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ABSTRACT

International Journal of Exercise Science 13(3): 1283-1294, 2020. Sleep is undoubtedly important for
human health as insufficient sleep has been associated with a plethora of diseases. Adequate sleep assessment is
critical in clinical and research settings, however current sleep assessment protocols fail to account for circadian
rhythms, despite the fact that sleep is a well-recognized circadian process. Purpose: The purpose of this study was
to determine if circadian parameters, such as chronotype, influence sleep quality in a sleep laboratory setting.
Methods: In order to investigate this, twenty participants (10 men and 10 women) aged 18-31 years old had their
sleep recorded by electroencephalography in a sleep lab. Participants also complete surveys which provided data
on chronotype, social jet lag and subjective sleep quality. Participants were allowed to self-select sleep time for the
study, and sleep discrepancy, defined as the difference between reported and experienced mid-sleep, was
determined. Results: Interestingly, results indicated a significant correlation between self-reported sleep quality
and social jet lag, with those who typically experience more social jet lag being more satisfied with their sleep
during the study (r = 0.549, p = 0.012). In addition, when participants were separated into groups based on
chronotype, sleep discrepancy and social jet lag, sizeable differences were noted for parameters such as sleep onset
latency, number of awakenings, and percent of time spent in REM sleep. Conclusion: These results suggest
circadian parameters serve as predictors of both subjective and objective sleep quality, and thus illuminates a
necessity for these parameters to be taken into account in the assessment and research of sleep.
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INTRODUCTION

Sleep, though seemingly passive, is actually a critically active stage of the day. It is a period
essential for growth, differentiation and renewal of cells, and it plays an important role in
immunity (12, 13). Adequate sleep is pivotal for human health, and inadequate sleep contributes
to the development of disease. This is demonstrated by numerous studies on the consequences
of inefficient sleep, in which impaired sleep is associated with infectious disease, increased risk
of cardiovascular disease, mental illness and cancer (18). Inadequate sleep not only includes
insufficient duration, poor sleep quality or the presence of sleep disturbances, but may also be
due to inappropriate sleep timing (15, 31).
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Sleep timing is relevant to sufficient sleep and human health because sleep is intricately linked
to circadian rhythms (42); the twenty-four hour oscillations in physiological processes.
Circadian rhythms are entrained to the environment and allow the body to anticipate and
suitably respond to environmental changes (26). Similar to inadequate sleep, disruption of
circadian rhythms is associated with a plethora of health concerns (2, 32, 35, 38). Circadian
rhythms are disrupted by situations in which an individual’s endogenous rhythms do not match
the exogenous environment, such as shift work or jet lag (4). Additionally, circadian disruption
may occur as a result of shifts in sleep schedule from work-week to weekend, termed social jet
lag (SJL) (40). SJL happens quite frequently with over two thirds of the population experiencing
at least an hour of SJL, and a third experiencing two hours or more (29). Notably, just one hour
of SJL increases the risk of cardiovascular disease by 11% (9). This highlights the significance of
the relationship between sleep and circadian timing.

Endogenous rhythms may be measured, and an individual’s propensity to sleep at a certain time
of day may be characterized by chronotype (20). Surveys, such as the Munich ChronoType
Questionnaire (MCTQ), have been developed to define and measure chronotype (16, 43). The
MCTQ bases chronotype on reported mid-sleep, or the halfway point between falling asleep and
waking up on free days, assuming an individual’s sleep will match their endogenous cycle on
free days (8). Chronotype is broken down into categories: severe early, moderate early, mild
early, normal, mild late, moderate late and severe late (43). However, chronotype is often
categorized more generally using the terms early (larks) or late (night owls). As one might
expect, larks and night owls interact with the environment differently, and may therefore
experience different degrees of circadian rhythm disruption. In fact, research has demonstrated
the amount of SJL experienced is dependent on chronotype, with late chronotypes typically
experiencing the most (40). Chronotype can therefore predict circadian disruption, and as such,
affect sleep-wake cycles and potentially sleep quality.

Sleep quality may be assessed in a number of ways. The gold standard for the assessment of
sleep is polysomnography (23), but polysomnography is expensive and often inaccessible,
therefore leading some research to rely on electroencephalography (EEG) (22, 44), which has
been validated as a useful tool in the measurement of objective sleep parameters such as sleep
duration, total sleep time (TST), sleep onset latency (SOL), wake after sleep onset (WASO), and
time in REM and non-REM sleep. Sleep surveys, such as the Pittsburgh Sleep Quality Index
(PSQI), are also often used and aid in the assessment of subjective sleep quality (5). These
surveys ask for useful information about parameters such as TST, quality of sleep and WASO,
however, these tools and the many of the sleep studies that utilize them, lack any mention or
measure of circadian rhythms, despite the fact that chronotype may impact sleep quality. There
is a growing body of evidence to support the idea that chronotype is associated with quality of
sleep (1, 10, 25, 36, 41). Nielson (2010) assessed the relationship between chronotype and
nightmares in 3198 subjects over a period of four and a half years and found a greater prevalence
of nightmares in those with an eveningness chronotype. Barclay et. al. (2016) evaluated siblings
at two time points over the span of five years to assess genetic and environmental effects on
diurnal preference (chronotype) and sleep quality. Their study demonstrated a significant, but
moderate correlation (r = 0.21-0.25) between diurnal preference and poor sleep quality (1). More
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recently, Sun et. al. (2019) evaluated the relationship between chronotype and sleep quality in
medical students and observed poorer quality of sleep in those with a later chronotype (36).
While these studies clearly indicate an association between chronotype and sleep quality, they
do not establish how chronotype affects sleep quality within a laboratory setting. The majority
of these studies evaluate sleep using self-reported data from surveys. In looking at recent studies
that utilize a laboratory setting, or tools to measure qualitative data, the majority of them set the
same schedule for all participants, or allow participants to choose their own start time (6, 11, 17,
45). Yet, if participants are shifted from their endogenous rhythm during the study, one might
expect measures of sleep quality to be altered considering the established relationship between
chronotype and sleep. As such, the current study aims to investigate the relationship between
chronotype and sleep quality in a laboratory setting. In addition, past sleep studies fail to
indicate if participants experience their normal mid-sleep during data collection. Alterations in
mid-sleep, or circadian misalignment, during a study may serve as a confounding factor in
research on sleep quality. Therefore, a second goal of this study is to determine if deviations
from normal mid-sleep (hereafter referred to as sleep discrepancy) affect measures of sleep
quality.

METHODS

Participants

It was determined that 18 participants were required for this study using G*POWER 3.1
(Universitat Kiel, Germany) with a power of 0.75, an effect size of 0.5 and an a = 0.05 (7). Twenty
participants ages 18-31 years of age (Table 1) were recruited on a volunteer basis. Exclusion
criteria included diagnosed sleep disorders or medication that would affect sleep or pose a risk
of participation. All participants signed an informed consent before involvement and all study
activities were approved by the Alma College Institutional Review Board. In addition, this
research was carried out fully in accordance to the ethical standards of the International Journal
of Exercise Science (24).

TABLE 1. Subject characteristics for male, female and all participants.

Variable Male (1 = 10) Female (n = 10) All (n =20)
Age (years) 200+1.1 21.8+4.0 209+3.0
Height (cm) 182152 168.1+5.3 1751 +8.8
Weight (kg) 84.6+7.8 66.4+13.1 755+14.1
Body mass index (kg/m?) 255+21 234+41 245+33
MCTQ reported midsleep (hour) 54+05 4609 50+£09
extreme early - 0 extreme early - 0 extreme early - 0
moderate early - 0 moderate early - 0 moderate early - 0
slight early - 0 slight early - 4 slight early - 4
Chronotype normal - 2 normal - 4 normal - 6
slight late - 8 slight late - 1 slight late - 9
moderate late - 0 moderate late - 1 moderate late - 1
extreme late - 0 extreme late - 0 extreme late - 0
MCTQ reported social jet lag 1.4+0.6 1.3+11 1.3+09

a Data is reported as mean * standard deviation, except for chronotype which is reported as frequency.
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Protocol

Objective sleep quality measures were collected using EEG. Wave activity was measured using
the BIOPAC MP36 system with EEG (BIOPAC Systems Inc., Goletta, CA). Electrodes were
placed at the C3 and C4 locations with a reference above the right ear and connected to a
BIOPAC EEG amplifier modified from work by Jo et al. (14). Sampling frequency was set at 1000
Hz with a bandpass filter between 0.1-100 Hz. Additionally, a 60 Hz notch filter ran
continuously during the experiments. EEG data were analyzed to obtain quantitative
information on time spent in sleep stages, TST, SOL, and WASO, as described in past work (37).
SOL was determined as the time in minutes from when participants turned the lights off and
tried to fall asleep and the time the EEG recorded actual sleep onset. WASO was calculated as
the time in minutes each participant spent in bed after EEG recorded sleep onset, but before
wake onset. In addition to using EEG recordings, participants completed a post-sleep
questionnaire (Appendix 1) to provide self-reported, subjective data on sleep quality. It yielded
interval data on TST, as well as ordinal and nominal data on sleep quality and satisfaction.

Participants selected a time to arrive at a custom-built sleep laboratory at Alma College. Upon
arrival, they immediately completed informed consent documents and a screening form to
confirm eligibility. If eligible, participants then filled out the MCTQ (43) to determine
chronotype from midsleep on free days as established by Roenneberg (2015) (28). Participants
were allowed to perform activities in the room as desired until they were ready to sleep. Once
ready to sleep, electrodes for EEG recording were placed on participants” head as previously
described. Research staff recorded the time the EEG was connected, the time the lights were
turned off and the participant got into bed (for calculation of SOL), and the approximate time
the participants fell asleep. Participants were allowed to sleep as long as they wanted (with or
without an alarm clock). Upon awakening, participants signaled to the research staff by turning
the lights on. The research staff recorded this time and administered the post-sleep
questionnaire.

Statistical Analysis

EEG recordings were analyzed with AcqKnowledge 4.2 using visual examination and epoch-
based measurement of frequency. For each 30-second epoch, sleep stage was determined
according to guidelines laid out in Silber et al. (2007) (33) and the American Academy of Sleep
Medicine 2004 revised scoring manual (3). One scorer analyzed all data, eliminating the
possibility of low inter-rater reliability. Examination of the EEG data allowed for the following
classifications: WASO, SOL, TST, number of times awake, time in Stage 1 sleep, time in Stage 2
sleep, time in deep sleep, and time in REM sleep.

Correlation statistics were used to evaluate relationships between circadian parameters (mid-
sleep, chronotype, SJL, etc.) and sleep measures. Pearson correlation analysis was done to
compare interval data, Spearman rank correlation analysis was used for ordinal data, and point-
biserial correlation analysis was utilized when dealing with nominal data. Student’s t-tests
(interval data) and Fisher’s exact tests (nominal data) were done to investigate group differences
when two groups were compared. One-way ANOVA (interval data) and Pearson’s chi-square
test (nominal data) were done to investigate group differences when three groups were
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compared. Participants were separated into groups based on chronotype, sleep discrepancy (SD)
and SJL. Chronotype was calculated by finding the time halfway between falling asleep and
waking up on a non-work day. Chronotype can be classified as severe early, moderate early,
mild early, normal, mild late, moderate late and severe late (43). Due to a smaller sample size in
this study, participants were categorized as either early (n = 4), normal (n = 6) or late (n = 10).
For reference, a mid-sleep of 5 am was considered normal, while mid-sleep before 5 am was
considered early and a mid-sleep after 5 am was considered late (16). SD was determined by
calculating the difference between reported mid-sleep and recorded mid-sleep. Individuals with
less than 1 hour of discrepancy were considered to have low SD while participants with greater
than 1 hour of difference were considered to have high SD. SJL was determined using reported
data on the MCTQ (16). Those with SJL less than 1 hour were considered low while those with
greater than 1 hour of SJL were considered high. Equations for these variables are shown in
Figure 1.

P-values and statistical significance are highly dependent upon sample size, without necessarily
indicating the practical or clinical significance of differences between groups. Therefore, effect
sizes were also calculated and reported as Cohen’s d (interval data) or Cramer’s V (nominal
data). Effect sizes were considered to be small = 0.2, medium = 0.5, large = 0.8 or very large =
1.3. Interval data sets were tested for normality and the significance for all correlations was set
at p <0.05. All statistics were performed using Statistical Package for the Social Sciences (SPSS).

A) Chronotype effect
Late chronotype (average) — Early chronotype (average)
Standard deviation

B) Sleep discrepancy effect
Less sleep discrepancy (average) — More sleep discrepancy (average)
Standard deviation

C) Predicted social jet lag effect
Less social jet lag (average) — More social jet lag (average)
Standard deviation

Figure 1. Calculations to determine effect sizes between MCTQ data and sleep quality measures.

RESULTS

Results for reported chronotype from the MCTQ and EEG-measured sleep metrics are presented
in Table 2. As determined by Spearman rank correlation statistics, no significant correlations
were found. Pearson correlation values for SD and EEG sleep measures are also shown in Table
2. Again, no significant correlations were discovered, however non-significant trends were
observed with TST (r = 0.418, p = 0.067) and percent of TST spent in deep sleep (r = -0.374, p =
0.104).
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Table 2. Pearson correlation data examining relationships between EEG and MCTQ data.

Chronotype SD
Spearman rho p-value Spearman rho p-value
Number of Awakenings (EEG) 0.048 0.842 0.245 0.298
Total Sleep Time (EEG) 0.137 0.564 0.418 0.067
% Deep Sleep 0.206 0.383 -0.374 0.104
% REM Sleep -0.020 0.932 0.075 0.753

Spearman rank and point-biserial correlation statistics between MCTQ and PSQI-determined
sleep quality are shown in Table 3. There was a significant correlation between mid-sleep and
sex (r = 0.486, p = 0.030), with males more likely to exhibit a late mid-sleep. In addition,
significant correlations were found between amount of SJL (MCTQ) and self-reported ratings of
sleep. Interestingly, those experiencing more SJL reported greater satisfaction with their stay in
the lab (r = 0.549, p = 0.012), and with their sleep compared to home (r = 0.507, p = 0.023). A
greater amount of SJL also correlated with affirmation that sleep was refreshing (r = 0.455, p =
0.044). However, no significant correlations were discovered between chronotype or mid-sleep
and reported sleep quality.

Table 3. Correlation coefficients examining relationships between PSQI and MCTQ data.

Midsleep Chronotype Sleep debt Sex Social jet lag
Satisfaction of stay 0.119 0.140 0.397 -0.433 0.549*
Sleep compared to home 0.313 0.208 0.270 -0.199 0.507*
Comfort of bed 0.214 0.286 0.244 -0.123 0.405
Sleep duration 0.038 0.034 0.092 0.328 -0.005
Start time of sleep -0.140 -0.118 -0.113 -0.149 -0.088
Difficulty falling asleep -0.282 -0.230 -0.157 -0.204 0.051
Difficulty staying asleep -0.076 -0.105 0.244 0.105 0.197
Refreshed after sleep -0.156 -0.191 -0.287 -0.218 -0.436
Bothered during night 0.218 0.144 0.229 0.115 0.174

Note: @ Spearman rank correlation analysis was done to compare interval-to-ordinal data, while point-biserial
analysis was performed when one of the variables was nominal. Correlation coefficients are considered significant
if p <0.05 (*).

Statistical tests (Student’s t-tests, Fisher’s exact tests, one-way ANOVA & Pearson’s chi-square
test) revealed no differences between chronotype and the recorded EEG or the self-reported
sleep data (Table 4). Despite the lack of significant differences between groups, effect size
calculations demonstrated that circadian parameters were related to sleep quality (Table 5).
There was a medium effect size for the relationship between chronotype and reported SOL,
number of awakenings, and percent of TST spent in REM sleep. Later chronotypes reported
greater difficulty falling asleep, recorded more awakenings and had a greater percent time in
REM. There was also a moderate effect size for the relationship between SD and reported sleep
duration, with those experiencing less SD reporting shorter sleep durations. In addition, there
was a large effect size for the connection between SD and percent time spent in REM sleep as
well as recorded TST and reported refreshment. Those with less SD reported less refreshment,
lower percentage of TST in REM sleep and greater overall TST. Finally, there was a medium
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effect size for the relationship between SJL and refreshment and a very large effect size for SJL
and number of awakenings, as those with lower SJL reported less refreshment and a greater
number of awakenings during sleep.

Table 4. Group differences for early /normal/late chronotype and lesser/ greater sleep discrepancy (SD).

Nominal Data (Y/N) Interval Data (mean * std. dev.)
lef. lef. Refresh. Bothgred Rep. Total % 9% REM
falling staying sleen? during sleep sleep Deep slee WASO
asleep? asleep? P night? duration time sleep P
1.78 + 41910+ 1.78+ 2285+ 178+
o Early 1/3 3/1 3/1 1/1 0.15 30.81 0.15 3.43 0.15
Q,
2 6.33 + 39650+ 1966+ 2853+ 200+
% Normal 1/2 1/1 1/1 1/5 0.36 21.74 3.98 3.84 0.55
£ 6.70 + 1.30 + 1910+ 130+ 3.00 +
“ Late 1/1 7/3 4/1 1/4 0.34 0.15 1.94 0.15 0.62
p-value 0.72 0.70 0.47 0.52 0.62 0.79 0.96 0.60 0.47
6.75 430.00+ 1741+ 2335+ 225%
Lesser 4/8 7/5 6/6 3/9 0.99 76.19 7.23 8.70 1.48
3 619+ 37550+ 219+ 2988+ 2754
Greater 4/4 6/2 8/0 2/6 0.97 60.99 9.80 12.35 1.88
p-value 0.65 0.64 0.042* 1.00 0.24 0.13 0.28 0.21 0.56

Note: a Nominal (Y/N) data is reported as frequencies while interval data is reported as mean (standard deviation).
For comparing early/normal/late chronotype groups, nominal data was analyzed using a Chi-square test for
association and interval data was analyzed using one-way ANOVA. When assessing lesser/greater SD groups,
nominal data was analyzed using Fisher’s exact test and interval data was analyzed using Student’s t-test. (*p <
0.05). Abbreviations are as follows: diff. = difficulty, refresh. = refreshing.
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Table 5. Effect sizes examining the magnitude of difference in sleep measures between chronotype, sleep
discrepancy and social jet lag groups.

Group Comparison

Early/late
chronotype Lesser/ greater SD Little/more reported SJL
Reported sleep duration 0.36 0.69 0.02
g Difficulty falling asleep 0.60 0.17 0.12
8
8,
E Difficulty staying asleep 0.29 0.17 0.18
ko)
9y
Refreshing nature of sleep 0.21 0.54 0.37
Bothered during night 0.29 0.00 0.06
# of awakenings 0.57 0.48 1.36
§ Total sleep time -0.30 0.90 -0.03
=
S
r\i’d % Deep sleep -0.06 -0.36 -0.04
% REM sleep 0.53 -0.88 -0.20

aCramer’s V values are reported for “Self-reported” data and Cohen’s d values are reported for “Recorded” data.

DISCUSSION

Our data indicate a significant correlation between MCTQ-determined SJL and self-reported
sleep quality parameters such as satisfaction of stay, refreshing nature of sleep and sleep quality
compared to home. Notably, this was not the amount of SJL experienced during the study, but
rather the amount of SJL experienced based on preferred mid-sleep and normal weekday
schedule. This suggests an effect of regularly experienced SJL on sleep quality, even during a
preferred night’s sleep. In addition, our results identified a number of moderate to very large
effect sizes. When participants were separated into groups based on chronotype, SD and SJL,
there was a sizable difference between groups for sleep parameters such as SOL, number of
awakenings, percent REM sleep and refreshment. Those effect sizes indicate that significance
may be obtained with a greater sample size. This would implicate chronotype and discrepancies
in mid-sleep as predictors of both objective and subjective measures of sleep.

As stated, SJL was significantly correlated to self-reported sleep quality parameters. In general,
those individuals experiencing more SJL reported greater satisfaction with their stay in the lab
and a more refreshing night of sleep. Past studies have demonstrated a sex difference in self-
reported sleep quality, with females reporting poorer sleep (21). However, the sex split for those
with lesser SJL (5 males, 6 females) and those with greater SJL (5 males, 4 females) was quite
even. This indicates the difference found in this study is due to something other than biological
sex. A study by Vitale and colleagues, used actigraphy to determine sleep efficiency in college
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students and found that evening-types were more likely to have lower sleep efficiency (39). Yet
this contradicts the self-reported data in this study, as evening types ordinarily experience
greater amounts of SJL, but those with greater SJL rated their sleep quality higher. Individuals
who experience greater SJL accumulate more sleep debt, and may therefore report greater
satisfaction because they have been sleep-deprived. This is speculation however, and more
research is necessary to better elucidate the relationship between self-reported sleep quality and
SJL.

This study was done to help define the role of chronotype on sleep quality in a laboratory setting.
This relationship is critical to understand in order to accurately set up sleep studies and collect
sleep data. While there are some studies that have begun to explore to relationship between
chronotype and sleep quality, many of these evaluate sleep through survey only, and thus do
not require the use of a laboratory setting (10, 34, 41, 45). Recent research that has used the
laboratory setting, or collected quantitative measures of sleep via EEG or polysomnography
allow the participants to self-report to the lab, or provide a set arrival/sleep time that is the same
for every participant (6, 11, 17). If arrival time or sleep time are set, SD is almost guaranteed, as
no group of participants could be expected to share the same chronotype. Therefore, it would
seem the better protocol to follow would be to allow participants to self-report to the lab and
self-select sleep time. Interestingly, when participants were given the freedom to select their
own sleep times in this study, 40% selected sleep times that shifted their mid-sleep at least one
hour from the expected time. Our data shows that SD influences sleep measures and suggests
that chronotype should be assessed and controlled for in sleep studies. Researchers should set
sleep times such that participants are as close to mid-sleep as possible in the laboratory setting,
or at the very least take chronotype into account during data analysis when sleep times cannot
be adjusted to individual rhythms. This could prevent circadian parameters from becoming
confounding variables in the interpretation of results.

The results of this study include a significant correlation between chronotype and biological sex,
with men exhibiting later chronotypes, which is in agreement with past literature (8). Many
studies have demonstrated the effect of sex on chronotype, but the mechanism responsible for
this difference is largely undiscovered. Sex hormones likely play a key role in determining
diurnal preference. In fact, several studies implicate estrogen and testosterone as modulators of
the circadian clock (19, 27, 30). Sex hormone receptors have been shown to be present in the
suprachiasmatic nucleus (SCN), which is thought of as the master circadian clock within the
body. Every cell of the body has a molecular clock, which generates circadian rhythms, but the
ability of the SCN to coordinate and synchronize the body clocks has been well described (26).
The presence of these receptors in the SCN suggests a capacity for sex hormones to regulate the
molecular clock, and therefore circadian timing. Furthermore, both estrogen and testosterone
levels are correlated with chronotype. Randler and colleagues evaluated the level of salivary
testosterone in college aged men and self-reported chronotype. They found a positive
relationship between testosterone level and eveningness in men (27). While men typically have
later chronotypes than women, the sex difference in chronotype disappears around the age of
50, which coincides with the timing of menopause (30). This implies the presence of estrogen
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affects chronotype as well. Further research is necessary to discern the underlying reasons for
the sex effect on chronotype.

Limitations to this study include the sample size and narrow range of participants. Only twenty
participants were included, all of which were young, apparently healthy individuals. Many
sleep studies include a broader participant pool, and future research is necessary to determine
if our findings hold true across populations. This study only evaluated sleep for one night.
Moreover, no familiarization with the sleep lab prior to the study night was done. It would be
beneficial to further evaluate the effects of circadian parameters on sleep quality over a number
of nights. Finally, EEG was used according to previous work (14, 33, 37) to obtain objective sleep
measures, but polysomnography is the gold standard. Polysomnography includes EEG, but
provides additional data on measures of heart rhythms, eye movement, and muscle movement
in addition to the electrical activity of the brain. Subsequent work should include
polysomnography in addition to a longer timeline and a larger, more diverse sample to better
elucidate the influence chronotype has on sleep within the lab. Though limitations in the study
exist, our data are some of the first to indicate circadian parameters influence both objective and
subjective sleep quality. This has potential implications that are crucial in the consideration of
experimental design for future sleep studies.
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