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Abstract

Objectives: Olfaction plays a critical role in health and function in older adults, and impaired
sense of smell is a strong predictor of morbidity and mortality. Smoking cigarettes causes
olfactory impairment, but the mechanism of damage and ability to recover after cessation are
unknown. We investigated the relationship between time since quitting and olfactory dysfunction
in order to elucidate the mechanism(s) by which smoking damages the olfactory system and to
inform patient counseling.

Methods: Using longitudinal data from the National Social Life Health and Aging Project (n=
3,528 older adults, including 1,526 former smokers), we analyzed the association between odor
identification performance and time since smoking cessation using multivariate ordinal logistic
regression, adjusting for cognition and demographic variables. To test whether vascular disease
plays a role, we also assessed the relationship between olfactory decline and incidence of heart
attack and heart disease.

Results: Former smokers who quit <15 years before testing had significantly impaired olfaction
compared to never smokers (p=.04), but those who quit >15 years prior did not. Olfactory decline
over 5 years showed modest evidence toward predicting increased incidence of heart attack or
heart disease (p=.08).

Conclusions: Olfactory impairment in smokers persists 15 years after quitting, which is
consistent with a vascular mechanism of impairment. Indeed, olfactory decline is a predictor of the
development of cardiovascular disease. Taken together, these data suggest that olfactory loss may
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be a useful sign of underlying vascular pathology. Further investigation of olfactory loss as an
early biomarker for cardiovascular disease is warranted.
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Introduction

Methods

Subjects

Loss of olfactory function is a common problem among older adults and is associated with a
wide array of adverse health effects. Recent studies have shown that patients with impaired
olfaction are more likely to suffer from depression and loneliness!, have diminished sleep
quality?, develop dementia3, and face increased 5-year mortality?. Despite the profound
implications of these well-documented associations, the factors that contribute to olfactory
loss and the mechanisms that connect these phenomena are largely unknown.

The olfactory nerve is uniquely susceptible to environmental insult because it is exposed to
ambient air in the nose. One of the most common pollutants in inhaled air is tobacco smoke.
Several studies have shown that cigarette smokers have worse olfaction than non-smokers®;
however, the mechanism by which smoking causes decreased olfaction is unknown. Former
smokers perform similarly to never smokers, which suggests that the olfactory damage
caused by smoking is reversible, but these studies have treated former smokers as a single
cohort without accounting for time since cessation®. There have not been any long-term
longitudinal studies of olfaction in former smokers to track their recovery®8. Therefore, a
major clinical question which remains unanswered is how long it takes after quitting
smoking for olfactory function to recover to the level of a never smoker. Such information
would be useful in counseling patients about what to expect as clinicians encourage them to
quit smoking.

Understanding how quitting smoking affects the ability to smell could also provide
significant insight into the mechanism by which smoking affects olfactory function.
Proposed mechanisms of smoking-mediated olfactory impairment®>7-9 include squamous
metaplasia of olfactory mucosa (which might be expected to resolve 6 months after
cessation0), inflammatory effects (which may resolve in 5 years!l), or vascular effects
(which may not return to the level of a never smoker for 15-20 years12:13),

In this study, we examined data from a nationally representative sample of US older adults
in which detailed information on smoking behaviors, including time since quitting, was
collected. We sought to answer the question of how time since smoking cessation is related
to olfactory function, and to investigate whether such information could help elucidate the
mechanism of smoking-mediated olfactory loss.

The National Social Health and Aging Project (NSHAP) is a nationally representative,
longitudinal study of US older adults. NSHAP was initiated with the goal of examining the
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interactions between social behaviors, emotional well-being, and physical health of older
adults. In 2005, field interviewers from NORC at the University of Chicago collected health
information from 3,005 respondents born between 1920 and 1947, including assessments of
olfaction and a variety of biomeasures during interviews at respondents’ homes. Interviewers
returned five and ten years later in 2010 and 2015 to collect data from the same respondents
along with their co-resident romantic partners. Additional details of study design and data
collection are available elsewherel4-17. In this study, we used baseline data from all
respondents assessed in 2005 (who were born between 1920-1947) and new respondents
from the 2010 data collection who were in this age group.

NSHAP received approval from the Institutional Review Board at the University of Chicago
and the NORC Institutional Review Board. Written informed consent was obtained from all
respondents.

Assessment of Odor Identification

An odor identification test was administered to all respondents in 2005. Two-thirds of
respondents were tested in 2010, selected at random by study design. This validated
identification method!® measured respondents’ ability to recognize and name five familiar
smells via odor impregnated marker pens (Sniffin’ Sticks)19. For each odor presented,
respondents were asked to choose from a set of four word/picture options. Briefly,
interviewers removed the cap and waved the pen approximately % inch below both of the
respondents’ nostrils. Respondents were asked to breathe normally for about 2 seconds and
then give their answer choice. Refusals to answer were counted as incorrect. An odor
identification score was calculated as the number of odors correctly identified (range 0-5).
Additional details of the testing are provided elsewhereZ0.

Assessment of Smoking Behaviors

All respondents were asked if they currently smoked cigarettes and, if they responded yes,
the age they started smoking regularly and how many cigarettes they currently smoke per
day on average. Respondents who responded no were asked if they had ever regularly
smoked cigarettes. Former smokers were then asked the age when they started smoking
regularly, the age when they last smoked regularly, and how many cigarettes they used to
smoke on average per day.

Duration of smoking was calculated by subtracting age of first smoking from current age for
current smokers, and by subtracting age of first smoking from age of smoking cessation for
former smokers. Time since quitting was calculated by subtracting age of smoking cessation
from current age.

Statistical Analysis

We used multivariate ordinal logistic regression to analyze the effect of smoking status
(current vs. former vs. never) on odor identification score. We then investigated how long
after smoking cessation olfaction recovers to the level of a never smoker. To do this, we
grouped former smokers by number of years since they last smoked regularly: those who
stopped smoking greater than 15 years ago and those who stopped 15 or fewer years ago.
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This time interval,15 years, was chosen a priori based on the time required for the risk of
coronary heart disease to return to baseline after smoking cessation?3.

We investigated the effect of smoking status and olfactory decline on incidence of heart
attack and heart disease. We defined olfactory decline as a decrease in odor identification
score of two or more points between baseline and five-year follow-up, as previously
reported’. Respondents who were anosmic at baseline (0/5 or 1/5 odors identified correctly)
were excluded to account for floor effects. Incident first heart attack or new heart disease
was defined as those who reported no history of heart attack or heart disease at baseline but
reported a history of heart attack and/or heart disease at 10-year follow-up. In this analysis,
we controlled for baseline body mass index (BMI) and self-rated physical health. The goal
of this analysis was to measure whether olfactory decline may be a predictor of future
cardiovascular morbidity (as it has shown to be for all-cause mortality?).

In all analyses, we controlled for baseline age, gender, race/ethnicity, level of education, and
cognition, all of which have been shown to be associated with olfaction?1:22, Gender and
race/ethnicity were self-reported. Education was defined by the highest certification or
degree earned and treated as a continuous variable. In 2005, cognition was measured by the
Short Portable Mental Status Questionnaire (SPMSQ)23. In 2010 we used an enhanced
measure that better captures a range of function: a modified version of the Montreal
Cognitive Assessment (MoCA-survey adapted [SA]), formerly known as the Chicago
Cognitive Function Measure (CCFM)24. In order to generate a common cognition variable
for use in all respondents, we calculated z-scores for each respondent’s performance on
either the SPMSQ or the MoCA-SA, relative to the rest of the respondents given that test.
Further details on these measures are available elsewhere2®, All analyses were performed
using survey weights using Stata 15.0 (StataCorp, College Station, TX).

Of 3,528 respondents assessed at baseline, 1,526 (42.5%) reported being former smokers
(Table 1). Men were more likely to be former smokers than women and less likely to be
never smokers (p<.001) (Figure 1). Former smokers were significantly more likely to be
white (p<.001) and have higher cognition scores (p<.04) compared to never smokers.
Former smokers and never smokers did not significantly differ in age or education level.
Mean duration of smoking was 25.7 years (SD 15.3, range 0-67) among former smokers and
mean cigarettes smoked per day was 20.7 (SD 17.2, range 0-100). Mean time since smoking
cessation was 25.9 years (SD 14.9, range 0-71). When stratifying former smokers by time
since quitting, those who quit 15 or fewer years ago were younger, more likely to be women,
and less educated than those who quit more than 15 years ago (p<0.01 for all). The more
recent quitters also averaged more years of smoking and more cigarettes smoked per day
(p<0.001).

Smoking history did not show an effect on odor identification (Table 2, Model A: Smoking
history) in analyses that accounted for age, gender, education level, cognition, and race/
ethnicity, consistent with prior studies®. Current smokers also had no statistically significant
difference in performance compared to never smokers. Older respondents had worse odor

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2020 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Siegel et al.

Page 5

identification scores (OR per decade, 0.57; 95% Cl, 0.50-0.64), and Black/African
Americans had worse scores compared to Whites (OR, 0.61; 95% ClI, 0.46-0.81).
Respondents with higher education level (OR, 1.15; 95% CI, 1.06-1.25), and better
cognition (OR, 1.36; 95% CI, 1.23-1.51) had better odor identification. Women had better
odor identification than men (OR, 1.50; 95% CI, 1.28-1.76). Distribution of odor
identification scores at baseline is presented in Figure 2.

We then stratified former smokers by time since smoking cessation (Table 2, Model B: Time
since quitting, and Figure 3). Former smokers who quit over 15 years ago had similar odor
identification performance as never smokers (OR, 1.05; 95% CI, 0.85-1.29). However,
former smokers who quit 15 or fewer years ago had significantly worse odor identification
than never smokers (OR, 0.81; 95% ClI, 0.66—0.99). Respondents who quit smoking between
baseline and follow-up did not show significant improvement in olfaction compared to those
who continued to smoke (data not shown).

This timepoint of 15 years is consistent with the decline in risk of heart disease after
cessation, suggesting a vascular mechanism. Therefore, to evaluate whether olfactory loss
might predict vascular disease, we then investigated incidence of heart attack and heart
disease at follow-up (Table 3, Model A: Cardiac disease risk). Respondents who identified
as former smokers at baseline had significantly increased risk of 10-year incidence of first
heart attack or new heart disease (OR, 1.49; 95% CI, 1.05-2.12). Risk was also significantly
lower in women than men (OR, 0.52; 95% ClI, 0.37-0.72), consistent with epidemiologic
studies of cardiovascular disease?6:27,

We then added 5-year decline in odor identification to the regression model (Table 3, Model
B: Cardiac risk accounting for olfactory decline, and Figure 4). Respondents whose olfaction
had declined at 5-year follow-up tended to be more likely to have incidence of first heart
attack or new heart disease at 10-year follow-up (OR, 1.75; 95% ClI, 0.93-3.31), after
accounting for smoking status, BMI, self-rated physical health, and demographic variables.

Discussion

Here, we report that smoking-mediated olfactory dysfunction is reversible but may persist
for 15 years after smoking cessation. Former smokers who had quit within 15 years had
significantly impaired olfaction compared to never smokers, but those who quit more than
15 years ago had similar olfaction as never smokers. This novel finding has significant
implications for clinical counseling and for advancing understanding of environmental
effects of airborne toxicants on the pathophysiology of olfactory loss.

Previous studies on olfaction and smoking have generally only compared current, former,
and never smokers as groups®. Most (but not all) have reported significant olfactory deficits
in current but not former smokers, suggesting that the damage done by smoking is
reversible. However, without stratifying former smokers by time since quitting, the time
course of that recovery was unclear. Only one study assessed time since cessation28 and
reported a dose-dependent association with olfaction. However, it did not compare former
smokers to never smokers and thus was not able to measure how long after cessation
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olfaction returned to a normal baseline level. In one study which randomized smokers to
keep smoking or quit, those who stopped smoking self-reported an improvement in smell
after one week®. However, such a self-report may be subject to placebo effect; additionally,
subjective reports of olfactory function have been shown to be inaccurate?9:30,

There is a wealth of data on how long it takes for various diseases and physiological
processes to improve after smoking cessation3, which are central to many public health
campaigns to encourage quitting3L. Our finding that olfaction can take 15 or more years to
recover after smoking cessation extends this to chemosensation. Since olfactory impairment
has been linked to depression and decreased quality of life32, we believe that the prospect of
eventual recovery can be a significant motivator for smoking cessation.

Additionally, these findings help begin to elucidate the mechanism of smoking-mediated
olfactory impairment. The precise mechanism by which smoking impairs the sense of smell
has not been established®. Due to the olfactory nerve’s direct exposure to inhaled air, one
commonly postulated mechanism is that cigarette smoke causes direct damage to the
olfactory epithelium, for example, by induction of squamous metaplasia or olfactory neuron
apoptosis®. However, olfactory neurons regenerate every 2—3 months33 and squamous
metaplasia in smokers has been shown to resolve 5 months after cessation1?, so these
mechanisms are not consistent with our finding that smoking-mediated olfactory impairment
persists 15 years after cessation. Thus, direct damage to olfactory neurons from inhaled
smoke may not be the sole mechanism by which smoking harms the olfactory system.

The 15-year mark matches another commonly-reported interval for reduced risk after
smoking cessation. The risk of coronary heart disease returns to that of a never smoker after
15 years 13, and the risk of vascular death approaches that of a never smoker 20 years after
cessation!2, Thus, our findings here are consistent with a vascular effect on olfaction by
smoking. Indeed, the presence of microvascular disease is associated with olfactory
dysfunction in diabetes34, and the use of lipid-lowering agents has been shown to decrease
risk of olfactory impairment3®. Vascular disease was strongly associated with olfactory
impairment in the Beaver Dam Offspring Study, in which carotid intima-media thickness
and carotid plaques were associated with longitudinal decline in odor identification’. The
authors suggested that because such changes are known to be caused by smoking, they may
represent a causal vascular mechanism of olfactory dysfunction in smokers. Our data support
this hypothesis.

Indeed, olfaction may be impaired due to decreased blood flow to the olfactory system, via
relative hypoxia from atherosclerosis of the supplying blood vessels, as hypothesized in the
Beaver Dam Offspring Study’. Vascular compromise may also occur at the level of the
brain, impairing central olfactory processing. Olfactory impairment has been shown to
precede Alzheimer’s Disease (AD)36:37, a neurodegenerative disease that is accelerated by
cerebrovascular damage38:39, Thus, olfactory dysfunction may be a signal of cerebrovascular
compromise. Indeed, middle cerebral artery occlusion in rats results in olfactory cortex
infarcts most consistently of all regions*0. Another possible mechanism by which vascular
disease could underlie olfactory dysfunction is through damage to the peripheral olfactory
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apparatus. Smoking may cause microvascular damage to the olfactory nerve and thereby
disrupt sensory transduction.

If vascular disease is the cause of smoking-mediated olfactory dysfunction, that may explain
why current smokers did not have significantly worse olfaction than never smokers in our
study, unlike in most past work. In studies that include smokers of all ages, vascular disease
in younger smokers would lead to significantly worse olfaction than age-matched never
smokers. However, atherosclerosis increases with age*1, so in our sample of older adults, the
difference between smokers and non-smokers may be less extreme and lead to a smaller
difference in olfaction. A vascular mechanism of smoking on olfaction may also provide
insight into the well-documented findings that men have worse olfaction than women and
Black/African Americans have worse olfaction than Whites*2, considering the increased
rates of atherosclerosis and vascular disease in those groups*3:44.

Understanding the mechanism of smoking-mediated olfactory impairment is an important
goal because loss of olfaction is an early warning sign of future adverse health outcomes.
Olfactory decline predicts development of neurodegenerative disease and mortality*36:37, |
smoking-mediated olfactory impairment occurs through atherosclerosis or other vascular
disease mechanisms such as endothelial dysfunction or carotid stenosis, then smell
impairment may be an early signal of vascular disease more broadly. Indeed, although it did
not reach statistical significance, we identified a trend that supports this hypothesis: older
adults with olfactory decline at 5-year follow-up tended to be more likely to have new heart
attack or heart disease at 10-year follow-up, even when accounting for smoking status, BMI,
self-rated physical health, and demographic variables. Given that our analyses did not
include people who had died and that we were unable to distinguish respondents who had
multiple heart attacks, these results are likely conservative. Therefore, these findings remain
suggestive and are an intriguing basis for confirmation in future work. Indeed, further
investigation is needed to test the extent to which vascular disease contributes to olfactory
impairment and to assess the predictive value of olfactory decline for future heart disease.

This was a retrospective study, with all the attendant limitations of this design. A
longitudinal prospective study following current, former, and never smokers of all ages and
measuring their olfaction would be ideal for establishing the timeframe for olfactory
recovery after smoking cessation. Concurrent measurement of vascular changes such as
atherosclerosis and carotid stenosis, including biomarkers and direct test measures, could
help establish whether these changes underly olfactory impairment and the precise
association. Although measures of salivary cotinine were used to validate current smoking
status®®, we rely on self-report for duration of smoking and magnitude in former smokers,
with the attendant caveats of a retrospective recall. We note that variation among former
smokers in terms of smoking histories may affect our results, particularly the fact that the
more recent quitters averaged greater durations and magnitudes of smoking. However,
neither duration of smoking nor average cigarettes smoked per day were significantly
associated with odor identification scores among former smokers. Therefore, we believe that
the difference in olfaction can be attributed to recovery after cessation. Finally, by design,
we only included older adults. That population is well suited for this study due to the long
histories of smoking and cessation and the many risk factors associated with olfactory
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dysfunction in older adults; however, additional work in younger subjects is needed to
generalize these findings.

Conclusions

We report for the first time that olfactory impairment in smokers can persist for 15 years
after cessation. This information can be used to counsel patients on what to expect after
quitting smoking and supports the concept that smoking may impair olfaction via a vascular
mechanism. Olfactory loss has potential to be a sensitive early indicator of risk for not only
neurodegenerative disease36:37, but also cardiovascular disease.
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Figure 1. Smoking status of respondents at baseline (n=3,528).
Smoking status self-reported by respondents at baseline. Men were more likely to report

being former smokers and less likely to report being never smokers (p<.001) than women.

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2020 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Siegel et al.

Percent

Page 12
(=)
<
o |
()
o |
N
o |
=
o_
0 2 3 4 )

Odor Identification Score

I Anosmic [ Hyposmic [ ] Normosmic

Figure 2. Odor identification scores at baseline (n=3,528).
Odor identification score is the number of odors out of 5 that respondent was able to

correctly identify. 4-5 correct = normosmic, 2-3 correct = hyposmic, 0-1 correct =
anosmic?.
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Figure 3. Former smokers who quit < 15 years ago, but not those who quit >15 years ago, have
worse odor identification scores than never smokers.

n=3528. Ordinal logistic regression with survey weights. Odds ratios for higher score on
odor identification test. The effect of age is per decade increase. Education treated as a
continuous measure with integer scores for education level (higher scores = more education).
Cognition measured using z-scores for performance on SPMSQ or MoCA-SA.
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Figure 4. Olfactory decline at 5-year follow-up predicts new cardiac events at 10-year follow-up,

independent of smoking status.

Multivariate logistic regression, n=935. Odds ratios for 10-year incidence of new cardiac
events. Reference groups are never smokers, men, and white. Respondents with new cardiac
events are those who reported no history of heart attack or heart disease at baseline and
history of heart attack and/or heart disease at 10-year follow-up. Olfactory decline at 5-year
follow-up is defined by a decrease of 2 or more points in odor identification score. The
effect of age is per decade increase. Education treated as a continuous measure with integer
scores for education level (higher scores = more education). Cognition measured using z-
scores for performance on SPMSQ or MoCA-SA. BMI calculated from direct measurements
of height and weight and the effect of BMI is per 1 kg/m? increase.
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Table 1:

Baseline demographics and smoking behaviors

Page 15

Never smokers Former smokers Current smokers
Quit< 15yearsago | Quit > 15 years ago
(n=1,500) (n=413) (n=1,113) (n=502)
Gender
% Women 65.8 455 38.0 45.2
Race/Ethnicity
% White 69.4 74.1 775 65.1
% Black 15.0 155 12.6 24.3
% Hispanic, non-black 13.0 7.8 7.7 8.4
% Other 2.6 2.7 2.1 2.2
Education
% < High school 21.6 27.1 17.6 275
% High school/equivalent 24.7 29.5 24.4 31.2
% Vocational/Associates/Some college 28.3 26.1 321 27.3
% Bachelor’s degree or more 25.3 17.1 259 13.9

Age (mean  SD, range)

| 70.3+8.0,57-91 | 68.2+7.3,57-88 | 71.0+7.7,57-90 | 67.2+6.9, 57-85

Years of smoking (mean + SD, range)

| 416 +£11.1, 0-67 | 19.8 +12.2,0-59 | 48.6 £9.5,0-77

Average cigarettes smoked/day (mean + SD,
range)

23.5+16.0,0-80

19.7 £ 17.3, 0-100

14.9 + 10.5, 0-60

Years since smoking cessation (mean * SD, range)

| 7.7+48,0-15 | 32.7+11.2,16-71 |

Demographics of respondents at baseline. Gender, race/ethnic group, education level, and average cigarettes/day were self-reported. Age was
calculated from date of birth. Duration of smoking was calculated by subtracting age when respondent began smoking from age when they last
smoked regularly. Years since cessation was calculated by subtracting age when respondent last smoked regularly from current age.
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Effect of smoking status on odor identification score, controlling for demographic variables

Table 2:

Covariate

Odds ratio (95% confidence interval)

Model A:
Smoking history

Model B:
Time since quitting

Never smokers
Former smokers

Current smokers

0.97 (0.82 - 1.15)
0.87 (0.66 — 1.15)

Never smokers

Former smokers, by time since quitting

Hispanic, non-black

Other

0.61 (0.46-0.81) **
0.83 (0.59 - 1.17)
0.77 (0.42 - 1.40)

< 15 years 0.81 (0.66-0.99) *
> 15 years 1.05 (0.85 - 1.29)
Current smokers 0.86 (0.65 - 1.14)
Age 0.57 (0.50 - 0.64) ™ | 0.57 (0.50 - 0.64) ™
Gender
Men
Women | 150(1.28-1.76) ** | 1.50 (1.28 -1.76) **
Education Level | 1.15 (1.06 — 1.25) | 1.15 (1.06 — 1.25)
Cognition | 1.36 (1.23-151) | 1.36 (1.23-1.51) **
Race/Ethnicity
White
Black

0.61(0.46 - 0.81) **
0.83 (0.59 - 1.17)
0.77 (0.42 - 1.40)

*
=p<.05

*ok

=p<.001
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Former smokers who quit < 15 years ago, but not those who quit >15 years ago, have worse odor identification scores than never smokers.
n=3528. Ordinal logistic regression with survey weights. OR for age are per decade. Education treated as a continuous measure with integer scores

for education level (higher scores = more education). Cognition measured using z-scores for performance on SPMSQ or MoCA-SA.
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Table 3:

Risk factors for incidence of new heart attack or heart disease at 10-year follow-up

Covariate

Odds ratio (95% confidence interval)

Model A:
Cardiac disease risk

Model B:
Cardiac risk accounting for olfactory decline

Never smokers
Former smokers

Current smokers

1.49 (1.05-2.12) ©

2.08 (1.28-3.38) *

1.07 (0.67 - 1.71)

227 (1.24-417) F

Olfactory decline at 5-year follow-up

175(0.93-331) 7

Hispanic, non-black

Other

0.65 (0.36 — 1.18)
0.43 (0.10 - 1.86)

0.70 (0.33 - 1.49)
0.48 (0.06 - 3.77)

Age 1.13(0.91-1.39) 1.09 (0.83 - 1.45)
Gender
Men
*k *
Women | 0.52 (0.37 - 0.72) 0.58 (0.38 - 0.88)
Education Level | 0.93(0.79 - 1.10) | 0.92 (0.74-1.14)
Cognition | 0.95 (0.78 - 1.15) | 1.09 (0.82 - 1.45)
BMI | 1.02 (0.99 - 1.05) | 1.03(099-107) "
Self-rated physical health | 0.91 (0.77-1.07) | 0.92 (0.74 - 1.13)
Race/Ethnicity
White
Black | 0.86 (0.55—1.35) 0.62 (0.33-1.17)

"-p<010

*
=p<.05

Hok

=p<.001
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Olfactory decline at 5-year follow-up predicts new cardiac events at 10-year follow-up, independent of smoking status. Model A: n=1,460.
Model B: n=935, multivariate logistic regression. Respondents with new cardiac events are those who reported no history of heart attack or heart
disease at baseline and history of heart attack and/or heart disease at 10-year follow-up. Olfactory decline at 5-year follow-up is defined by a
decrease of 2 or more points in odor identification score. OR for age are per decade. Education treated as a continuous measure with integer scores

for education level (higher scores = more education). Cognition measured using z-scores for performance on SPMSQ or MoCA-SA. BMI

calculated from direct measurements of height and weight.
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