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Abstract

Background and aims—Among older adults, olfactory dysfunction is associated with 

cognitive impairment, lower quality of life, and increased mortality. While age is a risk factor for 

olfactory dysfunction, other risk factors are less well understood, and may vary between ethno-

regional groups. This study investigated how associations between odour identification (OI) and 

various risk factors, as well as cognition and language ability, differed or were similar in two 

distinct ethno-regional groups of older adults.

Methods—This cross-sectional study used data from two cohorts: 470 Indonesians (aged 67.4 ± 

7.4 years) and 819 white Australians (aged 78.7 ± 4.8 years). Univariate and multivariate analyses 

explored whether OI test scores were associated with age, sex, education, cholesterol levels, 

apolipoprotein E ε4 status, smoking, diabetes, hypertension and depression scale scores, or with 

Mini-Mental State Examination (MMSE) and language test performance.
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Results—Univariate analyses identified some factors associated with OI scores in both 

Indonesians and white Australians, including older age and smoking with lower scores, and 

MMSE and language test performance with higher scores. Multivariate analyses yielded different 

and mutually exclusive patterns of associations in the two ethno-regional groups, with language 

test scores significantly associated with higher OI scores in Indonesians, and age, being male, 

smoking, having diabetes and higher depression scale scores significantly associated with lower 

OI scores in white Australians.

Conclusion—Ethno-regional differences may need consideration in the attempt to fully 

understand associations between OI and negative outcomes like dementia and mortality, and 

interventions for olfactory dysfunction might need to be tailored to specific ethno-regional groups. 

However, the difference in mean age between cohorts is a limitation of this study, and future 

studies should aim to compare populations with similar age distributions.
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Introduction

Among older adults, worse olfactory functioning has been associated with lower quality of 

life, depression and loneliness, cognitive impairment, and increased risk of dementia and 

mortality [1–6]. Implicated in some of these associations is an effect of impaired olfactory 

functioning on the taste of food and appetite, which can promote malnutrition and frailty [7]. 

While older age is itself a prominent risk factor for olfactory impairment [8–13] another that 

appears influential is being male [9–12, 14, 15]. Lower levels of education have also been 

associated with olfactory impairment [8, 9, 12, 16, 17], but other studies have found either 

the opposite [10, 11] or no effect [18]. Findings for a range of other risk factors, including 

medical and genetic, have also been mixed, though the evidence for deleterious effects of 

smoking [19] and diabetes [18] is more established.

While methodological differences may contribute to inconsistent associations between 

olfactory impairment and some factors, another potential, though little researched, influence 

is an effect of race or ethno-regional group. Two recent studies have compared risk factors 

for olfactory impairment in overlapping samples of blacks and whites [10, 17]. Poorer 

olfaction was consistently associated with older age among both blacks and whites. 

However, associations with being male were found for both blacks and whites in one study 

[10] but only for blacks in the other [17], whereas associations with having less education 

were found for both blacks and whites in one study [17] but only for whites in the other [10]. 

Associations for other factors were dependent on race, with the particularly striking finding 

of one study that having an apolipoprotein (APOE) ε4 allele was associated with poor 

olfaction among whites but with good olfaction among blacks [17]. There is some research 

on risk factors for olfactory impairment specifically in Asian populations. An association 

between older age and poorer olfaction has been reported for samples of Chinese [20] and 

Japanese [21]. A study of Japanese-Americans also reported this association with age, but 

found no association between APOE genotype and olfactory test scores [22]. Studies with 

Asian samples investigating a wider range of potential risk factors for olfactory impairment 
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are limited in having used self-reported olfactory dysfunction rather than olfactory test 

scores [23, 24].

In the present study, we aimed to expand the limited literature on racial and ethno-regional 

differences or similarities in risk factors for olfactory impairment. Olfactory ability was 

based on odour identification (OI) test scores, rather than self-reported dysfunction. We 

investigated demographic and health factors in two samples, one comprising Indonesians 

and the other white Australians. We also investigated and compared these groups on how 

olfactory ability was associated with general cognitive functioning and verbal ability. An 

association between OI and verbal ability has been previously described [1, 25, 26], with 

both possibly involving the same cognitive domain [27], as well as there being evidence for 

an integrated odour/lexical system in the brain [28].

Methods

Study participants

Retrospective baseline data for this cross-sectional study were obtained from two members 

of the Cohort Studies of Memory in an International Consortium (COSMIC) [29] that had 

measured olfactory ability: Atma Jaya Cognitive and Ageing Research (AJ) from Jakarta, 

Indonesia and the Sydney Memory and Ageing Study (MAS) from Sydney, Australia. Full 

details of the recruitment process are available elsewhere for AJ [6] and MAS [30]. Briefly, 

AJ participants were Indonesians aged ≥ 60 years old and without physical or mental health 

conditions that could affect assessments; this population typically has low education levels, 

but all participants had sufficient reading ability to understand and complete the 

assessments. MAS participants were population-based individuals aged 70–90 years, and 

without dementia or other conditions that could affect assessments. Of the 1037 MAS 

participants, only 866 (83.5%) who were white and of an English-speaking background were 

included in this study. Both AJ and MAS provided data for age, sex and education, which 

we classified as either less than or at least 9 years of formal schooling. Any participant 

without olfactory ability data was excluded: 75/545 (13.8%) of individuals in AJ, and 48/866 

(5.5%) of the eligible individuals in MAS. There was no significant difference in any of the 

characteristics listed in Table 1 between included participants and individuals without 

olfactory data in AJ. For MAS, included participants had higher levels of high-density 

lipoprotein (HDL) cholesterol (1.46 mmol/L vs 1.30 mmol/L, t = 2.18, p = 0.030) and a 

lower prevalence of APOE ε4 positivity (22.4% vs 38.1%, χ2 = 5.53, p = 0.019) than 

individuals without olfactory data; there were no significant differences for any of the other 

characteristics listed in Table 1. A total of 1289 individuals were included in this study, 470 

from AJ and 819 from MAS.

Olfactory ability tests

Familiarity with particular odours is influenced by culture [31] and thus different but 

culturally appropriate OI tests were used in AJ and MAS. In AJ, this was a 10-item test of 

odours commonly found in Indonesia [32], and in MAS it was the 12-item Brief Smell 

Identification Test [33]. For both tests, the assessments involved participants being given a 

single olfactory stimulus at a time and instructed to choose the correct odour name from four 
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possible answers. The tests thus had similar operational procedures and verbal demands, and 

were considered to be comparable.

Clinical risk factors

Depression was assessed with the Geriatric Depression Scale in both AJ and MAS [34]. 

Blood samples were used in both studies to determine levels of low-density lipoprotein 

(LDL) cholesterol, HDL cholesterol, and fasting plasma glucose, as well as APOE genotype. 

Diabetes was defined in both studies as a history of, or being treated for diabetes, or having a 

fasting plasma glucose level ≥ 7 mmol [35]. Hypertension was defined in AJ as a systolic 

blood pressure (BP) ≥ 140 mmHg and/or a diastolic BP ≥ 90 mmHg [36], and in MAS using 

the same BP cutoffs or either of a previous diagnosis or current treatment. Participants were 

defined as smokers if current smokers when assessed (past smoking was not investigated as 

this information was only collected in MAS). APOE ε4 carrier status was classified as either 

positive or negative. Other potential risk factors that were not assessed in both AJ and MAS 

were not included.

Language and cognitive status tests

Both AJ and MAS administered language tests that included a semantic fluency test 

(animals named in 60 s) [37], and either a 15-item (AJ) or 30-item (MAS) version of the 

Boston Naming Test (BNT) [38]. As a measure of cognitive status, both studies also 

administered the Mini-Mental State Examination (MMSE) [39].

Statistical analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences 

(SPSS for Windows version 20.0). For comparisons between AJ and MAS, normally 

distributed continuous data were analysed using independent t tests, and non-normally 

distributed continuous and categorical data were analysed using Mann–Whitney and Chi-

square tests.

For each study, we used univariate general linear models to investigate the extent to which 

OI scores were associated with each risk factor and cognitive test scores. Study-specific 

multivariate regression models featuring all risk factors and cognitive test scores were then 

also conducted (using the Enter method in SPSS). Inspection of P–P plots suggested no 

significant deviation from multivariate normality, and multicollinearity tests indicated that 

none of the included independent variables were highly linearly related.

Results

Table 1 shows the characteristics of the subjects, including the results of statistical 

comparisons. Compared to the Indonesian group, the white Australian group was older, and 

had more years of education and a greater percentage of males. White participants also had 

lower mean LDL cholesterol levels and GDS scores. The prevalence of smoking and 

diabetes was lower among whites, but the prevalence of hypertension was higher. HDL 

cholesterol levels and APOE ε4 positivity did not differ significantly between the groups. 

Mean MMSE and fluency scores were higher among whites than Indonesians.
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Univariate analyses (Table 2) revealed significant associations with OI ability that were 

similar among Indonesians and whites Australians for some factors. In both groups, older 

age and smoking were associated with lower OI scores, while higher BNT, fluency and 

MMSE scores were associated with higher OI scores. Other significant associations with OI 

ability were found only within one of the groups. For Indonesians, having less than 9 years 

of education was associated with lower OI scores, and higher LDL cholesterol levels were 

associated with higher OI scores. For white Australians, being male, having diabetes and 

higher GDS scores were all associated with lower OI scores. HDL cholesterol levels, APOE 

ε4 positivity and hypertension were not significantly associated with OI ability in either 

group.

The results of multivariate analyses that included all factors investigated are shown in Table 

3. For Indonesians, the only variables identified in univariate analyses that remained 

significantly associated with OI scores were language test scores. For white Australians, the 

demographic and health variables identified in univariate analyses remained significantly 

associated with OI scores, but language test and MMSE scores did not.

Discussion

We investigated factors associated with olfactory functioning (specifically OI) in two ethno-

regional groups, Indonesians and white Australians. Univariate analyses revealed some 

common factors associated with OI scores in Indonesians and white Australians. However, 

multivariate analyses that adjusted for possible confounding by the other factors revealed 

patterns of effects that differed between the groups, and it is these results that we focus on 

here. Older age was associated with poorer OI ability only in white Australians after 

multivariate analyses. Older age is an established risk factor for olfactory impairment [8–12, 

20–22], and has many potential causes, including changes in non-olfactory elements and in 

any or all of the olfactory epithelium, bulb or cortical processing regions [13]. Men 

commonly have poorer olfactory functioning than women [9–12, 14, 15], but this effect can 

be more apparent in older individuals [40, 41]. The relatively young mean age of our 

Indonesian group may thus explain why we did not find age or sex effects in this group. Two 

previous studies reporting no difference between men and women featured Asian samples 

(Chinese and Koreans), and in both, the mean age was also relatively low [23, 24]. However, 

these studies also relied on self-reported olfactory or chemosensory dysfunction rather than 

olfactory test scores. Potential reasons for women having better olfactory functioning than 

men include the presence of more neurons and non-neuronal cells in the olfactory bulb [42], 

and beneficial effects of female, but deleterious effects of male, sex hormones [43]. Verbal 

ability was associated with OI scores in Indonesians, reflecting previous reports linking 

lower language test scores to olfactory dysfunction [26, 27, 44] and neuroimaging evidence 

for close linkages between olfactory and lexical brain systems [28]. Education was not 

associated with OI scores in multivariate analyses, possibly because any effects of education 

on OI ability [8, 9, 12, 16, 17] may be through enhancing verbal ability.

Recent reviews support our observed association between depression and poorer olfactory 

functioning in white Australians [45, 46]. Depression may share or invoke physiological 

changes that affect olfaction [47] including thinner olfactory epithelium and less olfactory 
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receptor neurons [47]. Depression might also result in less attention to olfactory stimuli [48] 

or conceivably be a result of loss of smell affecting quality of life. White Australians also 

exhibited an association between diabetes and poorer OI. There is increasing evidence for an 

association between diabetes and olfactory dysfunction [25], with potential mechanisms 

including the effects of hyperglycemia, macrovascular disease, and insulin resistance on the 

olfactory apparatus and/or brain [9, 48]. While one study not finding an association between 

diabetes and olfactory functioning used a non-white sample [49], another found that patients 

with diabetes for more than 10 years had lower OI scores than patients with diabetes for 10 

or less years [50]. The whites in our study were an average 10 years older than the 

Indonesians, and this difference may have contributed to finding an effect of diabetes in the 

former but not the latter.

Smoking was only associated with poorer OI in white Australians after multivariate 

analyses. An association between smoking and OI scores is consistent with a recent meta-

analysis finding that smoking is a reversible risk factor for olfactory impairment [19]. 

Multivariate analyses found no associations between OI scores and cholesterol, hypertension 

or APOE ε4 status. The null cholesterol finding is consistent with some previous reports [12, 

51, 52], and while some studies have reported deleterious effects of hypertension [9, 19, 53], 

others have found no effect [48, 49]. Similarly, some studies have found an association 

between the APOE ε4 allele and olfactory dysfunction [10, 12] but others, including one in a 

sample of Japanese-Americans, have not [22, 54, 55], and further investigation is warranted.

Some previous studies have identified differences in olfactory functioning between racial/

ethnic groups, including poorer OI among blacks, Asians and Hispanics than among whites 

[9–11]. Unfortunately, the use of different, but culturally appropriate, OI tests prevented us 

from directly comparing performance between our Indonesian and white Australian samples. 

Other limitations of our study include the groups not being more closely matched in age, and 

not considering the use of medication for relevant risk factors, including diabetes, 

hypertension, high cholesterol and depression. Not being able to include past smoking 

means one reason for lower OI scores may have been missed, as while past smoking has 

smaller effects than current smoking [19], recovery of olfactory function after quitting 

smoking can take some years depending on the amount smoked [56]. We also did not 

investigate associations between OI ability and memory, which would be of particular 

interest given reported associations between lower hippocampus volume and poorer OI test 

scores [44, 57]. Longitudinal studies are needed to determine the extent to which some of 

the factors we found to be associated with OI scores either contribute to or are a result of 

olfactory ability.

This study is the first to investigate and compare associations between olfactory functioning 

and various demographic, clinical and cognitive factors in Indonesians and white 

Australians. While our univariate analyses revealed some common factors associated with 

OI scores in Indonesians and white Australians, our multivariate analyses revealed patterns 

of effects that differed between the groups, with only language test scores remaining to be 

associated with OI ability in Indonesians and only demographic and health variables 

remaining to be associated with OI ability in white Australians. Some of these differences 

could stem from the different demographic characteristics of the cohorts, particularly the 
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older age of MAS compared to AJ, and studies should ideally aim to compare populations 

with similar age distributions. The existence of ethno-regional differences in associations 

between risk factors for olfactory ability or dysfunction could help explain mixed findings in 

the literature. Worse olfactory functioning has been associated with many negative 

outcomes, including an increased risk of dementia and mortality [1, 4, 5]. Future research 

could investigate whether differences in associations between risk factors and OI ability 

influence associations between OI ability and negative outcomes in different ethno-regional 

groups. Further, interventions for olfactory dysfunction might need to be tailored to specific 

ethno-regional groups.

Acknowledgements

For the Sydney Memory and Ageing Study: DNA samples were extracted by Genetic Repositories Australia, an 
Enabling Facility, which is supported by a National Health and Medical Research Council of Australia grant, 
401184. APOE genotyping was performed by Drs. Arezoo Assareh and Karen A. Mather in the laboratory of Peter 
Schofield and John Kwok at Neuroscience Research Australia (NeuRA). Blood samples were collected by South 
Eastern Area Laboratory Service, and analysis performed by Ora Lux. We thank the participants for their 
enthusiastic support. The Sydney Memory and Ageing Study Team comprises, in addition to the authors, the 
following individuals: Allison Bowman, Kim Burns, Anthony Broe, Joula Dekker, Louise Dooley, Michele de 
Permentier, Sarah Fairjones, Janelle Fletcher, Therese French, Cathy Foster, Emma Nugent-Cleary-Fox, Chien 
Gooi, Evelyn Harvey, Rebecca Helyer, Sharpley Hsieh, Laura Hughes, Sarah Jacek, Mary Johnston, Kristan Kang, 
Donna McCade, Samantha Meeth, Eveline Milne, Angharad Moir, Ros O’Grady, Kia Pfaeffli, Carine Pose, Laura 
Reuser, Amanda Rose, Peter Schofield, Zeeshan Shahnawaz, Amanda Sharpley, Melissa Slavin, Claire Thompson, 
Wiebke Queisser, and Sam Wong. For Atma Jaya Cognitive and Ageing Research: we thank Linda Kusuma, Andre 
Chiang, Jimmy Barus, Nelly Tina Widjaja, Octavianus.

Funding Funding for COSMIC comes from a National Health and Medical Research Council of Australia Program 
Grant (ID 1093083), the National Institute On Aging of the National Institutes of Health under Award Number 
RF1AG057531, and philanthropic contributions to The Dementia Momentum Fund (UNSW Project ID PS38235). 
Sydney MAS is funded by National Health and Medical Research Council of Australia Program Grant (ID 350833). 
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the 
manuscript. The content is solely the responsibility of the authors and does not necessarily represent the official 
views of the National Institutes of Health or other funders.

References

1. Devanand DP, Lee S, Manly J et al. (2015) Olfactory identification deficits and increased mortality 
in the community. Ann Neurol 78:401–411 [PubMed: 26031760] 

2. Sivam A, Wroblewski KE, Alkorta-Aranburu G et al. (2016) Olfactory dysfunction in older adults is 
associated with feelings of depression and loneliness. Chem Senses 41:293–299 [PubMed: 
26809485] 

3. Roalf DR, Moberg MJ, Turetsky BI et al. (2017) A quantitative meta-analysis of olfactory 
dysfunction in mild cognitive impairment. J Neurol Neurosurg Psychiatry 88:226–232 [PubMed: 
28039318] 

4. Lipnicki DM, Crawford J, Kochan NA et al. (2017) Risk factors for mild cognitive impairment, 
dementia and mortality: The Sydney Memory and Ageing Study. J Am Med Dir Assoc 18:388–395 
[PubMed: 28043804] 

5. Ekström I, Sjölund S, Nordin S et al. (2017) Smell loss predicts mortality risk regardless of 
dementia conversion. J Am Geriatr Soc 65:1238–1243 [PubMed: 28326534] 

6. Turana Y, Ranakusuma TAS, Purba JS et al. (2014) Enhancing Diagnostic Accuracy of aMCI in the 
Elderly: combination of olfactory test, pupillary response test, BDNF plasma level, and APOE 
genotype. Int J Alzheimers Dis 2014:912586 10.1155/2014/912586 [PubMed: 24639912] 

7. Gunzer W (2017) Changes of olfactory performance during the process of aging—psychophysical 
testing and its relevance in the fight against malnutrition. J Nutr Health Aging 21:1010–1015 
[PubMed: 29083442] 

Turana et al. Page 7

Aging Clin Exp Res. Author manuscript; available in PMC 2020 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



8. Hoffman HJ, Rawal S, Li C et al. (2016) New chemosensory component in the US National Health 
and Nutrition Examination Survey (NHANES): first-year results for measured olfactory 
dysfunction. Rev Endocr Metab Disord 17:221–240 [PubMed: 27287364] 

9. Chan J, García-Esquinas E, Ko OH et al. (2018) The association between diabetes and olfactory 
function in adults. Chem Senses 43:59–64

10. Dong J, Pinto JM, Guo X et al. (2017) The prevalence of anosmia and associated factors among US 
black and white older adults. J Gerontol Ser A Biol Sci Med Sci 72:1080–1086 [PubMed: 
28498937] 

11. Noel J, Habib A-RR, Thamboo A et al. (2017) Variables associated with olfactory disorders in 
adults: a US population-based analysis. World J Otorhinolaryngol Head Neck Surg 3:9–16 
[PubMed: 29204574] 

12. Seubert J, Laukka EJ, Rizzuto D et al. (2017) Prevalence and correlates of olfactory dysfunction in 
old age: a population-based study. J Gerontol A Biol Sci Med Sci 72:1072–1079 [PubMed: 
28444135] 

13. Attems J, Walker L, Jellinger KA (2015) Olfaction and aging: a Mini-Review. Gerontology 
61:485–490 [PubMed: 25968962] 

14. Pinto JM, Schumm LP, Wroblewski KE et al. (2014) Racial disparities in olfactory loss among 
older adults in the United States. J Gerontol A Biol Sci Med Sci 69A:323–329

15. Doty RL, Cameron EL (2009) Sex differences and reproductive hormone influences on human 
odor perception. Physiol Behav 97:213–228 [PubMed: 19272398] 

16. Mullol J, Alobid I, Mariño-Sánchez F et al. (2012) Furthering the understanding of olfaction, 
prevalence of loss of smell and risk factors: a population-based survey (OLFACAT study). BMJ 
Open 2:e001256

17. Yaffe K, Freimer D, Rosso A et al. (2016) Olfaction and risk of dementia in a biracial cohort of 
older adults. Neurology 88:456–462 [PubMed: 28039314] 

18. Schubert CR, Cruickshanks KJ, Fischer ME et al. (2012) Olfactory impairment in an adult 
population: the beaver dam off-spring study. Chem Senses 37:325–334 [PubMed: 22045704] 

19. Ajmani GS, Suh HH, Wroblewski KE et al. (2017) Smoking and olfactory dysfunction: a 
systematic literature review and meta-analysis. Laryngoscope. 127:1753–1761 [PubMed: 
28561327] 

20. Liang X, Ding D, Zhao Q et al. (2016) Shanghai Aging Study (SAS): association between 
olfactory identification and cognitive function in community-dwelling elderly: the Shanghai aging 
study. BMC Neurol 16:199 [PubMed: 27765032] 

21. Hori Y, Matsuda O, Ichikawa S (2015) Olfactory function in elderly people and patients with 
Alzheimer’s disease. Psycho-geriatrics 15:179–185

22. Graves AB, Bowen JD, Rajaram L et al. (1999) Impaired olfaction as a marker for cognitive 
decline: interaction with apolipoprotein E epsilon4 status. Neurology 53:1480–1487 [PubMed: 
10534255] 

23. Huang Z, Huang S, Cong H et al. (2017) Smell and taste dysfunction is associated with higher 
serum total cholesterol concentrations in chinese adults. J Nutr 147:1546–1551 [PubMed: 
28615376] 

24. Lee WH, Wee JH, Kim D-K et al. (2013) Prevalence of subjective olfactory dysfunction and its 
risk factors: Korean National Health and Nutrition Examination Survey. PLoS One 8:e62725 
[PubMed: 23671628] 

25. Larsson M, Finkel D, Pedersen N (2000) Odor identification: influences of age, gender, cognition, 
and personality. J Gerontol B Psychol Sci Soc Sci 55:304–310

26. Larsson M, Öberg C, Bäckman L (2005) Odor identification in old age: demographic, sensory and 
cognitive correlates. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn 12:231–244 [PubMed: 
24428335] 

27. Finkel D, Pedersen N, Larsson M (2001) Olfactory functioning and cognitive abilities: a twin 
study. J Gerontol B Psychol Sci Soc Sci 56:226–233

28. Olofsson JK, Hurley RS, Bowman NE et al. (2014) A designated odor—language integration 
system in the human brain. J Neurosci 34:14864–14873 [PubMed: 25378154] 

Turana et al. Page 8

Aging Clin Exp Res. Author manuscript; available in PMC 2020 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Sachdev PS, Lipnicki DM, Kochan NA et al. (2013) COSMIC (Cohort Studies of Memory in an 
International Consortium): an international consortium to identify risk and protective factors and 
biomarkers of cognitive ageing and dementia in diverse ethnic and sociocultural groups. BMC 
Neurol 13:165 [PubMed: 24195705] 

30. Sachdev PS, Brodaty H, Reppermund S et al. (2010) The Sydney Memory and Ageing Study 
(MAS): methodology and baseline medical and neuropsychiatric characteristics of an elderly 
epidemiological non-demented cohort of Australians aged 70–90 years. Int Psychogeriatr 
22:1248–1264 [PubMed: 20637138] 

31. Ottaviano G, Frasson G, Nardello E et al. (2016) Olfaction dete-rioration in cognitive disorders in 
the elderly. Aging Clin Exp Res 28:37–45 [PubMed: 26003671] 

32. Luhur JJ, Handajani YS, Handajani TY (2012) Determination of familiar odours for standard 
examination of olfactory function of the elderly in Jakarta. Neurona 29:7–13

33. Doty RL, Marcus ALW (1996) Development of the 12-item cross-cultural smell identification test 
(CC-SIT). Laryngoscope 106:353–356 [PubMed: 8614203] 

34. Sheikh JI, Yesavage J (1986) Geriatric Depression Scale (GDS). Recent evidence and development 
of a shorter version In: Brink TL (ed) Clinical gerontology: a guide to assessment and intervention. 
The Haworth Press Inc, New York, pp 165–173

35. World Health Organization (2006) Definition and diagnosis of diabetes mellitus and intermediate 
hyperglycemia: Report of a WHO/IDF Consultation. WHO Press, Geneva

36. Mancia G, Fagard R, Narkiewicz K et al. (2013) 2013 ESH/ESC guidelines for the management of 
arterial hypertension: the task force for the management of arterial hypertension of the European 
Society of Hypertension (ESH) and of the European Society of Cardiology (ESC). J Hypertens 
31:1281–1357 [PubMed: 23817082] 

37. Strauss E, Sherman EMSSO (2006) A compendium of neuropsychological tests: administration, 
norms, and commentary, 3rd edn Oxford University Press, New York

38. Kaplan E, Goodglass H, Weintraub S (2001) The Boston naming test. Lippincott, Williams & 
Wilkins, Baltimore

39. Folstein MF, Folstein SEMP, Mini-mental state (1975) A practical method for grading the cognitive 
state of patients for the clinician. J Psychiatr Res 12:189–198 [PubMed: 1202204] 

40. Kobal G, Klimek L, Wolfensberger M et al. (2000) Multicenter investigation of 1036 subjects using 
a standardized method for the assessment of olfactory function combining tests of odor 
identification, odor discrimination, and olfactory thresholds. Eur Arch Otorhinolaryngol 254:205–
211

41. Ship JA, Pearson JD, Cruise LJ et al. (1996) Longitudinal changes in smell identification. J 
Gerontol Ser A Biol Sci Med Sci 51A:86–91

42. Oliveira-Pinto AV, Santos RM, Coutinho RA et al. (2014) Sexual dimorphism in the human 
olfactory bulb: females have more neurons and glial cells than males. PLoS One 9:e111733 
[PubMed: 25372872] 

43. Kass MD, Czarnecki LA, Moberly AH et al. (2017) Differences in peripheral sensory input to the 
olfactory bulb between male and female mice. Sci Rep 7:1–15 [PubMed: 28127051] 

44. Devanand DP, Tabert MH, Cuasay K et al. (2010) Olfactory identification deficits and MCI in a 
multi-ethnic elderly community sample. Neurobiol Aging 31:1593–1600 [PubMed: 18963256] 

45. Croy I, Hummel T (2017) Olfaction as a marker for depression. J Neurol 264:631–638 [PubMed: 
27393116] 

46. Kohli P, Soler ZM, Nguyen SA et al. (2016) The association between olfaction and depression: a 
systematic review. Chem Senses 41:479–486 [PubMed: 27170667] 

47. Li Q, Yang D, Wang J et al. (2015) Reduced amount of olfactory receptor neurons in the rat model 
of depression. Neurosci Lett 603:48–54 [PubMed: 26170245] 

48. Weinstock RS, DU Wright HNS (1993) Olfactory dysfunction in diabetes mellitus. Physiol Behav 
53:17–21 [PubMed: 8434058] 

49. Hawkins KA, Pearlson GD (2011) Age and gender but not common chronic illness predict odor 
identification in older African Americans. Am J Geriatr Psychiatry 19:777–782 [PubMed: 
21873833] 

Turana et al. Page 9

Aging Clin Exp Res. Author manuscript; available in PMC 2020 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



50. Gopinath B, Sue CM, Flood VM et al. (2015) Dietary intakes of fats, fish and nuts and olfactory 
impairment in older adults. Br J Nutr 114:240–247 [PubMed: 26079067] 

51. Kim WY, Hur M, Sook M et al. (2003) Effect of olfactory function on nutritional status of Korean 
elderly women. Nutr Res 23:723–734

52. Gouveri E, Katotomichelakis M, Gouveris H et al. (2014) Olfactory dysfunction in type 2 diabetes 
mellitus: an additional manifestation of microvascular disease? Angiology 65:869–876 [PubMed: 
24554429] 

53. Nigwekar SU, Weiser JM, Kalim S et al. (2017) Characterization and correction of olfactory 
deficits in kidney disease. J Am Soc Nephrol 28:3395–3403 [PubMed: 28775001] 

54. Doty RL, Petersen I, Mensah NCK (2011) Genetic and environmental influences on odor 
identification ability in the very old. Psychol Aging 26:864–871 [PubMed: 21639645] 

55. Lafaille-Magnan ME, Poirier J, Etienne P et al. (2017) Odor identification as a biomarker of 
preclinical AD in older adults at risk. Neurology 89:327–335 [PubMed: 28659431] 

56. Frye RE, Schwartz BS, Doty RL (1990) Dose-related effects of cigarette smoking on olfactory 
function. JAMA 263:1233–1236 [PubMed: 2304239] 

57. Vassilaki M, Christianson TJ, Mielke MM et al. (2017) Neuroimaging biomarkers and impaired 
olfaction in cognitively normal individuals. Ann Neurol 81:871–882 [PubMed: 28543731] 

Turana et al. Page 10

Aging Clin Exp Res. Author manuscript; available in PMC 2020 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Turana et al. Page 11

Table 1

Subjects characteristics

Factor Indonesians (n = 470) White Australians (n = 819) p value

Age, mean ± SD 67.4 ± 7.4 78.7 ± 4.8 < 0.001

Female, n (%) 316 (67.2) 465 (56.8) < 0.001

Education < 9 years, n (%) 304 (64.7) 120 (14.7) < 0.001

HDL, mmol/L, mean ± SD 1.4 ± 0.4 1.5 ± 0.5 0.126

LDL, mmol/L, mean ± SD 3.6 ± 1.0 2.8 ± 0.9 < 0.001

APOE ε4+, n (%) 98 (24.6) 170 (22.4) 0.429

Smoker, n (%) 76 (16.2) 23 (2.8) < 0.001

Diabetes, n (%) 95 (20.2) 107 (13.1) 0.001

Hypertension, n (%) 253 (59.1) 676 (82.5) < 0.001

GDS score, mean ± SD 3.4 ± 2.7 2.2 ± 2.0 < 0.001

BNT score, mean ± SD
a 12.0 ± 3.3 25.0 ± 3.5 –

Fluency score, mean ± SD 14.7 ± 4.8 15.0 ± 4.3 < 0.001

MMSE score, mean ± SD 23.0 ± 4.9 28.1 ± 1.4 < 0.001

OI score, mean ± SD
b 5.4 ± 2.6 9.2 ± 2.2 –

a
The BNT was 15 items for Indonesians and 30 items for white Australians

b
Different OI tests were used, with the maximum score 10 for Indonesians and 12 for white Australians

APOE apolipoprotein E, BNT Boston Naming Test, GDS Geriatric Depression Scale, HDL high-density lipoprotein cholesterol, LDL low-density 
lipoprotein cholesterol, MMSE Mini-Mental State Examination, OI odour identification, SD standard deviation
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Table 2

Univariate associations with odour identification scores

Factor Indonesians White Australians

B p value B p value

Age, years −0.047 0.004 −0.100 < 0.001

Female 0.225 0.875 0.888 < 0.001

Education < 9 years −1.285 < 0.001 −0.260 0.223

HDL, mmol/L 0.413 0.164 −0.017 0.918

LDL, mmol/L 0.280 0.010 0.142 0.110

APOE ε4+ −0.208 0.495 −0.218 0.238

Smoker −0.694 0.034 −1.089 0.017

Diabetes 0.491 0.102 −0.732 0.001

Hypertension 0.100 0.627 −0.131 0.510

GDS score −0.039 0.397 −0.122 0.001

BNT score 0.167 < 0.001 0.073 0.001

Fluency score 0.121 < 0.001 0.054 0.002

MMSE score 0.122 < 0.001 0.163 0.002

APOE apolipoprotein E, BNT Boston Naming Test, GDS Geriatric Depression Scale, HDL high-density lipoprotein cholesterol, LDL low-density 
lipoprotein cholesterol, MMSE Mini-Mental State Examination
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Table 3

Multivariate associations with odour identification scores

Factor Indonesians White Australians

B p value B p value

Age, years −0.021 0.197 −0.073 < 0.001

Female 0.179 0.521 0.862 < 0.001

Education < 9 years −0.216 0.418 −0.085 0.699

HDL, mmol/L 0.193 0.578 −0.222 0.212

LDL, mmol/L 0.202 0.092 0.008 0.928

APOE ε4+ −0.172 0.507 −0.222 0.212

Smoker −0.249 0.469 −0.964 0.038

Diabetes 0.201 0.449 −0.798 0.001

Hypertension 0.189 0.397 0.060 0.762

GDS score 0.047 0.288 −0.088 0.020

BNT score 0.089 0.047 0.042 0.089

Fluency score 0.069 0.011 0.006 0.767

MMSE score 0.008 0.800 0.021 0.707

APOE apolipoprotein E, BNT Boston Naming Test, GDS Geriatric Depression Scale, HDL high-density lipoprotein cholesterol, LDL low-density 
lipoprotein cholesterol, MMSE Mini-Mental State Examination

Aging Clin Exp Res. Author manuscript; available in PMC 2020 September 26.


	Abstract
	Introduction
	Methods
	Study participants
	Olfactory ability tests
	Clinical risk factors
	Language and cognitive status tests
	Statistical analysis

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3

