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A B S T R A C T

Purpose: To examine how hours of sleep and wake times relate to between-person differences and day-to-
day changes in diurnal cortisol rhythms in late adolescence.
Methods: Older adolescents (N � 119) provided six cortisol samples (wakeup, �30 minutes, �2 hours, �8
ours, �12 hours, and bedtime) on each of three consecutive dayswhile wearing an actigraph.We examined
ow average (across 3 days) and day-to-day changes in hours of sleep and wake times related to diurnal
ortisol patterns.
esults: On average, more hours of sleep related to steeper decline in cortisol across the days. Day-to-day
nalyses revealed that the hours of sleep of the previous night predicted steeper diurnal slopes the next day,
hereas greaterwaking cortisol levels and steeper slopes predictedmorehours of sleep and a laterwake time
he next day.
onclusion: Our results suggest a bidirectional relationship between sleep and hypothalamic-pituitary-
drenal axis activity.
� 2011 Society for Adolescent Health and Medicine. All rights reserved.
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Adolescence is marked by a biological shift in sleep patterns
ften resulting inmore “owl-like” patterns of sleep (e.g., later bed
imes, later wake times) [1–3]. Such changes often conflict, par-
icularly in later adolescence, with the growing social demands
hat many individuals face [2,4]. Findings indicate that late ado-
escents report more erratic sleep schedules, later waking times,
nd less sleep as compared with early adolescents [4]. Less than
0% of late adolescents get the recommended �8 hours of sleep
er night, and nearly 40% of individuals report consistent poor
leep quality [5,6]. Such sleep patterns have negative implica-
ions for individuals’ outcomes, including mood disorders [7],
ifficulties in school [8,9], and physical health (e.g., obesity [10]).
Sleep patterns have also been known to play an important

ole in regulating other aspects of physiology, including the hy-
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othalamic-pituitary-adrenal (HPA) axis. The main hormone of
PA axis (cortisol) exhibits a strong diurnal rhythm, with high
evels at wakeup time, increasing further to a peak 30 minutes
fter waking (called the cortisol awakening response [CAR]) and
hen decreases rapidly across the day, reaching nadir around
idnight [11]. These changes in cortisol coincide with individu-
ls’ sleep cycles; low levels of cortisol are present during the first
alf of the nightwhich is dominated by deep sleep (or slowwave
leep), while high levels of cortisol are present during the second
alf of the night which is dominated by rapid eye movement
REM) sleep (more wakeful period) [12,13].

This correspondence has been the topic of research, primarily
mong adults, showing a bidirectional and complex relation be-
ween sleep and HPA axis functioning. The HPA axis functioning
as been shown to influence sleep patterns [14,15], and changes
n sleeppatterns, specificallywake times andhours of sleep, have
een found to influence daytime cortisol rhythms [16,17]. Sur-
risingly, however, the relation between sleep and HPA axis
unctioning has yet to be examined among adolescents. This is an

mportant gap, given that adolescence is a critical developmental

ll rights reserved.

mailto:ek-adam@northwestern.edu


w
t

20

K.H. Zeiders et al. / Journal of Adolescent Health 48 (2011) 566–571 567
period in which physiological changes occur [18,19] and sleep
patterns are shifting (especially among late adolescents [20]).
Further, recent research has linked diurnal cortisol functioning,
specifically, flattened diurnal slopes across the waking day, to a
variety of physical andmental health outcomes [21–24]. A better
understanding of the relation of nighttime sleep and daytime
cortisol rhythmsmayhave important implications for our under-
standing of the development of a variety of disorders related to
both sleep and the HPA axis. In this study, we take an initial step
in trying to understand the associations between adolescent
sleep and diurnal cortisol by examining how hours of sleep and
wake times relate to adolescents’ waking cortisol values, CAR,
and diurnal decline across the waking day. Utilizing multiple
salivarysamplesoverconsecutivedays,wefirstexaminedbetween-
persondifferences by investigatinghow individuals’ average (across
days of sampling) hours of sleep and averagewake times related to
average cortisol rhythms. Then, to gain a better understanding of
the reciprocal relation between sleep andHPA axis functioning, we
investigated howwithin-person day-to-day variations in sleep pat-
terns (i.e., wake time, hours of sleep) related to day-to-day varia-
tions in diurnal cortisol.

Methods

Participants

Data for the current study were obtained from a larger longi-
tudinal study that focused on adolescents from two diverse pub-
lic high schools (one in the Midwest, and the other on the West
Coast). For the larger study, participants with high neuroticism
levels [25] were oversampled, resulting in 61% of the sample
scoring in the top third of the neuroticism screener. A total of 79%
of the Midwest participants (n � 243) were randomly invited to
participate in a longitudinal cortisol sampling protocol. Of the
adolescents invited, 173 (71%) agreed to participate and com-

Table 1
Descriptive statistics for study variables (N � 119)

Variable %

Age of adolescent
Wake time (self-report) hh:mm
Wake time (Actigraph) hh:mm
Hours of night-time sleep (self-report)
Hours of night-time sleep (actigraph)
Sleep efficiency % (actigraph)
Hours of naptime (self-report)
Average wake time cortisol (�g/dL)
Average � 30 minute cortisol (�g/dL)
Average � 3 hours cortisol (�g/dL)
Average � 8 hours cortisol (�g/dL)
Average � 12 hours cortisol (�g/dL)
Average bedtime cortisol (�g/dL)
Caffeine (drinks per day)
Nicotine (cigarettes per day)
Alcohol (drinks per week)
Exercise (hrs/wk)
Oral contraceptive use (females only) 35.5
Asthma medication 7.6
Depression medication 4.2
Male 21.8
European American 61.4
African American 17.6
Hispanic 4.2
Multiple/other race 16.8
pleted wave 1 cortisol sampling. The current study uses data
from 152 adolescents who participated in wave 2 of cortisol
collection (approximately 1.5 years after wave 1), at which point
actigraph measures of sleep were added. Adolescents who were
pregnant (n�1), currently taking steroids (n�7), or hadmissing
data on study variables (n � 25) were excluded. Thus, 119 ado-
lescents (77% female) participated in the study. The greater pro-
portion of females is accounted for by the fact that on an average
they report higher levels of neuroticism [26]. Of the current
study’s sample, 64.7% scored in the top third of the neuroticism
screener. Differences on all study variables by neuroticism risk
score were examined and revealed that high risk individuals
reported greater caffeine use compared to low- or medium-risk
individuals [F(2,116) � 3.04, p � .05], and low-risk individuals
ere more likely to be taking asthma medication than the other
wo groups [�2(2) � 9.02, p � .05]. Adolescents ranged in age
from 17.93 to 20.10 years (M � 19.01) and were from varying
ethnic and/or racial backgrounds (Table 1).

Procedures

Participants were sent a study packet that contained an acti-
graph [27], diary booklets, a mechanical kitchen timer (to assist
with the timing of second sample), straws, vials, labels, and a
health and medical questionnaire. Study personnel contacted
participants to review the study protocol. The participants pro-
vided six salivary cortisol samples and completed six diary en-
tries per day for three consecutive typicalweekdays. Participants
wore an actigraph the night before starting the cortisol sampling
and left it on until the morning after the last day of the study.
Participants were paid $30 for completion of the sampling pro-
tocol and given a summary of basic sleep statistics across the 3
days of sampling. As approved by our Institutional Review
Board, individual sleep datawere used only for descriptive and
hypothesis testing purposes, not for assessment or diagnosis

Mean SD Range

19.01 .42 17.93–20.10
08:38 1:28 03:13–13:30
08:47 1:22 05:48–12:33
7.71 1.34 3.00–10.61
6.41 1.07 1.41–9.55

81.85 7.61 48.80–92.60
.41 .77 .00–04.72
.30 .21 .01–1.37
.50 .25 .01–1.78
.28 .20 .03–1.80
.16 .11 .03–.82
.12 .11 .01–.76
.10 .11 .01–.71
.91 1.40 .00–8.00
.28 .82 .00–5.00

4.38 7.45 .00–50.00
2.77 4.07 .00–30.00
n

33
9
5

26
73
21
5

of sleep disorders.
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Measures

Salivary cortisol
Saliva samples were gathered each day for 3 days: at wake-

up, 30 minutes after waking, at bedtime, and three semi-
random times throughout the day signaled by the actigraph
watch (approximately 2, 8, and 12 hours post-awakening). Par-
ticipants were asked for their typical wake time for each day of
the study and watches were programmed to signal 2, 8, and 12
hours from this time (day 2). Thirty-minute variations were
added for days 1 and 3 to make signals less expected (i.e., day 1
participants took samples 30 minutes early [1.5, 7.5, and 11.5
hours from waking] and on day 3 they took the samples 30
minutes later [2.5, 8.5, and 12.5 hours from waking]). Partici-
pants expelled saliva through a small straw into a 2 mL polypro-
pylene tube and labeled tubes with the time and date. Partici-
pants were instructed not to eat, drink or brush their teeth 30
minutes before sampling. Sampleswere returned bymail, refrig-
erated at �20�C, and then sent on dry ice by courier to Bioche-
misches Labor, Trier, Germany, to be assayed for cortisol. Cortisol
levels are stable at room temperature for several weeks and are
unaffected by shipping [28]. Assays were conducted using a
time-resolved immunoassay with fluorometric detection (see
reference [29] for greater assay description). Intra-assay coeffi-
cients of variation were between 4.0% and 6.7%, and inter-assay
coefficients of variation ranged from 7.1% to 9.0%.

Objective sleep
During the 3-day salivary cortisol data collection, individuals

wore the Actiwatch Score (Phillips Respironics, Inc.), a wrist-
based accelerometer placed on the nondominant hand that
quantifiesmovement across thewaking day and during sleep. To
score data, the Actiware-Sleep software (version 3.4,MiniMitter/
Philips Respironics)-validated algorithmwas used [30]. Utilizing
1-minute epochs and based on significant movement after at
least 10 minutes of inactivity, this algorithm calculates a variety
of sleepparameters including sleep end (wake time) andhours of
sleep (sleep time excluding all periods of wakefulness during the
total sleep period) [31]. Actigraph sleep estimates have been
validated against concurrent polysomnography [32]. Aggregate
sleep parameters were created by averaging individuals’ sleep
parameters across the three sampling days; sleep parameters for
each day were used in the day-to-day analyses.

Diary and health variables
Using paper and pencil diaries, adolescents reported on sleep

and health behaviors for each day of cortisol sampling. Specifi-
cally, adolescents reported their waking time and previous
night’s bedtime, as well as any duration of time spent napping
during the day. Adolescents also completed diary entries with
each saliva sample, reporting whether they consumed caffein-
ated drinks, cigarettes, alcohol,medicines, or exercisedwithin an
hour of each sample. In a health questionnaire, youth reported
whether they were taking oral contraceptives (females only) or
anti-depressant medication.

Analytic plan

A three-level multilevel growth-curve analysis was used to
account for the nested nature of our data [33,34]. This modeling
controls nonindependence associated with nesting and allows

for levels of cortisol to be predicted by moment-level variables
(level 1), day-varying variables (level 2), and individual-level
variables (level 3). In linewith previous studies [34,35], day-level
variables were added, both lagged (minus 1 day) and nonlagged
(night after cortisol collection) at level 2 to simultaneously
model the effect of sleep parameters of earlier night on next-day
cortisol, and the effect of cortisol on sleep later that evening. As
recommended [36], level 2 variables were centeredwithin cluster
and level 3 variables were centered at the grand mean. At level 1,
timewas centered as hours since waking (e.g., waking � 0).

We first modeled the latent estimates of the parameters de-
fining each individual’s diurnal cortisol rhythm. Next, we en-
tered individuals’ 3-day average sleep parameters (i.e., wake
time, hours of sleep) at level 3 to examine their associationswith
average cortisol levels (Equation 1, Table 2). Cortisol values are
predicted by the time of each sample, scaled as hours since
waking each day, such that the �000 (the intercept) reflects the
verage wakeup cortisol level across individuals, �100 reflects

individuals’ average CAR (Individuals’ second sample [30 min-
utes afterwaking]was dummy coded, inwhich 1� second cortisol
sample and 0 � all other samples) and �200 reflects the average
linear slope of participants’ diurnal cortisol rhythms. The current
analysisdidnot includeaquadratic timevariablebecause the inclu-
sion of this term in the unconditional growth model did not im-
prove ourmodel fit [�2�(1)� .78, p� .37]. Given this, the slope can
be interpreted as a linear decline across the day rather than the
linear decline at waking. Coefficients �001, �101, and �201 reflect the
ffectof averagesleepparametersonaveragewakeupcortisol level,
verage CAR, and average linear slope, respectively. Average wake
ime and sleep were entered in separate models, followed by an
nalysis that included both.
Finally, to understand the effect of changes in sleep param-

ters on day-to-day changes in cortisol rhythms within indi-
iduals, we examined the relation of sleep parameters the
ight before and after cortisol sampling to diurnal cortisol
rofiles each day by entering day-level sleep parameters at
evel 2 (Equation 2, Table 2). For wake time, the sleep parame-
ter before cortisol refers to thewake time in themorning before
cortisol sampling that day, whereas sleep parameter after cor-
tisol refers to wake time the morning after cortisol sampling.
For hours of sleep, the sleep parameter before cortisol refers to
the previous night’s hours of sleep before the start of the next

Table 2
HLM 3-level equations modeling diurnal cortisol

Equation 1
Level 1
Cortisoltij � �0ij � �1ij (CAR) � �2ij (time since waking) � �tij

Level 2
�0ij � �00j � �0ij
�1ij � �10j + �1i
�2ij � �20j + �2i

Level 3
�00j � �000 � �001 (aggregate sleep parameter) � r00j
�10j � �100 � �101 (aggregate sleep parameter) � r10j
�20j � �200 � �201(aggregate sleep parameter) � r20j

Equation 2
Level 2

�0ij � �00j � �01j (sleep parameter before Cort) + �02j (sleep parameter
after Cort) � �0i

�1ij � �10j � �11j (sleep parameter before Cort) � �12j (sleep parameter
after Cort) � �1ij

�2ij � �20j � �21j (sleep parameter before Cort) � �22j (sleep parameter
after Cort) � �2ij
day’s cortisol sampling, whereas the sleep parameter after cor-
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tisol refers to the hours of sleep after that day’s cortisol sam-
pling. Coefficients �01j, �11j, and �21j reflect the relation of the
sleep parameter the night before cortisol collection to subse-
quent day’s wakeup cortisol level, CAR, and linear slope, re-
spectively, whereas coefficients �02j, �12j, and �22j reflect the
relation of wakeup cortisol, CAR, and linear slope, respec-
tively, to the sleep parameters taken that night, after cortisol
sampling each day. Wake time and average hours of sleep
were entered first separately and then simultaneously in the
final model. For all analyses, adolescents’ diary reports of their
caffeine, nicotine, and alcohol consumption, exercise, and
medication use within the hour before each sample were
entered as covariates at level 1, whereas birth control, asthma,
depression medication, and daytime sleep (naps) were en-
tered as covariates at level 3.

Results

Cortisol values are presented in originalmicrograms/deciliter
units in Table 1; natural log transformed values were used in all
analyses because cortisol valueswere skewed (2.48) and kurtotic
(9.57). In line with recommendations [37], cortisol values were
top coded at 1.80 �g/dL (equivalent to 50 nmol/L). The base
odel showed the expected diurnal patterns; high values on
wakening (�000 � �1.40, standard error (SE) � .06, p � .0001;
quivalent to .25 �g/dL.), a strong increase (68%) in levels in the

first 30 minutes (CAR; �100 � .52, SE � .04, p � .0001), and
pproximately an 8% per hour decline in cortisol levels from
ake up to bedtime (�200 � �.09, SE � .01, p � .0001).

Between-individual analysis

As noted in Table 3, average wake time did not relate to
average diurnal cortisol profiles (model 1). Average hours of
sleep (model 2), however, related to the rate of decline in corti-
sol; greater hours of sleep related to a steeper decline in cortisol
across the day (1.1% steeper slope for every additional hour of
sleep). These effects were maintained even after controlling for
wake time (model 3).

Within-individual analysis

As noted in Table 4 (model 1), when relating changes in

Table 3
Effects of average wake time and hours of sleep on diurnal cortisol

Fixed effects Model 1
Coefficient (SE)

Wake up cortisol level
Intercept �1.423 (.059)***
Average wake time �.005 (.036)
Average hours of sleep

CAR
Intercept .544 (.041)***
Average wake time .017 (.032)
Average hours of sleep

Time since waking
intercept �.091 (.005)***
Average wake time .008 (.004)
Average hours of sleep

evel 1 (n � 1521), level 2 (n � 285), level 3 (n � 119)
ote: *p 	 .05, ***p � .001. Race/ethnicity, gender, birth control, asthmamedicat
. Caffeine use, nicotine use, and alcohol use, any medication and exercise were
sleep to changes in cortisol rhythms within individuals across
multiple days, same-day wake timewas a significant predictor
of subsequent wakeup cortisol values, CAR, and the decline in
cortisol. That is, adolescents who woke up later that day had
higher wakeup cortisol as compared with the days when they
woke up earlier (9.5% increase in morning cortisol for every 1
hour later wake time), had a less pronounced CAR (10.5%
decrease in CAR for every 1 hour increase in wake time), and
had a steeper decline in cortisol (1.3% steeper slopes for every
1 hour increase in wake time) across the day. In model 2, prior
night’s hours of sleep predicted wakeup cortisol, CAR, and
decline in cortisol. That is, more hours of sleep the previous
night predicted higher wakeup cortisol (15.5% increase for
every hour increase in sleep), a lower CAR (10.4% decrease for
every hour increase in sleep), and steeper decline in cortisol
(1.3% steeper slope for every hour increase in sleep) the next
day. Further, greater levels of wakeup cortisol predicted
greater hours of sleep the next day.

The analysis examining wake time and hours of sleep to-
gether (model 3) revealed that hours of sleep the previous
night and the subsequent day both predicted wakeup cortisol
levels. That is, more hours of sleep the previous night pre-
dicted greater wakeup cortisol the next day, and greater
wakeup cortisol that day related to more hours of sleep that
night (controlling for hours of sleep the previous night). For
diurnal slopes, a similar bidirectional relation emerged. Spe-
cifically, previous and next day hours of sleep both predicted
steeper decline in cortisol slopes. Thus, more hours of sleep the
previous night predicted a steeper decline in cortisol the subse-
quent day, and steeper slopes that day related to more hours of
sleep that night. Finally, next day wake time related to diurnal
slopes, suggesting thatflatterdiurnal slopes thatdaypredicted later
waking times the following day.

Discussion

The present study took an important first step in understand-
ing how typical hours of sleep and wake times relate to cortisol
diurnal rhythms and how late adolescents’ day-to-day variation
in sleep relates to day-to-day variation in cortisol. Our findings
suggest that across individuals, average hours of sleep are related
to a steeper diurnal decline in cortisol across the day, even after
accounting for adolescents’ average wake times. These results
are consistent with findings among adults [16], suggesting that

Model 2 Model 3
Coefficient (SE) Coefficient (SE)

�1.423 (.059)*** �1.424 (.060)***
�.009 (.036)

.032 (.051) .036 (.052)

.543 (.042)*** .544 (.041)***
.020 (.032)

�.014 (.043) �.019 (.042)

�.092 (.005)*** �.091 (.005)***
.010 (.004)*

�.009 (.005)* �.012 (.005)*

pressionmedication, and daytime sleep (naps) were added as covariates at level
as covariates at level 1.
individuals who sleep more have diurnal cortisol rhythms char-
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acterized by a steeper decline across the day and align with
health findings suggesting that such patterns are considered
normative and healthy [38]. The potentially bidirectional inter-
relations between sleep and the HPA axis [12], however, make it
difficult to knowwhether hours of sleep affect changes in diurnal
rhythms or whether diurnal rhythms affect hours of sleep.

A better understanding of causal directionality is gained from
our day-to-day within-person examination. Findings suggest
that on nights when adolescents slept more, they woke up the
next morning with higher waking cortisol levels and exhibited a
steeper decline in their cortisol across the day. Further, on days
adolescents had higher wakeup cortisol values and a steeper
diurnal decline in their cortisol, they experienced greater hours
of sleep that night and tended to wake up earlier the following
day. An alternate way of viewing these day-to-day changes is
that on days adolescents’ slept less, they woke up the following
morning with lower waking cortisol levels and had flatter corti-
sol slopes that day. On days that adolescents had lower wakeup
values and flatter slopes, they subsequently experienced fewer
hours of sleep that night and woke up later the next day. It is
important to emphasize that these day-to-day analyses examine
within-person changes in sleep patterns and diurnal cortisol from
onedayto thenext, rather thantraitorbetween-persondifferences.
As such, these analyses are less subjected to third variable explana-
tions, such as the possibility that stable genetic or personality fac-
tors determine both sleep timing and cortisol patterns.

Together, our findings suggest a bidirectional relation be-
tween sleep and the HPA axis. While the exact mechanisms
underlying the relations between cortisol and the HPA axis are
not fully known, our findings could be linkedwith the correspon-
dence of sleep cycles and cortisol secretion. Deeper sleep accom-
panies the quiescent period of the HPA axis, whereas greater
cortisol output has been found during the later stages of sleep
(dominated by REM sleep) [12,13]. Individuals who sleep less
and wake up earlier might have less time to “ramp up” their
cortisol levels (which happens during REM sleep) and in turn end
upwith lower awakening cortisol and flatter slopes than individ-

Table 4
Effects of same day wake time and prior day hours of sleep on diurnal cortisol

Fixed effects Model 1
Coefficient (SE)

Wake up cortisol level
Intercept �1.421 (.058)***
Same day wake time .091 (.036)*
Next day wake time .007 (.031)
Prior day hours of sleep
Next day hours of sleep

CAR
Intercept .540 (.041)***
Same day wake time �.114 (.054)*
Next day wake time �.055 (.042)
Prior day hours of sleep
Next day hours of sleep

Time since waking
Intercept �.092 (.005)***
Same day wake time �.013 (.004)**
Next day wake time .007 (.004)
Prior day hours of sleep
Next day hours of sleep

evel 1 (n � 1,521), level 2 (n � 285), level 3 (n � 119).
ote: *p � .05, **p � .01, ***p � .001. Race/ethnicity, gender, birth control, asthm
icotine use, and alcohol use, any medication and exercise were added as covari
uals who slept more. Further, guided by previous laboratory
findings that suggest that higher levels of cortisol have the ability
to suppress slow wave sleep leading to subsequent sleep depri-
vation [39,40], individuals with flatter slopes, might have a diffi-
cult time falling asleep or staying asleep, leading to fewer total
hours of sleep. In an attempt to recover fromsleep loss during the
night, individuals then sleep later the next morning. Given that
the specific sleep stages cannot be examined using actigraphy
and we do not have overnight cortisol samples, these expla-
nations remain speculative.

In summary, our study is the first to examine these relations
in adolescents using an objective sleep measure and examining
within-individual covariation between sleep and cortisol in a
naturalistic setting. Further, our study examines these relations
during a sensitive and unique developmental period in which
changes in physiology and sleep patterns are especially relevant
[19,20]. Our findings suggest that the choices made about sleep
during this time may have consequences for physiology, and in
turn, physiology (the HPA axis) attempts to adapt to adolescents’
changing daily schedules. Despite these contributions, however,
it is important to note several limitations of our study. First,
while our findings suggest that sleep relates to fluctuation in
diurnal cortisol, the changes were relatively small (1%–2%
change for diurnal slopes and 9%–16% changes in waking corti-
sol). Second, we examined a limited number of days in our
examination of day-to-day changes and might not be fully cap-
turing the complexities of sleep and its relations to HPA axis
functioning over a longer period. Third, we did not use electronic
monitoring devices to track the exact timing of cortisol sam-
pling; we relied on participants’ self-report of sampling timings.
Failure to time samples appropriately, however, would most
likely lead to a reduction in the size of our effects, rather than
systematic bias in our data. Finally, individuals with greater
neuroticism and females were overrepresented in our sample.
We found no differences in study variables by neuroticism risk;
however, future research should examine whether associations
between sleep and HPA axis functioning are similar across per-
sonality characteristics and gender. Despite these limitations,

Model 2 Model 3
Coefficient (SE) Coefficient (SE)

�1.422 (.060)*** �1.418 (.058)***
�.002 (.037)
�.055 (.031)

.144 (.035)*** .150 (.040)***

.079 (.028)** .110 (.028)***

.544 (.041)*** .540 (.041)***
�.056 (.059)
�.058 (.047)

�.110 (.043)* �.075 (.045)
�.039 (.044) .001 (.048)

�.092 (.005)*** �.092 (.005)***
�.009 (.005)
.015 (.004)***

�.013 (.004)** �.010 (.004)*
�.005 (.004) �.015 (.004)**

ication, depressionmedication were added as covariates at level 3; caffeine use,
t level 1.
our study provides an important first step in understanding the
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complex and bidirectional relations between adolescent sleep
and HPA axis functioning.
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