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Relationship of Endogenous Circadian Melatonin and Temperature
Rhythms to Self-Reported Preference for Morning or Evening
Activity in Young and Older People

Jeanne F. Duffy*", Derk-Jan Dijk*, Edward F. Hall*, and Charles A. Czeisler*

ABSTRACT

k—Background: Morningness-eveningness refers to
interindividual differences in preferred timing of behavior
(ie, bed and wake times). Older people have earlier wake
times and rate themselves as more morning-like than young
adults. It has been reported that the phase of circadian
rhythms is earlier in morning-types than in evening types,
and that older people have earlier phases than young adults.
These changes in phase have been considered to be the
chronobiological basis of differences in preferred bed and
wake times and age-related changes therein. Whether such
differences in phase are associated with changes in the phase
relationship between endogenous circadian rhythms and the
sleep-wake cycle has not been investigated previously.
Methods: We investigated the association between circa-
dian phase, the phase relationship between the sleep-wake
cycle and circadian rhythms, and morningness-eveningness,
and their interaction with aging. In this circadian rhythm
study, 68 young and 40 older subjects participated.
Results: Among the young subjects, the phase of the mela-
tonin and core temperature rhythms occurred earlier in

morning than in evening types and the interval between cir-
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cadian phase and usual wake time was longer in morning
types. Thus, while evening types woke at a later clock hour
than morning types, morning types actually woke at a later
circadian phase.

Comparing young and older morning types we found that
older morning types had an earlier circadian phase and a
shorter phase-wake time interval. The shorter phase-wake-
time interval in older “morning types” is opposite to the
change associated with morningness in young people, and is
more similar to young evening types.

Conclusions: These findings demonstrate an association
between’éi_r);:;(iian phase, the relationship between the sleep-
wake cycle and circadian phase, and morningness-evening-
ness in young adults. Furthermore, they demonstrate that
age-related changes in phase angle cannot be attributed fully
to an age-related shift toward morningness. These findings
have important implications for understanding individual
preferences in sleep-wake timing and age-related changes in
the timing of sleep. (J Investig Med 1999;47:141-150) Key
words: morningnéééﬂo eveningness * constant routine ¢ aging

e circadian rhythms

INTRODUCTION

The endogenous circadian pacemaker has been
shown to contribute to daily variations in a number of
physiologic and behavioral/psychological rhythms.!
Several investigations of individual differences in circa-
dian rhythms have focused on the morningness-evening-
ness dimension. So-called “morning types” show a
marked preference for waking at an early hour and find
it difficult to remain awake beyond their usual bedtime;
those at the other end of the morningness/eveningness
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dimension, “evening types,” show a preference for
sleeping at later hours and often find it difficult to get up
in the morning. Furthermore, there have been reports
that older people are likely to rate themselves as more
morning-like,*!* a finding thought to be related to the
earlier preferred waketimes among older people.”!*

Morning and evening type individuals were investigat-
ed experimentally as early as the 1930s by Nathaniel
Kleitman. He compared performance on a number of tasks
between self-described morning or evening type subjects’
(see'"'? for review). A number of more recent attempts to
classify individuals according to morningness-
eveningness' 1315 were focused on determining individual
suitability for night or shift work, after it was reported that
evening type individuals were better suited for night work
because of their greater ability to sleep during the day.'®

Daily rhythms of many physiologic variables have
been reported to occur at an earlier time of day in morn-
ing types than in evening types, including those of oral
temperature,'”?* heart rate,'>?? adrenaline excretion,?*2’
and salivary cortisol,’® and melatonin®’ levels. In addition
to preferring different sleep and wake times, morning and
evening types have been reported to show differences in
sleep, including sleep latency, REM latency, EEG power
density, and the ability to sleep at other than their habitual
times.”** In addition to differences in physiologic vari-
ables, the timing and daily pattern of behavioral and per-
formance rhythms have also been shown to differ between
morning and evening types.”!3:17.19.23.25

Despite reports that many daily rhythms of physiologic
variables performance and behavior show differences
between morning and evening types, many studies col-
lected data infrequently or did not collect data throughout
a complete circadian cycle. Thus, accurate estimation of
rhythm acrophase or nadir was difficult. Furthermore, a
number of studies collected data under ambulatory condi-
tions in which activity, posture, sleep, or food intake can
obscure the endogenous component of underlying
endogenous rhythms. Under such experimental condi-
tions, it is difficult to ascertain whether the earlier timing
of rhythms in morning-type subjects is due to a direct
effect of sleeping and waking at earlier times of day, or
whether an underlying biological difference leads morn-
ing types to sleep and wake at an earlier time of day.

In the present analysis we used the constant routine
technique® to unmask the endogenous component of
the core temperture rhythm of young and older subjects to
investigate the relationship between this established mark-
er of the circadian system, and habitual sleep-wake
behavior and morningness-eveningness. Morningness-
eveningness was determined using the English language
Morningness-Eveningness Questionnaire developed by
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Horne and Ostberg.?' In a subset of young subjects who
were identified as morning or evening types, a second
marker of the endogenous circadian pacemaker, plasmg
melatonin, was analyzed.

MATERIALS AND METHODS

Subjects

Included in the present analysis were 68 healthy men
between the ages of 18 and 30 (mean age = SD = 23.5 +
3.4 years) and 40 healthy men and women between the
ages of 64 and 81 (68.2 £ 3.8 years). They participated in
our laboratory studies between 1990-96. Subjects had no
medical, psychiatric, or sleep disorders as determined from
their medical history, physical examination, electrocardio-
gram, biochemical screening tests on their blood and urine,
and psychological screening questionnaires (the Minnesota
Multiphasic Personality Inventory and the Beck
Inventory). All were free from medications as assessed by
urine toxicologic analysis for alcohol, nicotine, caffeine,
and common drugs of abuse carried out upon admission to
the laboratory.

To minimize potential effects of irregular schedules on
entrained circadian phase, only subjects who denied per-
forming regular night work during the three years prior to
study and transmeridien travel in the three months prior to
study were included. Furthermore, each subject was
required to choose a target bedtime and wake time that
would result in an 8-hour sleep episode, and to adhere to
this self-selected schedule for at least three weeks prior to
admission to the laboratory. The subjects were asked to
record their actual sleep and wake times, and all reported
regular bedtimes and wake times (+1 hour) for at least one
week immediately prior to their study. Those self-reported
sleep-wake times were verified by wrist activity monitor-
ing (PMS-8 Recorder, Vitalog Monitoring, Inc., Redwood
City, CA). Subjects whose self-reported sleep-wake times
differed significantly from the times recorded by the
activity monitor or who did not report maintaining a regu-
lar schedule were disempaneled from study prior to
admission to the laboratory.

As part of their prestudy screening, each subject com-
pleted a modified version of Horne and Ostberg’s
Morningness-Eveningness Questionnaire.

Study Protocol

Each study began with 3 baseline days and nights in
the laboratory under normal room light conditions (~150
lux ambient light during the day, and < 0.03 lux during
scheduled bedrest episodes). Each subject was scheduled
to sleep for 8 hours per night according to his or her
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sleep-wake diary from the week prior to entering the labo-
ratory. Upon awakening after the third baseline night of
sleep, subjects began a constant routine (CR) that lasted
from 26 to 45.5 hours. The CR used was a modifica-
tion>3¢ of the method first proposed by Mills et al,** and
was designed to unmask the endogenous
component of circadian rhythms. During the constant
routine, subjects were kept awake in a semi-recumbent
posture in low level room light (10-15 lux),
and were given a diet of equivalent hourly snack. A
trained technician attended the subjects during the con-
stant routine to ensure adherence to the protocol. All stud-
ies continued after the CR, but only data from the baseline
days until the end of the CR were included in the present
analysis.

The protocols were approved by the Human Research
Committee of the Brigham and Women’s Hospital, and
each subject gave signed informed consent prior to study.

Data Collection

During the baseline period and the CR, core body tem-
perature was collected each minute from a rectal thermis-
tor (Yellow Springs Instrument Company, Yellow
Springs, OH), and from a subset of subjects plasma sam-
ples were collected hourly via an indwelling catheter
inserted into a forearm vein. The samples were frozen at
-20°C and were later assayed for melatonin using
radioimmunoassay (Elias USA, Osceola, WI or by the
method of Arendt et al).?’

Data Analysis

After each study was complete, the subject’s
Morningness-Eveningness Questionnaire was scored
according to the criteria of Horne and Ostberg.?!

The average habitual bedtime and wake time for each
subject was calculated from the self-recorded sleep log
using the seven nights immediately prior to entering the
laboratory, and the average habitual sleep length was cal-
culated as the elapsed time from average habitual bedtime
to average habitual wake time.

Phase of the core body temperature rhythm minimum
(CBT,, ) was estimated by the maximum likelihood fit of
a 2-harmonic regression model with first-order autore-
gressive noise fit to the CR temperature data.’® Phase of
the melatonin rhythm for the subset of young subjects
identified as morning or evening types was estimated as
the midpoint between the upper and lower mean crossing
of the data from the CR. Phase angle was defined as the
difference between the phase of the temperature or mela-
tonin rhythm and the habitual wake time.

Average waveforms of temperature and melatonin
were compiled with respect to actual clock hour. To do

Circadian Rhythms and Moring-Eveningness/Duffy, Dijk, Hall, Czeisler

this, all data for each subject were averaged per hour
beginning on the morning of the CR, and these hourly
average values per subject were then averaged across all
subjects in each group (morning and evening types). To
account for interindividual differences in mean tempera-
ture and melatonin, and differences in usual time of awak-
ening, average waveforms of temperature and melatonin
z-scores were compiled with respect to the habitual wake
time of each subject. To do this, all data for each subject
were first expressed relative to their own mean (=0) and
standard deviation (=1). Then the data for each individual
were averaged hourly beginning at wake time on the
morning of the CR, and these hourly average values per
subject were averaged across all subjects in each group.

Comparisons between young and older subjects, and
between morning and evening types, were performed
using unpaired Student’s r-test, after verification of vari-
ance homogeneity. All statistical analyses were two-
tailed. Correlation analysis was performed using
Pearson’s correlation coefficient. The SAS System was
used for data analysis (SAS Institute, Inc., Cary, NC).
Results are presented as mean *SD unless otherwise indi-
cated.

RESULTS

Overall Results

Average morningness-eveningness score for the 108
subjects was 54.1=9.9. A comparison between the young
and older groups of subjects revealed a significant differ-
ence in morningness-eveningness score (young:
49.6+8.3; old: 61.8+7.6; P<0.00001). Among the young
subjects, the distribution of morningness-eveningness
types centered around the intermediate type (Figure 1),
while among the older subjects the distribution of morn-
ingness-eveningness centered around the moderate morn-
ing type with only one evening type among the 40 older
subjects (Table). Although there were moderate morning
and evening types in the young population, there were no
definite morning or evening types. In contrast to the
young subjects, none of whom were definite types of
either category, 12.5% of the older subjects were definite
morning types.

For the subjects as a whole, the morningness-evening-
ness score was negatively correlated with habitual wake
time (r=-0.69, P<0.0001), habitual bedtime (r=-0.64,
P<0.0001), habitual sleep length (r=-0.21, P<0.03), and
endogenous circadian phase of the core body temperature
rhythm (CBT_, r=-0.42, P<0.0001; Figure 2). Separate
correlation analyses on the young and older groups
revealed a significant correlation between score on the
morningness-eveningness questionnaire and habitual
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Table. Distribution of types on the Morningness-Eveningness
Questionnaire by age.

Young Oid
Definite
Mormning 0 5 (12.5%)
Moderate
Morning 10 (15%) 24 (60%)
Intermediate 45 (66%) 10 (25%)
Moderate
Evening 13 (19%) 1 (2.5%)
Definite
Evening 0 0

wake time and bedtime in both groups (P<0.01).
However, there was no longer a significant correlation
between morningness-eveningness score and habitual
sleep length or age within either group. Furthermore,
while the correlation between morningness-eveningness
score and CBT . remained significant in the young group
(r=-0.47, P<0.0001), it did not reach significance for the
older group (r=-0.27, P=0.087).

Comparison of Morning and Evening Types
Comparisions between morning and evening types
could only be done using young subjects because there
was only one evening type identified in the older group.
Among the 68 young subjects, 10 were moderate morning
types and 13 were moderate evening types. Habitual wake
time and bedtime were earlier for the morning types than
for the evening types (wake time: 07:52+0:44 vs
09:08+1:03, P<0.004; bedtime: 23:42+1:09 vs
24:52%0:48, P<0.01), although habitual sleep length was
not significantly different (8.1620.54 hours vs 8.27+0.42
hours, P=0.6). The clock time of both the CBT,, and the
endogenous melatonin maximum was significantly earlier
in the morning types than in the evening types (CBT,,:
04:34+1:30 vs 06:52+1:19, P<0.001; melatonin maxi-
mum: 03:33£0:37 vs 05:16+1:08, P<0.001; Figure 3).
Analysis of the average constant routine temperature
curves for the young morning and evening types revealed
that the average core temperature of the morning types
was approximately 0.2°C higher than that of the evening
types throughout the morning hours, reached a plateau by
the early afternoon, began to decline by 8:00 pM, reached
a nadir between 3:00 and 5:00 AM, and then began to rise
sharply by 6:00 AM on the second morning of the CR
(Figure 4). In contrast, the average temperature curve of
the evening types did not reach a plateau until approxi-
mately 8:00 pM, had a narrower crest, and did not begin to
decline until approximately 11:00 pM. After reaching a
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Figure 1. Distribution of scores on the Morningness-Eveningness
Questionnaire among the 68 young men (upper panel) and the 40 older
men and women (lower panel). As indicated on the lower axis, individu-
als scoring 41 or below are classified as evening types and those scoring
above 59 are classified as morning types.

nadir at approximately 8:00 AM on the second morning of
the CR, the temperature of the evening types began to
rise, although not as steeply as did that of the morning
types.

The average melatonin curves were also different
between the morning and evening types. The average plas-
ma melatonin level of the morning types began to rise
between 10:00 pM and 11:00 ™, peaking between 1:00 AM
and 3:00 aM. At that point, average plasma melatonin lev-
els began to decline, reaching basal levels by 9aM on the
second morning of the CR. In contrast, average melatonin
levels of the evening types began to rise at approximately
midnight and reached peak levels from 3:00 aM to 7:00
AM. The average peak in the evening types was broader
than in the morning types. The average plasma melatonin
levels of the evening types began to decline at 7:00 AM on
the second morning of the CR, and did not reach basal lev-
els until approximately noon, in contrast to that of the
morning types who reached basal levels by 9:00 Am.
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When the average temperature and melatonin curves of
the morning and evening types were expressed as z-scores
and aligned with respect to each subject’s habitual wake
time, the curves were quite similar throughout the first 12
to 14 hours of the CR, corresponding to the habitual wak-
ing day (Figure 5). Just prior to the usual bedtime hours,
differences in average temperature and melatonin curves
pbetween the two groups became apparent. The average
temperature curves of the two groups began to diverge 2
to 3 hours before habitual bedtime, with the temperature
of the morning types declining earlier and rising again
earlier with respect to habitual bed and wake time, and
remaining higher throughout the second morning of the
CR. The average melatonin curve of the morning types
was also slightly phase-advanced with respect to the
evening types, despite that the data were aligned with
respect to each subject’s habitual wake time for the morn-
ing and evening types, respectively. Like the temperature
data, the average plasma melatonin rhythms of both types
followed a similar pattern throughout the habitual daytime
hours on the first day of the CR. However, just prior to
habitual bedtime the average plasma melatonin curve of
the morning types began to rise sooner than did that of the
evening types, and began to decline earlier relative to
wake time than did that of the evening types (Figure 5).

Finally, the phase angle between the CBT,_. and habit-
ual wake time was significantly longer in the morning
types than in the evening types (3.3x1.06 hours vs
2.26%0.97 hours, P<0.03; Figure 6) and the phase angle
between the endogenous melatonin maximum and habitu-
al wake time followed the same trend, although it did not
reach significance (interval between melatonin maximum
and habitual waketime for the morning and evening types,
respectively: 4.47+0.45 hours vs 3.88+0.86 hours,
P=0.07). Thus, while the morning types wake up at an
earlier clock hour than do the evening types, the morning
types actually wake at a later circadian phase than do the
evening types.

Comparison of Young and Older Morning Types
Overall, there were 29 older morning types (24 moder-
ate and 5 definite) and 10 young morning types (all moder-
ate). When only moderate morning types of the two age
groups were compared, habitual wake time of the older
morning types was significantly earlier than that of the
young morning types (older: 06:50*+0:49; young:
07:52+0:44; P<0.002), with the older subjects tending to
also have earlier bedtimes (23:07+0:45 vs 23:43+1:09,
P=0.08). This resulted in the habitual sleep length of the
older morning types being significantly shorter than that in
the young morning types (7.72+0.57 h vs 8.16+0.54 h,
P<0.05). The clock hour of the endogenous circadian tem-
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Figure 2. Score on the Morningness-Eveningness Questionnaire vs cir-
cadian phase of the core body temperature minimum (CBT __ ) for the

min

108 subjects. Filled squares: young subjects; open squares: older sub-
Jects. A significant correlation was found between morningness-evening-
ness score and CBT,  when all subjects were considered together. This
correlation remained significant when young subjects were analyzed
separately, but did not reach statistical significance when the older sub-
Jjects were analyzed separately (see text for details).

perature phase in the older moming types was slightly later
than that of the young morning types (05:18+2:15 vs
04:34x1:30, P=0.3). This, together with the earlier wake
times in the older morning types, resulted in a significantly
shorter phase angle between the temperature minimum and
habitual wake time in the older morning types (older:
1.53*+1.89 h vs 3.3£1.06 h, P<0.01) (Figure 6).

DISCUSSION

In a number of studies, morningness-eveningness pref-
erence has been shown to be related to sleep architecture,
sleep timing, and daytime alertness and performance lev-
els.6:19.24.25.28.2931-33.39-44 There has been the presumption
that underlying biological differences, perhaps in the cir-
cadian timing system,'®* contribute to such morning or
evening preferences. However, most previous studies
failed to collect data throughout a full circadian cycle® or
collected ambulatory data confounded by the very differ-
ences in behavior (ie, sleep-wake timing) used to differen-
tiate morning and evening types.!7.184246 The present
study is one of the first to examine the underlying endoge-
nous component of circadian rhythms in morning types
and in evening types with respect to both clock hour and
the subjects’ habitual waketimes. Given their earlier bed-
times and wake times, we expected to find that the
endogenous circadian temperature and melatonin phases
would occur at a earlier clock hour in morning types than
in evening types, as had been reported previously.?’*” In
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Figure 3. Clock hour of endogenous circadian phase in young morning
and evening types. The time of the endogenous temperature minimum
(circles) and the melatonin maximum (triangles) was significantly later
in the 13 evening types than in the 10 morning types.

fact, we found that the average endogenous circadian tem-
perature and melatonin phases occurred much earlier in
the morning types as compared to the evening types than
could be accounted for by the average difference in their
usual bedtimes and wake times. This is the first such
report of its kind and offers new insight in understanding
the physiological basis of morningness-eveningness pref-
erences.

Our study used endogenous circadian temperature data
obtained during a constant routine, rather than tempera-
ture data masked by changes in posture, activity or sleep.
This allowed us to demonstrate that the observed differ-
ence in clock hour of circadian temperature phase
between morning and evening types is not simply a direct
effect of their different sleep-wake schedules, but reflects
a difference in the timing of the underlying circadian
component of the core body temperature rhythm. The sig-
nificant correlation between the clock hour of the endoge-
nous circadian temperature phase and morningness-
eveningness score is consistent with previous reports,?”+7
some of which used masked ambulatory temperature
daw'l4.]7,18,29,42,¢6

That there is a difference in the timing of the underly-
ing circadian rhythm is supported by our examination of
the rhythm of plasma melatonin secretion in the subset of
young subjects we identified as morning and evening
types. Similar to our findings with the endogenous core
body temperature rhythm, we found that the phase of the
plasma melatonin rhythm occurred at a later clock hour in
the evening types than it did in the morning types.

This finding, which is consistent with prior reports,
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Figure 4. Temperature and melatonin curves of young morning and
evening types from a constant routine (CR) averaged with respect to
time of day. Upper panel: average endogenous temperature curves of
morning (open circles) and evening (filled circles) types during the CR.
Lower panel: average plasma melatonin curves of morning (open trian-
gles) and evening (filled triangles) types during the CR. Average curves
were compiled with respect to actual time of day. The average hourly
value for each individual was first calculated, and those hourly values
were then averaged across subjects for each of the two groups.

does not in itself demonstrate that there is a fundamental
biological difference between morning and evening types.
One could postulate, for example, that differences in light
exposure patterns between the two groups secondary to
their different self-selected sleep-wake schedules might
provide a simple explanation for the difference in the
clock hour of the temperature and melatonin phases. Such
differences in phases would be expected between any two
groups of subjects living on such different sleep-wake and
light-dark schedules, even if there were no underlying
biological differences between them.

However, in the present study we have demonstrated
for the first time that there are internal differences in
entrained circadian phase even when the habitual sleep-
wake cycle is taken into account. We found that while
evening types do have later wake times, their wake times
occur earlier with respect to their endogenous temperature
and melatonin phases than do the wake times of morning
types. This should expose more of the phase-advance por-
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Figure 5. Temperature and melatonin z-score curves of young morning
and evening types averaged with respect to habitual waketime. Symbols
as in Figure 4. Data for each subject were first expressed relative to the
subject’s mean (=0) and standard deviation (=1). Average curves were
compiled with respect to each subject’s habitual waketime, with habitual
waketime set to a reference value of 08:00 for all subjects. The average
hourly z-score for each individual was first calculated, and those hourly
values were then averaged across subjects for each of the two groups.

tion of the PRC in evening types and less in morning
types. Thus, a simple difference in morning light exposure
cannot explain the differences we observed in the timing
of circadian phase between morning and evening types.
There are a number of alternative possibilities as to
why morning and evening types not only have different
sleep-wake times and endogenous circadian phases, but
also have a difference in the phase relationship between
the sleep-wake cycle and underlying circadian rhythms.
On any given day it is possible that societal factors, such
as school, work, etc. could lead an individual or group of
individuals to awaken earlier than they would have if they
were free to follow their biological urges, thus causing an
artificially shorter or longer interval between their circadi-
an phase and self-reported wake time. However, all sub-
Jects included in this study maintained a regular sleep-
wake (and associated light-dark) schedule for three weeks

Circadian Rhythms and Morning-Eveningness/Duffy, Dijk, Hall, Czeisler
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Figure 6. Average interval between endogenous circadian temperature
nadir and habitual waketime in young evening (upper bar) and morning
(middle bar) types, and older morning (lower bar) types.

prior to entering the study. If there were no difference in
underlying circadian biology, at least 20 days should have
been more than sufficient® to entrain all subjects to the
same phase relationship (such that the interval between
their temperature and melatonin phase and usual wake
time would be the same). Furthermore, a previous study
found a high degree of test-retest reliability when a morn-
ingness-eveningness questionnaire was administered to
students first during the school term and again three
months later during vacation or nine months later after
working on rotating shifts.*” This suggests that a prefer-
ence for morningness or eveningness is independent of
social requirements.

A second possibility is that there is a difference in the
daily light exposure pattern between the two groups. If
evening types receive brighter light in the evening hours
and/or morning types receive brighter light in the morning
hours, it might result in the phase angle differences we
observed in the present study.® It is also possible that
there might be an underlying difference in the circadian
timing system that leads individuals to become morning
or evening types. For example, if the shape of the PRC to
light were different between the two groups, this could
lead to differences in the phase angle between circadian
phase and usual waketime.

The third possibility is that there are differences in
intrinsic period between morning and evening types. In
1971, Konopka and Benzer found that by selective breed-
ing of Drosophila that eclosed early or late relative to the
light-dark cycle, they could identify genetically mutant
strains with abnormally short (19 hours) or long (28
hours) circadian periods.’! Genetically-determined differ-
ences in circadian period have since been identified in
other species, including mammals,’>> and it has been
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demonstrated that these genetic differences are related to
fundamental clock mechanisms at the molecular
level **53 That there might be a difference in instrinsic
period between morning and evening types is supported
by preliminary data from a forced descynchrony protocol
conducted in our laboratory. When the intrinsic period of
the core body temperature rhythm of 17 young men was
compared with their morningness-eveningness score, a
significant negative correlation was observed, such that
subjects with shorter intrinsic periods rated themselves as
more morning-like*® (Pearson correlation coefficient:
r=-0.59, P<0.02). While this observation is preliminary,
it is known that interindividual differences in circadian
period are associated with differences in phase angle of
entrainment.’” %" Furthermore, a recent study found an
association between a polymorphism in the clock gene
and diurnal preference in humans.®! Taken together, these
provocative findings suggest the possibility of a genetic
basis to morningness-eveningness preferences in humans.

The results of the present study also provide important
information for understanding age-related changes in
habitual sleep times, and the possible causes of those
changes. We found that older people systematically rate
themselves as more morning-like than do young adults,
confirming previous reports.®!® We also found that the
time of the endogenous core body temperature phase of
the older morning types occurred at an earlier clock hour,
as we might expect based on previous reports from older
persons in general®® and on our current findings from
young morning types. However, we found a profound dif-
ference in the phase angle between the core body tempera-
ture nadir and habitual waketime between young and older
morning types, with the older morning types waking at a
significantly earlier circadian phase than the young morn-
ing types. In fact, the phase angle of older morning types
was more like that of young evening types. Thus, the
chronobiological features associated with self-reported
morningness are quite different in young and older sub-
jects.

These findings, together with other recent findings
from our laboratory,®®”! suggest that the primary reason
older people awaken at an earlier hour is because they are
unable to sustain sleep at or just after the minimum of the
core body temperature rhythm, rather than simply being
the consequence of a circadian phase advance. This may
lead older people to awaken at a relatively early circadian
phase, at which time they are sensitive to the phase
advancing effects of morning light exposure. This in turn
will further advance their circadian phase and their ability
to maintain sleep to an even earlier hour. In contrast, we
hypothesize that the primary mechanism underlying
morningness-eveningness in young adult men is interindi-
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vidual differences in circadian period. The results of this
study have important implications for understanding cir-
cadian rhythm sleep disorders such as delayed and
advanced sleep phase syndrome, which may in fact repre-
sent extreme forms of the morningness-eveningness con-
tinuum described here.
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