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Early research has shown variations in salt taste qualities in depression, anxiety, and stress. These studies evaluated changes to salt taste in-
tensity and liking (pleasantness) of salt solutions but not of salty foods. Therefore, an Australian population survey (n = 424) was conducted
where participants rated recalled intensity and liking of salt index foods and completed the Depression, Anxiety, and Stress Scale (DASS-21)
to measure these states. Standard least squares regression (post hoc Tukey's HSD) compared means between groups, and nominal logistic
regression assessed differences in distributions between categories. Higher salt liking was found in participants with DASS-21 scores indica-
tive of severe depression (68.3 vs. 60.0, P = 0.005) and severe anxiety (68.4 vs. 60.0, P = 0.001) in comparison to those with normal scores, in
all models. Higher salt liking was found in participants with DASS-21 scores indicative of moderate stress (67.7 vs. 60.2, P = 0.009) in the un-
adjusted model only. Higher salt liking was found in females with DASS-21 scores indicative of anxiety and stress, and in males with indicative
depression and anxiety. No relationships between salt taste intensity ratings and the mood states were found. Results indicate that liking salty
foods is positively correlated with depression, anxiety, and stress scores. Further research on the relationships between salt liking and intake of
salt and salty foods, and the biological mechanisms of these mood states are needed to direct the application of findings toward potential new

risk assessment measures, dietary interventions, or therapeutics.
Key words: DASS-21, foods, mood, sodium, survey, taste.

1. Introduction

Depression and anxiety are increasingly common health
conditions (Australian Bureau of Statistics 2018; National
Mental Health Commission 2018) and leading contributors
to the global burden of disease (James et al. 2018). Since
the start of the COVID-19 pandemic, there has been an esti-
mated 27.6% increase in depressive disorders and a 25.6%
increase in anxiety disorders worldwide (Santomauro et
al. 2021). Psychological stress or distress is a contributing
factor to depression and anxiety (Hankin et al. 2004) and
is fast becoming a significant health concern alone (Mariotti
2015; Devi et al. 2021). Diagnosis of depression, anxiety, or
stress can be challenging due to unknown etiologies (Devane
et al. 2005; Bystritsky et al. 2013) and their often-comorbid
appearance (Groen et al. 2020; Kalin 2020). In addition,
treatment effectiveness can be widely variable in depression
(Khan et al. 2002; Fournier et al. 2010; Porcelli et al. 2011;
Linde et al. 2015; Cipriani et al. 2018) and anxiety (Baldwin
et al. 2011; Locher et al. 2017; Slee et al. 2019), and treat-
ment side effects can be significant and lead to medication
non-adherence (Gartlehner et al. 2008; Amick et al. 20135;
Locher et al. 2017; Slee et al. 2019). Therefore, further elu-
cidation of the complex etiologies and treatment methods
are needed.

Diet is a well-known modifier of mental health outcomes.
Diets low in whole foods are significantly related to increased
risks of anxiety (McMartin et al. 2013; Nguyen et al. 2017;
Brookie et al. 2018) and depression (McMartin et al. 2013;
Liu et al. 2016; Brookie et al. 2018). These relationships are
bi-directional and cyclical in that mental health conditions in-
fluence eating habits and dietary choices, which then impact
mental health (Gardner et al. 2014; Farhangi et al. 2018).
The interest in food and mood relationships has led to many
studies evaluating interventions aimed at increasing diet
quality to improve mental health (Opie et al. 2015; Ramsden
et al. 2015; Firth et al. 2019). However, in practice, improving
an individual’s diet quality is challenging and ongoing ad-
herence is low (Kesse-Guyot et al. 2011; Kris-Etherton et al.
2020). Research on taste qualities has provided knowledge
on how we choose the foods we eat (Drewnowski et al. 1999;
Beckett et al. 2014; Ervina et al. 2021; Pagliarini et al. 2021)
and may be valuable in improving mental health outcomes
from dietary interventions.

Variations in taste perception contribute to individual food
preferences (Vink et al. 2020; Ervina et al. 2021) and therefore
may modulate the intake of foods (Liem and Russell 2019) re-
lated to mental health (McMartin et al. 2013; Nguyen et al.
2017; Brookie et al. 2018). Beyond whole foods, the substrates
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within are also well-studied for their roles in mental health
(Muscaritoli 2021). While the sensory experience of taste in-
fluences food choice (Vink et al. 2020; Ervina et al. 2021),
there may also be interactions between taste and food sub-
strates that have physiological functions or impacts on mental
health. For example, diets associated with poor mental health
are typically high in discretionary foods which are also high
in sodium (Rees et al. 2021). Salt intake has recently been
associated with depression and anxiety (Grippo et al. 2006;
Morris et al. 2006, 2008, 2010; Goldstein and Leshem, 2014;
Ozdemir et al. 2014; Sawant et al. 2019; Bojdani et al. 2020),
and correcting low serum sodium levels can improve symp-
toms of depression (Sawant et al. 2019; Bojdani et al. 2020).
Variations in aspects of salt taste such as thresholds, intensity,
and liking, can impact salt intake (Hayes et al. 2010; Pilic et
al. 2020; Vecek et al. 2020) and therefore, these taste qual-
ities have been used as markers in mood research (Heath et
al. 2006; AI’Absi et al. 2012; Tleri-Gurel et al. 2013; Buttner
et al. 2015).

Two studies in otherwise healthy populations found people
with high trait anxiety had higher salt taste thresholds (Heath
et al. 2006; Ileri-Gurel et al. 2013). One of these studies in-
duced stress in people with trait anxiety and found that salt
taste thresholds increased further (Ileri-Gurel et al. 2013).
Variations in salt taste intensity have also been studied in
stress, where higher stress levels (Itoh et al. 2022) and a rise
in the stress biomarker cortisol (Al’Absi et al. 2012) were as-
sociated with a reduction in the perceived intensity of salty
solutions. As secondary outcomes in a study exploring bio-
markers in depression treatment, lower salt taste intensity and
higher salt liking (pleasantness) were associated with a longer
duration of depression (Biittner et al. 2015). Despite various
interdependent relationships between aspects of salt taste,
such as an inverted U-shape relationship between salt liking
and intensity (Endrizzi et al. 2021), a negative association be-
tween salt taste intensity and salt liking (Spetter et al. 2010;
Yeung et al. 2016; Chamoun et al. 2019; Yeung 2019; Vecek
et al. 2020), and a positive association between salt liking and
salt taste thresholds (Hayes et al. 2010; Chamoun et al. 2019;
Puputti et al. 2019; Pilic et al. 2020), not all aspects of salt
taste have been studied in depression, anxiety, or stress.

Biologically, there are common processes between salt taste
and mental health that suggest possible mechanisms for the
relationships. Neurotransmitters such as serotonin (5-HT)
and norepinephrine (NE) are modifiable factors that can alter
salt taste (Heath et al. 2006; Roper and Chaudhari 2017
Smith et al. 2021) and mood (Dean and Keshavan 2017; Kaur
and Singh 2017). Therefore, there may be salt taste-associated
changes to neurotransmitters, impacting mental health. High
salt concentrations may modulate mood through stimula-
tion of the trigeminal nerve (TN) (Simon et al. 2008; Bigiani
2020, 2021) which also has an ameliorating effect on symp-
toms of depression (Schrader et al. 2011; Cook et al. 2013;
Paulino Trevizol and Cordeiro 2016; Generoso et al. 2019)
and anxiety (Trevizol et al. 20135; Freire et al. 2020). Other
studies have demonstrated increased neuronal activity in the
ventral pallidum (VP), the center of hedonic liking in the
brain (Smith et al. 2009; Root et al. 2015), when salt liking
increases under sodium depletion (Tindell et al. 2006) and in
depression (Knowland et al. 2017). These common biological
factors between salt taste, depression, and anxiety provide
further support for additional research to be undertaken on
their relationships.
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While there is early evidence of changes to salt taste thresh-
olds in anxiety and stress (Heath et al. 2006; Ileri-Gurel et
al. 2013), there has been limited exploration of the relation-
ships between these mood states and salt taste intensity and
liking. In addition, changes to salt taste in depression have
not been explored as a primary aim of research. The existing
studies used sodium chloride solutions to assess aspects of
salt taste (Heath et al. 2006; AI’Absi et al. 2012; Ileri-Gurel
et al. 2013). However, humans consume salt in or with foods,
and the relationships between these mood states and ratings
of salt taste intensity and liking of salty foods have not been
studied. Therefore, this cross-sectional study surveyed parti-
cipants to determine their indicative level of depression, anx-
iety, and stress on the Depression, Anxiety, and Stress Scale
(DASS-21), and their recalled perceived intensity and liking
of salt index foods for correlation analysis. The outcomes of
this research may be valuable in developing new risk assess-
ment measures, dietary interventions, or therapeutics. For
example, screening for mood conditions through measuring
alterations to taste, or stimulating specific tastes to affect
mood.

2. Materials and methods

2.1 Study design and recruitment

This cross-sectional study utilized survey data collected from
Australian residents that were over 18 years of age. Participants
were recruited through the University of Newcastle and so-
cial media channels (Facebook, LinkedIn, and Twitter) with
snowball recruitment employed to engage further respond-
ents. Qualtrics™ (SAP, USA) software was used to create and
administer the survey. The survey with 3 blocks (taste, mood,
and demographics) was designed to be mobile and desktop
computer friendly. Responses were collected over ~15 weeks
(10 May 2021 to 24 August 2021). Consent was required for
participation and ethics approval was granted by the Human
Research Ethics Committee of the University of Newcastle
(Reference No. H2021-0109).

2.2 Recalled salt taste intensity and liking

The first block of survey questions gathered data on recalled
perceptions of salt taste intensity and liking for ten index
foods: table salt, potato chips (plain), corn chips, bacon,
french fries, processed meats, popcorn, hot dogs, nuts (salted),
and crackers. These foods were identified as salt index foods
in a taste intensity and liking recall study by Cornelis et al.
2017 that corroborated results across different study samples.
Participants rated how intense they recalled the saltiness (salt
intensity) of the index foods using a labeled magnitude scale
(Green et al. 1996; Bartoshuk et al. 2004) and their liking
(salt liking) of each food using a labeled affective magnitude
scale (Schutz and Cardello 2001). For intensity, ratings of be-
tween O (barely detectable) and 100 (strongest imaginable)
were possible, with 50 as moderate. For liking, ratings of be-
tween 0 (most disliked imaginable) and 100 (most liked im-
aginable) were possible, with 50 as neutral. Singular arbitrary
unit ratings (0, 1, 2, 3 to 100) could be chosen with a left or
right sliding bar on both the intensity and liking scales. If par-
ticipants were unfamiliar with a food or did not eat it, they
were able to select “not applicable.” The order of appearance
of each index food was randomised between respondents.
The ratings of salt intensity and liking for each salt index food



Chemical Senses, 2023, Vol. 48

were summed and the average was calculated to determine a
mean score per participant.

2.3 Depression, anxiety, and stress

Depression, anxiety, and stress levels were estimated through
completion of the DASS-21, a self-report screening tool for
the severity of negative emotions experienced over the pre-
vious week (Lovibond and Lovibond 1995b). Reliability,
validity, and internal consistency of the DASS-21 have been
demonstrated in clinical (Clara et al. 2001; Gloster et al.
2008) and non-clinical adult samples (Henry and Crawford
2005; Norton 2007; Pezirkianidis et al. 2018). In addition,
strong concurrent validity against other previously validated
measures of depression, anxiety, and stress has been shown
(Lovibond and Lovibond 1995a; Henry and Crawford 2005).
The 3-factor structure applied in this study that is DASS-D for
depression, DASS-A for anxiety, DASS-S for stress, has been
validated in adult populations (Norton 2007; Gloster et al.
2008; Pezirkianidis et al. 2018), and across diverse racial and
cultural groups (Norton 2007; Pezirkianidis et al. 2018).

Using 21 items, 7 items per mood state, participants rated
the severity and frequency of their experienced depression,
anxiety, and stress on a 4-point scale from 0 (did not apply to
me at all) to 3 (applied to me very much or most of the time)
(Lovibond and Lovibond 1995b). Following DASS guidelines,
scores for each subscale were summed and multiplied by 2 to
determine the final score, with subsequent placement of par-
ticipants in the categories of normal, mild, moderate, severe,
and extremely severe for each mood (Lovibond and Lovibond
1995b).

2.4 Demographics and taste acuity

The third block of questions collected demographic data
including age, sex, height, weight, education, income, and
smoking status. From height and weight data, body mass
index (BMI) measures were calculated (Marfell-Jones 2001).
Data on reported taste acuity was collected through partici-
pant selection from taste sense categories of normal, distorted,
hypersensitive, partial loss, complete loss, or other, which al-
lowed for the participant to specify. This enabled exclusion
to be made for altered taste function that may be a result of
medications (Doty et al. 2008), comorbidities, or other path-
ology (Bromley 2000).

2.5 Statistical analysis

The analyses of data were undertaken with JMP (Pro
V.14.2.0; SAS Institute Inc., Cary, NC, USA 27513). Age and
BMI were collected as continuous variables and then con-
verted to categories for analysis. Age quartiles were created
(18-30 years, 31-41 years, 42-52 years, and > 52 years), and
BMI scores were categorized according to the World Health
Organisation classifications (World Health Organisation
2021). The cohort characteristics and DASS-21 scores were
described with categorical variable distributions (number,
percentage). Mean scores for recalled salt intensity and liking
across the 11 salt index foods were calculated as continuous
data and distributions reported accordingly (mean, standard
deviation (SD), min/max). The reliability and internal con-
sistency of the DASS-21 and recalled salt taste intensity and
liking scales were assessed with Cronbach’s alpha (Henry and
Crawford 2005) using the acceptable threshold score of > 0.7
(Bland and Altman 1997; Tavakol and Dennick 2011).

For continuous outcome variables, least squares means
were compared between groups using standard least squares
regression analyses with Tukey’s post hoc tests. For categor-
ical outcome variables, nominal logistic regression analyses
were used to assess the differences in distributions between
categories. P trends were reported to 1 significant figure and
when intergroup P-values were statistically significant (<
0.05) they were noted by marking which means were sig-
nificantly different. Adjustments were made for the potential
confounders of age, sex, education, income, smoking status,
and BMI, and the analyses were stratified by sex.

3. Results

3.1 Participant characteristics

From 7135 participants who gave consent and commenced the
survey, data were excluded where responses were incomplete
(n =202), respondents lived outside of Australia (7 = 14), and
if surveys were completed faster than half the median comple-
tion time of 509 s (n = 2). Participants reporting altered taste
acuity were also excluded from the analyses (1 = 64). To allow
for robust statistical analyses, 9 participants who identified as
“non-binary” or chose “prefer not to say” were excluded be-
cause of low numbers. The total sample size was 424.

The average age for the total sample was 41.3 («SD 14.3)
years, for females 40.7 (+SD 13.3) years, and for males 43.4
(«SD 17.9) years. The sample was predominantly female
(80.2%) (Table 1). The mean BMI for the total sample was
27.4 kg/m?, for females 27.5 kg/m* and for males 27.0 kg/
m? placing all groups in the overweight category. Several
categories within each variable were collapsed prior to statis-
tical analyses due to low numbers. For household income, “<
$20,000,” “$20,000 to $49,999” and “$50,000 to $79,999”
were collapsed to “< $80,000”; and “$80.000 to $109,999”
and $110,000 to $149,999> were collapsed to “$80,000 to
$149,999.” The largest proportion of participants had a
household income of > $AUD 150,000 per year (29.3%) and
this did not differ by sex (Table 1). For education, “< Year 12
or equivalent,” “Year 12 or equivalent” and “Technical and
Further Education (TAFE) or technical diploma” (vocational
training) were collapsed to “< TAFE or diploma.” The largest
proportion of participants in the total sample and in females
were educated at Bachelor’s degree level (35.6% and 38.2%
respectively), and in males at Postgraduate level (31.0%)
(Table 1). For smoking, “Currently smoking,” “Quit smoking
< 12 months ago” and “Quit smoking > 12 months ago” were
collapsed to “History of smoking.” Most participants in the
total sample had never smoked (66.5%) and this did not
differ by sex (Table 1).

3.2 Recalled salt intensity and liking distributions
The mean recalled salt intensity index score in the total
sample was 54.3 (+SD 17.3), in females was 54.7 (+SD17.6),
and in males was 52.6 (xSD 16.2) (Table 2). The mean re-
called salt liking index score in the total sample was 61.5
(SD 16.6), in females 61.1 («SD 16.8), and in males 63.2
(«£SD 15.9) (Table 2). There were no statistically significant
differences between females and males in mean salt intensity
(P = 0.3) or salt liking scores (P = 0.05). Both measures were
normally distributed. Cronbach’s alpha values for the taste
scales were 0.90 and 0.82, respectively, demonstrating high
internal consistency.



Table 1. Key demographic variable distributions in the total sample,
females and males.

Variable Total Females Males
n (%) n (%) n (%)
Age (years)
18-30 109 (25.7) 5(25.0) 24 (28.6)
31-41 106 (25.0) 2 (27.1) 4(16.7)
42-52 115 (27.1) 3(27.4) 22(26.2)
> 52 94 (22.2) 0 (20.6) 4 (28.6)
Sex
Females 340 (80.2)
Males 84 (19.4)
BMI (kg/m?)
< 18.5 Underweight 5(1.2) 4(1.1) 1(1.2)
18.5-24.9 Normal 173 (40.8) 144 (42.4) 29 (34.5)
25-29.9 Overweight 132 (31.1) 94 (27.7) 38 (45.2)
> 30 Obese 114 (26.9) 98 (28.8) 16 (19.1)
Household income (AUD/year)
< $20,000 6(3.8) 5(4.4) 1(1.2)
$20,000 to $49,999 2 (9.09) 7(10.9) 5(6.0)
$50,000 to $79,999 3(10.1) 6(10.6) 7(8.3)
$80,000 to $109,999 1(16.8) 4(15.9) 17(20.2)
$110,000 to $149,999 9 (16.3) 7(16.8) 12 (14.3)
> $150,000 124 (29.3) 7 (28.5) 27(32.1)
Prefer not to say 59 (13.9) 4(12.9) 15(17.9)
Education
< Year 12 or equivalent 12 (2.8) 1(3.2) 1(1.2)
Year 12 or equivalent 62 (14.6) 2 (12.4) 20 (23.8)
TAFE or technical diploma 63 (14.9) 7(13.8) 16 (19.1)
Bachelor’s degree 151 (35.6) 130 (38.2) 21 (25.0)
Postgraduate degree 134 (31.6) 108 (31.8) 26 (31.0)
Prefer not to say 2 (0.1) 2(5.9) 0 (0)
Smoking
Currently smoke 23 (5.4) 15 (4.4) 8(9.5)
Quit smoking < 12 months 9 (2.1) 8 (2.4) 1(1.2)
ago
Quit smoking > 12 months 105 (24.8) 86(25.3) 19(22.6)
ago
Never smoked 282 (66.5) 227 (66.8) 55 (65.5)
Prefer not to say 5(1.2) 4(1.2) 1(1.2)

AUD, Australian dollars; TAFE, Technical and Further Education
(vocational training). Percentages may not sum to 100% due to rounding.

Table 2. Mean recalled salt intensity and liking index scores in the total
sample, females and males.

Total Females Males
Mean +SD Mean £SD Mean +SD
(min-max) (min-max) (min-max)
Salt intensity 54.3 =17.3 54.7 =17.6 52.6 £16.2
(5.2-95.5) (5.2-96.5) (13.4-85.3)
Salt liking 61.5 =16.6 61.1 =16.8 63.2 £15.9
(6.3-100.0) (13.4-100.0) (6.3-98.0)

SD, standard deviation.
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3.3 DASS-21 distributions

Reliability and internal consistency values were above the ac-
ceptable Cronbach’s alpha threshold with DASS-D a at 0.93,
DASS-A o at 0.82, and DASS-S a at 0.93. DASS-21 scores
indicative of depression, anxiety, and stress were found in
37.3%, 34.6%, and 35.5% of the cohort respectively (Table
3). There was a statistically significant difference between fe-
males and males for DASS-S scores (x> = 11.9, P = 0.02) but
not for DASS-D (x> = 9.4, P = 0.05) or DASS-A (x> =4.3,P =
0.07) scores.

Prior to further statistical analysis, several classifications
within each DASS-21 mood grouping were collapsed due to
low numbers. For DASS-D, DASS-A, and DASS-S “severe”
and “extremely severe” were collapsed into “severe.” For
DASS-A, “mild” and “moderate” were collapsed into “mild/
moderate.”

3.4 Relationships between recalled salt taste liking,
intensity, and potential confounding variables

When age was treated as a continuous variable, recalled salt
liking decreased as age increased (P trend = 0.01; Tables 4
and 5). However, there were no statistically significant differ-
ences between the age groups (Tables 4 and 3). Salt liking in-
creased as BMI increased (P trend = 0.02) but the intergroup
means did not differ significantly (Tables 4 and 5). Salt liking
was not associated with sex, income, education, or history of
smoking (Tables 4 and 3).

Recalled salt intensity varied with age (P trend = 0.008;
(Tables 4 and 5). Salt intensity increased between the
youngest age group (18-30 years) and those aged 31-41
years (14.1%, P = 0.02), and > 52 years (13.7%, P = 0.03)
(Tables 4 and 5). Salt intensity was associated with income

Table 3. DASS-21 distributions in the total sample, females and males.

DASS-21 category Total Females Males
n (%) n (%) n (%)
DASS-D
Normal 266 (62.7) 217 (63.8) 49 (58.3)
Mild 58 (13.7) 49 (14.4) 9(10.7)
Moderate 8 (11.3) 9 (11.5) 9 (10.7)
Severe 4(5.7) 3(3.8) 11 (13.1)
Extremely severe 8 (6.6) 22 (6.5) 6(7.1)
DASS-A
Normal 277 (65.3) 215 (63.2) 62 (73.8)
Mild 28 (6.6) 27 (7.9) 1(1.2)
Moderate 62 (14.6) 0(14.7) 12 (14.3)
Severe 26 (6.1) 1(6.2) 5(6.0)
Extremely severe 31 (7.3) 7(7.9) 4 (4.8)
DASS-S
Normal 273 (64.4) 213 (62.7) 0(71.4)
Mild 54 (12.7) 44 (12.9) 0(11.9)
Moderate 59 (13.9) 46 (13.5) 13 (15.5)
Severe 29 (6.8) 28 (8.2) 1(1.2)
Extremely severe 9 (2.1) 9(2.7) 0 (0)

DASS-D, depression; DASS-A, anxiety; DASS-S, stress. Percentages may not
sum to 100% due to rounding.
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Table 4. Relationships between recalled salt liking, salt intensity and
confounding variables in the total sample.

Variable Salt liking Salt intensity
LSM +SEM P trend LSM +SEM P trend
Age (years)
18-30 64.42=1.6 0.01 49.5%+1.6 0.008
31-41 63.9*=1.6 56.5++1.7
42-52 59.12=1.5 55.3®%+1.6
>52 58.6*=1.7 56.3°+1.8
Sex
Females 61.1*+0.9 0.6 54.7 2 +0.9 0.6
Males 63.22+1.8 52.6°x1.9
BMI (kg/m?)
<18.5 49.32x7.4 0.02 41.0°27.7 0.2
18.5-24.9 59.12*=1.3 54.52+1.3
25-29.9 63.7*+1.4 5592+1.5
> 30 63.3*=1.5 5282+ 1.6
Income (AUD/year)
< $80,000 61.82=1.4 0.9 54.6°+1.4 0.03
$80,000-149,999 60.8 * =1.6 57.1® 1.7
> $150,000 61.42=1.5 54.5*+1.6
PNS 62.5*+2.1 48.8+2.2
Education
< TAFE/Dip. 62.4*+1.4 0.3 51.9%+1.5 0.03
Bach.D 60.7*=1.3 53.6*+1.4
Postgrad.D 61.22+1.4 58.02«1.5
PNS 77.9 9.6 41.9 9.9
Smoking
History 62414 0.5 54.6°=1.5 0.8
Never 61.02 1.0 54.32+1.0
PNS 67.0+6.8 49.3°+7.1

LSM, least squares mean; SEM, standard error of the mean; BMI,

Body Mass Index; PNS, prefer not to say; TAFE, Technical and Further
Education (vocational training); Dip., diploma; Bach.D., Bachelor’s degree;
Postgrad.D., Postgraduate degree.

Values in the same row (within an analysis) denoted with the same letter
are not significantly different from each other (Tukey’s HSD p < 0.05)

(P trend = 0.03) however the intergroup means did not
differ significantly between those that reported income
levels (Tables 4 and 35). Salt intensity was associated with
education (P trend = 0.03; Tables 4 and 5). Those edu-
cated at postgraduate level recalled the saltiness of the
index foods to be 11.8% more intense than those edu-
cated at TAFE level or below (P = 0.02; Tables 4 and 5).
Salt intensity did not vary with sex, BMI, or history of
smoking (Tables 4 and 3).

DASS-D scores indicative of depression were more likely in
participants with lower education levels (< TAFE or technical
diploma, P = 0.005; Tables 4 and 5). DASS-A scores indica-
tive of anxiety were more likely in younger participants (18—
30 years; P < 0.0001), those with lower incomes (< $AUD
80,000/year, P = 0.002), and in those with lower education
levels (< TAFE or technical diploma, P = 0.002) (Tables 4
and 5). DASS-S scores indicative of stress were more likely
in younger participants (18-30 years, P < 0.0001) and in fe-
males (P = 0.01) (Tables 4 and 5).

3.5 Relationships between DASS-21 and recalled
salt taste liking and intensity in the total sample
Those with DASS-21 scores indicative of depression, anxiety,
and stress had higher mean salt liking scores (Table 6), how-
ever, there were no associations between salt intensity and any
of the mood states (Table 7).

3.5.1 DASS-D and recalled salt liking.

Higher salt liking was associated with DASS-21 scores indi-
cative of depression in the unadjusted and adjusted models
(P trend range = 0.01-0.04; Table 6). Salt liking was 13.8%
higher in those with scores indicative of severe depression
than in those with normal scores in the unadjusted model
(60.0 vs. 68.3, P = 0.005, 95% CI 1.8-14.7; Table 6).
Statistical significance was maintained for this relationship
after adjusting for age and sex (60.8 vs. 68.3, P = 0.02, 95%
CI 1.0-13.9), age, sex, income, education, and smoking (66.0
vs. 74.0, P = 0.01, 95% CI 1.3-14.7), and age, sex, income,
education, smoking, and BMI (63.2 vs. 70.7, P = 0.02, 95%
CI 0.8-14.1) Table 6).

3.5.2 DASS-A and recalled salt liking.

Higher salt liking was associated with DASS-21 scores indica-
tive of anxiety in the unadjusted and adjusted models (P trend
range = 0.002-0.03; Table 6). Salt liking was 14% higher in
those with scores indicative of severe anxiety than in those
with normal scores (60.0 vs. 68.4, P = 0.001, 95% CI 2.8-
14.0; Table 6). Statistical significance was maintained for this
relationship after adjusting for age and sex (61.1 vs. 68.4; P
= 0.01, 95% CI 1.4-13.1), age, sex, income, education, and
smoking (66.4 vs. 73.9; P = 0.01, 95% CI 1.5-13.6), and age,
sex, income, education, smoking, and BMI (63.4 vs. 70.3; P =
0.02,95% CI 0.8-13.0) Table 6).

3.5.3 DASS-S and recalled salt liking.

Higher salt liking was associated with DASS-21 scores indica-
tive of stress in the unadjusted model (P trend = 0.02; Table
6). Salt liking was 12.5% higher in those with scores indica-
tive of moderate stress than in those with normal scores (60.2
vs. 67.7, P = 0.009, 95% CI 1.4-13.5; Table 6). Statistical
significance was not maintained in the adjusted models.

3.6 Relationships between DASS-21 and recalled
salt taste liking and intensity, by sex

Females with DASS-21 scores indicative of anxiety and
stress had higher mean salt liking scores (Supplementary
Table S1). In the crude analyses only, males with indicative
depression and anxiety had higher mean salt liking scores
(Supplementary Table S1). In females and males, there were
no associations between salt intensity and any of the mood
states (Supplementary Table S2).

3.6.1 DASS-D and recalled salt liking.

The model P trends (unadjusted and adjusted) for the rela-
tionships between DASS-21 scores indicative of depression
and salt liking were not statistically significant for either fe-
males or males (Supplementary Table S1). However, in males
salt liking was 19.4% higher in those with DASS-21 scores in-
dicative of severe depression than in those with normal scores
in the unadjusted model only (59.7 vs. 71.3, P = 0.04, 95%
CI 0.2-23.0; Supplementary Table S1).
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Table 6. Recalled salt liking varies by DASS-21 scores indicative of depression, anxiety, and stress in the total sample (unadjusted and adjusted models).

DASS-21 Recalled salt liking

Unadjusted Model 1

Model 2 Model 3

LSM +SEM P trend LSM +SEM

P trend LSM +SEM P trend LSM +SEM P trend

DASS-D
Normal 60.0° 1.0 0.01 60.8" +1.2
Mild 61.5% 2.2 61.6 +2.3
Moderate 62.7% +2.4 62.5% 2.5
Severe 68.3* £2.3 68.3* 2.3
DASS-A
Normal 60.0° 1.0 0.002 61.1° =1
Mild/Moderate 62.1%* +1.8 62.3% =1
Severe 68.4% £2.2 68.4* 2.3
DASS-S
Normal 60.2> + 1.0 0.02 61.3*+1.2
Mild 60.7%b+ 2.2 60.72 + 2.3
Moderate 67.7*+2.1 674 +2.3
Severe 62.8%+2.7 62.8°+2.8

0.03 66.0" 3.9 0.02 63.2" 4.3 0.04
67.1%0 +4.5 64.3* +4.8
68.6" £4.6 65.4%" £4.9
74.0° 4.5 70.7* 4.8

0.01 66.4>+3.9 0.01 63.4>+4.3 0.03
67.8% 4.3 64.5%" 4.7
73.9* +4. 70.3* 4.9

0.08 67.00+3.9 0.07 64.4°+ 4.3 0.2
66.3* + 4.5 63.2*+ 4.8
7322+ 4.5 69.4*+4.9
68.4*+ 4.8 654+ 5.1

Model 1: age and sex; Model 2: age, sex, education, income, and smoking; Model 3: age, sex, education, income, smoking, and BMI
LSM, least squares mean; SEM, standard error of the mean; CI, confidence interval.
Values in the same row (within an analysis) denoted with the same letter are not significantly different from each other (Tukey’s HSD P < 0.05).

Table 7. Recalled salt intensity does not vary by DASS-21 scores indicative of depression, anxiety, and stress in the total sample (unadjusted and

adjusted models).

DASS-21 Recalled salt intensity

Unadjusted Model 1

Model 2 Model 3

LSM +SEM P trend LSM +SEM

P trend LSM +SEM P trend LSM +SEM P trend

DASS-D
Normal 53.90 1.1 0.6 53.00+1.3
Mild 56.6* +2.3 56.5+2.4
Moderate 52.82 2.5 53.1* £2.6
Severe 5512 2.4 55.3*+2.4
DASS-A
Normal 54.5 1.0 0.2 53.5° 1.2
Mild/Moderate 56.0° 1.8 56.3*+2.0
Severe 50.6* 2.3 51.82+2.5
DASS-S
Normal 54.9 1.1 0.8 53.92 1.2
Mild 52.8*+2.4 53.0° x2.5
Moderate 5290 2.3 53.72+2.4
Severe 54.74 £2.8 54.3* £3.0

0.5 45.6* =4.1 0.5 43.1* £4.5 0.4
49.27 4.7 47.27 £5.1
45.4* 4.8 44.1° £5.2
47.5% +4.6 45.5" 5.1

0.3 46.07 4.1 0.1 43.5" 4.5 0.2
48.6 =4.4 46.6* =4.9
42.97 +4.6 41.37 £5.1

1.0 46.2° 4.1 1.0 43.7 4.5 1.0
44.7 £4.7 42.6* 5.0
45.6" +4.7 43.77£5.2
45.6* =4.9 43.4* 5.4

Model 1: age and sex; Model 2: age, sex, education, income, and smoking; Model 3: age, sex, education, income, smoking, and BMI.
LSM, least squares mean; SEM, standard error of the mean; CI, confidence interval.
Values in the same row (within an analysis) denoted with the same letter are not significantly different from each other (Tukey’s HSD P < 0.05).

3.6.2 DASS-A and recalled salt liking.

In females, higher salt liking was associated with DASS-21
scores indicative of anxiety in the unadjusted and adjusted
models (P trend range = 0.002-0.0005; Supplementary Table
S1) and in males, the association was significant in the un-
adjusted model only (P trend = 0.04; Supplementary Table
S1).

In females, salt liking was 15.9% higher in those with DASS-
21 scores indicative of severe anxiety than in those with mild/
moderate scores in the unadjusted model (60.2 vs. 69.8, P =
0.004, 95% CI 2.5-16.8; Supplementary Table S1). This asso-
ciation was statistically significant in the models adjusting for
age (59.4vs.68.9,P=0.005,95% CI2.4-16.7; Supplementary
Table S1), age, income, education, and smoking (65.4 vs.
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74.8, P = 0.007,95% CI 2.2-16.8; Supplementary Table S1),
and age, income, education, smoking, and BMI (60.8 vs. 70.0,
P = 0.003, 95% CI 2.6-15.8; Supplementary Table S1). In
females, salt liking was 17.1% higher in those with DASS-21
scores indicative of severe anxiety than in those with normal
scores in the unadjusted model (59.6 vs. 69.8, P = 0.003, 95 %
CI 4.1-16.4; Supplementary Table S1). This association was
statistically significant in the models adjusting for age (59.8
vs. 68.9, P = 0.003, 95% CI 2.6-15.6; Supplementary Table
S1), age, income, education, and smoking (65.1 vs. 74.8, P
= 0.002, 95% CI 3.0-16.5; Supplementary Table S1), and
age, education, income, smoking, and BMI (60.8 vs. 70.0, P =
0.003, 95% CI 2.6-15.8; Supplementary Table S1).

In males, salt liking was 19.9% higher in those with DASS-
21 scores indicative of mild/moderate anxiety than in those
with normal scores in the unadjusted model only (61.3 vs.
73.5,P =0.03,95% CI 0.9-23.4; Supplementary Table S1).

3.6.3 DASS-S and recalled salt liking.

In females, higher salt liking was associated with DASS-21
scores indicative of stress in the unadjusted, age adjusted,
and age, income, education, and smoking-adjusted models (P
trend range = 0.01-0.04; Supplementary Table S1) but not
in the fully adjusted model inclusive of BMI. In males, there
were no statistically significant relationships.

In females, salt liking was 14.6% higher in those with
DASS-21 scores indicative of moderate stress than in those
with normal scores in the unadjusted model (59.5 vs. 68.2, P =
0.007,95% CI 1.8-15.7; Supplementary Table S1). This asso-
ciation was statistically significant in the models adjusting for
age (59.8 vs.67.3, P =0.04,95% CI 0.2-14.6; Supplementary
Table S1), and age, income, education, and smoking (65.9 vs.
74.0, P = 0.03, 95% CI 0.7-15.4; Supplementary Table S1),
but not in the fully adjusted model inclusive of BMI.

4. Discussion

This exploratory study aimed to assess relationships be-
tween recalled salt taste liking and intensity, and indices of
depression, anxiety, and stress. The survey findings demon-
strate higher recalled liking of salt index foods when DASS-21
scores indicate severe levels of depression and anxiety, and
moderate levels of stress. Females had higher recalled salt
liking when DASS-21 scores indicated severe and mild/mod-
erate anxiety, and moderate stress. Males had higher recalled
salt liking when DASS-21 scores indicated severe depression
and mild/moderate anxiety in the crude analysis only. There
were no relationships between recalled intensity ratings of
salt index foods and DASS-21 scores for the total sample or
by sex. While these novel findings do not demonstrate caus-
ation, they indicate that further research is important to de-
termine if salt taste may be related via signaling, genetic or
other biological mechanisms, with potential future roles in
diagnosis, prevention, or treatment.

Recalled salt liking was 11.8-13.8% higher in partici-
pants with DASS-21 scores indicative of severe levels of de-
pression in comparison with those recording normal scores
in the crude analysis and adjusted models. A prior study in
people with diagnosed major depressive disorder (7 = 30)
similarly found higher salt liking (pleasantness) correlated
with longer periods of depression (Biittner et al. 2015).
Conversely, no correlation was found between salt liking
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(pleasantness) and symptoms of depression in a healthy
sample (7 = 33) (Scinska et al. 2004). Factors likely contrib-
uting to the different outcomes between the current study
and Scinska et al. (2004) include the use of a recall method
for taste measures versus a taste test of salty solutions, the
use of different depression assessment tools (DASS-21 vs.
Beck Depression Inventory [BDI]), and the substantially
larger sample size (7 = 424) of the current study. The DASS-
21 is reported to better discriminate between depression and
other affective states than the BDI (Lovibond and Lovibond
1995a), and to have predictive power in the diagnosis of
depression (Gloster et al. 2008; Bener et al. 2016). The as-
sociation of recalled salt liking to severe levels of depression
(DASS-21) and not moderate or mild levels in this study,
suggests those with scores indicative of depression may be
clinically depressed. Therefore, the predictive power of the
DASS-21 for depression further aligns the results of this
study with the positive association between salt liking and
depression found in the study executed in a clinical setting
using salt solutions (Biittner et al. 2015). Further studies in
both clinical and non-clinical populations would be benefi-
cial in elucidating findings and providing direction for set-
tings most suited to their application.

Recalled salt liking was 10.9-14% higher in those with
DASS-21 scores indicating severe levels of anxiety in com-
parison with those recording normal scores in the crude
analysis and adjusted models. Previously, a negative correl-
ation has been found between salt liking (pleasantness) and
anxiety in people with major depressive disorder (Bittner
et al. 2015). In the study by Biittner et al. (2015), anxiety
was measured with 1 question (Item 10) from the Hamilton
Depression Rating Scale, an instrument primarily designed to
assess symptoms of depression, not anxiety (Carmody et al.
2006). Therefore, the use of DASS-21 in the present study has
likely measured scores of anxiety more accurately and reli-
ably. Other research has shown that salt taste thresholds (the
concentrations at which saltiness is detected) are significantly
higher in anxiety than in healthy samples (Heath et al. 2006;
Ileri-Gurel et al. 2013) and that salt liking is positively correl-
ated to salt taste thresholds (Hayes et al. 2010; Chamoun et
al. 2019; Puputti et al. 2019; Pilic et al. 2020). These previous
studies indicate salt liking may increase in anxiety and the
present study supports this theory. However, the prior studies
assessed salt taste using salt solutions at varying threshold
concentrations including suprathreshold levels therefore the
comparison to the outcomes of the current study using re-
call and salt index foods is hypothetical and requires further
exploration.

Recalled salt liking was 12.5% higher in those with DASS-
21 scores indicating moderate stress levels however, when
adjusting for the confounding variables there was no stat-
istical significance. Complexity in the relationship between
salt liking and stress has been demonstrated in a small (z =
38) sample of younger (20.3 years) people with no history of
mental health disorders, where the physiological measure of
stress, cortisol, was not associated to salt liking but there was
a negative correlation between self-reported distress after in-
duced stress (Al’Absi et al. 2012). The reasons for the varied
outcomes are unclear. However, as salt thresholds and liking
are negatively correlated (Hayes et al. 2010; Pilic et al. 2020),
the higher salt liking may be a result of a lowering of salt taste
thresholds previously demonstrated in stress (Ileri-Gurel et al.
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2013). As the most under-researched relationship, salt liking
and stress require more robust exploratory and mechanistic
investigations using both salty solutions and tasting of salty
foods.

The results of the analyses for recalled salt liking by sex
has highlighted some differences to those in the total sample.
While an association was found between higher recalled salt
liking and depression in the total sample the relationship was
only found in males (crude analysis), and not in females. Salt
liking was higher in those with severe versus normal anxiety
in the total sample, in those with severe versus mild/moderate
and normal anxiety in females, and in those with mild/mod-
erate anxiety versus normal in males (crude analysis). The
finding of higher salt liking in moderate stress was found in
the crude analysis in the total sample and in females in all
models with the inclusion of BMI as the exception. These
varying outcomes may be due to the predominantly female
composition of the study sample however this does not ex-
plain the differences completely. Previous studies on salt taste
qualities and mood (Scinska et al. 2004; A’Absi et al. 2012;
Biittner et al. 2015) did not analyze data by sex so com-
parative discussion is not possible. However, both salt taste
qualities (Hayes et al. 2010; Calvo and Egan 2015; Martin
and Sollars 2017 ) and mood (Eid et al. 2019; Rubinow and
Schmidt 2019; Seney and Sebille 2014) are known to vary be-
tween the sexes therefore there may be sex-hormone mediated
roles influencing the relationships that need to be explored.

Recalled salt taste intensity was not associated with depres-
sion, anxiety, or stress in the total sample or by sex. Similar
to liking, prior research on these relationships has measured
taste intensity through taste tests using salty solutions often
at supraphysiological concentrations (Scinska et al. 2004;
APAbsi et al. 2012; Itoh et al. 2022). This may account for
the varying outcomes in relation to the present study that
used recall taste measures. For example, reduced salt inten-
sity (solutions) has been correlated with the rise in cortisol
occurring during acute stress (AIAbsi et al. 2012) and to
increasing levels of self-reported stress (Itoh et al. 2022). In
contrast, the lack of association between recalled salt taste
intensity and depression in the present study was also found
in a healthy sample of older adults (63 years) that rated the
intensity of salty solutions (Scinska et al. 2004). The robust-
ness of the present result is increased by the better discrim-
inatory and diagnostic power for depression of the DASS-21
versus the BDI (Lovibond and Lovibond 1995a; Gloster et
al. 2008; Bener et al. 2016) used by Scinska et al. (2004).
Additional reasons for these varied outcomes may be differ-
ences in the physiology of acute and chronic stress, and use of
different mood assessment measures. Finally, differentiating
between intensities of varying salt solutions is more difficult
than other tastes (Puputti et al. 2018) and recall of taste in-
tensity is likely more challenging than recalling the hedonic
experience of taste liking.

Several physiological factors may explain the findings from
this study and highlight possible avenues for application and
future research. High salt concentrations modulate salt taste
receptor release of 5-HT and NE (Roper and Chaudhari
2017), neurotransmitters altered in depression (Dean and
Keshavan 2017), and anxiety (Kaur and Singh 2017). If salt
taste alterations are indicative of neurotransmitter imbalance,
taste tests may be utilized in progress monitoring or diag-
nosis. Genetic polymorphisms found in the salt taste receptor

TRPV1 are associated with altered salt taste sensitivity and
preference (Dias et al. 2013; Chamoun et al. 2018; Pilic and
Mavrommatis 2018) and to reduced anxiolytic behaviors
and antidepressant effects in mice (Marsch et al. 2007).
Whether variations in genes coding for salt taste receptors
are associated with depression, anxiety, and stress is yet to
be elucidated but may be useful in improving their detection,
prevention, or treatment. Low serum sodium levels have been
linked to depression (Grippo et al. 2006; Morris et al. 2006,
2008, 2010; Ozdemir et al. 2014; Sawant et al. 2019), and
correction of hyponatraemia can improve symptoms (Sawant
et al. 2019; Bojdani et al. 2020). Therefore, salt liking poten-
tially increases in depression in response to low serum so-
dium or the reduced physiological impacts of serum sodium.
For example, increased salt liking under sodium depletion
(Tindell et al. 2006) is reflected by increased neuronal activity
in the VP the center of hedonic liking in the brain (Smith et
al. 2009; Root et al. 2015). Increased firing of VP neurons
is also found in depression and silencing of VP neurons can
ameliorate depressive-like behaviors (Knowland et al. 2017).
Increased salt intake driven by liking of salt (Hayes et al.
2010; Pilic et al. 2020) may lead to TN nerve stimulation
(Simon et al. 2008; Bigiani, 2020, 2021) which ameliorates
depression (Schrader et al. 2011; Cook et al. 2013; Paulino
Trevizol and Cordeiro 2016; Generoso et al. 2019) and anx-
iety (Trevizol et al. 20135; Freire et al. 2020). Liking of salty
foods can be reduced through exposure to lower sodium diets
(Riis et al. 2021). Therefore, it is possible that a dietary inter-
vention reducing liking of salty foods may increase TN nerve
stimulation improving anxiety and depression or may reduce
VP neuronal firing improving depression.

This study is the first to find associations between recalled
liking of salt-index foods and DASS-21. A conservative ap-
proach to generalizing these findings is recommended as the
sample was predominantly female and highly educated with
incomes above average. However, none of the demographic
variables influenced the statistically significant relationships
in depression and anxiety. The larger numbers of participants
experiencing some level of depression, anxiety, and stress
(~36%) added power to the data and is somewhat reflective
of early evidence of the increased prevalence of mental health
issues reported during the COVID-19 pandemic when this
study was undertaken (Morgan 2020; Aknin et al. 2022).
Surveys are susceptible to sampling, response bias, and non-
response errors but also have advantages such as removing
interviewer bias and providing anonymity to participants
(Fricker and Schonlau 2002; Van Selm and Jankowski 2006).
In this case, the survey format allowed for the capture of a
large sample size and broader experiences of recalled salt taste
measures and mood not previously recorded. Questionnaires
are an appropriate method for population studies such as this
(Leshem 1998; Keskitalo et al. 2007; Cornelis et al. 2017;
Wanich et al. 2018), and have been moderately correlated
with outcomes from laboratory studies that measure the more
sensory experience of food (Deglaire et al. 2012). The use of
salt-index foods rather than supraphysiological salt solutions
to obtain recall measures of salt liking and intensity allows for
the results to be considered in real-world settings. The use of
multiple salty foods to arrive at means for recalled salt liking
and intensity reduced the influence that interindividual dif-
ferences between participants’ taste experiences may exert on
outcomes (Cornelis et al. 2017). However, the recall method
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used in this study to assess the salt taste qualities is highly
subjective and the next steps in research should include the
tasting of salt index foods in a clinical setting.

The aim of this cross-sectional study was to explore the re-
lationships between aspects of salt taste and mood. The novel
findings demonstrate that recalled liking of salt index foods
increases when DASS-21 scores indicate severe depression and
anxiety, and moderate stress. Further examination of the rela-
tionships between salt liking and mental health and the mech-
anisms that may be involved in the associations would be
beneficial to proving/disproving these findings and moving to-
ward their appropriate application in clinical and non-clinical
settings. Future research should include tasting of salty foods
in clinical settings, data on salt intake, serum sodium levels,
genetics, and ethnicity, and have a more even sex distribu-
tion. Interventions that measure neurotransmitter levels and
nervous system responses common to both salt taste and de-
pression, anxiety, and stress would be valuable to understand
the mechanisms involved in the correlations found and better
direct any potential new assessment methods or treatments.

Supplementary material

Supplementary material can be found at http://www.chemse.
oxfordjournals.org/.

Author contributions

Conceptualization, C.E. and E.L.B.; Data curation, C.E
and E.L.B.; Formal analysis, C.F. and E.L.B.; Funding acquisi-
tion, E.L.B.; Investigation, C.F. and E.L.B.; Methodology, C.E.
and E.L.B.; Project administration, C.F and E.L.B.; Resources,
E.L.B.; Writing—original draft, C.F. and E.L.B.; Writing—re-
view and editing, C.E,, C.]J.S., T.B., and E.L.B.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Data availability

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

Aknin LB, De Neve J-E, Dunn EW, Fancourt DE, Goldberg E,
Helliwell JE Jones SP, Karam E, Layard R, Lyubomirsky S, et
al. Mental health during the first year of the Covid-19 pan-
demic: a review and recommendations for moving forward.
Perspect  Psychol  Sci.  2022:17(4):915-936.  https://doi.
org/10.1177/17456916211029964

APAbsi M, Nakajima M, Hooker S, Wittmers L, Cragin T. Exposure
to acute stress is associated with attenuated sweet taste. Psycho-
physiology. 2012:49(1):96-103. https://doi.org/10.1111/.1469-
8986.2011.01289.x

Chemical Senses, 2023, Vol. 48

Amick HR, Gartlehner G, Gaynes BN, Forneris C, Asher GN, Morgan
LC, Coker-Schwimmer E, Boland E, Lux L], Gaylord S, et al. Com-
parative benefits and harms of second generation antidepressants
and cognitive behavioral therapies in initial treatment of major
depressive disorder: systematic review and meta-analysis. BM]J.
2015:351:h6019. https://doi.org/10.1136/bmj.h6019

Australian Bureau of Statistics. National Health Survey: First results
2017-18 ABS; 2018 [accessed 2022 August 3]. https://www.abs.
gov.au/statistics/health/health-conditions-and-risks/national-
health-survey-first-results/latest-release.

Baldwin D, Woods R, Lawson R, Taylor D. Efficacy of drug treatments
for generalised anxiety disorder: systematic review and meta-
analysis. BM]J. 2011:342:d1199. https://doi.org/10.1136/bmj.
d1199

Bartoshuk LM, Duffy VB, Green BG, Hoffman HJ, Ko CW, Lucchina
LA, Marks LE, Snyder DJ, Weiffenbach JM. Valid across-group
comparisons with labeled scales: the gLMS versus magnitude
matching. Physiol Behav. 2004:82(1):109-114. https://doi.
org/10.1016/j.physbeh.2004.02.033

Beckett EL, Martin C, Yates Z, Veysey M, Duesing K, Lucock M. Bit-
ter taste genetics—the relationship to tasting, liking, consump-
tion and health. Food Funct. 2014:5(12):3040-3054. https://doi.
org/10.1039/C4FO00539B

Bener A, Alsulaiman R, Lg D, Hr E. Comparison of reliability and
validity of the Breast Cancer Depression Anxiety Stress Scales
(DASS- 21) with the Beck Depression Inventory-(BDI-II) and
Hospital Anxiety and Depression Scale (HADS). Int | Behav Res
Psychol. 2016:4(4):196-202. https://doi.org/10.19070/2332-3000-
1600035

Bigiani A. Does ENaC work as sodium taste receptor in humans? Nu-
trients. 2020:12(4):1195. https://doi.org/10.3390/nu12041195

Bigiani A. The origin of saltiness: oral detection of NaCl. Curr
Opin  Physiol.  2021:19:156-161.  https://doi.org/10.1016/j.
cophys.2020.11.006

Bland JM, Altman DG. Statistics notes: Cronbach’s alpha. BM].
1997:314(7080):572. https://doi.org/10.1136/bm;j.314.7080.572

Bojdani E, De Souza F Rajagopalan AK, Chen A, Cloutier AA,
Nold TR, Tahera D. Hyponatremia and psychiatric diseases.
London, UK: IntechOpen. 2020. https://doi.org/10.5772/
intechopen.90011

Bromley SM. Smell and taste disorders: a primary care approach. Am
Fam Physician. 2000:61(2):427-36, 438.

Brookie KL, Best GI, Conner TS. Intake of raw fruits and vegetables
is associated with better mental health than intake of processed
fruits and vegetables. Front Psychol. 2018:9(487):1-14. https://doi.
org/10.3389/fpsyg.2018.00487

Biittner M, Jezova D, Greene B, Konrad C, Kircher T, Murck H.
Target-based biomarker selection—mineralocorticoid receptor-
related biomarkers and treatment outcome in major depression.
J Psychiatr Res. 2015:66-67:24-37. https://doi.org/10.1016/j.
jpsychires.2015.04.012

Bystritsky A, Khalsa SS, Cameron ME, Schiffman J. Current diagnosis
and treatment of anxiety disorders. P T. 2013:38(1):30-57.

Calvo SSC, Egan JM. The endocrinology of taste receptors. N
Rev  Endocrin.  2015:11:213-227.  https://doi.org/10.1038/
nrendo.2015.7

Carmody TJ, Rush AJ, Bernstein I, Warden D, Brannan S, Burn-
ham D, Woo A, Trivedi MH. The Montgomery Asberg and the
Hamilton ratings of depression: a comparison of measures.
Eur Neuropsychopharmacol. 2006:16(8):601-611. https://doi.
org/10.1016/j.euroneuro.2006.04.008

Chamoun E, Liu AAS, Duizer LM, Darlington G, Duncan AM, Haines
J, Ma DWL. Taste sensitivity and taste preference measures are
correlated in healthy young adults. Chem Senses. 2019:44(2):129-
134. https://doi.org/10.1093/chemse/bjy082

Chamoun E, Mutch DM, Allen-Vercoe E, Buchholz AC, Duncan AM,
Spriet LL, Haines J, Ma DWL, Guelph Family Health Study. A re-
view of the associations between single nucleotide polymorphisms
in taste receptors, eating behaviors, and health. Crit Rev Food Sci


http://www.chemse.oxfordjournals.org/
http://www.chemse.oxfordjournals.org/
https://doi.org/10.1177/17456916211029964
https://doi.org/10.1177/17456916211029964
https://doi.org/10.1111/j.1469-8986.2011.01289.x
https://doi.org/10.1111/j.1469-8986.2011.01289.x
https://doi.org/10.1136/bmj.h6019
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-first-results/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-first-results/latest-release
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/national-health-survey-first-results/latest-release
https://doi.org/10.1136/bmj.d1199
https://doi.org/10.1136/bmj.d1199
https://doi.org/10.1016/j.physbeh.2004.02.033
https://doi.org/10.1016/j.physbeh.2004.02.033
https://doi.org/10.1039/C4FO00539B
https://doi.org/10.1039/C4FO00539B
https://doi.org/10.19070/2332-3000-1600035
https://doi.org/10.19070/2332-3000-1600035
https://doi.org/10.3390/nu12041195
https://doi.org/10.1016/j.cophys.2020.11.006
https://doi.org/10.1016/j.cophys.2020.11.006
https://doi.org/10.1136/bmj.314.7080.572
https://doi.org/10.5772/intechopen.90011
https://doi.org/10.5772/intechopen.90011
https://doi.org/10.3389/fpsyg.2018.00487
https://doi.org/10.3389/fpsyg.2018.00487
https://doi.org/10.1016/j.jpsychires.2015.04.012
https://doi.org/10.1016/j.jpsychires.2015.04.012
https://doi.org/10.1038/nrendo.2015.7
https://doi.org/10.1038/nrendo.2015.7
https://doi.org/10.1016/j.euroneuro.2006.04.008
https://doi.org/10.1016/j.euroneuro.2006.04.008
https://doi.org/10.1093/chemse/bjy082

Chemical Senses, 2023, Vol. 48

Nutr. 2018:58(2):194-207. https://doi.org/10.1080/10408398.20
16.1152229

Cipriani A, Furukawa TA, Salanti G, Chaimani A, Atkinson LZ,
Ogawa Y, Leucht S, Ruhe HG, Turner EH, Higgins JPT, et al.
Comparative efficacy and acceptability of 21 antidepressant
drugs for the acute treatment of adults with major depressive dis-
order: a systematic review and network meta-analysis. Lancet.
2018:391(10128):1357-1366.  https://doi.org/10.1016/s0140-
6736(17)32802-7

Clara IP, Cox BJ, Enns MW. Confirmatory factor analysis of the
depression-anxiety-stress scales in depressed and anxious pa-
tients. | Psychopathol Behav Assess. 2001:23(1):61-67. https://doi.
org/10.1023/A:1011095624717

Cook IA, Schrader LM, Degiorgio CM, Miller PR, Maremont ER,
Leuchter AF. Trigeminal nerve stimulation in major depressive
disorder: acute outcomes in an open pilot study. Epilepsy Behav.
2013:28(2):221-226. https://doi.org/10.1016/j.yebeh.2013.05.008

Cornelis MC, Tordoff MG, El-Sohemy A, Van Dam RM. Recalled
taste intensity, liking and habitual intake of commonly consumed
foods. Appetite. 2017:109:182-189. https://doi.org/10.1016/j.
appet.2016.11.036

Dean ], Keshavan M. The neurobiology of depression: an inte-
grated view. Asian | Psychiatr. 2017:27:101-111. https://doi.
0rg/10.1016/4.ajp.2017.01.025

Deglaire A, Méjean C, Castetbon K, Kesse-Guyot E, Urbano C, Hercberg
S, Schlich P. Development of a questionnaire to assay recalled liking
for salt, sweet and fat. Food Qual Preference.2012:23(2):110-124.
https://doi.org/10.1016/j.foodqual.2011.08.006

Devane, CL., Chiao, E., Franklin M, Kruep EJ. Anxiety disorders in the
21st century: status, challenges, opportunities, and comorbidity
with depression. Am | Manag Care. 2005:11(12 Suppl):S344-
S353.

Devi S, Alexandre YO, Loi JK, Gillis R, Ghazanfari N, Creed SJ, Holz
LE, Shackleford D, Mackay LK, Heath WR, et al. Adrenergic regu-
lation of the vasculature impairs leukocyte interstitial migration
and suppresses immune responses. Immunity. 2021:54(6):1219-
1230.e7e1217. https://doi.org/10.1016/j.immuni.2021.03.025

Dias AG, Rousseau D, Duizer L, Cockburn M, Chiu W, Nielsen D, El-
Sohemy A. Genetic variation in putative salt taste receptors and salt
taste perception in humans. Chem Senses. 2013:38(2):137-145.
https://doi.org/10.1093/chemse/bjs090

Doty RL, Shah M, Bromley SM. Drug-induced taste disorders. Drug
Saf.  2008:31(3):199-215.  https://doi.org/10.2165/00002018-
200831030-00002

Drewnowski A, Henderson SA, Levine A, Hann C. Taste and food
preferences as predictors of dietary practices in young women.
Public Health Nutr. 1999:2(4):513-519. https://doi.org/10.1017/
$1368980099000695

Eid RS, Gobinath AR, Galea LAM. Sex differences in depression: insights
from clinical and preclinical studies. Prog Neurobiol. 2019:176:86—
102. https://doi.org/10.1016/j.pneurobio.2019.01.006

Endrizzi I, Cliceri D, Menghi L, Aprea E, Charles M, Monteleone E,
Dinella C, Spinelli S, Pagliarni E, Laureati M, et al. Relationship
between intensity and liking for chemosensory stimuli in food
models: a large scale consumer segmentation. Foods. 2021:11(1):1-
23. https://doi.org/10.3390/foods11010005.

Ervina E, Almli VL, Berget I, Spinelli S, Sick J, Dinnella C. Does re-
sponsiveness to basic tastes influence preadolescents’ food liking?
Investigating taste responsiveness segment on bitter-sour-sweet and
salty-umami model food samples. Nutrients. 2021:13(8):2721.
https://doi.org/10.3390/nu13082721

Farhangi MA, Dehghan P, Jahangiry L. Mental health problems in
relation to eating behavior patterns, nutrient intakes and health
related quality of life among Iranian female adolescents. PLoS
Omne.  2018:13(4):e0195669.  https://doi.org/10.1371/journal.
pone.0195669.

Firth J, Marx W, Dash S, Carney R, Teasdale SB, Solmi M, Stubbs B,
Schuch FB, Carvalho AF, Jacka F, et al. The effects of dietary im-
provement on symptoms of depression and anxiety: a meta-analysis

1

of randomized controlled trials. Psychosom Med.2019:81(3):265-
280. https://doi.org/10.1097/PSY.0000000000000673

Fournier JC, Derubeis R], Hollon SD, Dimidjian S, Amsterdam JD,
Shelton R C, Fawcett J. Antidepressant drug effects and depres-
sion severity. JAMA. 2010:303(1):47-53. https://doi.org/10.1001/
jama.2009.1943

Freire RC, Cabrera-Abreu C, Milev R. Neurostimulation in anxiety
disorders, post-traumatic stress disorder, and obsessive-compulsive
disorder. In: Kim YK, editor. Anxiety disorders: advances in experi-
mental medicine and biology. London: Springer Nature; 2020. p.
331-346. https://doi.org/10.1007/978-981-32-9705-0_18

Fricker RD, Schonlau M. Advantages and disadvantages of internet
research surveys: evidence from the literature. Field Methods.
2002:14(4):347-367. https://doi.org/10.1177/152582202237725

Gardner MP, Wansink B, Kim J, Park S-B. Better moods for better
eating?: How mood influences food choice. | Consum Psychol.
2014:24(3):320-335. https://doi.org/10.1016/j.jcps.2014.01.002

Gartlehner G, Thieda P, Hansen RA, Gaynes BN, Deveaugh-Geiss
A, Krebs EE, Lohr KN. Comparative risk for harms of second-
generation antidepressants. Drug Saf. 2008:31(10):851-865.
https://doi.org/10.2165/00002018-200831100-00004

Generoso MB, Taiar IT, Garrocini LP, Bernardon R, Cordeiro Q, Uchida
RR, Shiozawa P. Effect of a 10-day transcutaneous trigeminal nerve
stimulation (TNS) protocol for depression amelioration: a random-
ized, double blind, and sham-controlled phase I clinical trial. Epilepsy
Behav. 2019:95:39-42. https://doi.org/10.1016/j.yebeh.2019.03.025

Gloster AT, Rhoades HM, Novy D, Klotsche ], Senior A, Kunik M,
Wilson N, Stanley MA. Psychometric properties of the Depres-
sion Anxiety and Stress Scale-21 in older primary care patients.
J Affect Disord. 2008:110(3):248-259. https://doi.org/10.1016/;.
jad.2008.01.023

Goldstein P, Leshem M. Dietary sodium, added salt, and serum so-
dium associations with growth and depression in the U.S. general
population. Appetite. 2014:79:83-90. https://doi.org/10.1016/j.
appet.2014.04.008

Green BG, Dalton P, Cowart B, Shaffer G, Rankin K, Higgins ]J.
Evaluating the “labeled magnitude scale” for measuring sensations
of taste and smell. Chem Senses. 1996:21(3):323-334. https://doi.
org/10.1093/chemse/21.3.323

Grippo AJ, Moffitt JA, Beltz TG, Johnson AK. Reduced hedonic behav-
ior and altered cardiovascular function induced by mild sodium de-
pletion in rats. Behav Neurosci. 2006:120(5):1133-1143. https://
doi.org/10.1037/0735-7044.120.5.1133

Groen RN, Ryan O, Wigman JTW, Riese H, Penninx BWJH, Giltay
EJ, Wichers M, Hartman CA. Comorbidity between depression
and anxiety: assessing the role of bridge mental states in dynamic
psychological networks. BMC Med. 2020:18(1):308. https://doi.
org/10.1186/s12916-020-01738-z

Hankin BL, Abramson LY, Miller N, Haeffel GJ. Cognitive vulnerability-
stress theories of depression: examining affective specificity in the
prediction of depression versus anxiety in three prospective studies.
Cognit Ther Res. 2004:28(3):309-345. http://doi.org/10.1023/
b:cotr.0000031805.60529.0d.

Hayes JE, Sullivan BS, Duffy VB. Explaining variability in sodium in-
take through oral sensory phenotype, salt sensation and liking.
Physiol Behav. 2010:100(4):369-380. https://doi.org/10.1016/;.
physbeh.2010.03.017

Heath TP, Melichar JK, Nutt D], Donaldson LE. Human taste
thresholds are modulated by serotonin and noradrenaline. |
Neurosci.  2006:26(49):12664-12671.  https://doi.org/10.1523/
JNEUROSCI.3459-06.2006

Henry JD, Crawford JR. The short-form version of the Depression Anx-
iety Stress Scales (DASS-21): construct validity and normative data
in a large non-clinical sample. Br | Clin Psychol. 2005:44(2):227-
239. https://doi.org/10.1348/014466505x29657

Ileri-Gurel E, Pehlivanoglu B, Dogan M. Effect of acute stress on taste
perception: in relation with baseline anxiety level and body weight.
Chem Senses. 2013:38(1):27-34. https://doi.org/10.1093/chemse/
bjs075


https://doi.org/10.1080/10408398.2016.1152229
https://doi.org/10.1080/10408398.2016.1152229
https://doi.org/10.1016/s0140-6736(17)32802-7
https://doi.org/10.1016/s0140-6736(17)32802-7
https://doi.org/10.1023/A:1011095624717
https://doi.org/10.1023/A:1011095624717
https://doi.org/10.1016/j.yebeh.2013.05.008
https://doi.org/10.1016/j.appet.2016.11.036
https://doi.org/10.1016/j.appet.2016.11.036
https://doi.org/10.1016/j.ajp.2017.01.025
https://doi.org/10.1016/j.ajp.2017.01.025
https://doi.org/10.1016/j.foodqual.2011.08.006
https://doi.org/10.1016/j.immuni.2021.03.025
https://doi.org/10.1093/chemse/bjs090
https://doi.org/10.2165/00002018-200831030-00002
https://doi.org/10.2165/00002018-200831030-00002
https://doi.org/10.1017/S1368980099000695
https://doi.org/10.1017/S1368980099000695
https://doi.org/10.1016/j.pneurobio.2019.01.006
https://doi.org/10.3390/foods11010005
https://doi.org/10.3390/nu13082721
https://doi.org/10.1371/journal.pone.0195669
https://doi.org/10.1371/journal.pone.0195669
https://doi.org/10.1097/PSY.0000000000000673
https://doi.org/10.1001/jama.2009.1943
https://doi.org/10.1001/jama.2009.1943
https://doi.org/10.1007/978-981-32-9705-0_18
https://doi.org/10.1177/152582202237725
https://doi.org/10.1016/j.jcps.2014.01.002
https://doi.org/10.2165/00002018-200831100-00004
https://doi.org/10.1016/j.yebeh.2019.03.025
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1016/j.appet.2014.04.008
https://doi.org/10.1016/j.appet.2014.04.008
https://doi.org/10.1093/chemse/21.3.323
https://doi.org/10.1093/chemse/21.3.323
https://doi.org/10.1037/0735-7044.120.5.1133
https://doi.org/10.1037/0735-7044.120.5.1133
https://doi.org/10.1186/s12916-020-01738-z
https://doi.org/10.1186/s12916-020-01738-z
http://doi.org/10.1023/b:cotr.0000031805.60529.0d
http://doi.org/10.1023/b:cotr.0000031805.60529.0d
https://doi.org/10.1016/j.physbeh.2010.03.017
https://doi.org/10.1016/j.physbeh.2010.03.017
https://doi.org/10.1523/JNEUROSCI.3459-06.2006
https://doi.org/10.1523/JNEUROSCI.3459-06.2006
https://doi.org/10.1348/014466505x29657
https://doi.org/10.1093/chemse/bjs075
https://doi.org/10.1093/chemse/bjs075

12

Itoh M, Kitagawa A, Ouchi H, Yamaguchi M, Watanabe R, Sone H,
Kamiyama S. Effects of visual and aromatic stimulations on the
perception of five fundamental tastes. Biosci Biotechnol Biochem.
2022:86:655-664. https://doi.org/10.1093/bbb/zbac029

James SL, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N,
Abbastabar H, Abd-Allah F, Abdela J, Abdelalim A, et al. Global,
regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and terri-
tories, 1990-2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018:392(10159):1789-1858. https:/
doi.org/10.1016/s0140-6736(18)32279-7

Kalin NH. The critical relationship between anxiety and depression.
Am | Psychiatry. 2020:177(5):365-367. https://doi.org/10.1176/
appi.ajp.2020.20030305

Kaur S, Singh R. Role of different neurotransmitters in Anxiety: a sys-
temic review. [nt | Pharm Sci Res. 2017:8(2):411-421. https://doi.
org/10.13040/1JPSR.0975-8232.8(2).411-21

Keskitalo K, Tuorila H, Spector TD, Cherkas LF, Knaapila A, Silventoinen
K, Perola M. Same genetic components underlie different measures
of sweet taste preference. Am | Clin Nutr. 2007:86(6):1663-1669.
http://doi.org/10.1093/ajcn/86.5.1663.

Kesse-Guyot E, Amieva H, Castetbon K, Henegar A, Ferry M, Jeandel
C, Hercberg S, Galan P; SU.VL.LMAX 2 Research Group. Adher-
ence to nutritional recommendations and subsequent cognitive
performance: findings from the prospective Supplementation
with Antioxidant Vitamins and Minerals 2 (SU.VL.MAX 2) study.
Am ] Clin Nutr. 2011:93(1):200-210. https://doi.org/10.3945/
ajcn.2010.29761

Khan A, Leventhal RM, Khan SR, Brown WA. Severity of depression
and response to antidepressants and placebo: an analysis of the
food and drug administration database. | Clin Psychopharmacol.
2002:22(1):40-45.

Knowland D, Lilascharoen V, Pacia CP, Shin S, Wang EH-J, Lim BK.
Distinct ventral pallidal neural populations mediate separate symp-
toms of depression. Cell. 2017:170(2):284-297.e18.€218. https:/
doi.org/10.1016/j.cell.2017.06.015

Kris-Etherton PM, Petersen KS, Velarde G, Barnard ND, Miller M,
Ros E, O’Keefe JH, Williams K, Horn LV, Na M, et al. Barriers,
opportunities, and challenges in addressing disparities in diet-re-
lated cardiovascular disease in the united states. | Am Heart Assoc.
2020:9(7):1-22. :https://doi.org/10.1161/jaha.119.014433

Leshem M. Salt preference in adolescence is predicted by com-
mon prenatal and infantile mineralofluid loss. Physiol
Behav.  1998:63(4):699-704.  https://doi.org/10.1016/s0031-
9384(97)00525-8

Liem DG, Russell CG. The influence of taste liking on the consumption
of nutrient rich and nutrient poor foods. Front Nutr. 2019:6:174.
https://doi.org/10.3389/fnut.2019.00174

Linde K, Kriston L, Rucker G, Jamil S, Schumann I, Meissner K,
Sigterman K, Schneider A. Efficacy and acceptability of pharma-
cological treatments for depressive disorders in primary
care: systematic review and network meta-analysis. Ann Fam Med.
2015:13(1):69-79. https://doi.org/10.1370/afm.1687

Liu X, Yan Y, Li E Zhang D. Fruit and vegetable consumption and
the risk of depression: A meta-analysis. Nutrition. 2016:32(3):296—
302. https://doi.org/10.1016/j.nut.2015.09.009

Locher C, Koechlin H, Zion SR, Werner C, Pine DS, Kirsch I, Kessler
RC, Kossowsky J. Efficacy and safety of selective serotonin re-
uptake inhibitors, serotonin-norepinephrine reuptake inhibitors,
and placebo for common psychiatric disorders among children
and adolescents: a systematic review and meta-analysis. JAMA
Psychiatry.  2017:74(10):1011-1020.  https://doi.org/10.1001/
jamapsychiatry.2017.2432

Lovibond PE, Lovibond SH. The structure of negative emotional states: com-
parison of the Depression Anxiety Stress Scales (DASS) with the beck
depression and anxiety inventories. Behav Res Ther. 1995a:33(3):335-
343. https://doi.org/10.1016/0005-7967(94)00075-u

Lovibond SH, Lovibond PE. Manual for the depression anxiety and
stress scales. 2nd ed. Sydney: Psychology Foundation; 1995b.

Chemical Senses, 2023, Vol. 48

Marfell-Jones M, Norton K, Carter L, Olds T. . International standards
for anthropometric assessment. South Australia: International Soci-
ety for the Advancement of Kinanthropometry; 2001.

Mariotti A. The effects of chronic stress on health: new insights into the
molecular mechanisms of brain-body communication. Future Sci
OA. 2015:1(3):FSO23. https://doi.org/10.4155/fs0.15.21

Marsch R, Foeller E, Rammes G, Bunck M, Kossl M, Holsboer F,
Zieglgansberger W, Landgraf R, Lutz B, Wotjak CT. Reduced anx-
iety, conditioned fear, and hippocampal long-term potentiation
in transient receptor potential vanilloid type 1 receptor-deficient
mice. | Neurosci. 2007:27(4):832-839. https://doi.org/10.1523/
jneurosci.3303-06.2007

Martin L], Sollars SI. Contributory role of sex differences in the vari-
ations of gustatory functions. | Neurosci Res. 2017:85(1-2):594-
603. https://doi.org/10.1002/jnr.23819

McMartin SE, Jacka FN, Colman I. The association between fruit and
vegetable consumption and mental health disorders: evidence from
five waves of a national survey of Canadians. Prev Med.2013:56(3—
4):225-230. https://doi.org/10.1016/j.ypmed.2012.12.016

Morgan R. Mental health conditions anxiety and depres-
sion increased rapidly during lockdown. 2020. [accessed
2022 Apr 21]. http://www.roymorgan.com/findings/8566-
australian-mental-health-conditions-covid-19-pandemic-
november-2020-202011090621.

Morris MJ, Na ES, Grippo AJ, Johnson AK. The effects of
deoxycorticosterone-induced sodium appetite on hedonic behav-
iors in the rat. Behav Neurosci. 2006:120(3):571-579. https://doi.
org/10.1037/0735-7044.120.3.571

Morris MJ, Na ES, Johnson AK. Salt craving: the psychobiology of
pathogenic sodium intake. Physiol Behav. 2008:94(5):709-721.
https://doi.org/10.1016/j.physbeh.2008.04.008

Morris MJ, Na ES, Johnson AK. Mineralocorticoid receptor antagon-
ism prevents hedonic deficits induced by a chronic sodium appetite.
Behav Neurosci. 2010:124(2):211-224. https://doi.org/10.1037/
a0018910

Muscaritoli M. The impact of nutrients on mental health and well-being:
insights from the literature. Front Nutr. 2021:8:656290. https:/
doi.org/10.3389/fnut.2021.656290

National Mental Health Commission. Monitoring mental health
and suicide prevention reform: National report 2018. NMHC;
2018. [accessed 2022 August 7]. https://nacchocommunique.files.
wordpress.com/2018/10/monitoring-mental-health-and-suicide-
prevention-reform-national-report-2018.pdf.

Nguyen B, Ding D, Mihrshahi S. Fruit and vegetable consumption and
psychological distress: cross-sectional and longitudinal analyses
based on a large Australian sample. BMJ Open.2017:7(3):e014201.
https://doi.org/10.1136/bmjopen-2016-014201

Norton PJ. Depression Anxiety and Stress Scales (DASS-21):
psychometric  analysis across four racial groups. Anx-
iety  Stress  Coping.  2007:20(3):253-265.  https://doi.
org/10.1080/10615800701309279

Opie RS, O’Neil A, Itsiopoulos C, Jacka FN. The impact of whole-of-diet
interventions on depression and anxiety: a systematic review of ran-
domised controlled trials. Public Health Nutr. 2015:18(11):2074-
2093. https://doi.org/10.1017/s1368980014002614

Ozdemir O, Soyoral Y, Istk M, Ozdemir P, Balahoroglu R. Is there any
relationship between sodium and depression?. ] Mood Disorders.
2014:4(4):163.

Pagliarini E, Proserpio C, Spinelli S, Lavelli V, Laureati M, Arena
E, Di Monaco R, Menghi L, Gallina Toschi T, Braghieri A,
et al. The role of sour and bitter perception in liking, famil-
iarity and choice for phenol-rich plant-based foods. Food
Qual  Prefer. 2021:93:104250. https://doi.org/10.1016/j.
foodqual.2021.104250

Paulino Trevizol A, Cordeiro Q. Trigeminal nerve stimulation for major
depressive disorder: an updated systematic review. Arch Neurosci.
2016:4(1):€39263. https://doi.org/10.5812/archneurosci.39263

Pezirkianidis C, Karakasidou E, Lakioti A, Stalikas A, Galanakis M.
Psychometric properties of the Depression, Anxiety, Stress Scales-21


https://doi.org/10.1093/bbb/zbac029
https://doi.org/10.1016/s0140-6736(18)32279-7
https://doi.org/10.1016/s0140-6736(18)32279-7
https://doi.org/10.1176/appi.ajp.2020.20030305
https://doi.org/10.1176/appi.ajp.2020.20030305
https://doi.org/10.13040/IJPSR.0975-8232.8(2).411-21
https://doi.org/10.13040/IJPSR.0975-8232.8(2).411-21
http://doi.org/10.1093/ajcn/86.5.1663
https://doi.org/10.3945/ajcn.2010.29761
https://doi.org/10.3945/ajcn.2010.29761
https://doi.org/10.1016/j.cell.2017.06.015
https://doi.org/10.1016/j.cell.2017.06.015
https://doi.org/10.1161/jaha.119.014433
https://doi.org/10.1016/s0031-9384(97)00525-8
https://doi.org/10.1016/s0031-9384(97)00525-8
https://doi.org/10.3389/fnut.2019.00174
https://doi.org/10.1370/afm.1687
https://doi.org/10.1016/j.nut.2015.09.009
https://doi.org/10.1001/jamapsychiatry.2017.2432
https://doi.org/10.1001/jamapsychiatry.2017.2432
https://doi.org/10.1016/0005-7967(94)00075-u
https://doi.org/10.4155/fso.15.21
https://doi.org/10.1523/jneurosci.3303-06.2007
https://doi.org/10.1523/jneurosci.3303-06.2007
https://doi.org/10.1002/jnr.23819
https://doi.org/10.1016/j.ypmed.2012.12.016
http://www.roymorgan.com/findings/8566-australian-mental-health-conditions-covid-19-pandemic-november-2020-202011090621
http://www.roymorgan.com/findings/8566-australian-mental-health-conditions-covid-19-pandemic-november-2020-202011090621
http://www.roymorgan.com/findings/8566-australian-mental-health-conditions-covid-19-pandemic-november-2020-202011090621
https://doi.org/10.1037/0735-7044.120.3.571
https://doi.org/10.1037/0735-7044.120.3.571
https://doi.org/10.1016/j.physbeh.2008.04.008
https://doi.org/10.1037/a0018910
https://doi.org/10.1037/a0018910
https://doi.org/10.3389/fnut.2021.656290
https://doi.org/10.3389/fnut.2021.656290
https://nacchocommunique.files.wordpress.com/2018/10/monitoring-mental-health-and-suicide-prevention-reform-national-report-2018.pdf
https://nacchocommunique.files.wordpress.com/2018/10/monitoring-mental-health-and-suicide-prevention-reform-national-report-2018.pdf
https://nacchocommunique.files.wordpress.com/2018/10/monitoring-mental-health-and-suicide-prevention-reform-national-report-2018.pdf
https://doi.org/10.1136/bmjopen-2016-014201
https://doi.org/10.1080/10615800701309279
https://doi.org/10.1080/10615800701309279
https://doi.org/10.1017/s1368980014002614
https://doi.org/10.1016/j.foodqual.2021.104250
https://doi.org/10.1016/j.foodqual.2021.104250
https://doi.org/10.5812/archneurosci.39263

Chemical Senses, 2023, Vol. 48

(DASS-21)inaGreeksample.Psychology.2018:09(15):2933-2950ht
tps://doi.org/10.4236/psych.2018.915170

Pilic L, Lubasinski NJ, Berk M, Ward D, Graham CA-M, Da Silva
Anastacio V, King A, Mavrommatis Y. The associations between
genetics, salt taste perception and salt intake in young adults.
Food Qual Prefer. 2020:84:103954. https://doi.org/10.1016/j.
foodqual.2020.103954

Pilic L, Mavrommatis Y. Genetic predisposition to salt-sensitive
normotension and its effects on salt taste perception and in-
take. Br | Nutr. 2018:120(7):721-731. https://doi.org/10.1017/
s0007114518002027

Porcelli SMD, Drago AMD, Fabbri C, Gibiino SMD, Calati RPP, Serretti
AMDP. Pharmacogenetics of antidepressant response. | Psychiatr
Neurosci. 2011:36(2):87-113.

Puputti S, Aisala H, Hoppu U, Sandell M. Multidimensional measure-
ment of individual differences in taste perception. Food Qual Prefer.
2018:65:10-17. https://doi.org/10.1016/j.foodqual.2017.12.006

Puputti S, Aisala H, Hoppu U, Sandell M. Factors explaining individ-
ual differences in taste sensitivity and taste modality recognition
among Finnish adults. | Sens Stud. 2019:34(4):e12506-n/a. https://
doi.org/10.1111/joss.12506

Ramsden CE, Faurot KR, Zamora D, Palsson OS, Macintosh BA,
Gaylord S, Taha AY, Rapoport SI, Hibbeln JR, Davis JM, et al. Tar-
geted alterations in dietary n-3 and n-6 fatty acids improve life
functioning and reduce psychological distress among patients with
chronic headache. Pain. 2015:156(4):587-596. https://doi.org/10.1
097/01.j.pain.0000460348.84965.47

Rees J, Radavelli Bagatini S, Lo J, Hodgson JM, Christophersen CT,
Daly RM, Magliano DJ, Shaw JE, Sim M, Bondonno CP, et al. As-
sociation between fruit and vegetable intakes and mental health
in the Australian diabetes obesity and lifestyle cohort. Nutrients.
2021:13(5):1447. https://doi.org/10.3390/nul13051447

Riis NL, Bjoernsbo KS, Toft U, Trolle E, Hyldig G, Hartley IE, Keast R,
Lassen AD. Impact of salt reduction interventions on salt taste sensitiv-
ity and liking, a cluster randomized controlled trial. Food Qual Prefer.
2021:87:104059. https://doi.org/ 10.1016/j.foodqual.2020.104059.

Root DH, Melendez RI, Zaborszky L, Napier TC. The ventral
pallidum: Subregion-specific functional anatomy and roles in mo-
tivated behaviors. Prog Neurobiol. 2015:130:29-70. https://doi.
org/10.1016/j.pneurobio.2015.03.005

Roper SD, Chaudhari N. Taste buds: cells, signals and synapses. Nat Rev
Neurosci. 2017:18(8):485-497. https://doi.org/10.1038/nrn.2017.68

Rubino DR, Schmidt PJ. Sex differences and the neurobiology of affect-
ive disorders. Neuropsychopharmacology. 2019:1(44):111-128.
https://doi.org//10.1038/s41386-018-0148-z

Santomauro DF, Mantilla Herrera AM, Shadid J, Zheng P, Ashbaugh
C, Pigott DM, Abbafati C, Adolph C, Amlag JO, Aravkin AY, et al.
Global prevalence and burden of depressive and anxiety disorders
in 204 countries and territories in 2020 due to the COVID-19
pandemic. Lancet. 2021:398(10312):1700-1712. https://doi.
org/10.1016/s0140-6736(21)02143-7

Sawant N, Parkar S, Rupani K, Bansal H, Singh S. Hyponatremia mis-
diagnosed as depression. Ann Indian Psychiatry. 2019:3(2):168-
170. https://doi.org/10.4103/aip.aip_31_19

Schrader LM, Cook IA, Miller PR, Maremont ER, DeGiorgio CM. Tri-
geminal nerve stimulation in major depressive disorder: first proof
of concept in an open pilot trial. Epilepsy Behav. 2011:22(3):475-
478. https://doi.org/10.1016/j.yebeh.2011.06.026

Schutz HG, Cardello AV. A labeled affective magnitude (LAM) scale for
assessing food liking/disliking. | Sens Stud. 2001:16(2):117-159.
https://doi.org/10.1111/j.1745-459X.2001.tb00293.x

13

Scinska A, Sienkiewicz-Jarosz H, Kuran W, Ryglewicz D, Rogowski
A, Wrobel E, Korkosz A, Kukwa A, Kostowski W, Bienkowski
P. Depressive symptoms and taste reactivity in humans.
Physiol Behav. 2004:82(5):899-904. https://doi.org/10.1016/j.
physbeh.2004.07.012

Seney ML, Sibille E. Sex differences in mood disorders: perspectives
from humans and rodent models. Biol Sex Differ. 2014:5(17):1-10.
https://doi.org/10.1186/s13293-014-0017-3

Simon SA, De Araujo IE, Stapleton JR, Nicolelis MA L. Multisensory
processing of gustatory stimuli. Chemosens Percept. 2008:1(2):95—
102. https://doi.org/10.1007/s12078-008-9014-4

Slee A,NazarethI,Bondaronek P,LiuY, Cheng Z, Freemantle N. Pharma-
cological treatments for generalised anxiety disorder: a systematic
review and network meta-analysis. Lancer. 2019:393(10173):768-
777. https://doi.org/10.1016/s0140-6736(18)31793-8

Smith KS, Tindell AJ, Aldridge JW, Berridge KC. Ventral pallidum roles
in reward and motivation. Behav Brain Res. 2009:196(2):155-167.
https://doi.org/10.1016/j.bbr.2008.09.038

Smith SA, Trotter PD, McGlone FP, Walker SC. Effects of acute tryp-
tophan depletion on human taste perception. Chem Senses.
2021:46:bjaa078. https://doi.org/10.1093/chemse/bjaa078

Spetter MS, Smeets PAM, De Graaf C, Viergever MA. Representa-
tion of sweet and salty taste intensity in the brain. Chem Senses.
2010:35(9):831-840. https://doi.org/10.1093/chemse/bjq093

Tavakol M, Dennick R. Making sense of Cronbach’s alpha. Int | Med
Educ. 2011:2:53-55. https://doi.org/10.5116/ijme.4dfb.8dfd

Tindell AJ, Smith KS, Pecifia S, Berridge KC, Aldridge JW. Ventral
pallidum firing codes hedonic reward: when a bad taste turns good.
J Neurophysiol. 2006:96(5):2399-2409. https://doi.org/10.1152/
jn.00576.2006

Trevizol AP, Shiozawa P, Sato IA, Calfat ELDB, Alberto RL, Cook
IA, Medeiros HH, Cordeiro Q. Trigeminal nerve stimulation
(TNS) for generalized anxiety disorder: a case study. Brain Stimul.
2015:8(3):659-660. https://doi.org/10.1016/j.brs.2014.12.009

Van Selm M, Jankowski NW. Conducting online surveys. Qual
Quant. 2006:40(3):435-456. https://doi.org/10.1007/s11135-
005-8081-8

Vecek NN, Mucalo L, Dragun R, Mili¢evi¢ T, Pribisali¢ A, Patar¢i¢
I, Hayward C, Polasek O, Kol¢i¢ I. The association between salt
taste perception, mediterranean diet and metabolic syndrome:
a cross-sectional study. Nutrients. 2020:12(4):1164. https://doi.
0rg/10.3390/nu12041164

Vink JM, Van Hooijdonk KJM, Willemsen G, Feskens EJM, Boomsma
DI. Causes of variation in food preference in the Netherlands. Twin
Res Hum Genet. 2020:23(4):195-203.https://doi.org/10.1017/
thg.2020.66

Wanich U, Sayompark D, Riddell L, Cicerale S, Liem D, Mohebbi
M, Macfarlane S, Keast R. Assessing food liking: comparison
of food liking questionnaires and direct food tasting in two cul-
tures. Nutrients. 2018:10(12):1957. https://doi.org/10.3390/
nul0121957

World Health Organisation. Body mass index—BMI; 2021 [accessed
2022 July 10]. https://www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi.

Yeung AWK. Neuroanatomical correlates of perceiving the intensity
and pleasantness of intense saltiness in healthy subjects. Curr Sci.
2019:116:69-74. https://doi.org/10.18520/cs/v116/i1/69-74

Yeung AWK, Tanabe HC, Suen JLK, Goto TK. Taste intensity modulates
effective connectivity from the insular cortex to the thalamus in hu-
mans. Neuroimage. 2016:135:214-222. https://doi.org/10.1016/j.
neuroimage.2016.04.057


https://doi.org/10.4236/psych.2018.915170
https://doi.org/10.4236/psych.2018.915170
https://doi.org/10.1016/j.foodqual.2020.103954
https://doi.org/10.1016/j.foodqual.2020.103954
https://doi.org/10.1017/s0007114518002027
https://doi.org/10.1017/s0007114518002027
https://doi.org/10.1016/j.foodqual.2017.12.006
https://doi.org/10.1111/joss.12506
https://doi.org/10.1111/joss.12506
https://doi.org/10.1097/01.j.pain.0000460348.84965.47
https://doi.org/10.1097/01.j.pain.0000460348.84965.47
https://doi.org/10.3390/nu13051447
https://doi.org/ 10.1016/j.foodqual.2020.104059
https://doi.org/10.1016/j.pneurobio.2015.03.005
https://doi.org/10.1016/j.pneurobio.2015.03.005
https://doi.org/10.1038/nrn.2017.68
https://doi.org//10.1038/s41386-018-0148-z
https://doi.org/10.1016/s0140-6736(21)02143-7
https://doi.org/10.1016/s0140-6736(21)02143-7
https://doi.org/10.4103/aip.aip_31_19
https://doi.org/10.1016/j.yebeh.2011.06.026
https://doi.org/10.1111/j.1745-459X.2001.tb00293.x
https://doi.org/10.1016/j.physbeh.2004.07.012
https://doi.org/10.1016/j.physbeh.2004.07.012
https://doi.org/10.1186/s13293-014-0017-3
https://doi.org/10.1007/s12078-008-9014-4
https://doi.org/10.1016/s0140-6736(18)31793-8
https://doi.org/10.1016/j.bbr.2008.09.038
https://doi.org/10.1093/chemse/bjaa078
https://doi.org/10.1093/chemse/bjq093
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.1152/jn.00576.2006
https://doi.org/10.1152/jn.00576.2006
https://doi.org/10.1016/j.brs.2014.12.009
https://doi.org/10.1007/s11135-005-8081-8
https://doi.org/10.1007/s11135-005-8081-8
https://doi.org/10.3390/nu12041164
https://doi.org/10.3390/nu12041164
https://doi.org/10.1017/thg.2020.66
https://doi.org/10.1017/thg.2020.66
https://doi.org/10.3390/nu10121957
https://doi.org/10.3390/nu10121957
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://doi.org/10.18520/cs/v116/i1/69-74
https://doi.org/10.1016/j.neuroimage.2016.04.057
https://doi.org/10.1016/j.neuroimage.2016.04.057

