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Abstract: Rapid eye movements (REM) sleep density is the parameter proposed to explain the
variability in the amount of eye movements during REM sleep. Alterations in REM sleep density
have been proposed as a screening criterion for individuals with depression and other mental health
conditions, but its accuracy has not been properly evaluated. The lack of consensus and the variability
of the methods used to score it reduces the external validity of the results, hindering an adequate
analysis of its diagnostic accuracy and clinical applicability. This scoping review aimed to identify
and quantify the methods used to score REM sleep density, describing their main characteristics. A
literature search was conducted in PubMed, Scopus, PsycInfo, and Web of Science. Only studies with
objective measures for REM sleep density analysis in individuals with depression were considered
eligible. The final sample comprised 57 articles, covering 64 analyses of REM sleep density. The
relative frequency methods were the predominant measurement parameter for analyzing REM sleep
density across studies. The most frequently adopted REM estimation unit was the number of REM
events followed by mini-epochs containing REM. The most common unit of measurement were
frequency/time measures. The results demonstrate that there is no consistency in the methods used
to calculate REM sleep density in the literature, and a high percentage of studies do not describe their
methods in sufficient detail. The most used method was the number of REM episodes per minute of
REM sleep, but its use is neither unanimous nor consensual. The methodological inconsistencies and
omissions among studies limit the replicability, comparability, and clinical applicability of REM sleep
density. Future guidelines should discuss and include a specific methodology for the scoring of REM
sleep density, so it can be consensually implemented in clinical services and research.
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1. Introduction

The REM sleep stage is characterized by (and named after) the onset of rapid eye
movements during sleep. However, being a phasic sleep event, these eye movements are
not observed through the entirety of REM sleep, but are rather presented intermittently.
REM sleep density is a sleep parameter proposed to account for the variability on the
amount of eye movements within REM sleep. It refers to the proportion of REM sleep that
actually contains eye movements [1].

Alterations on REM sleep-related parameters (including REM latency, total REM
time, and REM sleep density) are often associated with several psychopathologies [2–5],
especially depression, bipolar disorder, and schizophrenia [6–8]. However, REM sleep
alterations are still not recognized as a proper diagnostic parameter for any of these
conditions, as their actual diagnostic accuracy has not been properly clarified [3].

One important practical aspect limiting the applicability of REM sleep density is the
lack of consensus on its definitions and on how to score it. Although the current version of
the American Academy of Sleep Medicine (AASM) scoring manual [9] describes standards
for scoring rapid movements on the electro-oculogram, it does not provide any specific
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information on how to score and calculate REM sleep density. Consequently, the definition
of REM sleep density being used varies considerably from one research group to another.
The use of multiple REM sleep density scoring methods reduces the external validity and
reproducibility of findings and impairs a proper analysis of its diagnostic accuracy and
clinical applicability.

The current scoping review aims at mapping the literature to identify the REM sleep
density scoring methods being used, describing its main characteristics.

2. Methods

A scoping review is a type of systematic review intended to map and analyze a field
of research on a wider perspective, analyzing its publication output and describing its
methodological characteristics. The present study is a secondary investigation of another
systematic review on the effect of depressive symptoms in REM sleep density (PROSPERO’S
protocol number CRD42022345887) and was written according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA), an extension for scoping
reviews (PRISMA-ScR) [10]. For a proper reading of the methods and results, we advise for
the distinction between the terms REM, REM sleep, and REM sleep density, which have
different meanings. “REM” refers to the occurrence of rapid eye movements, “REM sleep”
refers to the referred sleep stage, and “REM sleep density” refers to the proportion of eye
movements within the REM sleep stage.

2.1. Search Strategy and Eligibility Analysis

A bibliographic search was performed at PubMed, Scopus, and Web of Science (com-
plete collection). The search strategy was initially developed for PubMed (as disclosed
below), being adapted to the search engine and syntax of the other databases. The search
strategies and search results for all databases are presented in the Supplementary Material.

(“REM density” OR (density AND (REM OR “eye movement*” OR “Sleep, REM”[mesh])))
AND (depression[mesh] OR depression[tiab] OR depress*[tiab] OR affective disorders[mesh]
OR mood disorders[mesh]).

The search records from each database were exported to Covidence and the exclu-
sion of duplicate records was performed automatically. Each non-duplicated article was
screened and evaluated through a 2-stage process: screening of titles and abstracts, followed
by full text analysis. In both stages, the articles were analyzed independently according to
the inclusion and exclusion criteria by 2 out of 3 independent Reviewers (TTK, VAK, YML),
and discrepancies were solved by another Reviewer (GNP). Studies with objective mea-
sures for the analysis of REM sleep density in individuals with depression were considered
eligible. We excluded systematic or narrative reviews, discussion articles, meta-analyses,
case reports, and other types of theoretical articles. There was no language, publication
date, or other restrictions.

In the first selection phase (titles and abstracts), the exclusion criteria were applied in
the following order: (1) wrong article type (not an original study), (2) wrong population
(individuals under 18 years old or animals), and (3) wrong exposure (no depression). In
the second selection phase (full texts), the exclusion criteria were applied in the following
order: (1) no full text available, (2) wrong comparator/control, (3) no depression, (4) wrong
population, (5) non-original article, (6) wrong experimental design, and (7) wrong outcome
(no REM sleep density).

2.2. Data Extraction

Data extraction was conducted by a single Reviewer (TTK) and verified by a second
Reviewer (GNP) using a standardized Microsoft Excel data extraction form. For each article,
the following variables were extracted:

• Measurement parameter: The parameters by which REM sleep density are measured
vary on 2 basic aspects: how REM events are counted and if it is calculated or corrected
in relation to some other parameter (as explained in Figure 1). REM events can be
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measured by either counting the frequency of REM events or determining the total
time of REM events. Also, they can be calculated either as absolute measures (when
the final parameter is not controlled or compared to any other variable) or relative
measures (when they were corrected by some other variable, such as REM sleep stage
time or total sleep time). Based on that, each study was categorized as evaluating REM
sleep density based on the following alternatives:

# Absolute frequency: total frequency of REM events (or other way to count REM
events, such as epochs, mini-epochs, or bursts containing REM).

# Relative frequency: absolute frequency of REM events divided by a denominator.
# Absolute time: total duration of the REM events.
# Relative time: absolute time divided by a denominator.
# Score: Measures that use a score to calculate REM sleep density, based but not

directly convertible from frequency or time of REM.

• Method of analysis: Automatic or manual.
• Software: The name of the software used for automatic REM sleep density analysis,

when available. It refers specifically to the software used for REM sleep density
analyses (rather than to PSG recording or scoring software).

• REM estimation unit: Unit of analysis used to quantify REM events. In relative
measurement parameters, it refers to the numerator. Ex.: REM events, mini-epochs
with REM or REM bursts.

• Denominator: Denominator used in the measurement. Applicable only to relative
measurement parameters. Ex.: total REM sleep time, total number of REM sleep
epochs, or total sleep time.

• Unit of measurement: Resulting unit of measurement of REM sleep density. Ex.: REM
units per minute, mini-epochs containing REM per minute, etc.

• Size of the mini-epochs: Size of mini-epochs considered in the analysis per REM period
(when applicable).

• Eye movements’ definition: Polysomnographic criteria for REM considered in the study.
• Type of polysomnography: Type I (laboratory) or type II (domiciliary) PSG. Types III

and IV were not considered as they do not encompass an electro-oculogram, therefore
not allowing the quantification of REM events.

• Duration of REM sleep density analysis: Some studies evaluate REM sleep density
based on the entire night while others consider shorter analyses (such as the first REM
sleep episode).
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Figure 1. Terminology used to define the methods of REM sleep density analyses. This example details
a relative time method, in which the number of REM events is divided by the total REM sleep time.
Absolute measurement methods (time or duration) have no denominator. Acronyms: REM: rapid
eye movements. N: frequency/number of events. Min: minutes.
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2.3. Data Synthesis and Analyses

As some articles employed 2 or more methods of REM sleep density analysis, the
number of analyses and articles might not match exactly and are presented independently
whenever applicable. As common for scoping reviews, effect sizes and other summary mea-
sures of effect were not calculated. The results are restricted to a descriptive presentation of
the data, exploring their quantitative and qualitative aspects (known as “charting analysis”).

3. Results

The search strategy resulted in 745 non-duplicated records. After screening and
eligibility analyses, 57 studies were considered eligible and were included in the final
sample, comprising a total of 64 analyses (Table 1). The article selection process is disclosed
in Figure 2.
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Most of the REM sleep density analyses in our sample were manual (45 analyses—70.31%,
43 articles—91.78%). Among those that used automatic methods (12 analyses—18.75%,
7 articles—12.28%), 2 studies used REMDETK software (4 analyses), 1 used PRANA
(1 analysis), 2 used an unspecified algorithm (5 analyses), and 1 used an unspecified semi-
automatic algorithm (1 analysis). The remaining ones did not specify how REM sleep
density was estimated or calculated (seven analyses—10.93%, seven articles—12.28%).
The polysomnographic definitions of eye movements or their scoring criteria were not
presented in most studies (52 analyses—81.25%, 50 articles—87.71%), and this information
was restricted to the studies using automatic eye movements measurement tools. Even
among these, the definition of eye movements was highly variable, the most common being
that eye movements are an event with a minimum of 25 microvolts excursion lasting at
least 200 msec (7 analyses—10.93%, 2 articles—3.5%).
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Table 1. Descriptions and characterization of the included studies.

Study Analysis PSG Type Method of
Analysis Software Measurement

Parameter
REM

Estimation Unit Denominator Unit of
Measurement

Duration of REM
Sleep Density

Analysis
Mini-Epoch

Size

Ansseau et al., 1985 [11] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Whole night NA

Antonijevic et al., 2003 [12] 1 I Manual NA Unclear/ND Unclear/ND Unclear/ND Unclear/ND Whole night NA

Asaad et al., 2002 [13] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
epochs (n) Unclear/ND Both 3 s

Benson et al., 1993 [14] 1 I Automatic REMDTEK Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Both NA

Benson et al., 1993 [14] 2 I Automatic REMDTEK Absolute time Burst (time) NA Time (s) Both NA

Benson et al., 1993 [14] 3 I Automatic REMDTEK Relative
frequency REM (n) Burst (n) Frequency

(n)/event (n) Both NA

Cartwright et al., 1998 [15] 1 I Manual NA Unclear/ND Unclear/ND Unclear/ND Unclear/ND First REM episode NA

Clark et al., 2000 [16] 1 I Manual NA Score REM (n) REM sleep
(time) Score Whole night NA

Clark et al., 1998 [17] 1 I Manual NA Score REM (n) REM sleep
(time) Score Whole night NA

Douglass et al., 1992 [18] 1 I Automatic REMDTEK Relative
frequency

IRIs (Interrapid
EM Interval)

REM sleep
(time)

Frequency
(n)/time (min) Whole night NA

Dow et al., 1996 [19] 1 I Manual NA Score REM (n) REM sleep
(time) Score Whole night NA

Dykierek et al., 1998 [20] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 3 s

Friess et al., 2008 [21] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 3 s

Gann et al., 2004 [22] 1 I ND ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND Both NA
Gann et al., 1992 [23] 1 I Manual NA Unclear/ND Unclear/ND Unclear/ND Unclear/ND Both 3 s
Gillin et al., 1981 [24] 1 I Manual NA Unclear/ND Unclear/ND Unclear/ND Unclear/ND Both NA

Gillin et al., 1979 [25] 1 I Manual NA Score REM (n) REM sleep
(time) Score Whole night NA

Gillin et al., 1996 [26] 1 I Manual NA Score REM (n) REM sleep
(time) Score Whole night NA

Hudson et al., 1992 [27] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Both NA

Hudson et al., 1987 [28] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) First REM episode NA

Jones et al., 1985 [29] 1 I ND ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND First REM episode NA

Kwon et al., 2019 [30] 1 I Automatic Semi-automatic
algorithm

Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Whole night 3 s

Lauer et al., 1990 [31] 1 I Manual NA Unclear/ND Unclear/ND Unclear/ND Unclear/ND Both NA

Lauer et al., 1991 [32] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 3 s

Lauer et al., 1995 [33] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 3 s

Linkowski et al., 1986 [34] 1 I Manual NA Relative
frequency Unclear/ND REM sleep

(time) Unclear/ND Whole night NA

Liscombe et al., 2002 [35] 1 I ND ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND NA
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Table 1. Cont.

Study Analysis PSG Type Method of
Analysis Software Measurement

Parameter
REM

Estimation Unit Denominator Unit of
Measurement

Duration of REM
Sleep Density

Analysis
Mini-Epoch

Size

Luik et al., 2015 [36] 1 II Automatic PRANA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Whole night NA

Mcnamara et al., 1984 [37] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time) Unclear/ND Both NA

Mellman et al., 1997 [38] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Whole night NA

Mendlewicz et al., 1991 [39] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Whole night NA

Mendlewicz et al., 1984 [40] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time) Score Whole night NA

Modell et al., 2002 [41] 1 I ND ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND Both NA

Modell et al., 2005 [42] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 3 s

Moore et al., 1998 [43] 1 I Manual NA Score REM (n) REM sleep
(time) Score Both NA

Motivala et al., 2005 [44] 1 I Manual NA Score REM (n) REM sleep
(time) Score First REM episode NA

Pasternak et al., 1994 [45] 1 I ND ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND NA

Pawlowski et al., 2017 [1] 1 I Automatic Unspecified
algorithm

Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Whole night 3 s

Poland et al., 1997 [46] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Both NA

Reynolds et al., 1985 [47] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time) Unclear/ND Both NA

Reynolds et al., 1987 [48] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time) Unclear/ND Both NA

Riemann et al., 1994 [49] 1 I Manual NA Unclear/ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND NA

Riemann et al., 1994 [50] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 3 s

Riemann et al., 1994 [51] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 3 s

Rotenberg et al., 2000 [52] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Both NA

Rotenberg et al., 1997 [53] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Whole night NA

Shipley et al., 1992 [54] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time) Score Whole night NA

Sitaram et al., 1982 [55] 1 I Manual NA Score REM (n) REM sleep
(time) Score Both NA

Sitaram et al., 1984 [56] 1 I Manual NA Unclear/ND Unclear/ND Unclear/ND Unclear/ND Both NA

Steiger et al., 1994 [57] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Unclear/ND 3 s

Talbot et al., 2009 [58] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Whole night 5 s
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Table 1. Cont.

Study Analysis PSG Type Method of
Analysis Software Measurement

Parameter
REM

Estimation Unit Denominator Unit of
Measurement

Duration of REM
Sleep Density

Analysis
Mini-Epoch

Size

Taylor et al., 1999 [59] 1 I Automatic ND Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Whole night NA

Thase et al., 1997 [60] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Unclear/ND NA

Thase et al., 1994 [61] 1 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Whole night NA

Waller et al., 1989 [62] 1 I ND ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND Both NA

Wichniak et al., 2002 [63] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Both 2 s

Wichniak et al., 2002 [63] 2 I Manual NA Score REM (time) NA Score Both 20 s

Wichniak et al., 2002 [63] 3 I Manual NA Relative
frequency REM (n) REM sleep

(time)
Frequency

(n)/time (min) Both NA

Wichniak et al., 2000 [64] 1 I Manual NA Relative
frequency

Mini-epochs
with REM (n)

REM sleep
mini-epochs (n)

Frequency
(n)/event (n) Whole night 3 s

Youssef et al., 2011 [65] 1 I ND ND Unclear/ND Unclear/ND Unclear/ND Unclear/ND Whole night NA

Zarcone et al., 1983 [66] 1 I Automatic Unspecified
algorithm

Absolute
frequency REM (n) NA Frequency (n) Whole night NA

Zarcone et al., 1983 [66] 2 I Automatic Unspecified
algorithm

Absolute
frequency Burst (n) NA Frequency (n) Whole night NA

Zarcone et al., 1983 [66] 3 I Automatic Unspecified
algorithm Absolute time REM (n) NA Time (s) Whole night NA

Zarcone et al., 1983 [66] 4 I Automatic Unspecified
algorithm Absolute time Burst (n) NA Time (s) Whole night NA

Acronyms: n: frequency/number of events. Min: minutes. NA: Not applicable. ND: not disclosed. REM: rapid eye movements. s: seconds.
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The relative frequency methods were the predominant measurement parameter for
analyzing REM sleep density across studies (36 analyses—56.25%, 34 articles—59.64%),
followed by studies evaluating REM sleep density based on indirect score measures
(9 analyses—14.06%, 8 articles—14.04%). A significant number of studies did not pro-
vide the adopted measure with sufficient detail to allow classification (12 analyses—18.75%,
12 article—21.05%) (Figure 3).
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Figure 3. Measurement parameters used for the analysis of REM sleep density. Acronyms: ND: Not disclosed.

The most frequently adopted REM estimation unit in the sample was the number of
REM events (30 analyses—46.88%, 27 articles—47.37%), followed by mini-epochs contain-
ing REM (14 analyses—21.88%, 14 articles—24.56%) (Figure 4A). Among studies adopting
the number of mini-epochs containing REM as the estimation unit, 3 s mini-epochs were
the most common (13 analyses—20.31%, 13 articles—22.81%), while epochs of 2, 5, and
20 s were employed by 1 analysis each. Regarding the denominator applied, we noticed
a predominance of total REM sleep time (29 analyses—45.31%, 29 articles—50.87%), fol-
lowed by the number of REM sleep mini-epochs (13 analyses—20.31%, 13 articles—22.81%)
(Figure 4B).
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Figure 4. Variables related to the calculation of REM sleep density. (A) REM estimation unit. It
disclosed the exact way by which REM was estimated. (B) Denominator. It refers to the variables
used to correct for the amount of REM, being applicable only to relative measurement parameters.
(C) Unit of measurement. It refers to the resulting unit of measurement of REM sleep density.
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For the unit of measurement, most studies did not describe or allow us to deduct which
unit of measurement was used to evaluate REM sleep density assessment. Among the
cases from which this information could be extracted, frequency/time measures, especially
REM units per minute of REM sleep, were the most frequent unit of measurement used
(15 analyses—23.44%, 15 articles—26.32%). Following, frequency/event measures, espe-
cially mini-epochs containing REM divided by the total number of REM sleep mini-epochs,
were the second most used unit of measurement (14 analyses—21.8%, 14 articles—24.56%)
(Figure 4C).

Most studies presented the REM sleep density analysis related both to the first REM
sleep episode and to the whole night (29 analyses—45.31%, 26 articles—45.61%). A similar
number of studies presented the results related to the entire night only (26 analyses—40.62%,
23 articles—40.35%), while few of them restricted the results to the first REM sleep episode
(4 analyses—6.25%, 4 articles—7.01%) (Figure 4). Only 1 analysis in our sample was per-
formed using type II polysomnography, while the other analyses were performed using
type I polysomnography (63 analyses—98.43%, 56 articles—98.24%).

4. Discussion

Variations on the scoring and diagnostic criteria are demonstrated in the literature as
a factor that affects not only the replicability of research, but also may generate variations
in prevalence estimates. As an example, differences on the hypopnea scoring criteria
might overestimate the prevalence of moderate to severe obstructive sleep apnea in about
50% [67]. In view of the above, it is essential that REM sleep density analysis methods be
standardized to provide reliable results and comparisons.

Our results showed that there is a high variability in the methodologies and calcula-
tions applied to estimate REM sleep density, and a high percentage of studies do not even
describe their methods in sufficient detail. The most used method was the number of REM
episodes per minute of REM sleep, but its use is neither unanimous nor consensual. The
methodological inconsistencies and omissions among studies are an important drawback
on the comparability and clinical applicability of REM sleep density. Another relevant
aspect is the variability of the software and algorithms created to perform the automatic
analysis of REM sleep density. Most of them do not describe the scoring parameters used,
and their validation and diagnostic accuracy in comparison to human scorers have not
been tested.

To date, the best definition of eye movements in a PSG recording is provided by the
AASM scoring manual (AASM, 2023 [9]), which defines it as “conjugate, irregular, sharply
peaked eye movements with an initial deflection usually lasting <500 msec”. However,
none of the included studies in our sample met or directly mentioned these criteria. Even
considering that there is a proper definition of REM, no manual provides guidance for
the calculation of REM sleep density whatsoever. It is still necessary to standardize the
methods of REM sleep density analysis for future research to generate more reliable and
accurate data.

Although we highlight that there is no consensus on the evaluation of REM sleep
density, our study is not able to approach important practical problems. First, by the current
results, we are not able to estimate the level of discrepancies among the different REM
sleep density calculation methods. It is very likely that different methods would lead to
different estimates even when applied to the same PSG recording. However, neither the
magnitude of this discrepancy nor how much one method under or overestimates REM
sleep density over another can be determined by our methodological approach. We also
cannot determine which is the best method for calculating REM sleep density. Solving these
issues would require analyzing polysomnographic data from a clinically characterized
sample and evaluating the accuracy of different methods to estimate REM sleep density on
predicting specific outcomes.

There is growing evidence regarding the relevance of REM sleep density both as a
prognostic and as a diagnostic measure. REM-sleep dysregulation has previously been
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associated with depression and has been proposed as a potential endophenotype of de-
pression [3,68,69]. It has also been considered as a marker of vulnerability for depressive
disorder in a high-risk group, even in patients who are not undergoing a period of clinically
observable depressive symptoms [41]. In such cases, elevated REM sleep density during
the first REM episode was stable over a 4-year period and demonstrated that elevated
REM sleep density indeed represents a valid neurobiological marker of vulnerability to
depression [33,42,70]. Changes in REM sleep density are also associated with patient
response to treatment, but with discrepant results. Lechinger et al. described that the
response to antidepressant pharmacotherapy among patients with moderate to severe
depression is better in those with high baseline REM sleep density [71]. Conversely, Clark
et al. demonstrated a more robust response to the antidepressant acute effects of sleep
deprivation among those with lower baseline REM sleep density [16]. Although these data
reinforce the possible relevance of REM sleep density as an important polysomnographic
measure, with implications on diagnosis, prognosis, and response to treatment, its practical
implementation would depend on having standardized measures to analyze, score, and
report it.

As a limitation of our study, it shall be mentioned that this is a secondary analysis
of a systematic review of REM sleep density alterations in individuals with depressive
symptoms. We acknowledge that REM sleep density is not exclusively related to depression
and evaluating it may be relevant under the scope of other mood disorders (bipolar disorder
and mania included), other mental health conditions (such as schizophrenia), and sleep
disorders involving REM sleep alterations (such as narcolepsy and REM sleep behavior
disorder). Although this scoping review was based on studies specifically about depression,
we believe this is not likely to influence the results or decrease the reliability of these
findings, due to two main reasons. First, depression is the condition most closely related
to REM sleep density alterations. Second, we believe that the same inconsistencies on the
methods used to quantify REM sleep density would have been achieved even if our search
were broader to encompass bipolar disorder and other conditions.

In conclusion, our study demonstrates that there is no consistency on the methods used
to calculate REM sleep density in the current literature. Despite the potential usefulness
of this measure for the screening and differential diagnosis of medical and psychiatric
conditions, we are not able to define which is the best method to quantify it. Based on that,
we suggest that future scoring manuals or tasks forces on sleep scoring guidelines discuss
and include specific methodology for the calculation of REM sleep density, so it can be
consensually implemented in clinical services and research.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/clockssleep5040051/s1, Search strategies.

Author Contributions: T.T.K.: Conceptualization, methodology, validation, investigation, resources,
data curation, formal statistical analysis, writing—original draft, writing—review and editing,
project administration. M.L.A.: Conceptualization, resources, writing—review and editing, su-
pervision, project administration. Y.M.L.: methodology, investigation, writing—review and editing.
V.A.K.: methodology, investigation, writing—review and editing. S.T.: Conceptualization, resources,
writing—review and editing, supervision. G.N.P.: Conceptualization, methodology, validation, in-
vestigation, resources, data curation, writing—original draft, writing—review and editing, project
administration. All authors have read and agreed to the published version of the manuscript.

Funding: Our studies are supported by the Associação Fundo de Incentivo à Pesquisa (AFIP), São
Paulo, Brazil. T.T.K., M.L.A., Y.M.L. and V.A.K. are recipients of grants from the São Paulo Research
Foundation (FAPESP; grants 2022/00195-5, 2020/13467-8, 2022/08677-9, and 2022/00328-5). M.L.A.
is a recipient of Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq) fellowship.
No sponsorship was received for the publication of this manuscript.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

https://www.mdpi.com/article/10.3390/clockssleep5040051/s1
https://www.mdpi.com/article/10.3390/clockssleep5040051/s1


Clocks&Sleep 2023, 5 803

Data Availability Statement: Available upon request.

Conflicts of Interest: G.N.P. is a shareholder at SleepUp©. The other authors have no conflict of
interests to disclose.

References
1. Pawlowski, M.A.; Gazea, M.; Wollweber, B.; Dresler, M.; Holsboer, F.; Keck, M.E.; Steiger, A.; Adamczyk, M.; Mikoteit, T. Heart

rate variability and cordance in rapid eye movement sleep as biomarkers of depression and treatment response. J. Psychiatr. Res.
2017, 92, 64–73. [CrossRef]

2. Arfken, C.L.; Joseph, A.; Sandhu, G.R.; Roehrs, T.; Douglass, A.B.; Boutros, N.N. The status of sleep abnormalities as a diagnostic
test for major depressive disorder. J. Affect. Disord. 2014, 156, 36–45. [CrossRef] [PubMed]

3. Baglioni, C.; Nanovska, S.; Regen, W.; Spiegelhalder, K.; Feige, B.; Nissen, C.; Reynolds, C.F.; Riemann, D. Sleep and mental
disorders: A meta-analysis of polysomnographic research. Psychol. Bull. 2016, 142, 969–990. [CrossRef] [PubMed]

4. Palmer, C.A.; Alfano, C.A. Sleep and emotion regulation: An organizing, integrative review. Sleep Med. Rev. 2017, 31, 6–16. [CrossRef]
5. Wang, Y.-Q.; Li, R.; Zhang, M.-Q.; Zhang, Z.; Qu, W.-M.; Huang, Z.-L. The Neurobiological Mechanisms and Treatments of REM

Sleep Disturbances in Depression. Curr. Neuropharmacol. 2015, 13, 543–553. [CrossRef] [PubMed]
6. Benson, P.J.; Beedie, S.A.; Shephard, E.; Giegling, I.; Rujescu, D.; St Clair, D. Simple viewing tests can detect eye movement

abnormalities that distinguish schizophrenia cases from controls with exceptional accuracy. Biol. Psychiatry 2012, 72, 716–724.
[CrossRef] [PubMed]

7. Brakemeier, S.; Sprenger, A.; Meyhöfer, I.; McDowell, J.E.; Rubin, L.H.; Hill, S.K.; Keshavan, M.S.; Pearlson, G.D.; Tamminga, C.A.;
Gershon, E.S.; et al. Smooth pursuit eye movement deficits as a biomarker for psychotic features in bipolar disorder—Findings
from the PARDIP study. Bipolar Disord. 2020, 22, 602–611. [CrossRef] [PubMed]

8. Morita, K.; Miura, K.; Fujimoto, M.; Yamamori, H.; Yasuda, Y.; Iwase, M.; Kasai, K.; Hashimoto, R. Eye movement as a biomarker
of schizophrenia: Using an integrated eye movement score. Psychiatry Clin. Neurosci. 2017, 71, 104–114. [CrossRef]

9. AASM. The AASM Manual for the Scoring of Sleep and Associated Events—Version 3; American Academy of Sleep Medicine: Darien,
IL, USA, 2023.

10. Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.J.; Horsley, T.; Weeks, L.; et al.
PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. Am. Coll. Physicians 2018,
169, 467–473. [CrossRef]

11. Ansseau, M.; Kupfer, D.J.; Reynolds, C.F., III; Coble, P.A. “Paradoxical” Shortening of REM Latency on First Recording Night in
Major Depressive Disorder: Clinical and Polysomnographic Correlates. Biol. Psychiatry 1985, 20, 135–145. [CrossRef]

12. Antonijevic, I.A.; Murck, H.; Frieboes, R.M.; Uhr, M.; Steiger, A. On the role of menopause for sleep-endocrine alterations
associated with major depression. Psychoneuroendocrinology 2003, 28, 401–418. [CrossRef] [PubMed]

13. Asaad, T.; Okasha, T.; Okasha, A. Special report Sleep EEG findings in ICD-10 borderline personality disorder in Egypt. J. Affect.
Disord. 2002, 71, 11–18. [CrossRef] [PubMed]

14. Benson, L.; Vincent, P.; Zarcone, J. Rapid Eye Movement Sleep Eye Movements in Schizophrenia and Depression. Arch. Gen.
Psychiatry 1993, 50, 474–482. [CrossRef] [PubMed]

15. Cartwright, R.; Young, M.A.; Mercer, P.; Bears, M. Role of REM sleep and dream variables in the prediction of remission from
depression. Psychiatry Res. 1998, 80, 149–255. [CrossRef] [PubMed]

16. Clark, C.; Dupont, R.; Golshan, S.; Gillin, J.C.; Rapaport, M.H.; Kelsoe, J.R. Preliminary evidence of an association between
increased REM density and poor antidepressant response to partial sleep deprivation. J. Affect. Disord. 2000, 59, 77–83. [CrossRef]
[PubMed]

17. Clark, C.; Dupont, R.; Lehr, P.; Yeung, D.; Halpern, S.; Golshan, S.; Gillin, J.C. Is there a relationship between delta sleep at night
and afternoon cerebral blood flow, assessed by HMPAO-SPECT in depressed patients and normal control subjects? Preliminary
data. Psychiatry Res. Neuroimaging 1998, 84, 89–99. [CrossRef] [PubMed]

18. Douglass, A.B.; Benson, K.; Hill, E.M.; Zarcone, V.P. Markovian Analysis of Phasic Measures of REM Sleep in Normal, Depressed,
and Schizophrenic Subjects. Biol. Psychiatry 1992, 31, 542–559. [CrossRef] [PubMed]

19. Dow, B.M.; Kelsoe, J.R., Jr.; Gillin, J.C. Sleep and Dreams in Vietnam PTSD and Depression. Biol. Psychiatry 1996, 39, 42–50.
[CrossRef]

20. Dykierek, P.; Stadtmüller, G.; Schramma, P.; Bahro, M.; Van Calker, D.; Braus, D.F.; Steigleider, P.; Löw, H.; Hohagen, F.; Gattaz,
W.F.; et al. The value of REM sleep parameters in differentiating Alzheimer’s disease from old-age depression and normal aging.
J. Psychiatr. Res. 1998, 32, 1–9. [CrossRef]

21. Friess, E.; Schmid, D.; Modell, S.; Brunner, H.; Lauer, C.J.; Holsboer, F.; Ising, M. Dex/CRH-test response and sleep in depressed
patients and healthy controls with and without vulnerability for affective disorders. J. Psychiatr. Res. 2008, 42, 1154–1162. [CrossRef]

22. Gann, H.; Van Calker, D.; Feige, B.; Cloot, O.; Brück, R.; Berger, M.; Riemann, D. Polysomnographic comparison between patients
with primary alcohol dependency during subacute withdrawal and patients with a major depression. Eur. Arch. Psychiatry Clin.
Neurosci. 2004, 254, 263–271. [CrossRef] [PubMed]

https://doi.org/10.1016/j.jpsychires.2017.03.026
https://doi.org/10.1016/j.jad.2013.12.007
https://www.ncbi.nlm.nih.gov/pubmed/24412322
https://doi.org/10.1037/bul0000053
https://www.ncbi.nlm.nih.gov/pubmed/27416139
https://doi.org/10.1016/j.smrv.2015.12.006
https://doi.org/10.2174/1570159X13666150310002540
https://www.ncbi.nlm.nih.gov/pubmed/26412074
https://doi.org/10.1016/j.biopsych.2012.04.019
https://www.ncbi.nlm.nih.gov/pubmed/22621999
https://doi.org/10.1111/bdi.12865
https://www.ncbi.nlm.nih.gov/pubmed/31721386
https://doi.org/10.1111/pcn.12460
https://doi.org/10.7326/M18-0850
https://doi.org/10.1016/0006-3223(85)90073-3
https://doi.org/10.1016/S0306-4530(02)00031-8
https://www.ncbi.nlm.nih.gov/pubmed/12573305
https://doi.org/10.1016/S0165-0327(01)00357-3
https://www.ncbi.nlm.nih.gov/pubmed/12167496
https://doi.org/10.1001/archpsyc.1993.01820180076008
https://www.ncbi.nlm.nih.gov/pubmed/8498882
https://doi.org/10.1016/S0165-1781(98)00071-7
https://www.ncbi.nlm.nih.gov/pubmed/9796940
https://doi.org/10.1016/S0165-0327(99)00135-4
https://www.ncbi.nlm.nih.gov/pubmed/10814775
https://doi.org/10.1016/S0925-4927(98)00049-3
https://www.ncbi.nlm.nih.gov/pubmed/10710166
https://doi.org/10.1016/0006-3223(92)90241-Q
https://www.ncbi.nlm.nih.gov/pubmed/1581435
https://doi.org/10.1016/0006-3223(95)00103-4
https://doi.org/10.1016/S0022-3956(97)00049-6
https://doi.org/10.1016/j.jpsychires.2008.01.005
https://doi.org/10.1007/s00406-004-0494-1
https://www.ncbi.nlm.nih.gov/pubmed/15309398


Clocks&Sleep 2023, 5 804

23. Gann, H.; Riemann, D.; Hohagen, F.; Dressing, H.; Muller, W.E.; Berger, M. The sleep structure of patients with anxiety disorders
in comparison to that of healthy controls and depressive patients under baseline conditions and after cholinergic stimulation. J.
Affect. Disord. 1992, 26, 179–189. [CrossRef] [PubMed]

24. Gillin, J.C.; Duncan, W.C.; Murphy, D.L.; Post, R.M.; Wehr, T.A.; Goodwin, F.K.; Wyatt, R.J.; Bunney, W.E. Age-Related Changes in
Sleep in Depressed and Normal Subjects. Psychiatry Res. 1981, 4, 73–78. [CrossRef] [PubMed]

25. Gillin, J.C.; Duncan, W.; Pettigrew, K.D.; Frankel, B.L.; Snyder, F. Successful separation of depressed, normal, and insomniac
subjects by EEG sleep data. Arch. Gen. Psychiatry 1979, 36, 85–90. [CrossRef] [PubMed]

26. Gillin, J.C.; Sohn, J.-W.; Stahl, S.M.; Lardon, M.; Kelsoe, J.; Rapaport, M.; Ruiz, C.; Golshan, S. Ipsapirone, a 5-HTIA Agonist,
Suppresses REM Sleep Equally in Unmedicated Depressed Patients and Normal Controls. Neuropsychopharmacology 1995, 15,
109–115. [CrossRef] [PubMed]

27. Hudson, J.I.; Lipinski, J.F.; Keck, P.E.; Aizley, H.G.; Lukas, S.E.; Rothschild, A.J.; Waternaux, C.M.; Kupfer, D.J.; Hudson, R.
Polysomnographic Characteristics of Young Manic Patients Comparison with Unipolar Depressed Patients and Normal Control
Subjects from the Laboratories for Psychiatric. Arch. Gen. Psychiatry 1992, 49, 378–383. [CrossRef] [PubMed]

28. Hudson, J.I.; Pope, H.G.; Jonas, J.M.; Stakes, J.W.; Grochocinski, V.; Lipinski, J.F.; Kupfer, D.J. Sleep EEG in bulimia. Biol. Psychiatry
1987, 22, 820–828. [CrossRef]

29. Jones, D.; Kelwala, S.; Bell, J.; Dube, S.; Jackson, E.; Sitaram, N. Cholinergic REM Sleep Induction Response Correlation with
Endogenous Major Depressive Subtype. Psychiatry Res. 1985, 14, 99–110. [CrossRef]

30. Kwon, H.B.; Yoon, H.; Choi, S.H.; Choi, J.W.; Lee, Y.J.; Park, K.S. Heart rate variability changes in major depressive disorder
during sleep: Fractal index correlates with BDI score during REM sleep. Psychiatry Res. 2019, 271, 291–298. [CrossRef]

31. Lauer, C.J.; Krieg, J.-C.; Riemann, D.; Zulley, J.; Berger, M. A polysomnographic study in young psychiatric inpatients: Major
depression, anorexia nervosa, bulimia nervosa. J. Affect. Disord. 1990, 18, 235–245. [CrossRef]

32. Lauer, C.J.; Riemann, D.; Wiegand, M.; Berger, M. From Early to Late Adulthood Changes in EEG Sleep of Depressed Patients and
Healthy Volunteers. Biol. Psychiatry 1991, 29, 979–993. [CrossRef] [PubMed]

33. Lauer, C.J.; Schreiber, W.; Holsboer, F.; Krieg, J.C. In Quest of Identifying Vulnerability Markers for Psychiatric Disorders by
All-Night Polysomnography. Arch. Gen. Psychiatry 1995, 52, 145–153. [CrossRef] [PubMed]

34. Linkowski, P.; Kerkhofs, M.; Rielaert, C.; Mendlewicz, J. Sleep During Mania in Manic-Depressive Males. Eur. Arch. Psychiatry
Neurol. Sci. 1995, 235, 339–341. [CrossRef] [PubMed]

35. Liscombe, M.P.; Hoffmann, R.F.; Trivedi, M.H.; Parker, M.K.; Rush, A.J.; Armitage, R. Quantitative EEG amplitude across REM
sleep periods in depression: Preliminary report. J. Psychiatry Neurosci. 2002, 27, 40–46. [PubMed]

36. Luik, A.I.; Zuurbier, L.A.; Whitmore, H.; Hofman, A.; Tiemeier, H. REM sleep and depressive symptoms in a population-based
study of middle-aged and elderly persons. J. Sleep Res. 2015, 24, 305–308. [CrossRef] [PubMed]

37. McNamara, E.; Reynolds, C.F., 3rd; Soloff, P.H.; Mathias, R.; Rossi, A.; Spiker, D.; Coble, P.A.; Kupfer, D.J. EEG Sleep Evaluation
of Depression in Borderline Patients. Am. J. Psychiatry 1984, 141, 182–186. [PubMed]

38. Mellman, T.A.; Nolan, B.; Hebding, J.; Kulick-Bell, R.; Dominguez, T. A Polysomnographic Comparison of Veterans With
Combat-Related PTSD, Depressed Men, and Non-III Controls. Sleep 1997, 20, 46–51. [CrossRef] [PubMed]

39. Mendlewicz, J.; Kerkhofs, M. Sleep Electroencephalography in Depressibe Illness: A Collaborative Study by the World Health
Organization. Br. J. Psychiatry 1991, 159, 505–509. [CrossRef]

40. Mendlewicz, J.; Kerkhofs, M.; Hoffmann, G.; Linkowski, P. Dexamethasone Supression Test and REM Sleep in Patients with
Major Depressive Disorder. Br. J. Psychiatry 1984, 145, 383–388. [CrossRef]

41. Modell, S.; Ising, M.; Holsboer, F.; Lauer, C.J. The Munich Vulnerability Study on Affective Disorders: Stability of Polysomno-
graphic Findings over Time. Biol. Psychiatry 2002, 52, 430–437. [CrossRef]

42. Modell, S.; Ising, M.; Holsboer, F.; Lauer, C.J. The Munich vulnerability study on affective disorders: Premorbid polysomnographic
profile of affected high-risk probands. Biol. Psychiatry 2005, 58, 694–699. [CrossRef] [PubMed]

43. Moore, P.; Christian Gillin, J.; Bhatti, T.; DeModena, A.; Seifritz, E.; Clark, C.; Stahl, S.; Rapaport, M.; Kelsoe, J. Rapid Tryptophan
Depletion, Sleep Electroencephalogram, and Mood in Men with Remitted Depression on Serotonin Reuptake Inhibitors. Arch.
Gen. Psychiatry 1998, 55, 534–539. [CrossRef] [PubMed]

44. Motivala, S.J.; Sarfatti, A.; Olmos, L.; Irwin, M.R. Inflammatory markers and sleep disturbance in major depression. Psychosom.
Med. 2005, 67, 187–194. [CrossRef] [PubMed]

45. Pasternak, R.E.; Reynolds, C.F.; Houck, P.R.; Schlernitzauer, M.; Buysse, D.J.; Hoch, C.C.; Kupfer, D.J. Brief Report Sleep in
Bereavement-Related Depression During and after Pharmacotherapy-With Nortriptyline. J. Geriatr. Psychiatry Neurol. 1994, 7,
69–73. [CrossRef] [PubMed]

46. Poland, R.E.; Mccracken, J.T.; Lutchmansingh, P.; Lesser, I.M.; Tondo, L.; Edwards, C.; Boone, K.B.; Lin, K.-M. Differential response
of rapid eye movement sleep to cholinergic blockade by scopolamine in currently depressed, remitted, and normal control
subjects. Biol. Psychiatry 1997, 41, 929–938. [CrossRef] [PubMed]

47. Reynolds, C.F.; Kupfer, D.J.; Taska, L.S.; Hoch, C.C.; Spiker, D.G.; Sewitch, D.E.; Zimmer, B.; Matin, R.S.; Nelson, J.P.; Martin, D.;
et al. EEG sleep in elderly depressed, demented, and healthy subjects. Biol. Psychiatry 1985, 20, 431–442. [CrossRef] [PubMed]

48. Reynolds, C.F., III; Kupfer, D.J.; Hoch, C.C.; Houck, P.R.; Stack, J.A.; Berman, S.R.; Campbell, P.I.; Zimmer, B. Sleep Deprivation as
a Probe in the Elderly. Arch. Gen. Psychiatry 1987, 44, 982–990. [CrossRef]

https://doi.org/10.1016/0165-0327(92)90014-W
https://www.ncbi.nlm.nih.gov/pubmed/1460168
https://doi.org/10.1016/0165-1781(81)90010-X
https://www.ncbi.nlm.nih.gov/pubmed/6939001
https://doi.org/10.1001/archpsyc.1979.01780010091010
https://www.ncbi.nlm.nih.gov/pubmed/216331
https://doi.org/10.1016/0893-133X(95)00159-B
https://www.ncbi.nlm.nih.gov/pubmed/8840346
https://doi.org/10.1001/archpsyc.1992.01820050042006
https://www.ncbi.nlm.nih.gov/pubmed/1586273
https://doi.org/10.1016/0006-3223(87)90081-3
https://doi.org/10.1016/0165-1781(85)90054-X
https://doi.org/10.1016/j.psychres.2018.11.021
https://doi.org/10.1016/0165-0327(90)90074-I
https://doi.org/10.1016/0006-3223(91)90355-P
https://www.ncbi.nlm.nih.gov/pubmed/2065140
https://doi.org/10.1001/archpsyc.1995.03950140063009
https://www.ncbi.nlm.nih.gov/pubmed/7848050
https://doi.org/10.1007/BF00381002
https://www.ncbi.nlm.nih.gov/pubmed/3743573
https://www.ncbi.nlm.nih.gov/pubmed/11836975
https://doi.org/10.1111/jsr.12273
https://www.ncbi.nlm.nih.gov/pubmed/25581509
https://www.ncbi.nlm.nih.gov/pubmed/6691476
https://doi.org/10.1093/sleep/20.1.46
https://www.ncbi.nlm.nih.gov/pubmed/9130334
https://doi.org/10.1192/bjp.159.4.505
https://doi.org/10.1192/bjp.145.4.383
https://doi.org/10.1016/S0006-3223(02)01398-7
https://doi.org/10.1016/j.biopsych.2005.05.004
https://www.ncbi.nlm.nih.gov/pubmed/16018976
https://doi.org/10.1001/archpsyc.55.6.534
https://www.ncbi.nlm.nih.gov/pubmed/9633672
https://doi.org/10.1097/01.psy.0000149259.72488.09
https://www.ncbi.nlm.nih.gov/pubmed/15784782
https://doi.org/10.1177/089198879400700201
https://www.ncbi.nlm.nih.gov/pubmed/8204191
https://doi.org/10.1016/S0006-3223(96)00183-7
https://www.ncbi.nlm.nih.gov/pubmed/9110098
https://doi.org/10.1016/0006-3223(85)90045-9
https://www.ncbi.nlm.nih.gov/pubmed/3978175
https://doi.org/10.1001/archpsyc.1987.01800230062011


Clocks&Sleep 2023, 5 805

49. Riemann, D.; Hohagen, F.; Bahro, M.; Berger, M. Clinical Neuroscience Sleep in depression: The influence of age, gender and
diagnostic subtype on baseline sleep and the cholinergic REM induction test with RS 86. Eur. Arch. Psychiatry Clin. Neurosci. 1994,
243, 279–290. [CrossRef]

50. Riemann, D.; Hohagen, F.; Bahro, M.; Lis, S.; Stadmuller, G.; Gann, H.; Bergir, M. Cholinergic neurotransmission, rem sleep and
depression. J. Ofpsychosomatic Res. 1994, 38, 15–25. [CrossRef]

51. Riemann, D.; Hohagen, F.; Krieger, S.; Gann, H.; Miller, W.E.; Olbrich, R.; Wark, H.-J.; Bohus, M.; Ldw, H.; Berger, M. Cholinergic
rem induction test: Muscarinic supersensitivity underlies polysomnographic findings in both depression and schizophrenia. J.
Psychiatr. Res. 1994, 28, 195–210. [CrossRef]

52. Rotenberg, V.S.; Indursky, P.; Kayumov, L.; Sirota, P.; Melamed, Y. The relationship between subjective sleep estimation and
objective sleep variables in depressed patients. Int. J. Psychophysiol. 2000, 37, 291–297. [CrossRef] [PubMed]

53. Rotenberg, V.S.; Kayumov, L.; Indursky, P.; Hadjez, J.; Kimhi, R.; Sirota, P.; Bichucher, A.; Elizur, A. REM sleep in depressed
patients: Different ati’empts to achieve adaptation. J. Psychosom. Res. 1997, 42, 565–575. [CrossRef] [PubMed]

54. Shipley, J.E.; Schteingart, D.E.; Tandon, R.; Pande, A.C.; Grunhaus, L.; Haskett, R.F.; Starkman, M.N. EEG Sleep Cushing’s Disease
and Syndrome: Comparison with Patients Depressive Disorder. Biol. Psychiatry 1992, 32, 146–155. [CrossRef] [PubMed]

55. Sitaram, N.; Nurnberger, J.I.; Gershon, E.S.; Christian Gillin, J. Cholinergic Regulation of Mood and REM Sleep: Potential Model
and Marker of Vulnerability to Affective Disorder. Am. J. Psychiatry 1982, 139, 571–576. [PubMed]

56. Sitaram, N.; Dube, S.; Jones, D.; Pohl, R.; Gershon, S. Acetylcholine and arAdrenergic Sensitivity in the Separation of Depression
and Anxiety. Psychopathology 1984, 17, 24–39. [CrossRef] [PubMed]

57. Steiger, A.; Guldner, J.; Colla-Muller, M.; Friess, E.; Sonntac, A.; Schier, T. Growth hormone-releasing hormone (GHRH)-induced
effects on sleep EEG and nocturnal secretion of growth hormone, cortisol and ACTH in patients with major depression. J.
Psychiatr. Res. 1994, 28, 225–238. [CrossRef] [PubMed]

58. Talbot, L.S.; Hairston, I.S.; Eidelman, P.; Gruber, J.; Harvey, A.G. The Effect of Mood on Sleep Onset Latency and REM Sleep in
Interepisode Bipolar Disorder. J. Abnorm. Psychol. 2009, 118, 448–458. [CrossRef]

59. Taylor, M.P.; Reynolds, C.F.; Frank, E.; Dew, M.A.; Mazumdar, S.; Houck, P.R.; Kupfer, D.J. EEG sleep measures in later-life
bereavement depression: A randomized, double-blind, placebo controlled evaluation of nortriptyline. Am. J. Geriatr. Psychiatry
1999, 7, 41–47. [CrossRef]

60. Thase, M.E.; Buysse, D.J.; Frank, E.; Cherry, C.R.; Cornes, C.L.; Mallinger, A.G.; Kupfer, D.J. Which Depressed Patients Will
Respond to Interpersonal Psychotherapy? The Role of Abnormal EEG Sleep Profiles. Am. J. Psychiatry 1997, 154, 502–509.

61. Thase, M.E.; Reynolds, C.F.; Frank, E.; Jennings, J.R.; Nofzinger, E.; Fasiczka, A.L.; Garamoni, G.; Kupfer, D.J. Polysomnographic
Studies of Unmedicated Depressed Men before and after Cognitive Behavioral Therapy. Am. J. Psychiatry 1994, 151, 1615–1622.

62. Waller, D.A.; Hardy, B.W.; Pole, R.; Giles, D.; Gullion, C.M.; Rush, A.J.; Roffwarg, H.P. Sleep EEG in Bulimic, Depressed, and
Normal Subjects. Biol. Psychjatry 1989, 25, 661–664. [CrossRef] [PubMed]

63. Wichniak, A.; Antczak, J.; Wierzbicka, A.; Jernajczyk, W. Alterations in pattern of rapid eye movement activity during REM sleep
in depression. Acta Neurobiol. Exp. 2002, 62, 243–250. [CrossRef]

64. Wichniak, A.; Riemann, D.; Kiemen, A.; Voderholzer, U.; Jernajczyk, W. Comparison between eye movement latency and REM
sleep parameters in major depression. Eur. Arch. Psychiatry Clin. Neurosci. 2000, 250, 48–52. [CrossRef] [PubMed]

65. Youseff, I.; Hasan, A.R.; Fahmy, M.; Assad, T.; El-Khouly, G.; Moez, K.A.; Khalik, S.A. The effect of commonly used antidepressant
drug groups on sleep profile with major depression: A case-control study. Middle East Curr. Psychiatry 2011, 18, 57–64. [CrossRef]

66. Zarcone, V.P., Jr.; Benson, K.L. Increased REM Eye Movement Density in Self-Rated Depression. Psychiatry Res. 1983, 8, 65–71.
[CrossRef] [PubMed]

67. Benjafield, A.V.; Ayas, N.T.; Eastwood, P.R.; Heinzer, R.; Ip, M.S.M.; Morrell, M.J.; Nunez, C.M.; Patel, S.R.; Penzel, T.; Pépin, J.-L.;
et al. Estimation of the global prevalence and burden of obstructive sleep apnoea: A literature-based analysis. Lancet Respir. Med.
2019, 7, 687–698. [CrossRef] [PubMed]

68. Palagini, L.; Baglioni, C.; Ciapparelli, A.; Gemignani, A.; Riemann, D. REM sleep dysregulation in depression: State of the art.
Sleep Med. Rev. 2013, 17, 377–390. [CrossRef]

69. Pillai, V.; Kalmbach, D.A.; Ciesla, J.A. A meta-analysis of electroencephalographic sleep in depression: Evidence for genetic
biomarkers. Biol. Psychiatry 2011, 70, 912–919. [CrossRef]

70. Friess, E.; Modell, S.; Brunner, H.; Tagaya, H.; Lauer, C.J.; Holsboer, F.; Ising, M. The Munich vulnerability study on affective
disorders: Microstructure of sleep in high-risk subjects. Eur. Arch. Psychiatry Clin. Neurosci. 2008, 258, 285–291. [CrossRef]

71. Lechinger, J.; Koch, J.; Weinhold, S.L.; Seeck-Hirschner, M.; Stingele, K.; Kropp-Näf, C.; Braun, M.; Drews, H.J.; Aldenhoff, J.;
Huchzermeier, C.; et al. REM density is associated with treatment response in major depression: Antidepressant pharmacotherapy
vs. psychotherapy. J. Psychiatr. Res. 2021, 133, 67–72. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/BF02191586
https://doi.org/10.1016/0022-3999(94)90132-5
https://doi.org/10.1016/0022-3956(94)90006-X
https://doi.org/10.1016/S0167-8760(00)00110-0
https://www.ncbi.nlm.nih.gov/pubmed/10858574
https://doi.org/10.1016/S0022-3999(97)00012-3
https://www.ncbi.nlm.nih.gov/pubmed/9226604
https://doi.org/10.1016/0006-3223(92)90017-T
https://www.ncbi.nlm.nih.gov/pubmed/1330006
https://www.ncbi.nlm.nih.gov/pubmed/7072840
https://doi.org/10.1159/000284129
https://www.ncbi.nlm.nih.gov/pubmed/6505119
https://doi.org/10.1016/0022-3956(94)90008-6
https://www.ncbi.nlm.nih.gov/pubmed/7932284
https://doi.org/10.1037/a0016605
https://doi.org/10.1097/00019442-199924710-00006
https://doi.org/10.1016/0006-3223(89)90233-3
https://www.ncbi.nlm.nih.gov/pubmed/2920201
https://doi.org/10.55782/ane-2002-1441
https://doi.org/10.1007/s004060050009
https://www.ncbi.nlm.nih.gov/pubmed/10738865
https://doi.org/10.1097/01.XME.0000395556.81462.d6
https://doi.org/10.1016/0165-1781(83)90140-3
https://www.ncbi.nlm.nih.gov/pubmed/6572989
https://doi.org/10.1016/S2213-2600(19)30198-5
https://www.ncbi.nlm.nih.gov/pubmed/31300334
https://doi.org/10.1016/j.smrv.2012.11.001
https://doi.org/10.1016/j.biopsych.2011.07.016
https://doi.org/10.1007/s00406-007-0795-2
https://doi.org/10.1016/j.jpsychires.2020.12.009

	Introduction 
	Methods 
	Search Strategy and Eligibility Analysis 
	Data Extraction 
	Data Synthesis and Analyses 

	Results 
	Discussion 
	References

