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Abstract 

In dealing with inter-individual phase differences in overt circadian rhythms, it is often difficult to distinguish the impact of the 
endogenous circadian oscillator from that of an individual's habitual lifestyle. In an attempt to resolve this uncertainty about the role of 
masking influences, two groups of subjects, morning-types and evening-types, were selected and monitored during entrained, habitual 
sleep-wake conditions and during 24 h of controlled wakefulness in a laboratory-based constant-routine procedure. Under both con- 
ditions significant differences were observed in the circadian phases of body temperature and subjective alertness. During constant 
routine mean between-gloup differences for these two variables were 2.12 and 4.28 h, respectively. Thus, evidence is provided for the 
endogenous nature of morningness-eveningness. 
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The form of overt circadian (-24 h) rhythms may vary 
considerably between individuals, which may be indica- 
tive of the condition of the underlying circadian oscillator. 
For example, inter-individual differences in the amplitude 
and/or the phase of the body temperature rhythm have 
been implicated in circadian clock dysfunction associated 
with affective disorde:rs [18], chronic forms of insomnia 
[15], and intolerance for shiftwork [14]. The assessment of 
the phase of circadian rhythms is of particular relevance 
because it provides information about the temporal orga- 
nization of the body's regulatory processes. Various morn- 
ingness-eveningness questionnaires have been put forward 
in an attempt to estimate the characteristic phase position 
of an individual (e.g. [8]). The difficulty in dealing with 
the concept of morning-type (M-type) and evening-type 
(E-type) individuals, however, lies in the uncertainty 
about the impact of the endogenous circadian oscillator 
versus that of an individual's lifestyle and its ensuing 
masking effects upon an overt rhythm's waveform [19]. 
In an attempt to solve this problem, M-types and E-types 
were selected and monitored, both in the presence and in 
the absence of masking influences, i.e. during habitual, 
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entrained sleep-wake conditions and during 24 h of con- 
trolled wakefulness in a constant routine procedure. 

Volunteer subjects with no reported sleep complaints 
were recruited from students and were paid for their parti- 
cipation in the study. In a two-step procedure, care was 
taken to screen subjects as habitual M-types or E-types by 
employing criteria which were derived from both ques- 
tionnaire and sleep-wake log data of similar groups of 
students, who had participated in an earlier study [9]. 

Candidate subjects who obtained extremely low or high 
scores on a Dutch morningness-eveningness questionnaire 
were instructed individually how to use a sleep-wake log- 
booklet, in which they kept daily records of their bedtimes 
and times of final awakening, and with a mean frequency 
of five to six times per day, measurements of their oral 
temperature (calibrated electronic thermometer) and sub- 
jective alertness (five-point rating scale) for a period of 2 
consecutive weeks. In order to promote a uniform distri- 
bution of measurements, the subjects were instructed to 
make these self-measurements about once every 3 h, 
except when asleep. Subjects were told not to measure 
their temperature within half an hour after ending activ- 
ities such as eating, drinking, bathing or heavy physical 
exercise. 
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For each subject, the values of oral temperature and 
subjective alertness were folded into one 24 h period and 
fitted with a third-degree polynomial. The validity of this 
'ensemble averaging' procedure was verified by applying 
periodogram analysis to the temperature and alertness data 
(Lomb method [10]). Except for the alertness data of one 
E-type subject, all data-sets gave evidence of a pro- 
nounced 24 h periodicity. Next, the tmax (i.e. the time at 
which the fitted curve reaches its maximum value) of the 
oral temperature was identified. The subject was selected 
if his/her tmax (oral temperature) fell earlier than 1730 h 
(for M-types) or later than 1930 h (for E-types) [9]. In 
total, seven M-types (mean age 23.9 years, range 22-27; 
three females) and seven E-types (mean age 23,6 years, 
range 20-28; three females) were included, after obtaining 
their written informed consent. 

The difference between the mean tmax (oral temperature) 
values of the two groups amounted to 4.6 h (see Table 1). 
Significant differences were also obtained for the other 
phase estimates derived from the log-booklet, i.e. the 
mid-sleep times (midpoint of estimated period of sleep) 
and the tmax (alertness) values. 

The group difference in sleep-wake behavior could be 
verified by the use of actigraphy [17] for five M-types and 
five E-types. During a period of 11 days overlapping the 2 
weeks of log measurements, a continuous recording was 
made of spontaneous body movements by means of an 
activity monitor, worn on the wrist of the non-dominant 
arm. On the basis of half-hour values a mean 24 h pattern 
was calculated for each subject, and fitted with a 24 h 
harmonic sinusoidal curve. The tmax (actigraphy) values 
differed significantly between the two groups (see Table 
1), and correlated significantly with the mid-sleep times 
(Spearman rank correlation, 0.77, n = 10, P < 0.01). 
Thus, a consistent between-group difference in the habi- 
tual 24 h sleep-wake pattern was apparent. 

Halfway the 2 weeks of log measurements an ambula- 
tory 24 h recording of rectal temperature was made, sam- 
piing one value every 2 min. A combined 24 h 

Table 1 

Mean values (h) + SD (h) of the estimates of circadian phase position. 

Phase estimate M-types E-types 

Mid-sleep time 0331 ( _+ 0037) 0601 
tma,(Oral temperature) 1537 ( + 0136) 2013 
tm~x(Alertness) 1152 ( + 0145) 1752 
tm~x(Actigraphy) 1425 ( + 0104) 1723 
tm~(Ambulatory rectal 0323 ( + 0028) 0557 
temperature) 
tm~(CR rectal 0438 ( _+ 0046) 0645 
temperature) 
tmax(CR alertness) 1525 ( + 0142) 1942 

+ 0047) 
_+ 0055) 
+ 0148) 
+_ 0043) 
+ 0112) 

+ 0053) 

+_oo41) 

tmax and tram denote the times at which the curve fitted to the data reaches 
its maximum and minimum values, respectively. All comparisons were 
tested (two-sided) with the Mann-Whitney test, and gave significant 
(P < 0.01) results. 
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Fig. 1. Mean rectal temperature (°C) curves for seven M-types (bold line) 
and seven E-types (thin line), recorded during constant routines. The 
mean times at which a fiued combined 24 h fundamental and 12 h 
harmonic sinusoidal curve reached its minimum were 0438 and 0645 
h, respectively. 

fundamental and a 12 h harmonic sinusoidal curve [3] 
was fitted to these data and the tm~ (ambulatory rectal 
temperature) calculated. A comparison between the tmi, 
(ambulatory rectal temperature) values of the M-types 
and the E-types showed a mean difference of 2.6 h (see 
Table 1). 

Ambulatory recording of the rectal temperature rhythm 
is likely to be confounded by the masking effect of sleep 
[11]. Therefore, the constant routine (CR) protocol was 
used to reveal the phase of the endogenous circadian oscil- 
lator. The CR protocol as introduced by Mills et al. [12] 
and subsequently modified by Czeisler et al. [4], mini- 
mizes the confounding effects of exogenous environmen- 
tal (light-dark) and behavioral (sleep-wake) stimuli, and 
thus exposes the unmasked phase of the circadian oscilla- 
tor. Following the 2 week log period, the subjects were 
recorded in a 24 h constant routine procedure, preceded by 
2 h of laboratory adaptation. Briefly, this procedure con- 
sisted of subjects being maintained awake in a near supine 
position in bed, in constant ambient temperature (21°C) 
and constant illumination (100 Ix). Subjects were occupied 
with activities such as reading, watching video movies, 
and casual conversation. Their daily nutritional and liquid 
intake was divided into hourly equi-caloric quantities. 
Rectal temperature was automatically recorded every 2 
min; subjective alertness was assessed by the use of a 
20-item checklist [16], which was filled out by the subject 
every half-hour. Both the CR rectal temperature values 
and the CR subjective alertness scores were fitted with a 
combined 24 h fundamental and 12 h harmonic sinusoidal 
cu rve .  

The/min (CR rectal temperature) occurred on average at 
0438 and 0645 h, for the M-types and the E-types respec- 
tively, and differed significantly (see Fig. 1). The 2.1 h 
difference between the means is substantial, considering 
that their respective 95% confidence intervals (for M-types 
0354-0524 h; for E-types 0554 -0736 h) do not overlap. 
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Fig. 2. Mean subjective alertness factor scores for seven M-types (bold 
line) and seven E-types (thin line), recorded during constant routine. The 
mean times at which a fitted combined 24 h fundamental and 12 h 
harmonic sinusoidal curve ieached its maximum were 1525 and 1942 
h, respectively. 

In a 'b l ind '  procedure, using a median split of  the tmin (CR 
rectal temperature) values, the subjects were categorized 
as 'ear ly  phase '  or ' late phase ' .  The Fisher exact probabil-  
ity test confirmed that the 'ear ly  phase '  and ' late phase '  
individuals could be reliably identified as members of  the 
original M-type and E-type groups (P < 0.001). The 
between-group difference for tmax (CR alertness) was 
also significant, being about twice that for rectal tempera- 

ture (see Fig. 2 and Table 1). 
The circadian phase difference between M-types and E- 

types, observed under constant routine conditions, far 
exceeds the inter-individual variabili ty that may be 
expected on the basis of  previous studies [5,6,13]. Appar- 
ently, the selection criteria employed in the present study 
were successful in exposing the boundaries of  inter-indi- 
vidual phase variability. Underlying this inter-individual 
variabil i ty may be differences in the entrainment of  the 
circadian oscillator, originating from differences in habit 
formation and/or conditioning. Differences in the 24 h 
activity pattern, as observed in the present study, may 
entail differences in exposure to phase-resetting stimuli 
such as the l ight-dark cycle, and subsequently give rise 
to differences in the phase of  entrainment of  the circadian 
oscillator. Moreover,  the results of  a recent study [ 1 ] in rats 
indicate that environraental cues, through associative 
learning, can come to mimic the effect of  light on the 
circadian oscillator and thereby bring about entrainment 
of  circadian rhythms. Alternatively, differences in the 
intrinsic period r of  the circadian oscil lator may account 
for the phase differences during entrainment. Although 
still awaiting supporting evidence, this would imply that 
M-types are characterized by relatively short periods, and 
E-types by relatively long periods [7,20]. 

The correspondence between the M/E classifications of  
the subjects on the basis of  their CR rectal temperature and 
ambulatory oral tempe, rature data suggests that, given 

appropriate data acquisition and data analysis techniques, 
oral temperature measurements can provide a practical 
means whereby individuals can be 'phase typed ' .  Appar-  
ently, masking influences only partially account for the M- 
type versus E-type difference measured under ambulatory, 
natural conditions. This can have important clinical impli-  
cations, now that there is a growing recognition of  the 
involvement of circadian rhythmicity in the development 
and treatment of  a wide variety of diseases [2]. 
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