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Multiple System Atrophy (MSA) is a rare neurodegenerative disease, clinically defined by a combination of autonomic dysfunction and motor involvement, that may be predominantly extrapyramidal (MSA-P) or cerebellar (MSA-C). Although dementia is generally considered a red flag against the clinical diagnosis of MSA, in the last decade the evidence of cognitive impairment in MSA patients has been growing. Cognitive dysfunction appears to involve mainly, but not exclusively, executive functions, and may have different characteristics and progression in the two subtypes of the disease (i.e., MSA-P and MSA-C). Despite continued efforts, combining in-vivo imaging studies as well as pathological studies, the physiopathological bases of cognitive involvement in MSA are still unclear. In this view, the possible link between cardiovascular autonomic impairment and decreased cognitive performance, extensively investigated in PD, needs to be clarified as well. In the present study, we evaluated a cohort of 20 MSA patients (9 MSA-P, 11 MSA-C) by means of a neuropsychological battery, hemodynamic assessment (heart rate and arterial blood pressure) during rest and active standing and bedside autonomic function tests assessed by heart rate variability (HRV) parameters and sympathetic skin response (SSR) in the same experimental session. Overall, global cognitive functioning, as indicated by the MoCA score, was preserved in most patients. However, short- and long-term memory and attentional and frontal-executive functions were moderately impaired. When comparing MSA-P and MSA-C, the latter obtained lower scores in tests of executive functions and verbal memory. Conversely, no statistically significant difference in cardiovascular autonomic parameters was identified between MSA-P and MSA-C patients. In conclusion, moderate cognitive deficits, involving executive functions and memory, are present in MSA, particularly in MSA-C patients. In addition, our findings do not support the role of dysautonomia as a major driver of cognitive differences between MSA-P and MSA-C.
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INTRODUCTION

Multiple system atrophy (MSA) is a rare pleiotropic neurodegenerative disease, belonging to the broad family of α-synucleinopathies. Its clinical hallmark is the combination of progressive autonomic dysfunction with extrapyramidal and/or cerebellar signs, depicting two distinct motor phenotypes, MSA-P and MSA-C (1). Like other α-synucleinopathies, namely Parkinson's Disease (PD) and Dementia with Lewy Bodies (DLB), the clinical spectrum of MSA encompasses a wide range of non-motor symptoms (NMS), including behavioral and cognitive involvement. Dementia, as defined by the DSM-IV criteria, is a non-supporting feature in the current clinical diagnostic criteria for MSA (2). Nevertheless, the evidence of cognitive impairment among MSA patients has been growing over the years. In fact, dementia may be present in up to 15% of neuropathologically proven MSA patients, generally appearing in the later phases of the disease (3, 4). Moreover, about one-third of patients present a mild cognitive impairment even in the initial stages (5), particularly affecting executive functions, but possibly involving other domains, like memory, visuospatial, and constructional functions (6–8). Given such a high frequency of cognitive involvement, neuropsychological assessment should be a part of the diagnostic work-up of MSA patients. Comparative studies on cognitive functions in MSA-P and MSA-C have observed controversial results and the neuropsychological profile of these subsets of patients remains poorly characterized (9, 10).

Neuropathological findings and in-vivo imaging studies suggest the hypothesis that cognitive decline in MSA originates from frontostriatal dysfunction, however cortical and cerebellar degeneration may further contribute to the decline. Patients with cognitive decline have also been shown to have a greater burden of neuronal cytoplasmic inclusions (NCI) in the dentate gyrus in neuropathologic assessment, compared with patients without cognitive decline (7).

The possible role of cardiovascular dysautonomia in the development of MSA cognitive decline, suggested by previous studies in PD, remains to be clarified. Interestingly, in a systematic review, a possible association between orthostatic hypotension (OH) and cognitive impairment in α-synucleinopathies has been illustrated, even if the underlying mechanisms are unclear (11). While some authors argued that cardiovascular dysautonomia is a risk factor for cognitive impairment in MSA (5, 12), the clinicopathological study by O'Sullivan et al. (4) did not confirm this link, being autonomic dysfunction a predictor of shorter time to death, but not of cognitive dysfunction.

Even though dysautonomic manifestations are a cardinal clinical feature of the disease and are regularly investigated during the neurological examination, the neurophysiological and cardiovascular techniques assessing the autonomic nervous system (ANS), like tilt table testing, are not easily accessible in daily clinical routine. On the other hand, the active standing test is a simple test to be performed at the bedside or in an outpatient setting in order to assess the cardiovascular autonomic control (13, 14) and several bedside autonomic assessments have been developed in the last years, with possible simpler use in daily clinical practice. Among them, heart rate variability (HRV), the variation in time intervals between heartbeats, is a non-invasive and sensitive indicator of autonomic alterations. and it can represent a measure of the global ability of the ANS to adapt to endogenous and external stimuli, with a particular value in neurological disorders involving the ANS, including PD and MSA (15). Similarly, Sympathetic Skin Response (SSR) is an easily obtainable index of sympathetic sudomotor function and is defined as the momentary change of the electrical potential of the skin (16), and has been used as a possible marker of autonomic dysfunction in both PD (17, 18) and MSA (19).

The present study aims to assess the cognitive performances of patients suffering from either MSA-P or MSA-C and their cardiovascular and cutaneous autonomic function, in the same experimental session, and subsequently explore a potential link between the cognitive profile and dysautonomia.



MATERIALS AND METHODS


Study Design and Population

Patients fulfilling the diagnosis of either probable MSA-P or MSA-C, according to current criteria (2), assessed at the Movement Disorders outpatient clinic of Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico between December 2021 and January 2022 were included. For all patients, available brain Magnetic Resonance Imaging (MRI) was consistent with the clinical diagnosis of MSA.

The absence of stable sinus rhythm on ECG, history of coronary artery disease, the presence of cardiac stimulators, onco-hematological conditions, ongoing acute clinical conditions, and consent refusal were considered exclusion criteria. Every patient underwent a single assessment: each experimental session consisted of a neurologic evaluation, a 20 min ECG, blood pressure and respiratory monitoring. Subsequently, a complete neuropsychological assessment was performed. All the experimental sessions took place between 8 a.m. and 1 p.m. The protocol was approved by the local Ethics Committee (Comitato Etico Milano Area 2, approval document number: 1253_2021) and it was developed in accordance with the Declaration of Helsinki. All the subjects signed informed written consent prior to study participation.



Clinical Evaluation

All patients underwent a complete neurologic evaluation, performed by a Neurologist trained in Movement Disorders. They were staged with Hohen and Yahr (H&Y) scale (20). The Unified Multiple System Atrophy Scale (UMSARS) was administered to evaluate disease severity (21). For each enrolled patient, the following information was collected: age at evaluation and at onset of motor symptoms, sex, disease duration, years of education, presence of non-motor symptoms (RBD, constipation, urinary disturbs) and of cardiovascular comorbidities, use of L-Dopa, L-Dopa daily dose, use of dopamine agonists, L-Dopa equivalent daily dosage (LEDD) (22, 23), use of antihypotensive drugs.



Physiological Recordings and Cardiovascular Autonomic Control Assessment

Cardiovascular recordings were performed with spontaneous breathing in the supine position for 10 min and during active standing for 10 min. All participants were asked to avoid consuming food, caffeine, anti-hypertensive and anti-hypotensive drugs in the 2 h before the recording session and carrying out physical exercise the day before. ECG (lead II) and respiration through a thoracic piezoelectric belt were recorded with a sampling frequency of 250 Hz, using an ad hoc telemetric system device (Equivital, ADInstruments, Sydney, Australia).

Intermittent arterial blood pressure was measured with a validated automated cuff sphygmomanometer over the brachial artery in supine position after 5 and 10 min and 3 and 5 min after assuming the orthostatic position. Intermittent heart rate (HR) values were also recorded at the same time points. The mean values of blood pressure and HR in supine position were considered for the baseline assessment. The drop in systolic blood pressure (SBP) and diastolic blood pressure (DBP) was calculated at the third minute of active standing through the function ΔSPB/ΔDBP = (BPSUP - BP3′ORT). Changes in HR between clinostatism and the third minute of active standing were also evaluated.

All measurements were performed in a quiet and temperature-controlled room (between 22 and 24°C), and all patients had a normal body temperature during the recordings (between 35.5 and 36.5°C).

Segments of 250 ± 50 beats were selected from each ECG signal, one at rest and one in the orthostatic position, for the analysis of HRV. Non-linear symbolic analysis was applied through a specific software (Heart Scope II, AMPS, ITA) in order to assess the cardiovascular autonomic control. In pathological conditions and in presence of dysautonomia, non-linear symbolic analysis seems to be more flexible in detecting the activity of the two autonomic branches than classical HRV analysis methods such as spectral analysis. As a matter of fact, symbolic analysis was found suitable to assess non-reciprocal changes in sympathetic and parasympathetic modulation on heart period time series, especially in patients characterized by low global variability (24, 25). Furthermore, as it is focused on short patterns in the R-R interval series, this type of analysis has been proposed to be more accurate for the study of short non-linear HRV instabilities.

Thus, the R-R time series was converted into a sequence of symbols that was divided into 3-beat patterns. Patterns were classified into 4 families: (a) 0V, patterns with no variation, all 3 symbols are equal (e.g., 4-4-4); (b) 1V, patterns with 1 variation, 2 consecutive symbols are equal forming a 2-beat plateau, while the remaining one is different (e.g., 2-2-5); (c) 2LV, patterns with 2 like variations, all symbols are different from the previous one and they are in ascending or descending order (e.g., 1-3-4); (d) 2UV, patterns with 2 unlike variations, all symbols are different from the previous one but not in a consequent order (e.g., 2-5-1). The percentage of the patterns 0V is a marker of cardiac sympathetic modulation and 2UV or 2LV are markers of cardiac vagal modulation (26).

Neurogenic supine hypertension (SH) was defined, according to current guidelines, as an SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg in supine position (27). OH was defined, according to current guidelines, as an SBP fall of ≥ 20 mmHg and/or a DBP fall of ≥ 10 mmHg within 3 min of standing (28).



Sympathetic Skin Response

SSR of bilateral upper and lower limbs was measured using a multichannel computerized electromyograph by a trained neurophysiologist. The stimulator was placed over a median nerve at the wrist with a stimulation intensity of 20 mA for 0.2 ms. Surface electrodes were placed on the palms and plants of the right limbs, with reference electrodes placed on the corresponding dorsal regions. The filter setting was 0.5–2,000 Hz. For each limb, three recordings were performed with stimulus intervals between 30 and 60 s. The widest amplitude and its corresponding latency were measured. The response was considered absent when no change larger than 50 μV could be observed in any of the three recordings in 2 s following a stimulus. Of note, only 16 patients of the total cohort could be registered.



Neuropsychological Evaluation

All patients underwent a series of standardized and validated neuropsychological tests during a single session lasting <2 h. The neuropsychological test battery was composed of fifteen commonly used neuropsychological tests evaluating: global cognitive functioning (Montreal Cognitive Assessment) (29), attention (Attentional Matrices, Trail Making Test) (30, 31), verbal fluency (Phonemic and Semantic Fluency) (32), memory (Digit Span and Corsi Block forward and backward, Prose Memory) (30), deductive reasoning (Raven's Colored Progressive Matrices) (33), praxis (Copying of Figures) (30) and frontal lobe/executive functions (Verbal and Alternate Fluency, Frontal Assessment Battery, Paced Auditory Serial Addition Task, Stroop Test, Clock Drawing Test) (32, 34–37).



Statistical Analysis

Data were analyzed using SPSS Statistics 27 (IBM, Armonk, New York, USA). The Shapiro-Wilk test was used to evaluate the normal distribution of the data. For descriptive analysis, results were expressed as absolute frequency, relative frequency, means and standard error. The Student t-test was performed to compare normally distributed cardiovascular parameters. The Wilcoxon-Mann-Whitney non-parametric test was used to compare non-normally distributed cardiovascular parameters and performances at neuropsychological tests between the two groups of patients (MSA-P vs. MSA-C). Partial correlation analyses, controlling for age, years of education and disease duration, between neuropsychological tests and clinical variables (i.e., UMSARS scales, ΔSBP, ΔDBP, and ΔHR) were also conducted for both groups. *p < 0.05 was considered statistically significant.




RESULTS

The demographic and clinic characteristics of MSA patients are detailed in Table 1. A total of 20 MSA patients were enrolled, of those 9 had a parkinsonian phenotype and 11 a cerebellar one. Thirteen patients (65%) were male, and the mean age at evaluation was 60.3 years (±7.6).


Table 1. Demographic and clinical features of MSA-P and MSA-C patients.
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The average age of disease onset was 56.5 years (±7.6), with a mean disease duration at evaluation of 3.9 years (±2.0), without any significant difference between MSA-P and MSA-C patients.

The two cohorts showed similar disease severity, assessed by H&Y and UMSARS scale, and comparable frequency of non-motor symptoms (NMS).

As expected, L-dopa therapy was used more frequently in MSA-P patients (p = 0.038).

The mean number of years of education was 12.68 (±4.3), uniform in the two groups of patients.

The results of bedside autonomic and hemodynamic tests performed in the two cohorts are outlined in Table 2.


Table 2. Cardiovascular and cutaneous dysautonomia evaluation in MSA-P and MSA-C patients.
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No statistically significant differences in arterial blood pressure at rest and in arterial blood pressure changes in response to the active standing test were identified between MSA-P and MSA-C patients. OH was present in a majority of patients in both subsets (respectively, 89 and 64%, p = 0.221), while SH was present in less than half of the cases, even though mean values of both SBP and DBP were just above the cut-off values for the definition of SH.

Symbolic HRV parameters at rest did not differ significantly in the two subgroups, considering both sympathetic (0V%) and parasympathetic (2LV% and 2UV%) modulation.

SSR was abnormal in similar proportions in the two subgroups, in both sites of registration (hand and foot).

Table 3 presents the scores obtained at neuropsychological tests by MSA-P and -C patients. Overall, MoCA scores were within normal limits, with only one person reaching a borderline score, according to updated norms (38).


Table 3. Cognitive performances of MSA-P and MSA-C patients at neuropsychological tests.
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The most affected cognitive domains, with abnormal scores in 10 to 25% of patients, were short- and long-term memory (Digit Span, Corsi block, Prose Memory) and especially attentional and frontal-executive functions (Trail Making Test, Attentional Matrices, Verbal Fluency, Clock Drawing Test, FAB and PASAT).

When comparing MSA-C and MSA-P patients, we found significant differences in the performances at the following tests: Attentional Matrices (U = 16.5, p = 0.045), Trail Making Test part B (U = 14.5, p = 0.045) and B-A (U = 13.5, p = 0.035), Clock Drawing Test (U = 16, p = 0.029) and Frontal Assessment Battery (U = 19, p = 0.034). Notably, MSA-C patients obtained lower scores in all the above-mentioned tests, as shown in Table 3.

To conduct a partial correlation analysis between the neuropsychological scores and measured clinical variables, we grouped the neuropsychological tests administered into the following three categories: attentive-executive (Attentional Matrices, Trail Making Test, Alternate Fluency, Digit Span backward, Corsi Block backward, Frontal Assessment Battery, Paced Auditory Serial Addition Task, Stroop Test, and Clock Drawing Test), memory (Digit Span forward, Corsi Block forward and Prose Memory) and visuospatial (Raven's Colored Progressive Matrices, Corsi Block forward and backward, Copying of Figures, Clock Drawing Test). Almost no significant correlations were found between the three categories of neuropsychological tests and clinical variables, including autonomic functioning, as expressed by ΔSBP, ΔDBP, and ΔHR upon standing (all > p = 0.05). as shown in Table 4. There was only one negative association between the scores obtained at neuropsychological tests involving visuospatial abilities and ΔDBP in MSA-P patients.


Table 4. Partial correlations between clinical variables and scores obtained at neuropsychological tests (divided by cognitive function).
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DISCUSSION

The aim of this study was the evaluation, in the same experimental session of cognitive performances and autonomic dysfunction in MSA-P and MSA-C patients and to compare the results of these two groups. This is, to our knowledge, the first study assessing cognitive and autonomic functions in the same experimental session. Overall, MSA-C patients reached lower scores in tests of executive functions and verbal memory, no statistically significant difference in cardiovascular autonomic parameters was identified between MSA-P and MSA-C patients.

On the one hand, Brown et al. showed that, when confirming neuropathologically the clinical diagnosis of MSA, patients who had cognitive impairment were significantly more often misdiagnosed than patients without cognitive impairment (35.6 vs. 5.6%) (9), being the final pathologic diagnosis of misdiagnosed patients progressive supranuclear palsy, DLB and amyotrophic lateral sclerosis. On the other hand, 59% of pathologically proven MSA patients that received a different clinical diagnosis during life had cognitive impairment (7). This highlights the importance of the characterization of specific features of cognitive dysfunctions in MSA patients and their role in the differential diagnosis with other neurodegenerative disorders. Moreover, only a few studies have performed a longitudinal follow up on neuropsychological assessment in MSA patients (12, 39–41), showing significant worsening over time only in subgroups of patients, suggesting a possible individual predisposition, thus making it essential to identify possible clinical predictors for the development of cognitive impairment.

The present cohort showed a good performance of general cognitive functioning, as assessed with MoCA. However, we found that 40% of the patients met the mild cognitive impairment (MCI) diagnostic criteria (42). Indeed, even in the absence of dementia, we found impaired or borderline scores in different cognitive domains, especially in attentional, memory and frontal-executive ones. This result matches those observed in earlier studies that have shown mild cognitive deficits in MSA patients (7). Other studies have used Mini Mental State Examination (MMSE) as a screening tool for cognitive impairment in MSA patients, finding it abnormal generally in less than a quarter of patients (5, 43). FAB was abnormal in 10% of patients, slightly lower than what was previously found in other cohorts (ranging from 32 to 42%) (5, 43–45).

The comparison of the two groups at neuropsychological tests showed that MSA-C patients had worse performances at executive tests than MSA-P. This prominent executive dysfunction is manifested by impairment in mental flexibility, attentional set-shifting, automatic response generation, abstract thinking and planning. The first studies assessing cognition in MSA patients were mostly focusing on the MSA-P subgroup, compared to PD patients, describing frequently mild to moderate deficits in executive functions, attention and phonemic fluency, and less frequent involvement of semantic fluency and visuospatial functions (46–52). Others described MSA-C patients' features, again underlining the presence of frontal-executive dysfunction (53, 54). Since 2008, with the study by Kawai et al. numerous attempts have been made to dissect the peculiar cognitive profiles of the parkinsonian and cerebellar phenotypes, with discordant results. Some could find no significant difference between the two cohorts (7, 12, 43, 55, 56), while others outlined a more severe and widespread cognitive dysfunction in MSA-P patients on neuropsychological batteries (9, 57, 58), but also when screening very large numbers of patients with MoCA (59). Nevertheless, results from other groups seem in line with our findings. For instance, Eschlböck et al. (45) found that MSA-C patients performed significantly worse than MSA-P in executive functions, screened with FAB and in phonological verbal fluency, confirming previous reports of a predominance of attentional and executive deficits in MSA-C (10, 60). The performances of the two subgroups may also be affected by different frequencies of depression and anxiety (61). Interestingly, Santangelo et al. in a recent longitudinal report, identify possible differences in the evolution of cognitive dysfunction in the two subtypes, with a significant worsening in prose memory, spatial planning, repetition abilities and functional autonomy in MSA-P, and on the other hand a more severe deterioration in a less widespread fashion, mainly in cognitive tests assessing spatial planning and psychomotor speed in MSA-C (55). This finding was not identified in a previous report on a smaller cohort (41). Thus, the possible divergence of the cognitive decline depending on the motor phenotype has to be confirmed in future prospective studies on a larger number of patients. If confirmed, one may speculate that this discrepancy may be due to differences in the topographic progression of the neurodegeneration in the two motor phenotypes.

To date, the pathogenic bases of the cognitive impairment found in MSA patients still need to be clarified. The general concept of “subcortical dementia” may somewhat explain cognitive features of MSA, with a disruption of striato–pallido–thalamocortical circuits due to the prominent degeneration of substantia nigra and putamen (62). Neuropathologic studies have also identified prominent cortical degeneration, especially in frontal lobes (63, 64). 18F-fluorodeoxyglucose PET imaging studies have suggested a possible correlation between the severity of cognitive impairment in MSA-P patients and hypoperfusion in the dorsolateral prefrontal cortex (9), and hypometabolism in the frontal gyrus and cerebellum may correlate with the severity of cognitive impairments in attention, executive function, and language domains in both subtypes (58). Moreover, frontal atrophy detected by MRI in MSA patients with cognitive impairment compared with those without cognitive impairment has been described (65), and memory scores may correlate with prefrontal lobe atrophy (10). Gray matter volume measurement analysis assessed voxel-based morphometry suggests an even more precise correlation between cognitive performances and involvement of specific cortical and subcortical areas: in particular, Dash et al. recently reported an association between executive dysfunction, attention, and verbal working memory and reduced gray matter volumes in the frontal lobe, insula, and thalamus, of new learning with right superior and middle frontal gyrus volumes, immediate and delayed recall with temporal lobe, cingulate gyrus, caudate and cerebellum volumes (56). If confirmed in larger cohorts, these findings may help have a more precise description of the anatomic correlates of cognitive dysfunction in the two phenotypes. A central role of the cerebellum in cognition has been dissected over the years (66), and a significant correlation between cerebellar atrophy and cognitive dysfunction has been demonstrated in both MSA-C (67) and MSA-P (68). As a matter of fact, cerebellar output has been proved to influence the activity of prefrontal cortex and anterior cingulate cortex through thalamic connections, contributing to the regulation of flexible control, post-error processing and working memory. The precocious disruption of the cerebello-thalamo-cortical network in MSA-C patients may explain the discrepancy in executive function scores compared to MSA-P cases (62). Interestingly, a recent study dissecting the motor and non-motor clinical characteristics abstracting from the classical parkinsonian/cerebellar phenotype, suggests the existence of a third possible phenotype, with a prominent cognitive and cerebellar involvement, with no extrapyramidal nor axial manifestations (69).

HRV has been frequently used to assess autonomic function in MSA, but using mainly spectral power analysis (70–72). In the present study, we focused on the more innovative non-linear symbolic analysis, that, to the best of our knowledge, was not previously used to dissect autonomic dysfunction in MSA-P and MSA-C. Overall, we could not find significant differences in the autonomic modulation as assessed by HRV and SSR and in hemodynamic response to active standing between MSA-P and MSA-C. Different from what was described in our cohort, in which parkinsonian and cerebellar patients showed similar frequency of autonomic dysfunction, previous reports suggest possible different autonomic profiles in the two phenotypes. Wenning et al. suggested a more frequent prevalence of OH, screened by active standing, in MSA-C patients (14). This finding, although not subsequently confirmed by other groups (73–75) gave the first hint that the prominent brainstem and cerebellar involvement have an impact on the BP response to standing in MSA-C patients. Moreover, the severity of BP drop may be a predictor of death in male MSA-C patients (76) and not in the parkinsonian variant.

Interestingly, in a recent prospective cohort study, Foubert-Samier et al. did not identify significant differences in autonomic function between MSA-C and MSA-P patients in the first timepoint evaluation, but a difference was detectable after 5 years from the initial evaluation, with MSA-C patients presenting a slight worsening of OH (77). Therefore, since the mean disease duration of our cohort was 3.9. years (±2.0), differences in autonomic control and hemodynamic response to active standing between MSA-C and P may be under-detected due to the short disease duration.

Scarce evidence on the possible differences in SSR is available. Some reports suggest that abnormalities of SSR may be more frequent in MSA-C patients (78); however, we were not able to replicate this finding in our small cohort.

The possible association between cognitive dysfunction and OH has been extensively assessed in PD, suggesting a possible positive correlation, particularly in terms of attention as well as visual and verbal memory (79–81). Moreover, autonomic dysfunction has been identified as a strong predictor of the development of dementia in PD patients (82). However, the causative role of autonomic dysfunction in the development of cognitive impairment is yet to be demonstrated, since they could be a manifestation of parallel neurodegenerative processes with diffuse neuropathological involvement, or on the other hand chronic hypoperfusion and small vessel disease due to OH and SH may be at least partially responsible for cognitive decline (11, 83). On the other hand, reports about the association of autonomic dysfunction and cognitive impairment in MSA patients are less copious and with conflicting results. Cardiovascular dysautonomia has been shown to be a predictor of cognitive impairment in MSA patients as well (5). Some reports propose a possible association of coexisting OH and frontal lobe dysfunction (84), while others depict similar performances in patients with and without OH (45, 60) or find no correlation between cognition and the presence or the severity of OH (44, 85). Interestingly, the presence of OH could be associated, rather than cognitive impairment, with a greater tendency to deteriorate in longitudinal follow-up (40). The clinicopathologic study by O'Sullivan et al. found no difference in time needed to develop cognitive impairment in MSA with early vs. late autonomic symptoms (4), suggesting a different temporal evolution of cognitive and autonomic dysfunction. In the present study, we could identify only a negative association between the scores obtained at neuropsychological tests involving visuospatial abilities and ΔDBP in MSA-P patients. This result needs replication in larger cohorts to permit further interpretation. Moreover, comprehensive bedside autonomic assessment, including SSV and HRV that are not usually included in the neurological workout, could reveal unexpected correlations across broader patient cohorts, thus contributing to a better definition of the clinical heterogeneity of MSA patients.

Several limitations of the present study need to be underlined, first of all, the small sample size. All consecutive patients with probable MSA visiting the Movement Disorders outpatient clinic in a short period of time were enrolled. This may have led to a selection bias, because patients at the most advanced stages of the disease, or already living in residential care structures, come rarely to consultation in person. This is partially confirmed by the mean H&Y stage of the cohort (3.2 ± 0.5) and may have an impact on the detection of cognitive impairment since it has been reported that cognitive dysfunction occurs more commonly in the advanced stages of disease (5). Moreover, the relatively short disease duration since the onset of motor symptoms (mean 3.9 ± 2.0) may also have led to an underdetection of cognitive impairment, since it has been described to become clinically significant on average about 7 years after diagnosis (4). Another limitation is the lack of information about possible neuropsychiatric involvement, particularly depression, anxiety, and apathy, that may have had an impact on the performances of patients, especially in the executive domain.

An inevitable drawback of the study is the lack of neuropathological diagnosis, which may have lead to misdiagnosis in a certain number of patients. However, all patients carried a clinical diagnosis of probably MSA, and their mean disease duration is almost 4 years, thus reasonable to obtain a correct clinical diagnosis. Moreover, the MRIs of all patients were reviewed by experienced neuroradiologists to confirm the presence of neuroradiological findings compatible with the diagnosis.

Despite some drawbacks, this study confirms previous findings of the variable spectrum of cognitive impairments in MSA, with different profiles depending on the motor phenotype. While the global cognitive performances, as indicated by the MoCA score, remains preserved in most patients, deficits involving executive functions and verbal memory could be observed, particularly in MSA-C patients. Further prospective studies, with more copious cohorts and with longitudinal assessments, are needed to understand whether MSA-P and MSA-C may have distinctive patterns of cognitive involvement, and elucidate the possible role of concomitant dysautonomia.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Comitato Etico Milano Area 2. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

GL, GF, TD, AC, MV, FA, and AN performed patient's assessment. GL, GF, TD, AC, FA, CG, CS, EM, and GDR performed statistical analysis and correlation. GL, GF, TD, AC, NM, GC, MCS, ET, and AD design of the study and writing the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the Italian Ministry of Health (Ricerca Corrente 2022).



REFERENCES

 1. Fanciulli A, Wenning GK. Multiple-system atrophy. N Engl J Med. (2015) 372:249–63. doi: 10.1056/NEJMra1311488

 2. Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ, Trojanowski JQ, et al. Second consensus statement on the diagnosis of multiple system atrophy. Neurology. (2008) 71:670–6. doi: 10.1212/01.wnl.0000324625.00404.15

 3. Wenning GK, Ben-Shlomo Y, Hughes A, Daniel SE, Lees A, Quinn NP. What clinical features are most useful to distinguish definite multiple system atrophy from Parkinson's disease? J Neurol Neurosurg Psychiatry. (2000) 68:434–40. doi: 10.1136/jnnp.68.4.434

 4. O'Sullivan SS, Massey LA, Williams DR, Silveira-Moriyama L, Kempster PA, Holton JL, et al. Clinical outcomes of progressive supranuclear palsy and multiple system atrophy. Brain. (2008) 131(Pt. 5):1362–72. doi: 10.1093/brain/awn065

 5. Brown RG, Lacomblez L, Landwehrmeyer BG, Bak T, Uttner I, Dubois B, et al. Cognitive impairment in patients with multiple system atrophy and progressive supranuclear palsy. Brain. (2010) 133:2382–93. doi: 10.1093/brain/awq158

 6. Stankovic I, Krismer F, Jesic A, Antonini A, Benke T, Brown RG, et al. Cognitive impairment in multiple system atrophy. Mov Disord. (2014) 29:857–67. doi: 10.1002/mds.25880

 7. Koga S, Parks A, Uitti RJ, van Gerpen JA, Cheshire WP, Wszolek ZK, et al. Profile of cognitive impairment and underlying pathology in multiple system atrophy. Mov Disord. (2017) 32:405–13. doi: 10.1002/mds.26874

 8. Santangelo G, Cuoco S, Pellecchia MT, Erro R, Barone P, Picillo M. Comparative cognitive and neuropsychiatric profiles between Parkinson's disease, multiple system atrophy and progressive supranuclear palsy. J Neurol. (2018) 265:2602–13. doi: 10.1007/s00415-018-9038-x

 9. Kawai Y, Suenaga M, Takeda A, Ito M, Watanabe H, Tanaka F, et al. Cognitive impairments in multiple system atrophy: MSA-C vs MSA-P. Neurology. (2008) 70(Pt. 2):1390–6. doi: 10.1212/01.wnl.0000310413.04462.6a

 10. Chang CC, Chang YY, Chang WN, Lee YC, Wang YL, Lui CC, et al. Cognitive deficits in multiple system atrophy correlate with frontal atrophy and disease duration. Eur J Neurol. (2009) 16:1144–50. doi: 10.1111/j.1468-1331.2009.02661.x

 11. Udow SJ, Robertson AD, MacIntosh BJ, Espay AJ, Rowe JB, Lang AE, et al. ‘Under pressure’: is there a link between orthostatic hypotension and cognitive impairment in α-synucleinopathies? J Neurol Neurosurg Psychiatry. (2016) 87:1311–21. doi: 10.1136/jnnp-2016-314123

 12. Stanzani-Maserati M, Gallassi R, Calandra-Buonaura G, Alessandria M, Oppi F, Poda R, et al. Cognitive and sleep features of multiple system atrophy: review and prospective study. Eur Neurol. (2014) 72:349–59. doi: 10.1159/000364903

 13. Ziemssen T, Reichmann H. Cardiovascular autonomic dysfunction in Parkinson's disease. J Neurol Sci. (2010) 289:74–80. doi: 10.1016/j.jns.2009.08.031

 14. Wenning GK, Granata R, Krismer F, Dürr S, Seppi K, Poewe W, et al. Orthostatic hypotension is differentially associated with the cerebellar versus the parkinsonian variant of multiple system atrophy: a comparative study. Cerebellum. (2012) 11:223–6. doi: 10.1007/s12311-011-0299-5

 15. Oka H. Heart rate variability and neurological disorders. In: Iwase S, Hayano J, Orimo S, editors. Clinical Assessment of the Autonomic Nervous System. Tokyo: Springer Japan (2017). p. 179–97.

 16. Vetrugno R, Liguori R, Cortelli P, Montagna P. Sympathetic skin response: basic mechanisms and clinical applications. Clin Auton Res. (2003) 13:256–70. doi: 10.1007/s10286-003-0107-5

 17. Schestatsky P, Ehlers JA, Rieder CRM, Gomes I. Evaluation of sympathetic skin response in Parkinson's disease. Parkinsonism Relat Disord. (2006) 12:486–91. doi: 10.1016/j.parkreldis.2006.05.029

 18. Wang J-Y, Wang M-Y, Liu R-P, Li Y, Zhang W-Y, Ovlyakulov B, et al. Association analyses of autonomic dysfunction and sympathetic skin response in motor subtypes of Parkinson's disease. Front Neurol. (2020) 11:577128. doi: 10.3389/fneur.2020.577128

 19. Shindo K, Fukao T, Kurita N, Satake A, Tsuchiya M, Ichinose Y, et al. Sympathetic outflow to skin predicts central autonomic dysfunction in multiple system atrophy. Neurol Sci. (2020) 41:2241–8. doi: 10.1007/s10072-020-04340-6

 20. Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell C, et al. Movement disorder society task force report on the Hoehn and Yahr staging scale: status and recommendations the movement disorder society task force on rating scales for Parkinson's disease. Mov Disord. (2004) 19:1020–8. doi: 10.1002/mds.20213

 21. Wenning GK, Tison F, Seppi K, Sampaio C, Diem A, Yekhlef F, et al. Development and validation of the Unified Multiple System Atrophy Rating Scale (UMSARS). Mov Disord. (2004) 19:1391–402. doi: 10.1002/mds.20255

 22. Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review of levodopa dose equivalency reporting in Parkinson's disease. Mov Disord. (2010) 25:2649–53. doi: 10.1002/mds.23429

 23. Schade S, Mollenhauer B, Trenkwalder C. Levodopa equivalent dose conversion factors: an updated proposal including opicapone and safinamide. Mov Disord Clin Pract. (2020) 7:343–5. doi: 10.1002/mdc3.12921

 24. Carandina A, Lazzeri G, Rodrigues GD, Franco G, Monfrini E, Arienti F, et al. Dysautonomia in Parkinson's disease: impact of glucocerebrosidase gene mutations on cardiovascular autonomic control. Front Neurosci. (2022) 16:842498. doi: 10.3389/fnins.2022.842498

 25. Zamunér AR, Shiffer D, Barbic F, Minonzio M, Andrade CP, Corato M, et al. Mechanical somatosensory stimulation decreases blood pressure in patients with Parkinson's disease. J Hypertens. (2019) 37:1714–21. doi: 10.1097/HJH.0000000000002084

 26. Porta A, Tobaldini E, Guzzetti S, Furlan R, Montano N, Gnecchi-Ruscone T. Assessment of cardiac autonomic modulation during graded head-up tilt by symbolic analysis of heart rate variability. Am J Physiol Heart Circ Physiol. (2007) 293:H702–8. doi: 10.1152/ajpheart.00006.2007

 27. Fanciulli A, Jordan J, Biaggioni I, Calandra-Buonaura G, Cheshire WP, Cortelli P, et al. Consensus statement on the definition of neurogenic supine hypertension in cardiovascular autonomic failure by the American Autonomic Society (AAS) and the European Federation of Autonomic Societies (EFAS) : endorsed by the European Academy of Neurology (EAN) and the European Society of Hypertension (ESH). Clin Auton Res. (2018) 28:355–62. doi: 10.1007/s10286-018-0529-8

 28. Freeman R, Wieling W, Axelrod FB, Benditt DG, Benarroch E, Biaggioni I, et al. Consensus statement on the definition of orthostatic hypotension, neurally mediated syncope and the postural tachycardia syndrome. Clin Auton Res. (2011) 21:69–72. doi: 10.1007/s10286-011-0119-5

 29. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I, et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. (2005) 53:695–9. doi: 10.1111/j.1532-5415.2005.53221.x

 30. Italian standardization and classification of Neuropsychological tests. The Italian Group on the Neuropsychological Study of Aging. Ital J Neurol Sci. (1987) 8:1–120.

 31. Giovagnoli A, Del Pesce M, Mascheroni S, Simoncelli M, Laiacona M, Capitani E. Trail making test: normative values from 287 normal adult controls. Italian J Neurol Sci. (1996) 17:305–9. doi: 10.1007/BF01997792

 32. Costa A, Bagoj E, Monaco M, Zabberoni S, De Rosa S, Papantonio AM, et al. Standardization and normative data obtained in the Italian population for a new verbal fluency instrument, the phonemic/semantic alternate fluency test. Neurol Sci. (2014) 35:365–72. doi: 10.1007/s10072-013-1520-8

 33. Carlesimo GA, Caltagirone C, Gainotti G. The Mental Deterioration Battery: normative data, diagnostic reliability and qualitative analyses of cognitive impairment. The Group for the Standardization of the Mental Deterioration Battery. Eur Neurol. (1996) 36:378–84. doi: 10.1159/000117297

 34. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a Frontal Assessment Battery at bedside. Neurology. (2000) 55:1621–6. doi: 10.1212/WNL.55.11.1621

 35. Gronwall DM. Paced auditory serial-addition task: a measure of recovery from concussion. Percept Mot Skills. (1977) 44:367–73. doi: 10.2466/pms.1977.44.2.367

 36. Caffarra P, Vezzadini G, Dieci F, Zonato F, Venneri A. Una versione abbreviata del test di Stroop: dati normativi nella popolazione italiana. Rivista di Neurologia. (2002). Available online at: https://www.scinapse.io (accessed March 16, 2022).

 37. Freedman M, Leach L, Kaplan E, Winocur G, Winocur RSRRI of BCTP of PG, Shulman K, et al. Clock Drawing: A Neuropsychological Analysis. New York, NY: Oxford University Press (1994). p. 193.

 38. Aiello EN, Gramegna C, Esposito A, Gazzaniga V, Zago S, Difonzo T, et al. The Montreal Cognitive Assessment (MoCA): updated norms and psychometric insights into adaptive testing from healthy individuals in Northern Italy. Aging Clin Exp Res. (2022) 34:375–82. doi: 10.1007/s40520-021-01943-7

 39. Soliveri P, Monza D, Paridi D, Carella F, Genitrini S, Testa D, et al. Neuropsychological follow up in patients with Parkinson's disease, striatonigral degeneration-type multisystem atrophy, and progressive supranuclear palsy. J Neurol Neurosurg Psychiatry. (2000) 69:313–8. doi: 10.1136/jnnp.69.3.313

 40. Cuoco S, Carotenuto I, Cappiello A, Scannapieco S, Russillo MC, Andreozzi V, et al. Relationship between orthostatic hypotension and cognitive functions in multiple system atrophy: a longitudinal study. Front Neurol. (2021) 11:537360. doi: 10.3389/fneur.2021.711358

 41. Fiorenzato E, Antonini A, Wenning G, Biundo R. Cognitive impairment in multiple system atrophy. Mov Disord. (2017) 32:1338–9. doi: 10.1002/mds.27085

 42. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med. (2004) 256:183–94. doi: 10.1111/j.1365-2796.2004.01388.x

 43. Siri C, Duerr S, Canesi M, Delazer M, Esselink R, Bloem BR, et al. A cross-sectional multicenter study of cognitive and behavioural features in multiple system atrophy patients of the parkinsonian and cerebellar type. J Neural Transm. (2013) 120:613–8. doi: 10.1007/s00702-013-0997-x

 44. Kawamura K, Shimohata T, Nakayama H, Tomita M, Ozawa T, Nishizawa M. Factors influencing the cognitive function in patients with multiple system atrophy. Mov Disord. (2010) 25:2891–2. doi: 10.1002/mds.23260

 45. Eschlböck S, Delazer M, Krismer F, Bodner T, Fanciulli A, Heim B, et al. Cognition in multiple system atrophy: a single-center cohort study. Ann Clin Transl Neurol. (2020) 7:219–28. doi: 10.1002/acn3.50987

 46. Robbins TW, James M, Lange KW, Owen AM, Quinn NP, Marsden CD. Cognitive performance in multiple system atrophy. Brain. (1992) 115(Pt. 1):271–91. doi: 10.1093/brain/115.1.271

 47. Testa D, Fetoni V, Soliveri P, Musicco M, Palazzini E, Girotti F. Cognitive and motor performance in multiple system atrophy and Parkinson's disease compared. Neuropsychologia. (1993) 31:207–10. doi: 10.1016/0028-3932(93)90048-5

 48. Robbins TW, James M, Owen AM, Lange KW, Lees AJ, Leigh PN, et al. Cognitive deficits in progressive supranuclear palsy, Parkinson's disease, and multiple system atrophy in tests sensitive to frontal lobe dysfunction. J Neurol Neurosurg Psychiatry. (1994) 57:79–88. doi: 10.1136/jnnp.57.1.79

 49. Pillon B, Gouider-Khouja N, Deweer B, Vidailhet M, Malapani C, Dubois B, et al. Neuropsychological pattern of striatonigral degeneration: comparison with Parkinson's disease and progressive supranuclear palsy. J Neurol Neurosurg Psychiatry. (1995) 58:174–9. doi: 10.1136/jnnp.58.2.174

 50. Meco G, Gasparini M, Doricchi F. Attentional functions in multiple system atrophy and Parkinson's disease. J Neurol Neurosurg Psychiatry. (1996) 60:393–8. doi: 10.1136/jnnp.60.4.393

 51. Lange KW, Tucha O, Alders GL, Preier M, Csoti I, Merz B, et al. Differentiation of parkinsonian syndromes according to differences in executive functions. J Neural Transm. (2003) 110:983–95. doi: 10.1007/s00702-003-0011-0

 52. Paviour DC, Price SL, Jahanshahi M, Lees AJ, Fox NC. Longitudinal MRI in progressive supranuclear palsy and multiple system atrophy: rates and regions of atrophy. Brain. (2006) 129(Pt. 4):1040–9. doi: 10.1093/brain/awl021

 53. Berent S, Giordani B, Gilman S, Trask CL, Little RJA, Johanns JR, et al. Patterns of neuropsychological performance in multiple system atrophy compared to sporadic and hereditary olivopontocerebellar atrophy. Brain Cogn. (2002) 50:194–206. doi: 10.1016/S0278-2626(02)00503-1

 54. Bürk K, Daum I, Rüb U. Cognitive function in multiple system atrophy of the cerebellar type. Mov Disord. (2006) 21:772–6. doi: 10.1002/mds.20802

 55. Santangelo G, Cuoco S, Picillo M, Erro R, Squillante M, Volpe G, et al. Evolution of neuropsychological profile in motor subtypes of multiple system atrophy. Parkinsonism Relat Disord. (2020) 70:67–73. doi: 10.1016/j.parkreldis.2019.12.010

 56. Dash S, Mahale R, Netravathi M, Kamble NL, Holla V, Yadav R, et al. Cognition in patients with Multiple System Atrophy (msa) and its neuroimaging correlation: a prospective case-control study. Cureus. (2022) 14:e21717. doi: 10.7759/cureus.21717

 57. Gatto E, Demey I, Sanguinetti A, Parisi V, Etcheverry JL, Rojas G, et al. Cognition in a multiple system atrophy series of cases from Argentina. Arq Neuropsiquiatr. (2014) 72:773–6. doi: 10.1590/0004-282X20140127

 58. Shen C, Chen Q-S, Zuo C-T, Liu F-T, Wang J. The frontal and cerebellar metabolism related to cognitive dysfunction in multiple system atrophy. Front Aging Neurosci. (2022) 14:788166. doi: 10.3389/fnagi.2022.788166

 59. Li N, Yang T, Ran W, Zhang X, Wang Y, Xu Z, et al. A study on the characteristics of cognitive function in patients with multiple system atrophy in China. Sci Rep. (2021) 11:4995. doi: 10.1038/s41598-021-84393-5

 60. Barcelos LB, Saad F, Giacominelli C, Saba RA, de Carvalho Aguiar PM, Silva SMA, et al. Neuropsychological and clinical heterogeneity of cognitive impairment in patients with multiple system atrophy. Clin Neurol Neurosurg. (2018) 164:121–6. doi: 10.1016/j.clineuro.2017.10.039

 61. Balas M, Balash Y, Giladi N, Gurevich T. Cognition in multiple system atrophy: neuropsychological profile and interaction with mood. J Neural Transm. (2010) 117:369–75. doi: 10.1007/s00702-009-0365-z

 62. Cummings JL, Benson DF. Subcortical dementia. Review of an emerging concept. Arch Neurol. (1984) 41:874–9. doi: 10.1001/archneur.1984.04050190080019

 63. Konagaya M, Sakai M, Matsuoka Y, Konagaya Y, Hashizume Y. Multiple system atrophy with remarkable frontal lobe atrophy. Acta Neuropathol. (1999) 97:423–8. doi: 10.1007/s004010051008

 64. Wakabayashi K, Ikeuchi T, Ishikawa A, Takahashi H. Multiple system atrophy with severe involvement of the motor cortical areas and cerebral white matter. J Neurol Sci. (1998) 156:114–7. doi: 10.1016/S0022-510X(98)00018-5

 65. Fiorenzato E, Weis L, Seppi K, Onofrj M, Cortelli P, Zanigni S, et al. Brain structural profile of multiple system atrophy patients with cognitive impairment. J Neural Transm. (2017) 124:293–302. doi: 10.1007/s00702-016-1636-0

 66. Buckner RL. The cerebellum and cognitive function: 25 years of insight from anatomy and neuroimaging. Neuron. (2013) 80:807–15. doi: 10.1016/j.neuron.2013.10.044

 67. Yang H, Wang N, Luo X, Lv H, Liu H, Li Y, et al. Cerebellar atrophy and its contribution to motor and cognitive performance in multiple system atrophy. Neuroimage Clin. (2019) 23:101891. doi: 10.1016/j.nicl.2019.101891

 68. Kim JS, Yang J, Lee D-K, Lee J, Youn J, Cho JW. Cognitive impairment and its structural correlates in the parkinsonian subtype of multiple system atrophy. NDD. (2015) 15:294–300. doi: 10.1159/000430953

 69. Grimaldi S, Boucekine M, Witjas T, Fluchère F, Renaud M, Azulay J-P, et al. Multiple system atrophy: phenotypic spectrum approach coupled with brain 18-FDG PET. Parkinsonism Relat Disord. (2019) 67:3–9. doi: 10.1016/j.parkreldis.2019.09.005

 70. Kitae S, Murata Y, Tachiki N, Okazaki M, Harada T, Nakamura S. Assessment of cardiovascular autonomic dysfunction in multiple system atrophy. Clin Auton Res. (2001) 11:39–44. doi: 10.1007/BF02317801

 71. Kiyono K, Hayano J, Kwak S, Watanabe E, Yamamoto Y. Non-Gaussianity of low frequency heart rate variability and sympathetic activation: lack of increases in multiple system atrophy and Parkinson disease. Front Physiol. (2012) 3:34. doi: 10.3389/fphys.2012.00034

 72. Furushima H, Shimohata T, Nakayama H, Ozawa T, Chinushi M, Aizawa Y, et al. Significance and usefulness of heart rate variability in patients with multiple system atrophy. Mov Disord. (2012) 27:570–4. doi: 10.1002/mds.24929

 73. Roncevic D, Palma J-A, Martinez J, Goulding N, Norcliffe-Kaufmann L, Kaufmann H. Cerebellar and parkinsonian phenotypes in multiple system atrophy: similarities, differences and survival. J Neural Transm. (2014) 121:507–12. doi: 10.1007/s00702-013-1133-7

 74. Garg D, Srivastava AK, Jaryal AK, Rajan R, Singh A, Pandit AK, et al. Is there a difference in autonomic dysfunction between multiple system atrophy subtypes? Mov Disord Clin Pract. (2020) 7:405–12. doi: 10.1002/mdc3.12936

 75. Yamamoto T, Asahina M, Yamanaka Y, Uchiyama T, Hirano S, Sugiyama A, et al. Urinary dysfunctions are more severe in the parkinsonian phenotype of multiple system atrophy. Mov Disord Clin Pract. (2016) 3:275–81. doi: 10.1002/mdc3.12289

 76. Gurevich T, Merkin L, Rozenberg A, Fisher A, Mishkova-Serafimova EA, Klepikov D, et al. Interrelationships between survival, sex, and blood pressure in patients with multiple system atrophy. NED. (2021) 55:56–61. doi: 10.1159/000512697

 77. Foubert-Samier A, Pavy-Le Traon A, Guillet F, Le-Goff M, Helmer C, Tison F, et al. Disease progression and prognostic factors in multiple system atrophy: a prospective cohort study. Neurobiol Dis. (2020) 139:104813. doi: 10.1016/j.nbd.2020.104813

 78. Peng LJ, Mao LL, Bi CF, Li LP, Yao W, Xia DY, et al. Characteristics of sympathetic skin response in patients with multiple system atrophy. Zhonghua Yi Xue Za Zhi. (2016) 96:2620–4. doi: 10.3760/cma.j.issn.0376-2491.2016.33.004

 79. Allcock LM, Kenny RA, Mosimann UP, Tordoff S, Wesnes KA, Hildreth AJ, et al. Orthostatic hypotension in Parkinson's disease: association with cognitive decline? Int J Geriatr Psychiatry. (2006) 21:778–83. doi: 10.1002/gps.1562

 80. Pilleri M, Facchini S, Gasparoli E, Biundo R, Bernardi L, Marchetti M, et al. Cognitive and MRI correlates of orthostatic hypotension in Parkinson's disease. J Neurol. (2013) 260:253–9. doi: 10.1007/s00415-012-6627-y

 81. Bae H-J, Lim J-H, Cheon S-M. Orthostatic hypotension and cognitive impairment in de novo patients with Parkinson's disease. J Mov Disord. (2014) 7:102–4. doi: 10.14802/jmd.14016

 82. Anang JBM, Gagnon J-F, Bertrand J-A, Romenets SR, Latreille V, Panisset M, et al. Predictors of dementia in Parkinson disease. Neurology. (2014) 83:1253–60. doi: 10.1212/WNL.0000000000000842

 83. McDonald C, Newton JL, Burn DJ. Orthostatic hypotension and cognitive impairment in Parkinson's disease: causation or association? Mov Disord. (2016) 31:937–46. doi: 10.1002/mds.26632

 84. Deguchi K, Takeuchi H, Sasaki I, Tsukaguchi M, Touge T, Nishioka M. Impaired novelty P3 potentials in multiple system atrophy—correlation with orthostatic hypotension. J Neurol Sci. (2001) 190:61–7. doi: 10.1016/S0022-510X(01)00588-3

 85. Pilotto A, Romagnolo A, Tuazon JA, Vizcarra JA, Marsili L, Zibetti M, et al. Orthostatic hypotension and REM sleep behaviour disorder: impact on clinical outcomes in α-synucleinopathies. J Neurol Neurosurg Psychiatry. (2019) 90:1257–63. doi: 10.1136/jnnp-2019-320846

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Lazzeri, Franco, Difonzo, Carandina, Gramegna, Vergari, Arienti, Naci, Scatà, Monfrini, Dias Rodrigues, Montano, Comi, Saetti, Tobaldini and Di Fonzo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-13-912820-t003.jpg
Test Mdn % IQR Mdn + IQR P

(MSA-P) (MSA-C)
MoCA 27+ 45 24£7 0.135
Attentional Matrices 5249 45+ 20 0045
TMT-A 435273 57.5+ 44 0230
™T-8 101+ 51 1345 + 131 0045
TMT-B-A 50 + 47 68+ 725 0.035*
RCPM 31+53 33+9 0836
Phonemic Fluency 345+ 28 315426 0328
Semantic Fluency 45+ 195 5115 0563
Alternate Fluency 29+ 165 25+23 0683
Composite Shifling Score 0702 0802 0350
DS-Forward 5+18 643 0410
DS-Backward 41 4x2 0386
CB-Forward 551 542 0576
CB-Backward ax1 4x1 0892
Prose Memory 16+ 38 133+69 0.196
Copying of Figures 141 134225 0.167
cot 131 1241 0029
FAB 17.5+1.8 1543 0084
Stroop Test 262175 20+ 12.8 0285
PASAT 3324 33£205 0958

MoCA, Montreal Cognitive Assessment; TMT, Trail Making Test; RCPM, Raven's Colored
Progressive Matrices; DS, Digit Span; CB, Corsi Block; CDT, Clock Drawing Test; FAB,
Frontal Assessment Battery; PASAT, Paced Auditory Serial Addition Test.

*Significant p-values < 0.05.





OPS/images/fneur-13-912820-t004.jpg
Clinical variables Cognitive functions
MSA-P MSA-C
A-E M vs AE M vs

UMSARS Part 1 0204 0663 -0.334 -0.187 -0628 -0.056
UMSARS Part 2 0452 0616 —0634 0355 0232 —0.066
UMSARS Part 4 0405 0319 -0503 0420 -0.041 -0.232

ASBP 0.474 0671 -0621 0.796 0.651 0.556
ADBP 0872 0875 -0.865" 0.469 0.408  0.289
AHR -0047 0510 -0.136 0387 -0.008 0.068

A-E, Attentive-executive; M, Memory; VS, Visuospatial.
*Significant p-values < 0.05.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cognitive and Autonomic Dysfunction in Multiple System Atrophy Type P and C: A Comparative Study



		Introduction



		Materials and Methods



		Study Design and Population



		Clinical Evaluation



		Physiological Recordings and Cardiovascular Autonomic Control Assessment



		Sympathetic Skin Response



		Neuropsychological Evaluation



		Statistical Analysis







		Results



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Cognitive and Autonomic
Dysfunction in Multiple System
Atrophy Type P and C: A
Comparative Study





OPS/images/fneur-13-912820-t001.jpg
Overall MSA-P MSA-C

Characteristics Mean + Standard Mean + Standard Mean + Standard P

Deviation, Median [IQR], Deviation, Median [IQR], Deviation, Median [IQR],

n° (%) n° (%) n° (%)

n 20 9(45%) 11 (65%)
Age 603+ 7.6 60.4£9.1 602 6.7 0942
Sex (male) 139% (65%) 5(66%) 8(73%) 0642
Age at onset (years) 565+ 7.6 559738 57077 0754
Disease duration (years) 39+20 444£22 345+ 19 0295
HaY 3.20+052 82204 31806 0869
UMSARS Part 1 24468 26.1£80 230+57 0325
UMSARS Part 2 253+8.1 259489 24779 0.760
UMSARS Part 4 270£09 266+ 1.1 272+09 0.895
Education (years) 12,68+ 43 14.50 = 8.8 11.36£8.4 0.121
NMS
Constipation 19 (95%) 8(89%) 11(100%) 0.450
Urinary incontinence: 18 (90%) 9(100%) 9(82%) 0479
Urinary retention 16 (80%) 7(78%) 9(82%) 1.000
RBD 19 (95%) 9 (100%) 10 (91%) 1.000
Therapy
Total LEDD 300 [119-545] 300 [263-735] 175 0-400] 0022*
Levodopa therapy 15 (75%) 9(100%) 6(65%) 0088
Anti-hypotensive therapy 5(25%) 2(22%) 3(27%) 1.000

MSA-R, Multiple System Atrophy, parkinsonian type; MSA-C, Multiple System Atrophy, cerebelr type; HEY, Hohen and Yehr scale; UMSARS, Unified Multiple System Atrophy Rating
Scale; NS, non-motor symptoms; RBD, REM sleep behavior disorder; LEDD, levodopa equivalent dily dose.
*Significant p-values < 0.05.





OPS/images/fneur-13-912820-t002.jpg
MSA-P (N =9)

Characteristics Mean = Standard
Deviation,
Median [IQR],
n° (%)
SBP_bassiine 142.8 20,9
DBP_baseline 82.0[79.5-96.5]
HR_baseline 69.0[64.5-82.5]
asBP 36.4+215
ADBP 159+ 117
AHR 76£72
SH 4(44%)
OH 8(89%)
SH+OH 4.(44 %)
HRV parameters at rest
ov% 235 (16.5-34.6]
2% 58+40
20v% 288+ 112
SSR
[16 patients]
Hand (no response) 42.9% (3)
Foot (no response) 42.9% (3)

MSA-C (N = 11)

Mean = Standard
Deviation,
Median [IGR],
n° (%)

1429+ 269
81.0(76.0-100.0]
7101(65.0-87.0)
270178
149+ 112
88 10.1
4(36%)
7 (64%)
3(27%)

285 (25.4-34.1)
41+29
263102

33.3% (3)
44.4% (4)

0.991
0.970
0.820
0.981
0.980
0.756
1.000
0.221
0.642

0.648
0290
0.612

1.000
1.000

MSA-R, Multiple Syster Atrophy, parkinsonian type; MSA-C, Multile System Atrophy,
cerebellar type; SBR, systolic blood pressure; DBR, diastolic blood pressure; SH, supine
hypertension; ASBR. reduction in systolic blood pressure i response to active standing
test; ADBR reduction in diestolic blood pressure in response to active standing test; AHR,
increase in heert rate in response to active standing test; OH, orthostatic hypotension;
HRY, heart rate variabilty; 0V%, pattems O variations; 2LV% patterns with 2 like variations;

2UV%, pattern with 2 unlike variations.
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