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Cognitive deficits are well documented in psychiatric disorders, particularly in schizophrenia and depression. Cognitive activity roots in perceptions. However, research on sensorial alterations in psychiatric conditions has mainly focused on visual or auditory processes and less on olfaction. Here, we examine data on olfactory deficits in psychiatric patients using a systematic review of recent publications. Schizophrenic patients are mainly characterized by no reliable change in odour sensitivity and by a deficit in odour identification, recognition and discrimination. Depressed patients principally exhibit a deficit in the hedonic aspects of this perception, even if, in some case, alterations in sensitivity or identification are also found. Changes in odour perception are also found in dementia and in some neurodegenerative disease, but in this case alterations concern all aspects of the sensorial experience (detection threshold, identification and recognition). Taken together, these data indicate that olfactory abnormalities might be a marker of psychiatric conditions, with a specific pattern for each disease.

Introduction

About 15% of the global burden of worldwide diseases is attributed to mental disorders [START_REF] Prince | No health without mental health[END_REF] that are characterized by modified patterns of behaviours, perceptions, cognition, emotions. Depending on their clinical characteristics, psychiatric disorders have various but sometimes severe impact on social skills, relationships, wellbeing, and quality of life. Consequently, they are potentially highly disabling conditions. The understanding of pathophysiological mechanisms of psychiatric disorders is usually addressed at several different levels. Developments in structural and functional neuroimaging techniques have highlighted the potential neuroanatomical substrates of diseases [START_REF] Abi Dargham | SPECT imaging of dopamine transporters in human brain with iodine-123fluoroalkyl analogs of beta-CIT[END_REF]Yathan and Malhi, 2003;[START_REF] Hajek | Neuroanatomical abnormalities as risk factors for bipolar disorder[END_REF][START_REF] Campbell | An update on regional brain volume differences associated with mood disorders[END_REF][START_REF] Gur | Deconstructing psychosis with human brain imaging[END_REF], while clinically significant impact of drugs modifying neurotransmission gives strong support to the monoamine hypothesis of several psychiatric disorders [START_REF] Hindmarch | Beyond the monoamine hypothesis: mechanisms, molecules and methods[END_REF], especially considering psychiatric disorders as the consequences of excess or lack of neurotransmission. Nevertheless, mechanisms of action of psychotropic drugs such as antidepressants or antipsychotics are not fully understood, and it is now widely admitted that apart to enhance or limit neurotransmission, they induce also intracellular effects [START_REF] Hindmarch | Beyond the monoamine hypothesis: mechanisms, molecules and methods[END_REF][START_REF] Yamada | Functional genomics and depression research. Beyond the monoamine hypothesis[END_REF] and that their clinical efficacy can be mediated by neuroplasticity [START_REF] Malberg | Chronic antidepressant treatment increases neurogenesis in adult rat hippocampus[END_REF][START_REF] Mcewen | Structural plasticity and tianeptine: cellular and molecular targets[END_REF][START_REF] Santarelli | Requirement of hippocampal neurogenesis for the behavioral effects of antidepressants[END_REF][START_REF] Jiang | Cannabinoids promote embryonic and adult hippocampus neurogenesis and produce anxiolytic-and antidepressant-like effects[END_REF][START_REF] Yoshimizu | Increased cell proliferation in the adult mouse hippocampus following chronic administration of group II metabotropic glutamate receptor antagonist, MGS0039[END_REF]. As being a construct of brain activity and related to specific brain areas, cognition has been considered as reflecting cerebral functioning and its modification as a potential mechanism underlying psychiatric disorders. At this time, most of the data on cognitive deficits in psychiatric disorders have focused on memory or executive dysfunctions. This has been particularly well documented in schizophrenia [START_REF] Dickinson | General and specific cognitive deficits in schizophrenia[END_REF] or in mood disorders [START_REF] Chamberlain | The neuropsychology of mood disorders[END_REF], in which cognition is also a major therapeutic target (Tukington et al., 2006;[START_REF] Kuyken | Advances in cognitive-behavioural therapy for unipolar depression[END_REF]. In fact cognition gathers a wide range of mental processes like memory, attention, thought process, decision making, language, executive and motor performance. Representations from which action, goal directed behaviour and adaptation to the environment are built, emerge from cognitive activity that roots in sensorial (Mesulan, 1998) and emotional perceptions (Philipps et al., 2003). Until now, researches on cognitive dysfunctions in psychiatric disorders have mainly focused on processes supported by visual or auditory inputs, and less has been done on cognitive functions that are related to olfactory stimuli. Even so, odours have been shown to have a high potential of emotional remembering. This could be explained by the partial overlap of both olfaction and short term memory neuroanatomic substrates [START_REF] Richardson | Cognition and olfaction: a review[END_REF]. Olfactory perception can be experimentally assessed with good reliability by the measurement of several characteristics such as identification of odour, intensity and detection threshold as well as by emotional response (hedonic state) [START_REF] Alaoui-Ismaili | Odor hedonics: connection with emotional response estimated by autonomic parameters[END_REF].

Olfactory dysfunction has indeed been investigated in several psychiatric disorders including seasonal affective disorder [START_REF] Postolache | Monorhinal odor identification and depression scores in patients with seasonal affective disorder[END_REF][START_REF] Postolache | Patients With Seasonal Affective Disorder Have Lower Odor Detection Thresholds Than Control Subjects[END_REF], mood disorders [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF][START_REF] Gross-Isseroff | Olfactory sensitivity in major depressive disorder and obsessive compulsive disorder[END_REF][START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF], anorexia nervosa (Kopala et al., 1995;[START_REF] Fedoroff | Olfactory dysfunction in anorexia and bulimia nervosa[END_REF][START_REF] Roessner | Olfactory deficits in anorexia nervosa[END_REF], panic disorder [START_REF] Kopala | Olfactory identification ability in patients with panic disorder[END_REF] and psychosis [START_REF] Corcoran | Olfactory deficits, cognition and negative symptoms in early onset psychosis[END_REF][START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF]Moberg et al., 2003).

In this paper, the interest of olfaction testing as a potential cognitive marker of psychiatric disorders will be discussed with regard of recent published data, with a particular focus on depression and schizophrenia. Further, in order to assess the specificity of the olfactory markers dysfunction, we will also present research on olfaction alterations in dementia and neurodegenerative disorders that also include cognitive abnormalities. Before detailing these alterations, we will discuss the methods enabling the psychophysical assessment of olfactory perception. As some studies exploring olfactory deficits in psychiatric conditions are based on the assumption that such alterations may be related to the fact that brain areas involved in the processing of olfactory cues partially overlap with the structures having an altered functioning in these pathology, we will briefly detail the brain circuitry enabling the processing of odours. Then we will describe the alterations observed in schizophrenia, depression and neurodegenerative disease. We will first present data available on schizophrenia, as most studies exploring olfactory deficits in psychiatric conditions examined alterations in this pathology. We will then continue with the studies on olfactory deficits in depression and finish with the studies on neurodegenerative disorders.

Psychophysical assessment the olfactory perception

Olfactory function has historically been divided into two hierarchical and independent processes, the first being termed as "peripheral" (i.e., acuity or the ability to detect an odour) and the second one being called "central" (i.e., identification, discrimination, memory or the ability to name an odour) [START_REF] Martzke | Olfactory dysfunction in neuropsychiatric disorders: review and methodological considerations[END_REF]. Deficits in acuity have been thought to reflect impairment in peripheral processes (defect in processing occurring at the level of the nasal epithelium, e.g. alterations in the olfactory receptors), while deficits in identification or memory might correspond to central impairment (defect in higher order brain processes, including alterations in cortical and limbic processing). This notion is based on studies that describe altered odour identification skills with preserved threshold ability in patients with lesions of the orbitofrontal cortex (OFC) or of the dorsomedial nucleus of the thalamus [START_REF] Potter | An assessment of olfactory deficits in patients with damage to prefrontal cortex[END_REF][START_REF] Jones-Gotman | Olfactory identification deficits in patients with focal cerebral excision[END_REF].

To study the olfactory deficits in individuals with psychiatric disorders (schizophrenia and depression), three aspects of the olfactory function are mainly evaluated: the detection threshold, the odour identification and the odour quality discrimination. In order to obtain more information on the subject's olfactory perception and in order to avoid the influence of the different properties typical of each odorant on the subject's responses, several other odorant characteristics can be also assessed, including odour familiarity (odour recognition), odour intensity and odour pleasantness.

 Detection threshold

The detection threshold is the minimum concentration of a sensory stimulus needed to give rise to a sensation; at the threshold level, it can be that the sensation is not identified [START_REF] Afnor | Analyse sensorielle: Vocabulaire. NF ISO 5492[END_REF]. According to [START_REF] Martzke | Olfactory dysfunction in neuropsychiatric disorders: review and methodological considerations[END_REF], the evaluation of the detection threshold corresponds to a measure of the lowest concentration of a particular olfactory stimulus required to activate the olfactory receptors, thus resulting in the detection of that odour. The more used method for detection threshold evaluation in clinical studies is the single staircase method described by [START_REF] Doty | Development of the university of pennsylvania smell identification test: A standardized microencapsulated test of olfactory function[END_REF][START_REF] Doty | Influence of intertrial interval and sniff-bottle volume on phenyl ethyl alcohol odor detection thresholds[END_REF]. Phenyl-ethyl-alcohol (at serial dilutions) dissolved in mineral oil is frequently selected as a test odorant because it has a pleasant roselike smell and does not produce intranasal trigeminal sensations [START_REF] Doty | Intranasal trigeminal stimulation from odorous volatiles: Psychometric responses from anosmic and normal humans[END_REF][START_REF] Cometto-Muniz | Thresholds for odor and nasal pungency[END_REF]. The subject has to detect the presence of the stimulus. For this, he is subjected to trials using different concentrations of the odorant stimulus. The principle of the method consists to increase the concentration of the stimulus following trials on which a subject fails to detect the stimulus and to decrease it following trials where correct detection occurs. Two bottles are presented to the subject, one containing the odorant solution whereas the other contains the solvent alone. The subject's task is to determine which of the two solutions evokes a stronger odour. If a correct response is made, the solution containing a smaller concentration of the odorant is presented along with a bottle containing only the solvent. The geometric mean of the last four of seven reversal points is used as the odour detection threshold estimate. This test is relatively reliable (test-retest reliability r=0.88).

 Odour identification

In order to assess the olfactory identification ability of patients with neurological or psychiatric disorders, the University Pennsylvania Smell Identification Test (UPSIT, commercially available as the smell Identification Test, TM Sensonics, Inc., Haddon Heights, NJ) developed by [START_REF] Doty | Development of the university of pennsylvania smell identification test: A standardized microencapsulated test of olfactory function[END_REF] is widely used [START_REF] Postolache | Monorhinal odor identification and depression scores in patients with seasonal affective disorder[END_REF][START_REF] Goudsmit | A brief smell identification test discriminates between deficit and non-deficit schizophrenia[END_REF][START_REF] Corcoran | Olfactory deficits, cognition and negative symptoms in early onset psychosis[END_REF]. This test consists of four booklets, each containing 10 items. Each page contains one aroma compound, which is placed in fixed microcapsules at the bottom of the page. Next to each are four written identification alternatives. The subjects are required to identify, in a four alternative multiple choice format, forty odorants. This test is very reliable (test-retest reliability r>0.95) and sensitive to even subtle olfactory deficits present in a number of diseases, including Alzheimer's disease (Moberg et al., 1997), Parkinson's disease [START_REF] Doty | Olfactory Testing as an Aid in the Diagnosis of Parkinson's Disease: Development of Optimal Discrimination Criteria[END_REF], schizophrenia [START_REF] Kopala | Impaired olfactory identification ability and acuity in patients with schizophrenia and severe polydipsia: evidence for a degenerative process?[END_REF][START_REF] Goudsmit | A brief smell identification test discriminates between deficit and non-deficit schizophrenia[END_REF] and depression [START_REF] Postolache | Monorhinal odor identification and depression scores in patients with seasonal affective disorder[END_REF].

Recently, a new olfactory test (ETOC, European Test of Olfactory Capabilities, conceived by EZUS, University Lyon II, France) has been proposed in order to study the olfactory perception [START_REF] Thomas-Danguin | Development of the ETOC: a European test of olfactory capabilities[END_REF]. This test first assesss the olfactory sensitivity with two odours: l-carvone (a menthol like odour) and tetrahydrothiophene (an additive odour for gas), using a forced choice procedure during 5 successive concentrations. Second, the test evaluates the detection and identification abilities with a set of 16 odours. For each of them, the subject identifies the bottle with an odour among four bottles (detection test) and then choose its correct label among a list of four names (identification test). This test was used with success to study the links between olfactory perception and several common illnesses appearing along ageing [START_REF] Rouby | Olfactory performance and health statu: A European survey[END_REF] and in mood disorders [START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF].

 Odour quality discrimination

The evaluation of the odour discrimination capacities is based on the measure of the individual's ability to differentiate the perception of the quality of one odour when compared to another one (simplest form) or to pick the odd odour out of a series of odorants, all of which are identical except one. Accurate performance on these tasks requires intact acuity but not identification (naming) of the odorant [START_REF] Martzke | Olfactory dysfunction in neuropsychiatric disorders: review and methodological considerations[END_REF]. Olfactory discrimination can be assessed using a modification of the UPSIT after a method described by [START_REF] Doty | Test of human olfactory function: Principal component analysis suggests that most measure a common source of variance[END_REF]. This test consists of one booklet containing 16 items. Each item has three microcapsules, two of which release identical odours and the third releasing a different odour. The subject's task is to choose the different odour of the triad. In order to avoid the influence of the odorant's hedonic aspect and intensity on the subject's response, these two properties are also evaluated. When compared with the other two olfactory functions cited above (detection odour threshold and odour identification) the qualitative discrimination ability is less used in order to study the olfactory deficits in psychiatric disorders.

 Odour familiarity (odour recognition)

Odour recognition is assessed by the familiarity level for the odorant. This characteristic is very important, because it can influence the subject's response on other criteria. For example, a positive relationship between familiarity and ratings of pleasantness is well established [START_REF] Jellinek | Perceived fragrance complexity and its relationship to familiaity and pleasantness II[END_REF][START_REF] Rabin | Attention and learning in the perception of odor mixtures[END_REF]. Odour familiarity can be assessed using a scale [START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF]. Some authors ask the subject whether the odour is familiar or unfamiliar, the answer possibilities being "yes" or "no" [START_REF] Plailly | Left temporo-limbic and orbital dysfunction in schizophrenia during odor familiarity and hedonicity judgments[END_REF].

 Odour intensity

The evaluation of the perceived odour intensity can be carried out in order to attain two principal objectives. The first one concerns the study the impact of the odour intensity on the subject's response (odour identification and odour quality discrimination). Indeed, it has been shown that a small difference in odour intensity between odorants can influence the subject's response. For this reason, all studied odorants must be presented to the subjects at isointensity (equal intensity). Further, it has been largely demonstrated that the different intensity levels of the same odorant can change the odour quality and, consequently, the subject's judgement (Gross- [START_REF] Gross-Isseroff | Concentration-dependent changes of perceived odor quality[END_REF][START_REF] Laing | Relationship between molecular structure, concentration and odor qualities of oxygenated aliphatic molecules[END_REF]. Studies in healthy people that have used intensity and pleasantness ratings of some odorants (amyl acetate and furfural), showed that pleasantness rating are highest at weak concentrations and decline progressively as odorant concentration increases [START_REF] Henion | Odor pleasantness and intensity: a single dimension[END_REF][START_REF] Moskowitz | Functional properties of the olfactory system: psychophysics: dimensional salience of odors[END_REF]. The second objective concerns the study of the subject's discriminative power between the different intensity levels of the odorant. Indeed, this olfactory performance is very few studied in psychiatric disorders.

The more used method to assess the perceived odour intensity in clinical studies is based on rating scales [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF]Moberg et al., 2003).

 Odour pleasantness A central feature of odour perception is its hedonic component. This view is supported by a number of studies investigating the dimensionality of olfactory evaluation, demonstrating that the greatest part of the variance between odours can be explained by their hedonic properties [START_REF] Berglund | Multidimensional analysis of twenty-one odors[END_REF][START_REF] Pause | Convergent and divergent effects of odors and emotions in depression[END_REF]. Odour pleasantness can be evaluated by using a scale [START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF] or by measuring several emotional-related autonomic parameters such as electrodermal response, blood flow or heart rate [START_REF] Alaoui-Ismaili | Odor hedonics: connection with emotional response estimated by autonomic parameters[END_REF]. In the clinical field, hedonic scale is often used in order to study the odorant hedonic perception (Moberg et al., 2003;[START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF][START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF].

Brain areas involved in olfaction

In this paper, only process related to functioning of the main olfactory system in humans will be reviewed. Indeed, to our knowledge, no study investigated the alterations of processes related to a dysfunction of the accessory olfactory system in patients suffering from psychiatric conditions or dementia. In the main olfactory system, odour perception results first from the stimulation of olfactory receptors located on specialized neurons (olfactory receptor neurons) from the nasal olfactory epithelium. Axons from these primary olfactory neurons synapse in the olfactory bulb, information being then relayed further toward other parts of the brain. This first step corresponds to the treatment of olfactory information at the peripheral level. After bulb processing, information is processed in different brain areas, including the amygdala, the piriform cortex, the entorhinal cortex and the frontal cortex. Studies have reported that the representation of the intensity of odours is associated with activity in the piriform cortex [START_REF] Rolls | Different representations of pleasant and unpleasant odours in the human brain[END_REF] and the amygdala [START_REF] Anderson | Dissociated neural representations of intensity and valence in human olfaction[END_REF], while the orbitofrontal cortex has been found to be involved in odour identification, odour discrimination, judgement of the hedonic value of odours and odour memory [START_REF] Zald | Emotion, olfaction, and the human amygdala: amygdala activation during aversive olfactory stimulation[END_REF][START_REF] Zald | Brain activity in ventromedial prefrontal cortex correlates with individual differences in negative affect[END_REF]. For example, [START_REF] Levy | Functional MRI of human olfaction[END_REF] measured brain activation in response to olfactory stimuli (pyridine, menthone, amyl acetate) using functional Magnetic Resonance Imaging (fMRI). Activation occurred in the OFC, the entorhinal cortex as well as in the cingulate gyrus. Brain regions activated by odours considered pleasant or unpleasant did not differ. [START_REF] Fulbright | Functional MR imaging of regional brain responses to pleasant and unpleasant odors[END_REF] explored brain activation in response to pleasant and unpleasant odours, in 30 healthy subjects. Frontal activation occurred in response to pleasant and unpleasant odours in four areas (dorsal anterior cingulate area, prefrontal cortex, precentral gyrus, insula). Only pleasant odour resulted in activation of the left superior frontal gyrus as well as in activation in the right precentral gyrus and in the left anterior cingulate. [START_REF] Anderson | Dissociated neural representations of intensity and valence in human olfaction[END_REF], using an event-related fMRI, found amygdala activation associated with intensity of odours but not valence, while the activity in the OFC was associated with valence independently of intensity. Thus, the hedonic experience is a feature of orbitofrontal representations, which are modulated by changes in affective relevance. The hedonic experience is more dependent of the integrative functions of the prefrontal cortices [START_REF] Anderson | Dissociated neural representations of intensity and valence in human olfaction[END_REF]. Brain activation to olfactory stimuli was also explored with Positron Emission Tomography (PET) using either aversive or relatively pleasant olfactory stimuli. Aversive olfactory stimuli were associated with increased muscle tension, fear, disgust and repulsion and were related to the amygdala and to the left OFC [START_REF] Zald | Emotion, olfaction, and the human amygdala: amygdala activation during aversive olfactory stimulation[END_REF]. More pleasant stimuli were related to activity in the piriform cortex and the right OFC. Activation was almost uniformly present in OFC [START_REF] Zatorre | Functional localization and lateralization of human olfactory cortex[END_REF]. Recently, [START_REF] Vaidya | Correlation between extraversion and regional cerebral blood flow in response to olfactory stimuli[END_REF] exposed healthy subjects to pleasant and unpleasant olfactory stimuli to examine the association between positive emotionality and regional cerebral blood flow (rCBF) using PET.

During the pleasant smell condition, positive emotionality (extraversion) was correlated with rCBF in the amygdala and in the occipital cortex. During the unpleasant smell condition, positive emotionality was correlated with rCBF in the occipital cortex and inferior temporal gyrus. Interestingly, brain areas involved in the processing of olfaction are often altered in some psychiatric disease such as schizophrenia or major depression (see Table 1 for a summary of these data). This suggests that these pathologies may be accompanied by dysfunction of olfactory processing.

Olfactory alterations in schizophrenia

Because the olfactory system shares a common neural substrate with many of the cognitive and emotion processes that are abnormal in schizophrenia [START_REF] Turetsky | Physiologic impairment of olfactory stimulus processing in schizophrenia[END_REF], several authors have used olfactory measures to assess the functional integrity of the brain in patients with schizophrenia. An increasing number of studies have reported evidence that the processing of olfactory information is a cognitive function which is disturbed in patients with schizophrenia [START_REF] Moberg | Olfactory dysfunction in schizophrenia: a qualitative and quantitative review[END_REF]Rupp, 2003). These deficits have been found in most odour stimulation tasks (odour acuity, discrimination, recognition memory and identification tasks). Data presented bellow are summarized in Table 2.

 Olfactory function at peripheral level Few studies have investigated olfactory acuity in this disease and findings are not always convergent. Several studies reported decreased olfactory sensitivity in schizophrenic patients [START_REF] Isseroff | Olfactory sensitivity to androstenone in schizophrenic patients[END_REF][START_REF] Serby | Olfactory senses in psychosis[END_REF][START_REF] Sirota | Increased olfactory sensitivity in first episode psychosis and the effect of neuroleptic treatment on olfactory sensitivity in schizophrenia[END_REF]. However, most of the studies have found an intact sensitivity in schizophrenic patients [START_REF] Kopala | Sex differences in olfactory function in schizophrenia[END_REF][START_REF] Geddes | Olfactory acuity in the positive and negative syndromes of schizophrenia[END_REF][START_REF] Kopala | Olfactory deficits in neuroleptic naive patients with schizophrenia[END_REF][START_REF] Kohler | Olfactory dysfunction in schizophrenia and temporal lobe epilepsy[END_REF]) and even enhanced sensitivity [START_REF] Bradley | Olfactory acuity to a pheromonal substance and psychotic illness[END_REF][START_REF] Sirota | Increased olfactory sensitivity in first episode psychosis and the effect of neuroleptic treatment on olfactory sensitivity in schizophrenia[END_REF]. Impaired olfactory sensitivity in schizophrenic patients was attributed to long-term effects of neuroleptic treatment and parsimoniously to the anticholinergic properties of neuroleptic drugs which caused dryness of the olfactory mucosa [START_REF] Sirota | Increased olfactory sensitivity in first episode psychosis and the effect of neuroleptic treatment on olfactory sensitivity in schizophrenia[END_REF]. Insofar as impaired identification has been found in schizophrenic patients in the absence of reduced sensitivity [START_REF] Kopala | Olfactory deficits in neuroleptic naive patients with schizophrenia[END_REF][START_REF] Kohler | Olfactory dysfunction in schizophrenia and temporal lobe epilepsy[END_REF][START_REF] Rupp | Various bilateral olfactory deficits in male patients with schizophrenia[END_REF], schizophrenic patients olfactory deficit has been described as an olfactory agnosia [START_REF] Kopala | Implications of olfactory agnosia for understanding sex differences in schizophrenia[END_REF].

 Olfactory function at central level Most studies have demonstrated that patients with schizophrenia have deficits in odour identification (for example [START_REF] Kopala | Sex differences in olfactory function in schizophrenia[END_REF][START_REF] Serby | Olfactory senses in psychosis[END_REF][START_REF] Wu | Olfactory memory in unmedicated schizophrenics[END_REF][START_REF] Houlihan | Further evidence for olfactory identification deficits in schizophrenia[END_REF]Kopala et al., 1995;Kopala et al., 1995;[START_REF] Brewer | Neuropsychological, olfactory, and hygiene deficits in men with negative symptom schizophrenia[END_REF]Moberg et al., 1997;[START_REF] Seidman | Sex differences in olfactory identification and Wisconsin Card Sorting performance in schizophrenia: relationship to attention and verbal ability[END_REF][START_REF] Stedman | Neuropsychological, neurological and symptom correlates of impaired olfactory identification in schizophrenia[END_REF]. Indeed, only one study did not find such a deficit [START_REF] Mesholam | Olfaction in neurodegenerative disase. A meta-analysis of olfactory functioning in Alzheimer's and Parkinson's diseases[END_REF]. Odour identification deficits appear to be independent from smoking history [START_REF] Seidman | Neuropsychological probes of fronto-limbic system dysfunction in schizophrenia. Olfactory identification and Wisconsin Card Sorting performance[END_REF][START_REF] Houlihan | Further evidence for olfactory identification deficits in schizophrenia[END_REF][START_REF] Brewer | Neuropsychological, olfactory, and hygiene deficits in men with negative symptom schizophrenia[END_REF][START_REF] Brewer | [END_REF], cannabis use [START_REF] Brewer | Stability of olfactory identification deficits in neuroleptic-naive patients with first-episode psychosis[END_REF], neuroleptic use [START_REF] Seidman | Neuropsychological probes of fronto-limbic system dysfunction in schizophrenia. Olfactory identification and Wisconsin Card Sorting performance[END_REF][START_REF] Houlihan | Further evidence for olfactory identification deficits in schizophrenia[END_REF][START_REF] Moberg | Olfactory dysfunction in schizophrenia: a qualitative and quantitative review[END_REF][START_REF] Brewer | Stability of olfactory identification deficits in neuroleptic-naive patients with first-episode psychosis[END_REF], clinical state, schizophrenia subtype, ethnicity or socioeconomic status [START_REF] Coleman | Odor identification impairments in schizophrenia: relationships with demographic measures, clinical variables, and diagnostic subtypes[END_REF]. These alterations have been found more common among male than female patients [START_REF] Kopala | Olfactory deficits in neuroleptic naive patients with schizophrenia[END_REF] and more pronounced in post-menopausal than pre-menopausal women with schizophrenia (Kopala et al., 1995). In a meta-analytic review of literature on olfaction in schizophrenia, no significant influence of medication status or smoking on olfactory identification has been found [START_REF] Moberg | Olfactory dysfunction in schizophrenia: a qualitative and quantitative review[END_REF]. These authors concluded that their findings support the hypothesis of a primary dysfunction of the olfactory system in schizophrenic patients.

Deficits in odour discrimination or recognition have also been reported in schizophrenia (see Table 2), even if some studies failed to find such alteration.

Recent studies have assessed olfactory judgements in schizophrenic patients. Impairments in the edibility and familiarity judgments have been reported in schizophrenic patients, while intensity judgements were found intact [START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF], Moberg et al., 2003[START_REF] Plailly | Left temporo-limbic and orbital dysfunction in schizophrenia during odor familiarity and hedonicity judgments[END_REF], Rupp et al., 2005). The findings concerning the hedonicity judgements are however discrepant with other findings. Indeed, most studies have found lower pleasantness ratings of odours [START_REF] Crespo-Facorro | Neural mechanisms of anhedonia in schizophrenia: a PET study of response to unpleasant and pleasant odors[END_REF][START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF], Moberg et al., 2003[START_REF] Plailly | Left temporo-limbic and orbital dysfunction in schizophrenia during odor familiarity and hedonicity judgments[END_REF], while two studies reported controversially higher pleasantness ratings [START_REF] Becker | Olfactory event-related potentials in psychosis-prone subjects[END_REF], Rupp et al., 2005). These divergent findings could be explained by the differences in symptoms among the groups and parsimoniously concerning anhedonia state [START_REF] Becker | Olfactory event-related potentials in psychosis-prone subjects[END_REF]. The disturbances of olfactory judgements have been associated with functional abnormalities in the temporo-limbic brain areas. Indeed, using PET, it as been shown that, when compared to controls, patients exhibit a deficit in the limbic/paralimbic and frontal activation associated with olfactory processing while doing olfactory judgement (e.g., insular cortex and parahippocampal gyrus) [START_REF] Crespo-Facorro | Neural mechanisms of anhedonia in schizophrenia: a PET study of response to unpleasant and pleasant odors[END_REF][START_REF] Plailly | Left temporo-limbic and orbital dysfunction in schizophrenia during odor familiarity and hedonicity judgments[END_REF].

A cross-sectional design suggested that olfactory ability is deteriorated according to the illness duration (Moberg et al., 1997). However, a follow-up assessment at 6 months indicated that the patient olfactory identification ability remained impaired over time [START_REF] Brewer | Stability of olfactory identification deficits in neuroleptic-naive patients with first-episode psychosis[END_REF]. These deficits have been found in neuroleptic naive schizophrenic patients [START_REF] Seidman | [END_REF][START_REF] Brewer | Stability of olfactory identification deficits in neuroleptic-naive patients with first-episode psychosis[END_REF] and neuroleptic withdrawn patients [START_REF] Wu | Olfactory memory in unmedicated schizophrenics[END_REF]. Moreover, these alterations have been reported in early onset psychosis [START_REF] Corcoran | Olfactory deficits, cognition and negative symptoms in early onset psychosis[END_REF], schizotypic men [START_REF] Park | Olfactory identification deficit in relation to schizotypy[END_REF] and in relatives of patients with familial schizophrenia [START_REF] Kopala | Olfactory function in monozygotic twins discordant for schizophrenia[END_REF][START_REF] Kopala | Impaired olfactory identification in relatives of patients with familial schizophrenia[END_REF]. These latter data suggest that the olfactory identification deficit would reflect a trait marker of psychosis.

Recent studies have linked this deficit with a clinical subgroup of patients. Indeed, the olfactory identification alterations have been correlated with deficit syndrome [START_REF] Houlihan | [END_REF][START_REF] Malaspina | Odor identification, eye tracking and deficit syndrome schizophrenia[END_REF][START_REF] Seckinger | Olfactory identification and WAIS-R performance in deficit and nondeficit schizophrenia[END_REF][START_REF] Corcoran | Olfactory deficits, cognition and negative symptoms in early onset psychosis[END_REF] and the key features of this syndrome, negative symptoms [START_REF] Brewer | Neuropsychological, olfactory, and hygiene deficits in men with negative symptom schizophrenia[END_REF][START_REF] Brewer | Stability of olfactory identification deficits in neuroleptic-naive patients with first-episode psychosis[END_REF][START_REF] Malaspina | Olfaction and social drive in schizophrenia[END_REF][START_REF] Corcoran | Olfactory deficits, cognition and negative symptoms in early onset psychosis[END_REF], particularly social behavioural dysfunction [START_REF] Brewer | Neuropsychological, olfactory, and hygiene deficits in men with negative symptom schizophrenia[END_REF] and diminished social drive [START_REF] Malaspina | Olfaction and social drive in schizophrenia[END_REF]. Intelligence Quotient has been found independent from the relationship between olfactory alterations and social drive [START_REF] Malaspina | Olfaction and social drive in schizophrenia[END_REF]. Both deficit symptoms and olfactory deficit have been hypothesized to be a persistent trait of illness and to derive from structural and functional brain abnormalities [START_REF] Seckinger | Olfactory identification and WAIS-R performance in deficit and nondeficit schizophrenia[END_REF].

Regarding the other symptoms of schizophrenia, smell deficits seem not associated with olfactory hallucinations [START_REF] Kopala | Olfactory hallucinations and olfactory identification ability in patients with schizophrenia and other psychiatric disorders[END_REF][START_REF] Stedman | Neuropsychological, neurological and symptom correlates of impaired olfactory identification in schizophrenia[END_REF], anhedonia [START_REF] Stedman | Neuropsychological, neurological and symptom correlates of impaired olfactory identification in schizophrenia[END_REF] and depressed mood [START_REF] Brewer | Neuropsychological, olfactory, and hygiene deficits in men with negative symptom schizophrenia[END_REF][START_REF] Stedman | Neuropsychological, neurological and symptom correlates of impaired olfactory identification in schizophrenia[END_REF][START_REF] Malaspina | Olfaction and social drive in schizophrenia[END_REF].

Several studies have explored the relationship between olfactory alterations and neuropsychological measures [START_REF] Seidman | Neuropsychological probes of fronto-limbic system dysfunction in schizophrenia. Olfactory identification and Wisconsin Card Sorting performance[END_REF][START_REF] Seidman | Sex differences in olfactory identification and Wisconsin Card Sorting performance in schizophrenia: relationship to attention and verbal ability[END_REF][START_REF] Purdon | Olfactory identification and Stroop interference converge in schizophrenia[END_REF][START_REF] Stedman | Neuropsychological, neurological and symptom correlates of impaired olfactory identification in schizophrenia[END_REF][START_REF] Seckinger | Olfactory identification and WAIS-R performance in deficit and nondeficit schizophrenia[END_REF]. Olfactory deficits could be a part of a general difficulty concerning sensory identification. This is however not the case. Indeed, schizophrenic patients have been found to perform in the normal range on colour Identification, a sensory task which is as complex as odour identification tasks (Kopala et al., 1995). Attention and executive functions are cognitive functions typically associated with schizophrenia and with dorsolateral frontal cortex function. However, olfaction identification deficits have not been found to be significantly associated with attention and executive functions as measured by the Wisconsin Card Sorting Test [START_REF] Seidman | Neuropsychological probes of fronto-limbic system dysfunction in schizophrenia. Olfactory identification and Wisconsin Card Sorting performance[END_REF], the Continuous Performance Task [START_REF] Seidman | Neuropsychological probes of fronto-limbic system dysfunction in schizophrenia. Olfactory identification and Wisconsin Card Sorting performance[END_REF][START_REF] Seidman | Sex differences in olfactory identification and Wisconsin Card Sorting performance in schizophrenia: relationship to attention and verbal ability[END_REF], the Letter Cancellation Task [START_REF] Stedman | Neuropsychological, neurological and symptom correlates of impaired olfactory identification in schizophrenia[END_REF] or the Stroop Colour-Word Test [START_REF] Purdon | Olfactory identification and Stroop interference converge in schizophrenia[END_REF]. Two studies concluded however that odour identification ability might be associated with the function of the dorsolateral prefrontal cortex [START_REF] Brewer | Neuropsychological, olfactory, and hygiene deficits in men with negative symptom schizophrenia[END_REF][START_REF] Saoud | Olfactory identification deficiency and WCST performance in men with schizophrenia[END_REF].

In a sample of schizophrenic patients [START_REF] Stedman | Neuropsychological, neurological and symptom correlates of impaired olfactory identification in schizophrenia[END_REF], WAIS-R Information score (Wechsler Adult Intelligence Scale-Revised) that estimates Intelligence Quotient and Wisconsin Card Sort Test Failure to Maintain Set score (WCST-FMS) that may imply orbitofrontal function were the only significant neuropsychological predictors of the odour identification tests, accounting for 41% of the variance. Moreover, a moderate correlation has been found in several studies between olfaction identification deficits and verbal ability [START_REF] Seidman | Neuropsychological probes of fronto-limbic system dysfunction in schizophrenia. Olfactory identification and Wisconsin Card Sorting performance[END_REF][START_REF] Seidman | Sex differences in olfactory identification and Wisconsin Card Sorting performance in schizophrenia: relationship to attention and verbal ability[END_REF][START_REF] Seckinger | Olfactory identification and WAIS-R performance in deficit and nondeficit schizophrenia[END_REF]. Finally, in schizophrenic patients with deficit syndrome, these alterations have been associated to deficits in complex visual-motor organizational functions (i.e., Block Design and Object Assembly) that are thought to be mediated by the parietal area [START_REF] Seckinger | Olfactory identification and WAIS-R performance in deficit and nondeficit schizophrenia[END_REF].

As previously mentioned, plfactory pathways have a complex distribution in brain overlaping with several brain regions suggested to be implicated in functional or structural abnormalities of schizophrenia. Thus, impairments in olfactory information can result of a disruption anywhere along the complex olfactory pathways [START_REF] Malaspina | SPECT imaging of odor identification in schizophrenia[END_REF]. Analysis of olfactory epitheliums removed from schizophrenic patients has reported inconstant outcomes. While some authors have found histochemical and morphological abnormalities [START_REF] Feron | Altered adhesion, proliferation and death in neural cultures from adults with schizophrenia[END_REF][START_REF] Arnold | Dysregulation of olfactory receptor neuron lineage in schizophrenia[END_REF], others have found an intact olfactory epithelium (Smutzer et al., 1998). Patients with schizophrenia have been found to exhibit a reduced volume of the olfactory bulb, but no correlation between the olfactory bulb volume and odour threshold sensitivity was observed [START_REF] Turetsky | Reduced olfactory bulb volume in patients with schizophrenia[END_REF]. Finally, in a study using olfactory eventrelated potential responses in schizophrenic patients, abnormalities in the amplitudes of the N1 and P2 components of the olfactory evoked potential, and delayed latency of the P2 but not delayed latency of the N1 have been reported [START_REF] Turetsky | Physiologic impairment of olfactory stimulus processing in schizophrenia[END_REF]. Insofar as the amplitude N1 is associated to the primary auditory cortex, the authors interpreted the fact that the N1 latency was normal as evidence that basic signal transmission from peripheral receptor neurons through the olfactory bulb to the primary sensory cortex is not disturbed in patients, despite the fact that abnormalities may exist in the pathway. Thus, olfactory deficits observed in schizophrenia are supposed to have a central origin.

As indicated previously, in normal subjects, the ability to identify odours has been linked to prefrontal, particularly OFC while acuity has been attributed to medial-temporal regions [START_REF] Brewer | Stability of olfactory identification deficits in neuroleptic-naive patients with first-episode psychosis[END_REF]. To date, a small number of functional imaging studies have explored olfactory deficits in schizophrenic patients. In a PET study, [START_REF] Clark | Regional metabolism in microsmic patients with schizophrenia[END_REF] reported that patients with schizophrenia and an olfactory agnosia had a lower right basal ganglia and thalamic metabolism than the normosmic patients with schizophrenia, suggesting dysfunction in subcortical brain regions associated with olfaction. Using single photon emission computed tomography (SPECT) [START_REF] Malaspina | SPECT imaging of odor identification in schizophrenia[END_REF] have reported right frontal and medial temporal area hypometabolism in schizophrenic patients while performing odour identification task. In a PET study, [START_REF] Bertollo | Hypometabolism in olfactory cortical projection areas of male patients with schizophrenia: an initial positron emission tomography study[END_REF] found hypometabolism in the right OFC, theorized to receive uncrossed inputs from the olfactory bulbs. In another PET study, Crespo-Facorro et al. (2001) found that schizophrenic patients failed to activate limbic and paralimbic regions during the experience of an unpleasant odour. Recently, [START_REF] Schneider | Neural substrates of olfactory processing in schizophrenia patients and their healthy relatives[END_REF] used a fMRI combined to negative odour stimuli and measured an hypofunctional activity in regions of the right frontal and temporal cortex in schizophrenic patients. Finally, preliminary neuroimaging studies in patients with schizophrenia tend to support greater association of olfactory deficits with right hemisphere and heteromodal association areas.

Olfactory alterations in depression

Olfactory deficits have been investigated in depression for three main reasons: a) the olfactory processing at the brain level recruits areas whose functioning is altered in depression (see Table 1), such as the OFC [START_REF] Drevets | Orbitofrontal cortex function and structure in depression[END_REF]; b) bilateral olfactory bulbectomy in rodents induces changes in behaviour, as well as in the endocrine, immune and neurotransmitter systems, that are isomorphic to many of those seen in patients with major depression (Leonard and [START_REF] Song | The olfactory bulbectomised rat as a model of depression[END_REF]. These alterations are reversed by antidepressants, suggesting that part of the abnormalities seen in depression could be related to abnormalities of the neural olfaction pathways and of its projections; c) stress, which is one of the factor precipitating a depressive episode in vulnerable subjects, induces behaviour similar to some symptoms of depression as well as decreased cell proliferation or neurogenesis, both in the hippocampus and in the olfactive bulbs [START_REF] Mineur | Functional implications of neurogenesis impairment following chronic mild stress in mice[END_REF]. Thus, we will review the olfactory alterations seen in depressed subjects in an extensive way. These data are synthesized in Table 2.

Olfactory function at peripheral level

Most of the studies showing a difference of olfactory acuity between patients and controls revealed a reduced olfactory sensitivity in depressed patients [START_REF] Serby | Olfactory senses in psychosis[END_REF][START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF][START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF]. Recently, Pollatos and colleagues (2007) studied the olfactory sensitivity in healthy subjects with depressive symptoms and observed a significant negative correlation between olfactory sensitivity and depressive symptoms. [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF] compared the olfactory sensitivity before and after drug treatment and showed significant correlations between self-descriptions of depression and olfactory sensitivity only during the first session, before the treatment. After subjective recovery from the depressive mood, following psychiatric treatment, patients still showed a slightly lower olfactory sensitivity; however, neither the group (patients and controls) differences nor the correlations reached the significance level. Unlike the results described previously, different authors found greater rather than weaker odour detection ability in patients with major depression than in healthy controls [START_REF] Gross-Isseroff | Olfactory sensitivity in major depressive disorder and obsessive compulsive disorder[END_REF][START_REF] Postolache | Patients With Seasonal Affective Disorder Have Lower Odor Detection Thresholds Than Control Subjects[END_REF]. Precisely, the researchers reported that depressed patients in remission after 6 weeks of antidepressant treatment exhibit higher olfactory acuity than healthy subjects. Thus, it is possible that antidepressant treatment per se may be responsible for the changes in olfactory sensitivity. Therefore, it is not possible to decide whether the increased olfactory sensitivity is a state or a trait marker of the depression. In order to answer this question, it would be of valuable interest to perform two additional measurements: one before starting the antidepressant therapy and one some months after stable remission. All the studies presented above suggest that reduced olfactory sensitivity may be a marker of depression, which can be affected by medications. To our knowledge, there is also one study, which did not find a difference between unmedicated patients and controls [START_REF] Postolache | Monorhinal odor identification and depression scores in patients with seasonal affective disorder[END_REF]. These last authors explained this discrepancy by a difference in odours presentation (unilateral or bilateral).

Olfactory function at central level

In order to study the olfactory function at central level, odour identification measurements have often been carried out. Only one study demonstrated decreased olfactory identification in patients with depression [START_REF] Serby | Olfactory senses in psychosis[END_REF]. Indeed, most of the studies reported intact odour identification in depressed patients [START_REF] Amsterdam | Taste and smell perception in depression[END_REF][START_REF] Solomon | Olfactory Dysfunction Discriminates Alzheimer's Dementia From Major Depression[END_REF][START_REF] Postolache | Monorhinal odor identification and depression scores in patients with seasonal affective disorder[END_REF][START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF]. This is confirmed by [START_REF] Solomon | Olfactory Dysfunction Discriminates Alzheimer's Dementia From Major Depression[END_REF], who compared the olfactory perception between groups of patients with Alzheimer's disease and major depression and reported an olfactory alteration only for patients with Alzheimer's disease. Authors concluded that olfactory assessment may by a useful adjunctive screening measure enabling to differentiate Alzheimer's disease from depression in elderly patients.

Among the studies cited previously, few explored simultaneously the other aspects that are usually assigned to olfactory perception (sensitivity, intensity, pleasantness, identification). With regard to perceived odour intensity, no significant difference was found between depressed patients and healthy subjects [START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF][START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF]. The studies of [START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF] and [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF] were the sole ones that evaluated the hedonic ratings for several odours. Selecting only pleasant odorants, the first study showed that depressed patients over-evaluated the pleasantness. The authors found these ratings surprising as the depressed subjects usually experienced negatively emotional cues and as explanation suggested a functional consequence of the brain processes underlying depressive states [START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF]. These alterations could be related to dysfunctions of the OFC, a brain area associated to the hedonic evaluation of odours [START_REF] Savic | Processing of odorous signals in humans[END_REF]. Indeed, its activity seems also increased in depressive states [START_REF] Drevets | Functional neuroimaging studies of depression: The anatomy of melancholia[END_REF][START_REF] Pause | Convergent and divergent effects of odors and emotions in depression[END_REF]. The second study, carried out by [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF], observed a trend to differ for the valence ratings only for one out of ten studied odours: citral, which was perceived as more pleasant by the depressive and not by the control subjects. The authors explained this observation by the relaxing properties of the lemon-like odour. Indeed, according to [START_REF] Lawless | Effects of odors on mood and behavior: aromatherapy and related effects[END_REF] lemon-like odours were shown to have a relaxing effect in healthy subjects. Thus, depressive patients may respond more sensitively to odours with relaxing properties.

Only few studies explored brain processing of olfactory information in depressed patients. Indeed, most of these studies have been conducted in healthy volunteers as well as in patients suffering from schizophrenia or neurodegenerative diseases. Depression is associated with a cognitive bias for emotionally negative stimuli. In neuroimaging studies, depression has been repeatedly characterized with abnormal activation in various brain regions including the amygdala, the anterior cingulate cortex, the OFC and the prefrontal cortex [START_REF] Drevets | Functional neuroimaging studies of depression: The anatomy of melancholia[END_REF] (see Table 1 for a review). The activity in the dorsal prefrontal cortex has been linked to impaired cognitive processes necessary for executive control. The OFC plays a special role in behaviours produced by rewards and punishers, which happen to encompass in particular emotional and motivational behaviours [START_REF] Rolls | Convergence of sensory systems in the orbitofrontal cortex in primates and brain design for emotion[END_REF]. It is generally believed that the OFC integrates sensory information and internal information mainly arriving from the amygdala and the thalamus to assign emotional significance to certain events. Brain imaging studies reliably report elevated amygdala activity in depressed subjects [START_REF] Schneider | Cerebral blood flow changes in limbic regions induced by unsolvable anagram tasks[END_REF]. It is suggested that the processing of basic olfactory properties is ruled by the amygdala [START_REF] Savic | Olfactory functions are mediated by parallel and hierarchical processing[END_REF], which may play a crucial role in the perceptual encoding of the emotional significance of information whereas the OFC uses this information for executive control. Studies on the role of the OFC and the amygdala in emotion parallel the studies on these brain structures in olfaction. Both structures are known to be functionally impaired in depression [START_REF] Pause | Convergent and divergent effects of odors and emotions in depression[END_REF].

There was no evidence of a significant association between negative emotionality (neuroticism) and rCBF in the left or right amygdala to the pleasant or unpleasant smell. The authors recommend exploring brain activation in response to positive as well as negative stimuli in subjects with depression, as depression may be associated with decreased activation in regions subserving positive evaluation of stimuli, including the amygdala. [START_REF] Drevets | Orbitofrontal cortex function and structure in depression[END_REF] suggested that orbitofrontal regions are functionally distinct with respect to mood regulation. The posterior lateral and medial OFC function may be impaired in individuals who develop primary mood disorders. In contrast, metabolic activity in the anteromedial OFC was positively correlated with depression severity and inversely correlated with the antidepressant pharmacotherapy in major depressive disorder and bipolar disorder. The author concluded that both types of areas may participate in the physiopathology of depression, which results from dysfunction within a neural network involving the OFC, medial prefrontal cortex, amygdala and anatomically related areas (temporal lobe, striatum, thalamus and brainstem). [START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF] suggested that an abnormal limbic functionality in depressed patients could be associated with an altered olfactory perception. The amygdala and the piriform cortex were hypothesized to be responsible for a reduced olfactory sensitivity as well as for alterations in the processing of emotional stimuli. [START_REF] Pause | Convergent and divergent effects of odors and emotions in depression[END_REF] demonstrated that, even with a reduction in the ability to encode basic olfactory information, the odour identification abilities and subjective odour evaluations (intensity and valence) in depressive patients were similar to the ones of control subjects. The rCBF differences between depressed patients and controls have been evidenced in brain regions involved in appetitive conditioning, such as the amygdala, the ventral striatum, the anterior cingulate cortex and the prefrontal and lateral OFC [START_REF] Drevets | Neuroimaging and neuropathological studies of depression: implications for the cognitive-emotional features of mood disorders[END_REF]). An fMRI study of appetitive conditioning showed dysfunctional learning in both appetitive and aversive learning conditions associated with a pattern of dysfunction of amygdala, lateral OFC, striatum (caudate nucleus) and anterior cingulated cortex in depression [START_REF] Martin-Soelch | Appetitive conditioning: neural bases and implications for psychopathology[END_REF].

Further studies in cerebral imaging are required in order to define the brain structures specifically implicated in the olfaction and in its emotional correlates during and after episodes of depression. [START_REF] Marciani | Improved methods for fMRI studies of combined taste and aroma stimuli[END_REF] proposed recently an improved fMRI method for studying the cortical representation of stimuli containing flavor using a pseudo-natural delivery stimulation protocol. Several brain areas were found to be activated, including the dorsolateral prefrontal cortex, anterior cingulated cortex, hippocampus and medial orbitofrontal cortex.

In summary, most studies on olfactory perception in depression showed that depressed patients principally exhibit a deficit in the hedonic aspects of this perception, even if, in some case, alterations in sensitivity or identification are also found. Given that many studies on depression demonstrated abnormal activation in various brain regions including the amygdala, the anterior cingulate and the prefrontal cortex [START_REF] Drevets | A functional anatomical study of unipolar depression[END_REF][START_REF] Siegle | Can't shake that feeling: event-related fMRI assessment of sustained amygdala activity in response to emotional information in depressed individuals[END_REF][START_REF] Drevets | Orbitofrontal cortex function and structure in depression[END_REF]Deckersbach et al., 2006a;2006b;[START_REF] Wagner | Cortical Inefficiency in Patients with Unipolar Depression: An Event-Related fMRI Study with the Stroop Task[END_REF], it has been suggested that a deviant limbic functionality in depressed subjects could be associated with the observed altered olfactory perception [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF][START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF]. [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF][START_REF][END_REF] hypothesized that functional deviations within brain regions involved in the early perceptual processing of odours, such as the amygdala and piriform cortex, could be responsible for the reduced olfactory sensitivity, as well as for alterations in the processing of emotional stimuli in depressed patients.

Several new perspectives are offered following the results obtained on olfactory perception in depression. First, it cannot be excluded that the impairments of olfactory perception themselves generate some symptoms of depression, related to the influence of odour perception on emotions, mood or behaviour. The question is whether the affected olfaction in healthy subjects could generate a depression. There is evidence suggesting that emotionrelated personality traits have an impact on olfactory function in healthy subjects. [START_REF] Chen | The effect of emotion and personality on olfactory perception[END_REF] studied the effect of emotion and personality on olfactory perception and demonstrated that neurotic and anxious individuals react faster to emotionally valenced odours then to neutral odours. In this context, a recent study carried out using a large general population sample was able to show a strong correlation between neuroticism and symptoms of depression as assessed by the Beck Depression Inventory [START_REF] Jylha | The relationship of neuroticism and extraversion to symptoms of anxiety and depression in the general population[END_REF]. Taking both of these studies together and bearing in mind that [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF] reported a positive correlation between lowered olfactory sensitivity and elevated depression scores as measured by the Beck Depression Inventory in patients suffering from major depression, it can be conjectured that depressive symptoms might be related to a reduced olfactory sensitivity as well. This hypothesis was supported by [START_REF] Pollatos | Reduced olfactory sensitivity in subjects with depressive symptoms[END_REF] who observed a significant negative correlation between olfactory sensitivity and depressive symptoms. Second, it is interesting to study the possibility that anhedonia can be expressed also at the olfactory level. This has already been suggested using a gustatory stimulus in depression and schizophrenia [START_REF] Berlin | Measures of anhedonia and hedonic responses to sucrose in depressive and schizophrenic patients in comparison with healthy subjects[END_REF]. The authors showed that the hedonic responses to sucrose solutions and sweet taste perception threshold may be used as complementary evaluation to quantify anhedonia.

Olfaction in dementia and other cognitive disorders

A meta-analysis of 43 studies on olfaction in Alzheimer's Disease (AD) and Parkinson's Disease shows that both identification, recognition and detection threshold are significantly altered in neurodegenerative disorders compared to normal aged controls [START_REF] Mesholam | Olfaction in neurodegenerative disase. A meta-analysis of olfactory functioning in Alzheimer's and Parkinson's diseases[END_REF] [START_REF] Mcshane | Anosmia in dementia is associated with Lewy bodies rather than Alzheimer's pathology[END_REF]. More recent data suggest that the level of memory impairment in AD patients does not seem to affect the performances at the olfactory testing [START_REF] Kjelvik | Use of the Brief Smell Identification Test for olfactory deficit in a norvegian population with Alzheimer's disease[END_REF]. Nevertheless, olfactory performances in elderly subjects seem to be correlated mainly to language and memory performances, in a lesser extend to attention, visuospatial and executive functions. These findings suggest that olfaction performances are associated with other measures of temporo-limbic functioning (Westerweldt et al., 2005). These results are summarized in Table 2.

Factors, which can influence the olfactory perception

The discrepant results observed in a few studies on olfactory sensitivity in schizophrenia and depression or on identification task in depression can be explained by methodological differences, such as the choice of the evaluation method (methods for odour identification evaluation: UPSIT, ETOC, PST: Pocket Smell test), differences in diagnostic subgroups, differences in odours presentation (unilateral or bilateral), differences in studied odours and differences in subjects. For example, with regard to subject characteristics, age is known to have a strong influence on the results of psychophysical tests of olfaction [START_REF] Doty | Influence of age and age-related diseases on olfactory function[END_REF]. There is a progressive decline in the ability to detect and identify odours by subjects over 60 years of age. It has also been demonstrated that gender differences in olfactory abilities exist all along the pathway of perception from smelling behaviour to the complex processes of cognitive treatment [START_REF] Millot | Behavioral lateralization during spontaneous smelling tasks[END_REF]Brand and Millot, 2001). In general, women tend to score higher than men on tests of odour identification, discrimination and memory. Concerning the choice of the different olfactory stimuli, four main odours characteristics could influence the subject's perception: its trigeminal function [START_REF] Doty | Intranasal trigeminal stimulation from odorous volatiles: Psychometric responses from anosmic and normal humans[END_REF], its intensity (Brand et al., 2001), its hedonic valence (Brand et al., 2001;[START_REF] Royet | fMRI of emotional responses to odors: influence of hedonic valence and judgment, handedness, and gender[END_REF][START_REF] Pause | Convergent and divergent effects of odors and emotions in depression[END_REF] and its intensity. Several odorants stimulate both the olfactory nerve and the trigeminal nerve. Moreover, odorants having no impact on the trigeminal system at low concentrations may stimulate the trigeminal system when using higher concentrations. It is well know that the perception of smell is dominated by a hedonic odour valence. As previously highlighted, neuroanatomy suggests a high level of functional connectivity between the olfactory and limbic systems. A comparative study using fMRI showed that depending on the stimulus, the activated cortical areas can differ [START_REF] Fulbright | Functional MR imaging of regional brain responses to pleasant and unpleasant odors[END_REF]. With the clementine odour, certain regions were activated asymmetrically (for example Brodmann's area 32 was activated preferentially in the left hemisphere and area 6 preferentially in the right hemisphere) whereas the unpleasantness of isovaleric acid did not produce any asymmetry. [START_REF] Davidson | Emotion and affective style: hemispheric substrates[END_REF] explained these hemispheric differences according to the hedonic valence of odours. As for the odour intensity, it has been demonstrated that the different intensity levels of the same odorant can change the odour quality and, consequently, the subject's judgement (Gross- [START_REF] Gross-Isseroff | Concentration-dependent changes of perceived odor quality[END_REF][START_REF] Laing | Relationship between molecular structure, concentration and odor qualities of oxygenated aliphatic molecules[END_REF].

General discussion

Taken together, these data indicate that olfactory abnormalities might be a marker of psychiatric conditions, with a specific pattern for each disease. Indeed, no reliable change in odour sensitivity is seen in schizophrenic patients, indicating that these patients show no deficit in the peripheral aspects of odour perception. Thus, no abnormality related to purely sensorial deficits is seen in this pathology. This is not the case of depression, dementia or neurodegenerative disease, as these patients exhibit such an alteration in some case. This indicates that the deficits seen in the psychiatric patients have a specific pattern.

Odour identification is altered in schizophrenic patients. This deficit has been associated to alterations in processing occurring at the right frontal and medial temporal levels, where hypometabolism has been found in the schizophrenic patients while undertaking the identification task. It would be interesting to investigate whether similar alterations are found in disease characterized by alteration in right frontal and medial temporal areas.

Odour intensity judgement was intact in depressive and schizophrenic patients. Changes in odour perception are also found in dementia and in some neurodegenerative disease, but in this case alterations concern all aspects of the sensorial experience (identification and recognition) and they are thus a-specific.

Taken together, this review shows that each of these disorders is characterized by a specific pattern, which can then be considered as a signature of each condition. When present, these alterations concern the sensorial treatment in depression dementia and neurodegenerative disease. The deficits concerned also the cognitive aspect of the olfactory experience (identification) and the affective aspects. These alterations should thus be considered in relationship with the clinical feature of these disorders that include alterations in sensorial gating (schizophrenia) or in the ability to experience pleasurable experience (the anhedonia seen in depression but also in schizophrenia). They may also be related to precise neurobiological alterations, even if further studies are needed to document this point. Further, additional studies are necessary in order to investigate whether such signatures (deficit in odour sensitivity, deficit in identification, deficits in the affective processing related to olfaction) are specific of these conditions or whether they can also be found in other disease, related or not to psychiatric conditions.

  . Comparing 92 demented patients with 94 control subjects, Mc Shane et al. have shown that olfactory performances discriminate patients with Senile Dementia of Lewy body type from AD patients
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- [START_REF] Isseroff | Olfactory sensitivity to androstenone in schizophrenic patients[END_REF][START_REF] Serby | Olfactory senses in psychosis[END_REF][START_REF] Sirota | Increased olfactory sensitivity in first episode psychosis and the effect of neuroleptic treatment on olfactory sensitivity in schizophrenia[END_REF]Rupp et al., 2005a;Rupp et al., 2005b + [START_REF] Bradley | Olfactory acuity to a pheromonal substance and psychotic illness[END_REF][START_REF] Sirota | Increased olfactory sensitivity in first episode psychosis and the effect of neuroleptic treatment on olfactory sensitivity in schizophrenia[END_REF] = [START_REF] Kopala | Sex differences in olfactory function in schizophrenia[END_REF][START_REF] Geddes | Olfactory acuity in the positive and negative syndromes of schizophrenia[END_REF][START_REF] Kopala | Olfactory deficits in neuroleptic naive patients with schizophrenia[END_REF][START_REF] Good | Left nostril olfactory identification impairment in a subgroup of male patients with schizophrenia[END_REF][START_REF] Kohler | Olfactory dysfunction in schizophrenia and temporal lobe epilepsy[END_REF] = [START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF]Moberg et al., 2003;Rupp et al., 2005a;Rupp et al., 2005b;[START_REF] Plailly | Left temporo-limbic and orbital dysfunction in schizophrenia during odor familiarity and hedonicity judgments[END_REF] ? Pleasantness = [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF] + [START_REF] Pause | Reduced olfactory performance in patients with major depression[END_REF][START_REF] Lombion-Pouthier | Odor perception in patients with mood disorders[END_REF][START_REF] Crespo-Facorro | Neural mechanisms of anhedonia in schizophrenia: a PET study of response to unpleasant and pleasant odors[END_REF][START_REF] Hudry | Ratings of Different Olfactory Judgements in Schizophrenia[END_REF]Moberg et al., 2003;[START_REF] Plailly | Left temporo-limbic and orbital dysfunction in schizophrenia during odor familiarity and hedonicity judgments[END_REF] = Rupp et al., 2005a + [START_REF] Becker | Olfactory event-related potentials in psychosis-prone subjects[END_REF]Rupp et al., 2005b ?

Table 2: Summary of the different data obtained from the literature. + indicates an improvement of this process in the pathological condition,indicates a deficit, = indicates that this process is not altered in the corresponding disease and indicates that no available data exist. a : Results obtained after pharmacological treatment