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ABSTRACT

Obesity is currently a major global public health problem. As a result, in recent
decades there has been a growing interest in studying the impact of this disease
on the functioning of the central nervous system. One of the least understood aspects
is the impact that obesity has on sensory systems.

The olfactory and gustatory systems are closely related to various vital functions,
such as the nocifensors activation, the stimulation of digestive reflexes. In addition,
these sensory systems are known to play animportant role in the mechanisms of food
consumption through the regulation of appetite and satiety, influencing food choice
and, therefore, they are involved in the development of obesity. A number of clini-
cal studies have shown that obese patients are more likely to suffer from hyposmia
compared to lean people of the same age.

The reasons why this relationship exists remain largely unclear. The aim of this review
is to assess the available data on this topic and to identify new promising areas for fur-
ther research. The review was conducted in the PubMed databases for 2017-2023.
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PE3IOME

B HacmosAwee spems oxupeHue npedcmasssiem cobol cepbé3Hyto 2106a1bHy0
npobnemy obujecmeeHH020 30pa8OOXpAaHeHUsA. B pesynemame 8 nocnedHue
Odecamusiemus Hab00demcs pocm UuHmMepeca K Usy4eHuto 8/1UsHUA 3mMo2o 3a60-
J1e8aHUsA HA PyHKYUOHUPOBAHUe UeHmpasbHol HepsHoU cucmemsbl. K 00HoMy
U3 HaumeHee U3yyeHHbIX acNeKmoe MOXHO OMHeCmu 8/1USIHUE, KOMOpPOoe OXUpeHue
0Kd3bI8aem HA CEHCOPHbIE CUCMeMbl.

Cucmembl 060HAHUSA U 8KYCA MECHO CBA3AHbI C PA3/IUYHbIMU XKU3HEHHO 8AXXHbIMU
hYHKUUAMU, MAKUMU KaK akmusayus 3awumHeix MeXaHu3mos op2aHu3md, Cmu-
Mynayus nuwesapumerbHoix pegiekcos. Kpome moeo, uzeecmHo, Ymo 0daHHble
CEeHCOopHbIe cUCMeMbl U2parom 8axXHyI0 posib 8 MEXAHU3Max hompebieHus nuwju
3a CYém pezynayuUU annemuma U HAcblWeHUs, 8/IUSHUS HA 86160p NPOOyKMos
U, C1e008amMesIbHO, y4acmayom 8 paseumuu OXupeHus. Pa0 KuHUYeckux uccie-
008aHUL NPOOEMOHCMPUPOBAJIU, YMO NAUUEHMbI C OXUpeHUEM Yawje cmpaoarom
0m 2UNOCMUU NO CPABHEHUIO C XyObIMU JI0ObMU MO20 Xe 803pdcmad.

puduHbl, N0 KOMOPBLIM Cyujecmayem 3ma 83auMoCes3b, 80 MHO20M OCMAm-
CA HesACHbIMU. Llesiblo 0aHHO20 0630pa A815emcs OUeHKa UMeroUUXC OaHHbIX
noamol memamuke u onpeoesieHue Ho8blX NepcneKMusHbIx 0b1acmeli 0719 0a/1b-
Heliwux uccnedosaHutl. 0630p nposedéH 8 bazax PubMed 3a 2017-2023 ze.
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Obesity is a complex multifactorial disease defined by
excess fat mass that poses a health risk [1]. As a serious glob-
al public health problem and a major determinant of disa-
bility and mortality, obesity increases the risk of develop-
ing chronic non-communicable diseases such as type 2 di-
abetes mellitus, metabolic syndrome, arterial hypertension
and many others.

According to the World Health Organization (WHO),
more than 1 billion people worldwide suffer from
obesity: 650 million adults, 340 million adolescents
and 39 million children. This number continues to grow
and experts estimate that by 2025, approximately
167 million people (adults and children) will have obe-
sity complications.’

For a long time, the effects on the central nervous
system caused by metabolic disorders were ignored.
In the 1950s, the effects of diabetes on brain function
began to be studied and it was noted that this organ
was also affected by hyperglycemia, leading to the de-
velopment of behavioral and cognitive changes. More
recently, its effects on sensory systems have been stud-
ied [2].

The brain is in charge of food odor processing
and has receptors for most of the hormones, neuro-
peptides and nutrients responsible for eating behavior.
The consequences of modifications in homeostasis, nu-
trient overload and sensory system changes in the de-
velopment and maintenance of obesity have not yet
been studied.

CURRENT STATE OF THE PROBLEM

Gustation and olfaction are polymodal sensory sys-
tems that provide communication with many brain struc-
tures that regulate essential visceral functions, including
metabolism, as well as the endocrine, cardiovascular, res-
piratory, and immune systems.

In everyday life, gustation and olfaction are consid-
ered relatively unimportant to many people. In fact, dis-
orders in this area may not even be recognized by the pa-
tients themselves [3].

The ongoing COVID-19 pandemic has sparked in-
terest in the study of the gustatory and olfactory sens-
es, but even so, anosmia and dysgeusia are considered
to be symptoms that may contribute to the early differ-
ential diagnosis of benign respiratory tract infections
[4]. They may also be a likely sign of subsequent central
nervous system (CNS) involvement associated with so-
called Long-COVID, being a manifestation of cognitive
impairment [5].

Studies have reported that anosmia, i. e., loss of sense
of smell, during COVID-19 occurred in a range of 11
to 84 % of cases. This variation is due to the use of dif-
ferent diagnostic techniques [6]. Psychophysical testing

T https://www.who.int/news/item/04-03-2022-world-obesity-day-2022-accelerating-action-to-stop-
obesity
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is more reliable than results obtained through subjective
assessment [7, 8].

Therefore, the actual prevalence of these disorders
is unlikely to be studied because patients may not re-
port being asymptomatic or aware of these abnormal-
ities [8].

The majority of patients with COVID-19 have im-
paired olfaction and gustation, representing only a small
part of diffuse chemosensory disorder. Dysregulation
of chemosensory systems may underlie the much high-
er mortality rate of acute respiratory distress syndrome
COVID-19 in comparison with acute respiratory syndrome
of various origins.

CORRELATION BETWEEN GUSTATORY,
OLFACTORY DYSFUNCTIONS
AND SOMATIC DISEASES

Although olfactory and/or gustatory disorders have
become widely studied due to the COVID-19 pandemic,
they are also detected in various physiological and path-
ological conditions such as aging [9], neurodegenerative
diseases [10, 11], autoimmune diseases [12, 13], cancer
[14], and dysmetabolic disorders [15-18].

It should be noted that some of the aforementioned
conditions that may correlate with gustatory/olfactory
dysfunction are risk factors for fatal SARS-CoV-2 virus in-
fection, such as obesity [19], advanced age, cardiovascu-
lar disease, dementia, diabetes mellitus, and chronic liv-
er or kidney disease [20, 21].

Deterioration of gustation and/or olfaction has been
consistently reported by people with chronic non-com-
municable diseases such as arterial hypertension, diabe-
tes mellitus or cancer. This may be an indicator of diffuse
chemosensory disorder, possibly aggravating the prog-
nosis of these patients.

Under normal conditions, chemoreceptor dysfunc-
tion of one system does not seem to lead to the pro-
gression of chronic non-communicable diseases. This
impairment is presumably largely compensated for by
other chemosensory mechanisms. However, under con-
ditions of stress, such as during COVID-19 pneumonia
and metabolic imbalance [22, 23], this system may be-
come vital for the brain to organize an effective func-
tional homeostatic response that can significantly in-
crease life expectancy. This means that dysfunction of
several chemosensory systems can lead to severe con-
sequences during a number of diseases [23].

INFLUENCE OF CHEMOSENSORY SYSTEMS
ON METABOLIC PROCESSES IN THE BODY

Olfactory or gustatory dysfunctions can be quanti-
tative or qualitative [24] and have been suggested to in-
fluence eating and social behavior, mood, quality of life
and performance [25].



Infact, all cellsin the human body can detect the pres-
ence of various molecules in the environment, but only
a few can use this ability to inform the CNS to organize
adaptive neural or neuroendocrine responses that can af-
fect the whole system.

In addition to olfaction and gustation, a wide range
of chemicals in our body are monitored by other cells: ca-
rotid corpuscles, single chemoreceptor cells, pulmonary
neuroendocrine cells and enterochromaffin cells [26].

The chemosensory system of olfaction is probably
the most studied. Olfactory perception can occur through
the nasal mucosa (orthonasal perception) or through
the oral cavity (retronasal perception) [27] via seven-trans-
membrane G-protein-coupled receptors (GPCRs).

Notably, similar receptors are expressed in many oth-
er tissues [28] and are deeply involved in angiogenesis
and modulation of vascular tone [29], as well as in the reg-
ulation of lipid and glucose metabolism [30].

In addition, receptors for many hormones are pre-
sent in the olfactory mucosa, including receptors for in-
sulin, leptin, orexin, cholecystokinin, adiponectin, neuro-
peptide Y(NPY) and ghrelin in addition to glucose trans-
porters [31]

Carotid corpuscle/glossopharyngeal nerve dysfunc-
tion has also been postulated in the potential pathogen-
esis of nonrespiratory diseases such as metabolic syn-
drome, type 2 diabetes mellitus and arterial hyperten-
sion [23, 32, 331].

Studies in recent years have hypothesized that va-
gal nerve dysfunction is significant for the development
of obesity and metabolic syndrome [34], but in general,
the involvement of chemosensory systems in these dis-
eases is currently receiving little attention in clinical prac-
tice. A possible explanation is that the levels of this hor-
mone are not considered vital for humans. Therefore,
the hormone study is insignificant for the routine med-
ical examination [23].

Perhaps two strikingly opposite conditions need
to be considered: cachexia (which involves elevated rest-
ing energy expenditure, anorexia) and obesity.

These multifactorial syndromes share common bi-
ochemical characteristics. In addition to altered food
intake, similar metabolic changes are present, such
as insulin resistance, loss of muscle tissue, altered
energy expenditure (in both increased or decreased
diseases depending on the patient), increased lipol-
ysis, unregulated excess protein catabolism, chronic
inflammation [35], and dysregulation of the immune
system [36, 37]. Most patients present similar multi-
ple endocrine dysfunctions and, in particular, elevated
peripheral serotonin levels [38]. Both central and pe-
ripheral levels of this hormone from enterochromaf-
fin cells are a major component of metabolic regu-
lation [39]. All of these parameters are largely under
the control of chemosensory systems. The cause-and-
effect relationships have not yet been established,
but they are worth studying.
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INFLUENCE OF GUSTATORY RECEPTIVITY
ON NEUROENDOCRINE MECHANISMS
OF APPETITE REGULATION

Gustatory receptors of the tongue respond to different
taste stimuli by releasing different combinations of neu-
ropeptides. These peptides are recognized by receptors
located on the taste bud cells themselves for intercellular
communication (autocrine/paracrine) or on adjacent af-
ferent sensory nerve fibers to transmit taste information
to the brain [40]. Examples of neuropeptides produced
by gustatory receptor cells are glucagon, glucagon-like
peptide 1 (GLP-1), cholecystokinin (CCK), NPY, peptide ty-
rosine tyrosine (PYY), vasoactive intestinal peptide, ghrelin
and galanin [40]. Although adenosine triphosphate (ATP)
is the main neurotransmitter that transmits signals to af-
ferent nerve fibers. These peptides can function as cotrans-
mitters that form the physiological response to various
stimuli [41].

Some of these peptides are involved in food intake
and energy utilization, suggesting that oral nutrient per-
ception may influence whole body metabolism through
neural and endocrine pathways. When these hormones
enter the extracellular space of the lamina propria,
they can affect neighboring cells (paracrine) or penetrate
intestinal capillaries and lymphatic vessels to affect other
peripheral organs (endocrine) [42].

However, it is still unclear whether these gustatory re-
ceptor peptides actually cause endocrine effects by enter-
ing the bloodstream and affecting other organs [41]. In-
terestingly, peptide receptors on gustatory cells can also
be a target for peptides produced in the intestine, adi-
pose tissue or other tissues [41]. Leptin receptors on gus-
tatory cells have been shown to respond to systemic lep-
tin content, causing decreased sensitivity to sweet stim-
uli without affecting the response to sour, salty and bit-
ter substances [43]. The above suggests that postingestin
hormone release is capable of regulating the peripher-
al gustatory apparatus, for example, by modulating the
response to sweet stimuli [41].

Animal and human studies demonstrate an inverse
correlation between fatty acid sensitivity and fat intake
[42].

Recognition of fatty acids by intestinal lipid-sensitive
receptors triggers signaling cascades that lead to the re-
lease of hormones such as GLP-1, CCKand PYY [42]. How-
ever, obese patients have impaired sensitivity to dietary
fatin the oral cavity and gastrointestinal tract [42]. Desen-
sitization of these receptors in response to chronic dietary
fatintake may be a potential mechanism that contributes
to decreased receptor sensitivity to consumed fat. There-
fore, fatty acid recognition dysfunction in the gastrointes-
tinal tract may contribute to satiety response dysfunction,
leading to overeating and obesity.

Therefore, future studies should investigate how
these gustatory receptors and their signaling pathways
are altered by impaired metabolism and what signaling



molecules may be targeted to restore gustatory receptor
function.

OBESITY AND AFFERENT CONDUCTION
DYSFUNCTION

In addition to impaired nutrient transport, obesity
also shows changes in vagus nerve responses to appe-
tite-regulating hormones [42, 44]. Obese mice on high-fat
diet have a reduced vagus nerve response to leptin [42,
45]. M. Covasa and R. Ritter in 2000 demonstrated a de-
crease in sensitivity to CCK in obesity models on rats [42,
46]. In a study by D. Daly et al. (2011) long-term feeding
of mice with a high-fat diet led to a decrease in mecha-
nosensitivity of intestinal afferents and a decrease in ex-
citability of membranes of nodose ganglion neurons
[42, 47]. Therefore, dysfunction of afferent excitability
of the vagus nerve may be a mechanism for loss of sen-
sitivity to hormones.

Like vagus nerve afferents, the primary afferents
of the enteric nervous system (ENS) are also able to per-
ceive intestinal hormones such as GLP-1, GLP-2, CCK
and PYY due to their close proximity to enteroendocrine
cells (EECs) and expression of the corresponding recep-
tors [48]. The ENS is a network of nerves and glial cells or-
ganized into two main plexuses: the submucosal plexus,
located between the submucosa and the circular mus-
cle, and the myenteric plexus, located between the cir-
cular and longitudinal muscles. It functions to regulate
gastric motor activity.

Changes in ENS during a high-fat diet also result-
ed in decreased sensitivity to gastrointestinal hor-
mones. E. Grasset et al. (2017) found that the lack of re-
sponse to GLP-1 in mice fed on a high-fat diet is due
to the abundance of a particular set of intestinal bacte-
ria that disrupt GLP-1-induced nitric oxide production
in enteric neurons, which prevents activation of the in-
testine-brain-peripheral release axis to control insulin
secretion [49].

In addition, these peptides can activate sensory
afferent nerve fibers. Vagal nerve fibers do not pro-
ject into the intestinal lumen but have been shown
to respond to nutrients including glucose, amino ac-
ids and lipids in a postabsorptive manner [50]. The ad-
ditional regulation of their neural signaling by nutri-
ent-stimulated hormones from the intestine is sup-
ported by the presence of intestinal peptide receptors
on afferent fibers (such as CCK and GLP-1R receptors)
and the dependence of the effects of gastric emptying
and CCK saturation on vagal signaling [51].

In conclusion, receptor perception of nutrients in
the intestine and vagus nerve responses to them serve as
important mediators of energy homeostasis and represent
distinct steps in which high-fat diets and obesity can dis-
rupt proper functioning.
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ASSESSMENT OF GUSTATORY
AND OLFACTORY FUNCTIONS
IN CLINICAL PRACTICE

Unfortunately, quantitative testing of gustation
and olfaction is rarely performed in clinical practice.
The accuracy of a patient’s chemosensory complaint can-
not be definitively established without diagnosis. Indeed,
most people do not accurately assess the nature and ex-
tent of their sense of different tastes and smells, and sig-
nificant recovery of function can occur, often without pa-
tients being aware of it [52]. For example, the study by
H. Tomita et al. (2002) showed that only 18 % of patients
with bilateral taste loss after transection of both chor-
da tympani nerves were aware of their deficit [52, 53].
It is almost impossible to detect gustatory and olfacto-
ry dysfunctions without testing [52, 54], nor is it possi-
ble to determine whether the perceived decline in func-
tion is normal for the patient’s age and gender [52, 55].
Without testing, the efficacy of pharmacological, surgi-
cal, or other therapeutic interventions cannot be accu-
rately established.

Quantitative evaluation has shown that olfactory dys-
function is more prevalent than gustatory dysfunction
[52]. In fact, most patients who clinically complain of gus-
tatory dysfunction have pathology related to olfactory
function [52]. The taste of foods, which is often interpret-
ed as “flavor”, is largely dependent on volatile substanc-
es that reach olfactory receptors through the nasophar-
ynx during swallowing [52].

Along with sweet, sour, bitter, salty, savory (“umami”),
it is likely that chalky or metallic sensations in the oral
cavity are olfactory sensations [52].

CORRELATION BETWEEN OBESITY
AND OLFACTORY AND GUSTATORY
DYSFUNCTIONS

Reduced gustatory and olfactory perception causes
high consumption of palatable foods, which will either
lead to obesity or aggravate existing obesity [19, 56, 571,
although the consequences of the food addiction compo-
nent should not be ignored, especially for sweet and fat-
ty food [19, 58].

The study by A.S. Khan et al. (2020) demonstrated
that obese people have a lower sensitivity to sweet-sour
taste compared to healthy people [19]. Mice with obesi-
ty induced by a 10-week high-fat diet had reduced gus-
tatory sensitivity to the tastes [19, 59]. Similar results
have been obtained for bitter and salty tastes in obese
patients [19].

Decreased sensitivity to various gustatory stimu-
li may be related to deficient functionality of gustato-
ry receptors/sensors caused by obesity [59], genetic
polymorphisms [19, 59] or epigenetic patterns [19, 60].



A similar situation is characteristic of olfactory
function. For example, olfactory threshold increases
with body weight of obese individuals [19, 61]. Z. Patel
et al. reported that high body mass index (BMI) was as-
sociated with subjective olfactory dysfunction of obese
patients [62].

Decreased olfactory perception during obesity
is a multicomponent phenomenon that involves abnor-
malities not only of the nasal epithelial receptors but also
of various brain regions such as the limbic system, thal-
amus and piriform cortex, and amygdala, which project
to the orbitofrontal cortex [19, 63].

In addition to the above-mentioned factors leading
to gustatory and olfactory perception dysfunction, the role
of cytokine-induced (generalized or specific) inflammation
during obesity cannot be overlooked.

The study by A. Kaufman et al. showed that the in-
crease in the level of tumor necrosis factor a (TNF-a)
in the area of tongue papillae of obese mice was as-
sociated with a significant decrease in the number
of taste bud cells and their precursors [64]. Moreover,
TNF-a-null mice were protected from obesity-induced
reduction in taste bud cell number, and administra-
tion of exogenous TNF-a caused taste buds to degen-
erate [64]. The Sell1L (Suppressor/Enhancer of Lin-12-
like) deletion specific for adipose tissue in mice main-
tained on a high-fat diet resulted in reduced adipose
tissue levels and showed neither an increase in TNF-a
concentration nor any evidence of taste bud cell atro-
phy. These observations clearly indicate that TNF-a re-
leased from hyperplastic/inflamed adipose tissue in obe-
sity may cause loss of gustatory perception. Moreover,
inflammation has also been found to reduce the lifes-
pan of mature taste bud cells.

It has also been demonstrated that chemosenso-
ry perception in mammals is regulated by bacterial me-
tabolites, and the microbiota of the tongue mucosa may
also be involved in taste formation by influencing food
intake and metabolism [65, 66]. A recent study of the hu-
man microbiome showed that commensal bacteria have
evolved strategies to stimulate chemosensory receptors
and trigger host cell functions [65]. Therefore, the tongue
microbiota may influence metabolic systems through in-
teraction with chemosensory receptors, similar to how
this process occurs in the intestine [67, 68].

It has been reported that obese children have
significantly reduced gustatory discrimination (lev-
el of taste recognition) and fewer mushroom papillae
have been identified, which is accompanied by a de-
crease in the a-diversity of the microbiota of the tongue
membrane, which may affect gustatory perception [66].
Studies involving healthy subjects showed that the mi-
crobiota of the tongue mucosa was associated with
gustatory function, thereby influencing dietary hab-
its such as preference for salty baked goods and foods
rich in saturated fats [66].
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The microbiota of the tongue mucosa, one
of the important components of the oral microbiome,
is characterized by high sampling stability and is more
accessible for research. Therefore, it is a promising sub-
ject for studies.

In addition, it has been shown that tongue mucosal mi-
crobiota disorders can lead to increased levels of various
markers of chronic inflammation, and thus are closely asso-
ciated with the development of a number of chronic non-
communicable diseases (NCDs) such as obesity, type 2 di-
abetes mellitus, and cardiovascular pathology [66, 69, 70].

However, the number of studies on the association be-
tween the mechanisms of metabolic disorders and micro-
biota of the tongue mucosa is limited.

Considering the above, it can be hypothesized
that the microbiota of the tongue mucosa will be a new,
simple and non-invasive biological marker that can con-
tribute to diagnostic and prognostic studies of obesity
and other NCDs.

CONCLUSION

Thus, further study of olfactory and gustatory disorders
associated with obesity is relevant and may make it pos-
sible to predict the risks of developing metabolic disor-
ders and carry out their correction before the realization
of the obesity phenotype in the future.

Conflict of interest
The authors declare no apparent and potential conflicts
of interest related to the publication of this article.

Source of funding
The authors state that the study was not funded.

REFERENCES

1. World Health Organization. WHO European Regional
Obesity Report 2022. 2022.

2. Rebolledo Solleiro D, Solleiro Villavicencio H, Ve-
lasco M, Roldan Roldan G. Obesidad, sindrome metabdlico
y percepcion olfativa. Revista de Neurologia. 2020; 70(02):
53. doi: 10.33588/rn.7002.2019204

3. Lotsch J, Kringel D, Hummel T. Machine learning in
human olfactory research. Chem Senses. 2019; 44(1): 11-22.
doi: 10.1093/chemse/bjy067

4. Menni C, Valdes AM, Freidin MB, Sudre CH, Nguy-
en LH, Drew DA, et al. Real-time tracking of self-reported
symptoms to predict potential COVID-19. Nat Med. 2020;
26(7): 1037-1040. doi: 10.1038/s41591-020-0916-2

5. Martynov MYu, Bogolepova AN, Yasamanova AN.
Endothelial dysfunction in COVID-19 and cognitive
impairment. Zhurnal nevrologii i psikhiatrii imeni
S.S. Korsakova. 2021; 121(6): 93-99. (In Russ.). [MapTbI-



HoB M.IO., Boronenosa A.H., AcamaHoBa A.H. SHpoTe-
nuanbHaa gucdyHkuma npu COVID-19 1 KOTHUTUBHbIE
HapyweHus. XypHan Hesposioeuu u ncuxuampuu
um. C.C. Kopcakosa. 2021; 121(6): 93-99]. doi: 10.17116/
jnevro202112106193

6. Asfandiyarova NS. Post-COVID-19 syndrome.
Clinical Medicine (Russian Journal). 2021; 99(7-8): 429-
435, (In Russ.). [Acoanansiposa H.C. [MOCTKOBUAHBINA CUH-
ApoM. KnuHuyeckas meduyuHa. 2021; 99(7-8): 429-435].
doi: 10.30629/0023-2149-2021-99-7-8-429-435

7. Bordin A, Mucignat-Caretta C, Gaudioso P, Pendoli-
no AL, Leoni D, Scarpa B, et al. Comparison of self-reported
symptoms and psychophysical tests in coronavirus dis-
ease 2019 (COVID-19) subjects experiencing long-term
olfactory dysfunction: A 6-month follow-up study. Int Fo-
rum Allergy Rhinol. 2021; 11(11): 1592-1595. doi: 10.1002/
alr.22828

8. Hummel T, Podlesek D. Clinical assessment of olfac-
tory function. Chem Senses. 2021; 46: bjab053. doi: 10.1093/
chemse/bjab053

9. Seubert J, Laukka EJ, Rizzuto D, Hummel T,
Fratiglioni L, Backman L, et al. Prevalence and correlates
of olfactory dysfunction in old age: A population-based
study. J Gerontol A Biol Sci Med Sci.2017;72(8): 1072-1079.
doi: 10.1093/gerona/glx054

10. Goverover Y, Chen MH, Costa SL, Chiaraval-
loti ND, DelLuca J. Smell as a clinical-marker for func-
tional limitations in multiple sclerosis: A pilot study.
Mult Scler Relat Disord. 2020; 46: 102508. doi: 10.1016/
j.msard.2020.102508

11. Marin C, Vilas D, Langdon C, Alobid I, Lépez-
Chacén M, Haehner A, et al. Olfactory dysfunction in neu-
rodegenerative diseases. Curr Allergy Asthma Rep. 2018;
18(8): 42. doi: 10.1007/s11882-018-0796-4

12. Amital H, Agmon-Levin N, Shoenfeld N, ArnsonYY,
Amital D, Langevitz P, et al. Olfactory impairment in pa-
tients with the fibromyalgia syndrome and systemic scle-
rosis. Immunol Res. 2014; 60(2-3): 201-207. doi: 10.1007/
$s12026-014-8573-5

13. Bombini MF, Peres FA, Lapa AT, Sinicato NA,
Quental BR, Pincelli A de SM, et al. Olfactory func-
tion in systemic lupus erythematosus and systemic
sclerosis. A longitudinal study and review of the lit-
erature. Autoimm Rev. 2018; 17(4): 405-412. doi: 10.1016/
j.autrev.2018.02.002

14. Spencer AS, da Silva Dias D, Capelas ML, Pimen-
tel F, Santos T, Neves PM, et al. Managing severe dysgeusia
and dysosmia in lung cancer patients: A systematic scop-
ing review. Front Oncol. 2021; 11: 774081. doi: 10.3389/
fonc.2021.774081

15. Zhou T, Yang K, Thapa S, Liu H, Wang B, Yu S.
Differences in symptom burden among cancer patients
with different stages of cachexia. J Pain Symptom Man-
age. 2017; 53(5): 919-926. doi: 10.1016/j.jpainsym-
man.2016.12.325

16. Falkowski B, Duda-Sobczak A, Araszkiewicz A,
Chudzinski M, Urbas M, Gajewska E, et al. Insulin resistance

is associated with impaired olfactory function in adult
patients with type 1 diabetes: A cross-sectional study.
Diabetes Metab Res Rev. 2020; 36(6): e3307. doi: 10.1002/
dmrr.3307

17. Catamo E, Tornese G, Concas MP, Gasparini P,
Robino A. Differences in taste and smell perception
between type 2 diabetes mellitus patients and healthy
controls. Nutr Metab Cardiovasc Dis. 2021; 31(1): 193-200.
doi: 10.1016/j.numecd.2020.08.025

18. Faour M, Magnan C, Gurden H, Martin C. Olfac-
tion in the context of obesity and diabetes: Insights from
animal models to humans. Neuropharmacol. 2022; 206:
108923. doi: 10.1016/j.neuropharm.2021.108923

19. Khan AS, Hichami A, Khan NA. Obesity and COV-
ID-19: Oro-naso-sensory perception. J Clin Med. 2020; 9(7):
2158. doi: 10.3390/jcm9072158

20. Singh AK, Gillies CL, Singh R, Singh A, Chudasa-
maY, Coles B, et al. Prevalence of co-morbidities and their
association with mortality in patients with COVID-19:
A systematic review and meta-analysis. Diabetes Obes
Metab. 2020; 22(10): 1915-1924. doi: 10.1111/dom.14124

21. Kim D, Adeniji N, Latt N, Kumar S, Bloom PP, Aby ES,
et al. Predictors of outcomes of COVID-19 in patients with
chronic liver disease: US multi-center study. Clin Gastro-
enterol Hepatol. 2021; 19(7): 1469-1479.e19. doi: 10.1016/
j.cgh.2020.09.027

22. Bentsen MA, Mirzadeh Z, Schwartz MW. Revisiting
how the brain senses glucose — And why. Cell Metab.2019;
29(1): 11-17. doi: 10.1016/j.cmet.2018.11.001

23. Caretta A, Mucignat-Caretta C. Not only COVID-19:
Involvement of multiple chemosensory systems in hu-
man diseases. Front Neural Circuits. 2022; 16: 862005.
doi: 10.3389/fncir.2022.862005

24. Ercoli T, Masala C, Pinna |, Orofino G, Solla P, Roc-
chi L, et al. Qualitative smell/taste disorders as sequelae
of acute COVID-19. Neurol Sci. 2021; 42(12): 4921-4926.
doi: 10.1007/510072-021-05611-6

25. Luke L, Lee L, Jegatheeswaran L, Philpott C. In-
vestigations and outcomes for olfactory disorders. Curr
Otorhinolaryngol Rep.2022; 10(4): 377-384. doi: 10.1007/
s40136-022-00438-x

26. Zhou T, Matsunami H. Lessons from single-cell
transcriptome analysis of oxygen-sensing cells. Cell Tis-
sue Res. 2018; 372(2): 403-415. doi: 10.1007/s00441-017-
2682-0

27. Cerveny K, Janouskova K, Vanéckova K, Za-
vazalova S, Funda D, Astl J, et al. Olfactory evaluation in
clinical medical practice. J Clin Med. 2022; 11(22): 6628.
doi: 10.3390/jcm 11226628

28. MaBberg D, Hatt H. Human olfactory receptors:
Novel cellular functions outside of the nose. Physiol
Rev. 2018; 98(3): 1739-1763. doi: 10.1152/physrev.
00013.2017

29. Dalesio NM, Barreto Ortiz SF, Pluznick JL, Berkow-
itz DE. Olfactory, taste, and photo sensory receptors in non-
sensory organs: It just makes sense. Front Physiol. 2018;
9:1673. doi: 10.3389/fphys.2018.01673

102



30. ZhangS§, LiL, Li H. Role of ectopic olfactory recep-
torsin glucose and lipid metabolism. BrJ Pharmacol. 2021;
178(24): 4792-4807. doi: 10.1111/bph.15666

31. Julliard AK, al Koborssy D, Fadool DA, Palouzier-
Paulignan B. Nutrient sensing: Another chemosensitiv-
ity of the olfactory system. Front Physiol. 2017; 8: 468.
doi: 10.3389/fphys.2017.00468

32. Kim LJ, Polotsky VY. Carotid body and meta-
bolic syndrome: Mechanisms and potential therapeutic
targets. Int J Mol Sci. 2020; 21(14): 5117. doi: 10.3390/
ijms21145117

33. Sacramento JF, Andrzejewski K, Melo BF,
Ribeiro MJ, Obeso A, Conde SV. Exploring the mediators
that promote carotid body dysfunction in type 2 diabetes
and obesity related syndromes. Int J Mol Sci. 2020; 21(15):
5545. doi: 10.3390/ijms21155545

34. Berthoud H, Neuhuber WL. Vagal mechanisms
as neuromodulatory targets for the treatment of meta-
bolic disease. Ann N Y Acad Sci. 2019; 1454(1): 42-55.
doi: 10.1111/nyas.14182

35. Zwickl H, Zwickl-Traxler E, Pecherstorfer M. Is
neuronal histamine signaling involved in cancer cachexia?
Implications and perspectives. Front Oncol. 2019; 9: 1409.
doi: 10.3389/fonc.2019.01409

36. Antuna-Puente B, Fellahi S, McAvoy C, Feve B,
Bastard JP. Interleukins in adipose tissue: Keeping the bal-
ance. Mol Cell Endocrinol. 2022; 542: 111531. doi: 10.1016/j.
mce.2021.111531

37. Laviano A, Koverech A, Seelaender M. Assess-
ing pathophysiology of cancer anorexia. Curr Opin Clin
Nutr Metab Care. 2017; 20(5): 340-345. doi: 10.1097/
MCO.0000000000000394

38. Crane JD, Palanivel R, Mottillo EP, Bujak AL, Wang H,
Ford RJ, et al. Inhibiting peripheral serotonin synthesis
reduces obesity and metabolic dysfunction by promoting
brown adipose tissue thermogenesis. Nat Med. 2015; 21(2):
166-172. doi: 10.1038/nm.3766

39. Yabut JM, Crane JD, Green AE, Keating DJ, Khan WI,
Steinberg GR. Emerging roles for serotonin in regulating
metabolism: New implications for an ancient molecule.
Endocr Rev. 2019; 40(4): 1092-1107. doi: 10.1210/er.2018-
00283

40. Wilk K, Korytek W, Pelczynska M, Moszak M,
Bogdanski P. The effect of artificial sweeteners use on sweet
taste perception and weight loss efficacy: A review. Nutri-
ents. 2022; 14(6): 1261. doi: 10.3390/nu14061261

41. Depoortere |. Taste receptors of the gut: Emerg-
ing roles in health and disease. Gut. 2014; 63(1): 179-190.
doi: 10.1136/gutjnl-2013-305112

42. Raka F, Farr S, Kelly J, Stoianov A, Adeli K. Meta-
bolic control via nutrient-sensing mechanisms: Role of
taste receptors and the gut-brain neuroendocrine axis.
Am J Physiol Endocrinol Metabol. 2019; 317(4): E559-E572.
doi: 10.1152/ajpendo.00036.2019

43. Timasheva YR, Balkhiyarova ZR, Kochetova OV.
Current state of the obesity research: Genetic aspects,

the role of microbiome, and susceptibility to COVID-19.
Problems of Endocrinology. 2021; 67(4): 20-35. (In Russ.).
[Tumawesa A.P.,, banxuaposa X.P., Kouetosa O.B. Cospe-
MEHHOE COCTOAHME NCCIIeA0BAHN B 06/1aCTV OXKMPEHUS:
reHeTMYecKmne acnekTbl, poSib MUKpobuoma v npegpac-
nonoxeHHocTb K COVID-19. [lpobiiembl SHOOKpUHO02UU.
2021; 67(4): 20-35] doi: 10.14341/probl12775

44. Daly DM, Park SJ, Valinsky WC, Beyak MJ. Impaired
intestinal afferent nerve satiety signalling and vagal af-
ferent excitability in diet induced obesity in the mouse.
J Physiol. 2011; 589(11): 2857-2870. doi: 10.1113/jphysiol.
2010.204594

45. de Lartigue G, Barbier de la Serre C, Espero E,
Lee J, Raybould HE. Diet-induced obesity leads
to the development of leptin resistance in vagal afferent
neurons. Am J Physiol Endocrinol Metab. 2011; 301(1):
E187-E195. doi: 10.1152/ajpend0.00056.2011

46. Covasa M, Ritter RC. Adaptation to high-
fat diet reduces inhibition of gastric emptying
by CCK and intestinal oleate. Am J Physiol Regul Integr
Comp Physiol. 2000; 278(1): R166-R170. doi: 10.1152/
ajpregu.2000.278.1.R166

47. Daly DM, Park SJ, Valinsky WC, Beyak MJ. Im-
paired intestinal afferent nerve satiety signalling and
vagal afferent excitability in diet induced obesity in the
mouse. J Physiol.2011;589(11): 2857-2870. doi: 10.1113/
jphysiol.2010.204594

48. Pedersen J, Pedersen NB, Brix SW, Grunddal KV,
Rosenkilde MM, Hartmann B, et al. The glucagon-like
peptide 2 receptor is expressed in enteric neurons
and not in the epithelium of the intestine. Peptides. 2015;
67:20-28. doi: 10.1016/j.peptides.2015.02.007

49. Grasset E, Puel A, Charpentier J, Collet X, Chris-
tensen JE, Tercé F, et al. A specific gut microbiota dysbiosis
of type 2 diabetic mice induces GLP-1 resistance through
an enteric NO-dependent and gut-brain axis mechanism.
Cell Metab. 2017; 25(5): 1075-1090.e5. doi: 10.1016/
j.cmet.2017.04.013

50. Shirazi-Beechey SP, Daly K, Al-Rammahi M,
Moran AW, Bravo D. Role of nutrient-sensing taste 1
receptor (T1R) family members in gastrointestinal che-
mosensing. Br J Nutr. 2014; 111(S1): S8-S15. doi: 10.1017/
S0007114513002286

51. SteinertRE, Beglinger C. Nutrient sensing in the gut:
interactions between chemosensory cells, visceral afferents
and the secretion of satiation peptides. Physiol Behav.2011;
105(1): 62-70. doi: 10.1016/j.physbeh.2011.02.039

52. Doty RL. Measurement of chemosensory func-
tion. World J Otorhinolaryngol Head Neck Surg. 2018; 4(1):
11-28. doi: 10.1016/j.wjorl.2018.03.001

53. Tomita H, Ikeda M. Clinical use of electrogustom-
etry: Strengths and limitations. Acta Otolaryngol. 2002;
122(4): 27-38. doi: 10.1080/00016480260046391

54. Doty RL, Crastnopol B. Correlates of chemosen-
sory malingering. Laryngoscope. 2010; 120(4): 707-711.
doi: 10.1002/lary.20827

103



55. Doty RL, Kamath V. The influences of age on ol-
faction: A review. Front Psychol. 2014; 5: 20. doi: 10.3389/
fpsyg.2014.00020

56. Deglaire A, Méjean C, Castetbon K, Kesse-Guy-
ot E, Hercberg S, Schlich P. Associations between weight
status and liking scores for sweet, salt and fat according
to the gender in adults (The Nutrinet-Santé study). Eur J
Clin Nutr. 2015; 69(1): 40-46. doi: 10.1038/ejcn.2014.139

57. Bartoshuk LM, Duffy VB, Hayes JE, Moskowitz HR,
Snyder DJ. Psychophysics of sweet and fat perception
in obesity: Problems, solutions and new perspectives.
Philosoph Trans R Soc Lond B Biol Sci. 2006; 361(1471):
1137-1148. doi: 10.1098/rstb.2006.1853

58. Sarkar S, Kochhar KP, Khan NA. Fat addiction: Psy-
chological and physiological trajectory. Nutrients. 2019;
11(11): 2785. doi: 10.3390/nu11112785

59. Khan AS, Keast R, Khan NA. Preference for dietary
fat: From detection to disease. Prog Lipid Res. 2020; 78:
101032. doi: 10.1016/j.plipres.2020.101032

60. Khan AS, Hichami A, Khan NA. Taste perception
and its effects on oral nutritional supplements in younger
life phases. Curr Opin Clin Nutr Metab Care.2018;21(5):411-
415. doi: 10.1097/MC0.0000000000000492

61. Tomassini Barbarossa |, Ozdener MH, Melis M,
Love-Gregory L, Mitreva M, Abumrad NA, et al. Variant in
a common odorant-binding protein gene is associated
with bitter sensitivity in people. Behav Brain Res. 2017;
329:200-204. doi: 10.1016/j.bbr.2017.05.015

62. Patel ZM, DelGaudio JM, Wise SK.Higher body mass
index is associated with subjective olfactory dysfunction.
Behav Neurol. 2015; 2015: 1-4. doi: 10.1155/2015/675635

63. Ramos-Lopez O, Riezu-Boj JI, Milagro Fl, Zulet MA,
Santos JL, Martinez JA. Associations between olfactory
pathway gene methylation marks, obesity features and
dietary intakes. Genes Nutr. 2019; 14(1): 11. doi: 10.1186/
$12263-019-0635-9

Information about the authors

64. Kaufman A, Choo E, Koh A, Dando R. Inflamma-
tion arising from obesity reduces taste bud abundance
and inhibits renewal. PLOS Biol. 2018; 16(3): e2001959.
doi: 10.1371/journal.pbio.2001959

65. Roura E, Depoortere |, Navarro M. Review: Che-
mosensing of nutrients and non-nutrients in the human
and porcine gastrointestinal tract. Animal. 2019; 13(11):
2714-2726.doi: 10.1017/51751731119001794

66. LiY, Cui J, Liu Y, Chen K, Huang L, Liu Y. Oral,
tongue-coating microbiota, and metabolic disorders:
A novel area of interactive research. Front Cardiovasc Med.
2021; 8: 730203. doi: 10.3389/fcvm.2021.730203

67. Samoilova YuG, Oleynik OA, Kudlay DA, Sagan EV,
Denisov NS. Pathogenetic relationship of oral micro-
biota and obesity in children and adolescents. Rossi-
yskiy Vestnik Perinatologii i Pediatrii. 2021; 66(5): 38-41.
(In Russ.). [CamonnoBa tO.I, OnenHuk O.A., Kygnan [.A.,
CaraH E.B., leHuncos H.C. lNaToreHeTnyeckas B3auMoCBs3b
MUKPOOUOTbI POTOBOI MONOCTU U OXKUPEHUA Y AeTel
N NOAPOCTKOB. Pocculickuli BeCMHUK nepuHamosio2uu
u neduampuu. 2021; 66(5): 38-41]. doi: 10.21508/1027-
4065-2021-66-5-38-41

68. Steensels S, Cools L, Avau B, Vancleef L, FarréR,
Verbeke K, et al. Supplementation of oligofructose,
but not sucralose, decreases high-fat diet induced
body weight gain in mice independent of gustducin-
mediated gut hormone release. Mol Nutr Food Res. 2017;
61(3): 1600716. doi: 10.1002/mnfr.201600716

69. Pignatelli P, Fabietti G, Ricci A, Piattelli A, Curia MC.
How periodontal disease and presence of nitric oxide reduc-
ing oral bacteria can affect blood pressure. Int JMol Sci. 2020;
21(20): 7538. doi: 10.3390/ijms21207538

70. Hsu PC, Wu HK, Huang YC, Chang HH, Lee TC,
Chen YP, et al. The tongue features associated with
type 2 diabetes mellitus. Medicine. 2019; 98(19): e15567.
doi: 10.1097/MD.0000000000015567

luliia G. Samoilova — Dr. Sc. (Med.), Professor, Head of the Department of Pediatrics with a Course of Endocrinology, Siberian State Medical University, e-mail: samoilova_y@inbox.ru,
https://orcid.org/0000-0002-2667-4842

Daria V. Podchinenova — Cand. Sc. (Med.), Associate Professor at the Department of Pediatrics with a Course of Endocrinology, Siberian State Medical University, e-mail: darvas_42@mail.ru,
https://orcid.org/0000-0001-6212-4568

Mariia V. Matveeva — Dr. Sc. (Med.), Professor at the Department of Pediatrics with a Course of Endocrinology, Siberian State Medical University, e-mail: matveeva.mariia@yandex.ru,
https://orcid.org/0000-0001-9966-6686

Dmitry A. Kudlay — Dr. Sc. (Med.), Corresponding Member of RAS, Professor at the Department of Pharmacology, Institute of Pharmacy, .M. Sechenov First Moscow State Medical University
of the Ministry of Health Care of Russian Federation (Sechenov University); Leading Research Officer at the Laboratory of Personalized Medicine and Molecular Immunology No. 71, National
Research Center — Institute of Inmunology, Federal Medical and Biological Agency of Russia, e-mail: d624254@gmail.com, https://orcid.org/0000-0003-1878-4467

Oxana A. Oleynik — Cand. Sc. (Med.), Associate Professor at the Department of Pediatrics with a Course of Endocrinology, Siberian State Medical University, e-mail: oleynikoa@mail.ru,
https://orcid.org/0000-0002-2915-384X

Ivan V. Tolmachev — Cand. Sc. (Med.), Associate Professor at the Department of Medical and Biological Cybernetics, Siberian State Medical University, e-mail: ivantolm@mail.ru,
https://orcid.org/0000-0002-2888-5539

Irina S. Kaverina — Research Officer at the Scientific and Educational Laboratory “Bionic Digital Platforms”, Siberian State Medical University, e-mail: kaverina.is@ssmu.ru, https://orcid.org/0000-
0001-9748-482X

Tamara D. Vachadze —Resident at the Department of Pediatrics with a Course of Endocrinology, Siberian State Medical University, e-mail: vtooma@mail.ru, https://orcid.org/0000-0001-6384-1972
Margarita A. Kovarenko — Cand. Sc. (Med.), Teaching Assistant at the Department of Pediatrics with a Course of Endocrinology, Siberian State Medical University, e-mail: grun-wald@yandex.ru,
https://orcid.org/0000-0002-5012-0364

104



ACTA BIOMEDICA SCIENTIFICA, 2023, Tom 8, N°3

0Olga A. Loginova — Resident at the Department of General Medicine and Outpatient Therapy, Siberian State Medical University, e-mail: olgaprk2307@gmail.com, https://orcid.org/0000-0002-
8836-0814

105
Morphology, physiology and pathophysiology





