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Simple Summary: Women with clinically diagnosed eating disorders have shown changes in their
ability to taste and smell. However, whether this is true for non-clinical populations is unknown.
We conducted the first study investigating whether high levels of disordered eating attitudes were
associated with poorer taste and smell ability in a non-clinical sample. Our results indicated higher
levels of disordered eating attitudes may be associated with different sensitivities to the odours from
sweet and fatty foods compared to those with lower levels of disordered eating attitudes. However,
further research is required to confirm our findings.

Abstract: Objectives: To examine if higher degrees of pathological eating attitudes in a non-clinical
sample are associated with odour and taste perception and preferences based on psychophysical
ratings. Participants and Methods: A total of 80 female university students completed the eating
attitudes test (EAT-26), followed by four chemosensory measures including olfactory and gustatory
perception plus perceptual ratings and preferences for food odours and tastes. Results: There were no
significant correlations between EAT-26 scores and measures of olfactory and gustatory perception.
However, a significant interaction effect indicated higher degrees of pathological eating attitudes
may be associated with differential sensitivity to sweet and fatty food odours compared to those
with lower levels of pathological eating attitudes. Conclusions: This was the first study to examine
pathological eating attitudes using food stimuli with a non-clinical sample. The results remain
preliminary until replication. However, the findings highlight the need for development of measures
of disordered eating attitudes and behaviours that go beyond caloric restriction.

Keywords: disordered eating; anorexia nervosa; bulimia nervosa; olfaction; gustation; food preferences

1. Introduction

Eating disorders (EDs) are one of the most devastating health problems amongst
young females worldwide [1], with anorexia nervosa (AN) having the highest mortality
rate of any psychiatric illness [2,3]. Nevertheless, the mechanisms underlying the aetiology,
symptomology, and maintenance of EDs remain poorly understood. Previous research has
suggested that individuals with EDs, including AN, have an impaired sense of smell and
taste [4,5]. Such research may have important implications for the treatment of EDs [6,7], as
smell and taste are crucial determinants of food preference, selection, and consumption [8].

1.1. Pathological Eating and Olfactory Dysfunction

Olfactory dysfunction is associated with numerous psychiatric conditions, including
schizophrenia [9,10], depression [11] and bipolar disorder [9] (BD). The link between
poor odour identification and EDs was first explored by Kopala et al. [12] employing
the University of Pennsylvania smell identification test [13] (UPSIT) with hospitalized
female AN patients diagnosed using the Diagnostic and Statistical Manual (DSM) criteria
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and female healthy controls (HCs). Findings indicated that patients with AN had intact
olfactory function, on par with HC’s, despite abnormal BMIs [12]. In a non-clinical study
using the eating attitudes test (EAT-26) as a measure of eating pathology and one bitter
tastant only, Stafford and colleagues [5] found that higher levels of eating pathology were
associated with poorer acuity for the bitter tastant and poorer odour acuity [5].

Using a more complete measure of olfactory function, Fedoroff et al. [14] employed
the olfactory threshold sensitivity test, a measure of odour acuity, as well as the UPSIT,
to a sample of 55 females who had either AN, BN (bulimia nervosa), both AN and BN
or were HCs. Results indicated that patients with AN displayed significant olfactory
impairment across both olfactory function tests, which did not improve following weight
gain. Using the Sniffin’ Sticks measure of olfactory function with a sample of female
AN patients and female HCs, Roessner et al. [7] found that AN patients had an intact
odour identification ability, but displayed moderate odour discrimination deficits and
pronounced odour threshold deficits. However, in contrast, a similar study found a small
(but significant) difference between AN patients and HCs on the Sniffin’ Sticks [15] odour
identification test [16]. In addition, Bentz et al. [17] found that both first episode and
weight-recovered AN patients displayed heightened odour threshold and identification
ability when compared to HCs. These inconsistent findings suggest that other factors,
including biological and cognitive differences, drive the olfactory dysfunction displayed
by ED patients, rather than the extreme caloric restriction alone, which is explored in the
following sections.

1.2. Pathological Eating and Gustatory Dysfunction

Gustatory dysfunction is associated with both cognitive and psychophysical impair-
ments. For example, in a large study with older adults (n = 1376), Churnin et al. [18]
found that gustatory dysfunction was associated with poorer performance on delayed
word recall task. Moreover, long-term malnutrition and biochemical abnormalities due to
starvation-related disordered eating has been linked to gustatory dysfunction, specifically,
hypogeusia (reduced sensitivity to taste) and dysgeusia (unpleasant perception of taste),
resulting in food refusal and reduced appetite [19,20]. Clinical behavioural observations
made in DSM-diagnosed AN patients, such as the use of high levels of salt, pepper and
artificial sweeteners in meals, has been in part attributed to gustatory dysfunction [21,22].

In a study by Nozoe et al. [23], taste recognition across the four basic tastes (sweet,
salty, sour, and bitter) was found to be significantly lower in hospitalized AN patients (n = 9)
than in HCs (n = 6) at the commencement of treatment. Note that the diagnosis of anorexia
was based on a Japanese Ministry of Health and Welfare [23]. However, once calorie intake
reached 1600 Kcal/day, taste scores significantly improved. Notably, sensitivity to sour
and bitter tastes rapidly improved after a daily intake of 1600 Kcal, while improvement
to sweet and salty taste sensitivity occurred just prior to discharge. In another study,
Frank et al. [24] found that both DSM-classified AN and obesity were associated with
reduced taste classification accuracy for a sucrose solution, indicating food deprivation and
overstimulation may be responsible for gustatory dysfunction.

However, the finding that ED individuals display reduced sensitivity to gustatory
stimuli has not been consistently replicated. For example, in a self-reported measure of
taste sensitivity, individuals with AN reported a hyper-sensitivity to taste stimuli, rather
than reduced gustatory function [25]. Moreover, another study found that AN and BN
patients did not differ from HCs in their estimates of the sweetness and fattiness of different
stimuli [26]. In contrast, another study found that females with AN incorrectly assessed the
taste of sucrose more often than female HCs, conflating sweet stimuli as bitter tasting [27].
Taken together, current research suggests that gustatory function and sensitivity varies
across the spectrum of eating pathology, but that these deficits are reversable with treatment
and weight regulation [4,20].
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1.3. Pathological Eating and Odour/Taste Preferences

Smell and taste play a key role in shaping how pleasurable individuals find foods, with
sweet sensations typically regarded as pleasant, and bitter sensations as unpleasant [28,29].
However, in populations with high pathological eating attitudes, food preferences and
attitudes are largely shaped by psychological factors such as anxiety around weight gain
and caloric intake, rather than by sensory experience alone [30]. For example, individuals
with high pathological eating attitudes report liking only those foods which they viewed as
nutritious [31]. This finding was replicated in a study with a non-clinical sample employing
the EAT-26 where 25% of the sample met the cut-off criteria for an ED and reported
restrictive eating health reasons [32]. Moreover, a review highlighted that patients with
AN often report an aversion to fatty and sweet-tasting foods, perceiving them as highly
caloric and eliciting their fear of weight gain [33].

One of the key components of AN is a general reduced pleasure derived from eat-
ing [31]. Several studies have explored the hedonic response to odour and taste stimuli
in ED populations. For example, Simon et al. [34] found that DSM-classified AN patients
have a reduced hedonic response when confronted with a typically pleasant taste stimuli
i.e., high sucrose solution. In contrast, a review by Keating et al. [35] reported that hedonic
properties of taste stimuli remain intact in AN patients, but the motivation for the stimuli
was decreased, subsequently leading to reduced preference driven by a fear of weight
gain. Most findings suggest that AN patients prefer highly sweet stimuli [26,36], while
disliking highly fatty stimuli [31], with Sunday and Halmi [37] finding that DSM-classified
AN patients displayed an aversion to all tastant stimuli that did not contain sugar.

1.4. Limitations of Previous Research

Due to varying methodological approaches, diverse assessment procedures, and
failure to control for potentially confounding variables such as hunger level and BMI,
the findings of previous studies have been mixed. Although clinical studies suggest that
individuals with AN have an impaired sense of smell and taste, these findings cannot be
generalized to the non-clinical population due to lack of research. Moreover, no studies to
date have utilized real food as stimuli to investigate eating attitudes and tests of olfactory
ability and taste perception with a non-clinical sample, and thus it is unclear whether
previous findings extend to this population.

1.5. The Present Study Aims and Hypotheses

The aim of the current study was to examine if higher degrees of pathological eating
attitudes in a non-clinical sample are associated with smell and taste deficits and pref-
erences. It is hypothesized that (1) higher levels of disordered eating attitudes will be
associated with lower olfactory ability; (2) higher degrees of disordered eating attitudes
will be associated with a higher perceived pleasantness of high sugar, healthy food odours;
(3) higher levels of disordered eating attitudes will be associated with lower psychophysical
ratings (i.e., sweetness, bitterness, fattiness, intensity) of taste stimuli and (4) higher degrees
of disordered eating attitudes will be associated with a higher perceived pleasantness of
sweet tastes.

2. Method
2.1. Participants

Eighty female university students participated in the study in exchange for course
credit. The participants were female only to allow comparison to past literature. Partic-
ipants who had food allergies or cold/flu-like symptoms were asked not to participate.
Participants were recruited via two parallel routes. One method of recruitment was an
advertisement on an online recruitment platform which lists studies that students can
self-enroll into. Due to the low incidence rate of high pathological eating attitudes, the
second recruitment method involved inviting participants to complete a series of screener
surveys, including the EAT-12 [38]. Participants with high scores on the EAT-12, indicating
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potential disordered eating attitudes, were invited to participate in the study. The use
of these two recruitment methods was employed to ensure a representative distribution
of participants with EAT-12 scores. The participants were aged between 17 and 53 years
(M = 19.65 years, SD = 6.14). G*Power software (v. 3.1.9.7) was used to calculate the
minimum sample size required for a medium effect size (d = 0.40) with 80% power, which
was 50. Macquarie University Ethics Committee approved the ethical aspects of this study
(Ref. 52022951936643).

2.2. Measures
2.2.1. Hunger

Hunger was measured via the question “How hungry do you feel right now” presented
on a sheet of paper. Participants were asked to circle the number on a 10-point scale that
applied to their current state of hunger (1 = ‘not at all’, 10 = ‘extremely’). Hunger was
measured four times throughout the experiment, and a mean score was calculated for the
four individual hunger scores.

2.2.2. Health Questionnaire

Health status relating to olfaction and gustation was measured via five questions,
designed to screen-out those with past or present conditions/injuries that may compromise
their sense of smell or taste. Participants were asked to disclose any allergies, medical
conditions, or operations, as well as their use of cigarettes/vapes and potential exposure
to chemicals, dusts or gases. No participants were excluded based on the results of this
questionnaire.

2.2.3. Eating Attitudes Test (EAT-26)

The EAT-26 [39] is a widely used self-report measure of disordered eating behaviours
and attitudes in both clinical and non-clinical populations. The EAT-26 contains 26 items
with questions on dieting, bulimia, and food preoccupation (e.g., “I feel extremely guilty
after eating”) and response options “always” (3), “usually” (2), “often” (1), “sometimes”,
“rarely” and “never” (each scoring 0). After reverse scoring one item, the total score is
calculated by summing the scores of each response. Scores range from zero to 78, and
scores of 20 or more are considered clinically significant. The test–retest reliability of this
measure is adequate (r = 0.82 − 0.90, p < 0.001) [40]. Acceptable internal consistency was
also demonstrated upon inspection of Cronbach’s alpha (α = 0.88).

2.2.4. Olfactory Function (Threshold and Discrimination)

Olfactory function was measured using two tests from the Sniffin’ Sticks odour thresh-
old and odour discrimination [15]. The tests are administered using felt tip pens (Burghart
Instruments, Hamburg, Germany) that are held at approximately 2 cm in front of the partic-
ipant’s nostrils while they are blindfolded, to avoid visual identification of the correct pen.
The pens are presented with an interval of two seconds between pens, and 30 s between two
triplets. For the threshold test, the test target pen contains n-butanol in 16 different dilutions
of increasing strength (with pen level 1 being the strongest). The pens are presented in a
staircase method, where stimulus concentration is decreased following trials that elicit a
correct response and increased following trials that elicit an incorrect response. The average
of the last four up–down transitions (reversals) is the participant’s threshold sensitivity
score (ranging from 1–16, with higher scores representing better olfactory sensitivity).

The odour discrimination test involves the presentation of 16 different triplets of pens
where two contain the same odour, and one contains a different odour (the target). Once
again, participants are presented with three pens at a time, and asked to identify the target
pen in a triple forced-choice paradigm. The stimuli are common odours including foods
and flowers such as lemon, cloves, rose and orange. The discrimination score is calculated
by the total number of correct trials out of 16 (ranging from 0–16), with higher scores
representing greater olfactory discrimination ability.
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2.2.5. Food Odour Rating Task

Odour sensitivity and preference was measured for eight common food items, two for
each of the following four categories: ‘high-sugar, healthy’ [one eighth of a ‘pink lady’ apple
(15 g), Woolworths honey (70 g)]; ‘high-sugar, unhealthy’ [one quarter of Mars chocolate
bar (14.5 g), two Pascall marshmallows (12.5 g)]; ‘high-fat, healthy’ [Woolworths olive oil
(35 g), 50 mL Dairy Farmers full-fat yogurt (52 g)]; and ‘high-fat, unhealthy’ [one third of
Woolworths small croissant (23 g), three Cheezels® (5.5 g)]. The stimuli categorisation was
based on research indicating that those with AN prefer highly sweet stimuli [34], while
disliking highly fatty stimuli [31], but that hedonistic responses in ED individuals may
vary based on perceived caloric value and ‘health’ status [41].

The stimuli were presented in transparent plastic jars with screw-top lids. Participants
were presented with each stimulus approximately 2 cm in front of their nostrils and asked
to sniff. After removal of the jar, participants rated the intensity and pleasantness of the
odour. This procedure was repeated for all eight food items and presented in a randomized
order for each participant. Ratings were made on a 120 mm labelled magnitude scale (LMS).
Sensitivity was measured via the intensity rating which had six anchors ranging from
0 mm = barely detectable to 120 mm = strongest imaginable [42,43]. Note that the LMSs are
usually 100 mm in length [42] but we used a scale of 120 mm as per our previous study [43].
The pleasantness rating had 11 anchors ranging from 0 mm = most disliked sensation
imaginable to 120 = most liked sensation imaginable [43,43]. Ratings were calculated by
measuring the length in mm from the bottom of the scale to the mark participants made on
the LMS. A total of eight variables were created from this measure by taking the average
intensity and pleasantness rating for the two stimuli within each of the four categories (i.e.,
high sugar/healthy, high sugar/unhealthy, high fat/healthy, high fat/unhealthy).

2.2.6. Liquid Tastant Rating Task

Taste sensitivity and preference were measured using 12 different liquids consisting
of three tastant types (i.e., sweet, bitter, and fatty) at four different concentrations (very
low, low, medium, and high). Sucrose (CSR) was used to produce a sweet taste, caffeine
(Sigma-Aldrich, Sydney, Australia) was used to produce a bitter taste, while dairy products
(Woolworths, Sydney, Australia) were used to produce a fatty taste. Concentrations for
the fatty tastants were: (1) high = cream; (2) medium = equal parts cream and full cream
milk; (3) low = full cream milk; (4) very low = skim milk. Concentrations for the sweet
and bitter tastant stimuli are depicted below in Table 1 and based on those outlined in
Prescott et al. [44].

Table 1. Concentrations for Sweet and Bitter Tastant Stimuli.

Concentration Level

Tastant Very low mM (g/L) Low mM (g/L) Medium mM (g/L) High mM (g/L)

Sucrose (sweet) 20 (6.85) 40 (13.7) 145 (49.6) 420 (143.8)
Caffeine (bitter) 0.7 (0.136) 1.9 (0.369) 6.5 (1.26) 39 (7.5)

Note. mM = molarity; g/L = grams per litre.

Twenty milliliters (mL) of each liquid were presented in separate, 50 mL, plastic cups
in random order. While the fatty tastants had a white appearance, both the bitter and sweet
tastants were clear. Participants poured the entire contents of each cup into their mouths
and made five LMS ratings on a single sheet of paper: intensity; sweetness; bitterness;
fattiness; pleasantness. After each rating was made, participants expectorated the stimulus,
rinsed their mouth with water and then expectorated the water. Participants made a total
of 60 ratings during this task because there were three types of stimuli (i.e., sweet, bitter,
fatty) presented at four different concentrations (i.e., very low, low, medium, high) which
were rated on five dimensions (i.e., intensity, sweetness, bitterness, fattiness, pleasantness).
Therefore, a total of 60 variables were created for this measure where higher scores indicate
stronger endorsement of the dimension rated.
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2.3. Procedure

All testing took place on the university campus. Participants were instructed not
to consume any food or beverages for at least one hour prior to arrival. Upon arrival,
participants were provided with information and consent forms and informed consent was
obtained before beginning the study. Height and weight data were recorded to obtain a
BMI score. The tasks were then presented in the following order: hunger rating 1, olfactory
threshold test, health interview, olfactory discrimination test, hunger rating 2, EAT-26, food
odour rating task, hunger rating 3, liquid tastant rating task, hunger rating 4. The study
ran for approximately 60 min in total.

2.4. Data Analyses

All statistical analyses were conducted using Statistical Packages for Social Sciences
(version 28) [45]. Hypotheses were tested using Spearman’s rank-order correlations, as the
assumption of normality was violated. Exploratory analyses were conducted to determine
whether participants with low versus high EAT-26 scores (determined via a median split)
rated the food stimuli and taste stimuli differently via a multivariate analysis of variance
(MANOVA) and three repeated measures analysis of variance (RM-ANOVAs). Preliminary
analyses of the correlations between EAT-26 scores and the taste stimuli ratings across the
four concentrations revealed non-significant correlations. Moreover, we found no signifi-
cant differences between the correlations across the four concentration levels. Therefore, to
provide more parsimonious results, we created a mean score for each tastant type based on
the ratings across the four tastant concentrations, resulting in a total of 15 variables for the
liquid tastant ratings task.

Based on the initial, planned findings, exploratory analyses were conducted to explore
whether any complex relationships existed between the different psychophysical ratings
and eating attitudes, we categorised participants based on a median split of EAT-26 scores
and conducted three analyses of variance. The median split resulted in 43 participants
having lower EAT-26 scores (i.e., 5 or lower) and 37 participants with higher EAT-26 scores
(i.e., 6 or higher) and the variable was named “EAT median group”. The first analysis was a
2 EAT median group (lower, higher) × 3 DVs (BMI, odour threshold, odour discrimination)
ANOVA to determine whether groups different on these three dependent variables. The
second analysis conducted was a 2 EAT median group (lower, higher) × 2 food type (sweet,
fatty) × 2 food health (healthy, unhealthy) × 2 rating (intensity, pleasantness) repeated
measures analysis of variance (RM-ANOVA) to determine whether the two groups gave
different psychophysical ratings to the different food stimuli. The third analysis conducted
was a 2 EAT median group (lower, higher) × 3 liquid tastant type (sweet, bitter, fatty) × 2
rating (intensity, pleasantness) repeated measures analysis of variance (RM-ANOVA) to de-
termine whether the two groups gave different psychophysical ratings to the different taste
stimuli. Note that only the liquid taste type relevant psychophysical rating (i.e., sweetness,
bitterness, fattiness) plus intensity and pleasantness ratings were included in the analyses
to simplify the interpretation of the findings and because intensity and pleasantness are the
most commonly psychophysical attributes of interest in chemosensory research.

3. Results

The results are organised into four sections: assumption testing, descriptive statistics,
bivariate correlations, and exploratory analyses. The final sample consisted of 80 female
participants. The EAT-26 variable is continuous throughout assumption testing but is
transformed into a categorical variable for the purpose of exploratory analyses. Hunger
and BMI were included as potential covariates across all hypothesis tests.

3.1. Assumption Testing

The assumption of independence of observations was met by the study’s design, and
all data were numeric. However, the assumption of normality was violated as EAT-26 scores
were found to be positively skewed and mesokurtic, further supported by a significant



Biology 2023, 12, 1415 7 of 13

Shapiro–Wilk test result (z = 6.17, p < 0.001). As a result, all hypotheses were tested using
non-parametric Spearman’s rank-order correlations. All other variables of interest were
approximately normally distributed.

3.2. Descriptive Statistics and Correlations

Table 2 displays the descriptive statistics for—and correlations between—EAT-26, BMI,
hunger and olfactory ability. Table 3 displays the descriptive statistics for—and correlations
between—EAT-26, BMI, olfactory ability and food odour ratings. Finally, Table 4 displays
the descriptive statistics for—and correlations between—EAT-26, BMI, olfactory ability and
liquid tastant ratings.

Table 2. Descriptive statistics and correlations for EAT-26, BMI, hunger and olfactory ability (n = 80).

Variable
Descriptives Correlations

Mean (SD) Min-Max BMI Hunger Mean Odour Threshold Odour Discrim.

EAT-26 score 8.1 (8.9) 0.0–42.0 −0.05 −0.04 0.07 −0.18
Body Mass Index 22.5 (4.3) 14.5–35.1 −0.11 0.12 0.24 *

Hunger Mean 5.0 (1.9) 1.3–9.0 0.08 −0.11
Odour Threshold 6.9 (2.9) 1.0–13.0

Odour Discrimination 9.2 (2.1) 3.0–14.0

Note. EAT-26 = Eating Attitudes Test 26, BMI = body mass index, Discrim. = discrimination, hunger mean score =
average of all four hunger ratings. * p < 0.05. Significant correlations are in bold font.

Table 3. Descriptive statistics and correlations for EAT-26, BMI, olfactory ability and food odour
ratings (n = 80).

Food Odour Ratings
Descriptives Correlations

Mean (SD) Min-Max EAT-26 BMI Hunger Mean Odour Threshold Odour Discrim.

High Sugar, Healthy

Odour Intensity 63.1 (21.56) 25–113 −0.11 0.06 0.04 −0.03 −0.01

Odour Pleasantness 71.3 (16.29) 29–114 −0.10 0.20 −0.01 0.13 0.12

High Sugar, Unhealthy

Odour Intensity 60.15 (20.01) 19.5–112.5 0.02 0.02 0.03 −0.11 −0.05

Odour Pleasantness 77.65 (15.165) 31–107 −0.06 0.02 0.18 0.17 0.12

High Fat, Healthy

Odour Intensity 56.35 (19.98) 11–107 0.10 0.07 0.12 −0.08 −0.06

Odour Pleasantness 62.9 (13.63) 32.5–95.5 −0.15 −0.10 0.08 0.16 0.11

High Fat, Unhealthy

Odour Intensity 53.2 (23.595) 8–116.5 0.18 0.19 0.01 0.14 0.13

Odour Pleasantness 63.35 (16.985) 14–95.5 0.08 0.05 0.15 0.07 0.04

Note. EAT-26 = Eating Attitudes Test 26, BMI = body mass index, Discrim. = discrimination.

Table 4. Descriptive statistics and correlations for EAT-26, BMI, olfactory ability and liquid tastant
ratings (n = 80).

Liquid Tastant Ratings
Descriptives Correlations

Mean (SD) Min-Max EAT-26 BMI Hunger Mean Odour Threshold Odour Discrim.

Sweet tastant

Sweetness 44.9 (17.91) 1.75–97 0.00 0.04 0.05 0.21 0.13

Intensity 40.4 (15.6) 6.75–94.5 0.10 −0.02 −0.03 0.10 0.06

Pleasantness 62 (17.31) 3–116.25 −0.10 −0.08 0.09 −0.07 0.09
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Table 4. Cont.

Liquid Tastant Ratings
Descriptives Correlations

Mean (SD) Min-Max EAT-26 BMI Hunger Mean Odour Threshold Odour Discrim.

Bitter tastant

Bitterness 47 (21.48) 1.75–98 0.13 −0.05 0.02 0.11 0.00

Intensity 45.5 (18.44) 2.25–91.75 0.17 0.07 −0.17 0.22 # 0.01

Pleasantness 39.2 (13.37) 5–75.25 −0.18 −0.05 0.22 * 0.04 0.23 *

Fatty tastant

Fattiness 56.8 (22.44) 5.25–111.75 0.04 0.21 −0.01 0.06 −0.06

Intensity 45.1 (19.78) 4.5–92.75 0.13 0.03 −0.02 0.01 −0.21

Pleasantness 51 (18.02) 5.75–96.25 −0.15 −0.18 0.22 * −0.16 −0.07

Note. EAT-26 = Eating Attitudes Test 26, BMI = body mass index, Discrim. = discrimination, * p < 0.05. # Rounded
up from 0.219, non-significant. Significant correlations are in bold font.

3.2.1. Hypothesis 1: Were Higher EAT-26 Scores Associated with Lower Olfactory Ability?

As can be seen in Table 2, there were no statistically significant correlations between
EAT-26 scores and olfactory ability (that is, odour threshold and odour discrimination
scores). The only significant correlation indicated higher a BMI was associated with a
higher odour discrimination score.

3.2.2. Hypothesis 2: Were Higher EAT-26 Scores Associated with Higher Perceived
Pleasantness of High Sugar, Healthy Food Smells?

There were no significant correlations between EAT-26 scores and any psychophysical
ratings (i.e., intensity and pleasantness) for the four food odour types (i.e., high sugar,
healthy; high sugar, unhealthy; high fat, healthy; high fat, unhealthy). In fact, there were
no significant correlations between any food odour rating variables and the BMI, hunger
total or olfactory ability.

3.2.3. Hypothesis 3: Were Higher EAT-26 Scores Associated with Lower Psychophysical
Ratings of Taste Stimuli?

There were no significant correlations between EAT-26 scores and psychophysical
ratings (i.e., sweetness, bitterness, fattiness, intensity) for the three liquid tastant types (i.e.,
sweet, bitter, fatty). While all the correlations between EAT-26 and pleasantness ratings
were negative, none were statistically significant.

3.2.4. Hypothesis 4: Were Higher EAT-26 Scores Associated with Higher Perceived
Pleasantness of Sweet Tastes?

There were no significant correlations between EAT-26 scores and pleasantness ratings
for the three liquid tastant types (i.e., sweet, bitter, fatty). There was a significant correlation
between bitter pleasantness and odour discrimination, indicating higher odour discrimi-
nation ability was associated with higher bitter pleasantness ratings. There were also two
significant correlations involving the hunger mean score, indicating that higher hunger
levels were associated with higher bitter pleasantness and fatty pleasantness ratings.

3.3. Exploratory Analyses: Did the Higher EAT-26 Group Differ from the Lower EAT-26 Group on
Any Measures Employed?

Table 5 displays descriptive statistics of the study variables, based on the median split
of EAT-26 scores.



Biology 2023, 12, 1415 9 of 13

Table 5. Descriptive statistics for food odour and liquid tastant ratings by EAT median group.

Variable
Lower EAT (n = 43) Higher EAT (n = 37)

Mean (SD) Mean (SD)

BMI 22.3 (3.66) 22.7 (4.98)

Odour Threshold 6.8 (2.76) 7.0 (2.89)

Odour Discrimination 9.4 (2.12) 9.0 (2.18)

Food Category Intensity Pleasantness Intensity Pleasantness

High sugar-healthy 63.65 (20.405) 73.1 (16.83) 62.45 (23.095) 69.2 (15.6)

High sugar-unhealthy 58.65 (18.64) 80.1 (11.505) 61.85 (21.63) 74.75 (18.285)

High fat, healthy 54.35 (20.33) 63.65 (11.91) 58.7 (19.58) 62.05 (15.52)

High fat, unhealthy 48 (22.165) 61.45 (17.32) 59.2 (24.075) 65.55 (16.555)

Liquid Tastant type Intensity Pleasantness Intensity Pleasantness

Sweet mean 38.4 (13.98) 63.5 (12.1) 42.7 (17.21) 60.2 (21.93)

Bitter mean 45.0 (19.11) 40.4 (11.01) 46.2 (17.87) 37.8 (15.72)

Fatty mean 43.5 (19.37) 52.3 (14.19) 47 (20.34) 49.7 (21.78)

3.3.1. Did Lower and Higher EAT Groups Differ in Terms of BMI or Olfactory Ability?

The results of the ANOVA indicated there was no significant difference between
the lower and higher EAT median groups in terms of BMI, odour thresholds and odour
discrimination, all Fs < 1.

3.3.2. Did Lower and Higher EAT Median Groups Rate the Food Odours Differently
Depending on the Food Type?

The RM-MANOVA revealed a significant main effect for food type (i.e., sweet vs. fatty),
indicating participants rated sweet and fatty food odours as smelling more intense and
pleasant, F(1, 78) = 47.03, p < 0.001, ηp

2 = 0.38. Moreover, there was a significant food type
(i.e., sweet vs. fatty) × EAT median group (i.e., lower vs. higher) interaction, indicating
the higher group rated the odour of sweet and fatty foods as equally intense, whereas the
lower group rated fatty food odours less intense than sweet food odours, F(1, 78) = 6.02,
p = 0.016, ηp

2 = 0.07 (see Figure 1). Although the interaction for food health × EAT median
group bordered on statistical significance (F(1, 78) = 3.53, p = 0.064, ηp

2 = 0.04), all other
relevant main and interaction effects were not statistically significant.

Biology 2023, 12, x FOR PEER REVIEW 9 of 14 
 

 

Table 5. Descriptive statistics for food odour and liquid tastant ratings by EAT median group. 

Variable 
Lower EAT (n = 43) Higher EAT (n = 37) 

Mean (SD) Mean (SD) 
BMI 22.3 (3.66) 22.7 (4.98) 

Odour Threshold 6.8 (2.76) 7.0 (2.89) 
Odour Discrimination 9.4 (2.12) 9.0 (2.18) 

Food Category Intensity Pleasantness Intensity Pleasantness 
High sugar-healthy 63.65 (20.405) 73.1 (16.83) 62.45 (23.095) 69.2 (15.6) 

High sugar-unhealthy  58.65 (18.64) 80.1 (11.505) 61.85 (21.63) 74.75 (18.285) 
High fat, healthy 54.35 (20.33) 63.65 (11.91) 58.7 (19.58) 62.05 (15.52) 

High fat, unhealthy  48 (22.165) 61.45 (17.32) 59.2 (24.075) 65.55 (16.555) 
Liquid Tastant type Intensity Pleasantness Intensity Pleasantness 

Sweet mean 38.4 (13.98) 63.5 (12.1) 42.7 (17.21) 60.2 (21.93) 
Bitter mean 45.0 (19.11) 40.4 (11.01) 46.2 (17.87) 37.8 (15.72) 
Fatty mean 43.5 (19.37) 52.3 (14.19) 47 (20.34) 49.7 (21.78) 

3.3.1. Did Lower and Higher EAT Groups Differ in Terms of BMI or Olfactory Ability? 
The results of the ANOVA indicated there was no significant difference between the 

lower and higher EAT median groups in terms of BMI, odour thresholds and odour dis-
crimination, all Fs < 1. 

3.3.2. Did Lower and Higher EAT Median Groups Rate the Food Odours Differently  
Depending on the Food Type? 

The RM-MANOVA revealed a significant main effect for food type (i.e., sweet vs. 
fatty), indicating participants rated sweet and fatty food odours as smelling more intense 
and pleasant, F(1, 78) = 47.03, p < 0.001, η 2 = 0.38. Moreover, there was a significant food 
type (i.e., sweet vs. fatty) × EAT median group (i.e., lower vs. higher) interaction, indicat-
ing the higher group rated the odour of sweet and fatty foods as equally intense, whereas 
the lower group rated fatty food odours less intense than sweet food odours, F(1, 78) = 
6.02, p = 0.016, η 2 = 0.07 (see Figure 1). Although the interaction for food health × EAT 
median group bordered on statistical significance (F(1, 78) = 3.53, p = 0.064, η 2 = 0.04), all 
other relevant main and interaction effects were not statistically significant. 

 
Figure 1. Line graphs depicting mean food odour intensity and pleasantness ratings by EAT median 
group. 

Figure 1. Line graphs depicting mean food odour intensity and pleasantness ratings by EAT me-
dian group.



Biology 2023, 12, 1415 10 of 13

3.3.3. Did Lower and Higher EAT Median Groups Rate the Liquid Tastant Differently
Depending on the Tastant Type?

The RM-MANOVA revealed a significant main effect for tastant type, indicating that
participants rated sweet, bitter and fatty tastants differently in terms of intensity and
pleasantness, F(2, 156) = 25.14, p < 0.001, ηp

2 = 0.24. However, the tastant type × EAT
median group interaction was non-significant (F < 1), indicating there were no group
differences in the ratings for the different tastants. All other relevant main and interaction
effects were not statistically significant. Moreover, post-hoc contrast testing indicated no
between group differences in terms of intensity or pleasantness ratings for each of the three
tastant types.

4. Discussion

The aim of the present study was to determine whether higher degrees of pathological
eating attitudes in a non-clinical sample are associated with smell and taste deficits and
preferences. Contrary to the first hypothesis, higher levels of disordered eating attitudes
were not associated with lower olfactory ability (i.e., odour threshold and odour discrimina-
tion). The second hypothesis was also not supported, as higher levels of disordered eating
attitudes were not associated with higher pleasantness ratings for the odours of sweet,
health foods. Similarly, neither the third or fourth hypotheses were confirmed because
higher levels of disordered eating were not associated with lower psychophysical ratings
of taste stimuli or higher perceived pleasantness of sweet tastes. However, exploratory
between group analyses with participants classified as scoring lower or higher on the
EAT-26 based on a median split, indicated that the higher group rated the odour of sweet
and fatty foods as equally intense, whereas the lower group rated fatty food odours less
intense than sweet food odours.

The results across all hypotheses are inconsistent with several previous findings.
First, unlike our findings, previous research has found that both olfactory and gustatory
ability are significantly lower in high ED populations [7,14,23] and those with AN display
a preference for sweet food stimuli [26,34]. One possible reason for this discrepancy is
that past findings have been produced almost exclusively within a clinical sample of AN
patients, rather than across eating disorders more broadly. These discrepancies will be
discussed in more detail below.

To explore the data further, EAT-26 scores were categorized via a median split. The
results indicated a non-significant difference in mean BMI between the lower and higher
EAT group. This finding was inconsistent with a vast body of prior research that suggests
endorsement of restrictive eating is associated with caloric restriction and emaciation [46,47].
However, our finding may suggest that disordered eating attitudes are not limited to those
with an underweight BMI as seen in AN. Further, this may shed light on the non-significant
results of this study, as the hypotheses were developed based on research conducted almost
entirely on those with AN, whereas this sample encapsulates a broader scope of disordered
eaters. Therefore, future studies may benefit from broadening the inclusion of various
types of disordered eating.

The median split analyses yielded a significant interaction effect which indicated that
those with higher disordered eating attitudes perceive the odour of sweet and fatty foods
as equally intense, whereas those with lower levels of disordered eating perceive fatty food
odours less intensely than sweet food odours. While this finding may suggest differential
sensitivity between those with higher and lower disordered eating attitudes in relation to
the odours of sweet and fatty foods, previous studies have found no differences in gustatory
sensitivity between those with an ED and the general population [26,48]. However, given
the use of different participant samples and diagnostic tools, replication of our findings in
future research is required.

A strength of this study was the investigation of disordered eating attitudes and
behaviours beyond a clinical setting. The majority of past research has been conducted
exclusively within clinical populations, specifically females with AN, thus neglecting
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to consider the remainder of the population where there is still likely to be high levels
of disordered eating behaviours [49]. Accordingly, epidemiological data points to the
conclusion that ED diagnostic criteria are overly stringent in that many individuals who
fail to meet diagnostic criteria display similar psychiatric morbidity to those who are
diagnosed [50].

Furthermore, past research has predominantly focused on the psychological processes
behind disordered eating, which has been largely limited to self-reported measures to gain
insight into the thoughts and attitudes held by individuals with EDs [51]. Thus, a strength
of this study is its use of psychophysical measures to obtain information pertaining to
olfactory and gustatory ability and preference beyond what self-reporting can establish.
Additionally, the incorporation of real-food stimuli in these psychophysical measures
enhanced the ecological validity of this study.

Another strength of this study was its targeted use of a recruitment screener to identify
a sufficiently representative sample of those with disordered eating attitudes. The screener,
conducted in university classes, facilitated the recruitment of participants who initially
endorsed high levels of restrictive eating behaviours. As a result, nine out of 80 participants
(11.25%) displayed clinical levels of disordered eating in this sample (based on EAT-26
criteria), which is greater than the approximated 1–4% incidence rate at any given time in
Australian society [52].

The main limitation of this study pertains to the use of the self-report EAT-26 ques-
tionnaire. While it is a simple and economical measure of disordered eating across both
clinical and non-clinical contexts, there are still concerns about social desirability bias
given the sensitive nature of the self-report questions. Furthermore, while the EAT-26 is
predominately utilised in people with restrictive eating behaviours, it has scarcely been
utilised across other EDs more widely [53]. Finally, while it is appropriate to use the EAT-26
rather than the DSM in non-clinical samples such as ours, it is possible that different con-
structs of disordered eating may be captured by the two measures (i.e., EAT-26 vs. DSM)
which may also account for the inconsistent findings across clinical and non-clinical studies.
Accordingly, future non-clinical research would benefit from more extensive participant
information to corroborate EAT-26 scores.

5. Conclusions

The present study aimed to investigate the association between pathological eating
attitudes and both olfactory and gustatory perception and preference. This study was the
first in the literature to utilise real-food stimuli to investigate this aim in a non-clinical
context. While the findings of this study suggest that there may be differential sensitivity to
odour of sweet and fatty foods in those with higher levels of pathological eating attitudes,
the findings require replication for confirmation, especially given the non-significant associ-
ations found in the bivariate relationships. Future research may also benefit from extending
the scope of disordered eating attitudes and behaviours beyond simply caloric restriction.
In turn, this may promote the development of preventative and treatment strategies for
individuals struggling with disordered eating, specific to the type of disorder.

Author Contributions: Conceptualization, M.K.M., A.G. and L.S.C.; methodology, M.K.M.; Formal
analysis, M.K.M., A.G. and L.S.C.; investigation, A.G. and L.S.C.; data curation, A.G. and L.S.C.;
writing—original draft preparation, A.G. and L.S.C.; writing—review and editing, M.K.M., A.G.
and L.S.C.; supervision, M.K.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Macquarie University (Ref 52022951936643,
March 2022).

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.



Biology 2023, 12, 1415 12 of 13

Data Availability Statement: The data collected are not available due to confidentiality reasons.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. van Eeden, A.E.; van Hoeken, D.; Hoek, H.W. Incidence, prevalence and mortality of anorexia and bulimia nervosa. Curr. Opin.

Psychiatry 2021, 34, 515–524. [CrossRef] [PubMed]
2. Sullivan, P.F. Mortality in anorexia nervosa. Am. J. Psychiatry 1995, 152, 1073–1074. [CrossRef] [PubMed]
3. Vitiello, B.; Lederhendler, I. Research on eating disorders: Current status and future prospects. Biol. Psychiatry 2000, 47, 777–786.

[CrossRef]
4. Aschenbrenner, K.; Scholze, N.; Joraschky, P.; Hummel, T. Gustatory and olfactory sensitivity in patients with anorexia and

bulimia in the course of treatment. J. Psychiatr. Res. 2008, 43, 129–137. [CrossRef] [PubMed]
5. Stafford, L.D.; Tucker, M.; Gerstner, N. A bitter sweet asynchrony. The relation between eating attitudes, dietary restraint on smell

and taste function. Appetite 2013, 70, 31–36. [CrossRef] [PubMed]
6. Su, J.; Birmingham, C. Zinc supplementation in the treatment of anorexia nervosa. Eat. Weight. Disord. Stud. Anorex. Bulim. Obes.

2002, 7, 20–22. [CrossRef]
7. Roessner, V.; Bleich, S.; Banaschewski, T.; Rothenberger, A. Olfactory deficits in anorexia nervosa. Eur. Arch. Psychiatry Clin.

Neurosci. 2005, 255, 6–9. [CrossRef]
8. Clark, J.E. Taste and flavour: Their importance in food choice and acceptance. Proc. Nutr. Soc. 1998, 57, 639–643. [CrossRef]
9. Hurwitz, T.; Kopala, L.; Clark, C.; Jones, B. Olfactory deficits in schizophrenia. Biol. Psychiatry 1988, 23, 123–128. [CrossRef]
10. Kopala, L.; Clark, C.; A Hurwitz, T. Sex differences in olfactory function in schizophrenia. Am. J. Psychiatry 1989, 146, 1320–1322.

[CrossRef]
11. Amsterdam, J.D.; Settle, R.; Doty, R.L.; Abelman, E.; Winokur, A. Taste and smell perception in depression. Biol. Psychiatry 1987,

22, 1481–1485. [CrossRef] [PubMed]
12. Kopala, L.C.; Good, K.; Goldner, E.M.; Birmingham, C.L. Olfactory identification ability in anorexia nervosa. J. Psychiatry Neurosci.

1995, 20, 283. [PubMed]
13. Doty, R.L.; Shaman, P.; Dann, M. Development of the university of pennsylvania smell identification test: A standardized

microencapsulated test of olfactory function. Physiol. Behav. 1984, 32, 489–502. [CrossRef]
14. Fedoroff, I.C.; Stoner, S.A.; Andersen, A.E.; Doty, R.L.; Rolls, B.J. Olfactory Dysfunction in anorexia and bulimia nervosa. Int. J.

Eat. Disord. 1995, 18, 71–77. [CrossRef] [PubMed]
15. Hummel, T.; Sekinger, B.; Wolf, S.; Pauli, E.; Kobal, G. ‘Sniffin’ Sticks’: Olfactory performance assessed by the combined testing of

odour identification, odor discrimination and olfactory threshold. Chem. Senses 1997, 22, 39–52. [CrossRef] [PubMed]
16. Rapps, N.; Giel, K.E.; Söhngen, E.; Salini, A.; Enck, P.; Bischoff, S.C.; Zipfel, S. Olfactory deficits in patients with anorexia nervosa.

Eur. Eat. Disord. Rev. 2010, 18, 385–389. [CrossRef]
17. Bentz, M.; Guldberg, J.; Vangkilde, S.; Pedersen, T.; Plessen, K.J.; Jepsen, J.R.M. Heightened olfactory sensitivity in young females

with recent-onset anorexia nervosa and recovered individuals. PLoS ONE 2017, 12, e0169183. [CrossRef]
18. Churnin, I.; Qazi, J.; Fermin, C.R.; Wilson, J.H.; Payne, S.C.; Mattos, J.L. Association Between Olfactory and Gustatory Dysfunction

and Cognition in Older Adults. Am. J. Rhinol. Allergy 2019, 33, 170–177. [CrossRef]
19. Casper, R.C.; Kirschner, B.; Sandstead, H.H.; A Jacob, R.; Davis, J.M. An evaluation of trace metals, vitamins, and taste function in

anorexia nervosa. Am. J. Clin. Nutr. 1980, 33, 1801–1808. [CrossRef]
20. Nakai, Y.; Kinoshita, F.; Koh, T.; Tsujii, S.; Tsukada, T. Taste function in patients with anorexia nervosa and bulimia nervosa. Int. J.

Eat. Disord. 1987, 6, 257–265. [CrossRef]
21. Klein, D.A.; Ba, G.S.B.; Devlin, M.J.; Walsh, B.T. Artificial sweetener use among individuals with eating disorders. Int. J. Eat.

Disord. 2006, 39, 341–345. [CrossRef] [PubMed]
22. Morgan, J.F.; Ahene, P.; Lacey, J.H. Salinophagia in anorexia nervosa: Case resports. Int. J. Eat. Disord. 2010, 43, 190–192.

[CrossRef] [PubMed]
23. Nozoe, S.-I.; Masuda, A.; Naruo, T.; Soejima, Y.; Nagai, N.; Tanaka, H. Changes in taste responsiveness in patients with anorexia

nervosa during behavior therapy. Physiol. Behav. 1996, 59, 549–553. [CrossRef]
24. Frank, G.K.W.; Shott, M.E.; Keffler, C.; Cornier, M.-A. Extremes of eating are associated with reduced neural taste discrimination.

Int. J. Eat. Disord. 2016, 49, 603–612. [CrossRef]
25. Brand-Gothelf, A.; Parush, S.; Eitan, Y.; Admoni, S.; Gur, E.; Stein, D. Sensory modulation disorder symptoms in anorexia nervosa

and bulimia nervosa: A pilot study. Int. J. Eat. Disord. 2016, 49, 59–68. [CrossRef] [PubMed]
26. Drewnowski, A.; A Halmi, K.; Pierce, B.; Gibbs, J.; Smith, G.P. Taste and eating disorders. Am. J. Clin. Nutr. 1987, 46, 442–450.

[CrossRef]
27. Hartman-Petrycka, M.; Klimacka-Nawrot, E.; Ziora, K.; Suchecka, W.; Gorczyca, P.; Rojewska, K.; Błońska-Fajfrowska, B. Sweet,
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