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Abstract
Purpose of Review  Olfactory dysfunction contributes to the psychopathology of mental illness. In this review, we describe 
the neurobiology of olfaction, and the most common olfactory alterations in several mental illnesses. We also highlight the 
role, hitherto underestimated, that the olfactory pathways play in the regulation of higher brain functions and its involve-
ment in the pathophysiology of psychiatric disorders, as well as the effect of inflammation on neurogenesis as a possible 
mechanism involved in olfactory dysfunction in psychiatric conditions.
Recent Findings  The olfactory deficits present in anxiety, depression, schizophrenia or bipolar disorder consist of specific 
alterations of different components of the sense of smell, mainly the identification of odours, as well as the qualifications 
of their hedonic valence (pleasant or unpleasant). Epidemiological findings have shown that both environmental factors, 
such as air pollutants, and inflammatory disease of the upper respiratory tract, can contribute to an increased risk of mental 
illness, at least in part, due to peripheral inflammatory mechanisms of the olfactory system.
Summary  In this review, we describe the neurobiology of olfaction, and the most common olfactory function alterations in 
several psychiatric conditions and its role as a useful symptom for the differential diagnosis. We also highlight the effect of 
inflammation on neurogenesis as a possible mechanism involved in olfactory dysfunction in these psychiatric conditions.

Keywords  Olfaction · Mental illness · Anxiety · Depression · Schizophrenia · Bipolar disorder · Neurogenesis · Olfactory 
neuroepithelium · Olfactory bulbs

Introduction

Mental illnesses such as anxiety, depression, schizophrenia 
or bipolar disorder are a worldwide problem of increasingly 
frequent, being estimated that one in every three people will 
suffer from one of these disorders during his life. In addi-
tion, these diseases have a high degree of comorbidity, so 
that they can present at the same time in the same individual.

Olfactory disturbances contribute to psychopathology of 
mental illness [1••, 2••, 3]. The sense of smell is crucial in 
many aspects of life and health. It is important for feeding, 
alerting of potential danger and orienting towards pleasant 
stimuli as well as for social relationships. Loss of smell, there-
fore, has relevant implications for quality of life and physical 
safety, and is often associated with social isolation. Subjects 
with loss of smell are more likely to suffer from anxiety, 
depression and even have a greater risk of death, because of 
their inability to respond to dangerous odours, such as toxic 
chemicals, rotting food and leaking gas [4••, 5].

Olfactory deficits present in mental illness consist of spe-
cific alterations of different components of the sense of smell 
as perception, identification and discrimination, as well as 
the qualification of its hedonic valence (pleasant or unpleas-
ant) [6]. Recent evidences have highlighted the role, hitherto 
underestimated, of the olfactory pathway in the regulation 
of higher brain functions and its involvement in the patho-
physiology of psychiatric disorders. In this sense, an over-
lap has been described between the neural connections of 
the olfactory system, temporo-limbic and frontal functions 
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that are associated with higher brain functions such as cog-
nition, memory and emotion, which are the ones that are 
altered in psychiatric disorders [1••, 7]. Accordingly, it is 
currently considered that alterations of the peripheral and 
central olfactory system contribute to an altered emotional 
process of olfactory stimulation in patients with psychiat-
ric disorders. Epidemiological findings have shown that 
environmental factors, such as air pollutants, and exposure 
to inflammatory upper airway diseases may contribute to 
increased risk of suffering from mental illness, perhaps at 
least partly due to peripheral inflammatory mechanisms of 
the olfactory system [1••].

Olfactory dysfunction can be considered potential marker 
for psychiatric disorders, and may constitute either a fac-
tor of vulnerability or a consequence of these disorders 
[8]. Moreover, olfactory dysfunction may be a significant 
pathological hallmark in the early stages of disease progres-
sion, including first episode psychosis [1••, 3, 9]. However, 
although the pathological implication of olfactory impair-
ments in psychiatric disorders, how olfactory dysfunction 

affects the neural mechanisms involved in higher brain func-
tions remains poorly understood.

Anatomy and Physiology of Olfactory 
System

Odour information is initially perceived through the olfac-
tory neurons (ONs) in the olfactory epithelium (OE) and 
transmitted to the central olfactory system, which is com-
posed of the olfactory bulbs (OB) which in turn projects 
to a variety of secondary olfactory structures including 
the anterior olfactory nucleus (AON), piriform cortex 
olfactory tubercle, the lateral entorhinal cortex and para-
amygdaloid complex [10–13] (Fig. 1). Neurons within 
these secondary olfactory structures project to tertiary 
olfactory structures, which include the orbitofrontal cor-
tex (OFC), the insular cortex and the dorsal hippocampus 
[14] (Fig. 1).
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Fig. 1   Peripheral and central olfactory system. Odour information is 
initially perceived through the olfactory neurons in the olfactory epi-
thelium and transmitted to the central olfactory system, which is com-
posed of the olfactory bulbs which in turn projects to a variety of sec-
ondary olfactory structures including the anterior olfactory nucleus, 
piriform cortex olfactory tubercle, the lateral entorhinal cortex and 
para-amygdaloid complex. Neurons within these secondary olfac-
tory structures project to tertiary olfactory structures, which include 
the orbitofrontal cortex, the insular cortex and the dorsal hippocam-
pus. An overlap has been described between the neural connections 

of the olfactory system, temporo-limbic and frontal functions that are 
associated with higher brain functions such as cognition, memory 
and emotion, which are the ones that are altered in psychiatric dis-
orders. AMYG, amygdala complex; AON, anterior olfactory nucleus; 
BG, Bowman’s gland; CP, cribriform plate; EC, enthorrinal cortex; 
GBC, globose basal cells; GC, glomerular cells; Glom, glomerulus; 
HBC, horizontal basal cells; HC, hippocampus; IN, insular cortex; 
MC, mitral cells; OB, olfactory bulb; OE, olfactory epithelium; OFC, 
orbitofrontal cortex; ONs, olfactory neurons; PC, piriform cortex; 
SC, sustentacular cells; THAL, thalamus; TC, tufted cells
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The OE is a pseudostratified epithelium located in the 
dorsal and posterior portion of the nasal cavity, extending 
along the nasal septum and turbinates, containing differ-
ent cell populations. The sustentacular cells surround the 
cell bodies of the dendritic projection of the mature ONs. 
Below this layer are the immature neurons and the pro-
genitor basal cells (horizontal and globose cells) (Fig. 1). 
The half-life of ONs is of 30 days and the OE has ability 
to regenerate, with normal ONs production through glo-
bose cell proliferation and differentiation [15]. In case of 
severe OE damage, the quiescent horizontal basal cells are 
activated and differentiating not only in ONs, but also in 
sustentacular cells and in globose basal cells, mechanisms 
by which attempts are made to maintain OE homeostasis.

ONs are bipolar cells that have dendrites extending to 
the nasal cavity that contain the sensory cilia, and an axon 
that passes through the cribriform plate to reach the OB 
(Fig. 1). ONs express a type of olfactory receptor and pro-
ject to the glomeruli of the OB that contains axons with 
the same olfactory receptor. Once the odorant interacts 
with the olfactory receptors of the ONs, action potentials 
in the ON axon are generated relaying odorant information 
into OBs. In addition to the ONs, the OE contains susten-
tacular or supporting cells for stability of the epithelium, 
and basal cells that provide regenerative capacity.

At OB level, axons from ONs synapse with the den-
drites of secondary olfactory projection neurons, the mitral 
(MCs) and tufted cells (TCs), forming a structure called 
glomerulus (Fig. 1). MCs and TCs are the primary effer-
ent projection neurons of the OB. The incoming axons 
from the ONs also synapse on local gamma-aminobutyric 
acid (GABA)ergic and dopaminergic interneurons (per-
iglomerular cells). Glomeruli are the first synaptic relay 
in the olfactory pathway and play a basic role in smell 
perception [16]. MCs and TCs have different physiological 
responses to odours, including odour intensity coding [17].

Smell deficits are found in around 20% of the general 
population [18]. The most common smell disturbances 
include anosmia (complete loss of olfactory ability) and 
hyposmia (decreased olfactory ability). Hyperosmia 
(heightened olfactory ability) is less common. Aspects 
of smell commonly tested in clinical populations include 
odour detection/threshold, discrimination and identifica-
tion [19]. Odour threshold refers to the smallest concentra-
tion of an odour required to produce the percept of smell. 
Odour discrimination is the ability to distinguish between 
two or more different odours. Odour identification, the 
most commonly used test, is the ability to detect, iden-
tify and name a scent [19]. Both odour identification and 
odour discrimination tests rely more on cognitive func-
tions (specifically semantic memory) than odour threshold 
tests, given they require knowledge of a particular scent.

Olfactory Dysfunction in Mental Illness

The neuroanatomic overlap of the olfactory system and 
limbic brain regions makes the olfactory system of par-
ticular relevance to psychiatric conditions marked by sig-
nificant mood disturbance and negative symptoms includ-
ing anxiety, major depression, schizophrenia and bipolar 
disorder [20, 21••, 22–24].

Anxiety

Anxiety is an unpleasant and sometimes prevalent emo-
tional state impacting in several spheres of life. From 
milder manifestations of anxiety, like mild perfectionism, 
to more severe disorders such as post-traumatic stress dis-
order or agoraphobia, anxiety influences performance in 
tasks involving various sensory modalities. Generalized 
anxiety disorder (GAD) includes excessive and persis-
tent anxiety, and worry with apprehensive expectations 
of events in association with physical symptoms, includ-
ing feeling keyed up or on edge, and having difficulty 
concentrating.

Olfactory dysfunction has been demonstrated in patients 
with GAD consisting in odour threshold, discrimination 
and identification deficits [25, 26]. When considered the 
moderate/severe anxiety subgroup, olfactory discrimina-
tion and identification, but not odour threshold, scores 
were significantly and inversely correlated with the anxi-
ety score, suggesting that poorer olfactory function is 
correlated with greater severity of somatic anxiety [25]. 
These findings correspond to that the olfactory and affec-
tive processes overlap in the cerebral anatomy structure—
the cortical amygdala nuclei [27]. The amygdala and the 
OFC are the primary implicated neurocircuitries of anxiety 
disorders [28]. The primary olfactory cortex, including 
the cortical amygdala nuclei, transports odour information 
to other parts of the amygdala [29]. Dysfunction in the 
overlapping structure, the amygdala, may therefore be the 
crucial factor in the relationship. Taking in consideration 
that odour threshold is a predominant peripheral sensory 
process, which is related to olfactory receptors at the OE 
level, while odour discrimination and identification are 
central sensory processes that are related to the primary 
olfactory cortex [29], it is possible to speculate that this 
is reason why odour discrimination is related to anxiety 
symptom severity, whereas odour threshold is not [25].

In addition, the influence of trait or sustained anxiety 
on human olfactory function is consistent with a consistent 
shift in odour sensitivity toward certain odorants and away 
from others [30, 31, 32••]. For example, in post-traumatic 
stress disorder, an increased sensitivity toward potentially 
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dangerous odorants has been described [32••, 33]. These 
specific fear-olfactory relationships are considered to be 
driven by the close link in associative memory existing 
between emotional trauma and the odours present during 
these experiences. In addition, it has been suggested that 
odour hedonics may play a critical role in threat-related 
changes in olfactory function in anxious subjects that pro-
cess unpleasant odorants differentially [34]. In this line, 
it has been described a positive correlation between state 
anxiety levels, a transitory emotional state characterized 
by subjective perceived feelings of tension and appre-
hension fluctuating over time, and unpleasant odour dis-
crimination accuracy [35]. Other clinical and preclinical 
data suggest that trigeminal properties of odorants may 
be relevant to contextual threat and anxiety-related odour 
sensitivities [36]. In this line, patients suffering from post-
traumatic stress disorder tend to perform better in odour 
identification tests and respond faster to CO2, an unpleas-
ant stinging gas which acts on the trigeminal system [34]. 
Similarly, an association between increased anxiety sen-
sitivity and increased sensitivity for guaiacol, a smoke-
like odorant with high trigeminal properties, has been 
described [30, 32••]. Given that the intranasal trigeminal 
system functions, in part, to detect irritants and potentially 
harmful airborne chemicals in the environment increased 
sensitivity to odorants with high trigeminal properties is 
consistent with numerous other safety behaviours that are 
enhanced in those with anxiety-related traits and disorders 
[32••].

An olfactory dysfunction has been also described in panic 
disorder consisting in a lower odour threshold that has been 
found correlated with the severity of symptoms [37]. Moreo-
ver, Clepce et al. [26] found poor odour discrimination in 
patients with panic disorder, social phobia and agoraphobia. 
However, other studies did not find significant differences 
between anxiety patients and controls [38].

In addition to the different olfaction tests used in the 
different studies, they key symptoms of different anxiety 
disorders may be also account for these conflicting results 
[25]. Further olfactory studies in terms of anxiety disorders 
focused on key symptoms are required. A better under-
standing of how the olfactory system modulates odorants 
in response to stress/anxiety, and how specific odour factors 
such as hedonic valence and trigeminal properties influence 
the stress/anxiety-olfactory relationship is needed.

Depression

Depression is one of the most common mental health condi-
tions, with a prevalence of 17% in the general population. 
Symptoms include loss of interest for activities that in the 
past were pleasurable (anhedonia), feelings of worthless-
ness, difficulty concentrating and sleep and suicidal ideation. 

Increasing evidence has revealed the existence of a relation-
ship between the presence of alterations of smell and depres-
sion [2••, 24, 39, 40, 41••].

In this line, patients with olfactory loss are more likely to 
exhibit symptoms of depression [42, 43]. Moreover, a number 
of studies have been undertaken to assess olfactory function 
in populations suffering from depression. Depressed patients 
express impaired odour threshold, discrimination and identifi-
cation [2••, 22, 24, 39, 41••, 44–48], being olfactory threshold 
the most significant feature in depression [49, 50].

Various clinical studies indicate a correlation of olfactory 
dysfunction with the severity of depression, worsening in turn 
the quality of life of the patient and with the suicidal ideation 
[24, 51, 52]. In detail, recurrent depressive disorders have been 
found associated with reduced odour identification [48], while 
the longer duration of disease is negatively related to odour 
threshold [53]. All these observations support the concept that 
depression is not uniformly related to olfactory impairment, 
but depends on duration and course of the disease [53]. It has 
been suggested that reduced olfactory identification might 
be caused by cognitive impairment in recurrent depression, 
while the relation between olfactory threshold and depres-
sion might be partially caused by a cumulative damage of the 
olfactory epithelium after frequent respiratory diseases, as later 
described. However, some studies do not report reduction of 
olfactory function in any of the measured domains or found 
only small differences in olfactory function between depressive 
patients and controls [54, 55]. Variations in the results may be 
due to different populations, variance in the olfaction meas-
ures, small patient cohorts and some studies using patients 
with primary olfactory dysfunction [47] while others using 
patients with primary depression [19].

Hedonic rating of smells may be affected by depression 
since depressed patients over-evaluated the pleasantness 
of positive odours, suggesting a functional bias in brain 
processing of pleasantness in depressive states [44, 46]. 
Moreover, the hedonic rating of unpleasant odour is also 
affected since patients tend to perceive unpleasant odours as 
more unpleasant than controls [51, 56]. The impairment in 
hedonic perception tends to disappear after mood improve-
ment [51]. Depressed patients also exhibit “olfactory anhe-
donia”, since they cannot discriminate between different 
concentrations of pleasant odours. This anhedonia may be a 
possible state marker of depression [51, 56].

Taking all these observations together, several studies 
identified olfactory dysfunction as a potential biomarker 
of depression [41••, 44, 45, 51, 56–58]. Successful treat-
ment of depression has been shown to reverse olfactory 
dysfunction since olfactory threshold, discrimination and 
central olfactory processing appear to normalize [24, 39, 
46, 51, 59]. Interesting is the finding that olfactory training 
improves depressive symptoms [60], although controversial 
results have been found in a more recent study [61].
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Despite all these observations, the mechanisms underly-
ing loss of smell in depression are not fully known. Given 
the prevalence and the high morbidity and mortality rates 
associated with depression [62] and olfactory alterations [5], 
future studies are required in order to investigate the use of 
the evaluation of the loss of smell in the detection of indi-
viduals with high risk for depression.

Schizophrenia

Schizophrenia is a chronic and debilitating mental illness, 
with a prevalence of 0.3% and heterogeneous symptomatol-
ogy usually including positive symptoms such as hallucina-
tions or delusions, disorganized speech, negative symptoms 
such as speech poverty and cognitive deficits including def-
icits in attention, memory and functional executives. The 
disease is commonly associated with deficiencies in psycho-
social functions. Although many etiological factors remain 
to be still elucidated, the interactions between genetic sus-
ceptibility and stress environment in the early stages of life 
are considered relevant in the development of schizophrenia.

Olfactory dysfunction in schizophrenia is a relatively little 
studied compared to other cognitive alterations. Smell is the sen-
sory modality most closely related in their neuroanatomical sub-
strates with cognitive and emotional disturbances characteristic 
of this disorder. Various studies have revealed several features 
of olfactory dysfunction, particularly impaired the identification 
of odours in patients with schizophrenia, with an early onset 
of psychosis or individuals at high risk of psychosis [1••, 3, 
63–65]. Odour discrimination has been also described impaired 
in schizophrenia patients, although only a small number of stud-
ies investigated odour discrimination [66••, 67, 68]. However, 
some authors found no deficits in odour identification in patients 
with schizophrenia [69, 70]. These discrepancies might be due 
to shorter duration of illness, younger age or milder negative 
symptomatology in the studied patient groups.

In patients with schizophrenia or in subjects with risk of 
suffering from it, olfactory alterations are frequently asso-
ciated with common deficits in motivational and affective 
capacities known as negative symptoms, such as loss of 
ability of feeling or experiencing emotions, loss of motiva-
tion, difficulties in enjoying things and decreased of verbal 
expression [64, 65, 71, 72], as well as impaired cognitive and 
social functions and depressive symptoms [1••, 22, 41••, 43, 
64, 71]. Along this line, patients with prominent negative 
symptoms have olfactory deficits of greater magnitude than 
those without negative symptoms [72].

Early-onset schizophrenia, defined as disease that has its 
onset before the age of 18, is a more severe and chronic 
schizophrenia phenotype that presents with more negative 
symptoms and cognitive impairment than adult-onset schiz-
ophrenia. The degree of severity of smell loss in early-onset 
schizophrenia is more severe than in adult [65].

Despite the growing number of studies on the olfactory 
hedonic judgment in schizophrenia, the evidence is still 
inconsistent. Some studies found that individuals with schiz-
ophrenia judge stimuli with valence positive as less pleasant 
than healthy controls [73]. However, Clepce et al. [66••] 
described that schizophrenia patients with psychotic symp-
toms active judge olfactory stimuli with positive valence 
as more pleasant, and those of negative valence as more 
unpleasant. In this study, the increased range of hedonic 
judgment in individuals with schizophrenia was correlated 
with the severity of schizophrenia symptoms. In contrast, 
the study performed by Walsh-Messinger et al. [74] showed 
that individuals with schizophrenia and controls made 
comparable affective ranges to the stimulus olfactory of dif-
ferent valences. More recently, Lui et al. [72] have shown 
that individuals with schizophrenia and prominent negative 
symptoms qualify the olfactory stimuli with positive valence 
as less pleasant and stimuli with negative valence as less 
unpleasant relative to the controls. Gender has not been 
found to have significant effects on hedonic olfactory judg-
ment in individuals with schizophrenia with prominent nega-
tive symptoms [72]. However, antipsychotic drugs modify 
judgment altered hedonic in relation to stimuli with valence 
positive, so that after antipsychotic treatment, no differences 
are observed between individuals with schizophrenia and 
control cases [72].

A possible explanation for these inconsistent findings on 
olfactory hedonic judgment may be related with the phe-
nomenon called “ambivalence affective” in schizophrenic 
patients, which postulates that positive and negative emo-
tions are processed in different systems of the human brain, 
and that the activation simultaneous of both pleasant and 
unpleasant emotions it is more common in individuals with 
schizophrenia. In this sense, it has been described that the 
processing of pleasant olfactory stimuli is supported by 
reward-related neural circuits, while unpleasant olfactory 
stimuli are supported by neural circuits related to emotions, 
suggesting that these two dimensions of odour may offer a 
window into the study of differential mechanisms underlying 
olfactory alterations in schizophrenia [71, 72].

It should be noted that although some patients with schiz-
ophrenia have olfactory hallucinations, not an association 
has been shown between these and alterations of smell [75], 
which suggests that these symptoms may be mediated by 
different neural mechanisms.

Although the olfactory deficits in schizophrenia have 
been described as independent of the effects of smoking 
and treatment with antipsychotic drugs [76], a meta-analysis 
has revealed that smoking is paradoxically associated with 
small deficits in olfactory function in schizophrenia [23]. 
This study also revealed that individuals on a first-generation 
antipsychotic regimen showed greater olfactory deficits than 
those treated with second-generation antipsychotics [23].
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Given that the alteration in the identification of odours, 
in addition to being present in individuals diagnosed with 
schizophrenia, has also been described among first-degree 
relatives of patients with schizophrenia, in young people at 
high risk of suffering from psychosis, and in the first episode 
of schizophrenia [3, 60, 64, 72], it has been suggested that 
alteration in olfactory function may be a potential clinical 
biomarker of schizophrenia already in the early stages of 
the disease, as well as its progression. The use of olfactory 
deficit as a biomarker would allow an early diagnosis of 
the disease and the establishment of therapeutic strategies, 
among which olfactory training may be considered.

Bipolar Disorder

Bipolar disorder is characterized by the recurrence of mood 
episodes, either depressive or manic alternating with periods 
of remission [77]. Psychotic symptoms during acute phases 
lead to some confusion with schizophrenia diagnostic, while 
the recurrence of depressive episodes conducts to misdiag-
nosis with major depressive disorder.

Only few studies assessed olfactory function in bipolar 
disorders and, generally, these studies include a small num-
ber of patients [6]. Bipolar patients or individuals with bipo-
lar spectrum may have an impaired sense of smell compared 
to controls [78••, 79–81]. Olfactory deficits, such as a low-
ered odour threshold [82] and reduced odour identification 
[81, 83], have been reported in patients with bipolar disorder 
even in euthymic phases [83], although some controversial 
results have been obtained. In a recent study, only patients in 
the acute phase of a mood episode showed impaired olfac-
tory threshold [81]. Clinical symptoms were negatively cor-
related with odour sensitivity but not odour identification 
ability [81]. No difference in odour discrimination has been 
found [6, 38].

Thus, impairment of olfactory threshold might be a 
potential marker for distinguishing between bipolar disor-
der patients in acute phase vs remission [81]. However, few 
data exist comparing olfactory function between subjects in 
manic state and remission. Recently, it has been described 
patients with manic episodes showing deficits in identifying 
positive odours [78••]. These patients evaluated these smells 
as less pleasant and less emotional compared to remitted 
bipolar subjects and healthy controls. Indeed, patients in 
manic states have more severe deficits in olfactory identifi-
cation compared with the euthymic bipolar patients who also 
have an altered sense of identification compared to healthy 
controls. However, when considering the olfactory thresh-
old, no significant differences were observed between manic 
patients compared to euthymic and control subjects [78••].

These olfactory dysfunctions may constitute potential 
indicator of manic episodes. The persistence of olfactory 
dysfunction in remission phase (deficit in the olfactory 

identification of positive odours compared to healthy con-
trols) may constitute a potential trait indicator of bipolarity.

Pathophysiological Mechanisms Involved 
in Loss of Smell in Mental Illness

Several areas of the brain associated with processing of 
emotions overlap with the olfactory pathway. Thus, the 
link between loss of smell and mental illness may be due 
to effects on common anatomical structures [2••, 39]. 
Although the underlying pathophysiological mechanisms of 
the relationship between olfactory dysfunction and mental 
illness are still unknown, it has been suggested that various 
processes may be involved such as inflammation, alterations 
in the neurogenesis of the peripheral and central structures 
of the olfactory system, and structural and functional cer-
ebral alterations.

Inflammation Associated with Loss of Smell 
in Mental Illness

There is large body of clinical evidence indicating that 
inflammatory processes are involved in the pathophysiology 
of depression and schizophrenia [84, 85]. Preclinical studies 
have pointed out aberrant systemic and brain immune sys-
tems as potential mechanisms underlying neuroinflammation 
leading to behavioural outcomes relevant to psychiatric dis-
orders [86, 87]. This notion is supported by epidemiological 
findings that environmental factors such as air pollutants and 
viral infections contribute to the risk for psychiatric diseases 
perhaps, at least in part via nasal inflammatory mechanisms 
[81, 88–90].

Although less is known about the specific pathological 
role of OE inflammation for neurobehavioral consequences 
and psychiatric disorders pathophysiology, it is known that 
chronic inflammation damages the OE and inhibits its regen-
eration [91, 92]. It is conceivable the notion that OE inflam-
mation could impact central olfactory neural structures. Both 
inflammatory sinonasal diseases and neurodegenerative and 
psychiatric diseases are found to involve OB volume loss 
[41••, 93–95]. Furthermore, recent evidences suggest that 
inflammatory sinonasal diseases are associated with an 
increased risk of psychiatric symptoms such as depression, 
anxiety and cognitive dysfunction [96••, 97, 98].

Depression

Several studies have shown that depression is associated 
with an inflammatory response [62, 99], which also has a 
fundamental role in the pathophysiology of suicide [100]. 
Activation of inflammatory pathways in the brain is an 
important inducer of excitotoxicity that contributes to the 
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neural damage observed in depression [101]. This activa-
tion is considered to occur mainly due to the presence of 
proinflammatory cytokines.

Knowledge of the contribution of proinflammatory 
cytokines in depression derives from clinical and preclinical 
observations which have shown that patients with depression 
have greater inflammatory activity in the central nervous 
system manifested by the increase in circulating interleu-
kin-6 (IL-6) and C-reactive protein, the presence of IL-1β 
and neural adhesion molecules in the cerebrospinal fluid, 
and by the increased gene expression of various cytokines 
and interferon gamma (IFN-γ) [99].

Depressive symptoms are markedly prevalent in patients 
with loss of smell due to inflammatory diseases of the upper 
respiratory tract, such as chronic rhinosinusitis (CRS) and 
acute rhinosinusitis of viral origin. CRS is a complex dis-
ease characterized by persistent inflammation of the para-
nasal sinuses, affecting 10–15% of general population. CRS 
is classified according to the presenting phenotype, that is, 
CRS with (CRSwNP) and without (CRSsNP) nasal polyps, 
which has clinical implications regarding treatment out-
comes, recurrence rates and severity of symptoms [102]. 
The loss of smell is present in 56–78% of CRS patients and 
has a progressive and fluctuating course [102].

Depressive symptoms constitute one of the main comor-
bidities of CRS, with a range of prevalence between 11 and 
40% [103, 104]. In fact, it has been suggested that depression 
is underdiagnosed in many patients with CRS [103, 104]. 
The pathophysiological mechanisms underlying depressive 
symptoms in CRS are still unknown. However, a key mecha-
nism in the pathophysiology of the loss of smell in inflam-
matory disease of the upper respiratory tract associated with 
depression is inflammation. In inflammatory diseases of the 
respiratory tract, three inflammatory endotypes have been 
described: type 1, type 2 and type 3, which are distinguished 
by their cellularity and release of different proinflammatory 
cytokines. The RSCwNP is predominantly a type 2 inflam-
mation in which activated T helper (Th2) cells produce 
cytokines such as IL-4, IL-5 and IL-13 in the sinonasal 
mucosa, leading to the production of IgE antibodies and the 
recruitment of eosinophils [102].

Among the factors associated with depression, there is 
also the exposure to viral diseases. Influenza infections are 
associated with an increased risk of develop depression, 
severe enough to require antidepressant treatment, increas-
ing the risk of depression by 40% with the number of previ-
ous infections [105]. Loss of smell is one of the first among 
other neurological manifestations of SARS-CoV-2 infec-
tion (severe acute respiratory coronavirus-2 syndrome). It 
has been described that anosmia in people with COVID-
19 infection is associated with depression, which tends to 
persist even up to 6 months after resolution of symptoms 
(postviral) [40, 106]. Although the pathophysiological 

mechanisms underlying depressive symptoms in postviral 
illnesses are still unknown, the types 1/3 inflammatory endo-
types are present in the epithelial cells of the airways. This 
inflammation is characterized by the release of interleukins 
such as IL-17a, IL-8, IL-22, IFN-γ and tumor necrosis factor 
alpha (TNF-α) [102].

Schizophrenia

The risk of schizophrenia is associated with a variety of 
environmental and genetic factors, including associated 
with immunity and inflammation. Substantial epidemio-
logic evidences suggest that maternal, perinatal, childhood 
and adult infections can increase the risk of a diagnosis of 
schizophrenia [107]. Several organisms and different types 
of infection have been linked to the risk of schizophrenia; 
however, exposure to the influenza virus appears to play a 
relevant role [107].

In agreement with preclinical studies suggesting that 
respiratory infections can lead to inflammation in the cen-
tral nervous system or have access to it via the olfactory 
route, recent large cohort studies have shown complications 
such as psychosis and cognitive alterations in COVID-19 
patients [108]. All these observations suggest that, although 
the mechanism of the association between nasal viral infec-
tions and schizophrenia remains unknown, nasal inflam-
mation caused by infections may contribute to olfactory 
disturbances in psychopathology of schizophrenia. In this 
line, a recent molecular study based on RNA sequencing 
has shown that certain molecular pathways involved in the 
immune/inflammatory system, such as the NF- κB signalling 
pathways, are altered in the ONs in the OE, and that these 
changes correlate with the volume of OB in patients with the 
first episode of psychosis [109••].

These observations support the notion that inflammation 
in the OE can alter the maturity of the neuronal circuit in 
the olfactory system and cerebral cortical areas involved in 
the regulation of higher brain functions that are relevant in 
schizophrenia. However, future research is required on the 
molecular, cellular and functional mechanisms that underlie 
the effects of OE inflammation on the role of relevant brain 
areas in pathophysiology of mental illness.

Alteration in the Process of Neurogenesis

The process of neurogenesis is one of the strongest links 
between olfactory alterations and mental illness [110]. 
Neurogenesis occurs primarily in the dentate gyrus in the 
hippocampus, in the subventricular zone (SVZ) and in the 
OE [111]. The neural stem cells of the SVZ and the hip-
pocampus continually differentiate into functional neurons 
necessary to regulate olfactory functions and antidepressant 
behaviours, respectively. Neural progenitor cells of SVZ 
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migrate to the OBs, where they differentiate into dopaminer-
gic interneurons in the periglomerular area, acquiring a role 
relevant in the olfactory function. In experimental models 
of depression, the reduction in the volume of the OB has 
been associated with a decrease in the thickness of the OE, 
to a decrease in the number of mature and immature NO 
and basal stem cells suggesting an alteration of neurogenesis 
and, therefore, of the turnover of olfactory neurons in the OE 
that could be the basis of the olfactory alterations that occur 
in depression [112].

On the other hand, hippocampal atrophy that occurs in 
depression causes a large number of not working connec-
tions of the olfactory tract. These structural changes limit the 
development of central and peripheral ONs [60], which leads 
to impaired olfactory function. The relevance of altered 
neurogenesis in loss of smell and depression has also been 
pointed out after the improvement of the olfactory altera-
tions and restoration of hippocampal neurogenesis that has 
been described after antidepressant treatments [113].

In post-mortem studies of individuals with schizophre-
nia, neural and molecular changes in the OE have been 
described. In this line, a decrease in the number of basal 
progenitor cells and an increase in immature ONs have been 
shown, suggesting impaired neurogenesis and development 
of ONs [114].

Structural Brain Alterations

Neuroimaging studies have revealed the presence of struc-
tural and functional abnormalities in various regions of the 
brain involved in olfactory processing in individuals with 
mental illness. These brain areas include the OB and pri-
mary cortices, which have connectivity with higher brain 
regions such as the frontal and OFC that regulate processing 
of higher order information [7].

While anxiety has enhancing effects on certain elements 
of olfactory function, they may simultaneously be related 
to deficits in olfactory structure and function [115, 116]. 
Thus, combat Veterans with post-traumatic stress, compared 
with healthy combat Veterans, have less grey matter vol-
ume of both primary and secondary olfactory cortices [115], 
impaired odour identification ability and reduced detection 
sensitivity to a specific odorant, phenyl ethyl alcohol (PEA) 
[116]. Interestingly, PEA, a rose-like odorant, is relatively 
selective to the olfactory nerve/circuit, having little, if any 
action on the trigeminal circuit [32••].

Studies suggest that the OB and their central connec-
tions have a crucial function in emotional behaviour [117]. 
In patients with depression, schizophrenia or psychosis, a 
reduction in the volume of the OB has been observed [40, 
93]. Moreover, preclinical research has demonstrated that 
removing OBs induces depression-like behaviour in rodents 
[118], that is associated with changes in neurotransmission, 

endocrine and immune responses that have similarities to 
those observed in humans with depression [119].

Individuals with schizophrenia have a decrease in the depth 
of the olfactory sulcus in comparison with control cases [120], 
although the measure of the olfactory sulcus does not cor-
relate with clinical variables such as the age of onset of the 
disease, medication or severity of symptoms. A more recent 
study has shown that in psychotic patients, the values of the 
left olfactory sulcus were significantly lower than those on the 
right side [121]. Interestingly, a positive correlation between 
BO volume and the depth of the olfactory sulcus has been 
described [121]. These structural abnormalities of the olfac-
tory system have been not only observed in individuals with 
schizophrenia, but also in high-risk young individuals who 
developed schizophrenia, as well as in unaffected first-degree 
relatives [3]. These findings suggest that the depth of the olfac-
tory sulcus and OB volume may be markers of vulnerability 
for schizophrenia, including in the prodromal stages before 
the onset of symptoms and reflecting an alteration in the early 
neural development [120].

In bipolar disorders, white matter abnormalities have 
been found especially in the OFC and different parts of the 
limbic system, with the most severe alterations found in 
patients recruited during mania [78••, 122].

Conclusions

Alterations of smell constitute a symptom common in men-
tal illnesses such as anxiety, depression schizophrenia and 
bipolar disorders.

In anxiety, olfactory dysfunction consists in odour thresh-
old, discrimination and identification deficits. When consid-
ered the moderate/severe anxiety, poorer olfactory function 
is correlated with greater severity of somatic anxiety. The 
influence of trait or sustained anxiety on olfactory function 
is consistent with a durable shift in odour sensitivity toward 
particular odorants and away from others. Odour hedonics 
may play a critical role in threat-related changes in olfactory 
function in anxious subjects that process unpleasant odor-
ants differentially. Trigeminal properties of odorants may be 
also relevant to contextual threat and anxiety-related odour 
sensitivities.

Depressed patients express impaired odour threshold, dis-
crimination and identification, being olfactory threshold the 
most significant feature in depression. A correlation of olfac-
tory dysfunction with the severity of depression and with 
the suicidal ideation has been described. Depression is not 
uniformly related to olfactory impairment, but depends on 
duration and course of depression. Hedonic rating of smells 
is also affected by depression since depressed patients over-
evaluated the pleasantness of positive odours, and tend to 
perceive unpleasant odours as more unpleasant.
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In schizophrenia, the identification of odours is particularly 
impaired, being also present in patients with an early onset of 
psychosis or in individuals at high risk of psychosis. Thus, it 
has been suggested that alteration in olfactory function may 
be a potential clinical biomarker of schizophrenia already in 
the early stages of the disease, as well as of its progression. 
Patients with prominent negative symptoms have deficits olfac-
tory disorders of greater magnitude than those without negative 
symptoms. The degree of severity of smell loss in early-onset 
schizophrenia is more severe than in adult. Despite the grow-
ing number of studies on the olfactory hedonic judgment in 
schizophrenia, the evidence is still inconsistent.

A lowered odour threshold and reduced odour identifica-
tion have been reported in patients with bipolar disorders 
even in euthymic phases, although some controversial results 
have been obtained.

Several areas of the brain associated with processing of 
emotions overlap with the olfactory pathway. Thus, the link 
between loss of smell and mental illness may be due to effects 
on common anatomical structures. Although the underlying 
pathophysiological mechanisms of the relationship between 
olfactory dysfunction and mental illness are still unknown, it 
has been suggested that various processes may be involved 
such as inflammation, alterations in the neurogenesis of the 
peripheral and central structures of the olfactory system, and 
structural and functional cerebral alterations.
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