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Abstract

:

Olfactory dysfunction is a prevalent non-motor symptom in Parkinson’s disease (PD), affecting approximately 65–90% of subjects. PD patients may also report odor perception in the absence of any external source, often referred to as olfactory hallucinations (OHs) or phantosmia. This study aims to explore the current understanding of OHs in PD and offer a comprehensive overview of their prevalence and characteristics. We conducted a systematic search of the literature published on PubMed from inception to July 2023 regarding OHs in PD, following PRISMA guidelines. From the 2875 studies identified through database searching, 29 studies fulfilled the necessary criteria and underwent data extraction. The frequency of OHs in PD patients varies widely, ranging from 0.5% to 18.2%, with female prevalence ranging from 36% to 75% of the patients. Olfactory experiences may vary widely, ranging from pleasant scents to unpleasant odors. Several studies have indicated the concurrent presence of other types of hallucinations alongside phantosmia, especially visual and auditory hallucinations. OHs in PD are a type of hallucination that has been largely overlooked. To gain a deeper understanding of OHs in PD patients, the next crucial step should involve the development and validation of a dedicated questionnaire.
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1. Introduction


Parkinson’s disease (PD) is an increasingly prevalent neurodegenerative disorder characterized by motor symptoms that generally include bradykinesia, rigidity, tremor, and postural instability [1,2]. PD is becoming a significant source of disability and mortality among neurological conditions [3]. Considering recent epidemiological data, the estimated prevalence is at about 94 cases per 100,000 subjects, and it has been postulated that about 0.3% of the global population aged over 40 years old might be affected [3]. The annual incidence of new PD cases varies between 8 and 18.6 per 100,000 person-years [4]. Age is one of the most important risk factors, with the vast majority of subjects diagnosed at over 60 years old. Genetic predisposition may also play a role, as many gene mutations have been discovered thanks to modern techniques and have been linked to disease onset. This may explain the fact that individuals with a family history of PD are at a higher risk of developing the disease [5]. Other factors, such as dyspepsia, exposure to pesticides, oils, metals, and general anesthesia, have been associated with an increased risk of PD onset [5]. On the other hand, coffee consumption, smoking, and physical activity have been indicated as putative protective factors for the development of the disease [5].



PD may also manifest with a wide spectrum of non-motor symptoms (NMSs) as a result of the impairment of several neuronal systems, such as cognitive impairment, autonomic failure, smell and taste deficits, and sleep disorders [6,7]. Due to the relevant impact of these non-motor manifestations on the quality of life, it is crucial for neurologists to recognize and manage them alongside the cardinal motor symptoms of PD [6,7]. Cognitive disturbances are frequent among these NMSs, especially over the disease’s course; indeed, many PD patients experience issues with memory, attention, and executive functions. Mood disorders, such as depression, anxiety, and apathy, may further worsen the clinical picture, and sometimes they may even precede the onset of motor symptoms. Autonomic dysfunction is another common presentation of NMSs in PD patients, who may suffer, for instance, from orthostatic hypotension. Gastrointestinal issues like constipation can become chronic concerns, as can urinary problems, ranging from urgency to incontinence. Sleep disturbances in PD may present in several ways, such as insomnia or conditions like rapid eye movement sleep behavior disorder (RBD). Interestingly, some of these NMSs can manifest years before the cardinal motor signs and might be used as early markers of PD [6,7].



Within this context, olfactory dysfunction, one of the most common NMSs in PD, can be detected in approximately 65–90% of individuals with this condition [8,9]. Frequently, this symptom emerges before the presentation of cardinal motor signs and may be classified as a diminished or absent sense of smell (hyposmia or anosmia), altered smell perception (parosmia), or the experience of perceiving a smell without an external source, often referred to as olfactory hallucinations (OHs) [10,11]. Several methods may be used to assess olfactory dysfunction in Parkinson’s disease patients. The two most widely used are the University of Pennsylvania Smell Identification Test (UPSIT) and the Sniffin’ Sticks test. The UPSIT is a 40-item test built with different scratch and sniff strips integrated with microencapsulated odorant and designed to assess the ability to identify various scents [11]. The Sniffin’ Sticks test is a three-step assessment that evaluates different olfactory tasks, including odor identification, odor discrimination, and odor threshold. Based on the sum of these three values, known as the threshold–discrimination–identification (TDI) score, a patient can be categorized as normosmic, hyposmic, or anosmic [11].



OHs, or phantosmia, a term derived from the Ancient Greek words φάντασμα (ghost) and ὀσμή (smell), may occur frequently in PD patients, although they are often overlooked in clinical practice. OHs are perceptual disturbances where an individual experiences a smell that is not present in the environment [11]. These olfactory experiences may vary from pleasant (i.e., flowers and fruits) to unpleasant (i.e., rotten eggs, garbage, smoke) odors, with potential impacts on patients’ quality of life [11,12]. While OHs have been frequently studied in the context of psychiatric disorders or neurological conditions due to epilepsy or COVID-19 infection, their occurrence in PD is less understood [13,14,15].



This systematic review aims to explore the current knowledge on OHs in PD. Namely, it seeks to provide a comprehensive overview of the prevalence and characteristics of OHs in PD. We have specifically focused our attention on the frequency of OHs in the PD population and the gender distribution; the features of phantosmia (pleasant vs. unpleasant); the assessment methods used by the authors in order to evaluate OHs in PD patients; the olfactory function of the PD patients with phantosmia; the associated hallucinations that might coexist with OHs in the same subject; the impact of phantosmia on the quality of life of PD patients; and the treatment used to manage phantosmia.




2. Methods


We conducted a systematic search of the literature published on PubMed from inception to July 2023 using the following searching string: (((((phantosmia) OR (phantom smell)) OR (ghost smell)) OR (imaginary odor)) OR (olfactory hallucination)) AND (Parkinson*). We performed a systematic review following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. These guidelines are globally recognized for providing consistency and transparency when researchers want to write a systematic review. By adhering to PRISMA, we aimed to provide a robust and replicable methodology, aiming to accurately represent the current state of knowledge on phantosmia in PD patients. The study protocol was submitted on the International Prospective Register of Systematic Reviews. The reference list of each selected article was checked to screen for additional studies possibly worth including that had not been captured by the original search method. Only original studies published in English in peer-reviewed journals were selected, and unpublished data, such as conference abstracts, were not considered.



After duplicates were removed, the title, abstract, and keywords of the retrieved publications were screened by TE, and irrelevant studies were excluded. Full-text papers were then independently reviewed by TE and PS for eligibility and included if they comprised case reports/series or studies investigating OHs in PD, either alone or in combination with other kinds of hallucinations, including minor hallucinations (i.e., sense of presence, passage, and illusions), visual hallucinations, tactile hallucinations, auditory hallucinations, and gustatory hallucinations. Longitudinal studies were included only if the baseline data were relevant to the purpose of this review. Differences in study selection between TE and PS were resolved by consulting with another author.




3. Results


From the initial pool of 2875 studies identified through our comprehensive database searching, 2614 records were excluded. The primary reason for their exclusion was that either their titles or abstracts did not resonate with the central aim of this review. Our main focus was to investigate the occurrence and implications of OHs in patients with PD. Many of the excluded studies fell short of our criteria, such as being published in a language other than English, making no reference to phantosmia, or not including Parkinson’s disease patients in their study group. This rigorous screening ensured that only the most relevant articles were considered for further examination in our review. After assessing 261 full papers for eligibility, only 29 studies fulfilled the necessary criteria and underwent data extraction (Figure 1) [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44]. Among the 232 full-text articles excluded, none met the inclusion criteria. This was either because the studies did not assess the frequency of phantosmia, lacked descriptions of OHs, were abstracts or conference papers, or were longitudinal studies that did not describe phantosmia at baseline. The information extracted from the selected studies, including the year of publication, study design, sample size, and number of patients with OHs, is reported in Table 1. Overall, we included 203 PD patients with phantosmia from the 29 studies included in this review. Due to the significant heterogeneity among the aforementioned studies in terms of population, methodology, and assessment of OHs, the data were framed into a narrative review, covering the frequency of OHs in the PD population and the gender distribution; the characteristics of phantosmia; the assessment methods used by the researchers in order to evaluate OHs in PD patients; the olfactory function of the PD patients with phantosmia; the associated hallucinations that might coexist with OHs in the same subject; the possible impact of phantosmia on the quality of life of PD patients; and the treatment used to manage phantosmia.



3.1. Frequency of OHs and Gender Distribution


As shown in Table 1, the frequency of OHs in PD patients varies widely, ranging from 0.5% to 18.2%, probably because of differences in the study population and methodology. Some studies listed in Table 1 are case reports; hence, the percentage indicating the presence of OHs for those investigations was not provided. A distinctive analysis was conducted by Aarsland and colleagues, who found no statistical differences in the prevalence of phantosmia between PD patients with and without dementia (6% vs. 1%, p = 0.14) [16]. Lenka and colleagues explored the occurrence of OHs in PD patients with psychosis and found that only one patient (1.9%) had phantosmia [28]. Conversely, baseline data from two double-blind studies of olanzapine for PD patients with drug-induced psychosis indicated a 16% frequency of OHs [21]. When considering only drug-naïve PD patients, Pagonabarraga et al. noted that 4% of their sample population reported OHs [36]. In the study by McAuley and Gregory involving 188 PD patients, 4 individuals indicated the presence of OHs (2.1%). Notably, over the subsequent three years, an additional two patients (1%) from this cohort, initially unaffected, developed phantosmia. Both consistently met the diagnostic standards for idiopathic PD during this span and showed no signs of cognitive impairment [32].



Considering the studies where the gender distribution of OHs in PD patients was available, we observed contrasting findings. Specifically, the studies by Solla et al. and Bannier et al. indicated a female prevalence of 75% and 67%, respectively [19,40]. However, in Mehanna’s study, women with phantosmia constituted 36% of the PD patients suffering from OHs [33]. When focusing solely on the patients described in the case or series reports, we found that seven women (54%) were affected by phantosmia [25,27,42].




3.2. OHs Features (Pleasant vs. Unpleasant)


OHs in PD patients have been described in reports with diverse characteristics. These olfactory experiences can vary widely, ranging from pleasant scents such as flowers and fruits to unpleasant odors like rotten eggs, garbage, and smoke.



A systematic assessment of phantosmia characteristics among PD patients was only available in four studies, and pleasant odor sensations predominated in three of them. For instance, in the study by Kulick and colleagues, 54.5% of the patients who experienced OHs described their misperceptions of smell as pleasant [26]. Moreover, in Kulick’s cohort, every individual who experienced olfactory hallucinations described perceiving strong, unpleasant scents. Four of these patients specifically identified these as offensive odors, like trash, combustion, or other harmful scents [26]. Mehanna and colleagues reported that 68% of PD patients with OHs described the features of their phantosmia as pleasant; however, the most commonly reported OH was that of smoke [33].



Among the 16 patients with phantosmia described by Solla et al., 13 (81.3%) reported pleasant smells such as flowers and fruits, while the remaining 3 patients (18.7%) described a perception of unpleasant scents such as garbage and rotten eggs [40].



Conversely, only two out of the nine (22.2%) PD patients with OHs described by Bannier and colleagues reported the perception of pleasant odors like flowers. In this particular sample, phantosmia predominantly manifested as unpleasant scents such as those of burned, spoiled, or rotten food or gas [19].



In the case reports/series data, 4 PD patients reported experiencing pleasant scents, whereas 13 PD patients indicated otherwise. Among those who perceived pleasant odors, one patient described the phantosmia as highly delightful, reminiscent of either “fine cuisine” or fruity fragrances, and exhibited a heightened olfactory acuity with an extended duration of scent perception upon exposure to odorant stimuli [25]. Another patient likened the experience to the pleasant aromas of a “rainy day” or even the scent of a “wet dog” [27]. The remaining two patients identified their phantosmia as having a perfume-like aroma [27,32].



Of the 13 PD patients who perceived unpleasant scents, the majority identified them as smoky or burning smells [25,32,36,42,43]. One patient likened the phantosmia to the aroma of oily and spicy foods [17], another described it as similar to “boot polish” [32], yet another related it to the scent of rotting fish [43], and one patient identified it as dog feces [32]. Two patients, in particular, associated their phantosmia with non-specific unpleasant odors emanating from their beds [18,32].




3.3. Assessment of OHs


The methods used to investigate the presence of phantosmia in PD patients varied among the studies included in this review. Considering the absence of a specific tool for assessing OHs in PD patients, most authors opted to interview patients using semi-structured questionnaires or non-specific questions related to the presence of phantosmia [16,18,19,25,27,28,29,32,33,35,42,43]. Other authors assessed phantosmia in PD patients using structured questionnaires or interviews, including the Neuropsychiatric Inventory (NPI), the Schedule for Assessment of Positive Symptoms (SAPS), the Enhanced Scale for Assessment of Positive Symptoms in Parkinson’s Disease (eSAPS-PD), the MDS-UPDRS hallucinations and psychosis item, the Psycho-Sensory hAllucinations Scale (PSAS), the Psychosis and Hallucinations Questionnaire (PsycH-Q), and the University of Miami Parkinson’s disease Hallucinations Questionnaire (UM-PDHQ) [17,20,21,22,23,24,26,30,31,34,36,37,38,39,40,41,44]. However, the available data in the literature did not identify the most appropriate tool to assess the presence of phantosmia in PD patients.




3.4. Quantitative Evaluation of Olfactory Function


Only five studies provided a quantitative evaluation of smell in PD patients with OHs. The Sniffin’ Sticks test was utilized in a large cohort by Solla and colleagues, who found no significant differences in the TDI score between PD patients with and without OHs (16.0 ± 4.8 vs. 18.1 ± 7.6; p = 0.294) [40], although TDI mean scores were indicative of hyposmia in both groups. Both Hirsh and colleagues, as well as Landis and Burkhard, assessed the olfactory function of their patients with phantosmia using the Sniffin’ Sticks test [25,27]. Their findings revealed one patient with anosmia, two with hyposmia, and one with normal olfactory function [25,27]. The UPSIT was used by Bannier and colleagues, who identified olfactory dysfunction in eight out of nine PD patients with OHs, and they did not observe any difference between patients with and without OHs [19]. Mehanna and colleagues assessed olfactory function in their large sample using the UPSIT and found that 84% of PD patients with phantosmia exhibited severe microsmia or anosmia [33].




3.5. Associated Hallucinations


While these data have not been exhaustively detailed, several studies have indicated the concurrent presence of other types of hallucinations alongside phantosmia [18,19,20,21,22,23,24,26,28,29,30,33,35,36,37,39,40,41,42,43,44]. Importantly, in the study by Solla and colleagues, nine patients with OHs (56.3%) also reported visual hallucinations and auditory hallucinations, and four (25%) had gustatory hallucinations. Among the 25 patients with OHs described by Mehanna and colleagues, 8 (32%) also had visual hallucinations, 6 (24%) had auditory hallucinations, and 3 (12%) had tactile hallucinations [33]. Bannier and colleagues identified two out of nine (22.2%) PD patients with phantosmia who had visual hallucinations and three out of nine (33.3%) who had both visual hallucinations and auditory hallucinations [19].




3.6. Impact on Quality of Life


Only five studies have investigated the impact of OHs on the quality of life of PD patients. These studies showed that phantosmia can variably affect daily activities. Specifically, Bannier and colleagues noted that for their nine patients, the quality of life was only minimally impacted since they recognized the hallucinatory nature of the phenomenon and did not consider OHs frightening [19]. Conversely, McAuley and Gregory documented one patient exhibiting obsessive behavior due to phantosmia, another suffering from sleep disturbances linked to olfactory misperception, and yet another who was notably bothered by OHs [32]. On a similar note, Arnulf reported that phantosmia led to distress and family issues due to the aggressive behavior exhibited by the affected patient [18]. Meanwhile, Tousi and Frankel noted that their patient was irritated by the sensation of a dry throat, which they attributed to the perceived smoke [42].




3.7. Treatment of OHs


Since none of the studies in the literature were pharmacological trials focusing on the management of phantosmia in PD patients, the information related to the treatment of OHs was anecdotal, primarily arising from individual case descriptions [25,27,32,42]. Generally, the most common pharmacological interventions included (i) the adjustment of antiparkinsonian therapy through a gradual reduction in the levodopa equivalent daily dose and (ii) the introduction of atypical neuroleptics. The outcomes reported in these studies were often positive, with an improvement or disappearance of phantosmia. None of the patients included in this review suffered from phantosmia during motor fluctuations.





4. Discussion


This review focuses on the presence of OHs or phantosmia in PD patients, a neglected type of hallucination that has received little attention in existing research, even though they represent a clinical issue in the daily management of parkinsonian patients [45,46]. OHs have been frequently studied in the context of psychiatric disorders or neurological conditions due to epilepsy or COVID-19 infection, while their features in PD are less understood [13,14,15]. Among non-visual hallucinations, OHs may frequently occur in PD patients, but they are often overlooked in clinical practice [47]. Moreover, clinicians should always check for phantosmia during the disease’s clinical course, not just at the baseline assessment, as longitudinal studies have identified phantosmia in initially unaffected PD patients [32,48,49]. In this review, we specifically focus our attention on the frequency of OHs in the PD population and the gender distribution; the features of phantosmia (pleasant vs. unpleasant); the assessment methods used by the authors in order to evaluate OHs in PD patients; the olfactory function of the PD patients with phantosmia; the associated hallucinations that might coexist with OHs in the same subject; the impact of phantosmia on the quality of life of PD patients; and the treatment used to manage phantosmia. Due to the significant heterogeneity among the included studies in terms of study design, we were unable to combine those findings. For instance, regarding cognitive impairment, only two studies assessed cognitive ability in patients with phantosmia, but they used two different and non-comparable tests: Solla and colleagues performed the MoCA [40], while Bannier and colleagues used the MMSE [19].



Indeed, our review revealed that OHs in PD patients seem more common than previously recognized, with reported prevalence rates ranging from 0.5% to 18.2%. These variations in frequency distribution might be attributed to heterogeneity in study populations, the inclusion and exclusion criteria for study participation, the assessment tools used to identify OHs, and the duration of the investigation [50,51].



Phantosmia has also been described in other neurological conditions; however, comprehensive studies are still lacking, as is the case in PD. For instance, Scarmeas and colleagues found that 2% of their patients with Alzheimer’s disease suffered from OHs at baseline, whereas during the follow-up evaluation, this percentage increased to 4.4% of their sample [52]. Another study confirmed the infrequent occurrence of phantosmia in Alzheimer’s disease patients compared to the presence of auditory or visual hallucinations [53]. Focusing on neuropsychiatric disorders, Schutte and colleagues reported OHs in 53% of their 137 patients with major psychiatric disorders, a heterogeneous group that included schizophrenia spectrum disorder, mood disorders, post-traumatic stress disorder, and borderline personality disorder [45]. When comparing this group with 47 patients with neurodegenerative disorders (such as PD, dementia with Lewy bodies, and Alzheimer’s disease), the authors found that 14.9% of the patients with neurodegenerative diseases suffered from phantosmia [45]. Although the association between olfactory dysfunction and RBD has already been established [54], we did not find any studies reporting phantosmia in RBD patients.



The gender distribution of phantosmia presented contrasting findings as well. While some studies, like those by Solla and colleagues and Bannier and colleagues, reported a female predominance [19,40], others, such as Mehanna’s study, revealed an equal or even male-centric distribution [33]. Noteworthy, the study by Solla and colleagues showed that female sex was a clinical variable predicting the presence of OHs in PD patients [40]. These data reinforced the putative central role of sex differences in the development of NMSs in PD patients, with particular references to olfactory symptoms [55,56,57]. Future research on phantosmia should explore the potential influence of sex on the development of OHs in PD patients.



The vast array of scents described by PD patients affected by phantosmia, ranging from pleasant aromas of flowers and fruits to foul smells of garbage or burning, confirmed the important subjective nature of OHs and raised several questions about the pathophysiological origins of these symptoms. Since most of the included studies did not accurately report the percentage of patients suffering from one specific odor compared to another, it was not possible to conduct a comprehensive comparison or to identify trends across the entire population. While quantitative olfactory dysfunctions, such as anosmia and parosmia, may only partially account for OHs in PD patients, other neural mechanisms warrant exploration [19,40]. Indeed, the studies conducted by Bannier [19] and Solla [40] revealed no notable distinctions in OT, OD, and OI between PD patients with phantosmia and those without it. Consequently, it appears that OHs in PD patients are only partially connected to the quantifiable olfactory impairments that result in hyposmia or anosmia. Analogous to what has been recently postulated for visual hallucinations, a model of aberrant hierarchical predictive processing in the olfactory bulb and in the anterior olfactory nucleus might explain the occurrence of phantosmia in PD [58]. These hypotheses gain significance when considering that our review highlighted a high frequency of co-occurrence between OHs and other types of hallucinations, especially visual ones. Notably, the common association highlighted in this review between OHs and either visual hallucinations and/or auditory hallucinations suggests that the pathophysiological mechanisms behind these phenomena might overlap [59].



One crucial point that emerged from this systematic search of the literature is the lack of a specific and validated tool for the assessment of phantosmia in PD patients. Most of the studies included in this review used semi-structured interviews or other structured questionnaires designed primarily for an initial evaluation of psychosis in PD [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44]. As already mentioned, the heterogeneity in assessment methods may contribute to the variation in reported prevalence. Indeed, none of the studies has systematically assessed this issue, and we based our information on data described in a few studies [18,19,25,32]. A necessary next step toward better understanding OHs in PD patients is the creation and validation of a specific questionnaire, which should also address the impact of phantosmia on quality of life. Within this context, we have highlighted the most relevant questions to be included in a specific questionnaire for phantosmia in Table 2.



With no pharmacological trials focusing specifically on phantosmia in PD, treatment strategies are largely based on case descriptions [25,27,32] and the general management of psychosis in PD [59,60]. The approach to managing OHs aligns with the treatment of other psychotic symptoms. The first measure involves looking for recent triggers (i.e., symptomatic or occult infection) or changes in medication. The subsequent step is to adjust the patient’s current daily therapy, with a particular focus on medications that could exacerbate the hallucinations. Following that, one should consider specific treatments [59,60].



Although none of the studies reported an association between phantosmia and motor fluctuations, this point deserves deeper consideration. Indeed, previous studies have already highlighted a lack of association between LEDD and OHs [40]. However, none of them have investigated the possibility that OHs may fluctuate like other NMSs in the phenomenon known as non-motor fluctuations (NMFs) [61]. NMFs rely on dopaminergic and non-dopaminergic mechanisms and are often overlooked in clinical practice [61]. Further studies are needed to better address the possibility that the presence of phantosmia may fluctuate during the course of the disease.



This review, while providing valuable insights, was not without its limitations. Firstly, the studies chosen for analysis exhibited significant heterogeneity. This was evident in the diverse clinical features of the patients studied, including their cognitive status, disease duration, and clinical severity. Furthermore, the inclusion and exclusion criteria for participation in these studies varied widely. The methodology each study adopted to detect OHs also differed, introducing further complexity. All these factors made direct comparisons between the studies quite challenging, and we were not able to identify specific trends for the entire population. The lack of comprehensive data should serve as a stimulus for clinicians and researchers to include phantosmia in their research agendas. Another area of concern arises from the inherent variability in PD itself. Different clinical subtypes and varying disease stages of PD might manifest with different prevalence rates of OHs. This suggests that there could be variations not only in the number of patients exhibiting phantosmia but also in the specific characteristics of the phantosmia they experience. Moreover, the absence of longitudinal data on the progression of OHs limits a comprehensive understanding of these symptoms in PD [62].



In conclusion, this systematic review sheds light on the complex phenomenology of OHs in PD and emphasizes the need for comprehensive assessment and management of phantosmia in clinical practice. Future efforts should prioritize the creation and validation of standardized assessment tools. Further research is needed to explore the underlying mechanisms and develop targeted interventions for these distressing symptoms.
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	eSAPS-PD
	Enhanced Scale for Assessment of Positive Symptoms in Parkinson’s Disease



	NMSs
	non-motor symptoms



	NMFs
	non-motor fluctuations



	NPI
	Neuropsychiatric Inventory



	OHs
	olfactory hallucinations



	PD
	Parkinson’s disease



	PSAS
	Psycho-Sensory hAllucinations Scale



	PsycH-Q
	Psychosis and Hallucinations Questionnaire



	RBD
	rapid eye movement sleep behavior disorder



	SAPS
	Schedule for Assessment of Positive Symptoms



	TDI
	threshold–discrimination–identification



	UM-PDHQ
	University of Miami Parkinson’s disease Hallucinations Questionnaire



	UPSIT
	University of Pennsylvania Smell Identification Test







References


	



Armstrong, M.J.; Okun, M.S. Diagnosis and Treatment of Parkinson Disease. JAMA 2020, 323, 548. [Google Scholar] [CrossRef]

	



Bloem, B.R.; Okun, M.S.; Klein, C. Parkinson’s Disease. Lancet 2021, 397, 2284–2303. [Google Scholar] [CrossRef]

	



Dorsey, E.R.; Elbaz, A.; Nichols, E.; Abbasi, N.; Abd-Allah, F.; Abdelalim, A.; Adsuar, J.C.; Ansha, M.G.; Brayne, C.; Choi, J.-Y.J.; et al. Global, Regional, and National Burden of Parkinson’s Disease, 1990–2016: A Systematic Analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2018, 17, 939–953. [Google Scholar] [CrossRef]

	



de Lau, L.M.; Breteler, M.M. Epidemiology of Parkinson’s Disease. Lancet Neurol. 2006, 5, 525–535. [Google Scholar] [CrossRef]

	



Belvisi, D.; Pellicciari, R.; Fabbrini, A.; Costanzo, M.; Pietracupa, S.; De Lucia, M.; Modugno, N.; Magrinelli, F.; Dallocchio, C.; Ercoli, T.; et al. Risk Factors of Parkinson Disease: Simultaneous Assessment, Interactions, and Etiologic Subtypes. Neurology 2020, 95, e2500–e2508. [Google Scholar] [CrossRef]

	



Schapira, A.H.V.; Chaudhuri, K.R.; Jenner, P. Non-Motor Features of Parkinson Disease. Nat. Rev. Neurosci. 2017, 18, 435–450. [Google Scholar] [CrossRef]

	



Belvisi, D.; Pellicciari, R.; Fabbrini, A.; Costanzo, M.; Ressa, G.; Pietracupa, S.; De Lucia, M.; Modugno, N.; Magrinelli, F.; Dallocchio, C.; et al. Relationship between Risk and Protective Factors and Clinical Features of Parkinson’s Disease. Park. Relat. Disord. 2022, 98, 80–85. [Google Scholar] [CrossRef]

	



Boesveldt, S.; Verbaan, D.; Knol, D.L.; Visser, M.; Van Rooden, S.M.; Van Hilten, J.J.; Berendse, H.W. A Comparative Study of Odor Identification and Odor Discrimination Deficits in Parkinson’s Disease. Mov. Disord. 2008, 23, 1984–1990. [Google Scholar] [CrossRef]

	



Haehner, A.; Boesveldt, S.; Berendse, H.W.; Mackay-Sim, A.; Fleischmann, J.; Silburn, P.A.; Johnston, A.N.; Mellick, G.D.; Herting, B.; Reichmann, H.; et al. Prevalence of Smell Loss in Parkinson’s Disease—A Multicenter Study. Park. Relat. Disord. 2009, 15, 490–494. [Google Scholar] [CrossRef]

	



Solla, P.; Masala, C.; Ercoli, T.; Frau, C.; Bagella, C.; Pinna, I.; Loy, F.; Defazio, G. Olfactory Impairment Correlates with Executive Functions Disorders and Other Specific Cognitive Dysfunctions in Parkinson’s Disease. Biology 2023, 12, 112. [Google Scholar] [CrossRef]

	



Hummel, T.; Whitcroft, K.L.; Andrews, P.; Altundag, A.; Cinghi, C.; Costanzo, R.M.; Damm, M.; Frasnelli, J.; Gudziol, H.; Gupta, N.; et al. Position Paper on Olfactory Dysfunction. Rhinol. J. 2017, 54, 1–30. [Google Scholar] [CrossRef]

	



Pellegrino, R.; Mainland, J.D.; Kelly, C.E.; Parker, J.K.; Hummel, T. Prevalence and Correlates of Parosmia and Phantosmia among Smell Disorders. Chem. Senses 2021, 46, bjab046. [Google Scholar] [CrossRef]

	



Savage, S.A.; Butler, C.R.; Milton, F.; Han, Y.; Zeman, A.Z. On the Nose: Olfactory Disturbances in Patients with Transient Epileptic Amnesia. Epilepsy Behav. 2017, 66, 113–119. [Google Scholar] [CrossRef]

	



Ercoli, T.; Masala, C.; Pinna, I.; Orofino, G.; Solla, P.; Rocchi, L.; Defazio, G. Qualitative Smell/Taste Disorders as Sequelae of Acute COVID-19. Neurol. Sci. 2021, 42, 4921–4926. [Google Scholar] [CrossRef]

	



Stevenson, R.J.; Langdon, R.; McGuire, J. Olfactory Hallucinations in Schizophrenia and Schizoaffective Disorder: A Phenomenological Survey. Psychiatry Res. 2011, 185, 321–327. [Google Scholar] [CrossRef]

	



Aarsland, D.; Ballard, C.; Larsen, J.P.; McKeith, I. A Comparative Study of Psychiatric Symptoms in Dementia with Lewy Bodies and Parkinson’s Disease with and without Dementia. Int. J. Geriat. Psychiatry 2001, 16, 528–536. [Google Scholar] [CrossRef]

	



Amar, B.R.; Yadav, R.; Janardhan Reddy, Y.C.; Pal, P. A Clinical Profile of Patients with Parkinson′s Disease and Psychosis. Ann. Indian Acad. Neurol. 2014, 17, 187. [Google Scholar] [CrossRef]

	



Arnulf, I.; Bonnet, A.M.; Damier, P.; Bejjani, B.P.; Seilhean, D.; Derenne, J.P.; Agid, Y. Hallucinations, REM Sleep, and Parkinson’s Disease. Neurology 2000, 55, 281–288. [Google Scholar] [CrossRef]

	



Bannier, S.; Berdagué, J.L.; Rieu, I.; De Chazeron, I.; Marques, A.; Derost, P.; Ulla, M.; Llorca, P.-M.; Durif, F. Prevalence and Phenomenology of Olfactory Hallucinations in Parkinson’s Disease. J. Neurol. Neurosurg. Psychiatry 2012, 83, 1019–1021. [Google Scholar] [CrossRef]

	



Barrett, M.J.; Smolkin, M.E.; Flanigan, J.L.; Shah, B.B.; Harrison, M.B.; Sperling, S.A. Characteristics, Correlates, and Assessment of Psychosis in Parkinson Disease without Dementia. Park. Relat. Disord. 2017, 43, 56–60. [Google Scholar] [CrossRef]

	



Chou, K.L.; Messing, S.; Oakes, D.; Feldman, P.D.; Breier, A.; Friedman, J.H. Drug-Induced Psychosis in Parkinson Disease. Clin. Neuropharmacol. 2005, 28, 215–219. [Google Scholar] [CrossRef]

	



Factor, S.A.; Scullin, M.K.; Sollinger, A.B.; Land, J.O.; Wood-Siverio, C.; Zanders, L.; Freeman, A.; Bliwise, D.L.; McDonald, W.M.; Goldstein, F.C. Cognitive Correlates of Hallucinations and Delusions in Parkinson’s Disease. J. Neurol. Sci. 2014, 347, 316–321. [Google Scholar] [CrossRef]

	



Fénelon, G.; Soulas, T.; Zenasni, F.; De Langavant, L.C. The Changing Face of Parkinson’s Disease-Associated Psychosis: A Cross-Sectional Study Based on the New NINDS-NIMH Criteria. Mov. Disord. 2010, 25, 763–766. [Google Scholar] [CrossRef]

	



Gu, R.; Zhu, J.; Zhong, M.; Jiang, Y.; Zhu, S.; Wang, Y.; Jiang, X.; Shen, B.; Yan, J.; Zhang, L.; et al. Characteristics of Sleep Structure in Parkinson’s Disease Patients with Hallucinations Based on Polysomnography. Front. Neurol. 2022, 13, 929569. [Google Scholar] [CrossRef]

	



Hirsch, A.R. Parkinsonism: The Hyposmia and Phantosmia Connection. Arch. Neurol. 2009, 66, 538. [Google Scholar] [CrossRef]

	



Kulick, C.V.; Montgomery, K.M.; Nirenberg, M.J. Comprehensive Identification of Delusions and Olfactory, Tactile, Gustatory, and Minor Hallucinations in Parkinson’s Disease Psychosis. Park. Relat. Disord. 2018, 54, 40–45. [Google Scholar] [CrossRef]

	



Landis, B.N.; Burkhard, P.R. Phantosmias and Parkinson Disease. Arch. Neurol. 2008, 65, 1237–1239. [Google Scholar] [CrossRef]

	



Lenka, A.; George, L.; Arumugham, S.S.; Hegde, S.; Reddy, V.; Kamble, N.; Yadav, R.; Pal, P.K. Predictors of Onset of Psychosis in Patients with Parkinson’s Disease: Who Gets It Early? Park. Relat. Disord. 2017, 44, 91–94. [Google Scholar] [CrossRef]

	



Mack, J.; Rabins, P.; Anderson, K.; Goldstein, S.; Grill, S.; Hirsch, E.S.; Lehmann, S.; Little, J.T.; Margolis, R.L.; Palanci, J.; et al. Prevalence of Psychotic Symptoms in a Community-Based Parkinson Disease Sample. Am. J. Geriatr. Psychiatry 2012, 20, 123–132. [Google Scholar] [CrossRef]

	



Marques, A.; Taylor, N.L.; Roquet, D.; Beze, S.; Chassain, C.; Pereira, B.; O’Callaghan, C.; Lewis, S.J.G.; Durif, F. Structural and Functional Correlates of Hallucinations and Illusions in Parkinson’s Disease. JPD 2022, 12, 397–409. [Google Scholar] [CrossRef]

	



Marsh, L.; Williams, J.R.; Rocco, M.; Grill, S.; Munro, C.; Dawson, T.M. Psychiatric Comorbidities in Patients with Parkinson Disease and Psychosis. Neurology 2004, 63, 293–300. [Google Scholar] [CrossRef]

	



McAuley, J.H.; Gregory, S. Prevalence and Clinical Course of Olfactory Hallucinations in Idiopathic Parkinson’s Disease. J. Park. Dis. 2012, 2, 199–205. [Google Scholar] [CrossRef]

	



Mehanna, R.; Chandra, S.; Furr-Stimming, E.; Schiess, M. Olfactory Hallucinations as a Non-Motor Sign of Parkinson’s Disease—A Cross Sectional Study amongst Patients in a Tertiary Movement Disorder Center. Park. Relat. Disord. 2022, 99, 30–32. [Google Scholar] [CrossRef]

	



Muller, A.J.; Mills, J.M.Z.; O’Callaghan, C.; Naismith, S.L.; Clouston, P.D.; Lewis, S.J.G.; Shine, J.M. Informant- and Self-Appraisals on the Psychosis and Hallucinations Questionnaire (PsycH-Q) Enhances Detection of Visual Hallucinations in Parkinson’s Disease. Mov. Disord. Clin. Pract. 2018, 5, 607–613. [Google Scholar] [CrossRef]

	



Omoto, S.; Murakami, H.; Shiraishi, T.; Bono, K.; Umehara, T.; Iguchi, Y. Risk Factors for Minor Hallucinations in Parkinson’s Disease. Acta Neurol. Scand. 2021, 143, 538–544. [Google Scholar] [CrossRef]

	



Pagonabarraga, J.; Martinez-Horta, S.; Fernández de Bobadilla, R.; Pérez, J.; Ribosa-Nogué, R.; Marín, J.; Pascual-Sedano, B.; García, C.; Gironell, A.; Kulisevsky, J. Minor Hallucinations Occur in Drug-Naive Parkinson’s Disease Patients, Even from the Premotor Phase: Minor Hallucinations in Untreated PD Patients. Mov. Disord. 2016, 31, 45–52. [Google Scholar] [CrossRef]

	



Papapetropoulos, S.; Katzen, H.; Schrag, A.; Singer, C.; Scanlon, B.K.; Nation, D.; Guevara, A.; Levin, B. A Questionnaire-Based (UM-PDHQ) Study of Hallucinations in Parkinson’s Disease. BMC Neurol. 2008, 8, 21. [Google Scholar] [CrossRef]

	



Rai, N.; Goyal, V.; Kumar, N.; Shukla, G.; Singh, S.; Behari, M.; Srivastava, A. Neuropsychiatric Co-Morbidities in Non-Demented Parkinson′s Disease. Ann. Indian Acad. Neurol. 2014, 26, 619–620. [Google Scholar] [CrossRef]

	



Shine, J.M.; Mills, J.M.Z.; Qiu, J.; O’Callaghan, C.; Terpening, Z.; Halliday, G.M.; Naismith, S.L.; Lewis, S.J.G. Validation of the Psychosis and Hallucinations Questionnaire in Non-demented Patients with Parkinson’s Disease. Mov. Disord. Clin. Pract. 2015, 2, 175–181. [Google Scholar] [CrossRef]

	



Solla, P.; Masala, C.; Pinna, I.; Ercoli, T.; Loy, F.; Orofino, G.; Fadda, L.; Defazio, G. Frequency and Determinants of Olfactory Hallucinations in Parkinson’s Disease Patients. Brain Sci. 2021, 11, 841. [Google Scholar] [CrossRef]

	



Svetel, M.; Smiljković, T.; Pekmezović, T.; Kostić, V. Hallucinations in Parkinson’s Disease: Cross-Sectional Study. Acta Neurol. Belg. 2012, 112, 33–37. [Google Scholar] [CrossRef]

	



Tousi, B.; Frankel, M. Olfactory and Visual Hallucinations in Parkinson’s Disease. Park. Relat. Disord. 2004, 10, 253–254. [Google Scholar] [CrossRef]

	



Whitehead, D.L.; Davies, A.D.M.; Playfer, J.R.; Turnbull, C.J. Circadian Rest-Activity Rhythm Is Altered in Parkinson’s Disease Patients with Hallucinations. Mov. Disord. 2008, 23, 1137–1145. [Google Scholar] [CrossRef]

	



Zhang, Y.; Zhang, G.Y.; Zhu, X.B.; Zhang, Z.E.; Gan, J.; Liu, Z.G. Clinical Characteristics of Minor Hallucinations in Chinese Parkinson’s Disease Patients. Front. Aging Neurosci. 2022, 13, 723405. [Google Scholar] [CrossRef]

	



Schutte, M.J.L.; Linszen, M.M.J.; Marschall, T.M.; Ffytche, D.H.; Koops, S.; Van Dellen, E.; Heringa, S.M.; Slooter, A.J.C.; Teunisse, R.; Van Den Heuvel, O.A.; et al. Hallucinations and Other Psychotic Experiences across Diagnoses: A Comparison of Phenomenological Features. Psychiatry Res. 2020, 292, 113314. [Google Scholar] [CrossRef]

	



Llorca, P.M.; Pereira, B.; Jardri, R.; Chereau-Boudet, I.; Brousse, G.; Misdrahi, D.; Fénelon, G.; Tronche, A.-M.; Schwan, R.; Lançon, C.; et al. Hallucinations in Schizophrenia and Parkinson’s Disease: An Analysis of Sensory Modalities Involved and the Repercussion on Patients. Sci. Rep. 2016, 6, 38152. [Google Scholar] [CrossRef]

	



Toh, W.L.; Yolland, C.; Gurvich, C.; Barnes, J.; Rossell, S.L. Non-Visual Hallucinations in Parkinson’s Disease: A Systematic Review. J. Neurol. 2023, 270, 2857–2889. [Google Scholar] [CrossRef]

	



Goetz, C.G.; Stebbins, G.T.; Ouyang, B. Visual plus Nonvisual Hallucinations in Parkinson’s Disease: Development and Evolution over 10 Years: Visual Plus Nonvisual Hallucinations in PD. Mov. Disord. 2011, 26, 2196–2200. [Google Scholar] [CrossRef]

	



Goetz, C.G.; Vogel, C.; Tanner, C.M.; Stebbins, G.T. Early Dopaminergic Drug-Induced Hallucinations in Parkinsonian Patients. Neurology 1998, 51, 811–814. [Google Scholar] [CrossRef]

	



Mehanna, R.; Furr-Stimming, E.; Schiess, M. Not Just a Difference in Perception: What If Olfactory Hallucinations Are More Frequent That Previously Reported in Parkinson’s Disease Patients? Park. Relat. Disord. 2022, 102, 142–143. [Google Scholar] [CrossRef]

	



Solla, P.; Masala, C.; Pinna, I.; Frau, C.; Ercoli, T.; Defazio, G. Olfactory Hallucinations in Parkinson’s Disease Patients and the Role of Their Evaluation in Clinical Practice. Park. Relat. Disord. 2022, 102, 141. [Google Scholar] [CrossRef] [PubMed]

	



Scarmeas, N.; Brandt, J.; Albert, M.; Hadjigeorgiou, G.; Papadimitriou, A.; Dubois, B.; Sarazin, M.; Devanand, D.; Honig, L.; Marder, K.; et al. Delusions and Hallucinations Are Associated with Worse Outcome in Alzheimer Disease. Arch. Neurol. 2005, 62, 1601–1608. [Google Scholar] [CrossRef] [PubMed]

	



El Haj, M.; Larøi, F. Olfactory Hallucinations in Alzheimer’s Disease. Acta Neuropsychiatr. 2021, 33, 37–42. [Google Scholar] [CrossRef] [PubMed]

	



Miyamoto, T.; Miyamoto, M.; Iwanami, M.; Hirata, K.; Kobayashi, M.; Nakamura, M.; Inoue, Y. Olfactory Dysfunction in Idiopathic REM Sleep Behavior Disorder. Sleep Med. 2010, 11, 458–461. [Google Scholar] [CrossRef] [PubMed]

	



Abraham, A.; Bay, A.A.; Ni, L.; Schindler, N.; Singh, E.; Leeth, E.; Bozorg, A.; Hart, A.R.; Hackney, M.E. Gender Differences in Motor and Non-Motor Symptoms in Individuals with Mild-Moderate Parkinson’s Disease. PLoS ONE 2023, 18, e0272952. [Google Scholar] [CrossRef] [PubMed]

	



Santos-García, D.; Laguna, A.; Hernández-Vara, J.; De Deus Fonticoba, T.; Cores Bartolomé, C.; Feal Painceiras, M.J.; Íñiguez-Alvarado, M.C.; García Díaz, I.; Jesús, S.; Boungiorno, M.T.; et al. Sex Differences in Motor and Non-Motor Symptoms among Spanish Patients with Parkinson’s Disease. J. Clin. Med. 2023, 12, 1329. [Google Scholar] [CrossRef]

	



Solla, P.; Masala, C.; Liscia, A.; Piras, R.; Ercoli, T.; Fadda, L.; Hummel, T.; Haenher, A.; Defazio, G. Sex-Related Differences in Olfactory Function and Evaluation of Possible Confounding Factors among Patients with Parkinson’s Disease. J. Neurol. 2019, 267, 57–63. [Google Scholar] [CrossRef]

	



Thomas, G.E.; Zeidman, P.; Sultana, T.; Zarkali, A.; Razi, A.; Weil, R.S. Changes in Both Top-down and Bottom-up Effective Connectivity Drive Visual Hallucinations in Parkinson’s Disease. Brain Commun. 2023, 5, fcac329. [Google Scholar] [CrossRef]

	



Weil, R.; Reeves, S. Hallucinations in Parkinson’s Disease: New Insights into Mechanisms and Treatments. ACNR 2020, 19, 20–22. [Google Scholar] [CrossRef]

	



Powell, A.; Matar, E.; Lewis, S.J.G. Treating Hallucinations in Parkinson’s Disease. Expert Rev. Neurother. 2022, 22, 455–468. [Google Scholar] [CrossRef]

	



Franke, C.; Storch, A. Nonmotor Fluctuations in Parkinson’s Disease. In International Review of Neurobiology; Elsevier: Amsterdam, The Netherlands, 2017; Volume 134, pp. 947–971. ISBN 978-0-12-812603-5. [Google Scholar]

	



Ercoli, T.; Masala, C.; Cadeddu, G.; Mascia, M.M.; Orofino, G.; Gigante, A.F.; Solla, P.; Defazio, G.; Rocchi, L. Does Olfactory Dysfunction Correlate with Disease Progression in Parkinson’s Disease? A Systematic Review of the Current Literature. Brain Sci. 2022, 12, 513. [Google Scholar] [CrossRef] [PubMed]








[image: Neurolint 16 00002 g001] 





Figure 1. Study flow chart depicting the phases of this systematic review according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram guidelines. 
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Table 1. Information on the 29 studies included in this systematic review.
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Ref

	
Authors

	
Year of Publication

	
Study Design

	
Sample Size

	
Number of Patients with OHs (%)






	
[16]

	
Aarsland et al.

	
2001

	
cross-sectional

	
83 PD without dementia and 48 PDD

	
1 (1%) PD and 3 PDD (6%)




	
[17]

	
Amar et al.

	
2014

	
cross-sectional

	
40 PD

	
1 (2.5%)




	
[18]

	
Arnulf et al.

	
2000

	
case report

	
1 PD

	
1




	
[19]

	
Bannier et al.

	
2012

	
cross-sectional

	
87 PD

	
9 (10%)




	
[20]

	
Barrett et al.

	
2017

	
cross-sectional

	
101 PD

	
4 (4%)




	
[21]

	
Chou et al.

	
2005

	
baseline data from 2 studies on PD patients with drug-induced psychosis

	
160 PD

	
25 (16%)




	
[22]

	
Factor et al.

	
2014

	
cross-sectional

	
144 PD

	
7 (4.9%)




	
[23]

	
Fenelon et al.

	
2010

	
cross-sectional

	
116 PD

	
13 (11%)




	
[24]

	
Gu et al.

	
2022

	
cross-sectional

	
278 PD

	
4 (5.2%)




	
[25]

	
Hirsch et al.

	
2009

	
case report

	
1 PD

	
1




	
Burkhard and Landis

	
2009

	
case report

	
1 PD

	
1




	
[26]

	
Kulick et al.

	
2018

	
cross-sectional

	
199 PD

	
11 (5.5%)




	
[27]

	
Landis and Burkhard

	
2008

	
case series

	
1 PD

	
1




	
1 PD

	
1




	
[28]

	
Lenka et al.

	
2017

	
cross-sectional

	
51 PD

	
1 (1.9%)




	
[29]

	
Mack et al.

	
2012

	
cross-sectional

	
250 PD

	
5 (2%)




	
[30]

	
Marques et al.

	
2022

	
cross-sectional

	
62 PD

	
5 (8%)




	
[31]

	
Marsh et al.

	
2004

	
cross-sectional

	
116 PD

	
3 (2.6%)




	
[32]

	
McAuley and Gregory

	
2012

	
cross-sectional plus case description

	
188 PD

	
4 (2.1%) at baseline and 2 (1%) at follow-up




	
[33]

	
Mehanna et al.

	
2022

	
cross-sectional

	
137 PD

	
25 (18.2%)




	
[34]

	
Muller et al.

	
2018

	
cross-sectional

	
163 PD

	
15 (9%)




	
[35]

	
Omoto et al.

	
2020

	
cross-sectional

	
100 PD

	
2 (2%)




	
[36]

	
Pagonabarraga et al.

	
2015

	
baseline data from a longitudinal study

	
50 PD

	
2 (4%)




	
[37]

	
Papapetropoulos et al.

	
2008

	
cross-sectional

	
70 PD

	
5 (7.1%)




	
[38]

	
Rai et al.

	
2015

	
cross-sectional

	
126 PD

	
2 (1.6%)




	
[39]

	
Shine et al.

	
2014

	
cross-sectional

	
197 PD

	
18 (9%)




	
[40]

	
Solla et al.

	
2021

	
cross-sectional

	
141 PD

	
16 (11.3%)




	
[41]

	
Svetel et al.

	
2012

	
cross-sectional

	
180 PD

	
1 (0.5%)




	
[42]

	
Tousi and Frankel

	
2004

	
case report

	
1 PD

	
1




	
[43]

	
Whitehead et al.

	
2008

	
case series

	
50 PD

	
3 (6%)




	
[44]

	
Zhang et al.

	
2022

	
cross-sectional

	
149

	
8.1%











 





Table 2. Questionnaire for the identification and evaluation of olfactory hallucinations in Parkinson’s disease patients.
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Question Category

	
Question

	
Scoring






	
Symptom Assessment

	
Have you experienced any unusual or abnormal smells that others do not seem to notice? (Yes/No)

	
Yes: 1 point; No: 0 points




	
Symptom Description

	
Describe whether these smells are pleasant or unpleasant.

	
N/A




	
Describe the nature of these smells (e.g., foul, sweet, burning, chemical).

	
N/A




	
Frequency

	
How often do you experience these smells? (Daily, Weekly, Monthly)

	
Daily: 3 points; Weekly: 2 points; Monthly: 1 point; Never: 0 points




	
Onset

	
How long have you noticed these smells?

	
<6 months: 1 point; 6–12 months: 2 points; >12 months: 3 points




	
Consistency

	
Do these smells occur at specific times, or are they random? (Specific Times/Random)

	
Specific Times: 2 points; Random: 1 point




	
Correlation with PD

	
Do you notice these smells more during certain states of your PD (e.g., ON/OFF states)? (Yes/No)

	
Yes: 2 points; No: 0 points




	
State Description

	
If yes, please describe these states and their relation to the smells.

	
N/A




	
Impact on Daily Life

	
Do these smells affect your eating habits? (Yes/No)

	
Yes: 1 point; No: 0