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ARTICLE INFO ABSTRACT

Keywords: Objective: There is a strong association between sleep disturbance and negative affect. However, the day-to-day
Sleep directional connections between sleep and negative affect remain unclear. We examined day-to-day relationships

Negative affect between sleep duration and negative affect in community adults.

ED:ﬂgrifg samplin Methods: Participants were two subsamples of the Midlife in the United States Study (Sample 1: n = 2,022;
Pr(l:spective ping Sample 2: n = 782). Daily negative affect and previous night sleep duration were assessed via end-of-day tele-

phone interviews for eight days. Random intercept cross-lagged panel models tested sleep duration as a predictor
of next-day negative affect and vice versa, controlling for age, gender, and race.

Results: In both samples, shorter sleep duration predicted higher next-day negative affect, but daily negative
affect was not a significant predictor of upcoming-night sleep duration. Follow-up analyses indicated that the
relationship between sleep duration and negative affect was nonlinear. Sleeping fewer than 7.5 hours or more
than 10.5 hours was associated with greater next-day negative affect than sleeping between 7.5 and 10.5 hours.
Conclusions: In two large samples of community adults, sleep duration unidirectionally predicted higher next-day
negative affect, and this relationship was nonlinear. Sleeping at least 7.5 hours and no more than 10.5 hours

appeared to be an optimal range associated with lowest next-day negative affect.

1. Introduction

There is a well-documented connection between poor sleep and
heightened negative affect [1-4]. Disrupted sleep is linked to mental
health problems characterized by negative affect, such as depression and
anxiety [5-9]. Furthermore, experimental findings suggest a relation-
ship between inadequate sleep and negative emotionality [10-12].
Insufficient sleep may be both an antecedent and consequence of
negative affect [13-15]. However, sleep and negative affect fluctuate
from day to day [16,17], and the daily relationships between the two are
not entirely clear. Thus, the present study examined whether and to
what extent daily variations in negative affect and sleep duration pre-
dicted one another.

Emotion regulation theories posit that sleep is critical for affective
functioning. According to these models, inadequate sleep can influence
emotion regulation by impairing emotional appraisal, reactivity, and
management [12,18-20]. For instance, inadequate sleep can skew
negative perceptions of stimuli and lead to a negative emotional bias
[1,2,13]. Further, experimentally induced sleep deprivation intensifies

affective reactivity to negative or stressful experiences [21-24]. More-
over, as sleep restriction is associated with diminished cognitive per-
formance and self-control, intentionally regulating negative emotions
may be more difficult following a night of poor sleep [25,26]. Thus,
shorter sleep could be an antecedent of elevated negative affect.

Just as shorter sleep may influence affect, daily affect may influence
sleep [27]. Stress and anxiety are associated with heightened physio-
logical arousal, which could interfere with sleep quality and shorten
sleep duration [20,28]. Emotion regulation may also contribute to the
relationship between negative affect and sleep disruption [18,29].
Cognitive activity from engaging in maladaptive emotion regulation
strategies (e.g., worry, rumination) might increase arousal and delay
sleep onset [1,14]. Therefore, negative affect and poor sleep may have a
reciprocally influencing relationship.

As sleep and affect both fluctuate daily, the relationship between
insufficient sleep and negative affect could play out on a day-to-day
level. Laboratory studies showed that sleep deprivation heightened
negative affect [10,30,31], but whether these findings reflect the rela-
tionship between sleep loss and negative affect in a naturalistic context
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is unknown. Furthermore, these experiments were limited to testing
only the unidirectional association between sleep loss and future nega-
tive affect. Experience sampling designs, like daily diary studies, offer a
more ecologically valid way to investigate the temporal connections
between sleep and daily affect [32]. These methods gather repeated
information on participants' everyday experiences and allow for the
examination of bidirectional associations. Thus, experience sampling
could provide a naturalistic picture of the day-to-day relationships be-
tween sleep and negative affect.

Experience sampling research has supported the connection between
sleep and daily negative affect, but the directionality of this association
remains unclear. Some studies suggested a bidirectional relationship
between sleep and affect. For instance, a study of adults with a depres-
sive or anxiety disorder found a reciprocal association, such that
enhanced sleep quality led to lower negative affect the following day,
and higher daily negative affect predicted worse sleep that night [33]. In
adolescents, elevated daily negative affect had bidirectional prospective
connections with lower sleep quality [34] and shorter sleep time [35].
Similarly, higher daily stress levels were bidirectionally associated with
shorter sleep duration among young adults [36] and high school stu-
dents [37]. Thus, it is possible that poor sleep and negative affect have a
mutually-influencing relationship on a daily basis.

On the other hand, many experiencing sampling studies suggested a
unidirectional relationship of insufficient sleep predicting higher next-
day negative affect, but not vice versa. One study of female twins
found that poor sleep predicted elevated negative affect the following
day, but daily affect was not associated with subsequent sleep [38].
McCrae et al. [39] reported a similar pattern in a 14-day diary study of
older adults: shorter sleep duration was associated with worse next-day
mood, but not vice versa. Shorter sleep duration was also linked to worse
emotional well-being the following morning in adolescents and adults
[40]. Similarly, shorter sleep duration unidirectionally predicted higher
next-day negative affect in a small female-only sample [41]. In contrast,
one study suggested that negative affect may unidirectionally influence
sleep. Heightened feelings of sadness and fear predicted shorter sleep
duration in college-aged women, but sleep time did not predict next-day
negative affect [42]. Thus, of studies documenting unidirectional daily
sleep-affect relationships, the majority to our knowledge have found
poorer sleep to predict greater next-day negative affect, but not vice-
versa.

Of note, it is possible that the relationship between sleep and sub-
sequent negative affect is nonlinear. In other words, although greater
sleep, in general, might be related to lower next-day negative affect,
sleeping for an extreme duration could predict greater negative affect.
Considering behavioral theories of mood, very high levels of sleep could
reduce engagement with responsibilities and rewarding activities and
depress mood [43]. Support for this possibility comes from epidemio-
logical studies documenting an increased rate of oversleeping in mood
disorders [44], as well as evidence that both lack of sleep and excessive
sleep prospectively predicted mood disorder onset [45]. Additionally, in
a daily diary study, sleeping either below or well above (e.g., 3 h) one's
usual level of sleep predicted poorer next-day mood among adults [40].
Therefore, the literature also calls for more fine-grained evidence on the
possibly nonlinear nature of the relationship between sleep and next-day
affect.

The reviewed literature provides evidence for an association be-
tween shorter sleep and negative affect. Nevertheless, more research is
necessary to understand the directionality and shape of the day-to-day
relationships between sleep duration and negative affect. Past research
has examined this question utilizing specific samples (e.g., adolescent,
clinical outpatient) and yielded heterogeneous results, which might
indicate unique sleep-affect relationships in these populations. As sleep
characteristics are different in non-clinical adults as compared to ado-
lescents [46] or adults with a mental health condition [47], these past
findings have limited generalizability to the broader adult population.
Further, studies that have examined sleep and affect in non-clinical adult
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samples have not assessed daily bidirectional associations [30]. Addi-
tionally, very few studies have tested nonlinear relationships between
sleep and affect. Thus, we sought to extend prior research by evaluating
the day-to-day links between sleep duration and negative affect in a
large community adult sample with a wide age range. The connections
between sleep and affect are particularly important to examine in
adulthood, as sleep habits in this period are critical for optimal health
[48].

The purpose of the present study was to test relationships between
self-reported sleep duration and daily negative affect over an eight-day
period among community-dwelling adults. To bolster confidence in re-
sults, analyses were conducted in two separate cohorts of adults from the
Midlife in the United States Study [MIDUS; [49]]. We hypothesized that
(1) shorter sleep duration would predict higher levels of negative affect
the following day, and (2) elevated daily negative affect would predict
shorter sleep duration that night. Additionally, we conducted follow-up
analyses to test for nonlinearity in the relationship between sleep and
next-day negative affect. In line with findings from one prior study [40],
we predicted that greater sleep on a given night would be associated
with lower next-day negative affect for most levels of sleep, but that this
association would weaken at higher levels of sleep and reverse at
extreme levels of sleep (more than 10.5 h).

2. Methods
2.1. Participants

2.1.1. Sample 1 participants

Data were from the National Study of Daily Experiences [NSDE;
[5011, a daily diary subproject of MIDUS. NSDE consisted of daily tele-
phone interviews for eight consecutive days. Sample 1 included 2022
community-dwelling adults from the first wave of MIDUS data collection
(MIDUS 1, collected between 1995 and 1996) who participated in the
NSDE subproject of the second wave of MIDUS data collection (MIDUS
2, collected between 2004 and 2009). Participants were recruited using
random digit dialing. Eligibility criteria for MIDUS 1 included age be-
tween 25 and 75, living in the conterminous U.S., English-speaking, and
non-institutionalized. Of the MIDUS 2 NSDE participants, 57% were
female and the majority identified their race as white (84%). At the time
of data collection for MIDUS 2, the average age of the sample was 56.2
(SD = 12.2; range = 33-84).

2.1.2. Sample 2 participants

Sample 2 included the 782 adults who took part in the NSDE daily
diary subproject of the MIDUS Refresher study [51]. Data for this sample
were collected between 2012 and 2014 as a replication study for the
main MIDUS/NSDE projects [52], using the same recruitment proced-
ures and eligibility criteria as Sample 1. Of the participants in Sample 2,
56% identified their gender as female and 84% identified their race as
white. The average age was 47.9 (SD = 12.7; range = 25-74).

2.2. Procedures

The University of Wisconsin-Madison Institutional Review Board
(IRB) approved all study protocols. Written informed consent was ob-
tained from all participants. Additional IRB approval or consent was not
required for this report, which was a secondary analysis of publicly
available, de-identified data.

Data collection for both Samples 1 and 2 consisted of evening tele-
phone interviews for eight consecutive days. Participants were asked a
series of questions related to daily experiences, including questions
about their affect that day and sleep the previous night.
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2.3. Measures

2.3.1. Sleep duration

As part of the telephone interviews, participants were asked, “Since
this time yesterday, how much time did you spend sleeping, not
including time you may have spent napping?” and researchers recorded
the total amount of time the participant reported sleeping. Participants'
responses were coded as hours and minutes. We calculated daily sleep
duration as decimal hours (e.g., 6 h and 30 min as 6.5 h). It was not
possible to calculate internal consistency for this measure given that it
comprised one item, though other studies have documented strong
correlations between similar one-item sleep duration measures and
objectively assessed sleep duration (e.g., assessed via actigraphy)
[33,53]. Thus, we judged this to be a valid measure of sleep duration.

2.3.2. Negative affect

Negative affect was assessed using a measure developed for the
MIDUS study [54]. Items were selected from the Positive and Negative
Affect Schedule [PANAS; 55] and Non-Specific Psychological Distress
Scale [56]. The negative affect scale included 14 negatively-valenced
emotions: restless or fidgety, nervous, worthless, so sad nothing could
cheer you up, everything was an effort, hopeless, lonely, afraid, jittery,
irritable, ashamed, upset, angry, and frustrated. Participants rated how
often they experienced each emotion over the previous 24 h using a 5-
point scale ranging from O (none of the time) to 4 (all of the time).
The questionnaire was scored by calculating the average score across all
14 items. In the present work, this scale demonstrated good internal
consistency in both sample 1 (within-person omega = 0.82; between-
person omega = 0.92) and sample 2 (within-person omega = 0.82;
between-person omega = 0.94), as calculated using the multilevelTools
package in R [57].

2.4. Data analyses

Data analyses were conducted using R (Version 4.0.3) via the pack-
age lavaan [58]. Random-intercept cross-lagged panel models [RI-
CLPM; 59] were used to examine prospective bidirectional relation-
ships between sleep duration and negative affect. Through the inclusion
of a random intercept, the RI-CLPM approach enables dividing the
variance of observed variables into trait-like between-person compo-
nents and state-like within-person components. The random intercept
captures trait-like components of variables (i.e., between-person dif-
ferences on average levels of variables), and levels of the variables at
each time point are modeled as latent variables reflecting state-like
components (i.e., within-person deviations on the variables relative to
each participant's average level). This modeling strategy thus yields
separate and unconfounded estimates of between-person and within-
person levels on variables of interest, akin to person-mean centering
in multilevel models [60,61].

The RI-CLPMs were implemented following the recommendations of
[59]. We modeled two random intercept latent factors to represent the
trait-like components of sleep duration and negative affect. The
observed scores of sleep duration and negative affect were the indicators
of their respective random intercept factors, and factor loadings were
constrained at 1. Observed sleep duration and negative affect scores
were regressed onto their own latent factors with factor loadings con-
strained at 1. Residual variances of observed variables were constrained
at 0 to capture all the within- and between-person variance. Autore-
gressive and cross-lagged paths were specified between these latent,
state-like factors. To ease model interpretability, all cross-lagged and
autoregressive effects for a given association were constrained to be
equal across time. We adjusted for age, gender, and race by modeling
them as predictors of random intercepts for both sleep duration and
negative affect, following the guidelines of Mulder and Hamaker [60].
Please see Fig. 1 for a plot of the RI-CLPM used in this study.

The models included several parameters of substantive interest. The
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correlations between random intercepts reflected how stable between-
person differences in sleep duration were linked with stable between-
person differences in level of negative affect. Autoregressive paths
indicated the extent to which state-like levels of sleep duration on a
given night predicted state-like levels of sleep duration on the subse-
quent night, as well as the extent to which state-like levels of negative
affect on one day predicted state-like levels of negative affect on the
subsequent day. Finally, the cross-lagged paths reflected to what extent
state-like sleep duration on one night predicted state-like negative affect
on the subsequent day and the extent to which state-like negative affect
on one day predicted state-like sleep duration that night.

Models were fit using maximum likelihood robust (MLR) estimation,
an appropriate method for modeling daily negative affect, which tends
to be right-skewed [55,62,63]. Model fit was assessed using the robust
comparative fit index (rCFI) [64,65], robust Tucker-Lewis index (rTLI)
[64], robust root mean square error of approximation (rRMSEA)
[66,67], and standardized root mean square residual (SRMR) [68].
Models were determined to have good fit if rCFI >0.95, rTLI >0.95,
rRMSEA <0.05, and SRMR <0.05 [65]. Missing data were handled using
full information maximum likelihood (FIML). FIML is appropriate when
data are missing at random (MAR), meaning that missingness depends
only on observed (but not unobserved) variables, MAR is rendered more
feasible when background variables are included in analytical models
[69]. This way, if missingness is predicted by any background variable,
it is accounted for in the model. Given that models adjusted for gender,
age, and race, and data were missing at a very low rate, we judged MAR
to be an appropriate assumption.' In line with recommendations for
multilevel data, we calculated standardized regression coefficients (/3) as
an effect size metric to complement unstandardized coefficients (B)
[701.

We also conducted follow-up analyses to explore the possibility of a
nonlinear association between sleep duration and next-day negative
affect. To do this, we combined the two samples and fit a multilevel
model in which daily negative affect was regressed on a categorical
variable reflecting the number of hours a person slept the previous night:
less than 4.5, 4.5 t0 5.5, 5.5t0 6.5, 6.5 t0 7.5, 7.5 t0 8.5, 8.5 t0 9.5, 9.5 to
10.5, or more than 10.5 h. The lower bound of these groupings was
inclusive, whereas the upper bound was exclusive (except for the final
two groupings, such that 10.5 was included in “9.5 to 10.5” and the
highest bound only included values greater than 10.5; this was done for
the sake of interpretability). The model adjusted for age, gender, race,
and sample (Sample 1 vs. Sample 2) and incorporated an AR(1) residual
structure to account for the fact that negative affect on one day was
predicted by negative affect on the previous day. The model also
accommodated missing data using FIML. The model was fit using the R
package nlme [71].

3. Results
3.1. Sample 1

Descriptive statistics for Sample 1 are in Table 1. In Sample 1, par-
ticipants slept an average of 7.13 h per night (SD = 1.48). The average
daily negative affect score was 0.19 (SD = 0.33). There were 1283
(7.9%) missing data days for sleep duration and 1279 missing days
(7.9%) for negative affect. These missing data were accommodated by
FIML estimation.

The RI-CLPM for Sample 1 fit well (rCFI = 0.98; rTLI = 0.98;
rRMSEA = 0.03; SRMR = 0.04). Please see Table 2 for the full set of

1 Logistic regression suggested that, in Sample 1, being younger and not
being White predicted higher odds of having at least one daily diary observa-
tion (age: OR = 0.98, 95% CI [0.97, 0.98]; race: OR = 0.50, 95% CI [0.39,
0.641). No other variable in Sample 1 or 2 predicted missing data. Because these
variables were modeled, it does not pose a problem for the MAR assumption.
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Between-person
random intercepts

Within-person cross-lagged panel model

Night 1 Sleep | Night 2 Sleep | Night 3 Sleep | Night 4 Slecp I Night 5 Sleep ‘ Night 6 Slecp | Night 7 Sleep | Night 8 Sleep |
Negative Affect
@ !I Night 3 Sleep !I Night 5 Sleep Night 6 Sleep Night 7 Sleep Night 8 Sleep
Day I NA n Day 3 NA n Day S NA n

Sleep Duration

I Day I NA | I Day 2NA | I Day 3 NA I

| Day 4 NA I I Day S NA I I Day 6 NA | I Day 7NA l I Day 8 NA ‘

Fig. 1. Path diagram of random intercept cross-lagged panel model used in this study. The between-person panel (left) depicts variables that reflect trait-like
components of sleep duration and negative affect. The two-headed arrow between these variables demonstrates that the correlation between these variables was
estimated. The two-headed arrows next to negative affect and sleep duration demonstrate that these variables had estimated variances. The within-person panel
(right) depicts modeled relationships between state-like sleep duration and negative affect assessed daily. The two-headed arrow next to Night 1 Sleep demonstrates
that the variance of night 1 sleep duration was estimated. Epsilons with arrows directed at subsequent sleep and negative affect assessments demonstrate that these
variables each had estimated residual variances. One-headed arrows reflect autoregressive relationships between sleep duration, subsequent sleep duration, and
negative affect and subsequent negative affect, as well as cross-lagged relationships between sleep duration and subsequent negative affect and negative affect and

subsequent sleep duration.

Table 1
Sample demographics and descriptive statistics of study variables.
M or SD or Min Max  Skewness Kurtosis
n %
Sample 1
Age 56.24 12.20 33 84 0.19 —0.82
Female (vs. male) 1157 57.2%
Caucasian (vs. non- 1696 83.9%
Caucasian)
Negative Affect 0.19 0.33 0 3.5 3.17 14.10
Sleep Duration 7.13 1.48 0 18 -0.71 3.45
(hours)
Sample 2
Age 47.9 12.7 25 75 0.24 —0.88
Female (vs. male) 435 55.6%
Caucasian (vs. non- 659 84.3%
Caucasian)
Negative Affect 0.22 0.35 0 3.5 3.19 15.00
Sleep Duration 7.17 1.51 0 18 —0.72 4.23

(hours)

Note. N = 2022 in Sample 1, 782 in Sample 2.

regression parameter estimates, as well as random intercept variance
and covariance estimates. The between-person association between the
random intercept factors of sleep duration and negative affect was
negative and significant, indicating that on average participants who
reported more hours of sleep also reported lower negative affect. On the
within-person level, sleep duration had a significant positive autore-
gressive effect, indicating that within-person deviations from average
sleep duration on one night positively predicted deviations from average
sleep duration the subsequent night. The autoregressive path for nega-
tive affect was also significant, indicating that within-person deviations
from average negative affect were positively associated with deviations
from average negative affect level the following day. Importantly, there
was a significant negative cross-lagged effect of sleep duration on next-
day negative. This finding indicated that, in line with hypotheses,
sleeping less than average on a given night predicted experiencing
higher than average negative affect on the subsequent day, and sleeping
more than average on a given night predicted experiencing lower than
average negative affect on the subsequent day. The within-person cross-
lagged path from negative affect to same-night sleep duration was not
significant. Thus, in contrast to hypotheses, the association between

negative affect on a given day and sleep duration that night was not
significant.

3.2. Sample 2

Descriptive statistics for Sample 2 are in Table 1. Participants in
Sample 2 reported an average sleep duration of 7.17 h per night during
the data collection period (SD = 1.51) and an average negative affect
score of 0.22 (SD = 0.35). For Sample 2, there were 90 (1.5%) missing
data days for sleep duration and 88 (1.5%) for negative affect, and these
missing observations were accommodated in the analysis via FIML
estimation.

The RI-CLPM for Sample 2 fit well (rCFI = 0.96; rTLI = 0.95;
rRMSEA = 0.04; SRMR = 0.06). Please see Table 2 for the full set of
regression parameter estimates, as well as random intercept variance
and covariance estimates for Sample 2. Unlike in Sample 1, the between-
person association between the random intercept factors of sleep dura-
tion and negative affect was not significant, indicating no significant
between-person relationship between average sleep and average nega-
tive affect.” There were significant positive autoregressive effects for
sleep duration and negative affect, indicating that for these variables,
within-person deviations from average levels on one day were related to
same-direction deviations from average levels the next day. Importantly,
consistent with Sample 1, the within-person cross-lagged path from
sleep duration to next-day negative affect was significant, and the
within-person association between negative affect and same-night sleep
duration was not significant. Thus, within-person results from Sample 2
converged with results from Sample 1 by indicating that sleep duration
on a given night was inversely associated with negative affect on the
subsequent day, whereas negative affect on a given day was not

2 This non-significant correlation was unexpected. We suspected it could be
due to the conservative MLR estimator, which adjusts standard errors for non-
normality. We re-fit the model with the non-robust maximum likelihood esti-
mator and found that the between-person relationship between sleep and
negative affect was negative and significant using this estimator, in line with
Sample 1 and our expectations. No other results differed with this estimator in
either Sample 1 or Sample 2. Because the MLR estimator is robust to non-
normality, we have chosen to report our main results based on this estimator,
though the non-robust results are available in the Supplementary Materials.
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Table 2
RI-CLPM Results.
Sample 1 Sample 2
B SE z p B B SE z p Vi
Random Intercept Variance
Sleep Duration 0.75 0.04 18.92 <.001 0.66 0.06 10.31 <.001
Negative Affect 0.05 0.01 8.77 <.001 0.06 0.01 5.24 <.001
Random Intercept Covariance
Sleep Duration & Negative Affect —0.02 0.01 —2.44 .015 —0.10 —-0.03 0.02 -1.37 172 —-0.13
Within-person Autoregressive Effects
Sleep Duration 0.10 0.02 6.08 <.001 0.10 0.08 0.03 2.86 .004 0.09
Negative Affect 0.19 0.02 9.02 <.001 0.18 0.11 0.03 3.74 <.001 0.11
Within-person Cross-lagged Effects
Sleep Duration - Negative Affect —0.02 0.00 —6.35 <.001 —0.08 —0.02 0.00 —4.42 <.001 —0.09
Negative Affect - Sleep Duration 0.04 0.08 0.49 .623 0.01 —0.10 0.10 -1.03 .306 —0.02
Covariate Effects on Random Intercepts
Sleep Duration
Age 0.00 0.00 1.96 .050 0.05 0.01 0.00 2.28 .023 0.09
Gender 0.02 0.05 0.33 .740 0.01 0.28 0.07 4.17 <.001 0.17
Race —0.43 0.07 —6.15 <.001 —0.18 —0.21 0.10 —2.11 .035 —0.09
Negative Affect
Age —0.01 0.00 —7.09 <.001 —0.16 0.00 0.00 —3.67 <.001 —0.13
Gender 0.03 0.01 3.01 .003 0.07 0.03 0.02 1.65 .099 0.06
Race 0.05 0.02 —2.69 .007 —0.08 —0.02 0.03 —0.73 464 —0.03

Note. N = 2022 in Sample 1, N = 782 in Sample 2. RI-CLPM = random-intercept cross-lagged panel model. Boldface indicates statistical significance with alpha of 0.05.

significantly associated with sleep duration on that night.®

3.3. Follow-up analysis: nonlinear associations between sleep and next-
day affect

Results suggested that the relationship between sleep and next-day

Table 3
Nonlinear model results.
Term B SE t df P B
<

Intercept 0.23 0.01 40.99 17,837 .001
Sleep hours: less than <

4.5vs. 4.5t05.5 —0.06 0.01 —4.90 17,837 .001 —-0.17
Sleep hours: 4.5 to 5.5 <

vs. 5.5t0 6.5 —0.03 0.01 —4.07 17,837 .001 —0.10
Sleep hours: 5.5 to 6.5 <

vs. 6.5 t0 7.5 —0.02 0.01 —3.90 17,837 .001 —0.07
Sleep hours: 6.5 to 7.5 <

vs. 7.5 to 8.5 —0.02 0.00 —-3.99 17,837 .001 —0.06
Sleep hours: 7.5 to 8.5

vs. 8.5t0 9.5 —0.01 0.01 —1.08 17,837 .279 —0.02
Sleep hours: 8.5 to 9.5

vs. 9.5 to 10.5 0.01 0.01 0.80 17,837 423 0.03
Sleep hours: 9.5 to

10.5 vs. more than <

10.5 0.09 0.02 4.01 17,837 .001 0.26
Sample 0.00 0.01 0.22 2799 .826 0.01

<

Age 0.00 0.00 —7.56 2799 .001 —0.12
Gender 0.03 0.01 3.31 2799 .001 0.10
Race —0.03 0.01 —2.30 2799 .022 —0.09

Note: N = 2804 combined across Samples 1 and 2. All between-person difference
variables (sample, age, gender, race) were grand-mean centered. Boldface in-
dicates statistical significance with alpha of 0.05.

3 As results showed gender differences in sleep duration in Sample 1 and
gender difference in negative affect in both Samples 1 and 2, we also conducted
separate RI-CLPMs for female and male participants in each sample. Results
showed the same pattern of within-person unidirectional associations between
sleep duration and negative affect for both female and male participants when
analyzed separately. Please see Supplementary Materials.

affect was nonlinear. Specifically, as the model output indicates in
Table 3, ranges of sleep below or above 7.5 to 10.5 h were associated
with significantly greater next-day negative affect. There was no rela-
tionship between sleep and negative affect between 7.5 and 10.5 h of
sleep. Thus, when participants slept fewer than 7.5 h, or above 10.5 h,
sleeping less or more predicted higher next-day negative affect. The
optimal window of sleep appeared to be from 7.5 to 10.5 h. This pattern
is plotted in Fig. 2.

4. Discussion

The present work examined the sequential associations between
sleep duration and daily negative affect in two large samples of middle-
aged adults across eight days. Findings from both samples indicated that
shorter than usual sleep duration predicted higher next-day negative
affect, supporting our first hypothesis. These results align with prior
research demonstrating a prospective relationship between shorter sleep
and elevated negative affect on a day-to-day basis. Past experience
sampling studies similarly found that shorter sleep was associated with
higher next-day negative affect among older adults [39], young adult
women [38,41], and adults with depressive disorders [72]. Moreover,
these results may suggest that findings from laboratory-based research
indicating that sleep loss predicts elevated negative affect [e.g., 10, 30]
might translate to a naturalistic, everyday context. Additionally, follow-
up analyses showed that the relationship between sleep and next-day
negative affect attenuated to non-significance between 7.5 h and 10.5
h of sleep and reversed at extremely low or high levels of sleep (less than
7.5 h or more than 10.5 h). In other words, the optimal amount of sleep
associated with lowest next-day negative affect was between 7.5 and
10.5 h.

In contrast to our second hypothesis, variations in daily negative
affect did not predict upcoming-night sleep duration in either sample.
This finding is somewhat inconsistent with results from prior studies
supporting a bidirectional association between sleep and negative affect.
These discrepancies may be explained by differences in the exact con-
structs being examined. For instance, specific emotions, like sadness
[42], may have unique relationships with sleep duration compared to
overall negative affect; such a possibility should be examined in future
research. Age differences in samples could also contribute to these
differing results, as some studies suggesting a bidirectional relationship
between sleep and affect utilized adolescent samples [34,37,73].
Considering the present data, it is possible that shorter sleep heightens
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Fig. 2. Model-predicted negative affect levels as a function of sleep duration. Error bars represent standard errors.

next-day negative affect for both adolescents and adults, but compared
to adolescents, adults are less susceptible to sleep disruptions after a day
of elevated negative affect.

In Sample 1 only, the between-person association of sleep duration
and negative affect was negative and significant; this between-person
association was only significant in Sample 2 under certain model spec-
ifications. Thus, the within-person association between sleep and affect
was more consistent in this study than the between-person association.
Some previous studies exploring sleep and affect found stronger within-
person associations compared to between-person associations [36,74].
Thus, although there was some evidence from this study that sleeping
more on average was associated with lower average negative affect,
affect levels on a given day appeared to also be related to individuals'
prior-night sleep duration relative to their usual sleep duration. Never-
theless, the consistent within-person relationship between sleep and
next-day negative affect underscores the important role of within-person
deviations in sleep duration in predicting affect on a given day.

We found significant within-person autoregressive paths for both
negative affect and sleep duration. In both samples, deviations from
typical level of negative affect on one day predicted deviations from
negative affect the following day. Similarly, past studies showed that
negative affect can carry over from one day to the next [75,76]. Our
results also showed autoregressive effects for sleep duration: lower or
higher variations in sleep duration on one night predicted similar vari-
ations in sleep duration the next night. Previous research also found
significant day-to-day associations on measures of sleep [77,78]. It thus
appears that falling out of one's typical sleep rhythm can disrupt sleep
the following night.

In this study, shorter duration predicted higher negative affect the
next day, although this relationship was attenuated beyond sleeping 7.5
h and reversed at extreme levels of sleep (more than 10.5 h). The
generally negative association between sleep duration and next-day
negative affect may be explained by emotion regulation theories,
which posit that sleep plays a key role in the perception, reactivity, and
modulation of negative emotional experiences [12,18-20]. Less sleep
may negatively skew the perception and evaluation of emotional in-
formation, leading to a negative emotional bias [14]. Indeed, restricted
sleep has been consistently linked to heightened attention to negative
stimuli [13,79,80]. Further, following sleep restriction, individuals
reacted less to positive stimuli [81] and rated neutral stimuli more
negatively [2,82]. Poor sleep may also impede the consolidation of
positive and neutral memories while enhancing memory for unpleasant

events [1,80,83]. Therefore, after a night of less sleep, pessimistic per-
ceptions of everyday situations and a negative memory bias could in-
crease negative affect. The finding of an optimal sleep range of at least
7.5 h and no more than 10.5 h corresponds with research on the rela-
tionship between oversleeping and mood. Oversleeping is a feature of
mood disorders [44], and in one prior study of healthy adults, extremely
long sleep duration predicted poorer next-day mood compared to
sleeping one's usual amount [40]. Public health recommendations sug-
gest that adults sleep at least 7 h per day but have not specified a rec-
ommended maximum sleep duration [84]. The results from this study
generally converge with these recommendations, suggesting that
sleeping at least 7.5 h was associated with lower next-day negative affect
relative to sleeping less than this amount; moreover, results suggested
that sleeping more than 10.5 h conferred risk for poorer mood the next
day.

For most sleep durations up to a generally healthy level of sleep for
adults (7.5 h), less sleep predicted greater next-day negative affect. An
additional possible mechanism for this finding is negative emotional
reactivity. While high-quality, restorative sleep is hypothesized to help
downregulate negative emotions, poor sleep is linked to heightened
emotional responses to aversive stimuli [13,14,20,85]. Indeed, labora-
tory studies have demonstrated the connection between sleep restriction
and exaggerated negative emotional reactions [11,21,23,24,30,82].
Ilustrating this association in a naturalistic context, an experience
sampling study of medical students found that shorter sleep predicted
more intense negative emotions in response to stressors the following
day [86]. Similarly, adults who experienced nightly sleep disruptions
reacted more negatively to unpleasant situations in a seven-day expe-
rience sampling study [87]. Considering these findings, shorter than
usual sleep duration might intensify negative emotional reactions and
subsequently increase overall negative affect, as seen in the present
study.

Another possible explanation for our results is that utilizing adaptive
emotion regulation strategies to moderate negative feelings is more
challenging following a night of reduced sleep. The cognitive-energy
model of emotion regulation postulates that shorter sleep depletes
mental resources necessary to regulate emotional reactions through
strategies like cognitive reappraisal [1,86]. Lending credence to this
idea, laboratory studies demonstrated that sleep restriction worsened
cognitive reappraisal ability in response to negative emotional stimuli
[2,88-90]. Moreover, Minaeva et al. [75] found a stronger carry-over
effect of negative affect from one day to the next in individuals with
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lower sleep quality and duration. At the same time, this effect was
exacerbated by current or past depression. Further, poor sleep can
impede goal-directed behavior and self-control, which could pose bar-
riers to adaptively coping with negative emotional experiences
[26,91,92]. For example, engaging in mood-enhancing activities or
reaching out for social support may feel more effortful and burdensome
after sleeping fewer hours than usual. Individuals may consequently
avoid these potentially mood-improving behaviors and maintain a state
of heightened negative affect [23,25,93].

The present findings may have implications for optimizing daily
emotional well-being. Our results suggest sleep could be a potential
intervention target to limit next-day negative affect. Prior research
found that behavioral interventions were effective in promoting sleep
duration [94], which may help prevent subsequent negative affect in
individuals who are vulnerable to fluctuations in sleep time. Given the
nonlinear relationship between sleep and next-day affect, another
implication of this study is that sleeping beyond 7.5 h does not appear to
confer any additional benefit for next-day mood, and sleeping more than
10.5 h appears to predict poorer mood; mood may therefore be opti-
mized if people get up and moving after they have achieved an ideal
level of sleep (likely between 7.5 and 10.5 h for most adults). Future
studies should investigate whether promoting optimal sleep duration
leads to lower levels of negative affect in daily life.

These results should be interpreted in the context of certain limita-
tions. First, prior night sleep duration and daily negative affect were
assessed in the same evening telephone interview. This shared assess-
ment method and timing could have inflated the association between
sleep and negative affect relative to using different methodologies (e.g.,
objective sleep assessment and self-reported affect) or assessing the
constructs at separate times (e.g., assessing sleep immediately after
awakening and affect at end of day). However, as sleep duration is
inherently a more concrete construct than more subjective aspects of
sleep such as quality, self-reported sleep duration may have been less
subject to influence by participants' general mood or other factors.
Additionally, sleep duration was measured with a single self-report item,
which may be less reliable and valid than multiple-item scales. Limita-
tions notwithstanding, previous research has shown strong correlations
between single-item self-reports of sleep duration and objectively
measured sleep duration, lending to confidence in the validity of the
sleep assessment [33,53]. Nevertheless, for a more complete picture of
the connections between negative affect and sleep duration, future
research should incorporate objective sleep assessments such as poly-
somnography. Furthermore, we cannot determine whether aspects of
sleep beyond duration (e.g., efficiency, quality) would have similar re-
lationships with negative affect. Future investigations could include
measures capturing other components of sleep to explore their associ-
ations with negative affect. The present study is also limited in its eight-
day assessment period. Although this represents an improvement over
many studies assessing sleep for even fewer days [for a review, see 14],
future studies with longer assessment durations would more accurately
characterize participants' typical sleep patterns. Furthermore, for the
primary data analytic strategy, this study employed RI-CLPM, which is a
gold-standard method for capturing reciprocal relationships among
repeatedly assessed variables but does not afford certain modeling ca-
pacities such as random slopes that could characterize between-person
differences in autoregressive and cross-lagged sleep-affect relation-
ships. Advances in modeling software could help elucidate these
important between-person differences in future research. Lastly, the
MIDUS dataset is comprised mostly of White American participants;
thus, replication in more culturally diverse samples is warranted.

Despite these limitations, this study has notable strengths. The use of
daily diary data offers a more fine-grained understanding of how day-to-
day variations in sleep duration relate to negative affect in a naturalistic
context [32]. Our study is also strengthened by the use of two large
samples of community-dwelling adults, with replication of key findings
across both samples. This strength bolsters the reliability of the findings

Journal of Psychosomatic Research 172 (2023) 111437

and extends previous research examining sleep and daily affect in ado-
lescents [34,35,37,95], older adults [39,96], clinical populations
[33,97], and female-only samples [38,41,42]. Given these strengths, the
findings substantially advance the literature on the association between
sleep and negative affect.

In summary, the present study tested the day-to-day connections
between sleep duration and negative affect. In two large national sam-
ples of adults, shorter sleep duration predicted higher negative affect the
following day, but daily negative affect did not predict same-night sleep
duration. Follow-up analyses revealed that sleep duration's relationship
with next-day affect was nonlinear, such that sleeping less than 7.5 h or
more than 10.5 h was associated with greater next-day negative affect
than sleeping within this range. Future research should explore whether
efforts to promote optimal sleep duration are effective in promoting
daily emotional well-being.
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