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Objectives: To investigate the relationship between probable rapid eye movement

(REM) sleep behavior disorder (pRBD) and cognitive/motor impairments in a

community-dwelling population and explore the moderating effects of education.

Methods: In this cross-sectional study of the Beijing Longitudinal Study of Aging II

(BLSA II), 4,477 subjects (≥55 years) fulfilled the inclusion criteria. pRBD was determined

by the RBD Questionnaire–Hong Kong (RBDQ-HK). Mini-Mental State Examination

(MMSE) and Montreal Cognitive Assessment (MoCA) were used to test the global

cognitive performance. Walking speed was used to measure motor function. Logistic

regression was performed to assess the relationship between pRBD and cognitive/motor

impairments and the moderating effects of education.

Results: There were 147 participants (3.3%) with pRBD. Participants with pRBD

showed increased risks for cognitive impairment [odds ratio (OR) = 1.88, 95% CI

1.24–2.85, p = 0.003], decreased gait speed (OR = 1.43, 95% CI 1.02–2.01, p =

0.03), but not for mild cognitive impairment (MCI) (measured by MoCA: OR = 1.01,

95% CI 0.68–1.50, p = 0.95; measured by MMSE: OR = 0.90, 95% CI 0.59–1.37, p =

0.62). Education modified the effect of pRBD on MCI (measured by MoCA: p < 0.001;

measured by MMSE: p = 0.061) and gait speed (p = 0.008).

Conclusions: Our findings suggest that pRBD increases the risk of cognitive/motor

impairments for a community-dwelling older population, and education could alleviate

the negative effects. These findings implicate that education may have beneficial effects

on delaying the onset of cognitive/motor decline in pRBD subjects.
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INTRODUCTION

Rapid eye movement (REM) sleep behavior disorder (RBD) is
a parasomnia characterized by vivid dreams, dream-enacting
behaviors, and loss of REM sleep atonia (1). Idiopathic RBD
(iRBD) often occurs in individuals aged 50 years and above and
is known to present a strong association with α-synucleinopathy
(2, 3). Over 70% of patients with iRBD were reported to develop
parkinsonism or dementia after a 12 year follow-up (4). Thus,
such long prodromal interval provides a unique opportunity to
explore disease-modifying therapies to potentially prevent the
development of much severe neurological conditions such as
parkinsonism and dementia (5).

Diagnosis of RBD requires video polysomnography (vPSG),
which is less convenient for large-scale studies given the high
expenses and lack of trained specialists. However, a diagnosis of
probable RBD (pRBD) can be made much conveniently using
validated questionnaires with good reliability and diagnostic
accuracy (6). Screening for pRBD in the general population
could enable early identification of RBD patients and allow
us to investigate the moderating factors accordingly. Very few
studies have reported an association between pRBD and impaired
motor/cognitive functions in the general population (7–9). In
addition, the moderating factors associated with pRBD still
remain to be investigated.

Education attainment is a modifiable factor known to
moderate cognitive and motor performances in old age (10, 11).
Individuals with higher education levels are known to have
a higher cognitive reserve, which enables them to withstand
pathological changes (12). For instance, epidemiological studies
suggest that individuals with a higher level of education
have lower risks of dementia (13) and show better cognitive
performance even in old age (14). Recently, a longitudinal study
conducted in patients with Parkinson’s disease (PD) suggested
that higher education was associated with not only better baseline
cognitive performance but also better baseline motor function
(15). The mechanism by which education influences PD is not
very clear. Limited studies suggested that it may be related to
the brain white matter integrity (16) and brain metabolism (17).
Since RBD represents the prodromal stage of α-synucleinopathy
including PD, there is a possibility that education has a beneficial
effect onmotor and cognitive functions not only when the disease
is overt but also in prodromal stages such as RBD individuals.
Understanding the effects of education in subjects with pRBD
may provide important implications for early interventions
designed to delay the clinical onset ofmotor and cognitive decline
in α-synucleinopathies.

The aim of this study was to investigate the potential
relationship between pRBD and motor/cognitive functions in
a community-based population and explore the influence of
education on this relationship.

METHODS

Study Sample
The Beijing Longitudinal Study of Aging II (BLSA II) is a
community-based prospective cohort study, which was launched
in 2009 in Beijing, China. The original study consisted of 10,039

participants aged 55 years and older from three urban districts
and one rural county. Details of the study have been published
elsewhere (18, 19). The participants in our study were enrolled
from the second follow-up of the BLSA II study. A total of
4,799 participants were followed during 2013–2014 from three
urban districts. Cognitive assessments and RBD evaluations were
performed by trained clinicians (Figure 1). We excluded 228
participants (4.75%) with preexisting conditions that could cause
gait impairment or with incomplete information on cognition,
gait, and RBD. We further excluded 94 (1.96%) participants
with a pre-diagnosis of PD or dementia. Finally, a total of 4,477
participants (93.3%) were included in our current study.

The study was approved by the Research Ethics Committee
of Xuanwu Hospital of Capital Medical University [Number:
Xuanwu (2011)27], and each participant provided written
informed consent.

Assessment of Cognitive Function
Cognitive function was assessed using the Mini-Mental State
Examination (MMSE) and the Montreal Cognitive Assessment
(MoCA). Subjects with MMSE score <24 were considered as
having cognitive impairment, as suggested by a previous study
(20). Two different definitions were applied to diagnose mild
cognitive impairment (MCI) in all subjects. One criteria is MoCA
< 26 (21), and the other is MMSE <28 (22) for participants
with normal MMSE scores (i.e., MMSE ≥ 24) to better evaluate
cognitive status.

Assessment of Motor Function
Motor function was assessed by walking speed derived from
the Fried’s criteria of frailty scale (23). Walking speed was
evaluated using the time spent through a 15-ft (4.6m) walking
test. Decreased walking speed was defined as the slowest 20%
of the population: ≥6 s for males with height > 173 cm, ≥ 7 s
for males with height ≤ 173 cm, ≥6 s for females with height >

159 cm, and ≥7 s for females with height ≤ 159 cm (23).

Diagnosis of Probable Rapid Eye
Movement Sleep Behavior Disorder
pRBD was determined by the REM Sleep Behavior Disorder
Questionnaire–Hong Kong (RBDQ-HK) (24). The RBDQ-HK
is composed of 13 items related to RBD clinical features
and evaluates the presence, frequency, and severity of RBD
symptoms. An RBDQ-HK score of 19 or more was considered
to be pRBD.

Assessment of Education and Other
Covariates
Educational level was classified into three categories: (a) low level
of education for illiteracy or primary school graduates; (b) middle
level of education for middle school graduates; (c) high level of
education for high school graduates or above.

The presence of medical conditions such as hypertension,
diabetes, hyperlipemia, and stroke was based on a physician’s
diagnosis during the follow-up study or a self-reported history
of a diagnosed condition. Depression was defined as a score of 11
or more in the Geriatric Depression Scale-30 (GDS-30).
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FIGURE 1 | Flowchart of the study.

Statistical Analyses
Participants’ characteristics were described and compared
according to their RBD status. For continuous variables, one-
way analysis of variance and Mann–Whitney rank tests were
used to assess the significance of differences between the no-
pRBD and pRBD groups. For binary variables, chi-square test
was used for the analysis. Logistic regression models were used
to evaluate the relationship between pRBD and cognitive/motor
functions and the interaction effect between education and
pRBD. Model 1 was adjusted only for the demographic variables
including age, gender, and educational level. The variable of
gender was excluded while examining motor function because
it had been already considered when defining reduced walking
speed. Model 2 was additionally adjusted for medical conditions
such as hypertension, diabetes, hyperlipemia, and stroke (given
the association of vascular risk factors with cognitive and motor
dysfunctions). In Model 3, cognitive function was additionally
adjusted for depression, and motor function was adjusted for
depression and MMSE (in addition to all other covariates). All
statistical tests were two-sided, and significance was set at p <

0.05. SPSS 19.0 (SPSS Inc., Chicago, IL, United States) was used
for statistical analyses.

RESULTS

Baseline Characteristics of Participants
With and Without Probable Rapid Eye
Movement Sleep Behavior Disorder
Table 1 shows the characteristics of participants based on pRBD
status. A total of 147 participants (3.3%) had pRBD determined

by the cutoff value of RBDQ-HK. Participants with hyperlipemia,
depression, decreased gait speed, and cognitive impairment were
observed to have higher risks of pRBD than subjects without
these conditions. There was no significant difference on age,
gender, educational level, hypertension, diabetes, and stroke
between participants with and without pRBD.

Association Between Probable Rapid Eye
Movement Sleep Behavior Disorder and
Cognitive/Motor Function
Table 2 shows the relationship between pRBD and
cognitive/motor impairments. Participants with pRBD had
higher risks of cognitive impairment when adjusted for multiple
potential variables including age, gender, educational level,
hypertension, diabetes, hyperlipemia, stroke, and depression.
For participants with MMSE ≥ 24, the association of pRBD with
MCI (measured by MMSE and MoCA scores) was statistically
insignificant. Participants with pRBD had higher risks of
decreased gait speed when adjusted for age, educational level,
hypertension, diabetes, hyperlipemia, stroke, depression, and
MMSE score.

Analysis of the Moderating Effect of
Education on the Association Between
Probable Rapid Eye Movement Sleep
Behavior Disorder and Cognitive/Motor
Function
To understand the interaction effect between pRBD and
education, a separate analysis stratified by different educational

Frontiers in Neurology | www.frontiersin.org 3 February 2020 | Volume 11 | Article 109

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chen et al. Association Between Education and pRBD

TABLE 1 | Characteristics of participants with and without pRBD.

No pRBD

(N = 4,330)

With pRBD

(N = 147)

P-value

Age 0.72

Mean (SD) 74.98 (6.71) 74.78 (6.88)

Gender 0.73

Male 1,661 (38.4%) 54 (36.7%)

Female 2,669 (61.6%) 93 (63.3%)

Educational level 0.31

Low 1,489 (34.4%) 56 (38.1%)

Middle 1,314 (30.3%) 36 (24.5%)

High 1,527 (35.3%) 55 (37.4%)

Hypertension 0.09

No 1,569 (36.2%) 41 (27.9%)

Yes 2,748 (63.5%) 105 (71.4%)

Unknown 13 (0.3%) 1 (0.7%)

Diabetes 0.94

No 3,072 (70.9%) 104 (70.7%)

Yes 1,217 (28.1%) 42 (28.6%)

Unknown 41 (0.9%) 1 (0.7%)

Hyperlipemia <0.001***

No 3,371 (77.9%) 78 (53.1%)

Yes 937 (21.6%) 68 (46.3%)

Unknown 22 (0.5%) 1 (0.7%)

Stroke 0.20

No 3,926 (90.7%) 130 (88.4%)

Yes 386 (8.9%) 15 (10.2%)

Unknown 18 (0.4%) 2 (1.4%)

Depression <0.001***

No 3,904 (90.2%) 104 (70.7%)

Yes 426 (9.8%) 43 (29.3%)

Decreased gait speed 0.025*

No 2,696 (62.3%) 78 (53.1%)

Yes 1,634 (37.7%) 69 (46.9%)

Cognitive impairment

(defined as MMSE < 24)

0.004**

No 3,641 (84.1%) 110 (74.8%)

Yes 689 (15.9%) 37 (25.2%)

MCI†

(defined as MoCA < 26)

0.85

No 2,153 (59.1%) 64 (58.2%)

Yes 1,488 (40.9%) 46 (41.8%)

MCI†

(defined as MMSE < 28)

0.61

No 2,390 (65.6%) 75 (68.2%)

Yes 1,251 (34.4%) 35 (31.8%)

MMSE score 0.07

Mean (SD) 26.92 (3.69) 26.06 (4.66)

MoCA score 0.03*

Mean (SD) 23.58 (5.70) 22.09 (7.06)

†
Only for participants with normal MMSE scores (MMSE ≥ 24).

SD, standard deviation; pRBD, probable rapid eye movement sleep behavior disorder;

MMSE,Mini-Mental State Examination; MoCA,Montreal Cognitive Assessment; MCI, mild

cognitive impairment.

Significance was set at p < 0.05. Significant differences are highlighted by *p < 0.05,

**p < 0.01, and ***p < 0.001.

TABLE 2 | Logistic regression models examining the relationship between pRBD

and cognitive performance and motor ability.

Model 1 Model 2 Model 3

Association with cognitive impairment (MMSE < 24) for pRBD

No. (%) with pRBD 147 (3.3%) 147 (3.3%) 147 (3.3%)

OR (95% CI) 1.884 (1.250–2.840) 1.884 (1.248–2.842) 1.883 (1.243–2.853)

P-value 0.002** 0.003** 0.003**

Association with MCI (MoCA < 26) for pRBD†

No. (%) with pRBD 110 (2.9%) 110 (2.9%) 110 (2.9%)

OR (95% CI) 1.073 (0.727–1.583) 1.086 (0.734–1.606) 1.012 (0.682–1.501)

P-value 0.724 0.680 0.953

Association with MCI (MMSE < 28) for pRBD†

No. (%) with pRBD 110 (2.9%) 110 (2.9%) 110 (2.9%)

OR (95% CI) 0.926 (0.612–1.402) 0.969 (0.638–1.472) 0.900 (0.590–1.372)

P-value 0.717 0.882 0.624

Association with decreased gait speed for pRBD

No. (%) with pRBD 147 (3.3%) 147 (3.3%) 147 (3.3%)

OR (95% CI) 1.480 (1.060–2.067) 1.474 (1.055–2.060) 1.431 (1.020–2.007)

P-value 0.021* 0.023* 0.038*

†
Only suitable for participants with normal MMSE scores.

OR, odds ratio; CI, confidence interval; MoCA, Montreal Cognitive Assessment; MCI,

mild cognitive impairment; pRBD, probable rapid eye movement sleep behavior disorder;

MMSE, Mini-Mental State Examination.

Significance was set at p = 0.05. Significant differences are highlighted by *p < 0.05 and

**p < 0.01.

Model 1: adjusted for age, gender, educational level for cognitive performance; adjusted

for age, educational level for motor function.

Model 2: adjusted for age, gender, educational level, hypertension, diabetes, hyperlipemia

and stroke for cognitive performance; adjusted for age, educational level, hypertension,

diabetes, hyperlipemia, and stroke for motor function.

Model 3: adjusted for age, gender, educational level, hypertension, diabetes, hyperlipemia,

stroke, and depression for cognitive performance; adjusted for age, educational

level, hypertension, diabetes, hyperlipemia, stroke, depression, and MMSE score for

motor function.

levels was performed (Table 3). pRBD was found to increase
the risk of MCI (measured with MoCA score) in participants
with a low educational level but not in participants with middle
and high educational levels (P for interaction < 0.001). When
MCI was defined by MMSE score of >24 and <28, there was
a tendency of low risk of MCI in participants with middle and
high education compared with those with low education (P for
interaction = 0.061). In addition, pRBD increased the risk of
decreased gait speed in participants with low education but not
in participants with middle and high education. The interaction
effect between pRBD and education on gait speed was significant
(P for interaction = 0.008). No significant interaction was seen
between pRBD and education on cognitive impairment (P for
interaction= 0.701).

DISCUSSION

Our results suggest that pRBD is associated with cognitive
impairment and gait dysfunction among community-
dwelling older people. This relationship between pRBD
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TABLE 3 | Logistic regression models examining the relationship between pRBD and cognitive/motor function and the moderating effect of education.

No pRBD With pRBD

Cognitive/motor function No. of participants No. of events No. of participants No. of events OR (95% CI) P for interaction

Cognitive impairment (MMSE < 24)

Low education 1,489 429 (28.8%) 56 24 (42.9%) 1.938 (1.113–3.375)

Middle education 1,314 158 (12.0%) 36 8 (22.2%) 2.101 (0.907–4.864) 0.701

High education 1,527 102 (6.7%) 55 5 (9.1%) 1.519 (0.582–3.966)

MCI (defined as MoCA < 26)†

Low education 1,060 543 (51.2%) 32 25 (78.1%) 3.393 (1.451–7.938)

Middle education 1,156 438 (37.9%) 28 11 (39.3%) 1.089 (0.501–2.366) <0.001***

High education 1,425 507 (35.6%) 50 10 (20.0%) 0.478 (0.236–0.968)

MCI (defined as MMSE < 28)†

Low education 1,060 478 (45.1%) 32 20 (62.5%) 2.007 (0.954–4.222)

Middle education 1,156 391 (33.8%) 28 4 (14.3%) 0.353 (0.120–1.035) 0.061

High education 1,425 382 (26.8%) 50 11 (22.0%) 0.749 (0.372–1.507)

Decreased gait speed

Low education 1,489 653 (43.9%) 56 37 (66.1%) 2.642 (1.488–4.692)

Middle education 1,314 484 (36.8%) 36 17 (42.7%) 1.543 (0.787–3.025) 0.008**

High education 1,527 497 (32.5%) 55 15 (27.3%) 0.737 (0.396–1.373)

Only suitable for participants with normal MMSE scores.

OR, odds ratio; CI, confidence interval; MoCA, Montreal Cognitive Assessment; MCI, mild cognitive impairment; pRBD, probable rapid eye movement sleep behavior disorder; MMSE,

Mini-Mental State Examination.
†
Adjusted for age, gender, hypertension, diabetes, hyperlipemia, stroke, depression for cognitive impairment and MCI; adjusted for age, hypertension, diabetes, hyperlipemia, stroke,

depression, MMSE score for decreased gait speed.

Significance was set at p = 0.05. Significant differences are highlighted by **p < 0.01 and ***p < 0.001.

and cognitive/motor function is potentially modified by an
individual’s educational level.

The association between RBD, cognitive deficits, and motor
abnormalities has been well-recognized, but previous studies
mostly focused on PSG-confirmed RBD cases in clinical settings
(25–27). However, RBD patients in clinical settings could have
a more severe form of RBD, hence could present entirely
different characteristics from the general population, which has
been least studied. Our findings provide additional evidence
on the association based on a questionnaire-screened pRBD in
the general population. A previous study conducted by Boot
et al. (7) reported an over 2-fold increased risk of developing
MCI in pRBD subjects with a normal baseline cognition over
a 4 year follow-up. In our study, pRBD was not associated
with MCI measured by MoCA and MMSE scores but was
associated with an∼2-fold increased risk of developing cognitive
impairment measured by MMSE. This discrepancy may be
explained by the low sensitivity of MoCA and MMSE in
identifying MCI in pRBD. A previous community-based study
conducted by McDade et al. (9) showed that participants with
pRBD had subtle changes in gait characterized by decreased
velocity and cadence and increased stride-to-stride variability
with an automated gait analysis system. We now have confirmed
the association between pRBD and gait abnormalities in a much
larger community population.

Our findings show that the effect of pRBD on MCI is
influenced by the level of education. The moderating effect of
education was more prominent when MCI was assessed by

MoCA score than MMSE score. pRBD was associated with
an increased risk of MCI in participants with a low level of
education. Interestingly, a decreased risk of MCI was seen
in participants with a high level of education with pRBD.
Consistent with our findings, a meta-analysis conducted in
PD showed higher education to be associated with better
cognitive performance (14). However, the long-term diagnosis
of dementia and the rate of cognitive decline in PD were
not affected by educational attainment (14, 15). In fact, the
cognitive reserve hypothesis proposed that education may
protect against the onset of disease-related clinical symptoms
(28). Our findings support the cognitive reserve hypothesis in
the prodromal stage of PD showing high education to protect
against MCI associated with pRBD. However, the interaction
effect between education and pRBD on cognitive impairment
did not reach statistical significance. This difference may suggest
that the beneficial effect of education is more prominent
in the early stage of cognitive decline. Similar effects have
been reported in aging and Alzheimer’s disease (AD) studies
(14, 29, 30). A study by Groot et al. (30) compared the
effect size of education according to the disease stage of AD,
showing that education had greater effects on attention and
executive function in the pre-dementia state than in dementia.
Nevertheless, the effect size of education in different stages of
α-synucleinopathy and domain-specific effects yet remain to
be investigated.

The association between education and motor function
has also been investigated in healthy older adults and PD
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patients. Community-dwelling older persons with less education
had slower walking speed and were more susceptible to
motor dysfunction caused by white matter lesions (10). In
cross-sectional studies, PD patients with higher education
exhibited fewer motor impairments but greater dopamine
reductions in the posterior putamen, indicating that higher
education provides greater levels of compensations to cope with
dopamine deficits (31, 32). In a longitudinal study, education
was associated with delayed emergence of Hoehn and Yahr
stage ≥3, but not with the rate of motor decline in PD
(15). Our findings extend the past findings by showing the
protective effect of education on gait speed in the early stage
of disease when the motor symptoms have not yet been
manifested. Furthermore, rather than examining the direct
relationship between education and motor function in PD
or healthy older adults, we investigated the interaction effect
between education and pRBD in the context of a community-
dwelling population.

Experimental evidence suggests that education influences the
locus coeruleus–noradrenergic (LC/NA) activity including anti-
inflammatory, stimulating endogenous neurotrophic factors,
promoting neurogenesis, and reducing oxidative stress (33).
The LC/NA system plays an essential role not only in the
cognitive process (34) and motor manifestations (35) but also
in modulating REM sleep (36, 37). Severe neuronal loss and
gliosis in the LC were observed in patients with RBD (38),
and neuroimaging findings suggested that noradrenergic deficits
might also contribute to cognitive impairment in RBD patients
(39). We suspect that the LC may be the important structure
where education plays a role in RBD.

Some of the limitations of our study need to be considered.
First, this is a cross-sectional study, therefore, the causality
between pRBD, education, and cognitive/motor function cannot
be confirmed. It is crucial to perform prospective studies to
better understand the different trajectories of cognitive/motor
decline between RBD subjects with different levels of education.
Second, pRBD was diagnosed by a questionnaire without PSG
confirmation, which may lead to both false-positive and false-
negative results (40, 41). For instance, the prevalence of pRBD
(i.e., 3.3%) in our study is approximately similar to those of
other community-based studies (i.e., 2.7–5.9%) (42–44) but is
higher than those in PSG-confirmed RBD studies (i.e.,0.74–
1.15%) (40, 45, 46). Misclassification of participants with pRBD
may attenuate the significance of our findings. Third, assessments
of cognitive functions were limited to MMSE and MoCA, and
motor function was limited to walking speed. Hence, the detailed
neuropsychological and motor characteristics of the participants
could not be identified.

Despite these limitations, our study has several strengths. We
evaluated the relationship between pRBD and cognitive/motor
function, as well as the moderating effect of education in a
relatively large community-based population. To our knowledge,
this is the first study to investigate the moderating effect of
education and explore the cognitive reserve hypothesis in pRBD.
In addition, previous studies mostly focused on the effect of
education on cognitive function, which was often confounded
with a premorbid intellectual level. We extend the previous
findings by showing the beneficial effect of education equally
on motor function, which may provide insights into the motor
system compensation in pRBD.

In conclusion, we found a close relationship between pRBD
and cognitive/motor impairment. A high educational level
may alleviate the detrimental effects on cognitive and motor
functions caused by pRBD. Further studies are needed to confirm
the protective role of education in a prospective population
and elucidate the moderating mechanisms of education in
RBD patients.

DATA AVAILABILITY STATEMENT

The datasets generated from this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Xuanwu Hospital of Capital
Medical University. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

MC contributed to the study design, manuscript preparation, and
drafting. JChe, XX, SJ, and JChh contributed to the interpretation
of data analysis and revising the manuscript. FQ and XW
contributed to statistical analysis. ZG and PC contributed to
study supervision and coordination.

FUNDING

This study was supported by the Beijing Municipal
Administration of Hospitals’ Mission Plan (Code:
SML20150803), the Beijing Municipal Science &
Technology Commission (No. Z171100000117013), and
the National Key R&D Program of China (No. 2017YFC
0840105, 2018YFC1312000).

REFERENCES

1. Schenck CH, Montplaisir JY, Frauscher B, Hogl B, Gagnon JF, Postuma R,

et al. Rapid eye movement sleep behavior disorder: devising controlled active

treatment studies for symptomatic and neuroprotective therapy–a consensus

statement from the International Rapid Eye Movement Sleep Behavior

Disorder StudyGroup. SleepMed. (2013) 14:795–80. doi: 10.1016/j.sleep.2013.

02.016

2. Barber TR, Lawton M, Rolinski M, Evetts S, Baig F, Ruffmann

C, et al. Prodromal Parkinsonism and neurodegenerative risk

stratification in REM sleep behavior disorder. Sleep. (2017)

40:1–10. doi: 10.1093/sleep/zsx071

Frontiers in Neurology | www.frontiersin.org 6 February 2020 | Volume 11 | Article 109

https://doi.org/10.1016/j.sleep.2013.02.016
https://doi.org/10.1093/sleep/zsx071
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chen et al. Association Between Education and pRBD

3. McKeith IG, Boeve BF, Dickson DW, Halliday G, Taylor JP, Weintraub

D, et al. Diagnosis and management of dementia with Lewy bodies:

fourth consensus report of the DLB Consortium. Neurology. (2017) 89:88–

100. doi: 10.1212/WNL.0000000000004058

4. Postuma RB, Iranzo A, Hu M, Hogl B, Boeve BF, Manni R, et al.

Risk and predictors of dementia and parkinsonism in idiopathic REM

sleep behaviour disorder: a multicentre study. Brain. (2019) 142:744–

59. doi: 10.1093/brain/awz030

5. Claassen D, Josephs K, Ahlskog J, Silber M, Tippmann-Peikert M,

Boeve B. REM sleep behavior disorder preceding other aspects of

synucleinopathies by up to half a century. Neurology. (2010) 75:494–

9. doi: 10.1212/WNL.0b013e3181ec7fac

6. Skorvanek M, Feketeova E, Kurtis MM, Rusz J, Sonka K. Accuracy

of rating scales and clinical measures for screening of rapid eye

movement sleep behavior disorder and for predicting conversion to

Parkinson’s disease and other synucleinopathies. Front Neurol. (2018)

9:376. doi: 10.3389/fneur.2018.00376

7. Boot BP, Boeve BF, Roberts RO, Ferman TJ, Geda YE, Pankratz VS, et al.

Probable rapid eye movement sleep behavior disorder increases risk for mild

cognitive impairment and Parkinson disease: a population-based study. Ann

Neurol. (2012) 71:49–56. doi: 10.1002/ana.22655

8. Mahlknecht P, Seppi K, Frauscher B, Kiechl S, Willeit J, Stockner

H, et al. Probable RBD and association with neurodegenerative

disease markers: a population-based study. Mov Disord. (2015)

30:1417–21. doi: 10.1002/mds.26350

9. McDade EM, Boot BP, Christianson TJ, Pankratz VS, Boeve BF, Ferman TJ,

et al. Subtle gait changes in patients with REM sleep behavior disorder. Mov

Disord. (2013) 28:1847–53. doi: 10.1002/mds.25653

10. Elbaz A, Vicente-Vytopilova P, Tavernier B, Sabia S, Dumurgier J, Mazoyer

B, et al. Motor function in the elderly: evidence for the reserve hypothesis.

Neurology. (2013) 81:417–26. doi: 10.1212/WNL.0b013e31829d8761

11. Opdebeeck C, Martyr A, Clare L. Cognitive reserve and cognitive function

in healthy older people: a meta-analysis. Neuropsychol Dev Cogn B Aging

Neuropsychol Cogn. (2016) 23:40–60. doi: 10.1080/13825585.2015.1041450

12. Barulli D, Stern Y. Efficiency, capacity, compensation, maintenance, plasticity:

emerging concepts in cognitive reserve. Trends Cogn Sci. (2013) 17:502–

9. doi: 10.1016/j.tics.2013.08.012

13. Stern Y, Gurland B, Tatemichi TK, Tang MX, Wilder D, Mayeux R. Influence

of education and occupation on the incidence of Alzheimer’s disease. JAMA.

(1994) 271:1004–10. doi: 10.1001/jama.1994.03510370056032

14. Hindle JV, Martyr A, Clare L. Cognitive reserve in Parkinson’s disease: a

systematic review and meta-analysis. Parkinsonism Relat Disord. (2014) 20:1–

7. doi: 10.1016/j.parkreldis.2013.08.010

15. Lee PC, Artaud F, Cormier-Dequaire F, Rascol O, Durif F, Derkinderen P,

et al. Examining the Reserve Hypothesis in Parkinson’s disease: a longitudinal

study.Mov Disord. (2019) 34:1663–71. doi: 10.1002/mds.27854

16. Kotagal V, Bohnen NI, Muller ML, Koeppe RA, Frey KA, Langa KM, et al.

Educational attainment andmotor burden in Parkinson’s disease.MovDisord.

(2015) 30:1143–7. doi: 10.1002/mds.26272

17. Perneczky R, Drzezga A, Boecker H, Ceballos-Baumann AO, Granert O,

Forstl H, et al. Activities of daily living, cerebral glucose metabolism, and

cognitive reserve in Lewy body and Parkinson’s disease. Dement Geriatr Cogn

Disord. (2008) 26:475–81. doi: 10.1159/000167791

18. Zheng Z, Guan S, Ding H, Wang Z, Zhang J, Zhao J, et al. Prevalence and

incidence of frailty in community-dwelling older people: Beijing longitudinal

study of aging II. J Am Geriatr Soc. (2016) 64:1281–6. doi: 10.1111/jgs.

14135

19. Chhetri JK, Zheng Z, Xu X, Ma C, Chan P. The prevalence and incidence

of frailty in pre-diabetic and diabetic community-dwelling older population:

results from Beijing longitudinal study of aging II (BLSA-II). BMC Geriatr.

(2017) 17:47. doi: 10.1186/s12877-017-0439-y

20. Creavin ST, Wisniewski S, Noel-Storr AH, Trevelyan CM, Hampton

T, Rayment D, et al. Mini-Mental State Examination (MMSE) for the

detection of dementia in clinically unevaluated people aged 65 and over in

community and primary care populations.Cochrane Database Syst Rev. (2016)

1:CD011145. doi: 10.1002/14651858.CD011145.pub2

21. Gagnon JF, Postuma RB, Joncas S, Desjardins C, Latreille V. The

Montreal cognitive assessment: a screening tool for mild cognitive

impairment in REM sleep behavior disorder. Mov Disord. (2010) 25:936–

40. doi: 10.1002/mds.23079

22. Chu LW,NgKH, LawAC, Lee AM, Kwan F. Validity of the Cantonese Chinese

Montreal cognitive assessment in Southern Chinese. Geriatr Gerontol Int.

(2015) 15:96–103. doi: 10.1111/ggi.12237

23. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.

Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.

(2001) 56:M146–56. doi: 10.1093/gerona/56.3.M146

24. Li SX, Wing YK, Lam SP, Zhang J, Yu MW, Ho CK, et al. Validation of a new

REM sleep behavior disorder questionnaire (RBDQ-HK). Sleep Med. (2010)

11:43–8. doi: 10.1016/j.sleep.2009.06.008

25. Rahayel S, Postuma RB, Montplaisir J, Genier Marchand D, Escudier F,

Gaubert M, et al. Cortical and subcortical gray matter bases of cognitive

deficits in REM sleep behavior disorder. Neurology. (2018) 90:e1759–

70. doi: 10.1212/WNL.0000000000005523

26. Postuma RB, Lang AE, Gagnon JF, Pelletier A, Montplaisir JY. How

does parkinsonism start? Prodromal parkinsonism motor changes in

idiopathic REM sleep behaviour disorder. Brain. (2012) 135(Pt. 6):1860–

70. doi: 10.1093/brain/aws093

27. Ehgoetz Martens KA, Matar E, Hall JM, Phillips J, Szeto JYY, Gouelle

A, et al. Subtle gait and balance impairments occur in idiopathic rapid

eye movement sleep behavior disorder. Mov Disord. (2019) 34:1374–

80. doi: 10.1002/mds.27780

28. Stern Y. Cognitive reserve. Neuropsychologia. (2009) 47:2015–

28. doi: 10.1016/j.neuropsychologia.2009.03.004

29. Soldan A, Pettigrew C, Cai Q, Wang J, Wang MC, Moghekar A,

et al. Cognitive reserve and long-term change in cognition in aging

and preclinical Alzheimer’s disease. Neurobiol Aging. (2017) 60:164–

72. doi: 10.1016/j.neurobiolaging.2017.09.002

30. Groot C, van Loenhoud AC, Barkhof F, van Berckel BNM, Koene T,

Teunissen CC, et al. Differential effects of cognitive reserve and brain

reserve on cognition in Alzheimer disease. Neurology. (2018) 90:e149–

56. doi: 10.1212/WNL.0000000000004802

31. Sunwoo MK, Hong JY, Lee JJ, Lee PH, Sohn YH. Does education modify

motor compensation in Parkinson’s disease? J Neurol Sci. (2016) 362:118–

20. doi: 10.1016/j.jns.2016.01.030

32. Blume J, Rothenfusser E, Schlaier J, Bogdahn U, Lange M. Educational

attainment and motor burden in advanced Parkinson’s disease - the

emerging role of education in motor reserve. J Neurol Sci. (2017) 381:141–

3. doi: 10.1016/j.jns.2017.08.3241

33. Robertson IH. A noradrenergic theory of cognitive reserve:

implications for Alzheimer’s disease. Neurobiol Aging. (2013)

34:298–308. doi: 10.1016/j.neurobiolaging.2012.05.019

34. Mather M, Harley CW. The Locus Coeruleus: essential for maintaining

cognitive function and the aging brain. Trends Cogn Sci. (2016) 20:214–

26. doi: 10.1016/j.tics.2016.01.001

35. Vermeiren Y, De Deyn PP. Targeting the norepinephrinergic system

in Parkinson’s disease and related disorders: the locus coeruleus

story. Neurochem Int. (2017) 102:22–32. doi: 10.1016/j.neuint.2016.

11.009

36. Uchiyama M, Isse K, Tanaka K, Yokota N, Hamamoto M, Aida S, et al.

Incidental Lewy body disease in a patient with REM sleep behavior disorder.

Neurology. (1995) 45:709–12. doi: 10.1212/WNL.45.4.709

37. Boeve BF, Silber MH, Saper CB, Ferman TJ, Dickson DW, Parisi

JE, et al. Pathophysiology of REM sleep behaviour disorder and

relevance to neurodegenerative disease. Brain. (2007) 130(Pt.

11):2770–88. doi: 10.1093/brain/awm056

38. Iranzo A, Tolosa E, Gelpi E, Molinuevo JL, Valldeoriola F, Serradell M,

et al. Neurodegenerative disease status and post-mortem pathology in

idiopathic rapid-eye-movement sleep behaviour disorder: an observational

cohort study. Lancet Neurol. (2013) 12:443–53. doi: 10.1016/S1474-4422(13)

70056-5

39. Sommerauer M, Fedorova TD, Hansen AK, Knudsen K, Otto M, Jeppesen

J, et al. Evaluation of the noradrenergic system in Parkinson’s disease: an

11C-MeNER PET and neuromelanin MRI study. Brain. (2018) 141:496–

504. doi: 10.1093/brain/awx348

40. Pujol M, Pujol J, Alonso T, Fuentes A, Pallerola M, Freixenet J, et al. Idiopathic

REM sleep behavior disorder in the elderly Spanish community: a primary

care center study with a two-stage design using video-polysomnography. Sleep

Med. (2017) 40:116–21. doi: 10.1016/j.sleep.2017.07.021

41. Fernandez-Arcos A, Iranzo A, Serradell M, Gaig C, Santamaria J. The

clinical phenotype of idiopathic rapid eye movement sleep behavior disorder

Frontiers in Neurology | www.frontiersin.org 7 February 2020 | Volume 11 | Article 109

https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1093/brain/awz030
https://doi.org/10.1212/WNL.0b013e3181ec7fac
https://doi.org/10.3389/fneur.2018.00376
https://doi.org/10.1002/ana.22655
https://doi.org/10.1002/mds.26350
https://doi.org/10.1002/mds.25653
https://doi.org/10.1212/WNL.0b013e31829d8761
https://doi.org/10.1080/13825585.2015.1041450
https://doi.org/10.1016/j.tics.2013.08.012
https://doi.org/10.1001/jama.1994.03510370056032
https://doi.org/10.1016/j.parkreldis.2013.08.010
https://doi.org/10.1002/mds.27854
https://doi.org/10.1002/mds.26272
https://doi.org/10.1159/000167791
https://doi.org/10.1111/jgs.14135
https://doi.org/10.1186/s12877-017-0439-y
https://doi.org/10.1002/14651858.CD011145.pub2
https://doi.org/10.1002/mds.23079
https://doi.org/10.1111/ggi.12237
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1016/j.sleep.2009.06.008
https://doi.org/10.1212/WNL.0000000000005523
https://doi.org/10.1093/brain/aws093
https://doi.org/10.1002/mds.27780
https://doi.org/10.1016/j.neuropsychologia.2009.03.004
https://doi.org/10.1016/j.neurobiolaging.2017.09.002
https://doi.org/10.1212/WNL.0000000000004802
https://doi.org/10.1016/j.jns.2016.01.030
https://doi.org/10.1016/j.jns.2017.08.3241
https://doi.org/10.1016/j.neurobiolaging.2012.05.019
https://doi.org/10.1016/j.tics.2016.01.001
https://doi.org/10.1016/j.neuint.2016.11.009
https://doi.org/10.1212/WNL.45.4.709
https://doi.org/10.1093/brain/awm056
https://doi.org/10.1016/S1474-4422(13)70056-5
https://doi.org/10.1093/brain/awx348
https://doi.org/10.1016/j.sleep.2017.07.021
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Chen et al. Association Between Education and pRBD

at presentation: a study in 203 consecutive patients. Sleep. (2016) 39:121–

32. doi: 10.5665/sleep.5332

42. Yao C, Fereshtehnejad SM, Keezer MR, Wolfson C, Pelletier A,

Postuma RB. Risk factors for possible REM sleep behavior disorder: a

CLSA population-based cohort study. Neurology. (2019) 92:e475–e485.

doi: 10.1212/WNL.0000000000006849

43. Ma JF, Qiao Y, Gao X, Liang L, Liu XL, Li DH, et al. A community-based study

of risk factors for probable rapid eye movement sleep behavior disorder. Sleep

Med. (2017) 30:71–6. doi: 10.1016/j.sleep.2016.06.027

44. Wong JC, Li J, Pavlova M, Chen S,Wu A,Wu S, et al. Risk factors for probable

REM sleep behavior disorder: a community-based study. Neurology. (2016)

86:1306–12. doi: 10.1212/WNL.0000000000002414

45. Haba-Rubio J, Frauscher B, Marques-Vidal P, Toriel J, Tobback N, Andries

D, et al. Prevalence and determinants of REM sleep behavior disorder

in the general population. Sleep. (2017) 41:zsx197. doi: 10.1093/sleep/

zsx197

46. Kang SH, Yoon IY, Lee SD, Han JW, Kim TH, Kim KW. REM

sleep behavior disorder in the Korean elderly population: prevalence

and clinical characteristics. Sleep. (2013) 36:1147–52. doi: 10.5665/sleep.

2874

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.

Copyright © 2020 Chen, Chen, Xu, Qiao, Wang, Ji, Gu, Chhetri and Chan. 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.

Frontiers in Neurology | www.frontiersin.org 8 February 2020 | Volume 11 | Article 109

https://doi.org/10.5665/sleep.5332
https://doi.org/10.1212/WNL.0000000000006849
https://doi.org/10.1016/j.sleep.2016.06.027
https://doi.org/10.1212/WNL.0000000000002414
https://doi.org/10.1093/sleep/zsx197
https://doi.org/10.5665/sleep.2874
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Education Moderates the Association of Probable REM Sleep Behavior Disorder With Cognitive and Motor Impairments in Community-Dwelling Older People
	Introduction
	Methods
	Study Sample
	Assessment of Cognitive Function
	Assessment of Motor Function
	Diagnosis of Probable Rapid Eye Movement Sleep Behavior Disorder
	Assessment of Education and Other Covariates
	Statistical Analyses

	Results
	Baseline Characteristics of Participants With and Without Probable Rapid Eye Movement Sleep Behavior Disorder
	Association Between Probable Rapid Eye Movement Sleep Behavior Disorder and Cognitive/Motor Function
	Analysis of the Moderating Effect of Education on the Association Between Probable Rapid Eye Movement Sleep Behavior Disorder and Cognitive/Motor Function

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


