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Abstract

The aim of this study was to explore how interindividual differences in circadian type
(morningness) and sleep timing regularity might be related to subjective sleep quality and
quantity. Self-report circadian phase preference, sleep timing, sleep quality, and sleep duration
were assessed in a sample of 62 day-working adults (33.9% male, age 23-48 yrs). The Pittsburgh
Sleep Quality Index (PSQI) measured subjective sleep quality and the Sleep Timing Questionnaire
(STQ) assessed habitual sleep latency and minutes awake after sleep onset. The duration, timing,
and stability of sleep were assessed using the STQ separately for work-week nights (Sunday-
Thursday) and for weekend nights (Friday and Saturday). Morningness-eveningness was assessed
using the Composite Scale of Morningness (CSM). Daytime sleepiness was measured using the
Epworth Sleepiness Scale (ESS). A morning-type orientation was associated with longer weekly
sleep duration, better subjective sleep quality, and shorter sleep-onset latency. Stable weekday
rise-time correlated with better self-reported sleep quality and shorter sleep-onset latency. A more
regular weekend bedtime was associated with a shorter sleep latency. A more stable weekend rise-
time was related to longer weekday sleep duration and lower daytime sleepiness. Increased overall
regularity in rise-time was associated with better subjective sleep quality, shorter sleep-onset
latency, and higher weekday sleep efficiency. Finally, a morning orientation was related to
increased regularity in both bedtimes and rise-times. In conclusion, in daytime workers, a
morning-type orientation and more stable sleep timing are associated with better subjective sleep
quality.
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INTRODUCTION

Circadian rhythms play an integral role in facilitating sleep. Circadian phase preference
(chronotype) is associated with interindividual differences in the timing of the endogenous
circadian pacemaker (Kerkhof & Van Dongen, 1996), which informs the timing of the sleep-
wake cycle (Lavie, 2001). Thus, the circadian time when individuals attempt sleep can be an
important determinant of its quality and quantity. However, for most adults there is a
necessary compromise between the trait-like disposition towards a certain sleep-wake
schedule and the requirements of the individual’s daily lifestyle, most potently, paid daytime
occupation. Due to daytime work, the sleep schedule, primarily rise-time, is constrained on
weekdays and more flexible on the weekends in a large proportion of individuals.

Given the importance of circadian rhythms in facilitating sleep, it follows that circadian
phase preference is associated with sleep characteristics. Specifically, morning types tend to
report higher sleep efficiency (Lehnkering & Seigmund, 2007), better sleep quality (Barclay
et al., 2010; Kitamura et al., 2010), shorter time in bed (Carrier et al., 1997), longer total
sleep time (Ishishara et al., 1988; Kitamura et al., 2010), and less daytime sleepiness
(Taillard et al., 1999) compared to evening types.

In addition to preferred sleep timing, one can also consider how the regularity of the sleep-
wake schedule influences sleep. Cross-sectional studies illustrate that high daily lifestyle
regularity, including high regularity in sleep timing, is associated with better subjective
sleep in college students (Carney et al., 2006), young and middle-aged adults (Monk et al.,
2003a), and seniors (Zisberg et al., 2010). Stable bedtimes and rise-times have been found to
be related to better sleep quality in retired older adults without the constraints of daytime
work (Monk et al., 2011). In a prospective study, irregularity in sleep-wake timing also
predicted daytime sleepiness (Manber et al., 1996). Indeed, stability of the bedtime and rise-
time is considered to be key for proper entrainment of the circadian system and, as such,
structured sleep schedules are a central target of behavioral treatments for insomnia (Morin
et al., 1994) and circadian rhythm sleep disorders (Morgenthaler et al., 2007).

There is also evidence that circadian phase and sleep timing stability are interrelated. In a
general population study, only 48% of morning types modified their sleep schedules over a
week, compared to 59% of intermediate types and 72% of evening types (Taillard et al.,
1999). Additionally, morning types exhibited less variability in bedtime and sleep duration
than evening types (Park et al., 1998). Insomniacs with an evening preference displayed
greater variability in wake-up time compared to insomniacs who indicated an intermediate
or morning preference (Ong et al., 2007). However, as previously mentioned, sleep timing is
inexorably linked to social factors shaping daytime schedules.

Occupation and schooling, in particular, have been shown to interact with chronotype and
sleep-wake regularity to impact sleep. Regarding occupation, the majority of the literature
has focused on the profound ramifications of atypical work schedules on sleep timing and
quality (see Boivin et al., 2007, for review). Individuals who engage in shiftwork (e.g.,
Akerstedt et al., 2010b; Ohayon et al., 2010), have long work hours (e.g., Ferguson et al.,
2010; Lombardi et al., 2010; Virtanen et al., 2009; Wirtz & Nachreiner, 2010), or adhere to
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early morning work start times (e.g., Akerstedt et al., 2010a; Kecklund et al., 1997) tend to
have shorter sleep duration, poorer sleep quality, and more daytime sleepiness than their
counterparts with a daytime work schedule. Furthermore, chronotype and sleep timing
appear to contribute to how well people adjust to these demanding work schedules (e.g.,
Gamble et al., 2011). Yet, less attention has been given to the more subtle demands of
daytime work. Akin to adolescents in school, daytime workers must adapt to a less drastic,
albeit still constrained, weekday schedule. In adolescents, an evening circadian phase
preference and the tendency to delay sleep timing on weekends are both associated with
poorer sleep and increased daytime sleepiness (e.g., Crowley & Carskadon, 2010; Urner et
al., 2009). We seek to replicate these findings in a set of daytime workers. However, most
studies assessing sleep-wake stability primarily focus on the transition from weekday to
weekend. This study aims to extend current knowledge by examining the association
between sleep disturbance and daytime sleepiness with variability in sleep timing across
weekdays, as well as the weekend. In sum, for daytime workers, the relationship between
circadian phase preference and sleep timing stability may be particularly salient, as a
morning-type orientation could help facilitate weekday sleep-wake regularity, whereas an
evening-type orientation could impede it. Conversely, a high level of regularity in
behavioral circadian rhythms (e.g., sleep timing) could be considered as a way of enhancing
circadian zeitgebers in daytime workers, keeping circadian system properly entrained to
their work schedule, thereby improving their sleep.

The aim of the present study was to explore how inter-individual differences in (i) circadian
type and the stability of (ii) bedtimes and (iii) rise-times might each be associated with
overall sleep quality (as measured by the Pittsburgh Sleep Quality Index [PSQI]), daytime
sleepiness (as measured by the Epworth Sleepiness Scale [ESS]), and measures of self-
reported time in bed, time spent asleep, sleep latency, time awake after sleep onset, and
sleep efficiency (as measured by the Sleep Timing Questionnaire [STQ]) in a healthy adult
daytime-working sample. The hypotheses tested include the following: Hypothesis 1: Higher
levels of morningness would be associated with better reported sleep quality, efficiency, and
continuity; longer sleep duration; and lower daytime sleepiness. Hypothesis 2: Higher levels
of (a) bedtime stability and (b) rise-time stability would be associated with better reported
sleep quality, efficiency, and continuity; longer sleep duration; and lower daytime
sleepiness. Hypothesis 3: Higher levels of morningness would be associated with higher
levels of (a) bedtime stability and (b) rise-time stability.

METHODS

Participants

A total of 225 alumni of the University of Pittsburgh were sent a letter explaining that
researchers at the university were conducting an experiment on normal sleep patterns that
was funded by the National Aeronautics and Space Administration (NASA). These alumni
were chosen on the basis that they had graduated within 20 yrs of the date of the study and
that their address was on file and in the Greater Pittsburgh area. Enclosed in the letter sent to
alumni was a self-addressed stamped postcard, which they were asked to mail back if they
were interested in participating in the study and were not currently shift-workers. The study
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conformed to both the University of Pittsburgh and NASA Johnson Space Center
institutional review boards (IRBs), as well as the ethical standards required of the journal
(Portaluppi et al., 2010). The 79 persons whose addresses were current and who responded
positively were then sent a package of materials that included a cover letter, an informed-
consent signature form, a battery of questionnaires, and a stamped, self-addressed envelope
for their return. Subjects were rewarded with a $20 payment for completing the materials in
the package, and 72 subjects out of the 79 returned forms. Out of those 72 subjects, only 62
subjects (33.9% male, ages 23-48 yrs, mean age 31.51 yrs, SD = 5.93 yrs) returned a
complete set of data and reported a daytime work schedule on weekdays (Monday through
Friday), and were thus included in the present analysis.

Questionnaires

The package of materials sent to the participants contained a form regarding demographics
and occupation details and a battery of questionnaires. The battery of questionnaires
included the Sleep Timing Questionnaire (STQ; Monk et al., 2003b), Composite Scale of
Morningness (CSM; Smith et al., 1989), Pittsburgh Sleep Quality Index (PSQI; Buysse et
al., 1989), and Epworth Sleepiness Scale (ESS; Johns, 1991). These are described below.

The STQ is a questionnaire designed to gain information equivalent to that gleaned from a
week-long sleep diary. It yields measures of habitual bedtime and habitual rise-time
separately for weekday nights (Sunday through Thursday nights) and weekend nights
(Friday and Saturday nights). These values could then be used to calculate time in bed (TIB)
separately for weeknights and weekend nights. The STQ also yields measures of regularity/
irregularity of bedtime and rise-time (on an arbitrary 1-11 scale, with higher numbers
indicating greater irregularity), as well as overall subjective estimates of average sleep
latency (SL) and minutes of awake after sleep onset (WASO) experienced on a “typical
night.”

The CSM vyields a single score representing the level of morningness-eveningness, with
scores ranging from 13 to 55. Higher scores are indicative of a more morning-type
orientation. The CSM correlates (at about r = .9) with the earlier Horne and Ostberg (1976)
instrument (Smith et al., 1989).

The PSQI yields a single global score of sleep pathology, ranging from 0 to 21, with higher
numbers indicating worse sleep (Buysse et al., 1989). Values of >5 indicate possible sleep
pathology. Two groups were created on the basis of the PSQI score: good sleepers with a
PSQI score <5 (n = 45) and poor sleepers with a PSQI score of >5 (n = 17).

The ESS was used to assess daytime sleepiness. ESS scores range from 0 to 24, with higher
scores indicating greater levels of daytime sleepiness (Johns, 1991).

Data Analysis

The present study focuses only on responses given on the CSM, STQ, PSQI, and ESS (as
well as demographics). First, descriptive statistics were generated for key variables, as
presented in Table 1. Preliminary analyses revealed a significant relationship between sex
and sleep stability variables. No significant effect of age was seen in this age-restricted (23—
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48-yr-old) sample. Thus, we controlled for sex in intercorrelations and a multivariate
analysis of covariance (MANCOVA). Intercorrelations were used for continuous
comparisons, and the MANCOVA compared outcomes between the good sleeper and poor
sleeper groups.

Sleep Variability—There were four measures of bedtime regularity: (i) stability of
weekday bedtime, (ii) stability of weekend bedtime, (iii) stability of weekday rise-time, and
(iv) stability of weekend rise-time, each as measured by the STQ. Each question yielded a
number between 1 and 11, corresponding to the magnitude of variability in timing (1 = 0-15
min, 2 = 16-30 min, 3 = 31-45 min, 4 = 46-60 min, 5 = 61-75 min, 6 = 76-90 min, 7 = 91—
105 min, 8 = 106-120 min, 9 = 2-3 h, 10 = 34 h, 11 = over 4 h), with higher numbers
representing greater variability. Overall weekly bedtime and rise-time stability were
calculated using a weighted average ([5 x weekday stability + 2 x weekend stability]/7).

Sleep Parameters—Sleep quality was assessed by the PSQI global score (Buysse et al.,
1989). The following variables were derived from the STQ. Time in bed (TIB) was
calculated as the number of minutes between habitual bedtime and habitual rise-time, for
both weekdays and weekends. To obtain an overall weekly TIB estimate, a weighted
average of weekday TIB and weekend TIB was tabulated ([5 x weekday TIB + 2 x weekend
TIB]/7). The average amount of time it takes to fall asleep (sleep latency [SL]) and
unwanted wakefulness thereafter (wake after sleep onset [WASQ]) were also reported on the
STQ. Time spent asleep (TSA) was calculated as TIB — SL — WASO; this calculation was
repeated for weekday TSA, weekend TSA, and overall TSA. Sleep efficiency (SE) was then
calculated as 100 x TSA/TIB; this calculation was repeated for weekday SE, weekend SE,
and overall SE.

Descriptive Statistics

Descriptive characteristics of the sample are illustrated in Table 1. Average work start time
was 08:03 h (SD =49 min), and average work end time was 16:22 h (SD = 176 min). The
average number of hours worked/wk was 46.19 (SD = 8.79 h).

Circadian Type and Sleep Parameters

As evident in Table 2, a higher score on the CSM, meaning a more morning-type circadian
preference, was correlated with better sleep quality, shorter sleep-onset latency, longer sleep
duration, and a smaller delay in bedtime and rise-time from weekday to weekend.
Morningness score was also associated with habitual bedtime and rise-time throughout the
week. When group differences were assessed, compared to participants with poor sleep,
those with good sleep had a significantly higher score on the CSM, indicating greater
morningness (Table 3).
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Sleep Timing Stability

Table 4 demonstrates that weekday and weekend bedtime and rise-time stability were
largely intercorrelated. However, weekday rise-time only correlated with weekday bedtime,
which is in line with the constraint placed upon weekday rise-time by occupation.

Weekday Sleep Stability

Sleep-wake stability was associated with several self-report sleep variables (Table 5).
Regarding weekday parameters, a more stable weekday rise-time was associated with better
sleep quality, shorter sleep-onset latency, and earlier habitual rise-time. A more stable
weekday bedtime was related to earlier habitual rise-time. Weekday bedtime and rise-time
stability did not differ between participants with good sleep compared to those with poor
sleep (Table 3).

Weekend Sleep Stability

Weekend sleep-wake regularity was related to a host of sleep characteristics (Table 5). An
unstable weekend bedtime was associated with longer sleep-onset latency, lower weekend
sleep efficiency, later habitual weekend bedtime, and larger change in weekday bedtime.
Likewise, a more unstable weekend rise-time was related to shorter weekday sleep duration,
shorter overall sleep duration, later weekend bedtime, later weekend rise-time, larger delay
in weekend rise-time compared to weekdays, and more daytime sleepiness. Weekend
bedtime stability did not differ between participants with good sleep compared to those with
poor sleep (Table 3). Respondents with poor sleep did, however, endorse a significantly
more irregular weekend rise-time than good sleepers.

Overall Sleep Stability

As evident in Table 5, a more irregular bedtime throughout the week was associated with
later overall bedtime and rise-time. Lower overall rise-time stability was related to lower
weekday sleep efficiency, lower sleep quality, longer sleep-onset latency, and a later overall
rise-time. Overall bedtime stability did not significantly differ between participants with
good sleep versus those with poor sleep; however, rise-time was rated as more unstable in
respondents with poor sleep (Table 3).

Circadian Phase and Sleep Stability

Overall, participants who endorsed a more morning-type orientation on the CSM also
reported greater sleep-wake stability (Table 6). Specifically, greater regularity in weekday,
weekend, and overall bedtime and rise-time was related to a more morning-type orientation.

DISCUSSION

To the best of our knowledge, this is the first study to investigate how interindividual
differences in chronotype and sleep timing stability relate to subjective sleep quality and
quantity in daytime workers. The current findings suggest that daytime workers with an
earlier preferred circadian phase have better sleep quality, shorter sleep-onset latency, longer
sleep duration, earlier bedtimes, earlier rise-times, and smaller change in sleep timing on
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weekends. Importantly, the present participants were daytime workers, with rise-times
particularly restricted during weekdays. Our findings largely parallel those found in
adolescents (e.g., Chung & Cheung, 2008; Gianotti et al., 2002), who tend to have a more
delayed circadian phase (Crowley et al., 2007) yet must adhere to early school start times.
These results suggest that when constraints are placed upon sleep scheduling, such as school
or work start times, chronotype can have a profound influence on sleep quality and recovery
sleep. Although previous research has shown that chronotype varies with age, with older
individuals being more likely to rate themselves as morning types (e.g., Carrier et al., 1997;
Taillard et al., 1999), in the present study we did not find a correlation between chronotype
and age. However, absence of significant relationship between age and chronotype in this
sample may be due to the limited age range (23-48 yrs; mean = 31.51 yrs, SD = 5.93 yrs).
Interestingly, chronotype has been associated with sleep quality even when there are no
limitations resulting from daytime work. A recent cross-sectional study by Monk et al.
(2011) in a sample of retirees >65 yrs found a relationship between morning-type orientation
and better sleep quality, suggesting that sleep quality is enhanced when in synchrony with
circadian characteristics in the absence of a constricted daytime schedule. Although the age
range of the present study is younger, with the biological tendency to have later bedtimes, a
mismatch between chronotype and daytime schedule may have a detrimental effect on sleep
quality and quantity across the age range.

Stability of sleep timing was also related to sleep characteristics in this study. Previous
research has shown that morning types appear to have high daily lifestyle regularity
compared to evening types, leading to the suggestion that this chronotype might also have a
more robust behavioral circadian amplitude (Monk et al., 2004). Thus, a high level of
regularity in behavioral circadian rhythms, such as sleep timing, can be considered as a way
of enhancing circadian zeitgebers, keeping the circadian system properly entrained and
thereby improving sleep. The present results largely support this finding. Beginning with
regularity of weekday rise-times, we found that more unstable rise-times were associated
with poorer sleep quality and longer sleep-onset latency. Intriguingly, although weekday
rise-time was perhaps the most constrained by work hours and there was less room for
variability, it appeared that even minor fluctuations in weekday rise-time were associated
with poorer sleep quality. Overall rise-time stability shared a similar relationship with
subjective sleep quality and sleep latency. Weekday bedtime stability was not related to any
measures pertaining to sleep quality; however, it was strongly correlated with weekday rise-
time stability. With respect to weekend sleep timing, a more irregular bedtime was
associated with a longer habitual sleep-onset latency. More irregular weekend rise-time was
related to shorter weekday sleep duration and increased daytime sleepiness. Instability in
sleep timing across the week has been associated with insomnia, wherein variability in sleep
timing is considered characteristic of the disorder (e.g., Vallieres et al., 2005). Given that
contemporary definitions of insomnia now rely in large part upon how the sleep is perceived
by the insomnia patient (Buysse, 2005), the present findings may also be important in
validating the advice regarding sleep timing regularity that is given in many behavioral
treatments of insomnia. Almost all behavioral treatments prescribe regularity in rise-times,
and many prescribe regularity in bedtimes within the restriction of only going to bed when
sleepy (Morin & Espie, 2003). The present results suggest that in daytime workers,
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regularity in sleep timing can be associated with better perceived sleep quality, with the
relationship being stronger for rise-times than bedtimes. An important caveat, though, is that
the cross-sectional nature of the present study precludes testing the direction of that
relationship.

In previous studies of the relationship between chronotype and sleep timing, irregularity in
sleep-wake timing has typically been defined as weekend oversleep and/or a delay in
weekend bedtime and rise-time (e.g., Crowley & Carskadon, 2010; Gianotti et al., 2002;
Taillard et al., 1999). However, it is important to differentiate the likely origins of these two
phenomena. Prolonged sleep during weekends may actually be the result of reduction of
sleep during weekdays, whereas the delay of bedtime seems to be associated with a tendency
of circadian system to maintain a delayed phase (Valdez et al., 1996). Consistent with
previous findings, in this study evening orientation was associated with delayed bedtimes
and rise-times, and more variability in sleep timing on the weekends. However, we
additionally found that an evening orientation was associated with increased sleep timing
irregularity throughout the weekdays. Although the directionality of this relationship cannot
be inferred from this study, it may very well be bidirectional in nature. For instance, in
insomniacs an evening-type orientation is associated with increased sleep timing irregularity
(Ong et al., 2007). Thus, chronotype may be an important consideration in regularizing sleep
scheduling in insomniacs with daytime work, as circadian phase preference appears to affect
not only delayed sleep timing on weekends, but also variability in sleep timing throughout
the week. More broadly, behavioral stability in sleep timing may be particularly important
for maintaining favorable circadian entrainment in daytime workers who do not have a
morning orientation, facilitating better sleep and possibly more productive workdays.

Although our results provide a new viewpoint on the potential impact of daytime work on
sleep, in interpreting these findings, one must take into consideration the limitations of the
cross-sectional design and subjective nature of self-report measures. Additionally, this is a
small sample of highly educated University of Pittsburgh alumni, which likely does not
generalize to the US population. Initial response rate to the preliminary survey was
relatively low (35.1%), particularly from males, who made up 33.9% of the final sample.
Respondents self-excluding due to current shiftwork or incorrect address information could
have influenced low initial response to the survey. Response rate to the final survey from
those with current addresses and indicating interest was 91.1%; however, the final sample
with complete data was relatively small (n = 62). Participants returning questionnaires may
possibly have held a greater interest in the study due to current or past sleep problems. In
sum, the applicability of these results is likely limited to a subset of highly educated daytime
workers. Despite these limitations, the hypotheses were generally supported by the present
findings. Specifically, a morning-type orientation was associated with longer weekly sleep
duration and better subjective sleep quality. Likewise, a more stable rise-time correlated
with better self-report sleep quality and higher weekday sleep efficiency. Furthermore, a
morning orientation was related to increased regularity in both bedtimes and rise-times.
Thus, in addition to being interrelated, both early preferred phasing and more regular sleep
timing were also associated with better self-rated sleep.
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CONCLUSION

In a sample of daytime workers, a morning-type orientation and more regular weekly rise-
times were associated with better subjective sleep quality. Morning orientation was also
related to increased regularity in both bedtimes and rise-times.

Acknowledgments

Primary support for data collection was provided by NASA grants NAG9 1036, NAG9 1234, and NNJO4HF76G
awarded to T.H.M. Additional support was provided by National Institute on Aging grants R01 AG13396 and P01
AG020677 awarded to T.H.M., as well as National Institute of Mental Health grant T32MH089919 — 1Al awarded
to A.M.S. The authors sincerely thank Lynda Rose, Jean DeGrazia, Mary Fletcher, and Jean Miewald for data
management, the University of Pittsburgh Alumni Association for their help, and the kind subjects for their
gracious cooperation.

References

Akerstedt T, Kecklund G, Selen J. Early morning work—prevalence and relation to sleep/wake
problems: a national representative survey. Chronobiol Int. 2010a; 27:975-986. [PubMed:
20636210]
Akerstedt T, Nordin M, Alfredsson L, Westerholm P, Kecklund G. Sleep and sleepiness: impact of
entering or leaving shift-work—a prospective study. Chronobiol Int. 2010b; 27:987-996. [PubMed:
20636211]
Barclay NL, Eley TC, Buysse DJ, Archer SN, Gregory AM. Diurnal preference and sleep quality:
same genes? A study of young adult twins. Chronobiol Int. 2010; 27:278-296. [PubMed: 20370470]
Boivin DB, Tremblay GM, James FO. Working on atypical schedules. Sleep Med. 2007; 8:578-589.
[PubMed: 17481949]
Buysse DJ. Insomnia: state of the science: an evolutionary, evidence-based assessment. Sleep. 2005;
28:1045-1046. [PubMed: 16268371]
Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry Res. 1989; 28:193-213. [PubMed:
2748771]
Carney CE, Edinger JD, Meyer B, Lindman L, Istre T. Daily activities and sleep quality in college
students. Chronabiol Int. 2006; 23:623-637. [PubMed: 16753946]
Carrier J, Monk TH, Buysse DJ, Kupfer DJ. Sleep and morningness-eveningness in the “middle” years
of life (20y-59y). J Sleep Res. 1997; 6:230-237. [PubMed: 9493522]
Chung KF, Cheung MM. Sleep-wake patterns and sleep disturbance among Hong Kong Chinese
adolescents. Sleep. 2008; 31:185-194. [PubMed: 18274265]
Crowley SJ, Carskadon MA. Modifications to weekend recovery sleep delay circadian phase in older
adolescents. Chronobiol Int. 2010; 27:1469-1492. [PubMed: 20795887]

Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and delayed phase in adolescence.
Sleep Med. 2007; 8:602—-612. [PubMed: 17383934]

Ferguson SA, Thomas MJ, Dorrian J, Hay SM, Weissenfeld Dawson D. Work hours and sleep/wake
behavior of Australian hospital doctors. Chronobiol Int. 2010; 27:997-1012. [PubMed: 20636212]

Gamble KL, Motsinger-Reif AA, Hida A, Borsetti HM, Servick SV, Cialeglio CM, Robbins S, Hicks
J, Carver K, Hamilton N, Wells N, Summar ML, McMahon DG, Johnson CH. Shift work in
nurses: contribution of phenotypes and genotypes to adaptation. PLoS One. 2011; 6:pe18395.
Gianotti F, Cortesi Fm Sebastiani T, Ottaviano S. Circadian preference, sleep and daytime behavior in
adolescence. J Sleep Res. 2002; 11:191-199. [PubMed: 12220314]

Johns MW. A new method for measuring daytime sleepiness: the Epworth Sleepiness Scale. Sleep.
1991; 14:540-545. [PubMed: 1798888]

Kecklund G, Akerstedt T, Lowden A. Morning work: effects of early rising on sleep and alertness.
Sleep. 1997; 20:215-223. [PubMed: 9178917]

Chronobiol Int. Author manuscript; available in PMC 2014 August 25.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Soehner et al.

Page 10

Kerkhof GA, Van Dongen HP. Morning-type and evening-type individuals differ in the phase position
of their endogenous circadian oscillator. Neurosci Lett. 1996; 218:153-156. [PubMed: 8945751]

Kitamura S, Hida A, Watanabe M, Enomoto M, Aritake-Okada S, Moriguchi Y, Kamei Y, Mishima K.
Evening preference is related to the incidence of depressive states independent of sleep-wake
conditions. Chronobiol Int. 2010; 27:1797-1812. [PubMed: 20969524]

Lavie P. Sleep-wake as a biological rhythm. Annu Rev Psychol. 2001; 52:277-303. [PubMed:
11148307]

Lehnkering H, Siegmund R. Influence of chronotype, season, and sex of subject on sleep behavior of
young adults. Chronobiol Int. 2007; 24:875-888. [PubMed: 17994343]

Lombardi DA, Folkard S, Willetts JL, Smith GS. Daily sleep, weekly working hours and risk of work-
related injury: US National Health Interview Survey (2004—-2008). Chronobiol Int. 2010; 27:1013-
103. [PubMed: 20636213]

Manber R, Bootzin RR, Acebo C, Carskadon MA. The effects of regularizing sleep-wake schedules on
daytime sleepiness. Sleep. 1996; 19:432-441. [PubMed: 8843535]

Monk TH, Reynolds CF, Buysse DJ, DeGrazia JM, Kupfer DJ. The relationship between lifestyle
regularity and subjective sleep quality. Chronobiol Int. 2003a; 20:97-107. [PubMed: 12638693]

Monk TH, Buysse DJ, Kennedy KS, Potts JM, DeGrazia JM, Miewald JM. Measuring sleep habits
without using a diary: the Sleep Timing Questionnaire (STQ). Sleep. 2003b; 26:208-212.
[PubMed: 12683481]

Monk T, Buysse D, Potts J, DeGrazia J, Kupfer D. Morningness-eveningness and lifestyle regularity.
Chronobiol Int. 2004; 21:435-443. [PubMed: 15332448]

Monk TH, Buysse DJ, Billy BD, Fletcher ME, Kennedy KS, Schlarb JE, Beach SR. Circadian type
and bed-timing regularity in 654 retired seniors: correlations with subjective sleep measures.
Sleep. 2011; 34:235-239. [PubMed: 21286245]

Morgenthaler TI, Lee-Choi T, Alessi C, Friedman L, Aurora N, Boehlecke B, Frown T, Chesson AL,
Kapur V, Maganti R, Owens J, Pancer J, Swick TJ, Zak R. Standards of Practice Committee of the
AASM. Practice parameters for the clinical evaluaion and treatment of circadian rhythm sleep
disorders. Sleep. 2007; 30:1445-1459. [PubMed: 18041479]

Morin CM, Culbert JP, Schwartz SM. Nonpharmacological interventions for insomnia: a meta-analysis
of treatment efficacy. Am J Psychiatry. 1994; 151:1172-118. [PubMed: 8037252]

Morin, CM.; Espie, CA. Insomnia: a clinical guide to assessment and treatment. New York: Kluwer
Academic/Plenum Publishers; 2003. p. 190

Ohayon MM, Smolensky MH, Roth T. Consequences of shiftworking on sleep duration, sleepiness,
and sleep attacks. Chronobiol Int. 2010; 27:575-589. [PubMed: 20524802]

Ong JC, Huang JS, Kuo TF, Manber R. Characteristics of insomniacs with self-reported morning and
evening chronotypes. J Clin Sleep Med. 2007; 3:289-294. [PubMed: 17561599]

Park YM, Matsumoto K, Seo YJ, Shinkoda H, Park KP. Sleep in relation to age, sex, and chronotype
in Japanese workers. Percept Mot Skills. 1998; 87:199-215. [PubMed: 9760647]

Portaluppi F, Smolensky MH, Touitou Y. Ethics and methods for biological rhythm research on
animals and human beings. Chronobiol Int. 2010; 25:1911-1929. [PubMed: 20969531]

Smith CS, Reilly C, Midkiff K. Evaluations of three circadian rhythm questionnaires with suggestions
for an improved measure of morningess. J Appl Psychol. 1989; 74:728-738. [PubMed: 2793773]

Taillard J, Philip P, Bioulac B. Morningness/eveningness and the need for sleep. J Sleep Res. 1999;
8:291-295. [PubMed: 10646169]

Valdez P, Ramirez C, Garcia A. Delaying and extending sleep during weekends: sleep recovery or
circadian effect? Chronobiol Int. 1996; 13:191-198. [PubMed: 8874982]

Vallieres A, Ivers H, Bastien CH, Beaulieu-Bonneau S, Morin CM. Variability and predictability in
sleep patterns of chronic insomniacs. J Sleep Res. 2005; 14:447-453. [PubMed: 16364146]

Virtanen M, Ferrie JE, Vahtera J, Elovainio M, Sigh-Manoux A, Marmot MG, Kivimaki M. Long
working hours and sleep disturbances: the Whitehall 11 prospective cohort study. Sleep. 2009;
32:737-745. [PubMed: 19544749]

Chronobiol Int. Author manuscript; available in PMC 2014 August 25.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Soehner et al. Page 11

Wirtz A, Nachreiner F. The effects of extended working hours on health and social well-being—a
comparative analysis of four independent samples. Chronobiol Int. 2010; 27:1124-1134.
[PubMed: 20636220]

Zisberg A, Nurit Gur-Yaish N, Shochat T. Contribution of routine to sleep quality in community
elderly. Sleep. 2010; 33:509-514. [PubMed: 20394320]

Chronobiol Int. Author manuscript; available in PMC 2014 August 25.



Page 12

Soehner et al.

“3UIN-8S1 [en]igey PUSY9aM — BWI-aSLI [enjigey pusaspn

q

‘aWNpaq [en)igey Aepfeam — aINPa [emiqey PuaYeaM

‘daajse Juads awn

=VS1 ‘paq ul swi = g| 1 ‘8[eds ssauldas|S yuomd3 = SS3 1asuo das|s Jae axem = QS ‘Adusie] 18suo-daals = 1S xapul Ajend das|s ybingsiid = 10Sd ‘sseubululol Jo aeds asusodwo) = NSD

NIH-PA Author Manuscript

_ _ _ _ 7098 89VET QE_EV abueyd swn-ssry
_ _ _ _ ¥6'59 1789 e(uiw) abueyo swnpag
ulw g  8E:BOD  UlWZF €290 UIWGY 200 alun-ast [enjigeH
uw g  pT:00  UIWQY9  YOIEZ  UIWGY  GZiET awinpaqg fenigeH
92T 9Ty 660 76'T 10T 15 Anigels swin-asty
e Uy 0Lt 0L 89T 0 Aunigess swnpag
9L 06'€6 L9  lv'e6  ¥89  19€6 (%) Aouararya daals
LOV8 TESLy OL¥9 SE60F 9565 0T8TV (uw) vsL
GzZl  lTY0S  T8€9  TEBEF  0CYS  STLGY (nw) g1L
— — — — 99°€ €L ss3
— — — — 9T'6T  G§CT (ulw) osvm
— — — — S6VT  OV'9T (uw) 78
— — — — 0.2 vy 10sd
— — — — 09L ST/ NSO
ds Uu™N aS UsN dS Ul a|qerrep
[N Rep>po M EERe

sonsIIgIR.IRYD dagls pue ‘sBultes AlIjIgels ‘Sa109s ssaubuluiow 10) sansiels aandiiosaq

T31avi

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Chronobiol Int. Author manuscript; available in PMC 2014 August 25.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Soehner et al.

Correlations between Composite Scale of Morningness (CSM) scores and sleep variables

TABLE 2

Variable Overall Weekday Weekend
PSQI _39** — —
SL (min) _3g** _ _
WASO (min) -.06 — —
ESS 12 — —
TIB (min) 15 12 14
TSA (min) 27" o4+ .18
Sleep efficiency (%) ot o4t 23*
Habitual bedtime —49°** _34™ _ 42"
Habitual rise-time -5 —39™ -35""
Bedtime change (min)@ ~ -.37"" - -

Rise-time change (min)b -.27

p<.L;

p<.05;

*

*
p<.01;

*%

*
p<.001.

Page 13

PSQI = Pittsburgh Sleep Quality Index; SL = sleep-onset latency; WASO = wake after sleep onset; ESS = Epworth Sleepiness Scale; TIB = time in

bed; TSA = time spent asleep.

aWeekend habitual bedtime — weekday habitual bedtime.

bWeekend habitual rise-time — weekend habitual rise-time.
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TABLE 4
Correlations between stability variables
Weekday Weekend

Variable Bedtime stability ~ Rise-timestability Bedtime stability —Rise-time stability
Weekday bedtime stability — — — —
Weekday rise-time stability 30" — — —
Weekend bedtime stability 54*r* 14 — —
Weekend rise-time stability 36" 15 62 —
p<.05;

* %

p<.01;
*k Kk
p<.001.
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TABLE 6

Correlations between Composite Scale of Morningness scores with stability variables

Variable Weekday Weekend Overall

Bedtime stability ~ _ 39** Y —46™"

Rise-time stability — _ og* —35%* —41%
*

p<.05;
* %

p<.01;

p<.001.
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