = 0.009). Interestingly, increased self-reported social strain was
associated with higher odor identification scores (OR = 1.03, 95%
CI = 1.00-1.06, P = 0.047), with a similar trend toward better
odor sensitivity (OR = 1.03, 95% CI = 1.00-1.05, P = 0.08).
However, there was no statistically significant association between
sensitivity or identification and the remaining social variables (P

> 0.085, all) (Table 2).

Mental health

Higher perceived stress was associated with worse odor sensitivity
(OR = 0.95, 95% CI = 0.91-1.00, P = 0.04) but not lower odor
identification scores (OR = 0.99, 95% CI = 0.93-1.05, P = 0.65).
Increased loneliness was associated with both worse odor identifica-
tion (OR =0.90, 95% CI = 0.82-0.99, P = 0.03) and a trend toward
worse odor sensitivity (OR = 0.93, 95% CI = 0.86-1.01, P = 0.09).
There was no evidence that depression or anxiety symptoms were
associated with poor odor sensitivity or lower odor identification
scores (P > 0.05, all; Table 2).

Cognition

Better cognition was associated with better odor sensitivity
(OR =1.04,95% CI = 1.01-1.08, P = 0.02), as well as higher odor
identification scores (OR = 1.13, 95% CI = 1.09-1.17, P < 0.001).
However, the relationship of cognition with odor identification was
significantly stronger than the association between cognition with
odor sensitivity (P = 0.002; Figure 1).

Physical health/smoking
Self-rated physical health and comorbidity index showed no asso-
ciations with odor sensitivity or odor identification (P > 0.03, for

both). Current smoking status also showed no associations with ol-
faction (P > 0.05, for both; Table 2).

Discussion

We found that odor sensitivity and odor identification have many
of the same correlates in older US adults. However, important
differences were observed in the age and cognition domains, po-
tentially reflecting dysfunction in different parts of the olfactory
pathway.

Both odor sensitivity and identification are worse with
increasing age, a relationship that has been well corroborated in
the literature (Doty et al. 1984; Ship and Weiffenbach 1993; Ship
et al. 1996; Murphy et al. 2002; Mackay-Sim et al. 2006; Menon
et al. 2013; Kern et al. 2014a; Devanand et al. 2015; Schubert
et al. 2017a; Zhang and Wang 2017; Oleszkiewicz et al. 2019;
Palmquist et al. 2019) The age-related development of dysfunction
in both sensitivity and identification suggests a shared mechanism
and has been linked to a number of age-related changes within the
nose, olfactory epithelium, and olfactory bulb, as well as higher
brain structures (Murphy et al. 1994, 2000; Hummel et al 1998;
Kovacs 2004; Doty et al. 2011; Doty and Kamath 2014). A recent
large study has noted a more pronounced age-related loss in odor
sensitivity as opposed to other measures of olfaction (Oleszkiewicz
et al. 2019). However, we found the relationship between age and
odor identification to be stronger than that of age and odor sensi-
tivity (P = 0.005).

Women were found to have better odor identification than
men as has been found in prior studies (Doty et al. 1984; Ship and
Weiffenbach 1993; Ship et al. 1996; Murphy et al. 2002; Landis et al.
2004; Doty and Kamath 2014; Devanand et al. 2015; Oleszkiewicz
et al. 2019). The relationship between gender and odor sensitivity
is less clear in the literature. Depending on the odorant used, some
studies have reported greater sensitivity among women (Koelega
1994; Cometto-Muiiz and Abraham 2008), whereas others have
reported no difference (Koelega 1970; Koelega and Koster 1974;
Schubert et al. 2017a). Our findings are consistent with the latter—
namely that odor sensitivity to z-butanol, as opposed to odor iden-
tification, does not differ between men and women. However, the
neuronal basis for gender differences in olfaction is complex and, to
date, the underlying mechanisms remain unclear (Brand and Millot
2001; Sundermann et al. 2008; Doty et al. 2008; Doty and Cameron
2009; Oliveira-Pinto et al. 2014; Kollndorfer et al. 2016). Notably,
gender differences in olfaction have been recorded among pre-
pubescent children (Gellrich et al. 2019), as well as postmenopausal
women (Doty and Cameron 2009). Hormone replacement therapy
in postmenopausal women has not been found to enhance olfac-
tory performance (Hughes et al. 2002), making it likely that gender
differences in olfaction cannot be attributed to the influence of con-
current gonadal hormones alone. Instead, it may be that endocrine
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Table 2. Odor sensitivity and odor identification, with associations with demographic, social, psychological, and physical traits; ordinal
logistic regression models

OR, (95% CI), and P value

n-Butanol sensitivity* (7 = 2081) Odor ID® (z = 2076) P value,
Cross-model comparisons

Demographic characteristics

Age (decades) 0.73 0.55 0.005
(0.63,0.85) (0.47,0.63)
<0.001 <0.001
Sex (men vs. women) 0.94 0.74 0.10
(0.76,1.17) (0.58,0.93)
0.56 0.01
Race/ethnicity (vs. White) 0.22
African American (AA) 0.99 0.83 0.53
(0.67,1.45) (0.62,1.12)
0.94 0.22
Hispanic, non-AA 0.78 0.98 0.38
(0.37,1.62) (0.66, 1.45)
0.49 0.93
Other 2.63 1.13 0.13
(1.31,5.29) (0.54,2.36)
0.008 0.75
Education® 0.94 0.89 0.58
(0.81,1.08) (0.78,1.03)
0.34 0.11
Household assets (log, ) 1.13 1.04 0.21
(1.02,1.26) (0.95,1.13)
0.02 0.41
Social network
Network size 1.10 1.12 0.70
(1.01, 1.19) (1.03,1.22)
0.03 0.009
Social strain 1.03 1.03 0.79
(1.00, 1.05) (1.00, 1.06)
0.08 0.047
Network density 1.07 0.90 0.47
(0.71,1.59) (0.60, 1.33)
0.75 0.58
Social engagement 1.01 1.00 0.45
(0.98,1.03) (0.98,1.02)
0.59 0.73
Partnered 0.82 0.84 0.91
(0.63, 1.06) (0.66, 1.07)
0.13 0.15
Social support 0.99 0.99 0.84
(0.95,1.03) (0.95,1.04)
0.58 0.76
Mental health
Loneliness score 0.93 0.90 0.50
(0.86,1.01) (0.82,0.99)
0.09 0.03
Perceived stress score 0.95 0.99 0.23
(0.91, 1.00) (0.93,1.05)
0.04 0.65
Depressive symptom score 1.02 1.02 0.91
(0.98,1.05) (0.98,1.05)
0.36 0.30
Anxiety symptom score 0.99 0.99 0.96
(0.96,1.03) (0.96,1.03)
0.75 0.78
Physical health
Cognition (MoCA-SA)¢ 1.04 1.13 0.002
(1.01, 1.08) (1.09, 1.17)

0.02 <0.001
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Table 2. Continued

OR, (95% CI), and P value

n-Butanol sensitivity* (n = 2081)

Odor ID® (7 = 2076) P value,

Cross-model comparisons

Current nonsmoker 0.82
(0.60, 1.12)
0.20

Self-rated physical health® 1.01
(0.90, 1.14)
0.81

Comorbidity index 1.01
(0.94,1.08)
0.81

1.06 0.29
(0.77,1.46)

0.73

1.06 0.45
(0.93,1.21)

0.40

0.99 0.63
(0.92,1.05)

0.67

*Measured as the number of correctly identified 7-butanol concentrations.
"Measured as the number of correctly identified odors.

“Treated as a continuous measure using integer scores for educational level (higher scores = more education).

dMeasured with the survey adaptation of the MoCA-SA.

“Treated as a continuous measure using integer scores for self-rated physical health level (higher scores = better self-rated physical health).
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Figure 1. Olfactory function, as assessed by odor identification (A) and odor sensitivity (B), among older US adults versus age, stratified by gender and cog-
nitive function. Normosmia is defined as 4 or 5 correct for odor identification and 5 or 6 correct for odor sensitivity. For plotting purposes only, cognition was

categorized using a MoCA cutpoint of 22.

factors affect the development of neural circuits relevant to olfaction
as has been shown in mice (Pierman et al. 2008)—if this is the case,
the gender difference in odor identification may be due to its larger
cognitive component as compared with odor sensitivity. However,
imaging studies on the sex differences in odor-induced brain acti-
vation have not been uniform (Yousem et al. 1999; Bengtsson et al.
2001; Morrot et al. 2013; Melero et al. 2019) and additional study of
gender differences in olfaction is needed to address these questions.

With regards to racial/ethnic disparities, neither African
Americans nor Hispanics differed significantly in either odor sensi-
tivity or identification when compared to their White counterparts,
though a disparity was present prior to the addition of cognition
as a covariate in the odor identification analysis (Supplementary
Appendix A) but not odor sensitivity (Supplementary Appendix B).
This highlights the importance of adjusting for cognition in studies
of odor identification.


http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjaa018#supplementary-data
http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjaa018#supplementary-data
http://academic.oup.com/chemse/article-lookup/doi/10.1093/chemse/bjaa018#supplementary-data
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Moreover, our experience shows the importance of using a highly
sensitive measure for cognitive dysfunction. A prior NSHAP study
from our lab observed a racial/ethnic disparity in olfaction (Pinto
et al. 2014a) despite having adjusted for cognition. However, cogni-
tion was measured at the time using the Short Portable Mental Status
Questionnaire, a screening measure for dementia. In comparison, the
current study uses the MoCA-SA, a superior measure that is capable
of capturing cognitive dysfunction with greater sensitivity and detail
(Roccaforte et al. 1994; Nasreddine et al. 2005; Gagnon et al. 2013;
Moyer 2014; Shega et al. 2014; Kotwal et al. 2015; Dale et al. 2018)
and does not demonstrate a racial disparity.

In this study, greater household assets were associated with better
odor sensitivity. There was no significant association found with odor
identification similar to what has been previously described by our
group (Pinto et al. 2014a). This may reflect a difference in environ-
mental exposures to olfactory toxins as those with more household
assets may be less likely to have occupational chemical exposures or
to live near major sources of air pollution, both of which have been
associated with worse odor sensitivity (Greenberg et al. 2013).

Previous research has also described a connection between so-
cial life and both odor sensitivity and odor identification (Croy et al.
2014; Zou et al. 2016; Leschak and Eisenberger 2018). Our results
similarly show that increased social network size is associated with
better odor sensitivity. It is possible that participants with higher
odor sensitivity may be able to obtain more social chemical sig-
nals, which aid communication and facilitate relationships. Among
women, odor identification has previously been correlated with so-
cial network size, with a similar trend among men (Boesveldt et al.
2017). Our study extends these findings by demonstrating that, even
after controlling for gender, larger network size is associated with
improved odor identification.

Although a socially engaged lifestyle has positive effects through
social support, it is also thought to have negative effects through
social strain (Rook 1984; Tun et al. 2013). Interestingly, despite this
expectation, increased social strain was found to be associated with
slightly better odor identification and, to a lesser extent, odor sen-
sitivity. Although no studies to date have investigated social strain
with olfaction, prior research has suggested that the effects of social
strain may not be entirely negative—for example, it has also been
found to be associated with higher global cognitive and executive
function (Ge et al. 2017). Thus, the current methodology may be
capturing not only social strain but also a more socially engaged life-
style. Furthermore, it may be that certain individuals are perceived
by their social network members as less capable and, therefore, have
fewer social demands placed on them (Seeman et al. 2011).

Research has also established the importance of looking at an
individual’s perception of social isolation otherwise conceptualized
as loneliness (Ong et al. 2016). Loneliness has been recognized as a
major risk factor for morbidity and mortality and reflects the dif-
ference between an individual’s desired and actual relationships,
regardless of objective social network measures (Holt-Lunstad
et al. 2010; Hawkley and Cacioppo 2010; Perissinotto et al. 2012;
Cacioppo et al. 2014). We found increased loneliness to be associ-
ated with worse odor identification and sensitivity (Gopinath et al.
2011; Schablitzky and Pause 2014; Sivam et al. 2016). This likely
reflects the impact of loneliness on 2 key areas of the central nervous
system: the prefrontal cortex and the hippocampus. In animals, lone-
liness is linked to increased cortisone levels in the prefrontal cortex,
which is also the site of extensive cognitive processing of odors in the
orbitofrontal cortex (Lundstrom et al. 2010). The hippocampus is
also implicated in the identification of familiar odors (Kareken et al.

2003; Kjelvik et al. 2012) and, in animal models, social isolation has
been found to decrease hippocampal neurogenesis (Lieberwirth and
Wang 2012; Cacioppo et al. 2014). Therefore, increased loneliness
may be directly impairing an individual’s ability to process olfactory
signals in the brain, though additional studies with human subjects
are needed.

Although the relationship between stress and olfaction has not
been well studied, research suggests that sensitivity to malodors is
improved following acute stressors (Pacharra et al. 2016) but wors-
ened following prolonged chronic stress (Yuan and Arias-Carrion
2015; Raynaud et al. 2015; Vaz et al. 2018). We found that increased
perceived stress was associated with worse odor sensitivity, which
suggests that our perceived stress score more accurately reflects
chronic rather than acute stress. Given that prior studies have re-
ported associations between decreased olfactory function and de-
pression (Sivam et al. 2016; Croy and Hummel 2017; Pabel et al.
2018; Churnin et al. 2019; Qazi et al. 2020), the lack thereof dem-
onstrated in the current study suggests that the relationship between
olfaction and depression may be partially mediated by the psycho-
social and cognition measures accounted for in the current model.

The observed differences in the strength of the association be-
tween cognition and odor sensitivity versus identification warrant
further mention. Given that odor identification is thought to be a
higher order of odor processing, cognition is one of the most im-
portant measures for elucidating this relationship. Cognition has
been found to be closely related to odor identification (Larsson et al.
20035; Velayudhan et al. 2013; Attems et al. 2015; Yaffe et al. 2017;
Tonacci et al. 2017; Quarmley et al. 2017; Adams et al. 2018). In
contrast to a prior study that did not observe a difference related
to odor sensitivity (Hedner et al. 2010), we found that better cog-
nition was associated with both better odor sensitivity and odor
identification. Further testing demonstrated that the relationship
between cognition and odor identification is significantly stronger
than that of odor sensitivity. This relationship between odor iden-
tification and cognition is hypothesized to rely on executive func-
tion, language processing, and verbal episodic memory (Larsson
et al. 2005; Wehling et al. 2016). This has been supported by studies
demonstrating associations between odor identification and meas-
ures of verbal episodic memory (Wehling et al. 2016), as well as
volumes of the left inferior frontal gyrus (Wu et al. 2019), an area
associated with verbal fluency (Costafreda et al. 2006). Taken to-
gether, these results support the hypothesis that odor sensitivity has
a lower cognitive burden than odor identification (Hedner et al.
2010). It also affirms the utility of odor sensitivity as a relatively
more specific measure of peripheral olfactory system function. Given
the cooccurrence of cognitive decline during aging, odor sensitivity
may also be a more useful test to isolate the effect of aging of the
olfactory epithelium function/peripheral olfactory system.

Although the current study surveyed a representative sample
of US older adults, there were few numbers of American Indians/
Alaskan Natives and Asian American/Pacific Islanders. Further re-
search will be needed to determine if the correlates identified for
odor sensitivity and identification remain consistent across different
races/ethnicities and other demographic subgroups. Moreover, add-
itional longitudinal studies will be necessary to explore the causal
relationships between different measures of olfaction, cognition, and
other factors.

In conclusion, odor sensitivity was less dependent on cognitive
ability than odor identification, confirming that it is a more pure
measure of peripheral and/or central olfactory processing. Age was also
more strongly associated with odor identification performance. These
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differences may yield insights into the physiology of the olfactory and
nervous systems. Investigators interested in the associations between
olfaction and health outcomes should consider both olfactory sensi-
tivity and identification rather than the total discriminatory score alone
when attempting to understand underlying neurosensory mechanisms.
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