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Abstract

Background: Olfactory dysfunction (OD) refers to a reduced or absent ability to smell. OD negatively impacts health and quality of life and 
its prevalence increases with advancing age. Since OD may be an early marker of dementia and impending death, more knowledge regarding 
risk factors of OD in aging is warranted. The objective was therefore to explore longitudinally which demographic, genetic, clinical, lifestyle, 
and cognitive factors predict the development of OD.
Methods: The study included participants aged 60–90 years from the Swedish National Study on Aging and Care in Kungsholmen (SNAC-K), 
who did not have OD at baseline and were reassessed with an odor identification task at a 6-year follow-up (n = 1,004). Risk factors of OD 
were assessed with multivariable logistic regression analyses.
Results: The percentage of incident OD cases was 14.2% over 6 years in the total sample and this number increased monotonically with age. 
Increasing age, carrying the ε4 allele of the APOE gene, atrial fibrillation, cerebrovascular disease, and current smoking were found to be risk 
factors for the development of OD, whereas better olfactory identification and verbal episodic memory proficiency at baseline were identified 
as protective factors.
Conclusions: In addition to nonmodifiable factors (age and genetic risk), several modifiable risk factors of OD were identified. This suggests 
that it might be possible to reduce OD incidence through the management of vascular risk factors and maintenance of a healthy lifestyle.

Keywords:  Olfactory impairment, Epidemiology, Sensory, Longitudinal design

Olfactory dysfunction (OD), absence or reduced ability to smell, 
is a common condition in old age, negatively impacting health and 
quality of life (1). The prevalence of OD typically ranges between 
20% and 30% in older adults, and becomes more prevalent with 
increasing age (2–4). To illustrate, prevalence rates above 60% have 
been reported for 90-year olds (2,3). Older individuals with OD 
commonly report perceiving food as flavorless, and having a reduced 
appetite, which may lead to underweight, poor health, and frailty 
(1). In addition, OD is associated with reduced safety (eg, food poi-
soning, inability to detect gas leaks) and increased mortality (5–7). 
The evidence further suggests that OD might be an indicator of ac-
celerated brain aging, as a number of reports indicate that olfactory 
loss is associated with cognitive decline and impending dementia 

(8,9). For these reasons, it is of interest to gain further knowledge 
regarding the nature and development of OD in old age.

Current evidence on OD is almost exclusively based on 
cross-sectional studies conducted on different age cohorts. In order 
to assess how olfactory abilities change during aging, and to deter-
mine concomitant factors of OD development, longitudinal pro-
spective measurements are needed. To date, only a few longitudinal 
studies have focused on predictors of OD (10–12). In one of these 
studies, using a sample of 1,556 individuals in the 53–91 age range, 
the overall percentage of incident OD cases over 5 years was 12.5%, 
and increased with age for both men and women (10). A history of 
nasal polyps, deviated septum, and heavy alcohol use were significant 
predictors of OD, whereas physical activity, and use of lipid-lowering 
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agents and oral steroids were associated with reduced risk. Other lon-
gitudinal studies have found that subclinical atherosclerosis (12) and 
male sex (11) predict OD. Findings from cross-sectional studies indi-
cate that a multitude of factors are associated with OD, even when 
cognitive status and neurodegenerative disorders are controlled for. 
In general, a large portion of the variance in OD is associated with 
demographic factors such as increasing age (13), male sex (2), and 
low education (14). Genetic factors also play a role in OD. For in-
stance, the ε4 allele of the APOE gene has a negative effect on ol-
factory function (15,16), and the brain-derived neurotrophic factor 
(BDNF) val66met polymorphism moderates rate of olfactory decline 
in old age. Specifically, Val/Val carriers were found to decline faster on 
an odor identification task, suggesting that the BDNF Met allele may 
be protective against an accelerated olfactory decline in the later stages 
of life (17). Evidence from the human and animal literature has indi-
cated that dopamine receptors are expressed in the olfactory bulb and 
that dopaminergic interneurons participate in olfactory processing 
(18). Dopaminergic transmission in the human brain is influenced by 
the metabolic breakdown of dopamine, a process catalyzed by the cat-
echol O-methyltransferase (COMT) protein (19). The most common 
variation of the COMT gene, coding for this protein, is the Val158Met 
polymorphism, in which the variant containing Val increases dopa-
mine catabolism and significantly lower synaptic dopamine levels (18).

Research also shows that a series of clinical and lifestyle factors 
are linked to OD. Murphy and colleagues (2) reported cardiovas-
cular and cerebrovascular disease, nasal dysfunction, and a history 
of cancer to be associated with OD. Others report that conditions 
such as depression, head trauma, diabetes, and high cholesterol are 
more common in people with OD (20,21). Lifestyle factors, such as 
heavy alcohol consumption (22), current smoking (23), overweight 
(24), and underweight (4) have also been related to OD. Interestingly, 
lifestyle habits such as physical activity and social network size, both 
linked to successful brain aging, have been associated with a lower 
occurrence of olfactory impairment (25,26).

We have previously reported cross-sectional data from the same 
population-based study (Swedish National Study of Aging and Care 
in Kungsholmen or SNAC-K) as used in the present study. These 
revealed that advancing age, history of coronary heart disease, male 
sex, and fewer years of education were associated with concur-
rent OD (3). Here, we report the 6-year follow-up of participants 
without OD at the initial assessment (ie, the cases in the previous 
cross-sectional study (3) are not included). The use of a longitudinal 
prospective design, which is rare in previous studies on OD, enables 
measurement of the number of new cases, and evaluation of risk fac-
tors of OD (ie, whether factors that have been associated with OD 
in cross-sectional studies also constitute reliable predictors for the 
development of OD). Specifically, we were interested in which demo-
graphic, genetic, clinical, lifestyle, and cognitive factors predicted the 
development of OD across a 6-year follow-up interval.

Methods

Participants
Data from the Swedish National Study on Aging and Care in 
Kungsholmen (SNAC-K) were used. SNAC-K is a longitudinal study 
consisting of three parts: an interview conducted by a nurse, a med-
ical examination, and neuropsychological testing. Between 2001 and 
2004, 4,590 individuals aged 60 years and older from the island of 
Kungsholmen in central Stockholm were randomly selected from the 
population registry according to 11 predefined age cohorts (60, 66, 
72, 78, 81, 84, 87, 90, 93, 96, and ≥99 years). Out of 3,363 individuals 

participating in the baseline assessment (participation rate: 73.3%), 
2,569 individuals completed an odor identification task. The parti-
cipants were re-examined by the time they reached the age of the 
next age cohort. Hence, the younger cohorts were re-examined every 
6 years and older cohorts every 3 years. In the present study, data 
from the baseline assessment and the 6-year follow-up (to which all 
participants were re-invited) were used. Among those who partici-
pated in the odor identification task at baseline, 793 had OD and 
were excluded from the sample. Among the 1,776 remaining parti-
cipants, 1,227 (69.1%) returned for the odor identification task at 
follow-up. Participants at risk for developing OD who did not return 
to the follow-up assessment were more likely to be older, have fewer 
years of education, lower odor identification ability and general cog-
nitive performance (as assessed by the Mini-Mental State examin-
ation) at baseline. Among these, the following exclusion criteria were 
applied: Parkinson’s disease (CERAD criteria) at baseline (n = 2) or 
follow-up (n = 1), dementia or questionable dementia (DSM-IV cri-
teria) at baseline (n  = 1) or follow-up (n  = 27), and missing data 
for any of the predictor variables (n = 192). When comparing lo-
gistic regression models it is important that the samples used to fit 
the smaller and larger models are the same, which becomes an issue 
when there is missing data (27). This motivated our exclusion of in-
dividuals with missing data for any of the predictors. This resulted 
in a final sample of 1,004 participants (Figure 1).

All parts of the SNAC-K project have been approved by the 
Ethics Committee at Karolinska Institutet and the Regional Ethics 
Review Board in Stockholm (Dnrs 01-114, 04-929/3, Ö 26–2007) 
and were conducted according to the Declaration of Helsinki. 
Informed consent was collected from all participants. In cases where 
the participant was severely cognitively impaired, informed consent 
was given by next-of-kin.

Assessment of Olfactory Function
Olfactory ability was assessed by the standardized “Sniffin’ Sticks” 
odor identification test consisting of 16 odors (apple, banana, clove, 
coffee, cinnamon, fish, garlic, lemon, leather, licorice, peppermint, 
pineapple, rose, turpentine, mushroom, and gasoline (28)). Each odor 
was presented during 5 seconds using felt tip-pens placed underneath 
the participants’ noses. After each presentation, the participants were 
instructed to freely identify the odor by naming. If they could not 
identify the odor or respond incorrectly, they were asked to select 
one out of four response alternatives, of which one was correct (cued 
identification). The total number of correctly identified odors by 
either free or cued identification (range 0–16) represented the number 
of correct answers in the present study. OD was defined as having a 
score of 10 or less, based on established cutoff scores for reduced 
olfactory acuity (28). The sample in the present study only included 
participants at risk of OD, that is, individuals without OD at baseline. 
These individuals were then divided into two groups according to 
whether or not they had developed OD at follow-up.

Predictors of OD
Candidate predictors were selected based on a review of the literature 
on variables that have been associated with OD in cross-sectional 
studies.

Demographic variables
Participants’ demographic information (ie, age, sex, and education) 
was collected through a nurse interview. Age was treated as a categor-
ical variable consisting of five levels (corresponding to the age cohorts 
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60, 66, 72, 78, and ≥81 years), whereas sex and education were treated 
as dichotomous variables. The education variable involved a question 
asking for the highest level of education completed, which was re-
coded into (0) no university degree and (1) university degree.

Genetic factors
Matrix-Assisted Laser Desorption-Ionization-Time-of-Flight 
(MALDI-TOF) mass spectrometry-based single nucleotide poly-
morphism (SNP) genotyping using the Sequenom MassARRAY 
platform was performed on peripheral blood samples at the 
Mutation Analysis Facility (MAF) at Karolinska Institutet. For the 
present study, genotype information for Apolipoprotein E (APOE, 
rs429358), Brain-Derived Neurotrophic Factor (BDNF, rs6265) 
and Catechol-O-Methyltransferase (COMT, rs4680) was used. For 
APOE, participants were grouped as carriers or noncarriers of the 
ε4 allele (too few individuals carried two ε4 alleles to be included as 

a separate category). Dichotomization for BDNF and COMT was 
performed according to: BDNF—homozygous Val carriers versus 
carriers of any Met allele, and for COMT—carriers of any Val allele 
versus homozygous Met carriers.

Clinical and physical function factors
Clinical and functional assessments were carried out by trained 
physicians, nurses, and psychologists. Information was collected by 
physical examination, inpatient/outpatient registers, lab tests, self-
reports, and/or proxy interviews. All diagnoses were coded in accord-
ance with the International Classification of Diseases, 10th revision 
(ICD-10), and were treated as binary variables. In the present study, 
the following diagnoses were included: ischemic heart disease (ICD-
10 I20-I25), atrial fibrillation (ICD-10 I48), heart failure (ICD-10 
I50), epilepsy (ICD-10 G40), head trauma (ICD-10 S06), cerebrovas-
cular disease (ICD-10 I60-I69), and depression (ICD-10 F33). Risk 
factors of vascular disease were also included as clinical factors due 
to previous reports linking vascular alterations to olfactory perform-
ance. These variables were: high cholesterol (total serum cholesterol 
level ≥6.22 mmol/L), hypertension (≥160/100 mmHg, or current use 
of antihypertensive medication), and diabetes (either of fasting glu-
cose level ≥7.0 mmol/L, nonfasting glucose level ≥11.0 mmol/L, use 
of oral glucose-lowering agents or insulin injection).

Migraine and cancer have previously been associated with 
smell loss and were included as possible clinical predictors of OD 
in this study. Migraine was classified according to the International 
Headache Society (IHS) criteria (29). Cancer was defined as a former 
diagnosis of any type of cancer.

Given that associations between olfactory function and perform-
ance in motor function have been found (30), measures of phys-
ical function (ie, walking speed and grip strength) were included. 
Walking speed was assessed by timing (in seconds) the participants 
walking 6 or 2.4 m (if the participants reported walking slowly) 
at a self-selected speed (31). Grip strength was assessed with the 
“Grippit” (32). The participants squeezed a handle with maximum 
force, once with both hands. The force (in Newton) of the strongest 
hand was used in the analyses.

Behavioral and lifestyle factors
Behavioral and lifestyle factors (ie, physical inactivity, overweight, 
underweight, heavy alcohol consumption, current and past smoking, 
manufacturing occupation, social network, and leisure activities) were 
collected through standardized interviews performed by a nurse, and 
through a self-administrated questionnaire. Physical inactivity was de-
fined as performing exercise less or equal to two to three times per 
month. Overweight and underweight were based on body mass index 
(BMI; weight in kilograms divided by the square of height in meters) 
and defined as BMI > 30 and BMI < 18, respectively. Heavy alcohol 
consumption was defined as drinking >14 drinks (with a drink de-
fined as 12–14 g pure alcohol, corresponding to 10–15 cL wine/33 
cL regular beer/4 cL spirits such as whiskey) per week for men and 
>7 drinks per week for women (33). Current smoking was defined in 
accordance with reporting to currently smoke regularly or sometimes. 
Past smoking was defined as having previously smoked, but not being 
a current smoker. The variable manufacturing occupation was derived 
from the longest-held occupation and dichotomized according to: (0) 
nonmanufacturing occupation (junior office workers, office workers, 
senior office workers, entrepreneurs, academic professions, and farm 
owners) and (1) manufacturing occupation (no trained skill/trained 
skill goods-producing and service-producing workers). A continuous 

Figure 1. Flowchart of the sample selection. OD = Olfactory dysfunction.
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social network index devised by Calderón-Larrañaga and colleagues 
(34) was used. This social network index is based on several items 
from the self-administrated questionnaire describing social connec-
tions and support. Leisure activities were assessed by four different 
factors (predominantly social, complex, predominantly physical, and 
low-level activities) obtained by a hierarchical cluster analysis per-
formed by Köhncke and colleagues (35) on reported frequency of en-
gagement in 21 activities listed in the self-administrated questionnaire.

Cognitive factors
Cognitive performance was assessed by an extensive cognitive test 
battery administered by trained psychologists in accordance with 
standardized protocols. For a detailed description of the cognitive 
tasks and their procedure, see Ref. (36). The cognitive variables 
included in the present study belonged to the following domains: 
episodic memory (free recall and recognition), semantic memory (vo-
cabulary and general knowledge), letter fluency (F and A), category 
fluency (animals and professions), and perceptual speed (pattern 
comparison and digit cancelation). All cognitive variables were in-
cluded in univariable, age-adjusted logistic regression analyses. For 
each cognitive domain, only the variable with the lowest p-value of 
its Wald statistic was included in the multivariable models. In add-
ition to the cognitive battery, the Mini-Mental State examination 
(MMSE) (37) was administered as a measure of global cognition.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics 25 
(IBM Corporation; New York). Proportions of new cases with OD 
over the 6-year follow-up were expressed as percentages. The Wilson 
method was used to calculate 95% confidence intervals (38).

Binary logistic regression analyses were conducted according to 
the recommendations of Hosmer, Lemeshow, and Sturdivant (27) to 
predict OD at follow-up using the predictors specified above, all of 
which were assessed at baseline. First, univariable logistic regression 
analyses for all predictors were conducted, from which candidates 
for multivariable models were chosen based on p < .20. The reason 
for choosing a liberal significance level of .20 in this screening pro-
cedure was that the more traditional significance level of .05 often 
fails to identify variables that are important at this stage (27). In 
the screening procedure, categorical predictors with zero frequency 
cells in cross-tabulation across the two levels of the outcome variable 
were excluded, as logistic regression models might fail to converge 
under this circumstance. Multicollinearity (r > 0.90) among pre-
dictors was not allowed (39). The variables that passed the screening 
procedure were included in a multivariable logistic regression model. 
The importance of each predictor in this model was assessed using 

the p-value of its Wald statistic. If a predictor did not contribute at 
the significance level of .05, it was eliminated and the smaller model 
obtained was compared to the original, larger model using the −2 
log-likelihood ratio test. After this first part, each excluded predictor 
was again added to the model one at a time, and its significance was 
checked by the Wald statistic. If the predictor now contributed sig-
nificantly to the model, it was kept. The purpose of this procedure 
is to identify variables that make an important contribution in the 
presence of other variables. Once the main effects model was decided 
on, interactions among pairs of the variables in the model were in-
vestigated. Only interactions that contributed significantly (p < .05) 
to the model were included. Overall goodness-of-fit (how accurately 
the predictions of the model reflect the observed data) was assessed 
by the Hosmer–Lemeshow goodness of fit test.

Results

The sample consisted of 1,004 individuals (643 women, 361 men) 
without OD at baseline. Their mean baseline age was 67.5  years 
(range, 60.1–90.8 years). The proportion of new cases with OD was 
14.2% over 6 years (Table 1). Within sexes, the proportion increased 
monotonically with age for women. For men, the proportion of new 
cases with OD was selectively higher in the 66-year cohort than in 
the 72-year cohort, but otherwise it increased with age. Between 
sexes, the proportion of new cases with OD was similar for men and 
women in all age cohorts except for the 66-year cohort, in which the 
proportion of new cases with OD was significantly higher for men 
than women (Χ 2 (1, N = 258) = 5.58, p = .018).

Age-adjusted baseline risk factors, below the predefined alpha 
level of 0.20 to be considered for further multivariable analyses, are 
presented in Table 2. For a complete list of potential predictors tested 
in univariable models, see (Supplementary Table S1).

Results from the multivariable logistic regressions are presented in 
Table 3. The findings from the Hosmer–Lemeshow tests indicate that 
the observed probabilities did not deviate from the expected in any of 
the models, indicating a good fit for all models. In model 1, the pre-
dictors: odor identification at baseline, age, current smoking, APOE 
(ε4 carrier), atrial fibrillation and cerebrovascular disease, contrib-
uted significantly to the model. These predictors were then included 
in model 2. According to the −2 log-likelihood ratio test, there was a 
significant difference between the performance of the reduced model 
(model 2) in comparison with the full model (model 1) in predicting 
the development of OD: Χ 2 (8) = 15.59, p = .048. After again adding 
(one at a time) the previously excluded predictors to model 2, only 
episodic memory significantly contributed to the model and was thus 
reinstated (model 3). There was no significant difference between 

Table 1. Percent of Incident OD by Sex and Age at the 6-Year Follow-Up

Age Cohort

Women Men All

OR (CI) by Cohort*n OD % (n) 95% CI N OD % (n) 95% CI N OD % (n) 95% CI

60 238 8.4 (20) 5.5–12.6 161 7.5 (12) 4.3–12.6 399 8.0 (32) 5.7–11.1  
66 161 9.3 (15) 5.7–14.8 97 19.6 (19) 12.9–28.6 258 13.2 (34) 9.6–17.9 1.74 (1.05–2.90)
72 119 12.6 (15) 7.8–19.8 60 15.0 (9) 8.1–26.1 179 13.4 (24) 9.2–19.2 1.78 (1.01–3.11)
78 78 29.5 (23) 20.5–40.4 24 25.0 (6) 12.0–44.9 102 28.4 (29) 20.6–37.8 4.56 (2.60–7.99)
>80 47 36.2 (17) 24.0–50.5 19 36.8 (7) 19.2–59.0 66 36.2 (24) 25.8–48.4 6.55 (3.53–12.16)
All 643 14.0 (90) 11.5–16.9 361 14.7 (53) 11.4–18.7 1004 14.2 (143) 12.2–16.5  

Note: CI = Confidence interval; OD = Olfactory dysfunction; OR = Odds ratio.
*Reference category: 60 years..
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model 3 in comparison with model 1 in predicting the development of 
OD: Χ 2 (7) = 11.61, p = .114; hence, model 3 was chosen as the final 
model. The interaction terms did not contribute significantly to the 
final model, and were consequently not included.

Discussion

OD is common among older adults but its predictors are not well 
known as the number of longitudinal studies conducted so far is few. 
We conducted a longitudinal study to address the development of 
incident OD in the older population, and the demographic, genetic, 

clinical, lifestyle, and cognitive risk factors that predict OD over a 
6-year interval. Consistent with previous cross-sectional observa-
tions, age, carrying an APOE ε4 allele, cerebrovascular disease, and 
current smoking were reliable risk factors for the development of 
incident OD (2,13,16,23). A novel finding was that atrial fibrillation 
increased the risk, whereas episodic memory proficiency, along with 
higher baseline olfactory function, were protective factors against 
OD 6 years after the initial assessment.

The percentage of new cases of OD was 14.2% over 6  years. 
This corresponds closely to the study by Schubert and colleagues 
(10), who reported that 12.5% of their sample developed OD over 

Table 2. Results from Logistic Regression Analyses of Selected Predictors of OD Included in Multivariable Logistic Regression Models

Categorical Variables
OD (n = 143)  
% (n)

No OD (n = 861) 
% (n) Age Adjusted OR 95% CI p

APOE (ε4 carrier) 33.6 (48) 26.7 (230) 1.51 1.02–2.22 .040
Current smoking 17.5 (25) 13.4 (115) 1.75 1.07–2.87 .026
Physical inactivity 23.8 (34) 17.3 (149) 1.57 1.01–2.43 .043
Atrial fibrillation 15.4 (22) 7.9 (68) 1.69 0.99–2.90 .055
Head trauma 16.8 (24) 12.9 (111) 1.62 0.98–2.66 .058
Cerebrovascular disease 7.7 (11) 3.1 (27) 2.02 0.95–4.27 .067
Hypertension 44.1 (63) 43.2 (372) 0.75 0.51–1.09 .132

Continuous variables M (SD) M (SD)    

Odor identification at baseline 12.5 (1.4) 13.6 (1.4) 0.60 0.52–0.69 <.001
MMSE 29.2 (1.0) 29.4 (0.8) 0.81 0.66–0.99 .044
Perceptual speed 14.3 (2.8) 15.8 (3.1) 0.91 0.85–0.97 .004
Episodic memory 11.6 (2.7) 12.1 (2.5) 0.94 0.88–1.01 .069
Complex leisure activity 3.5 (1.6) 3.8 (1.8) 0.93 0.84–1.02 .133
Social network index 0.06 (0.4) 0.14 (0.5) 0.77 0.52–1.14 .194

Note: CI = Confidence interval; MMSE = Mini-Mental State examination; OD = Olfactory dysfunction; OR = Odds ratio.

Table 3. Multivariable Logistic Regression Models for Predicting OD

Predictors

Model 1 Model 2 Model 3

OR 95% CI

Wald

OR 95% CI

Wald

OR 95% CI

Wald

Χ2 p Χ 2 p Χ 2 p

Odor identification 0.59 0.51–0.69 48.58 <.001 0.59 0.51–0.68 53.12 <.001 0.58 0.51–0.68 53.64 <.001
Age*   20.79 <001   31.06 <.001   28.74 <.001
 66 1.82 1.04–3.19 4.34 .037 1.69 0.99–2.88 3.64 .057 1.66 0.97–2.85 3.64 .057
 72 1.72 0.92–3.22 2.68 .101 1.55 0.86–2.79 2.12 .146 1.51 0.83–2.72 2.22 .136
 78 3.95 1.99–7.84 14.45 <.001 3.79 2.06–6.97 18.24 <.001 3.56 1.92–6.58 17.47 <.001
 >80 4.72 2.20-0.11 15.21 <.001 5.05 2.55–9.97 21.71 <.001 4.56 2.29–9.07 19.98 <.001
Current smoking 1.92 1.12–3.29 5.44 .020 1.89 1.12–3.20 5.60 .018 1.92 1.13–3.24 5.87 .015
Atrial fibrillation 2.07 1.15–3.75 5.93 .015 1.89 1.06–3.37 4.72 .030 1.95 1.09–3.47 5.07 .024
Cerebrovascular disease 2.35 1.02–5.39 3.94 .047 2.42 1.06–5.55 4.37 .037 2.39 1.05–5.44 4.26 .039
APOE (ε4 carrier) 1.58 1.04–2.39 4.25 .039 1.53 1.01–2.30 4.05 .044 1.54 1.02–2.33 4.23 .040
Episodic memory 0.96 0.91–1.02 2.36 .124     0.93 0.86–1.00 4.03 .045
Perceptual speed 0.99 0.95–1.04 0.80 .371         
MMSE 0.83 0.66–1.04 2.57 .109         
Physical inactivity 1.38 0.86–2.23 1.84 .175         
Head trauma 1.40 0.82–2.38 1.49 .222         
Hypertension 0.66 0.44–1.00 3.81 .051         
Complex leisure activity 0.96 0.86–1.08 0.33 .569         
Social network index 1.00 0.63–1.57 0.00 .973         

Note: CI = Confidence interval; MMSE = Mini-Mental State examination; OD = Olfactory dysfunction; OR = Odds ratio.
*Reference category: 60 years. The −2 log likelihood was 682.3 for model 1, 697.9 for model 2 and 693.94 for model 3. Nagelkerke’s R2 was 0.23 for model 

1, 0.21 for model 2 and 0.21 for model 3. Results from the Hosmer–Lemeshow goodness of fit: Χ 2 = 2.37, p = .967 for model 1, Χ 2 = 7.10, p = .526 for model 2 
and Χ 2 = 6.08, p = .638 for model 3.
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5  years. Age was a prominent risk factor for the development of 
OD, which is in accordance with a previous longitudinal finding 
(10), and with a wealth of evidence from cross-sectional studies 
reporting positive associations between age and occurrence of OD 
(13). The odds ratio of OD in the oldest cohort (>80  years) was 
about five times higher than that observed in the youngest cohort 
(60 years). The monotonic olfactory decline clearly shows the per-
vasiveness of smell loss also in dementia-free older populations. It is 
worth noting that, given that the studied sample represents individ-
uals free of neurodegenerative disorders, the observed percentage of 
new OD cases across the 6-year measurement interval (14.2%) likely 
underestimates the incidence proportion relative to the general aging 
population (13).

None of the other demographic factors were associated with the 
risk of developing OD between the baseline and the 6-year follow-up. 
Although more men than women exhibited OD at baseline (3), the 
OD incidence proportion was similar for men and women. A pos-
sible exception to this pattern is that the number of new cases of 
OD was higher among men in the second youngest (66 years) age 
cohort, suggesting that smell impairment may start earlier in life 
in men than women. This finding in agreement with findings from 
previous research assessing cognitive functions, where women often 
have a somewhat higher level of overall cognitive performance, al-
though the rate of age-related cognitive decline is similar between 
the sexes (40). Likewise, the present findings showed no influence 
of education on the rate of OD development, despite cross-sectional 
evidence, indicating that lower education is related to a higher 
prevalence of smell impairment (3). Again, parallels can be drawn to 
cognitive research in which cross-sectional evidence of associations 
between level of cognitive function and educational attainment has 
been found, whereas longitudinal studies have found that education 
does not alter the rate of age-related cognitive decline (41,42). These 
results highlight the importance of conducting longitudinal research, 
as factors related to the level of olfactory functioning are not neces-
sarily related to change therein.

Of the genetic factors included, only the ɛ4 allele of the APOE 
gene constituted a risk factor for the development of OD. This obser-
vation corroborates previous research on the associations between 
the ɛ4 allele and olfactory impairment and olfactory memory decline 
(15,16). Given that the ε4 allele is a risk factor for developing de-
mentia and Alzheimer’s disease (43), older individuals carrying the 
ε4 allele may be more likely to be in a preclinical phase of dementia. 
They may thus be affected by early brain changes that have nega-
tive consequences for both general memory abilities and olfactory 
abilities.

In accordance with previous studies that have found vascular risk 
factors (ie, subclinical atherosclerosis; 12 and stroke (44) to be pre-
dictors of OD, the present study also found vascular risk factors (ie, 
atrial fibrillation and cerebrovascular disease) to predict OD. Atrial 
fibrillation (ie, rapid or irregular heartbeat) alters the pulsatile dy-
namics of the cerebrovascular system resulting in local hypoperfusion 
and hypertensive events. The hemodynamic cerebral effect of atrial 
fibrillation has been suggested as a mechanism underlying cogni-
tive impairment (45) and might also be relevant for the genesis of 
OD. This is so because brain structures relevant for olfaction might 
undergo ischemic damage, due to transient hypoperfusion or tran-
sient hypertensive events. In a similar vein, a cerebrovascular disease 
might cause structural damage in brain areas involved in olfaction. 
Toward this end, poor olfaction has been associated with increased 
mortality from neurodegenerative and cardiovascular diseases in a 
recent study (6).

Among the life-style factors examined, only current smoking 
was a significant predictor of OD. Cross-sectional observations 
have shown that current smokers, but not past smokers, have a 
higher prevalence of olfactory impairment (23). We extend these 
findings by demonstrating that current smoking is associated with 
future OD risk, whereas past smoking is not. These results are in 
line with findings from a previous longitudinal study showing a 
stronger trend toward increased risk of olfactory decline (defined 
as a two-step decrease of the San Diego Odor Identification Test) 
over 5 years in current when compared with former smokers (12). 
A possible explanation is the reversibility of metaplastic changes 
(ie, squamous metaplasia) or sinonasal inflammation caused by 
smoking (23). Taken together, these findings suggest that the reper-
cussions of smoking on olfactory function are reversible, making 
smoking another modifiable risk factor of OD. A  recent study 
found that olfactory impairment persists 15 years after smoking 
cessation (46). However, individuals who had quit smoking more 
than 15 years ago had the same odor identification performance 
as those who never smoked. Additional prospective studies on 
smoking cessation are warranted in order to assess the revers-
ibility of OD.

Some protective factors for OD were also identified. Scoring 
higher on the odor identification task at baseline was, unsurpris-
ingly, strongly associated with a lower risk of OD 6  years later. 
Higher episodic memory performance was found to be protective 
for OD as well. Positive associations between episodic memory and 
odor identification have previously been reported (47). This prob-
ably reflects that high olfactory memory performance requires intact 
memory abilities in general. It may also reflect that preserved brain 
integrity in old age is linked to both episodic memory and olfactory 
proficiency. Prior studies with a prospective design have found odor 
identification deficits to predict episodic memory and global cogni-
tive decline (48). In contrast to the present study, in which the out-
come is development of OD, the outcomes of interest in prior studies 
have been cognitive decline and/or conversion to dementia. An im-
portant goal in future studies is therefore to investigate the temporal 
relationship between episodic memory decline and impaired odor 
identification.

Limitations of the present study include that individuals with se-
vere olfactory impairment could not be tested. We also excluded par-
ticipants with dementia due to difficulties in reliably assessing their 
olfactory abilities. These exclusions are likely to lead to an underesti-
mation of the observed effects. In addition, we did not have access to 
clinical diagnoses specific to nasal diseases, which prevented us from 
addressing such associations.

In summary, several modifiable prospective risk factors of OD 
were identified, indicating that there are possibilities for reducing 
olfactory impairment in aging. An apparent lifestyle modification 
that could reduce olfactory impairment is smoking cessation. Other 
lifestyle and behavioral modifications that have been shown to de-
crease the risk of cerebrovascular disease and atrial fibrillation, such 
as dietary changes and a more physically active life (49,50), might 
also reduce the risk of OD. Thus, the results from the present study 
suggest that there are possibilities to prevent, or at least reduce, ol-
factory impairment in old age. Future intervention studies might 
further elucidate these issues, as well as investigate whether preven-
tion of OD reduces mortality or dementia risk. The results of the 
present study highlight the importance of conducting longitudinal 
research, as factors related to the level of olfactory functioning in 
cross-sectional studies (eg, sex and education) are not necessarily re-
lated to change in olfactory functioning.
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