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Abstract

Inability to accurately diagnose Lewy type alpha- synucleinopathy (LTS) pre-mortem has been a 

major obstacle to clinical care and research. Probable REM sleep behavior disorder (PRBD) 

diagnosed with support of instruments such as the Mayo Sleep Questionnaire (MSQ) may provide 
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a cost effective means of predicting LTS. Since 2007, 602 subjects in the Arizona Study of Aging 

and Neurodegenerative Disorders had clinician assessment for PRBD (298 with, 304 without 

support of the MSQ), completed cognitive and movement examinations, and had 

neuropathological assessment. Mean age at death was 84.8 years. Histological evidence of LTS 

was found in 80/101(79.2%) cases with PRBD and 198/501 (39.5%) without PRBD (p <0.001). 

Overall sensitivity for predicting LTS by PRBD diagnosis was 28.8%, specificity 93.5%, positive 

predictive value (PPV) 79.2%, negative predictive value (NPV) 60.5%. Diagnosis of PRBD was 

less frequently present in subjects without LTS [4/105 (3.8%) of healthy controls, 42/255 (16.5%) 

AD, 2/33 (6.1%) progressive supranuclear palsy (PSP) without LTS] than in subjects with LTS 

[11/46 (23.9%) DLB, 58/104 (55.8%) PD, and 4/16 (25.0%) PSP with LTS.] PRBD was not 

present in any of 46 subjects with incidental Lewy body disease (ILBD). MSQ-supported 

diagnosis of PRBD appears useful for predicting LTS in manifest neurodegenerative disease, but 

not necessarily ILBD. Additional prospective autopsy research, including well-characterized 

polysomnogram-confirmed RBD subjects, is needed to elucidate the earliest tissue abnormalities 

in the “idiopathic” (premotor/pre-dementia) stage of RBD.

Keywords

Parkinson disease; Parkinson disease dementia; Dementia with Lewy bodies; REM sleep behavior 
disorder

Introduction

Neurodegenerative disease clinical care and research have been hindered by the lack of any 

test that can accurately diagnose underlying conditions during an individual’s lifetime (pre-

mortem). Although amyloid PET scans are available (and tau ligands are in development), 

an in-vivo test to identify alpha-synuclein pathology remains elusive. Idiopathic REM sleep 

behavior disorder (iRBD), a condition characterized by violent dream enactment behavior 

and loss of REM atonia, has emerged as a strong known predictor of a final 

clinicopathological diagnosis of a Lewy type alpha-synucleinopathy (LTS): either Parkinson 

disease (PD), dementia with Lewy bodies (DLB), multiple system atrophy (MSA), or pure 

autonomic failure [1–5]. A definite diagnosis of iRBD requires a polysomnogram (PSG) to 

confirm loss of REM atonia, and the absence of alternative explanations for apparent dream 

enactment should be established [6], but these measures are costly and time consuming. 

Furthermore, PSG may not be sufficient to confirm definite RBD diagnosis if the report does 

not document dream enactment plus REM without atonia. Clinicians may therefore rely on 

probable RBD (PRBD) diagnosis by history to support neurodegenerative disease diagnosis. 

This approach may be justified by findings of an autopsy study on 172 neurodegenerative 

disease subjects, where 98% of those with PSG confirmed definite RBD, and 94% of those 

with probable RBD by history, had autopsy-proven LTS [1]. In the study, clinician diagnosis 

was supported by use of a validated screening instrument. Among these, the Mayo Sleep 

Questionnaire (MSQ) is a 16-item scale that screens for sleep disorders by asking if a 

behavior has been observed at least 3 times in the past [7]. It has been copyrighted by Mayo 

Foundation, with permission granted free of charge to download for patient care and non-

commercial research from http://www.mayoclinic.org/documents/msq-copyrightfinal-pdf/
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doc-20079462. The core question about dream enactment has shown, in a healthcare 

provider population, 100% sensitivity and 95% specificity to determine the presence of 

PSG-confirmed RBD, when completed with input from an informant [7,8]. In contrast, 

sensitivity and specificity were 98% and 74% when an informant was not required. Use of 

an informant may therefore be expected to improve utility of the MSQ in predicting final 

clinicopathological diagnosis.

We aimed to determine the sensitivity, specificity and predictive values of MSQ-supported 

clinician diagnosis of PRBD in predicting the histological presence of LTS in a broader, 

less-selected, volunteer elderly population. Furthermore, we investigated whether use of an 

informant in completion of the MSQ improved sensitivity and specificity of clinician 

diagnosis of PRBD in predicting LTS [9].

Materials and Methods

Subjects

All human subjects research was completed under Western Institutional Review Board 

approval and after written informed consent/assent of subjects and their legally authorized 

representatives. Since 2007, 602 subjects in the Arizona Study of Aging and 

Neurodegenerative Disorders (AZSAND) had completed standardized movement and 

cognitive examinations, including a clinician assessment for presence or absence of PRBD, 

and had come to autopsy. Of these, 298 had at least one completed MSQ available to support 

the PRBD assessment (235 with participation of a caregiver or bed partner informant.) 

Methods have been previously described [10]. A final clinical movement and cognitive 

diagnosis for all subjects (including presence or absence of PRBD) was assigned by 

consensus conference at the time of death by review of all clinical data, including AZSAND 

standardized clinical assessments, private medical records and informant completed MSQs. 

Following autopsy and neuropathological examination, a final clinicopathological diagnosis 

was assigned to each case according to consensus criteria [11,12] based upon all clinical and 

neuropathological data. The topographical distribution of LTS was classified using the 

Unified Staging System for Lewy Body Disorders (USSLB) [13]. Those with LTS not 

meeting criteria for PD, DLB, AD or incidental Lewy body disease (ILBD) (for example, 

vascular dementia with LTS) were labeled LTS NOS. The majority of MSQs were 

completed at the time of the clinical examinations. Twenty-five cases had an informant MSQ 

completed by telephone post-mortem. Of the 298 subjects with MSQ responses, 184 

completed more than one MSQ over time. Of these, 39 subjects had a final answer to the 

question “have you ever seen the patient appear to ‘act out his/her dreams’ while sleeping? 

(Punched or flailed arms in the air, shouted or screamed)” that differed from the original 

response (17 where ‘no’ became ‘yes’, and 22 where ‘yes’ became ‘no’.) For the purposes of 

this study, a subject was considered to have PRBD based on clinician review of all clinical 

data- including final responses on the MSQ to the question, “Have you ever seen the patient 

appear to ‘act out his/her dreams’ while sleeping? (Punched or flailed arms in the air, 

shouted or screamed).”[8]
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Statistical analysis

The demographics and final clinicopathological diagnosis of cases with and without 

clinician diagnosed PRBD were compared using two sample t-tests, Wilcoxon rank sum test, 

Chi-square test or Fisher’s exact test when applicable. The population was divided into 3 

groups: those without MSQ, those with MSQ (but no informant), and those with informant-

supported MSQ. Sensitivity, specificity, positive predictive value and negative predictive 

value of final clinical diagnosis of PRBD for predicting LTS in each group were calculated 

separately and compared across the three groups using a Chi-square test.

Results

Of the 602 subjects with a clinical assessment for PRBD available, 45.2% were female, and 

mean age at death was 84.8 (SD 7.9). Most cases had mixed pathology, with the most 

common clinicopathological diagnoses (regardless of PRBD status) being AD in 255 

(42.4%), 104 PD (17.3%), and 46 DLB (7.6%), while 105 (17.4%) were normal on their 

final cognitive and movement assessment. Where overlapping diagnoses were present (i.e., 

PD/AD, DLB/AD), these are reported by separate categories below (categories are not 

mutually exclusive). Comparing cases with and without PRBD, mean age at death was 80.7 

(7.6) vs 85.6 (7.7) (p<0.0001), and sex distribution was 23.8% vs 49.5% female 

(p=<0.0001), respectively. Excluding healthy controls and ILBD subjects, mean age at death 

was 80.3 (7.5) years in those with, and 84.8 (8.1) in those without, PRBD. The mean 

USSLB stage[13] across the entire sample was 2.6 with vs 1.0 without PRBD (p<.0001.)

PRBD was less frequently present in subjects without LTS, including 4/105 (3.8%) of 

healthy controls and 42/255 (16.5%) AD, than in subjects with LTS, including 11/46 

(23.9%) DLB, and 58/104 (55.8%) PD. Clinician-diagnosed PRBD was present in 6/49 

(12.2%) progressive supranuclear palsy (PSP) cases, including 4/6 PSP (66.7%) that had 

concomitant LTS. PRBD was not present in any of 46 subjects with incidental Lewy body 

disease (ILBD). Of these, 9 (19.6%) were USSLB Stage I (olfactory only), 21 (45.7%) Stage 

IIA (brainstem predominant), 8 (17.4%) stage IIB (limbic predominant), 8 (17.4%) stage III 

(brainstem and limb), none were stage IV (neocortical.)

Final clinicopathological diagnoses of the cases with and without PRBD are summarized in 

Table 1. The histological presence of LTS (DLB, PD, ILBD, AD plus LTS not meeting 

criteria for PD or DLB [ADLB], or any other mixed LTS) was found in 278/602 (46.2%) 

cases overall. Overall, LTS was found in 80/101 (79.2%) of those who had PRBD and 

198/501 (39.5%) without (p <0.001). Overall sensitivity for predicting LTS by PRBD was 

28.8%, specificity 93.5%, positive predictive value (PPV) 79.2%, negative predictive value 

(NPV) 60.5%.

Among individuals with PRBD, the histological presence of LTS was found in 50.2% with 

informant-supported MSQ, 36.5% with self-reported MSQ, and 45.1% without MSQ data. 

With informant-supported MSQ, sensitivity was 53.4%, specificity 84.5%, PPV 77.8%, 

NPV 64.3%. With self-reported MSQ, sensitivity was 30.4%, specificity 95%, PPV 77.8%, 

NPV 70.4%. Without MSQ-supported diagnosis sensitivity was 7.3%, specificity 99.4%, 

PPV 90.9%, NPV 56.7%. The chi-square test (used to compare the sensitivity and specificity 
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of predicting LTS for these two approaches) was significant for sensitivity and specificity 

(p>0.0001), showing improved sensitivity, but reduced specificity, when clinician diagnosis 

was supported by MSQ (more so with use of an informant.)

Discussion

We found clinician diagnosis of PRBD to be specific, but not very sensitive, for LTS 

pathology in our AZSAND population. We found that a large fraction of those with LTS did 

not have PRBD diagnosed during life (198/278 or 71.2%). While use of the MSQ in 

diagnosis of PRBD significantly improved sensitivity for detecting LTS to 30.4%, and 

further to 53.4% with use of an informant (from 7.3% without any MSQ), this still indicates 

a modest sensitivity of clinician-diagnosed PRBD for predicting the presence of LTS. It is 

possible that PRBD may not be a stable clinical finding and may regress with disease 

progression, which could lead to under-reporting if it occurred in the remote past. Therefore, 

sensitivity of PRBD as a predictor of LTS reported from this study should be viewed as a 

conservative estimate.

The largest RBD clinicopathological study to date primarily assessed subjects with 

neurodegenerative disease, and none without RBD were included for comparison. It 

therefore was not designed to assess both sensitivity and specificity of an RBD diagnosis for 

detecting LTS. The study found synucleinopathy in 78/80 (98%) of PSG confirmed cases, 

58/65 (91%) of PRBD based on clinical history of dream enactment behavior alone, and 

23/26 (88%) PRBD by MSQ [1]. Our presented data, in a cohort that was not confined to 

subjects with RBD or a neurodegenerative disease, found LTS to be less common in subjects 

with PRBD; only 79% had this at autopsy. The majority of AZSAND autopsied subjects are 

initially recruited as community-dwelling volunteers with additional recruitment efforts 

specifically directed at subjects with olfactory dysfunction, dementia or Parkinson’s disease; 

in the prior study most autopsied subjects were recruited at tertiary care centers with a 

special interest in DLB, PD and/or RBD [1]. Our findings suggest that, when considering a 

broader and less selected population, the presence of PRBD has a lower PPV for LTS 

(79.2%) than that previously reported for a strictly tertiary care setting (91%.)

We found subjects with PRBD were more likely to be male, more likely to have underlying 

synuclein pathology, had a higher USSLB stage, and died an average of 5 years earlier than 

those without PRBD (Table 1.) This was true even after excluding individuals without 

clinical manifestations of brain disease. RBD may thus have negative prognostic survival 

implications. This has been previously suggested in PD, where RBD has been associated 

with a more malignant phenotype with earlier disease presentation [15,16] and increased 

overall synuclein deposition [17]. This is further supported by a previous study revealing 

DLB subjects with PRBD had a shorter duration of dementia prior to death (mean, 8 vs 10 

years) [14]. Given its moderately high PPV for predicting presence of LTS, PRBD may also 

predict a more aggressive disease course in AD. While not reporting on RBD, a study using 

National Alzheimer Coordinating Center data found that mixed ADLB patients died an 

average of 2 years earlier than those with pure AD [18]. However; additional tests are 

needed to improve upon the modest sensitivity of MSQ in predicting (and prospectively 

studying) ADLB pathology pre-mortem.
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There are limitations to our study. We did not use PSG confirmation to secure a definite 

RBD diagnosis in our population. However; we used a detailed history (supplemented, 

where available, by a validated instrument) to support its probable diagnosis, thus reflecting 

real-world clinical practice (where PSG is not routinely obtained specifically to assess for 

RBD.) AZSAND was historically designed for community-based enrollment of normally 

aging and diseased individuals as well as neurologist-referred patients with clinically 

suspected AD, DLB or PD. Controls with olfactory dysfunction (a PD risk factor)[19] were 

preferentially enrolled. The 34.4% prevalence of RBD among DLB subjects in our sample 

(where many were enrolled with an AD clinical diagnosis but found at autopsy to have both 

AD and DLB) was lower that that described in other autopsy research, where RBD was 

present in 78.9% of cases meeting established clinical criteria for DLB [14]. Therefore, its 

findings may not be broadly generalizable to either purely community-based or purely 

tertiary referral populations that may have differing population structures and/or clinical 

disease phenotypes. The average age at autopsy in our study participants was relatively high. 

Our subjects’ mean age at death was 85, whereas that in the prior clinicopathological 

correlation study on RBD was 75 [1]. As a result, the neuropathology in our study subjects 

may be more heterogeneous than might be found in a younger population (although even 

AZSAND subjects in their 50s through 70s have considerable heterogeneity)[20] and our 

subjects might have greater than average longevity. It is possible that our study may be 

limited by participation bias (volunteer bias), which is associated with a higher 

socioeconomic status and may be motivated in part by factors such as a subjective sense of 

impending neurological disease or a family history of neurological disease [10]. Lastly, in 

the case of those with PRBD but no evidence of LTS, this may be due to sampling 

parameters at autopsy. When surveying for LTS in the brain we review less than 1% of the 

brain, making it a possibility that LTS may have been overlooked.

Our study was not able to show any sensitivity of the MSQ for predicting ILBD (with 0/46 

ILBD subjects having PRBD), even though fewer than 20% of cases were restricted to the 

olfactory bulb (USSLB stage I.) This is at first glance surprising, given a wealth of evidence 

suggesting that both idiopathic RBD (iRBD) and ILBD may be prodromal synucleinopathies 

[21,22,5,23–25,2]. It might be explained by the advanced age of our ILBD subjects (it may 

be that the great majority of PRBD subjects will have phenoconverted before their 80s.) It is 

also possible that ILBD subjects without RBD are somehow resistant to manifesting 

symptoms. Another alternative explanation is that iRBD is present in a smaller subset of 

ILBD, which appears likely as ILBD is present in up to 30% of elderly individuals [26] 

while the prevalence estimates for RBD range from 1.2% (PSG confirmed iRBD) to 13% 

(PRBD in an elderly community sample.)[27–30] Prospective autopsy research in well-

characterized iRBD participants is needed to confirm whether iRBD cases follow typical 

PD-like pathological stages (starting with LB pathology impacting lower brainstem tracts 

crucial to REM atonia) or are just as likely to progress along the limbic-predominant 

pathway [13,31]. More importantly, such work is critical for understanding how common 

iRBD is in the general population, how often it leads to neurodegenerative disease and the 

neuroanatomical basis of its distinctive clinical appearance.

Because of its low sensitivity, MSQ supported clinical diagnosis of PRBD alone does not 

appear sufficient to predict LTS. However; presence of PRBD overall had moderately high 
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predictive value for presence of LTS- and a negative PRBD diagnosis was also moderately 

specific for predicting absence of LTS (but highly specific where caregiver-completed MSQ 

was available). When considered in the context of all available clinical and biomarker 

information, clinician assessment for PRBD appears useful in guiding differential diagnosis 

of neurodegenerative disease.
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Table 1.

Demographics and Diagnosis with and without pRBD by informant-completed MSQ

No (N=174) Yes (N=70) Total (N=244) p value

Death Age (y)

  Mean (SD) 85.8 (7.7) 79.9 (7.3) 84.1 (8.0) <0.0001

  Median 86.0 80.0 84.0

  Range (44.0–106.0) (62.0–100.0) (44.0–106.0)

Male 110 (66.7%) 55 (33.3%) 165 (67.6%) 0.0204

Female 64 (81.0%) 15 (19.0%) 79 (32.4%)

MSQ Interval (y) 0.6 (2.5) 1.0 (0.8) 0.7 (2.2)

  Mean (SD) 0.9 0.7 0.9 0.0798

  Median (−10.1–6.6) (0.0–3.9) (−10.1–6.6)

  Range 40 (95.2%) 2 (4.8%) 42 (17.2%)

Final Diagnosis

 Control 40 (95.2%) 2 (4.8%) 42 (17.2%) 0.0001

 AD 70 (69.3%) 31 (30.7%) 101 (41.4%) 0.5607

  AD with LB pathology 30 (51.7%) 28 (48.3%) 58 (23.8%)

  AD without LB pathology 34 (79.1%) 9 (20.9%) 43 (17.6%)

 VaD 19 (86.4%) 3 (13.6%) 22 (9.0%) 0.1380

 Dementia NOS 0 (0.0%) 2 (100.0%) 2 (0.8%) 0.0815

 FTD 1 (100.0%) 0 (0.0%) 1 (0.4%) 1.0000

 Tauopathy NOS 16 (72.7%) 6 (27.3%) 22 (9.0%) 0.8777

 HS 1 (100.0%) 0 (0.0%) 1 (0.4%) 1.0000

 AG 21 (80.8%) 5 (19.2%) 26 (10.7%) 0.2593

 DLB 14 (63.6%) 8 (36.4%) 22 (9.0%) 0.4040

 LB 19 (70.4%) 8 (29.6%) 27 (11.1%) 0.9087

 ILBD 19 (100.0%) 0 (0.0%) 19 (7.8%) 0.0040

 PD 18 (32.7%) 37 (67.3%) 55 (22.5%) <0.0001

 Parkinsonism NOS 7 (100.0%) 2 (0.0%) 9 (3.7%) 0.5276

 IPSP 1 (100.0%) 0 (0.0%) 1 (0.6%) 0.3443

 MSA 0 (0.0%) 1 (100.0%) 1 (0.4%) 1.0000

FD PSP 11 (6.3%) 6 (2.5%) 11 (4.5%) 0.5528

  PSP with LB pathology 2 (33.3%) 4 (66.7%) 6 (2.5%)

  PSP without LB pathology 9 (81.8%) 2 (18.2%) 11 (4.5%)

FD CBD 2 (66.7%) 1 (33.3%) 3 (1.2%) 1.0000

FD NFTD 0 (0.0%) 2 (100.0%) 2 (1.6%) 0.1167

FD Other Type 0.4643

 ALS 1 (100.0%) 0 (0.0%) 1 (12.5%)

 MS 0 (0.0%) 1 (100.0%) 1 (12.5%)

 Brain Cancer 5 (83.3%) 1 (16.7%) 6 (75.0%)

AD: Alzheimer disease; CBD: corticobasal degeneration; DLB: dementia with Lewy bodies; AG: argyrophylic grain disease; ALS: amyotrophic 
lateral sclerosis; HS: hippocampal sclerosis; ILBD: incidental Lewy body disease; IPSP: incidential PSP pathology without symptoms; FTD: 
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Frontotemporal dementia; LB: Lewy body disease not meeting clinical diagnostic criteria; MSA: multiple system atrophy; MSQ Interval: Interval 
between last MSQ and death; NFTD: neurofibrillary tangle predominant dementia; PSP: progressive supranuclear palsy; VaD: vascular dementia
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