
Introduction

Olfactory impairment can have a significant impact on 
many aspects of an individual’s life, particularly as it relates 
to nutrition. Individuals with olfactory impairment show an 
increased risk of poor diet quality (1). Community dwelling 
women aged 65 who have olfactory losses consume more sweet 
foods and have a lower preference for fruits and vegetables 
(2). Recent research however, shows no association between 
olfactory function and nutritional status when examined using 
the short and long forms of the Mini Nutritional Assessment 
(MNA) (3, 4). The MNA tool detects risk of malnutrition 
through a collation of anthropometric measurements, mobility, 
food intake and body mass index (5). This tool, however, does 
not specifically measure food and fluid intake. In one of the 
few studies where actual nutrient intakes were assessed, no 
effect of olfactory impairment on macronutrient intake of older 
Korean adults was found (6). Olfactory impairments, however, 
were self-reported and not measured using a validated tool. 
The aim of the current research is to examine the prevalence 
of olfactory impairment in a sample of older adults living in 
Canadian long term care (LTC) homes and the associations 
between olfactory scores when measured using a validated 
olfaction tool and nutrient and energy intake collected using 
measures of actual food intake. 

Methods 

Study Design
Data analysed in this paper were resident level factors that 

were collected as part of the Making the Most of Mealtimes 

(M3) study, a cross-sectional research project conducted in 
32 LTC homes in 4 Canadian provinces (7). The overall aim 
of the larger study was to identify and measure multi-level 
determinants (resident-, dining room- and home-level) of food 
and fluid intake in residents. The complete protocol of the 
data collection at all levels of the study has been outlined 
elsewhere (7).  The study was approved by research ethics 
boards from the participating Universities within the four 
provinces (University of Waterloo, University of Alberta, 
University of Manitoba, Université de Moncton, University 
Hospital Network at the University of Toronto and University 
of Guelph) and from LTC home sites as required. 

Participants
In each of the 32 homes, residents were randomly selected to 

take part in the study based on the following inclusion criteria: 
over the age of 65, informed consent provided by the resident 
or substitute decision maker, no hospital admission in the 
previous month, residing in the home for at least one month, 
consumption of an oral diet, and meals consumed in the dining 
room. Recruitment of residents occurred until a quota of 20 
residents per home was met. In total, 639 participated in the 
study and of these 300 individuals took part in the olfactory 
tests. These individuals had the cognitive capabilities (CPS 
score <3) and consented to be involved in olfactory testing. 

Resident Level Measures
To measure olfactory capability, participants (n=300) 

were presented with the “Sniffin’ Stick” – Screening 12 Test 
(Burghart Messtechnik GmbH). This measure has high test-
retest reliability and has previously been used to characterize 
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individuals based on olfactory capabilities (8). In brief, the 
“Sniffin’ Stick” test involves presenting participants with 
a “pen” infused with an odour. To ensure consistency with 
testing, a trained research assistant removed the lid from 
the pen and held it approximately 2 cm from each nostril of 
the participant. After sniffing the pen with each nostril, the 
participant was asked to identify the odour by pointing to a 
labelled picture from a choice of four placed in front of them. 
The research assistant recorded the response prior to moving on 
to the next pen. In total, 12 pens were presented to participants 
for sniffing. All participants were allowed to take breaks as 
necessary. Residents (n=295) also self-reported their olfactory 
capability by rating their ability to smell food as poor, fair, 
good or excellent.

Weighed food intake of each participant was collected over 
three non-consecutive days (2 weekdays and one weekend 
day) by trained research assistants. Main plate food items were 
individually weighed before and after each of nine meals and 
the amount consumed was determined through subtraction. 
Consumption of beverages, side dishes and snacks was 
estimated using the production menu and by measuring serving 
ware. Consumption of food between meals was estimated by 
observing participants and/or asking residents, family and staff. 
Food Processor Nutrition Analysis Software version 10.14.1 
(Esha Research, Salem, OR, USA) was used for nutrient 
analysis and estimates of energy (kcal and kcal/body weight), 
protein (g and g/kg body weight), carbohydrate (g/d) and 
nutrient intake (Vitamins A, B1, B2, B3, B6 and B12, C, D, E, 
folate, calcium, copper, iron, magnesium, phosphorus, selenium 
and zinc). Micronutrient intakes were used to determine 
nutrient adequacy ratio (NAR) as outlined by Kant (9). For 
each vitamin, this ratio was calculated as the adjusted intake 
from food or fluid (no multi-nutrient pills) divided by the 
recommended dietary allowance (RDA) for the nutrient (by 
gender and age); a maximum value of 1.0 was used (e.g., intake 
= RDA). The mean adequacy ratio (MAR) was calculated 
by averaging the 17 NAR’s. A higher MAR score indicated 
better diet quality, where a value equal to 1.0 was interpreted 
as all micronutrients being consumed above the RDA for the 
resident. Demographic information including age (years), sex 
(male/female), body weight (kg) and body mass index (BMI), 
estimated using ulna length, were also collected and used in this 
analysis. 

Statistical Analysis
Number of correct responses obtained for the olfactory test 

were used to categorize individuals based on their olfactory 
capabilities: anosmic - 6 or less odours; potentially anosmic 
- scores of 7 to 10; and normosmic - scores of 11 or 12 (8). 
Frequency of individuals falling within each category was 
calculated. The self-reported smell capabilities were then 
analysed using a one-way analysis of variance (ANOVA) to 
examine the association between actual smell ability and self-
reported olfactory capability.

Given the low number of individuals in the normosmic 
group (1% of the population), olfactory capabilities were 
re-categorized into anosmic (those who scored ≤ 8 on the 
olfactory test) and not anosmic (those who scored greater than 
8) as per Hummel (8). Differences in resident characteristics 
and dietary intakes were examined between these two groups 
using pooled t-tests for equal variance. 

Results & Discussion

Olfactory categorizations shown in Table 1 indicate that the 
majority of the LTC home residents (over 70%) completing the 
olfactory test were classified as anosmic. Counts of responses 
ranged from 11 individuals not able to correctly identify 
any smells (score of 0) to one person correctly identifying 
all samples (score of 12). The median score was 5. Others 
have found similar prevalence rates; prevalence of olfactory 
impairment has been shown to increase with age where 62.5% 
between the ages of 80 and 97 have impaired olfaction (10). 

Table 1
Categorization of individuals based on actual and self-

reported olfactory capabilities

Smell categorya Countb (%)
Anosmic 219 (73)
Potentially anosmic 78 (26)
Normosmic 3 (1)
Self-reported smell capabilities Countc (%)

Poor 36 (12)
Fair 90 (31)
Good 142 (48)
Excellent 27 (9)
a. Based on categorization by Hummel et al. (8); b. n=300; c. n=295 due to unanswered 
data

When asked about their olfactory capability, almost 50% of 
the sample felt that their smell capabilities were “good” (Table 
1). Those who self-reported their capabilities to be poor had 
significantly lower “Sniffin’ Sticks” scores (M = 3.33, SD = 
2.42) than those who indicated their smell capability as fair (M 
= 4.74, SD = 2.39), good (M = 5.58, SD = 2.38) or excellent 
(M = 5.11, SD = 2.48; F3,291 = 8.88, p < 0.0001) indicating that 
individuals are aware that they have olfactory losses. 

When individuals were reclassified into two groups (anosmic 
and not anosmic) and groups compared, no differences were 
found between olfactory ability and body weight, BMI, or any 
of the dietary intake measures (Table 2). This result confirms 
previous evidence on lack of an association between olfactory 
ability when other olfactory measures are used and dietary 
intake (6, 11).  

Given that the smell of a food typically contributes to a 
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desire to consume a food, the results observed in this study 
may appear counterintuitive. There are, however, a number 
of reasons why a reduction in olfactory ability does not affect 
food intake. First, it is well documented that changes to 
olfactory capabilities are gradual and not easily noticed by 
individuals (12).  This may be one reason why others have not 
found a relation between olfactory dysfunction and preference 
for flavor enhanced foods (13, 14).  Second, there are other 
factors, aside from the odours and flavours associated with 
food that contribute to the desire to eat. The first activity that 
individuals undergo when food is put in front of them is to 
look at the food. It is at this point that a judgement is made 
as to whether or not the food will be consumed. While there 
is evidence that individuals who consume modified textured 
diets use the appearance of the food as one indicator to decide 
if the food is safe for them to eat (15), whether this holds true 
for individuals consuming a regular textured diet has not been 
clearly elucidated.  Future research should assess the impact of 
appearance on the acceptability of foods served to individuals 
in LTC. It may be that by making a food look more appealing, 
individuals may be more likely to eat it regardless of their 
olfactory capabilities.  Last, for individuals in LTC, mealtime 
is an important part of the day. While food is essential to 
mealtimes, the larger context of the dining experience, 
including interactions with others is also important. Recent 
research by Trinca et al (16) showed that energy and protein 
intakes were greater when family/volunteers were present at the 
meal. It may be that social factors such as this compensate for 
any olfactory impairments present in the population and may be 
more relevant to support intake. 

Although it is often suggested that individuals with olfactory 

impairments should be provided with foods with enhanced 
tastes and smells to improve intake, our results suggest that this 
strategy may not be useful and that factors other than olfactory 
impairment are contributing to the high levels of inadequate 
intake within this population. 
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Table 2
Resident characteristics (demographics and dietary intakes) based on likelihood of olfactory impairment

Not anosmic (n=27) Anosmic (n=273) Probability
Resident demographics
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Protein  (g/kg body weight) 0.85±0.22 0.86±0.22 0.83
Carbohydrate (g) 213.89±33.96 218.35±42.5 0.59
Mean MAR scoreb 0.81±0.07 0.80±0.07 0.43
a. Differences not examined; b. Mean adequacy ratio calculated by averaging nutrient adequacy ratios for 17 vitamins
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