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Abstract

It is unclear whether lifestyle modifications, such as dietary changes, should be advocated to prevent olfactory dysfunction. We investigated

the association between dietary intakes of fats (saturated, mono-unsaturated and polyunsaturated fats, and cholesterol) and related food

groups (nuts, fish, butter, margarine) with olfactory impairment. There were 1331 and 667 participants (older than 60 years) at baseline and

5-year follow-up, respectively, with complete olfaction and dietary data. Dietary data were collected using a validated semi-quantitative

FFQ. Olfaction was measured using the San Diego Odor Identification Test. In a cross-sectional analysis of baseline data, those in the high-

est v. lowest quartile of n-6 PUFA intake had reduced odds of having any olfactory impairment, multivariable-adjusted OR 0·66 (95 % CI

0·44, 0·97), P for trend¼0·06. Participants in the highest v. lowest quartile of margarine consumption had a 65 % reduced odds of having

moderate/severe olfactory impairment (P for trend¼0·02). Participants in the highest quartile compared to the lowest quartile (reference)

of nut consumption had a 46 % (P for trend¼0·01) and 58 % (P for trend¼0·001) reduced odds of having any or mild olfactory impairment,

respectively. Older adults in the highest v. lowest quartile of fish consumption had 35 % (P for trend¼0·03) and 50 % (P for trend¼0·01)

reduced likelihood of having any or mild olfactory impairment, respectively. In longitudinal analyses, a marginally significant association

was observed between nut consumption and incidence of any olfactory impairment, highest v. lowest quartile of nut consumption: OR 0·61

(95 % CI 0·37, 1·00). Older adults with the highest consumption of nuts and fish had reduced odds of olfactory impairment, independent of

potential confounding variables.
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A decrease in olfactory function with increasing age has been

extensively reported(1–3). Unlike alterations in hearing and

vision, age-related changes in olfaction often go unnoticed,

and smell ability is rarely evaluated clinically(4). There are

several bases for age-related changes in smell function and

include some of the following: (1) ossification and closure

of the foramina of the cribriform plate(5); (2) development of

early neurodegenerative disease pathology(6); and (3) cumu-

lative damage to the olfactory receptors from smoking and

other insults throughout life(1,4). There have been various

tests developed to evaluate the sense of smell. Included in

such procedures are tests of olfactory sensitivity (e.g. odour

detection and recognition thresholds), odour discrimination,

odour identification, odour memory and supra-threshold

scaling of odour intensities and pleasantness(7).

We previously showed that among the Blue Mountains Eye

Study (BMES) participants aged $60 years, the prevalence of

olfactory impairment was 27·0 %(2). This was comparable to

the 24·5 % rate observed in the Wisconsin Epidemiology of

Hearing Loss Study for persons aged 43–86 years(3). In

addition to its relatively high prevalence, olfactory loss

impacts on a wide range of functions. Decreased olfaction

results in reductions in appetite, leading to weight loss and

malnutrition(8). In the presence of impaired smell, disability

and diminished quality of life are observed(9–11). Many studies

have also shown a significant relationship between olfactory

impairment and depressive symptoms and poor quality of

life(11,12). In addition, the functional ability and independence

of older adults is significantly impaired in the presence of

olfactory impairment(1). More recently, olfactory impairment

has been shown to predict future cognitive decline(13), Parkin-

son’s disease(14) and increased mortality risk(15).

Apart from the effects of smoking, there are very few epide-

miological data on modifiable risk factors associated with
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olfactory impairment. A better understanding of lifestyle risk

factors will facilitate to identify and change at-risk behaviour,

and help in implementing preventive strategies. Encouraging

changes in the dietary intakes of individuals could be a poten-

tial preventive strategy for olfactory impairment. A recent

animal study by Thiebaud et al.(16) showed that exposure to

a high-fat diet, independent of the degree of adiposity, can

impact on the general neuro-architecture of the olfactory

system. Specifically, mice fed a high-fat diet showed a

marked reduction in olfactory discrimination. The authors

speculated that such reduction in sensory performance,

which is precipitated by a chronic increase in fat in the diet,

could be linked to the observed loss of olfactory sensory

neurons in the study or just be one facet of the likely multiple

changes in the different levels of the olfactory system attribu-

ted to the presence of fat(16). However, to our best knowledge,

no adult population-based study has specifically examined

the association between dietary intakes of fats or the major

fat-containing groups and the prevalence and incidence of

olfactory impairment.

We therefore used a representative community-based

cohort of older adults to investigate the following aims:

(1) to establish whether cross-sectional and longitudinal

associations exist between dietary fats (saturated, mono-

unsaturated, polyunsaturated, cholesterol), certain food groups

(e.g. nuts, butter, margarine and fish) and olfactory loss;

and (2) to determine whether observed cross-sectional or

longitudinal associations differed according to the severity

of olfactory impairment.

Methods

Study population

The BMES is a population-based cohort study of common eye

diseases and other health outcomes in a suburban Australian

population located west of Sydney. Study methods and pro-

cedures have been described elsewhere(17). Baseline examin-

ations of 3654 residents aged .49 years were conducted

during 1992–4 (BMES-1, 82·4 % participation rate). Surviving

baseline participants were invited to attend examinations

after 5 years (1997–9, BMES-2), 10 years (2002–4, BMES-3)

and 15 years (2007–9, BMES-4). At BMES-2, -3 and -4, 2334

participants (75·1 % of survivors), 1952 participants (75·6 %

of survivors) and 1149 (55·4 % of survivors) with complete

data were re-examined, respectively. The present study

was conducted according to the Declaration of Helsinki and

The University of Sydney and the Western Sydney Area

Human Ethics Committees approved the study, and written,

informed consent was obtained from all participants at each

examination.

Olfaction examination

The San Diego Odor Identification Test (SDOIT)(18) and

related olfactory questions were a component of the BMES-3

examination, and complete olfaction data were obtained

from 1636 of 1952 (83·8 %) BMES-3 participants. Participants

were tested individually with the SDOIT, an eight-item

odour identification test with a test–retest reliability relatively

similar to that for the forty-item University of Pennsylvania

Smell Identification Test (UPSIT) (r 0·86 SDOIT; r 0·94

UPSIT)(19). Odorants were presented to the participants in

a random order, in an opaque container covered with

gauze. These odorants are common odours in the household,

that is, chocolate, cinnamon, talcum powder, chewing gum,

coffee, mustard, peanut butter, and play-doh. An inter-

stimulus pause of 45 s was used to prevent adaptation(20).

The examiner would record on a score sheet ‘0’ (incorrect),

‘1’ (correct) or ‘9’ (don’t know) beside each listed odorant.

A picture board illustrating the odorants as well as distracters

was used for participants to identify each odorant. Scores

were calculated from the number of odorants identified

correctly. We defined mild olfactory impairment as less than

six but greater than three correct responses and moderate/

severe as three or less correct responses out of a total of

eight possible responses.

Dietary assessment

Dietary data were collected using a 145-item self-administered

FFQ, modified for Australian diet and vernacular from an early

Willett FFQ(21), and included reference portion sizes. Partici-

pants used a nine-category frequency scale to indicate the

usual frequency of consuming individual food items during

the past year(22). The FFQ showed moderate to good agree-

ment for ranking individuals according to their fat intakes

(total fat r 0·68, SFA r 0·67, MUFA r 0·54, and PUFA r 0·44)

and correctly classified more than 70 % of people within one

quintile for all types of fat(22,23). Total dietary fat comprised

dietary cholesterol, SFA, MUFA and PUFA.

Dietary intakes were estimated using the Australian Tables

of Food Composition (NUTTAB95)(23). Additional fatty acid

food composition data were added from the Royal Melbourne

Institute of Technology database(24), available on FoodWorks,

version 3 (Xyris Software Private Limited). Dietary fat intakes

were expressed as a contribution to percentage of energy

intake. Long-chain n-3 PUFA was calculated from the sum

of EPA (20 : 5 n-3), docosapentaenoic (22 : 5 n-3) and DHA

(22 : 6 n-3). Total n-3 PUFA consumption was calculated by

adding the intakes of long-chain n-3 PUFA and a-linolenic

acid. All dietary sources of n-3 PUFA were included in the ana-

lyses. In previously published fatty acid food sources of this

population(25), we have described the various food sources,

for example, for total n-3 PUFA intake the main dietary

sources were from fats and oils (27 %), fish and seafood

(21 %), meat and meat products (13 %), breads and cereals

(8 %), milk and milk products (8 %); the main food sources

of long-chain n-3 PUFA were fish and seafood (69 %), meat

and meat products (15 %), and eggs (15 %; includes n-3 forti-

fied eggs). The FFQ includes specific questions about the

type of oil and margarine, which were individually coded

and included in the total PUFA analyses. This analysis of the

baseline dietary intake does not include n-3 from sup-

plements. Previous investigations have indicated supplement

use of n-3/fish oils was not high in this cohort(26). The total
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n-6 PUFA consumption was calculated by adding the intakes

of linoleic and arachidonic acid(27).

Assessment of covariates

At face-to-face interviews with trained interviewers, a com-

prehensive medical history that included information about

hearing, demographic factors, socio-economic characteristics

and lifestyle factors was obtained from all participants.

Smoking status was determined from history as never

smoked, past smoker and current smoker (which included

those who had ceased smoking within the past 12 months).

Information on all currently taken medications was considered

to determine the use of cholesterol-lowering medication (i.e.

statins). Diabetes was defined either by history or from fasting

blood glucose $7·0 mmol/l. Subjects were defined as having

hypertension if they had systolic blood pressure greater than

140 mmHg or diastolic blood pressure more than 90 mmHg

Table 1. Study characteristics of Blue Mountains Eye Study participants by presence of olfactory impairment

(Mean values and standard deviations; number of participants and percentages)

Participants (n 1331)

No olfactory
impairment (n 1013)

Olfactory impairment
(n 318)

Characteristics Mean SD Mean SD P

Age (years) 71·9 7·1 76·4 7·2 ,0·0001
Men ,0·0001

n 377 176
% 37·2 55·4

BMI (kg/m2) 27·6 4·6 26·0 4·2 ,0·0001
Current smoking 0·23

n 66 27
% 6·5 8·5

History of hypertension 0·88
n 579 180
% 57·4 57·0

History of diabetes 0·88
n 579 180
% 57·4 57·0

Total energy intake (kJ/d) 8668·2 2469 8781·2 2503 0·48
Total dietary fat intake (g/d) 76·1 28·1 76·7 28·3 0·72
Saturated fat intake (g/d) 29·3 12·4 30·5 13·5 0·12
Monounsaturated fat intake (g/d) 27·8 10·6 27·7 10·4 0·88
n-3 PUFA intake (g/d) 1·1 0·6 1·1 0·6 0·27
n-6 PUFA intake (g/d) 9·1 4·7 8·6 4·4 0·09
Cholesterol intake (g/d) 314·1 146·3 317·8 150·3 0·70
Nuts (g/d) 9·7 14·3 7·8 12·4 0·02
Margarine (g/d) 10·2 9·3 10·3 9·1 0·94
Butter (g/d) 3·6 6·5 3·5 7·0 0·98
Fish (g/d) 39·4 35·4 34·4 32·9 0·03

Blue Mountains Eye Study participants
were examined (2002–4) (n 1952)

Incomplete dietary
data only at baseline

(n 325)

Incomplete olfactory
data only at baseline

(n 197)

Completed information
on diet and olfaction at

baseline (n 1331)

Included for incidence
analyses (n 667)

Did not have both
olfactory and dietary

data at baseline (n 99)

Lost to follow-up or died
before the 5-year

examination (n 442)

Incomplete olfactory
data at follow-up

(n 222)

Fig. 1. Flowchart of study participation in the Blue Mountains Eye Study from 2002–4 to 2007–9.
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or were on anti-hypertensive medications(28). BMI was calcu-

lated as weight divided by height squared (kg/m2).

Results

Of the 1952 participants examined at BMES-3 (or baseline for

the purpose of the present study), 1331 had complete infor-

mation on dietary intakes and olfactory status (Fig. 1). Study

participants with olfactory impairment compared to those

with normal olfaction were more likely to be male, older

and have a lower BMI and lower consumption of fish and

nuts (Table 1). After multivariable adjustment, a marginally

significant association was observed between increasing diet-

ary intakes of saturated fats and increased odds of prevalent

mild olfactory impairment, P for trend¼0·05 (Table 2). Partici-

pants in the highest compared to lowest quartile of total n-6

PUFA had a 34 % reduced odds of having any olfactory impair-

ment (P for trend¼0·06). Non-significant associations were

observed between dietary intakes of other types of fats and

prevalence of olfactory impairment (Table 2).

Participants in the highest quartile compared to the lowest

quartile of nut consumption had a 46 % (P for trend¼0·01)

and 58 % (P for trend¼0·001) reduced odds of having

any or mild prevalent olfactory impairment, respectively

(Table 3). In addition, participants in the highest v. lowest

quartile of margarine consumption had a 65 % reduced odds

of having moderate/severe olfactory impairment (P for

trend¼0·02). Participants who were in the highest compared

to the lowest quartile of fish consumption had a 35 % (P for

trend¼0·03) and 50 % (P for trend¼0·01) reduced likelihood

of having any or mild olfactory impairment (Table 3).

Of the 1331 participants included for cross-sectional analy-

ses, 667 participants had complete olfactory function data at

the 5-year follow-up (Fig. 1). Of these, 174 (26 %) developed

incident (i.e. new cases) of any olfactory impairment. Table 4

shows a marginally significant association between nut con-

sumption, and 5-year incidence of any olfactory impairment

was observed, that is, those in the highest v. lowest quartile

of nut consumption at baseline had reduced risk of develop-

ing incident olfactory impairment, multivariable-adjusted OR

Table 2. Association between dietary fats and prevalence of olfactory loss in the Blue Mountains Eye Study

(Adjusted odds ratios and 95 % confidence intervals, n 1331)

Severity of olfactory impairment*

Any Mild Moderate/severe

Variable OR 95 % CI OR 95 % CI OR 95 % CI

Total dietary fat (g/d)
First quartile (n 332) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 340) 0·74 0·51, 1·09 0·80 0·49, 1·29 0·69 0·41, 1·15
Third quartile (n 326) 0·83 0·57, 1·21 0·86 0·53, 1·40 0·81 0·48, 1·34
Fourth quartile (n 333) 0·83 0·57, 1·20 1·01 0·64, 1·60 0·65 0·39, 1·10
P for trend 0·41 0·86 0·16

Saturated fats (g/d)
First quartile (n 334) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 340) 0·79 0·53, 1·16 1·05 0·64, 1·74 0·55 0·32, 0·95
Third quartile (n 326) 0·99 0·68, 1·46 1·17 0·71, 1·93 0·85 0·51, 1·42
Fourth quartile (n 331) 1·18 0·81, 1·72 1·57 0·97, 2·53 0·90 0·54, 1·50
P for trend 0·24 0·05 1·00

Monounsaturated fats (g/d)
First quartile (n 335) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 334) 0·91 0·63, 1·32 0·93 0·58, 1·49 0·91 0·55, 1·49
Third quartile (n 331) 0·61 0·41, 0·91 0·68 0·41, 1·20 0·55 0·32, 0·94
Fourth quartile (n 331) 0·85 0·59, 1·23 0·97 0·62, 1·53 0·71 0·42, 1·17
P for trend 0·20 0·72 0·08

Total n-3 PUFA (g/d)
First quartile (n 316) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 336) 0·90 0·61, 1·32 0·89 0·54, 1·46 0·92 0·55, 1·54
Third quartile (n 344) 1·12 0·77, 1·64 1·43 0·90, 2·28 0·80 0·47, 1·38
Fourth quartile (n 335) 0·79 0·53, 1·17 0·75 0·45, 1·25 0·82 0·48, 1·39
P for trend 0·32 0·41 0·43

Total n-6 PUFA (g/d)
First quartile (n 314) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 337) 0·79 0·54, 1·16 0·73 0·45, 1·17 0·89 0·52, 1·52
Third quartile (n 340) 0·91 0·62, 1·32 0·79 0·49, 1·26 1·13 0·67, 1·91
Fourth quartile (n 340) 0·66 0·44, 0·97 0·64 0·40, 1·03 0·66 0·38, 1·17
P for trend 0·06 0·11 0·20

Dietary cholesterol (mg/d)
First quartile (n 342) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 330) 1·05 0·73, 1·52 1·25 0·78, 2·01 0·86 0·53, 1·41
Third quartile (n 335) 0·85 0·58, 1·25 1·04 0·64, 1·71 0·70 0·42, 1·18
Fourth quartile (n 324) 0·89 0·61, 1·30 1·24 0·76, 2·00 0·62 0·36, 1·05
P for trend 0·39 0·53 0·06

* Adjusted for age, sex, energy intake, BMI, smoking, hypertension and history of diabetes.
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0·61 (95 % CI 0·37, 1·00). Significant associations were not

observed with other food groups (Table 4) or dietary fats

(data not shown) and incidence of olfactory impairment.

Discussion

This cohort study provides novel epidemiological evidence of

an inverse cross-sectional association between nut and fish

consumption and any or mild olfactory impairment in older

adults, independent of the effects of potential confounders

such as age, smoking, BMI, energy intake and a history of

diabetes and hypertension. In cross-sectional analyses, study

participants who had the highest v. lowest intake of total

n-6 PUFA and margarine had significantly reduced odds of

olfactory loss. Significant associations were not observed

with any of the key nutritional variables and the 5-year inci-

dence of olfactory impairment.

Our findings of a non-significant association between

dietary intakes of total dietary fats with both prevalence and

5-year incidence of olfactory impairment contrasts with the

findings of a previous animal study, which showed that

mice fed a high-fat diet showed a marked reduction in olfac-

tory discrimination(9). One potential reason for this divergent

finding could be the type of test used to determine olfaction;

in the present study we used a test that involved odour

identification, while the animal study involved olfactory dis-

crimination. We did, however, observe a marginally significant

association between increasing dietary intakes of saturated fats

and increasing odds of having prevalent mild olfactory loss,

but not incident olfactory loss. Previously, it was shown that

adoption of a saturated fat-enriched diet over a 3-week

period was associated with an impairment of flow-mediated

dilation, suggestive of endothelial dysfunction(29). Given that

endothelial dysfunction could contribute to the age-related

decline in olfactory sensitivity observed in older adults(30),

increased saturated fat intake via endothelial dysfunction

could be responsible for increasing the likelihood of having

impaired olfaction.

Increasing nut consumption was independently associated

with a reduced likelihood of having prevalent olfactory loss.

Further, a marginally significant association was observed

between increasing nut consumption at baseline and reduced

risk of developing any olfactory impairment 5 years later.

Given that the present study is a correlational study, it is

not possible to establish the mechanisms that underlie the pro-

tective influence of nut consumption on olfactory function.

However, we hypothesise that nuts are rich in unsaturated

fats and other nutrients, which could decrease levels of

inflammatory markers(31) and, hence, help in maintaining

healthy olfaction in older adults. This is because sensorineural

olfactory loss is caused by damage or destruction of the neuro-

epithelium as a result of toxic inflammatory mediators and

tissue disruption from infiltrating inflammatory cells(32,33).

In the BMES, we previously showed that nut consumption

protected against dying from chronic inflammation-related

diseases(27). Several bioactive components in nuts, acting in

isolation or most probably synergistically, could explain the

beneficial effect against inflammation(27,34). It is likely that

similar mechanisms could also mediate the association with

olfactory impairment. For instance, Mg, a mineral found in

Table 3. Association between food groups and prevalence of olfactory loss in the Blue Mountains Eye Study

(Adjusted odds ratios and 95 % confidence intervals, n 1331)

Severity of olfactory impairment*

Any Mild Moderate/severe

Variable OR 95 % CI OR 95 % CI OR 95 % CI

Nuts (g/d)
First quartile (n 302) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 367) 0·65 0·45, 0·94 0·66 0·43, 1·03 0·64 0·38, 1·08
Third quartile (n 328) 0·59 0·40, 0·87 0·50 0·31, 0·81 0·67 0·40, 1·14
Fourth quartile (n 334) 0·54 0·37, 0·80 0·42 0·25, 0·68 0·73 0·43, 1·22
P for trend 0·01 0·001 0·57

Margarine (g/d)
First quartile (n 327) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 266) 0·85 0·56, 1·30 1·05 0·61, 1·81 0·66 0·37, 1·16
Third quartile (n 531) 1·03 0·72, 1·46 1·24 0·79, 1·96 0·85 0·53, 1·35
Fourth quartile (n 207) 0·75 0·48, 1·17 1·18 0·68, 2·05 0·35 0·18, 0·71
P for trend 0·41 0·43 0·02

Butter (g/d)
First tertile (n 587) 1·0 Reference 1·0 Reference 1·0 Reference
Second tertile (n 409) 0·74 0·54, 1·02 0·94 0·63, 1·38 0·51 0·32, 0·81
Third tertile (n 335) 0·80 0·57, 1·12 0·78 0·50, 1·20 0·84 0·53, 1·32
P for trend 0·46 0·27 0·83

Fish (g/d)
First quartile (n 334) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 324) 0·87 0·60, 1·27 0·69 0·43, 1·10 1·18 0·71, 1·97
Third quartile (n 336) 0·79 0·55, 1·15 0·81 0·52, 1·26 0·76 0·44, 1·31
Fourth quartile (n 337) 0·65 0·44, 0·96 0·50 0·31, 0·82 0·86 0·51, 1·45
P for trend 0·03 0·01 0·36

* Adjusted for age, sex, energy intake, BMI, smoking, hypertension and history of diabetes.
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nuts at higher amounts than in other edible plants(35), could

contribute to the reduction of inflammatory markers(34).

Moreover, dietary polyphenols present in nuts may have

anti-inflammatory effects, mediated by both their antioxidant

action and modulation of signal transduction pathways(27,34).

Finally, nuts also contain PUFA, including a-linolenic acid

and linoleic acid. a-Linolenic acid has been shown to exert

favourable effects on cytokine production(27,36). This notion

aligns with a previously hypothesised sensorineural mechanism

in which olfactory dysfunction can occur with an intact neuro-

epithelium, as a consequence of direct interactions between

olfactory sensory neurons and inflammatory cytokines(37).

Moreover, inflammation could also be a step in the pathway

that links fish consumption and reduced prevalence of any

and mild olfactory impairment observed in the BMES. This is

because fish contain n-3 PUFA (particularly EPA and DHA),

which are demonstrated to regulate inflammatory processes

and responses(38). Alternatively, we speculate that olfactory

loss could be a surrogate marker of neurodegeneration(39,40)

that could be accompanied by lower nut and fish con-

sumption. There is growing evidence from both animal and

human studies showing that moderate-duration dietary sup-

plementation with nuts is capable of altering cognitive

performance in human subjects, perhaps forestalling or rever-

sing the effects of neurodegeneration in ageing(41). Fish

consumption could also confer a similar protective effect

against neurodegeneration. For instance, there is epidemiolo-

gical evidence showing that increased fish intake is associated

with reduced Alzheimer’s disease and reduced cognitive

decline(42). Surprisingly, total and long-chain n-3 PUFA

intake were not independently associated with the prevalence

or incidence of olfactory loss in the present study. Evidence of

the clinical benefits of long-chain n-3 PUFA, for example, is

strong in some settings (e.g. rheumatoid arthritis) and yet

weak in others (e.g. in asthma and inflammatory bowel

disease)(27,38). The reasons for these apparently divergent

findings are not clear, and warrant confirmation by other

large, population-based cohorts.

In cross-sectional analyses, margarine and total n-6 PUFA

consumption were associated with reduced odds of olfactory

dysfunction. Given that margarine is one of the most con-

venient and readily available sources of linoleic acid (the

main dietary n-6 PUFA), it was not surprising to see similar

inverse associations between n-6 PUFA intake and margarine

consumption and prevalence of olfactory impairment. There

is still some uncertainty regarding the benefits and risks of

n-6 PUFA intake(43,44). n-6 PUFA have long been considered

as pro-inflammatory molecules because they are the main pre-

cursors of eicosanoids, a family of mediator molecules that

are involved in immune and inflammatory responses(43,45).

However, in human subjects, higher intakes of n-6 fatty

acids do not appear to be associated with elevated levels

of inflammatory markers(43,46). Therefore, the pathways

mediating the relationship between n-6 PUFA and margarine

intake and olfactory loss currently remains unclear. We cau-

tion, however, that this could be a chance finding, particularly

as we did not see this association persist at the 5-year follow-

up. Additional longitudinal studies are required to confirm or

refute our observed associations with olfactory impairment.

Table 4. Association between food groups and 5-year incidence of olfactory loss in the Blue Mountains Eye Study

(Adjusted odds ratios and 95 % confidence intervals, n 667)

Severity of olfactory impairment*

Any Mild Moderate/severe

Variable OR 95 % CI OR 95 % CI OR 95 % CI

Nuts (g/d)
First quartile (n 176) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 145) 0·71 0·43, 1·19 0·72 0·40, 1·29 0·63 0·27, 1·45
Third quartile (n 175) 0·70 0·43, 1·15 0·73 0·42, 1·27 0·70 0·31, 1·59
Fourth quartile (n 171) 0·61 0·37, 1·00 0·62 0·35, 1·09 0·62 0·28, 1·37
P for trend 0·10 0·17 0·39

Margarine (g/d)
First quartile (n 167) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 146) 0·74 0·43, 1·29 0·71 0·39, 1·31 0·85 0·31, 2·28
Third quartile (n 246) 0·86 0·53, 1·38 0·70 0·41, 1·21 1·28 0·55, 2·99
Fourth quartile (n 108) 0·93 0·52, 1·66 1·00 0·54, 1·88 0·61 0·20, 1·87
P for trend 0·94 0·75 0·93

Butter (g/d)
First tertile (n 287) 1·0 Reference 1·0 Reference 1·0 Reference
Second tertile (n 212) 1·28 0·84, 1·96 1·47 0·90, 2·39 0·88 0·43, 1·79
Third tertile (n 168) 1·22 0·77, 1·93 1·33 0·78, 2·25 1·22 0·58, 2·57
P for trend 0·63 0·61 0·50

Fish (g/d)
First quartile (n 168) 1·0 Reference 1·0 Reference 1·0 Reference
Second quartile (n 165) 0·79 0·47, 1·33 0·74 0·41, 1·33 0·81 0·34, 1·93
Third quartile (n 168) 0·79 0·47, 1·32 0·80 0·45, 1·43 0·72 0·30, 1·73
Fourth quartile (n 166) 1·23 0·75, 2·02 1·13 0·64, 1·98 1·46 0·66, 3·27
P for trend 0·21 0·41 0·20

* Adjusted for age, sex, energy intake, BMI, smoking, hypertension and history of diabetes.
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Strengths of the present study include its representative

population-based sample with relatively high participation,

longitudinal study design, availability of rich covariate/

confounder information, and the use of standardised objective

measures of olfaction and the use of a validated FFQ to

collect dietary data. The ability to classify participants with

mild or moderate/severe olfactory loss also added value to

this cohort study(1). However, there are some caveats, such

as dietary assessment by FFQ in which respondents have to

estimate typical intake frequencies of food items and their

portion sizes, which can potentially introduce measurement

error and bias. However, the overall validity of fatty acid cat-

egories compared to weighted food records was moderately

good(22,23,26). In addition, the number of odorants in the

SDOIT may limit the ability to detect small decrements

in odour identification or to distinguish hyposmia from

anosmia(1,47), and due to the nature of this test we cannot

firmly establish whether an individual has olfactory dysfunc-

tion or not. Further, while the SDOIT has been validated in

a US population, it has yet to be validated in an Australian

population. Furthermore, persons with olfactory impairment

compared to those with normal olfaction were shown to

have lower survival(15), and also given the older age of our

cohort, many study participants were unable to attend or

complete the follow-up examination. These factors could

have contributed to the substantial reduction in participant

numbers at 5-year follow-up. Hence, we had a relatively

small number of incident cases of any olfactory loss over the

5 years, which could have led to insufficient power to detect

modest associations between intakes of dietary fats and

related food groups and olfactory loss 5 years later. We also

need to highlight that the duration of follow-up is short and

that the average age of the cohort is relatively old, perhaps

most of the protective or beneficial effects from intakes of

nuts, total n-6 PUFA and margarine, and so on, may have

already been exerted before the cohort began to be followed.

Hence, this could explain the significant association with

prevalent olfactory loss at baseline but the lack of association

with the 5-year incidence of olfactory loss. Finally, we cannot

exclude the possibility of residual confounding, although

we have attempted to adjust for a number of potential con-

founders, there could be many unmeasured or unaccounted

variables (e.g. lifestyle and behavioural factors) that are

likely to have influenced the overall pattern of food intake.

In summary, we show that increased consumption of total

n-6 PUFA, margarine, nuts, and fish could contribute to a

modest reduction in the prevalence of olfactory impairment,

independent of the potential confounding influences of age,

sex, smoking, BMI and a history of hypertension and diabetes.

Apart from a marginally significant inverse association

between nut consumption and 5-year incidence of olfactory

impairment, dietary intakes of fatty acids or related food

groups did not influence risk of incident olfactory loss. The

reasons for these observed associations are not clear and

require confirmation in other large population-based studies.

These further studies will also be useful in establishing

whether consumption of nuts and fish might have a role in

the prevention of olfactory dysfunction in older adults.
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