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a b s t r a c t

Everyday experience suggests that sleep and affect are closely linked, with daytime affect influencing
how we sleep, and sleep influencing subsequent affect. Yet empirical evidence for this bidirectional
relationship between sleep and affect in non-clinical adult samples remains mixed, which may be due to
heterogeneity in both construct definitions and measurement. This conceptual review proposes a
granular framework that deconstructs sleep and affect findings according to three subordinate di-
mensions, namely domains (which are distinct for sleep and affect), methods (i.e., self-report vs.
behavioral/physiological measures), and timescale (i.e., shorter vs. longer). We illustrate the value of our
granular framework through a systematic review of empirical studies published in PubMed (N ¼ 80
articles). We found that in some cases, particularly for sleep disturbances and sleep duration, our
framework identified robust evidence for associations with affect that are separable by domain, method,
and timescale. However, in most other cases, evidence was either inconclusive or too sparse, resulting in
no clear patterns. Our review did not find support for granular bidirectionality between sleep and affect.
We suggest a roadmap for future studies based on gaps identified by our review and discuss advantages
and disadvantages of our granular dimensional framework.

© 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Everyday experience tells us that certain affective states can
make it difficult to fall asleep, sleep well, or sleep enough. It also
suggests that poor sleep might impair affective functioning. These
common experiences are congruent with the widespread view that
sleep and affect have bidirectional links (see Fig.1) [1,2]. Despite the
intuitive appeal of this idea, the empirical evidence for links be-
tween sleep and affect remains mixed [1e6]. Among individuals
with mental health disorders such as insomnia, anxiety, depressive,
post-traumatic stress, and bipolar disorders, affective states do
seem to be related to sleep [7,8]. However, while it is commonly
assumed that the link between sleep and affect is also evident in
non-clinical populations, the empirical evidence is not as strong
[1,5] as might be expected from widespread lay beliefs.
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In this article, we describe a framework for organizing the
complex and heterogeneous literature on associations between
sleep and affect, combining distinctions from sleep science and
affective science to illuminate patterns of empirical results at the
intersection of the two fields. We then demonstrate how this
framework can be used to clarify where empirical research
currently stands on the following three questions, related to three
broad study designs: 1) What are the cross-sectional associations
between sleep and affect? 2) What can we learn from studies in
which affective experience temporally precedes sleep experience?
and 3) What can we learn from studies in which sleep experience
temporally precedes affective experience? We organize our results
in three sections corresponding to each of these three questions.
We conclude with suggestions for researchers moving forward.
2. Our granular dimensional framework

Sleep scientists and affective scientists each make distinctions
within their respective fields in terms of three dimensions: do-
mains, methods, and timescales. We believe that attending to these
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Fig. 1. Bidirectional spiral depicting relationships between sleep and affect unfolding
dynamically over time.
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three dimensions at once (see schematic of our framework in
Fig. 2A) could deepen our understanding of points of contact be-
tween sleep and affect, help explain current inconsistencies, and
identify gaps in knowledge. We discuss each of these three di-
mensions below.
2.1. Domains

Sleep and affect are each multi-faceted constructs that encom-
pass a suite of experiences, behaviors, and physiological responses
with separable and overlapping aspects [9,10]. They each contain
distinct domains (depicted in gold in Fig. 2A); thereforewe describe
them separately.

For sleep, we start with Buysse's [11] five sleep health domains,
namely: 1) sleep duration, usually assessed by total sleep time; 2)
sleep continuity, which can be captured by sleep efficiency, defined
as the percent of time spent asleep, or as sleep fragmentation, using
fragmentation indices, minutes awake after sleep onset, or per-
centage of time awake during specific sleep stages; 3) sleep timing,
indexed by bedtime, wake time, dim light melatonin onset, circadian
nadir, or sleep timing relative to circadian preference; 4) sleep
quality or satisfaction, a subjective perception of sleep typically
assessed by self-report; and 5) sleepiness and alertness, which can
be measured either as a subjective perception or by performance on
tasks that require cognitive and/or attentional vigilance. For this
review, we broke the domain of sleep continuity into global and
specific measures of continuity. For global sleep continuity, we
included, for example, sleep efficiency and total wake time (time to
sleep onset plus time awake after sleep onset). For specific sleep
continuity, we included two domains: sleep onset latency (SOL) and
wakefulness after sleep onset (WASO; e.g., minutes awake after sleep
onset and number of awakenings). We also expanded the satisfac-
tion/quality domain by adding a sleep disturbance domain, as
measured by global sleep disturbance questionnaires such as the
Pittsburgh Sleep Quality Index [12] and the Insomnia Severity Index
[13]. Sleep research also examines aspects of sleep that have not
been fully mapped to these five domains. Therefore, we added the
following domains: a) sleep architecture, in order to capture macro-
and micro-level neural activity such as sleep stages and spectral
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frequency during sleep, and b) autonomic activity, encompassing
neuroendocrine, cardiovascular, and neuromodulatory systems, in
order to capture activation in the body during sleep.

For affect, we included four domains: negative valence, positive
valence, arousal, and specific emotions. We draw these categories
both from the range of published studies on bidirectional sleep-
affect links and from well-accepted categorization of affect along
two core axes, valence and arousal, that correspond to a continuum
of pleasantness to unpleasantness and a continuum from low to
high activation, respectively. Specific emotions such as sadness, joy,
anger, and fear are thought to occupy different positions on a cir-
cumplex of affect defined by the axes of valence and arousal [14]. As
with sleep, some affective constructs show empirical separability,
while others represent a mixture of related domains. We included
domains for both positive and negative valence because empirical
work indicates that they are separable and can co-occur in the same
affective experience [15,16]. The specific emotion categories we
focus on represent the constructs described in the literature
reviewed for this article, but do not represent all specific emotions.

2.2. Methods

We distinguish two broad methods of assessment (depicted in
blue in Fig. 2A), namely self-report and behavioral and physiolog-
ical signals. We favor this terminology over the common “subjec-
tive vs. objective” distinction because, for both sleep and affect, we
face limitations in our ability to ground-truth the measurements
typically deemed “objective” without relating them to “subjective”
measures.

Self-report measures of sleep include questionnaires and daily
diaries. Behavioral/physiological measures of sleep include mea-
sures of movement, such as actigraphy, brain and muscle activity,
usually capturedwith polysomnography (PSG), and other indices of
sleep health such as electrocardiography (ECG) [17,18]. In general,
sleep researchers tend to place the greatest confidence in the
precision of polysomnography, considered the “gold standard,”
moderate confidence in measures like actigraphy and daily diary,
and least confidence in questionnaires about habitual sleep. At the
same time, PSG is not a feasible measure of habitual sleep over
extended periods of time, nor is it able to assess aspects of sleep
related to one's perception. There is general acknowledgement that
actigraphy and daily diary assessed across multiple weeks have
greater ecological validity than a few nights of laboratory poly-
somnography [18,19]. Self-reported sleep quality has only moder-
ate agreement with behavioral/physiological measures of sleep
[19,20], suggesting that the subjective experience of sleep is not
fully captured by behavioral/physiological measures. The agree-
ment between self-report and behavioral/physiological measures
of sleep vary by population and sleep variable of interest. One can
argue that there is valuable information in the level of disagree-
ment between self-report and behavioral/physiological sleep
measures (e.g., “sleep state misperception”) and that it might be
best to view the two as complementary. We also note that, unlike
behavioral/physiological measures of sleep, self-reported measures
of sleep are inherently retrospective as they cannot be obtained
during the experience of sleeping.

In affective science, affect is usually assessed via a combination
of self-report measures, such as questionnaires or ratings of
momentary states, and a host of behavioral/physiological measures
of affect that assess responses to affective stimuli. The latter include
reaction time, measures of facial expressions using electromyog-
raphy or facial coding, autonomic measures, such as ECG and skin
conductance response to affective stimuli, and neural measures,
such as electroencephalography (EEG) and functional magnetic
resonance imaging (fMRI) [21]. Affective scientists argue that use of



Fig. 2. Organizing framework concept and execution.
Panel A: Conceptual representation of our framework describing sleep and affect constructs (in black) as three dimensions. Domains are represented in gold and populated with six
example categories. Methods are represented in blue and populated with two example categories. Timescales are represented in teal and populated with two categories. These
specific categories are flexible, as represented by the ellipses, so the number and identity of categories within each dimension can change, as well as the number and identity of
dimensions. In the present review, we used the following categories: 10 sleep and 14 affect domains (see Tables S2-S4 for the full set of domains used in the present review), two
methods, self-report (in light blue) and behavioral/physiological signals (in bold blue); and two timescales, short-term (in light teal) and long-term (in bold teal).
The diagonal gray lines represent a hypothetical study in which sleep and affect are each assessed within two categories of domain, and for each of those, two methods at two
timescales, for a total of eight observations. In this example, there are seven unique associations. As an example of how to interpret each association, we draw attention to one single
association (represented by a thick black line); the association is between short-term self-reported sleep duration and long-term self-reported negative valence.
Panel B: Representation of the practical execution of organizing multiple studies into matrices (see Tables S2-S4) using the conceptual structure depicted in Panel A. The single
association from Panel A is entered in one cell (represented as a black dot). Multiple associations from one study table (multiple black dots) as well as from different studies
(different colored dots) can be entered into the table. In order to derive conclusions about associations, we analyze results from multiple studies in a given cell. Different study
designs, population samples, or other categorical moderators can be expressed as different versions of this matrix.
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the terms “subjective”/“objective” can prevent researchers from
taking seriously internal qualia that subjects report as well as
behavioral/physiological indices of internal processes. Instead,
affect researchers tend to consider a suite of “loosely coupled” [22]
measures as providing a holistic picture of the construct under
study [23]. Measures of affect tend to demonstrate moderate
coherence at best, but, as is the case for sleep scientists, affective
scientists argue that the degree of coherence between channels
may itself carry important information.

2.3. Timescales

We distinguish measures based on the time window they cap-
ture (i.e., timescale of interest; depicted in teal in Fig. 2A). For
3

simplicity, we use two broad categories, short-term and long-term.
We define short-term as measures examining one or a few in-
stances of sleep or affect, collected over 48 h or less, and long-term
as measures examining either multiple instances or summarizing
acrossmultiple instances, collected over more than 48 h. The choice
of 48 h as a cutoff is a compromise between timescales used in
sleep and affective literatures and is somewhat arbitrary. The
translation of the terminology of short- and long-term timescales
from the terminology of “state vs. trait” is complex. For example,
one individual's single instance measurement may reflect their
person-level average, as well as the variance away from their
average at that particular instance. Likewise, measuring multiple
instances over the long-term allows for calculation of person-level
averages as well as estimates of within-person variation.



1 We made one exception, however, and included studies of affect recognition
because a large portion of the articles operationalized affect with a task where
participants had to recognize and label affect from faces or pictures. Affect recog-
nition relies on a distinct set of psychological processes of perception, memory, and
theory of mind to evaluate how people generally rate the affect of a picture [28].
Affective experience, however, involves a more automatic assessment of one's own
state, involving interception of internal sensations and introspective processes.
These processes also appear to be dissociated in the brain [29]. Given how often
studies blurred this distinction, we decided to include but explicitly separate af-
fective experience from affect recognition results in the empirical review in order to
illustrate how those measures perform differently from measures of affective
experience (Table S4).
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Temporal dynamics are extremely important to consider when
studying sleep, since sleep patterns on one night can influence
subsequent sleep in the next hours or days. This is because ho-
meostatic sleep drive builds up over the course of a day and, if
unfulfilled, continues to increase until full recovery sleep is attained
[24]. The timescale of interest, the resolution of measurement, and
the proximity of measurement to the sleep period are all relevant in
sleep research. The timescale of interest may be a single or multiple
sleep opportunities, depending on the research question. The res-
olution, captured by the sampling rate and summary strategy, may
be milliseconds, minutes, hours, or longer. Examples of coarse
resolution measurements include asking individuals to summarize
their sleep across periods of weeks, months, or years. For instance,
sleep disturbances are usually measured with questionnaires that
assess habitual sleep and hencemostmeasures are inherently long-
term. In most cases, sampling at a higher frequency over a longer
period is considered more ecologically valid, even when observa-
tions are summarized, than sampling fewer nights or shorter pe-
riods. The timing of sleep assessments is also relevant. Sleep can be
measured as it occurs, or later. In the case of later reporting, the
time since sleep occurred may vary widely from a few hours to
weeks or longer. Characterizing the timing of sleep and its mea-
surements is also important because sleep's internal structure and
duration are impacted by the circadian regulation of sleep [24].

Affective states, even when measured at a single moment in
time, represent a process of generation and regulation that ranges
from seconds to minutes, hours or days [10]. Initially, we attend to
some internal or external state of the world, make an appraisal or
valuation of its meaning, and generate a response, whether an
external behavior or an internal thought. Each action then begets a
new state of the world, setting off the cycle again. Essentially, affect
can be considered as a time series consisting of fluctuating states
set off by perceptions, valuations, and responses to states of the
world. One affective statemay continue to influence future affective
states. The timescales for these affective states are variable. For
example: valuations and appraisals that form within hundreds of
milliseconds, thoughts within seconds, autonomic system re-
sponses within seconds, cortisol and hypothalamic-pituitary-
adrenal axis activation over the course of minutes, moods that
last minutes or hours, and personality traits such as neuroticism
that remain stable across contexts for weeks, months, and years
[10,25]. As in the case of timescales for assessing sleep, assessing
affect may vary across experimental designs in terms of the time-
scale of interest, the resolution of measurement (i.e., number,
timing of assessments, and summary strategies), and the proximity
of the measure to the affective experience. For example, some
studies of affect measure it at a single time and others at repeated
time points; some use measures reflecting affect over several days
and others measure affect as it is experienced at multiple time
points (e.g., ecological momentary assessments).

3. Review of empirical studies from PubMed

We applied our framework to a systematic review of the
PubMed database [26]. The review was pre-registered on Open
Science Framework, available at https://osf.io/7rksp/?view_
only¼bee231f528424e0e90e5c557e7da63be. This registration in-
cludes the search terms and inclusion/exclusion criteria. The
PubMed database was searched from inception through September
1, 2020 with terms combining “affect,” “mood,” or “emotion” (and
appropriate derivations) with “sleep.” Search limitations were
placed on age (adults/young adults/middle aged) and subjects
(human). The search string is provided in the supplemental mate-
rials. Rayyan web-based software [27] was used to organize and
screen studies.
4

The following inclusion criteria were used to select studies: 1)
original, published peer-reviewed articles that included healthy
human participants between the ages of 18e65; 2) assessed af-
fective experience with either self-report or behavioral/physiolog-
ical data; (3) assessed sleep parameters with either self-report or
behavioral/physiological data; and (4) had the full text available in
English. Studies were excluded if they 1) only assessed affective
memory, learning, specific cognitions relating to sleep or affect,
stress, or affect regulation (and did not otherwise include a mea-
sure of affective experience)1; 2) used a mixed-age sample which
included participants outside of the 18-65 range; 3) did not focus
on a healthy (i.e., non-clinical) sample or did not include a sub-
sample/control group/subgroup analysis of healthy participants, 4)
included participants likely to have a shift work or non-traditional
sleep schedule (e.g., nighttime caregivers); 5) included a sleep or
affect intervention without reporting relationships between sleep
and affect at baseline; 6) were systematic reviews, meta-analyses,
dissertations, editorials, or conference proceedings; or 7) had an
N < 25.

The search process is reported according to PRISMA guidelines,
when applicable (see PRISMA checklist in Supplementary Mate-
rials). See Fig. 3 for the description of the flowof the review process.
Publications were independently reviewed at the title/abstract
level by two authors (JRD & JT) against the inclusion/exclusion
criteria. Studies that progressed to the next phase of review were
then reviewed, further screened, and categorized by both authors,
as described below, and discrepancies were resolved by consensus
involving a third author (MtB, RM) as needed.

We also conducted a systematic risk of bias assessment using
the National Heart Lung and Blood Institute Quality Assessment
Tool for Observational Cohort and Cross-Sectional Studies [30]. Two
independent raters assessed the risk of bias of eachmanuscript (see
Table S1). There was a high inter-rater agreement, with only 7
manuscripts requiring discussion to reach agreement. A final
exclusion criterion was having high risk of bias (poor quality).

We entered the citation for each coded study in Table S1. As
shown in the schematic matrix in Fig. 2B, we entered the findings
from each study into three tables. We classified studies as “cross-
sectional”when participants’ sleep and affect experiences occurred
in overlapping time windows, or if the temporal ordering of the
experiences could not be determined (Table S2). We classified
studies as “affect to sleep” when the affective experience tempo-
rally preceded the sleep experience (Table S3), and as “sleep to
affect” when the sleep experience temporally preceded the affec-
tive experience (Table S4). Studies were categorized as temporally
sequential based on the period of time the sleep/affect was expe-
rienced, ignoring the timing of the measurement. We note that,
although we included in Tables S3 and S4 mostly studies in which
both sleep and affect were measured repeatedly or at different
times, we did also include studies in which sleep and affect were
each measured at a single time point, even though the affective
experience and the sleep experience referred to in the measure-
ment were temporally sequenced and non-overlapping. We
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Fig. 3. PRISMA 2020 flow diagram for new systematic reviews that included searches
of databases and registers only.
Note: Two studies (indicated by an asterisk, *) that were known to the authors were
not picked up by the search due to a PubMed classification error.
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therefore caution against interpreting temporal sequencing as
causal effects.

Each column and row is split by dimensions (see Fig. 2B):
domain, method (either self-report or behavioral/physiological
signals), and timescale (either short- or long-term). Each column
represents one particular domain of affect measured using one
methodology (either self-report or behavioral/physiological sig-
nals) at a particular timescale (either short- or long-term). Each cell
represents the association between that particular sleep and affect
sub-construct.

For each study, we extracted and coded the direction of asso-
ciations between sleep and affect variables based onwhether there
was a significant positive or negative linear association or no evi-
dence for a linear association. In addition, we coded the consistency
of associations when different measures were reported within a
single study that we categorized as belonging in the same domain,
method, and timescale; namely, we coded whether there were a
combination of multiple significant and non-significant associa-
tions, or a combination of significant associations in opposing di-
rections. Studies sometimes appeared in multiple cells (see black
dots in Fig. 2B) and occasionally appeared in multiple tables, as a
given study frequently included multiple methods and findings.

We then summarized broad patterns in Figs. 4e6, with each
figure corresponding to Tables S2, S3, and S4, respectively. In each
of the three figures, we included only sleep and affect variables
(columns and rows) inwhich at least one of the cells was populated
by at least three results (see schematic in Fig. 2B) coded as low risk
of bias (i.e., “good” in Table S1). We used the following color coding
to indicate our conclusions for directions of association: orange for
no evidence of an association, red for negative, and green for pos-
itive; and bold or light hues to indicate the robustness of a given
association. In each cell of each figure (see Figs. 4e6), the number
indicates how many results were available in that cell and the
bubble size indicates our confidence in the result.
5

Where studies’ conclusions diverged, we designated confidence
in the associations (possible or robust) based on our assessment of
study quality, sample size, and proportion of studies with similar
findings. Cells that contained fewer than three results were
considered to reflect “inconclusive evidence” (gray hue). Other-
wise, we applied the following rules: 1) Cells where at least 60% of
results within a cell converged in a given direction were summa-
rized as “possible associations” (light hue) in that direction; 2) Cells
where there was convergence across at least 85% of results in a
given direction were summarized as “robust associations” (bold
hue) in that direction; 3) Cells where convergence was below 60%
were summarized as “inconclusive evidence” (gray hue). When
computing the above proportions, we weighted studies taking the
risk of bias assessment into account, so that “good” study quality
translated to a weight of 1 and “fair” translated to a weight of 0.5.
We also adjusted for multiple convergent results that were based
on the same sample by considering them as a single sample both in
the numerator and denominator. Some cells include both natural-
istic and sleep manipulation studies (i.e., partial or total sleep
deprivation); this pertains mostly to the sleep duration domain in
studies where sleep temporally precedes affective experience
(Table S4 and Fig. 6). Consequently, we conducted sensitivity
analysis to document the impact of excluding the sleep manipu-
lation studies on the conclusions.

Notably, we organized measures according to the actual oper-
ationalization of the construct, not the label provided by the au-
thors. For example, a rating of sleepiness was categorized as
belonging to the “sleepiness” domain even if authors referred to it
as “sleep quality,” and purported “anger” measures that only asked
about unpleasantness rather than the specific experience of anger
were classified as “negative valence.” We also note that we orga-
nized results according to main findings, ignoring moderators, but
denoted in the supplementary tables wherever effects were
moderated.

4. Results

Our PubMed search returned 9,011 studies. We deleted 10 du-
plicates and added 2 studies that were known to the authors to be
indexed in PubMed but did not appear in the search results due to
errors in the MeSH terms for a total of 9,003 papers. The most
common reason for exclusion was studies that had N < 25 (see
Fig. 3). The final sample included 80 papers. Studies were published
between 1994 and 2020. Across all papers, there were 295,730
participants (68% female). We present the results below in three
sections corresponding to the three questions we presented in the
introduction. In each section, results are presented grouped by
sleep domain (corresponding to columns in Figs. 4e6).

4.1. Cross-sectional associations

Fig. 4 summarizes patterns of cross-sectional associations be-
tween both self-report and behavioral/physiological measures of
sleep and self-reported affect, drawing from Table S2. Regarding
sleep domains, we found that by far, the largest number of studies
was in the domain of sleep disturbances, followed by quality/
satisfaction, and then duration. We note the paucity of cross-
sectional studies reporting on the sleep domains of sleep onset
latency (SOL), waking after sleep onset (WASO), timing, sleep ar-
chitecture, and autonomic activity. We also note the dearth of
studies in the affect domains of arousal and numerous specific
emotions, particularly specific positive emotions. Regarding
methods, the dominant methodology used in cross-sectional
studies was self-report. Regarding timescales, the number of
cross-sectional studies examining both short- and long-term



Fig. 4. Summary of findings for cross-sectional associations between sleep and affect.
This figure summarizes Table S2. Only columns and rows from Table S2 that contain at least three studies in one cell are included. The column and row headers represent domains
(gold), methods (blue), and timescales (teal). The size of the bubble represents our confidence in the strength of the result. Low, moderate, and high confidence correspond to small,
medium, and large bubbles respectively. The number in the center of the bubble represents the number of studies in a given cell. The color of the bubble represents the direction of
evidence for the association. Light hues represent possible evidence for association and bold hues represent robust evidence for association. All associations are in the direction
represented by their domain labels. For a positive association between duration and negative valence, for example, that means that higher negative valence is associated with longer
duration.
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timescales of interest were relatively balanced, compared to studies
in which affective experience temporally preceded sleep experi-
ence (Fig. 5) or vice versa (Fig. 4).

Cross-sectional associations between sleep disturbances and
affect. The largest number of studies and the most robust associ-
ations were identified between self-reported sleep disturbances
and self-reported affect. Results for the domains of sleep distur-
bances, duration, timing, continuity, and quality were convergent.
This is not surprising given that many measures of sleep distur-
bances were composites of the other domains. We identified robust
positive associations between matching timescales for self-reports,
such that greater short-term sleep disturbances were associated
with greater short-term negative valence in general [31e37], as
well as with specific negative emotions of depressive affect (which
captured the combination of sadness and anhedonia) [38e41] and
anxiety, fear, or threat specific emotions [38e40,42]. Greater long-
term sleep disturbances were also associated with greater long-
term negative valence [43e46]. The pattern of matched time-
scales also emerged for positive valence, reflecting possible short-
term [31,33,34,38,47] and robust long-term [43,44,46,48] negative
associations. There was a dearth of studies examining short-term
sleep disturbance associations with long-term affect and vice versa.

Cross-sectional associationsbetween sleep quality/satisfaction
and affect. The pattern of associations in the quality domain was
consistent with results for the sleep disturbances domain: better
sleep quality is associated with lower negative valence (long-term:
[49e53]) and higher positive valence (short-term [49,54,55]: and
long-term: [50e53]). However, when quality and negative valence
were both measured at short-term timescales, we identified a
possible null association [50,54,55]. This divergence from the results
pertaining to the domain of sleep disturbance supports the value of
considering sleepqualityand sleepdisturbances as separatedomains.

Cross-sectional associations between sleep duration and
affect. Cross-sectional associations between self-reported sleep
6

duration and affect seemed to be non-existent or inconclusive, with
possible null associations with short-term positive valence
[47,50,54], and a mix of null, positive, and negative associations
[37,50,54,56] with short-term negative valence. There did not seem
to be evidence for associations when timescales of sleep duration
and affect were mismatched. There was evidence for robust null
associations between short-term self-reported measures of nega-
tive and positive valence and long-term self-reported [40,57,58]
and behavioral/physiological measures [34,58,59] of duration. The
pattern of findings in the sleep duration domain highlights the
insights that can be gained by considering distinctions between
short- and long-term timescales and between self-reported and
behavioral/physiological measurement methods.

Cross-sectional associations between sleep continuity and
affect. There were very few cross-sectional associations in the
domain of sleep continuity. There were not enough studies
reporting SOL or WASO separately to derive any conclusions about
specific sleep continuity. In the global sleep continuity domain, two
of three studies reviewed [50,54,60] did not find evidence for an
association between short-term self-reported continuity and
negative valence, while the evidence for an association between
long-term self-reported continuity and negative valence was
inconclusive [49,50,61]. There were also too few studies with
mismatching time-scales to draw conclusions.

Cross-sectional associations between sleepiness and affect.
There was a robust cross-sectional association between short-term
self-reported sleepiness and negative valence [32,35,37,62]. There
were too few studies in other affect domains to draw any
conclusions.

4.2. Affect to sleep associations

Fig. 5 summarizes results from studies coded in Table S3. These
studies report associations between short-term self-reported affect
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and subsequently experienced behavioral/physiological and self-
reported sleep. Only five domains of sleep (duration, global sleep
continuity, SOL, and sleep quality/satisfaction) had a sufficient
number of studies to be included in the figure and interpreted.
Nearly all sleep domains contained studies measuring at short-
term timescales. Only two affect domains, negative and positive
valence, were well represented, and they were dominated by self-
report measures at short-term timescales. Across all studies of
affect temporally preceding sleep, there was no support for asso-
ciations between affect and subsequent sleep, with the exception of
sleep quality.

Affect temporally preceding sleep quality/satisfaction. We
identified a robust association between self-reports of short-term
positive valence and long-term sleep quality/satisfaction
[52,63,64]. However, the evidence for association with short-term
quality was inconclusive [63,65e67]. This divergence of results
for long- and short-term sleep quality highlights the value of
considering timescale in our framework. Evidence suggested a
possible null association between short-term self-reported quality
and negative valence [63,65e69], supporting negative and positive
valence as separate domains in the framework.

Affect temporally preceding sleep continuity.Within both the
global sleep continuity domain [70e72] and the specific sleep
continuity domain of SOL [70,71,73] measured at short-term
timescales with behavioral/physiological signals, we found a
possible null association with short-term self-reported negative
valence. We identified a divergence of results when short-term SOL
was measured using self-report versus behavioral/physiological
signals. In the former case, therewas no conclusive evidence for any
associations with short-term self-reported negative valence
[63,65,67,68,73]; in the latter case, we identified a possible null
association with short-term self-reported negative valence
[70,71,73]. With short-term self-reported SOL, we saw the opposite
pattern to the one in the sleep quality domain described above.
Specifically, we identified a possible null association with positive
valence [63,65,67,73], while the evidence was inconclusive for an
association with negative valence.
Fig. 5. Summary of findings for sequential studies in which affect temporally precedes slee
This figure summarizes Table S3. Only columns and rows from Table S3 that contain at least
(gold), methods (blue), and timescales (teal). The size of the bubble represents our confidenc
medium, and large bubbles respectively. The number in the center of the bubble represents t
evidence for the association. Light hues represent possible evidence for association and bo
represented by their domain labels. For a positive association between duration and negative
duration.
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Affect temporally preceding sleep duration. Despite a fairly
large number of studies in the sleep duration domain, there was no
clearly conclusive association between self-reports of short-term
sleep duration and short-term negative [63,65e68] or positive
valence [63,65e67].

4.3. Sleep to affect associations

Fig. 6 summarizes patterns from studies coded in Table S4. Just
over half of all results in this figure were in the sleep duration
domain. However, only three sleep duration results remained
conclusive after excluding sleep manipulation studies (either par-
tial or total deprivation, denoted in the text with y) [74e86]. In
contrast, most other domains were sparsely populated. Fig. 6 is the
only one of the three figures where the domain of micro- and
macro-sleep architecture had at least three studies in a cell. There
were very few studies of arousal and specific emotions.

Sleep duration temporally preceding affect. For short-term
self-reported duration, we found no evidence for an association
with negative valence [54,65,66,68,69,87,88] and a possible null as-
sociation with positive valence [54,65e67,88]. For short-term
behavioral/physiological measures of duration, we found a possible
null association with self-reported negative valence
[49,70,76y,77y,79e82y,86y,89e92] (46% of studies involved sleep
deprivation) but a negative associationwith behavioral/physiological
measures of negative valence [49,76y,77y,90] (50% of studies
involved sleep deprivation). Likewise, different findings depending
onmethods also emerged for arousal, wherewe found a possible null
association with self-reported arousal [49,76y,80y,83,90,93] (33% of
studies involved sleep deprivation) but a negative association with
behavioral/physiological measures of arousal [76y,90,92,93] (25% of
studies involved sleep deprivation). Sensitivity analyses for results
pertaining to behavioral/physiological signals of sleep duration
revealed that excluding studies involving partial or total sleep
deprivation only changed the conclusions for the association be-
tween short-term duration and short-term behavioral/physiological
signals of negative valence; specifically, after excluding sleep studies
p.
three studies in one cell are included. The column and row headers represent domains
e in the strength of the result. Low, moderate, and high confidence correspond to small,
he number of studies in a given cell. The color of the bubble represents the direction of
ld hues represent robust evidence for association. All associations are in the direction
valence, for example, that means that higher negative valence is associated with longer



Fig. 6. Summary of findings for sequential studies in which sleep temporally precedes affect.
This figure summarizes Table S4. Only columns and rows from Table S4 that contain at least three studies in one cell are included. The column and row headers represent domains
(gold), methods (blue), and timescales (teal). The size of the bubble represents our confidence in the strength of the result. Low, moderate, and high confidence correspond to small,
medium, and large bubbles respectively. The number in the center of the bubble represents the number of studies in a given cell. The color of the bubble represents the direction of
evidence for the association. Light hues represent possible evidence for association and bold hues represent robust evidence for association. All associations are in the direction
represented by their domain labels. For a positive association between duration and negative valence, for example, that means that higher negative valence is associated with longer
duration. Asterisks (*) indicate that the conclusions are impacted if sleep manipulation studies are excluded.
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involving manipulation of sleep duration, there were not enough
remaining studies to draw conclusions.

We identified a negative association between short-term
behavioral/physiological signals of duration and short-term self-
report of the specific emotions of anger and aggression
[74y,79y,81y,82y] that replicated the behavioral/physiological
negative valence and arousal findings, but interestingly, not the
self-report findings. Because 100% of studies examining this asso-
ciation involved partial or total sleep deprivation, it is more accu-
rate to say that we identified a negative association between short-
term behavioral/physiological measures of manipulated sleep
deprivation and short-term self-reported anger and aggression.

Examining associations at short-term timescales, we could not
conclusively identify an association between behavioral/physio-
logical measures of duration and self-reported positive valence
[70,76y,77y,79y,82y,86y,89,91,92] (56% of studies involved sleep
deprivation). We also could not conclusively identify an association
between behavioral/physiological measures of duration and self-
reported specific emotions of anxiety, fear, and threat
[74y,81y,82y,92] (75% of studies involved sleep deprivation); half of
studies found a null association similar to the self-reported results
for negative valence and arousal, while the other half found a
negative association similar to the behavioral/physiological signal
results for negative valence and arousal. At long-term timescales,
we found a robust positive association between behavioral/physi-
ological signals measuring duration and self-reported positive
valence [84y,85y,94] (67% of studies involved sleep deprivation). It
bears noting that, wherever we did so, excluding studies involving
partial or total sleep deprivation did not yield a clearer pattern of
associations. Even examining sleep deprivation studies alone, when
the cells included more than three studies, a conclusive pattern of
association could not be identified.

Sleep quality/satisfaction temporally preceding affect. We
identified possible positive associations between matching
8

timescales and methodologies for self-reports. Better short-term
sleep quality was associated with greater short-term positive
valence [54,59,65e67,88,95,96] and possibly also with lower short-
term arousal [59,68,95]. Better long-term sleep quality was associ-
ated with greater long-term positive valence [48,94,97]. Finally,
despite the large number of studies [54,59,65e69,88,95,96], there
was no clear pattern of association between short-term sleep quality
and short-term negative valence. Therewere no studies of long-term
self-reported sleep quality temporally preceding short-term self-
report or behavioral/physiological measures of negative valence.

Sleep continuity temporally preceding affect. We identified
possible associations for the specific continuity domain of SOL with
affect along matching methods and timescales. Longer short-term
self-reported SOL was possibly associated with higher short-term
self-reported negative valence [65,67,68,88] and lower positive
valence [65,67,88]. Behavioral/physiological measures of the spe-
cific continuity domain of WASO, however, showed inconclusive
associations with self-reported positive valence measured at
matching long-term timescales [94,98,99]. There were very few
studies populating the WASO domain.

Sleep architecture temporally preceding affect. The few
relevant existing studies did not conclusively reveal patterns of
association for short-term macro- and micro-sleep architecture
with either short-term self-reported negative [72,75y,89,91] or
positive [75y,89,91] valence. Sensitivity analyses revealed that
excluding the single study involving partial or total sleep depriva-
tion did not change the inconclusive pattern of evidence (for
negative valence) or did not leave enough studies to draw conclu-
sions (for positive valence).

5. Discussion

Our granular dimensional framework allowed us to visualize
patterns of converging results as well as discrepancies and gaps in
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the literature. Below, we contextualize specific findings from
Figs. 4e6 relative to prior published reviews. Earlier reviews often
struggled to make sense of seemingly contradictory associations
and draw conclusions based on the limited pool of studies. Some
recent reviews [1,3,4,100] have begun to make headway by taking a
more granular approach to patterns of association, similar to the
current paper. Konjarski's [1] review of studies with a sequential
design is notable in that it separated the domains of positive and
negative affect, and, like our review, excluded stress as an affective
experience. We begin with a summary of our findings for each of
the three questions we posed, corresponding to each of the three
study designs. We note that findings are not always consistent
across study designs. For example, we found cross-sectional evi-
dence that more long-term self-reported disturbed sleep and,
separately, worse sleep quality/satisfaction are each associated
withmore negative valence and less positive valence. However, this
association was not evident in studies that examined how sleep
temporally preceded affect. Despite repeated claims of broad
construct bidirectionality in the sleep and affect literature, we did
not identify any clear bidirectional patterns with our granular
dimensional framework, such that there was no cell where there
was a temporal association from both affect to sleep and sleep to
affect.

5.1. What are the cross-sectional associations between sleep and
affect?

Overall, results were more robust and consistent across
matching timescales for cross-sectional study designs compared to
temporally sequential designs. We conclude that long-term self-
reported sleep disturbances and long-term self-reported sleep
quality show convergent cross-sectional associations with long-
term self-reported negative as well as positive valence at match-
ing timescales (see Fig. 4). At short-term timescales, these associ-
ations are less robust or null, except for the association with self-
reported negative valence, which remains robust. These conclu-
sions are consistent with past reviews, which identified cross-
sectional associations between trait-like measures of negative
affect and long-term self-reported sleep quality [3,5]. There do not
appear to be any reviews of non-clinical adult samples to corrob-
orate our findings of positive associations between short-term self-
reported sleep disturbances and short-term self-reported depres-
sive affect and anxiety/fear/threat, but these patterns are consistent
with the clinical literature [101,102], adolescent literature [103],
and with the related perseverative cognitions of rumination and
worry [104].

In addition, we conclude that sleep duration and global conti-
nuity show a null association or inconclusive evidence for associ-
ations with short- and long-term self-reported positive and
negative valence (see Fig. 4). This finding is contrary to the broad
conclusions of some reviews [2,7,105]. However, other reviews
acknowledge mixed evidence for both duration and continuity
[4,5,106] and suggest that sleep duration's association with nega-
tive valence may operate via affect regulation processes [5,105] or
memory processes [107]. In addition, there is a literature corre-
lating excessive sleep with greater negative affect [2], suggesting
that the association may be non-linear.

Finally, our finding that greater short-term self-reported
sleepiness is associated with greater short-term self-reported
negative valence (see Fig. 4) fits with a pattern more broadly re-
ported in the literature for sleep disturbances and deprivation in
clinical and non-clinical populations [7]. However, we note that a
number of commonly used affect measures such as the Profile of
Mood States questionnaire include items relating to fatigue and
alertness, potentially inflating apparent associations [108]. We
9

therefore carefully examined the wording of specific items when
reviewing and organizing studies within our framework in order to
avoid conflation.

5.2. What can we learn from studies in which affective experience
temporally precedes sleep experience?

For positive affect, we find that increased short-term self-re-
ported positive valence is associated with better long-term self-
reported sleep quality, but we could not draw a conclusion about
short-term sleep quality (see Fig. 5). In addition, the direction of
influence of positive valence was inconclusive for short-term self-
reported duration, and there was a possible null association with
short-term self-reported SOL (see Fig. 5). Although some reviews
suggest links between sleep and positive affect [1,66], Ong [3]
concluded that more than 65% of the studies they reviewed suf-
fered from bias or design weaknesses and noted that between-
person variation in positive affect seemed more predictive of
sleep outcomes thanwithin-person variation. We also note that we
were not able to find past reviews that focused exclusively on non-
clinical samples. Most combined results from clinical and non-
clinical samples.

For negative affect, we find that there is either inconclusive
evidence of an association or possible null association between
short-term self-reported negative valence that temporally precedes
short-term self-reported as well as behavioral/physiological mea-
sures of sleep (see Fig. 5). A review by Konjarski and colleagues [1]
came to similar conclusions in naturalistic sequential studies that
excluded stress as an affective experience. However, earlier reviews
[2,6], which summarized both naturalistic and experimental
studies and did include stress as an affective experience concluded
that there is a strong influence of negative affect on sleep. This
discrepancy highlights the value of the granular framework we
proposed and used in our review.

We did not find enough studies meeting inclusion criteria to
draw conclusions about affective arousal preceding sleep (see
Fig. 5). However, work in clinical and adolescent populations sug-
gests that we would expect to see robust effects of arousal on a
variety of sleep domains, particularly SOL [5,7,109]. More system-
atic exploration of the arousal domain in a healthy adult sample is
clearly needed.

5.3. What can we learn from studies in which sleep experience
temporally precedes affective experience?

Several important patterns are evident. First, we found a larger
number of studies with behavioral/physiological signals measuring
short-term sleep duration relative to any of the other sleep domains
(see Fig. 6), including a large number of experimental sleep
deprivation and restriction studies. Second, both self-report and
behavioral/physiological measures of sleep at short- and long-term
timescales seem not to predict subsequent short-term self-re-
ported negative affect, even after excluding sleep deprivation and
restriction studies (see Fig. 6). Examining only sleep deprivation
and restriction studies also did not show any conclusive pattern of
evidence. An exception is our finding about short-term self-re-
ported SOL, which corroborates Konjarski's conclusion [1]. This is
surprising given the number of qualitative review papers that
report increased negative affect following sleep loss and depriva-
tion [2,7,110e112]. Our findings for duration are similar to Konjarksi
et al.’s [1] and Tempesta et al.’s [4] conclusions of mixed results. Our
findings for sleep quality run counter to Konjarski and colleagues'
[1] report of a robust inverse relationship between sleep quality
and next-day negative affect. However, their review included het-
erogeneous samples including children, adolescents, older adults,
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and clinical populations. Fairholme and Manber [5] conclude that
sleep's influence on negative affect tends to appear in experimental
contexts, not in daily naturalistic studies. This distinction in con-
texts may be helpful in future iterations of our framework.

Third, our findings indicate mixed associations across a variety
of sleep domains with positive valence, which largely matches
other reviews [3,6], as well as arousal (see Fig. 6). Our null and
inconclusive findings for the association of short-term self-re-
ported and behaviorally/physiologically measured sleep duration
with affect is consistent with two past reviews [1,3], and our
findings of a possible positive association between sleep quality
and subsequent positive valence are similar to Konjarski and col-
leages’ review [1]. However, our conclusions diverge from theirs in
two ways. First, whereas they reported a null association between
short-term behavioral/physiological measures of global sleep con-
tinuity and self-reported positive affect, we did not find evidence
for a null association, though we found that studies reported
different directions of association. Second, they reported [1] mixed
results for the association between short-term self-reported SOL
and short-term self-reported positive affect, whereas we identified
a possible positive association. The fact that surveying a reasonably
broad array of studies finds contradictory results may suggest that
our categories of short-term behavioral/physiological signals of
duration may not be capturing the most relevant methodological
distinctions for self-reported positive valence. For instance, incon-
clusive links may be attributable to differences in the degree of
deviation in observed sleep duration from habitual sleep duration,
ranging from total deprivation to different levels of partial or
restricted sleep, as well as to the effect of cumulative sleep insuf-
ficiency [112]. The inconclusive results may also stem from the
presence of non-linear associations. Indeed, Konjarski and col-
leagues [1] identified a U-shaped relationship between sleep
duration and affect, such that either shortened or extended self-
reported duration decreased positive and increased negative
affect the next day. Further research may need to reassess patterns
in terms of non-linear associations. Kahn and colleagues [2] also
suggested that examining the ratio of positive to negative affect as
an index of healthy affective functioning may be more informative
than either positive or negative affect alone.

Finally, we conclude that greater short-term behavioral/physi-
ological sleep duration is associated with higher negative valence
and arousal when both are measured with short-term behavioral/
physiological signals, but not self-report (see Fig. 6). This discrep-
ancy based on methodology has been noted by Fairholme & Man-
ber [5]. Interestingly, the specific emotions of anxiety/fear/threat
and anger/aggression, which are characterized by high arousal and
high negative valence [14], show discrepant patterns of association
as well (see Fig. 6). We are unable to conclude whether there is any
association of short-term behavioral/physiological measures of
duration and self-reported anxiety, both excluding and including
sleep manipulation studies (see Fig. 6), which partially aligns with
Pires and colleagues’ [100] review concluding that sleep depriva-
tion led to increased state anxiety, but sleep restriction did not. Our
finding of a robust negative association with anger (see Fig. 6)
driven by sleep deprivation and restriction is consistent with other
reviews [6,7]. This indicates that conceptualizing self-reported
affect using discrete as well as continuous categories may help
reveal patterns of association with sleep.

5.4. Gaps identified by the framework

We organized selected empirical findings using a framework
that emphasized categorical distinctions across three dimensions:
1) subordinate domains within sleep and affect; 2) methodological
distinctions between self-report and behavioral/physiological
10
signals; and 3) timescale distinctions between short-term and
long-termmeasures of phenomena. Most findings in the systematic
review focused on sleep experience preceding affective experience,
while the fewest findings focused on affective experience preced-
ing sleep experience.

Overall, we noticed that studies tended to be concentrated in
just a few domains: the sleep domains of sleep disturbances,
quality/satisfaction, and duration, and the affect domains of nega-
tive and positive valence. We also identified areas that were
particularly understudied. Within sleep, these included the do-
mains of WASO, sleep timing, sleepiness, macro- and micro-sleep
architecture, and autonomic activity during sleep. Within affect,
these included the domains of affective arousal and specific emo-
tions beyond anxiety/fear/threat, anger/aggression, and depressive
affect. There was a paucity of studies measuring both constructs,
but particularly affect, with behavioral/physiological signals. In
studies where sleep temporally preceded affect or vice versa, there
were very few studies at long-term timescales.

5.5. The value of granularity

Granularity in domains, methods, and timescales revealed
interesting patterns of association, supporting the main premise of
this conceptual review. The granular approach was helpful both for
clarifying prior inconsistencies and for clarifying where associa-
tions exist. Our framework revealed a number of cells that were
populated by studies that indicated null results, thus helping
distinguish between associations that are truly null and in-
consistencies in findings. The power of our framework to identify
null patterns is particularly notable given a general publication bias
whereby null results tend not to be published.

Domain granularity was also important, as was apparent in
Fig. 6, where our review clarified what was previously a set of
inconsistent results relating to sleep in relation to subsequent
negative affect. In this case, the added granularity revealed that
short-term behavioral/physiological signals measuring sleep
duration were associated with specific emotion domains, such as
anger and anxiety, but not with the more general domains of af-
fective valence and arousal. Domain granularity helps to clarify
what might have previously been interpreted as inconsistent re-
sults. In addition, our review revealed different patterns of cross-
sectional association with negative and positive valence for the
composite domain of sleep disturbances than for granular domains
of global continuity, quality/satisfaction, and sleepiness. This may
be because composite sleep disturbance reflects an individual's
integration not only across other specific sleep domains but also
their personal impact. This suggests that sleep disturbance is an
important domain to consider and is partially separable from other
domains.

We also found that adding methodological granularity to our
framework mattered. Whereas collapsing across methods may
provide more power to detect associations between domains, it
might also lead to interpreting inconsistent results as evidence of
no association. Separating results based onmethodology can reveal
potentially meaningful patterns, even across domains. For example,
this was apparent for self-reported sleep quality in Fig. 5 (affect
preceding sleep) as well as for sleep duration in Fig. 6 (sleep pre-
ceding affect), where behavioral/physiological signals for both
sleep and affect show different associations compared to self-
report. At the same time, we find that in many cases, even a sin-
gle result in a single cell could encompass multiple, sometimes
contradictory findings. For instance, studies that measured associ-
ations between behaviorally/physiologically measured WASO and
subsequent positive valence over a long timescale had contradic-
tory findings. We also note that in order to avoid shared methods
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bias, it is important to consider both self-reported and behavioral/
physiological measures, and ideally consider cross-methods asso-
ciations when examining links between sleep and affect.

Finally, timescale granularity in Fig. 5 (affect preceding sleep)
was valuable, as it revealed discrepant patterns of association for
matched compared to mismatched timescales. In general, where
there was sufficient information to interpret the results, patterns of
association tended to match on timescale (i.e., short-term to short-
term and long-term to long-term).
5.6. Interpreting inconsistent findings

Despite being populated by three or more studies, there was no
clear direction of association for some cells. These include the
following: 1) the cross-sectional association between short-term
self-reported sleep duration and negative valence; 2) the cross-
sectional association between long-term global sleep continuity
and negative valence; 3) the association between short-term self-
reported negative valence and subsequent sleep duration and 4)
sleep onset latency; 5) the association between short-term self-
reported positive valence and subsequent sleep duration and 6)
sleep quality; 7) the association between short-term behavioral/
physiological signals measuring sleep duration and subsequent
self-reported positive valence and 8) anxiety/fear/threat; 9) the
association between short-term behavioral/physiological signals of
WASO and subsequent self-reported positive valence; 10) the as-
sociation between short-term self-reported sleep quality and sub-
sequent short-term self-reported negative valence; and 11) the
association between short-term behavioral/physiological signals
measuring sleep architecture and subsequent short-term self-re-
ported negative and 12) positive valence.

The absence of clear associations in these cells suggests that our
framework may have overlooked some important distinctions or,
alternatively, identified distinctions that are not the relevant ones
to explain associations. Thus, future research may need to identify
which features of these studies might explain contradictory find-
ings, as this could guide the conduct of future, more definitive
research.

Refining our framework could provide a roadmap for such ex-
plorations. For example, we found that some single columns (such
as macro- and micro- sleep architecture) encompassed an
extremely broad set of outcomes, suggesting that finer-grained
categorization might provide additional insights. Similarly, our
framework also includes overlapping domains that might need to
be separated. For instance, for affect, specific emotions combine
different aspects of valence and arousal, and, for sleep, neural and
autonomic activity, such as slow wave sleep, may overlap with
other sleep domains, such as a physiological measure of sleep
quality. It is also possible that greater clarity can be gained by
greater granularity in methods; for example, by further separating
naturalistic from experimental methods, as Konjarski and col-
leagues [1] did in focusing their review exclusively on naturalistic
studies. In addition, it is possible that different timescale categories
than the ones we used (shorter or longer than 48 h) might be even
more relevant.2 Categorizing studies based on information about
the sampling resolution or proximity of measurement to the
experience may reveal more clear patterns [112]. We expect that
2 We believe that the three temporal aspects we described above, namely
timescale of interest, sampling resolution, and proximity of reporting relative to the
period reported on, provide greater granularity and clarity than the traditional
labels of “retrospective” (i.e., measuring experiences from the past) versus “pro-
spective” (i.e., measuring real time experiences over an extended period in order to
observe subsequent developments).
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our proposed framework will keep evolving as more findings
emerge and new assessment techniques develop.

We note that there are advantages and disadvantages to
different approaches to placing boundaries between categories
within each dimension. Indeed, it may not be possible to achieve
fully orthogonal categories within dimensions and trying to do so
might not be important. In addition, methodology and timescale
are not fully separable. For instance, sleep disturbances are typically
measured with self-report questionnaires that refer to the past
week or month and hence are long-term. Another important
distinction that could prove useful relates to between- or within-
person analyses. Such distinctions may reveal bidirectional asso-
ciations for one level of analysis but not the other. The process of
identifying relevant dimensions and categories should be guided by
past theoretical work as well as empirical efforts.

Beyond refining our framework, other possible explanations for
the inconsistent findings are that the assumption of linear associ-
ation between sleep and affect may be mistaken and that there are
moderators not characterized in this review that may explain var-
iations in association. These moderators may reveal different pat-
terns of association, depending on the methods and timescales
used to measure sleep and affect variables.

5.7. Exploring moderators

The current review did not systematically characterize moder-
ators.3 There are four categories of moderators that are likely to be
particularly important to explore: demographic factors (such as
sex, age, race, and socioeconomic status), sleep moderators, affect
moderators, and individual differences that moderate both sleep
and affect.

Regarding sleep moderators, we highlight the following three:
1) different levels of “severity” for each sleep construct, 2) typical
sleep habits and deviations from them, and 3) individual differ-
ences in resilience to sleep perturbations. Essentially, there may be
different effects of receiving a lower or higher “dosage” of restful
sleep, and these effects may be non-linear, vary individually, and
depend on prior sleep. “Healthy” and “unhealthy” sleep likely
represent a continuum, rather than a dichotomy [11]. Therefore, it
will be important to collect repeated data over time in order to
determine the effects of sleep changes relative to a person's mean
or baseline. It is also important to understand how individuals react
to atypical sleep conditions, since their ability to function cogni-
tively, attentionally, and physically can strongly interact with their
affective function [2].

Regarding affect moderators, we propose the following three
potential moderators: 1) affective stimuli, 2) individual differences
in affective reactivity, and 3) affect regulation. One way to
conceptualize the importance of affective stimuli or antecedents
involves thinking about the severity or “dosage” of an affective
experience when comparing across studies. It is also important to
consider that, even with identical antecedents, individuals experi-
ence different affective reactions. Finally, affect regulation pro-
cesses can arise almost immediately and nearly inseparably from an
initial affective reaction [10]. Using certain affect regulation stra-
tegies [5,105,113] has been shown to impact sleep outcomes, and,
conversely, poor sleep seems to impair some affect regulation ca-
pabilities [105].

Regarding moderators that can simultaneously impact both
sleep and affect, we propose to focus on individual differences in
3 Although we summarized main effects, numerous studies in our empirical re-
view reported moderation by affect regulation, which we denoted in the supple-
mentary tables by asterisks.
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beliefs about sleep [114], affect [115], and the relationship between
them. These beliefs could alter particular domains within sleep and
affect, alter patterns of associations differently at different time-
scales, and impact perceptions (self-report measures) differently
from behaviors and physiology.

5.8. Other future directions

We limited the scope of this review by excluding two specific
domains of affect: pain [116] and stress [117]. These complex af-
fective states, whose definitions combine negative valence, arousal,
and appraisals of goals, self-efficacy, and coping resources, are each
the subject of extensive literatures and have been previously
reviewed (for example, pain: [118,119]; stress: [120,121]). The
utility of our framework for organizing these two bodies of litera-
ture remains unknown. For feasibility, we also constrained our
review to a single search index. Futurework should draw from even
broader pools of indexed articles.

6. Conclusion

Scientific understanding requires not only amassing empirical
evidence but also developing appropriate frameworks to interpret
findings. Currently, researchers interested in bidirectional links
between sleep and affect have gathered data with a variety of
samples and measures but have not been able to fully synthesize
the many disparate findings. In this article, we proposed that
studies of sleep, affect, and their relationship can be more clearly
understood by appreciating how they differ in domains, methods,
and timescale. We presented a new organizing granular dimen-
sional framework that incorporates insights from both sleep sci-
ence and affective science and opens the door for fruitful
collaboration at the intersection of the two fields.

Based on our review, we identified several patterns. First, in
cross-sectional studies measured with self-report, more disturbed
sleep was robustly associated with greater self-reported negative
valence, depressive affect, and anxiety/fear/threat as well as lower
positive valence. The pattern appeared similar, though less robust,
for worse sleep quality. Second, there were relatively fewer studies
inwhich affect was measured preceding sleep, and we found either
a lack of evidence or inconclusive evidence for the association be-
tween negative and positive valence and sleep domains. Third,
most studies in which sleep experience preceded affect examined
how short-term behavioral/physiological measures sleep duration
related to subsequent affect. We identified null or inconclusive
associations with short-term self-reported negative valence, posi-
tive valence, arousal, and anxiety/fear/threat, but negative associ-
ations for behavioral/physiological measures of negative valence,
arousal, and anger/aggression (though this last association was
entirely driven by sleep deprivation or restriction studies). Fourth,
we found no support for granular bidirectionality from affect to
sleep and sleep to affect.

As the supplementary tables make clear, cells are unevenly
populated by empirical studies. We view the sparseness as gaps
that call for future exploration. We believe that such exploration
can benefit from the conceptual framework we have laid out here
and from collaboration between sleep and affective scientists. We
recognize that our granular dimensional framework is likely to
evolve over time and hope this review serves as a jumping-off
point.

Practice points

1. The empirical evidence for a bidirectional link between sleep
and affect in non-clinical adult samples is not as strong as might
12
be expected from widespread lay beliefs. In fact, contradictory
findings suggest a more nuanced relationship.

2. Bringing insights from both sleep science and affective science
to bear, we offer an organizing framework that distinguishes
findings according to important differences in both sleep and
affect domains, methods, timescales.

3. The results of conducting a review using this framework reveal a
concentration of studies examining 1) cross-sectional associa-
tions between sleep disturbances and positive and negative
affect valence, and 2) temporally sequential associations be-
tween behavioral/physiological measures of sleep duration and
subsequent affect. They also reveal large gaps in scientific
knowledge, particularly for studies where affect temporally
precedes sleep.

4. We found inconclusive or no evidence for several associations,
particularly between sleep duration and negative valence, that
had been expected based on past reviews.

5. We did not find evidence for bidirectionality between sleep and
affect when the two constructs were examined at a more
granular resolution.

6. A granular framework, such as the one we propose could help
identify important factors that do or do not impact the links
between sleep and affect.
Research agenda

1. Efforts should be made to organize existing and future empirical
work according to distinctions within the domains, methods,
and timescales measured.

2. Future research should systematically test other categories and
boundaries within each of the three dimensions (domains,
methods, timescales) to address inconclusive patterns of asso-
ciation and continue refining our framework. In particular, we
believe three timescale distinctions will be important to char-
acterize more thoroughly: timescale of interest, sampling reso-
lution, and proximity of measurement to experience.

3. Future reviews could apply our framework to additional affec-
tive domains, such as pain and stress, that were beyond the
scope of this review.

4. We encourage more exploration of individual and sample de-
mographic moderators, sleep moderators (in particular,
different levels of severity/dosage for each sleep domain, typical
sleep habits, and individual differences in resilience to sleep
disturbance), affect moderators (in particular, affective stimuli,
individual differences in affective reactivity, and use of affect
regulation), and individual differences that moderate both sleep
and affect (in particular, clinical status and beliefs).
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