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Abstract

While there is a large body of evidence that poor subjective sleep quality is related to lower subjective well-being, studies
on the relation of objective sleep measures and subjective well-being are fewer in number and less consistent in their
findings. Using data of the Survey of Mid-Life in the United States (MIDUS), we investigated whether duration and quality of
sleep, assessed by actigraphy, were related to subjective well-being and whether this relationship was mediated by
subjective sleep quality. Three hundred and thirteen mainly white American individuals from the general population and
128 urban-dwelling African American individuals between 35 and 85 years of age were studied cross-sectionally. Sleep
duration, variability of sleep duration, sleep onset latency, and time awake after sleep onset were assessed by actigraphy
over a period of 7 days. Subjective sleep quality was assessed with the Pittsburgh Sleep Quality Index, positive psychological
well-being and symptoms of psychological distress were assessed with the Satisfaction with Life Scale and the Mood and
Anxiety Symptom Questionnaire. In both white and African Americans high day-to-day variability in sleep duration was
related to lower levels of subjective well-being controlling age, gender, educational and marital status, and BMI. By contrast,
sleep duration, sleep onset latency, and time awake after sleep onset were not related to subjective well-being controlling
covariates and other sleep variables. Moreover, the relationship between variability in sleep duration and well-being was
partially mediated by subjective sleep quality. The findings show that great day-to-day variability in sleep duration — more
than average sleep duration - is related to poor subjective sleep quality and poor subjective well-being.
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Introduction

Subjective well-being, a construct that includes general satis-
faction with life and positive affect [1,2], is widely linked to better
health and greater longevity [3,4], and there is ongoing interest in
the factors that predict well-being [1,5]. Recent studies suggest
that poor sleep [6-12] can impair well-being, but most of these
studies have involved individuals’ perceptions of sleep quality and
duration; only a few studies have examined associations with
objectively-assessed sleep. Such assessments are important given
well-documented dissociations between subjective reports of sleep
quality and objective sleep measurement [13-15]. The current
study uses both subjective and objective assessments of sleep in two
samples of middle-aged and older adults to examine links to well-
being as well as the degree to which subjective perceptions of sleep
mediate the relationship between objective sleep measures and
well-being. Importantly, the focus in this study is on both intra-
individual variability in sleep as well as overall averages of sleep
duration and quality, a relatively new focus for population level
sleep research.
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The relation of self-reported sleep duration and subjective sleep
quality with well-being has repeatedly been shown during the last
15 years. Individuals who reported poor sleep quality and short
sleep duration were consistently lower in subjective well-being and
also reported increased levels of negative affect and mood
disturbances when compared to individuals who reported good
sleep quality and/or 7-8 hours of sleep per night [6-12]. In
contrast, only few studies have addressed the relationship between
objective measures of sleep and subjective well-being and their
overall findings have been less consistent. Ryff and coworkers [16]
found that sleep duration, as assessed with the Nightcap system
that monitors eyelid motion, was positively related with measures
of psychological well-being in women above the age of 65 years.
However, Jean-Louis and coworkers [15] found no relationship
between actigraphic assessments of sleep duration, sleep onset
latency, and sleep efficiency with subjective well-being in an adult
general population sample. Similarly, Mezick et al. [17], using
actigraphy data from the Pittsburgh SleepSCORE study including
middle aged and older individuals, found no relationship between
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sleep duration (and fragmentation) and reports of stressful life
events. In adults meeting diagnostic criteria for chronic insomnia
there was only a weak link between sleep duration and sleep
efficiency measured with polysomnography and daytime fatigue
[18]. On the other hand, reports of daytime fatigue were more
strongly related to poor subjective sleep quality and poor mental
health in this study.

In sum, self-reported sleep measures are more consistently
related to varied assessments of subjective well-being than are
objective sleep assessments. One explanation for the generally
strong relation between self-reported sleep and subjective well-
being (which is not reflected when objective measures of sleep are
taken into account) involves common method bias. The valence of
self-reports can be co-linear across domains — individuals with a
negativity bias in their self-reports in one domain may show the
same negativity bias in other domains [19]. This interpretation is
also in line with the finding that subjective sleep ratings and
objective measures of sleep quality often show a relatively modest
or even non-existent relationship [13-15]. Baker etal. [13]
reported no significant relation between polysomnographic
derived sleep onset latency and number of awakenings measured
during three nights of observation and subjective ratings of sleep
quality in 20 healthy individuals. Similarly, Jean-Louis et al. [15]
reported that sleep efficiency, assessed by actigraphy over three
nights, was unrelated to general sleep satisfaction in a study with
273 healthy adults. A positive correlation of.24 (P<.003) between
polysomnographic derived sleep efficiency measured during one
night and general subjective sleep quality in healthy older
individuals was found by Vitiello et al. [14]. There were important
limitations to all these studies, including basing estimates of
average sleep parameters on a small number of nights of
polysomnography or actigraphy [14,15] or relatively small sample
size with consequently low statistical power to detect associations
[13]. Notwithstanding these limitations, Sadeh [20] recently
concluded that the correspondence of actigraphy measures of
sleep quality (night-wakings, wake after sleep onset, sleep
efficiency) with subjective reports of sleep quality is relatively
poor, although it remains unclear to what extent such discrepan-
cies should be attributed to inaccuracy in actigraphy versus
maccuracy of subjective reporting.

An alternative explanation of this discrepancy is that other sleep
parameters that are less commonly reported, such as variability in
sleep duration across multiple nights, may contribute to an
individual’s perceptions of sleep quality and subjective well-being.
Typically, studies that have examined variability in sleep have
reported larger within-person variability of sleep duration across
days than between-person variability of sleep duration [21,22].
Moreover, studying intra-individual variability of sleep duration is
important as it may contribute to sleep problems [23-28]. For
instance, individuals with insomnia have more variable sleep times
than healthy people [24,28], and it is thought that inconsistent
sleep patterns may be a mechanism by which insomnia is
sustained. Individuals who sleep poorly on one night may want
to ‘catch up’ by sleeping longer during the subsequent night.
Although they— possibly due to increased homeostatic sleep
pressure— may succeed in getting relief by ‘recovery’ sleep, this
can even result in worse sleep during the following night, as overly
long sleep may further undermine the actual ability to fall asleep
[29,30]. Therefore, establishing a regular sleep—wake schedule is
an integral part of behavioral treatment of insomnia along with
reduction of time spent in bed, stimulus control therapy, and sleep
hygiene instructions [31].

Importantly, variability in sleep duration is linked to both
perception of sleep quality and subjective well-being. In healthy
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adults who maintained sleep diaries for two weeks, irregular
patterns of activity and sleep were strongly related to lower
subjective sleep quality [32]. Mezick et al. [17] found that negative
affect and reports of stressful life events were related with both
variability of sleep duration and variability of sleep fragmentation
as assessed by actigraphy. Scores of variability in sleep duration
and fragmentation were particularly increased in individuals who
experienced both high stress levels and high levels of negative
affect [17]. In adolescents, a large weekday to weekend difference
in sleep duration was related to increased vulnerability towards the
negative effects of parental conflict [33]. Moreover, adolescents
with higher intra-individual day-to-day variability of sleep
duration assessed by sleep log over a period of two weeks was
related with depression, anxiety, and fatigue controlling average
sleep duration [7]. Finally, in older adults suffering from dementia,
individuals with more regular sleep-wake patterns assessed by
actigraphy had better subjective well-being and daily functioning,
and less cognitive decline [34,35].

A first aim of the present study is to test the relationship between
actigraphy defined sleep duration and sleep quality with subjective
well-being. In addition to the average sleep duration, we include
intra-individual variability of sleep duration across seven consec-
utive nights of actigraphy assessment. We hypothesized that intra-
individual variability of sleep duration would explain variance of
subjective well-being beyond what can be explained by average
measures of sleep indices.

As a second aim we test a mediation model, which postulates
that subjective sleep quality is a mediator of the relationship
between the objective measures of sleep and subjective well-being.
We test this mediation model based on the theoretical assumption
that subjective sleep quality is to some degree a reflection of
objectively measurable sleep quality (although empirical evidence
for this assumption has been mixed; [13-15,20]) and that
objectively measured sleep quality has an impact on well-being
through subjectively perceived sleep quality.

As there is evidence that African American individuals on
average report lower levels of sleep quality, shorter sleep duration,
and more variability of sleep duration than white individuals
[17,22,36,37,38] we tested whether race(/residential neighbor-
hood) moderated the relationship between actigraphy sleep indices
and subjective well-being by assessing differences in these relations
in a sample of predominantly white individuals and a sample of
African Americans from a highly segregated urban neighborhood.

Methods

Participants and Procedure

The data for this study come from the MIDUS II (Midlife in the
United States) bioindicator study (see for details on recruitment
reference [39]). Actigraphic sleep assessment was conducted with
441 participants who attended the MIDUS Research Center at
the University of Wisconsin-Madison. Among these, 313 partic-
ipants were recruited by random digit dialing or from a national
twin registry (93.9% were Caucasian); we here refer to this
subsample as the “predominantly white American sample”.
Furthermore, 128 African American adults were from an
economically less affluent urban neighborhood in Milwaukee
County with at least 40% Black residents. Milwaukee is considered
as one of most highly segregated cities in the United States [40].
We here refer to this subsample as the “urban African American
sample”. The sample characteristics are presented in Table 1. The
study protocol was approved by the Social and Behavioral Science
Institutional Review Board of the University of Wisconsin-
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Madison. Written informed consent was obtained from each
participant.

Measurement

Positive well-being. Positive well-being was measured by
two scales, one reflecting satisfaction with life and the other one
reflecting positive affect.

Satisfaction with Life. The Satisfaction with Life Scale (SWLS;
[41]) was used to assess individuals’ evaluations of their life in
general. Five items (e.g., “I am satisfied with my life”’) were rated
on a seven-point scale (1 =Strongly disagree; 7 = Strongly agree)
and combined together so that higher scores indicate higher well-
being. Information on descriptive statistics and reliability of the
scales is presented in Table 1.

Positive Affect. Positive affect was assessed using the High
Positive Affect subscale from the Mood and Anxiety Symptom
Questionnaire (MASQ); [42]). Participants were asked to report
how much they felt 14 distinct positive mood states during the past
week on a five-point scale (1 = not at all; 5 = extremely). A sample
item includes “I felt cheerful”. The items were combined together
so that higher scores reflect more positive affect.

Symptoms of Distress

To assess symptoms of distress we used four subscales from the
MASQ (General Distress Depressive Symptoms subscale, the
General Distress Anxious Symptoms subscale, the Loss of Interest
subscale, and the Anxious Arousal subscale; [42]). In the MASQ-
scales participants were asked to report how much they felt
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Table 1. Sample characteristics and reliabilities, means, and standard deviations of study variables in both subsamples.

Predominantly White subsample African American subsample

(n=313) (n=128)

o MI% SD o MI% SD F?IChi*®
Age (years) - 57.65 11.80 - 54.89 10.28 5.34%
Gender (% female) - 55.3% - 72.7% 11.46%**
Education (% high school/General Education - 26.9% - 44.5% 12.92%**
Diploma or less)
Marital status (% married) - 71.9% - 26.6% 76.99%**
BMI - 29.47 5.90 - 33.41 9.33 28.28%**
Total Sleep Time (min) .86 381.60 62.39 .80 339.00 72.72 38.36%**
Variability of Total Sleep Time - 15.39 8.81 - 23.37 14.66 49.35%*%*
Wake After Sleep Onset (min) .85 44.35 19.95 .70 61.19 29.86 47.60%**
Sleep Efficiency (%) 91 82.15 8.56 .87 71.95 11.51 104.47%**
Sleep Onset Latency (min) 77 25.15 21.97 74 47.37 44.23 49.36%**
PSQI: Poor subjective sleep quality 77 5.81 337 74 8.08 4.42 29.89%**
Satisfaction with Life Scale .89 4.96 1.27 .78 4.14 1.22 38.22%**
Positive Affect 94 44.80 10.46 91 43.47 10.62 1.45
General Distress Depressive Sympt. .89 18.14 6.14 92 2037 839 9.51%*
General Distress Anxious Sympt. 78 16.22 4.28 91 17.51 6.83 5.70%
Loss of Interest 77 11.74 3.84 .87 13.27 5.65 10.83**
Anxious Arousal 73 21.05 4.24 .85 23.95 7.24 27.17%**
Note. = Cronbach’s .
2comparison of mean values/frequencies between participants from the predominantly white American sample and the urban African American sample. Abbreviations:
PSQI: Pittsburgh Sleep Quality Index.
*P<.05,
**p<01,
**¥P<,001.
doi:10.1371/journal.pone.0071292.t001

different symptoms of distress during the past week using the same
five-point scale as for the positive affect subscale. The General
Distress Depressive Symptoms subscale includes 12 items measur-
ing feelings of depression such as “felt sad”. The General Distress
Anxious Symptoms subscale includes 11 items measuring feelings
of anxiety and uneasiness such as “felt afraid”. The Loss of Interest
subscale includes 8 items measuring lack of energy and interest
such as “felt nothing was very enjoyable”. The Anxious Arousal
subscale includes 17 items measuring bodily sensations indicating
anxiety and distress such as “heart was racing or pounding”.

Subjective Sleep Quality

Subjective sleep quality was assessed using the Pittsburgh Sleep
Quality Index (PSQI; [43]) which includes seven subscales
(subjective sleep satisfaction, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbance, use of sleep medication, and
daytime dysfunction) that are combined into a global score
ranging from 0-21. The global score for the PSQI was available
for 399 participants (291 in the predominantly white American
sample and 108 in the urban African American sample).

Actigraphy

Detailed descriptions of actigraphy data collection and scoring
methods are publicly available at the Interuniversity Consortium
for Political and Social Research (ICPSR) website (URL: http://
www.icpsr.umich.edu). Briefly, the Mini Mitter Actiwatch®-64
activity monitor was used to detect the number of movements with
a built-in motion sensor. The devices were worn on the non-
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dominant wrist for seven consecutive days and nights and
programmed to begin collecting data at 7:00 a.m. on the Tuesday
following the visit at the study center and to conclude the following
Tuesday morning. Participants completed daily diaries in which
they indicated bed time and rise time, and these were used as start
and end times for the actigraphic records. In some cases (after the
technology became available in 2005), participants also used an
event marker on the actiwatch to indicate bed and rise times.
These markers were used in 28 cases when diary entries were
missing for a specific day (and the markers appeared reliable based
on the actigraphic record). The participants returned the
Actiwatch® by postage paid envelope and data was downloaded
from the Actiwatch® and stored in the Actiwatch® database for
processing upon receipt in the project office. If participants
provided incomplete information (e.g., if they forgot to put the
watch on or took it off too early etc.) or had exceptional
experiences during the data collection period (e.g. travel to a
different time zone), which made scoring difficult, the cases were
reviewed and the intervals were deleted.

The Actiware 5 software and manufacturer algorithms for
detecting sleep based on 30 sec epochs were used to generate
summary statistics about the participants’ sleep. In detail, whether
a particular epoch was scored as wake or sleep was determined by
comparing activity counts for the epoch in question and those
immediately surrounding it to a threshold value following the
formula validated by Oakley (1997 [44]). A medium-sensitivity
threshold was used for data evaluation. The actigraphy sleep
indices that were derived include total sleep time, sleep onset
latency, wake after sleep onset, and sleep efficiency. Day-to-day
variability of sleep duration was calculated as the mean referenced
variation (individual standard deviation of sleep duration across
the 7 days of measurement divided by the individual average of
sleep durationx100; coefficient of variation, see e.g., [45]).
According to Rowe and coworkers [45] 7 days of measurement
are sufficient to derive a reliable estimate of the variability of sleep
duration. Because of skewness, values for day-to-day variability of
sleep duration were log-transformed for analyses. Of the 441
participants who took part on the actigraphy protocol 398 (90.2%)
had measurements of all 7 nights, 24 (5.4%) had measurements of
6 nights, 5 (1.1%) had measurements of 5 nights, 9 (2.0%) had
measurements of 4 nights, and 5 (1.1%) had measurements of 3
nights.

Statistical Analyses

First, product-moment correlations were calculated to assess the
interrelationships among the sleep measures in the combined
sample as well as in the two subsamples (the predominantly white
American sample and the urban African American sample),
separately.

Second, multiple regressions were conducted to predict indices
of positive well-being and symptoms of distress by total sleep time,
day-to-day variability of total sleep time, sleep onset latency, and
wake after sleep onset that were simultaneously entered into the
models. Sleep efficiency showed almost complete overlap with
total sleep time, sleep onset latency, and wake after sleep onset
(R=.95, P<.001, when predicting sleep efficiency by total sleep
time, sleep onset latency, and wake after sleep onset in a multiple
regression model) and was therefore not included as predictor in
the multiple regressions. To test differences between the two
subsamples (predominantly white American sample vs. urban
African American sample) regarding the associations of actigraphy
sleep indices with indices of subjective well-being, product
interaction terms (sample membership coded 0 and 1 multiplied
with centered actigraphy sleep indices) were entered in an
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additional step (see [46] ). Additional models were calculated
including the quadratic term of total sleep time controlling for the
linear term of total sleep time as evidence indicates that short as
well as long sleep duration might relate to worse outcomes [6,9].
Before building the quadratic term, total sleep time was
standardized. In order to minimize type I error inflation,
Bonferroni correction was applied and statistical significance level
set at P<<.0083 (i.e., by dividing the standard significance level of
P<0.05 by 6, as six measures of subjective well-being were used as
dependent variables).

Third, structural equation modeling with Maximum Likelihood
estimation and AMOS 18 [47] was used to test a mediation model
with subjective sleep quality (assessed by the PSQI) as the mediator
of the relationship of actigraphic total sleep time, day-to-day
variability of total sleep time, sleep onset latency, and wake after
sleep onset with subjective well-being. The latent construct of
subjective well-being was measured with two indicators reflecting
positive well-being and symptoms of distress, respectively. The
indicator of positive well-being was built by averaging the
standardized scores of Satisfaction with Life and the MASQ-
positive affect which were highly correlated (r=.47; P<.001). The
indicator of symptoms of distress was built by averaging the
standardized scores of the MASQ) subscales of General Distress
Depressive Symptoms, General Distress Anxious Symptoms, Loss
of Interest, and Anxious Arousal (~Range =.58-.79). Models with
a root mean square error of approximation (RMSEA) of.06 or less,
a comparative fit index (CFI) of.95 or higher, a goodness of fit
index (GFI), and an adjusted goodness of fit index (AGFI) of.90
and higher were considered as consistent with the data [48]. The
statistical significance of the indirect effects of actigraphy measures
on subjective well-being via subjective sleep quality as mediator
was evaluated by calculating bootstrap confidence intervals using
1000 parametric bootstrap samples [49]. Multiple regression
analyses and the structural equation model include participant
gender, age, marital status, education, BMI, sample membership
(predominantly white American sample vs. urban African
American sample), and twin status (a dummy variable indicating
whether a participant was from the MIDUS-twin sample) as
covariates as these variables may be related to both subjective well-
being and sleep [37,50-53]. More detailed information on the
procedure applied in model estimation can be found in supporting
information (Table S1).

Results

Table 1 shows the descriptive statistics for the study variables
within the predominantly white American sample and the urban
African American sample. The participants in the predominantly
white American sample showed on average longer total sleep time
(CGohen’s d=0.63, P<<0.001), lower day-to-day variability of sleep
duration (d=—0.40, P<0.001), less wake after sleep onset
(d=—0.66, P<0.001), higher sleep efficiency (d=1.01,
P<0.001), shorter sleep onset latency (¢= —0.64, P<0.001), and
better subjective sleep quality as assessed by the PSQI (¢= —0.58,
P<0.001) than the participants in the urban African American
sample. Furthermore, the predominantly white American sample
had substantially higher scores in satisfaction with life (¢=0.66,
P<0.001), and lower scores in symptoms of distress (depressive
symptoms: d=—0.30, P=0.002; anxious symptoms: d= —0.23,
P=0.02; loss of interest: d=-—0.32, P=0.001; and anxious
arousal: = —0.49, P<0.001).

In both samples women had on average longer total sleep time
than men (predominantly white American sample: ¢=0.58,
P<0.001; urban African American sample: d=0.41, P=0.03),
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they had higher sleep efficiency (predominantly white American
sample: d=0.64, P<0.001; urban African American sample:
d=0.65, P=0.001), and shorter sleep onset latency (predominant-
ly white American sample: d=—0.45, P<0.001; urban African
American sample: d=—0.48, P=0.01). In the predominantly
white American sample, women were lower in wake after sleep
onset (d=—0.34, P=0.003) and they were higher in anxious
arousal (d=0.23, P=0.04). Furthermore, women in the urban
African American sample had lower day-to-day variability of sleep
duration than men (d= —0.41, P=0.04). No gender differences in
both samples could be found for subjective sleep quality as assessed
by the PSQI, satisfaction with life, positive affect, depressive
symptom scores, anxious symptom scores, and loss of interest
scores.

Table 2 shows product-moment correlations among actigraphy
sleep variables and subjective sleep quality. Short total sleep time,
higher variability of total sleep time, large sleep onset latency and
wake after sleep onset, and low sleep efficiency were related to
poor subjective sleep quality. In a (post-hoc) multiple regression
model predicting subjective sleep quality by total sleep time,
variability of total sleep time, wake after sleep onset, and sleep
onset latency a significant portion of the variance of subjective
sleep quality could be explained (in the combined sample: adjusted
7 =0.14; K4/398)=17.16, P<0.001).

Multiple regressions predicting measures of positive well-being
and symptoms of distress by total sleep time (linear and curvilinear
effects), variability of total sleep time, sleep onset latency, and wake
after sleep onset are presented in Table 3 for the combined sample
as well as the subsamples. In the combined sample, higher

Variability of Sleep and Subjective Well-Being

variability of total sleep time was predictive of lower satisfaction
with life, higher depressive symptom scores, anxious symptom
scores, loss of interest scores, and anxious arousal scores at the
Bonferroni-corrected significance level of P<<0.0083. No statisti-
cally significant relation at this significance level was found with
positive affect scores, nor were there any significant associations
with average total sleep time (linear and curvilinear term), sleep
onset latency, and wake after sleep onset.

Comparisons of the associations between the two subsamples
show that there was a stronger negative relationship between wake
after sleep onset and positive affect and a stronger curvilinear
relationship between average total sleep time and the depressive
symptoms scale (such that long and short sleep duration were
predictive of higher symptom levels) in the urban African
American sample (both ‘“sample membership Xsleep measure
interaction terms” significant at <<0.05). These relations in the
urban African American sample were, however, not significant at
the Bonferroni-corrected significance level (P<<0.0083). Moreover,
there was a stronger positive relationship of wake after sleep onset
with anxious arousal scores in the predominantly white American
sample (P=10.006).

Figure 1 shows the structural equation model testing the relation
between actigraphy sleep measures and subjective well-being with
subjective sleep quality as mediator in the combined sample. The
model in which non-significant paths were removed, showed an
acceptable model fit (C/zizz 32.9, df=16, P=0.008, CFI=.98;
RMSEA = .049; GFI=.99; AGFI=.94). Variability of total sleep
time and wake after sleep onset were predictive of lower subjective
sleep quality and, in turn, lower subjective sleep quality was

Table 2. Zero-order correlations between sleep indicators.
Total Sleep Variability of Total Wake After Sleep Sleep Sleep Onset
Time Sleep Time Onset Efficiency Latency

Variability of Total Sleep Time

Combined sample — 49¥x*

Predominantly White subsample — .43

African American subsample — AT

Wake After Sleep Onset

Combined sample —.09* 25%%*

Predominantly White subsample —.06 18%*

African American subsample .07 .16

Sleep Efficiency

Combined sample 61%%* — .57 —.65%**

Predominantly White subsample 59%** =B —.64%**

African American subsample 52 —.52%%* —.56%%*

Sleep Onset Latency

Combined sample —.35%x* 43Fx* 38¥** —.78%¥*

Predominantly White subsample —.36%%* 42%** 24%%* —.74%%%

African American subsample —.24%* 36%** 37 —.79%¥*

PSQI: Poor subjective sleep quality

Combined sample —.13% 30%** 20%** —.30%** 25%**

Predominantly White subsample —.10 209%*%* 18** —.18** 16%*

African American subsample .01 a7 30%** —.26%* 23%*

Note. Abbreviations: PSQI: Pittsburgh Sleep Quality Index.

*P<.05,

**p<.01,

**¥P<,001.

doi:10.1371/journal.pone.0071292.t002
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predictive of lower subjective well-being. Indirect (mediating)
effects of variability of total sleep time and wake after sleep onset
on well-being through subjective sleep quality were significant

(B=—.11[95% CE —.06 to —.15] P=0.002 and f=—.10 [95%

PLOS ONE | www.plosone.org 6

Table 3. Multiple regression of well-being by sleep variables measured by actigraphy.

Combined sample Predominantly White African American

(N=441) subsample (n=313) subsample (n=1728)

YA t P VA t P V4 t P
Positive Well-being
Satisfaction with Life Scale
Total Sleep Time (linear term) —.08 —1.58 115 -.10 —-155 122 -.02 -0.19 852
Total Sleep Time (quadratic term) .02 0.33 739 .02 0.41 .680 —.01 —0.06 .955
Variability of Total Sleep Time —.16 —3.01 .003 -.17 —263 .009 -.19 -1.83 .070
Wake After Sleep Onset —.03 —0.65 518 —.01 —0.13  .901 —.08 —0.85 .396
Sleep Onset Latency —.02 —0.44 658 .03 0.55 .583 —.08 —0.73 465
Positive Affect
Total Sleep Time (linear term) -.02 —0.30 761 —.05 —-069 492 07 0.68 496
Total Sleep Time (quadratic term) .05 1.07 .287 .01 0.22 .830 a3 1.17 243
Variability of Total Sleep Time —.12 —2.08 .038 -.12 —-1.73 .084 -.18 -1.69 .094
Wake After Sleep Onset —.05 —1.02 .308 .04 0.70 4867 =2 —224 0277
Sleep Onset Latency .00 —0.04 966 .05 0.71 481 .00 0.05 962
Symptoms of Distress
General Distress Depressive Symptoms
Total Sleep Time (linear term) .10 1.74 .083 .04 0.66 511 .16 1.52 132
Total Sleep Time (quadratic term) .03 0.66 511 —.02 -035 .725° 22 2.02 .0467
Variability of Total Sleep Time .19 3.39 <.001 17 2.66 .008 23 2.08 .039
Wake After Sleep Onset -.02 —0.36 716 —.06 -1.01 314 .02 0.20 .841
Sleep Onset Latency .03 0.45 .650 —.02 —024 814 .04 0.39 .695
General Distress Anxious Symptoms
Total Sleep Time (linear term) 14 243 .016 .07 117 242 .20 1.87 .064
Total Sleep Time (quadratic term) .00 0.08 940 -.03 —-047 641 .09 0.82 415
Variability of Total Sleep Time 27 4.82 <.001 27 4.27 <.001 .26 2.39 .019
Wake After Sleep Onset —-.02 —0.30 .767 .00 0.00 999 —.04 —-0.41 .685
Sleep Onset Latency —.02 —0.40 692 —.06 —-1.01 313 .01 0.08 .940
Loss of Interest
Total Sleep Time (linear term) 13 2.25 .025 .09 1.35 178 a7 1.64 .105
Total Sleep Time (quadratic term) —.04 —0.87 383 —-.03 —042 673 —.01 —0.04 .966
Variability of Total Sleep Time .16 2.88 .004 15 2.29 .023 21 1.92 .057
Wake After Sleep Onset .00 0.05 962 —.05 —-0.86 .390 .04 0.39 699
Sleep Onset Latency .05 0.81 419 —.01 —0.11 913 .06 0.54 .590
Anxious Arousal
Total Sleep Time (linear term) A3 2.26 .024 .06 0.97 331 .23 214 .034
Total Sleep Time (quadratic term) .06 1.27 206 .01 0.25 .805 19 1.71 .090
Variability of Total Sleep Time .19 343 <.001 .16 2,57 .011 21 1.92 .057
Wake After Sleep Onset .06 1.08 283 .16 2.79 .006% —.08 -0.78 4377
Sleep Onset Latency .04 0.75 455 .07 112 264 .05 0.50 618
Note. Standardized regression coefficients are presented. Simultaneous entry of Total Sleep Time-linear term, variability of Total Sleep Time, Wake After Sleep Onset, and
Sleep Onset Latency; Total Sleep Time-quadratic term was entered in separate models controlling Total Sleep Time-linear term, variability of Total Sleep Time, Wake
After Sleep Onset, and Sleep Onset Latency. All analyses control age, gender, marital status, educational attainment, BMI, and twin status. Analyses of the combined
sample additionally control sample membership (predominantly white American sample vs. urban African American sample).
Bonferroni-corrected significance level: P<<.0083.
“coefficients are significantly different (P<.05) in the predominantly white American sample and in the urban African American sample.
doi:10.1371/journal.pone.0071292.t003

CL —.06 to —.14] P=0.002 for indirect effects of variability of
total sleep time and wake after sleep onset, respectively). The
direct and the indirect effect of variability of total sleep time on
subjective well-being were approximately similar in strength. Total
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Figure 1. Relations of actigraphic sleep indices, subjective sleep quality, and subjective well-being. Standardized estimates are
presented. Chi? =32.9, df=16, P=0.008; CFl=0.98; RMSEA = .049; GFI=0.99; AGFI=0.94. Note. Total Sleep Time, Variability of Total Sleep Time, Wake
After Sleep Onset, and Sleep Onset Latency were assessed by actigraphy. Non-significant paths from actigraphy measures were trimmed, non-
significant paths from covariates were not trimmed. Abbreviations: PSQI: Pittsburgh Sleep Quality Index; BMI: Body Mass Index. *P<<.05, **P<.01,

***p< 001, " P>.05.
doi:10.1371/journal.pone.0071292.g001

sleep time and sleep onset latency were not related to subjective
sleep quality and subjective well-being.

Discussion

The aim of the study was to examine the relationship between
subjective well-being and sleep duration, variability of sleep
duration, and sleep quality assessed with wrist actigraphy.
Moreover, we tested whether this relationship was mediated by
subjective sleep quality and whether it differed by race(/residential
neighborhood. We found that higher variability of total sleep time
was — among the actigraphy measures of sleep — the most
consistent predictor of subjective well-being. This effect was
partially mediated by subjective sleep quality and could be found
in two diverse samples — a predominantly white American sample
and an urban African American sample. Higher levels of wake
after sleep onset were also indirectly related to lower levels of
subjective well-being via subjective sleep quality. By contrast,
mean total sleep time was neither directly nor indirectly related to
subjective well-being and subjective sleep quality when controlling
other sleep indices and covariates.

Our findings are consistent with studies showing that large
intra-individual day-to-day variability of sleep is related to a
combination of high stress levels and negative affect in adults [17],
to higher levels of behavioral problems in adolescents [7], and to
lower levels of subjective well-being and functional status in older
demented individuals [34]. Moreover, the findings are consistent
with evidence from diverse samples indicating that large variability
of sleep duration is related to sleep problems [24-27,32]. Also in
line with earlier studies [15,17,18], we found that the commonly
used average measures of actigraphy (total sleep time, wake after
sleep onset, sleep onset latency) were not consistently related to
measures of subjective well-being.

PLOS ONE | www.plosone.org 7

On a correlational level, average measures of objectively defined
sleep quality as well as variability of sleep duration were modestly
to moderately related to subjective sleep quality which is
approximately similar to the size of relationship reported by
Vitiello et al. [14]. This finding is, however, in contrast to other
studies that did not observe a significant relationship between
objective measures of sleep quality and subjective sleep quality
[13,15].

Our findings add to the body of evidence that intra-individual
day-to-day variability of sleep duration is linked to both subjective
sleep quality and subjective well-being. Studies on sleep patterns in
insomnia patients have repeatedly pointed to the importance of
regular sleep times (and — relatedly — to regularity of sleep
duration) [25,27,31]. Individuals with insomnia are reported to
have more variable sleep times than healthy people [24,28], and it
has been suggested that day-to-day variability in sleep times/sleep
duration may be a mechanism that upholds symptoms of
insomnia. Individuals who sleep poorly on one night may want
to “catch up” by sleeping longer on the subsequent night.
Although this recovery sleep may provide temporary improve-
ments in feelings of fatigue and sleepiness, it can result in worse
sleep the following night, as overly long sleep can undermine the
ability to fall asleep [29,30]. Consequently, poor sleep hygiene has
been discussed as a causal mechanism that may trigger insomnia
and eventually compromise well-being. To enable patients to have
more regular sleep—wake patterns is therefore an integral part of
behavioral treatment of insomnia [31]. Thus, one possible
interpretation of our findings is that a highly variable sleep
schedule may provoke sleep problems and poor subjective well-
being.

Relatedly and pointing to the possible importance of taking also
variability measures of well-being into account in future studies, a
recent study [54] showed a relationship of variability in positive
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affect (as a marker of fluctuation in affective states) with average
sleep efficiency assessed by actigraphy such that large day-to-day
variability in positive affect was associated to poor sleep efficiency.

As a limitation of our study, the cross-sectional design precludes
drawing firm conclusions regarding the causal direction of the
relationship between variability of sleep duration and well-being.
Based on the present findings it is equally possible that good
subjective well-being has a favorable effect on sleep as vice versa.
Moreover, based on our results it is not possible to resolve the
question whether individual day-to-day variability of sleep
duration is a consequence of (a voluntarily chosen or by
practical/work related constraints imposed) irregularity of bed
and rise times or whether it rather reflects a sleep disorder leading
to a sequence of nights with short and poor sleep followed by
nights with long recovery sleep evoked by homeostatic sleep
pressure. Nevertheless, a strength of the study 1s that the
associations could be replicated in two independent and diverse
samples. While there were considerable mean level differences
between the predominantly white American sample and the urban
African American sample — which is in line with reports from
other studies [17,22,36,37,38], the pattern of relations among the
study variables were rather similar in both subsamples.

References

1. Diener E (1984) Subjective well-being. Psych Bull 95: 542-575.

2. Ryan RM, Deci EL (2001) On happiness and human potentials: a review of
research on hedonic and eudaimonic well-being. Annu Rev Psychol 52: 141—
166.

3. Chida Y, Steptoe A (2008) Positive psychological well-being and mortality: a
quantitative review of prospective observational studies. Psychosom Med 70:
741-756.

4. Pressman SD, Cohen S (2005) Does positive affect influence health? Psychol Bull
131: 925-971.

5. Diener E, Oishi S, Lucas RE (2003) Personality, culture, and subjective well-
being: emotional and cognitive evaluations of life. Annu Rev Psychol 54: 403~
425.

6. Faubel R, Lopez-Garcia E, Guallar-Castillon P, Balboa-Castillo T, Gutiérrez-
Fisac JL, et al. (2009) Sleep duration and health- related quality of life among
older adults: a population-based cohort in Spain. Sleep 32: 1059-1068.

7. Fuligni AJ, Hardway C (2006) Daily variation in adolescents’ sleep activities and
psychological well-being. J Res Adolescence 16: 353-378.

8. Lund HG, Reider BD, Whiting AB, Prichard JR (2010) Sleep patterns and
predictors of disturbed sleep in a large population of college students.
J Adolescent Health 46: 124-132.

9. Magee CA, Caputi P, Iverson DC (2011) Relationships between self-rated health
quality of life and sleep duration in middle aged and elderly Australians Sleep
Med 2: 346-350.

10. Paunio T, Korhonen T, Hublin C, Partinen M, Kivimiki M, et al. (2009)
Longitudinal study on poor sleep and life dissatisfaction in a nationwide cohort
of twins. Am J Epidemiol 169: 206-213.

11. Steptoc A, O’Donnell K, Marmot M, Wardle ] (2008) Positive affect
psychological well-being and good sleep. J Psychosom Res 64: 409-418.

12. Lemola S, Riikkénen K, Gomez V, Allemand M (in press). Optimism and self-
esteem are related to sleep. Results from a large community-based sample.
Int J Behav Med DOI: 10.1007/512529-012-9272-z.

13. Baker FC, Maloney S, Driver HS (1999) A comparison of subjective estimates of
sleep with objective polysomnographic data in healthy men and women.
J Psychosom Res 47, 335-341.

14. Vitiello HV, Larsen LH, Moe KE (2004) Age-related sleep change. Gender and
estrogen effects on the subjective—objective sleep quality relationships of healthy,
noncomplaining older men and women. J Psychosom Res 56: 503-510.

15. Jean-Louis G, Kripke DF, Ancoli-Israel S (2000) Sleep and quality of well-being.
Sleep 23: 1115-1121.

16. Ryff CD, Singer BH, Love GD (2004) Positive health: Connecting well-being
with biology. Philos T Roy Soc B 359: 1383-1394.

17. Mezick EJ, Matthews KA, Hall M, Kamarck TW, Buysse DJ, et al. (2009) Intra-
individual variability in sleep duration and fragmentation: Associations with
stress. Psychoneuroendocrinology 34: 1346-1354.

18. Fortier-Brochu E, Beaulicu-Bonneau S, Ivers H, Morin CM (2010) Relations
between sleep, fatigue, and health-related quality of life in individuals with
insomnia. J Psychosom Res 69: 475-483.

19. Podsakoff PM, MacKenzie SB, Lee JY, Podsakoff NP (2003) Common method
biases in behavioral research: A critical review of the literature and
recommended remedies. ] Appl Psychol 88: 879-903.

20. Sadeh A (2011) The role and validity of actigraphy in sleep medicine: An update.
Sleep Med Rev 15: 259-267.

PLOS ONE | www.plosone.org

Variability of Sleep and Subjective Well-Being

Conclusion

The results of the present study support the common sense
notion that a low day-to-day variability in sleep duration associates
with better subjective sleep quality and higher levels of subjective
well-being.
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