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Abstract: Schizophrenia is the subject of many studies. There have been reports of taste disturbances
in mental disorders. We found a possible relationship between deficit symptoms of schizophrenia
and the dysgeusia of monosodium glutamate (MSG). Dysgeusia is a disorder that distorts the sense
of taste. People describe all foods as tasting sweet, sour, bitter, or metallic. We aimed to verify
whether the level of MSG taste perception may be related to the severity of deficit symptoms. MSG
detection threshold was assessed via sublingual administration of three fluid samples containing
MSG or water. The MSG samples had different concentrations in each sample. The task was to
indicate which of the samples contained MSG, determine the intensity of the taste, and assess the
taste as pleasant, unpleasant, or neutral. The study group included 200 patients diagnosed with
paranoid schizophrenia according to ICD-10. We found a significant negative correlation between
mean intensity of taste and the number of deficit symptoms. The symptoms of taste disturbances
reported by the patient should be monitored by clinicians and differentiated between the actual
deficits in the field of taste perception and the taste hallucinations as a symptom of psychosis. It is
important to continue research in this area.

Keywords: schizophrenia; chronic illness; taste disturbances; mental disorders; deficit symptoms;
dysgeusia; monosodium glutamate; MSG; taste disorder; taste perceptions

1. Introduction

Schizophrenia is a chronic mental illness with periods of exacerbation and remission.
As shown in the studies from the last half-century, it occurs globally with a similar fre-
quency [1]. Using precise diagnostic methods, its lifetime prevalence has been estimated at
0.3–0.7% in the general population [2], affecting over 24 million people annually [3].

The disease manifests itself via in the presence of positive symptoms, for example,
delusions and hallucinations, which result in incorrect interpretation of reality, negative
symptoms, for example apathy, disturbance, or lack of social functioning, impaired mo-
tivation, and reduction in spontaneous speech. There may be cognitive impairment, for
example, difficulty concentrating or problems with working memory, [4–7]. Global findings
suggest it occurs 1.4 times more frequently in males relative to females, in whom the onset
of symptoms is observed slightly later [8,9]. The peak incidence in men occurs before the
age of 25 (15–24 years), while in women it is around the age of 30 (circa 25–34 years) [10,11].
A poorer response to pharmacological treatment is observed in men, which also results
in an overall poorer prognosis as compared to women, who report fewer side effects of
pharmacotherapy [12,13].
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Male patients also exhibit greater manifestation of negative symptoms, not only concern-
ing affective bluntness, apathy, impaired activity, or social isolation [14], but also confusion,
problems with concentration, or memory [15]. In turn, greater severity of positive symptoms
is found in women [16], and their better functioning is attributed to marriage and having
children [13]. Of note, there is also early-onset schizophrenia, which occurs in children and
adolescents before the age of 18, and very early-onset schizophrenia with the onset before the
age of 13. The prevalence of the latter is very rare and amounts to 0.04% [17]. After the age of
14, especially in boys, it increases quite sharply and accounts for approximately 25% of all
psychiatric hospitalizations in young people aged 10–18 years [18].

Currently, second-generation antipsychotics (SGA) are recommended for the treatment
of schizophrenia [19,20], and the National Institute for Health and Care Excellence (NICE)
additionally recommends art therapy as the method of choice and cognitive-behavioral
psychotherapy (CBT) in patients with persistent negative symptoms [21]. In addition, new
reports indicate that non-invasive brain stimulation (NIBS) techniques could be consid-
ered as emerging tools for enhancing clinical and/or cognitive insight in patients with
schizophrenia. However, there is a need for further research in this area [22]. Available
evidence shows that negative symptoms, which tend to be of chronic nature, are more
difficult to treat and are present in about 20% to 40% of patients with schizophrenia [23,24].

Patients with schizophrenia frequently report numerous comorbid conditions. These
include mental disorders such as depressive disorders, generalized anxiety disorder, panic
disorder, or obsessive-compulsive disorder, but also somatic diseases, including cardiovas-
cular and obstetric complications in women, hyperlipidemia, diabetes, sexual dysfunction,
or osteoporosis. The presence of comorbidities may complicate the course of schizophre-
nia, while also affecting administered pharmacotherapy, resulting in side effects or vari-
ous adverse interactions [25]. Adverse health consequences (including lung diseases) in
schizophrenia patients are also reported due to their smoking status, as smoking is about
three times more frequent than in the general population [26], or substance use, as substance
use disorders (SUDs) are found in about 41.7% of people suffering from schizophrenia. A
comorbid SUD complicates the course of the disease and its treatment, but in itself it is also
difficult to treat in the population of schizophrenia patients [27].

There is a growing body of evidence that schizophrenia is a heterogenous diagnostic
construct in terms of clinical manifestation and outcomes. Studies investigating this
heterogeneity have demonstrated the existence of the deficit subtype of schizophrenia
characterized by occurrence of primary and persistent negative symptoms. Given its genetic
underpinnings, it is considered to be one of the endophenotypes of schizophrenia [28]. The
prevalence of the deficit subtype has been estimated at 15% in patients with first-episode
schizophrenia, and 25–30% in patients with the chronic course [29,30]. The validity of
this diagnostic construct has been confirmed by functional neuroimaging studies showing
increased neuronal loss, impaired glucose metabolism, and reduced blood flow to the brain
of patients with deficit schizophrenia.

On the other hand, postmortem studies have demonstrated an increased density of
interstitial white matter cells in their temporal and frontal cortex as compared to healthy
subjects [31,32]. In the study using diffusion tensor imaging (DTI), Podwalski et al. [33]
identified changes in white matter integrity (uneven distribution) in the corpus callosum of
patients with the deficit syndrome. Compared to patients without the deficit syndrome
and healthy controls, reduced fractional anisotropy values were found in the posterior
region of their corpus callosum. Other studies have demonstrated that the prefrontal cortex
and mesolimbic structures involved in the processing of odors are also associated with the
pathogenesis of schizophrenia. Compared to controls, patients with schizophrenia had
significantly smaller olfactory bulbs. The magnetic resonance imaging (MRI) study showed
a reduced volume of the left olfactory bulb in the patients compared to their first-degree
relatives, who identified the odors correctly [34]. Olfactory abnormalities described in
schizophrenia have been proposed to partially reflect an existing genetic susceptibility to



Brain Sci. 2022, 12, 1520 3 of 14

psychosis. In a further study [35], a reduced cortical volume was found in regions receiving
signals from the olfactory bulb.

In a study using the neurovisceral integration model of fear (NVI-f), patients with
more severe negative symptoms had greater difficulty in the fear conditioning in the
interpersonal condition. It is believed that the fear conditioning process involves the
hippocampus, amygdala, and medial prefrontal cortex, and damage to these areas of the
brain may be associated with persistent negative symptoms (after the first episode of
psychosis), due to reduced volume of the right hippocampus, the left amygdala, and white
and gray matter in the frontal cortex. Thus, these structural abnormalities are believed to
be related to the failure of fear conditioning in people with schizophrenia [36].

It is also known that the anterior cingulate cortex (ACC) is an area in the brain that
regulates cognitive control. It has been found to be involved in conflict monitoring, error
monitoring, attention control, and detection [37–40]. Several studies indicate that deficits in
this area are associated with the occurrence of delusions in patients with schizophrenia [41–45].

As suggested by other reports, the ACC is an important node of the salience network
(SN), responsible for identification of stimuli from the environment, as well as default-mode
networks and control cognitive processes in the central executive control system [46–48].
Based on these reports, Zhu J. et al. (2016) found that cerebral blood flow (CBF) in the
ACC gradually decreased in patients with schizophrenia (with and without delusions).
Notwithstanding, similar findings were reported in healthy controls. Therefore, researchers
suggest that after reaching a certain level, hypoperfusion of the ACC could lead to delu-
sions [49,50]. In addition, they observed reduced CBF in brain regions (ACC and bilateral
insular cortices) of the SN in schizophrenia patients with delusions. The conclusion was
that the process of identifying stimuli as relevant may be associated with hypoperfusion of
the SN, which may then lead to delusions.

Recent reports also emphasize the potential role of mitochondrial dysfunction in a num-
ber of neurodegenerative and mental diseases such as Parkinson’s diseases, Alzheimer’s
disease, Huntington’s disease, amyotrophic lateral sclerosis or Friedreich’s ataxia [51], or
psychiatric disorders such as schizophrenia, autism spectrum disorders, major depressive
disorder (MDD), bipolar disorder, and attention-deficit hyperactive disorder [52]. Changes
at the mitochondrial level are also mentioned by Tanaka et al. [53]. According to available
reports, they are associated with oxidative stress and the activation of immune responses,
leading to chronic inflammation, and further impairment of neuronal connectivity in
the brain (frontal cortex, striatum, cerebellum) [54–56]. Findings also suggest abnormal
glutamate-GABA concentration in the ventromedial prefrontal cortex in people diagnosed
with schizophrenia. Clinical symptoms may thus be correlated with the concentration
of metabolites in the anterior cingulate cortex [57]. The ventromedial prefrontal cortex
(vmPFC) is involved in functions that are disturbed in schizophrenia, especially emotional
tasks, which is related to vmPFC’s role in the processing of emotions [58]. This applies
to social, cognitive, and affective functioning. Through interactions with ventral striatum
and amygdala, vmPFC is important for decision making; through its interactions with
bed nucleus of stria terminalis, amygdala, hippocampus, periaqueductal gray, and dorsal
anterior cingulate cortex it contributes to generating and regulating negative emotions,
while through its interactions with posterior cingulate cortex, amygdala, dorsomedial
prefrontal cortex, and precuneus it is involved in social function and processing of relevant
information [59]. It was also postulated that vmPFC is related to responses to tastes and
flavors as a function of rated pleasantness [60–64]. Based on these reports, another study
put forward that vmPFC may be associated with the pleasure of taste, especially the sweet
taste. According to its authors, processing in this area underlies individual differences
in sweet taste preference. Of note, recorded responses did not depend on the genotype,
current satiety or hunger level, alcohol use, or preferred eating style. This may suggest that
this region is sensitive to the perception of pleasant tastes, such as sweet taste [65].

Of note, neurodegenerative diseases (NDDs), including schizophrenia, are character-
ized by impairments in social interaction and cognitive function. These alterations in social
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functioning and cognitive performance are attributable to altered activity within subcortical
and cortical brain structures [66], which store sensory, motor, and affective information,
and are fundamental for decision and self-awareness processes [67]. This is a crucial aspect
in the symptomatology of neurodegenerative disorders. Changing functional patterns
in NDDs include impairments in emotional learning and memory, altered capacity to
adapt behavior to the environment, poor planning, impaired working memory, depression,
apathy, or disinhibition, which correlate with a typical cognitive pattern due to frontal lobe
dysfunction [68]. Neurodegenerative processes may be linked with axonal and synaptic
damage, or dendrite injury, which can lead to increased “residual” symptoms and may be
associated with excessive glutamatergic transmission. In consequence, NMDA-receptor
dependent excitotoxicity may take place, leading to slow neurodegeneration resulting from
the opening of calcium channels, activation of intracellular enzymes and the formation of
free radicals that are toxic to cell membranes and intracellular structures [69,70]. As a result,
there could be an overlap between primary cognitive deficits and secondary cognitive dis-
orders associated with progressive neurodegeneration within the central nervous system
(CNS). Neurodegenerative processes are traceable in MRI studies, which show enlargement
of fluid spaces in the frontal, parietal and temporal areas, as well as the lateral ventricles in
patients suffering from schizophrenia [71–73]. The pathophysiology of schizophrenia is
reported to also involve other changes related to the activity of neuropeptides and neuro-
hormones, whose detailed descriptions are to be found elsewhere [49,74]. Much like the
neurodegenerative changes in the CNS that affect the deterioration of cognitive functions,
they too, perhaps, could be associated with an altered taste sensation. To resolve whether
they do, however, would require further research in this regard.

Researchers highlight the role of γ-aminobutyric acid (GABA), glutamate, and dopamine,
implicated both in the pathogenesis of schizophrenia and the olfactory processes [75,76]. In
the study by Pełka-Wysiecka et al. [77], no significant differences in odor identification (Sniffin’
Sticks) were found between the deficit and non-deficit patients or the male and female patient
groups. Interestingly, significant differences were recorded in the identification of specific
odor samples. Namely, fewer deficit schizophrenia patients compared to their non-deficit
counterparts correctly recognized the smell of pineapple and rose. No significant differences
were found in the identification of other samples. In the male group, significantly more
deficit schizophrenia patients correctly recognized the smell of orange, whereas significantly
fewer correctly recognized the smell of rose. No other significant differences were found.
In the female group, significant differences were observed in the identification of cinnamon.
In another study, Urban-Kowalczyk et al. [78] investigated odor perception and hedonics
in patients suffering from schizophrenia with the use of the University of Pennsylvania
Smell Identification Test (UPSIT) and measured their blood β-endorphin (BE) and calcitonin
gene-related peptide (CGRP) levels. The authors reported abnormal hedonic assessment of
pleasant smells in schizophrenia patients, as well as a greater capacity to identify unpleasant
odors and higher BE concentrations in people with negative symptoms. In turn, Kamath
et al. [79] showed that patients diagnosed with schizophrenia made more errors in identifying
pleasant and neutral smells compared to healthy controls, with no differences observed in the
case of unpleasant odors. Finally, Moberg et al. [80] described reduced perception of odors
among siblings of schizophrenia patients relative to healthy controls. Nevertheless, existing
inconsistencies within available research results in this area warrant further investigation.

While there is evidence of smell perception deficits in patients with schizophrenia,
there is a paucity of studies on dysgeusia in those with its deficit form. In his work, Fau-
rion (1991) proposed that the receptors involved in monosodium glutamate (MSG) taste
detection in the mouth may be identical to the glutamatergic receptors in the brain, which
may be related to the taste sensation of MSG [81]. The taste of umami is known to be
evoked in receptor cells present in both humans and animals in response to the detection
of glutamate [82]. In addition, it is elicited by a number of other small molecules, including
amino acids (glutamate and aspartate) and nucleotides (monosodium inosinate, disodium
guanosine 5′-monophosphate, guanosine 5′-monophosphate, and 5′-monophosphate).
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Over the past 15 years, several receptors in the taste buds have been considered to be
involved in the recognition of umami taste, including the two G protein-coupled gluta-
matergic receptors: metabotropic glutamate receptor 4 (mGluR4) and metabotropic glu-
tamate receptor 1 (mGluR1) and taste bud-associated heterodimers: taste receptor type 1
member 1 + taste receptor type 3 (T1R1 + T1R3). The mGluR4 and mGluR1 receptors are
activated by glutamate and its analogs, but remain insensitive to nucleotides, which, in turn,
constitute activators of the T1R1 + T1 receptors, similarly to amino acids. Mice lacking the
GRM4 gene manifested significantly poorer perception of the umami taste. In contrast, the
elimination of the taste receptor type 1 member 1 (Tas1R1) or taste receptor type 1 member
3 (Tas1R3) genes resulted in a reduced, but not completely absent, capacity to exhibit neural
and behavioral responses to this taste. To our knowledge, none of the previous studies
investigated the association between deficit symptoms of schizophrenia and abnormalities
in the taste perception of MSG. Therefore, the aim of this study was to find correlations
between the presence of the deficit symptoms and abnormalities in the taste perception of
MSG in people with schizophrenia.

2. Materials and Methods
2.1. Study Sample

The sample included 200 unrelated women and men of Polish origin diagnosed with
paranoid schizophrenia (n = 102 and n = 98, respectively). The inclusion criteria were age
18–60 years, and clinical diagnosis of paranoid schizophrenia according to the International
Statistical Classification of Diseases and Related Health Problems (ICD-10) criteria for at
least 18 months. Each patient was examined by licensed psychiatrists during hospitalization
in the Department of Psychiatry of Pomeranian Medical. Diagnosis included interview,
clinical observation, PANSS score, and analyses of past medical documentation.

Upon receiving full information about the aims and the study protocol, all patients
provided their written consent to participate. The protocol of this study was approved by
the Bioethics Committee of the Pomeranian Medical University in Szczecin. The patients
received no remuneration for participating in the study.

The exclusion criteria were as follows: a diagnosis of other mental disorders (including
affective disorders), dementia or significant organic brain damage, epilepsy, addiction to
alcohol or other psychoactive substances, poor general health (due to, e.g., cancer, chronic
diseases of the circulatory, respiratory, digestive, or excretory systems and hormonal
disorders). The adopted criteria were to enable the most precise selection of patients
with paranoid schizophrenia, whose diagnosis was made following a detailed psychiatric
examination, based on the ICD-10 criteria [83].

2.2. Assessment of Taste Detection

The patient was to refrain from smoking, consuming food, and fluids for at least
one hour prior to the taste assessment. The MSG detection threshold was assessed via
sublingual administration of three fluid samples (a so-called triplet), containing MSG
(one sample) or water (two samples). The MSG samples had different concentrations
in each triplet. Prior to the assessment and after each triplet, the patient was to rinse
their mouth with water (Aqua pro injection). Assessment results were marked on a
separate answer sheet. The task was to: (i) indicate which one of the three samples
contained MSG—the patient’s response was recorded by the doctor on the answer sheet;
(ii) determine the intensity of the taste on a scale from 0 to 100 points measured in mm
(1 mm = 1 point)—the patient made an assessment on their own in the presence of the
doctor; and iii) assess the taste as pleasant, unpleasant, or neutral. Pleasant tastes were
to be marked on a scale from 0 to 50 points (mm), unpleasant tastes on a scale from 0 to
minus 50 points, while the neutral ones were to be marked with 0—the patient made an
assessment on their own in the presence of the doctor. In the experiment, we used seven
triplets. In triplet 1, the first sample contained MSG at a concentration of 0.001%, while
the remaining two contained water. In triplet 2, the first two samples contained water,
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while the third one contained MSG at a concentration of 0.003%. Triplet 3 contained water
in the first and third sample, and MSG at a concentration 0.01% in the second sample.
Triplet 4 contained water in the first and third sample, and MSG at a concentration of 0.03%
in the second sample. Triplet 5 contained water in the first two samples, while the third
sample contained 0.1% MSG. Triplet 6 contained 0.3% MSG in the first sample, while the
remaining two samples contained water. In the last triplet, there was water in the first and
third sample, while the second sample contained MSG at a concentration of 1%. As shown,
each subsequent triplet (1–7) contained increasing concentrations of MSG.

MSG concentrations and locations in each triplet are presented in Table 1.

Table 1. Concentrations and locations of MSG samples in individual triplets.

Triplet No. Sample 1 Sample 2 Sample 3

1 MSG (0.001%) W W

2 W W MSG (0.003%)

3 W MSG (0.01%) W

4 W MSG (0.03%) W

5 W W MSG (0, 1%)

6 MSG (0.3%) W W

7 W MSG (1%) W
MSG—monosodium glutamate; W—water.

2.3. Questionnaires and Psychometric Scales

The diagnosis of paranoid schizophrenia was made after a detailed psychiatric ex-
amination, based on the ICD-10 criteria [83]. The deficit type was diagnosed using the
Schedule for the Deficit Syndrome (SDS) [84]. The primary negative symptoms are chronic
and form part of the disease process (i.e., are illness-related). The secondary symptoms
are not intrinsic to the psychopathology of schizophrenia, but may be caused by other
factors, such as, e.g., side effects of pharmacotherapy, social deprivation, environmental
conditions, addiction to psychoactive substances, or comorbid affective disorders. It is,
therefore, important to differentiate between them [23,85–88], which can be done using the
SDS scale [89]. In our study, we used a six-point scale to assess reduced emotional expres-
sion, emotional indifference, poverty of speech, loss of interests, reduced sense of purpose,
motivation, or reduced social drive. Then, we rated the severity of each examined symptom
on a scale 1–4, indicated whether it was primary or secondary, and determined its stability
over time, i.e., whether it was temporary or permanent (“the symptom has been present
over the past 12 months and has always been present during periods of clinical stability,
including chronic psychotic states”). Deficit patients were considered those that manifested
symptoms of at least moderate severity (“to meet the requirements for the deficit syndrome,
a patient must have a score of 2 or above on two of the six items”) [84]. The SDS is currently
considered the gold standard and is therefore the most frequently used diagnostic tool. It
enables differentiation between the deficit and non-deficit forms of schizophrenia, assess-
ment of the presence and severity of negative, affective, and disorganization symptoms,
quality of life, and social or professional functioning [90].

Symptomatic severity was assessed with the use of the Positive and Negative Syndrome
Scale (PANSS) [91,92]. This scale assesses the severity of positive (P1–P7), negative (N1–N7),
and general (G1–G16) symptoms, and each of the symptoms present were scored on a scale of
1–7 points. Sociodemographic data were collected with self-designed questionnaires.

All participants received pharmacological treatment in accordance with the current
standards of care in schizophrenia [19,20,93]. All administered antipsychotic medications
were converted into chlorpromazine equivalence (CPZE) [94].
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2.4. Statistical Analysis

Descriptive statistics were presented as mean and standard deviation or the number
of cases and percentage. Correlations between taste identification parameters (number
of correctly recognized samples, mean intensity of taste, and mean pleasure of taste) and
psychopathological symptoms (scores on the PANSS subscales and number of deficit
symptoms) were tested using Spearman rank correlation coefficients. In case of significant
bivariate correlations, linear regression analysis was performed to control for the effects of
age, sex, body mass index (BMI), cigarette smoking status, and chlorpromazine equivalent
dosage. The level of significance was set at p < 0.05. Data analysis was carried out using
the Statistical Package for Social Sciences, version 20 (SPSS Inc., Chicago, IL, USA).

A standardized research tool (PANSS) was used to assess the course of the disease.
The deficit type was distinguished using the SDS. Sociodemographic and clinical data
(age, gender, BMI, cigarette smoking status, and chlorpromazine equivalent dosage) were
collected with the use of self-designed questionnaires.

The characteristics of the study sample are presented in the table below (Table 2).
The sample included 200 unrelated women and men of Polish origin diagnosed with
paranoid schizophrenia (n = 102 and n = 98, respectively). The study sample included
98 females (48%) and 102 males (52%), whose mean age was 39.9 years. 36 persons
(18%) had higher education, 94 (47%) secondary education, 44 (22%) vocational education,
and the remaining 26 (13%) elementary education. Mean BMI was 27.6. The place of
residence of 185 participants was the city, while the remaining 15 resided in the country. 95
participants (47.5%) reported cigarette smoking. Mean disease duration was 13.6 years. As
the participants received varied pharmacological treatment, all administered antipsychotic
medications were converted into chlorpromazine equivalence (CPZE) with mean dosage
of 820.5 mg/day. Symptom severity was assessed with the use of the PANSS, with mean
positive symptom severity of 7.7, mean negative symptom severity of 12.6, and mean
depressive symptom severity of 4.3. Mean SDS score was 4.7 points.

Table 2. General characteristics of the sample (n = 200).

Mean ± SD or n (%)

Age, years 39.9 ± 11.2

Sex, males 98 (48.0)

Education:
Higher

Secondary
Vocational

Primary

36 (18.0)
94 (47.0)
44 (22.0)
26 (13.0)

BMI, kg/m2 27.6 ± 4.8

Place of residence:
Urban
Rural

185 (92.5)
15 (7.5)

Cigarette smoking, yes 95 (47.5)

Illness duration, years 13.6 ± 9.2

CPZE, mg/day 820.5 ± 1179.8

PANSS—positive symptoms 7.7 ± 7.0

PANSS—negative symptoms 12.6 ± 8.8

PANSS—depressive symptoms 4.3 ± 4.0

SDS—number of deficit symptoms 4.7 ± 2.1
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3. Results

Descriptive statistics of the sample and bivariate correlations between taste identifica-
tion tests and psychopathological manifestation are shown in Table 3.

Table 3. Results of taste identification tests with respect to psychopathological manifestation.

Number of Correctly
Recognized Samples Mean Intensity of Taste Mean Pleasure of Taste

SDS—number of deficit symptoms r = −0.046, p = 0.517 r = −0.215, p = 0.002 r = 0.004, p = 0.958

PANSS—positive symptoms r = −0.049, p = 0.491 r = −0.022, p = 0.760 r = −0.036, p = 0.616

PANSS—negative symptoms r = −0.106, p = 0.134 r = −0.071, p = 0.322 r = −0.020, p = 0.784

PANSS—depressive symptoms r = −0.009, p = 0.896 r = −0.029, p = 0.683 r = −0.112, p = 0.114

In the conducted study, the following results were obtained:

- SDS scale—number of deficit symptoms: r = −0.046, p = 0.517 (Number of correctly
recognized samples); r = −0.215, p = 0.002 (Mean intensity of taste); r = 0.004, p = 0.958
(Mean pleasure of taste)

- PANSS scale—positive symptoms: r = −0.049, p = 0.491 (Number of correctly recog-
nized samples); r = −0.022, p = 0.760 (Mean intensity of taste); r = −0.036, p = 0.616
(Mean pleasure of taste)

- PANSS scale—negative symptoms: r = −0.106, p = 0.134 (Number of correctly recog-
nized samples); r = −0.071, p = 0.322 (Mean intensity of taste); r = −0.020, p = 0.784
(Mean pleasure of taste)

- PANSS scale—depressive symptoms: r = −0.009, p = 0.896 (Number of correctly
recognized samples); r = −0.029, p = 0.683 (Mean in-tensity of taste); r = −0.112,
p = 0.114 (Mean pleasure of taste)

There was a significant negative correlation between mean intensity of taste and the
number of deficit symptoms (Figure 1). Other measures of taste identification were not
associated with the levels of psychopathological symptoms. Linear regression analysis
demonstrated that this correlation remained significant (B = −1.581, SE = 0.559, p = 0.005)
after adjustment for age (B = −0.140, SE = 0.106, p = 0.187), sex (B = −3.190, SE = 2.415,
p = 0.188), BMI (B = 0.121, SE = 0.236, p = 0.609), cigarette smoking status (B = 0.887,
SE = 2.274, p = 0.697), and CPZE (B = −0.001, SE = 0.001, p = 0.132).

Correlations between taste perception and the number of deficit symptoms are pre-
sented graphically in Figure 1 below.
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4. Discussion

Taste disturbances that may occur in people with schizophrenia are usually overlooked
in everyday clinical practice. The senses, including the sense of taste, affect perception of
the surrounding world, and their disturbances in schizophrenia manifest themselves in the
form of auditory, olfactory, or gustatory hallucinations. A disturbed taste recognition or
assessment of its intensity does not necessarily have to be related to a mental illness and
constitute a psychopathological symptom. It may be a symptom of, e.g., damage of the
brain structures responsible for its perception, the taste pathways, or damage of the taste
buds themselves [95].

In 1991, Faurion proposed that the receptors associated with MSG taste detection in the
oral cavity may be identical to the glutamatergic receptors in the brain [81]. Therefore, we
used MSG in various concentrations to determine potential taste perception disturbances
in patients with deficit symptoms, considering the number of correctly recognized samples,
alongside the intensity and gustatory pleasure as their measures.

There is a relative scarcity of data on MSG taste detection. What is more, available
evidence applies to healthy populations. In a study conducted on a healthy Romanian
population, Iordachescu et al. [96] found that 63% of their sample were unable to identify
the taste of glutamate. Likewise, Singh et al. [97] reported that 3.2% of German and 4.6% of
Norwegian participants did not recognize this taste at all. These studies show that MSG
taste perception may be disturbed in healthy people, but no literature data have been found
on the detection of MSG in people suffering from schizophrenia (or other psychoses) or
affective disorders. While there is evidence that vmPFC may be associated with (especially
sweet) taste perception, the study design did not evaluate the taste perception of MSG in
this patient group [65].

As for clinical samples, literature data describe the perception of MSG taste in individ-
uals with alcohol use disorders and patients with bulimia nervosa. In a study on patients
with bulimia nervosa (BN), observed differences in neuronal activation of the brain after
MSG administration were linked to a subjectively lower assessment of its solution in terms
of both pleasure and liking of MSG compared to the control group. Functional magnetic
resonance imaging (fMRI) showed greater activation of the right insula in the BN group
versus the controls. Hence, BN patients exhibited not only an altered taste perception
(i.e., low pleasing taste of umami), but also an altered brain activity (i.e., an altered insula
function), thus explaining the disturbed eating behavior [98].

Another study considered responses to MSG in people with alcohol use disorders. The
intensity and pleasure of MSG were assessed in a sample of chronic male alcoholics (n = 35)
and compared against a control group (n = 25), demonstrating no significant differences [99].

Taste assessment involves a simple testing procedure that could be useful in daily
practice. The fact that there are correlations between taste disturbances and symptoms of
schizophrenia may provide important information for clinicians who work with psychotic
patients on a daily basis. Taste disturbances reported by the patients should be monitored
and properly differentiated as either actual perceptual deficits or gustatory hallucinations
considered a symptom of schizophrenia. However, numerous variables (see test limitations
described below) would have to be taken into account, potentially affecting test results.

In our study, we found a significant negative correlation between mean taste intensity
and the number of deficit symptoms (Figure 1). Other measures of taste identification were
not related to the level of psychopathological symptoms.

5. Conclusions

A significant negative correlation between mean intensity of taste and the number of
deficit symptoms were present in this study. Other measures of taste identification (number
of correctly recognized samples, mean pleasure of taste) were not associated with the levels
of psychopathological symptoms.

Findings from the present study imply that deficit symptoms of schizophrenia might
be associated with lower intensity of taste identification. Future studies need to further
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explore this observation taking into account limitations of the present study, which are
described below. Longitudinal studies exploring a number of potential confounding factors
and neural substrates are needed to provide additional insights into the association between
altered taste identification and the deficit subtype of schizophrenia. There is no doubt
that our results warrant further investigation, with an extended MSG concentration range,
or on a test group with a parallel healthy control group. Extending the study sample
could impact the overall results, including the number of correctly recognized samples and
hedonic appraisal of the MSG taste.

A research direction to consider would also be its replication in patients suffering from
other schizophrenia dimensions. Performing the same protocol in a non-paranoid subtype
of schizophrenia could lead to substantially different results.

Additionally, what cannot be ignored is that the current study was cross-sectional and
its results were not compared against a control group. Therefore, adding a control group
could perhaps have a significant effect on the conclusions presented in this paper.

6. Limitations and Future Directions

The present study is characterized by certain limitations. First, we did not include
healthy controls, and thus it is not possible to claim as to whether individuals with
schizophrenia show deficits of taste identification. Second, there might be several la-
tent confounding factors due to the fact that we did not record a number of potentially
important clinical characteristics. These include duration and lifetime exposure to antipsy-
chotics and other medications, as well as comorbid physical health impairments. Third, our
sample may not be representative due to the fact that we did not record the initial number
of patients approached for participation, as well as reasons of non-participation. Fourthly,
patients recruited to the study received first and second generation antypsychotics (FGA
and SGA) treatment, frequently at the same time. They were not divided into separate
groups based on primary or add-on treatment (additional drugs such as antidepressants,
benzodiazepines, mood stabilizers, and others). On the other hand, the assessment itself
was performed at symptom remission, stable mental state, and the intake of target doses of
drugs. Notwithstanding, taking medications from different groups could have had an effect
on the outcomes, so we considered it amongst the limitations of this study. Fifthly, another
limitation of the study was the smoking status of the participants. In order for this aspect to
have as little impact on the outcomes as possible, each patient was to refrain from smoking
(or consuming food or liquids) for at least one hour prior to taste assessment. Perhaps in the
future, a group of non-smoking patients should be created. Sixthly, the study did not take
into account whether the participants were in psychotherapy during the study. Considering
this aspect, we cannot rule out that it could have an impact on the obtained results. It
therefore seems that this should be considered as a limitation of our study and should be
taken into account when designing similar studies in the future. Finally, a cross-sectional
design does not allow for conclusions regarding causal associations.
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