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Abstract
Resurgence in the field of sleep initiation and thermoregulation 
has seen a number of investigators reporting relatively gradual 
increases in distal skin temperatures of the hands and feet prior 
to sleep onset at typical bedtimes. The present study extends 
upon prior knowledge by investigating whether: (1) this is a 
change of distal skin temperature triggered specifically by the 
attempt to fall asleep and (2) whether this relationship holds 
for various phases of the circadian rhythm whenever sleep is 
attempted. Fourteen healthy good sleepers participated in a 
modified 45-h constant routine (CR) with multiple sleep onset 
latency tests (MSLT) conducted every half hour. After a brief 
decrease of finger temperature associated with small postural 
adjustments at the beginning of each sleep latency test, finger 
temperature showed rapid (0.8 _C min)1) increases of 1–3 
_C leading up to the onset of sleep. This rapid increase of 
finger temperature was relatively consistent across the 45-h 
CR, despite very significant circadian variation of the pre-MSLT 
baseline finger temperature and homeostatic decrease of sleep 
latency.

Keywords
sleep onset, finger temperature, circadian rhythm

I. Introduction 
Originally it was believed that the evening decline in core 
body temperature was the best predictor of the time taken to 
fall asleep (e.g. Aschoff 1970). However recently, distal skin 
temperature has shown promise as a predictor of sleep onset 
latency (SOL). Distal skin regions have shown increases in 
temperature of approximately 0.5–1.0 _C in the evening prior 
to sleep onset (Brown 1979; Collins et al.1995; van den Heuvel 
et al. 1998; Kleitman et al. 1948; Kra¨ uchi et al. 1997b,2000; 
Kubo et al. 1999). Increases in distal skin temperatures have 
been linked with objective and subjective sleepiness (Gilbert 
et al. 2000; Kra¨ uchi et al. 1997c). In addition, modelled 
circadian rhythm data predict optimum sleep onset probability 
when distal skin temperatures are increasing most rapidly (van 
Someren 1999, 2000). In fact, the distal to proximal gradient 
(DPG), calculated as distal skin temperature minus proximal skin 
temperature Correspondence: Leon Lack, Flinders University 
of South Australia, Psychology Department, GPO Box 2100, 
Adelaide, SA 5001, Australia (Tel.: +61 08 8201 2391; fax: 
+61 08 8201 3877; e-mail: leon.lack@flinders.edu.au) (e.g. 
stomach, forehead, etc.), predicts SOL better than subjective 
sleepiness, core body temperature, and the rate of change of 
core body temperature (Kra¨ uchi et al. 1999, 2000). 
Explanations for the increase in distal skin temperature 
preceding sleep onset are in terms of increases in evening 
heat loss via vasodilation of blood vessels supplying distal 
skin regions, resulting in heat dissipation at the extremities 
and a lagged cooling of core body temperature (Kra¨ uchi and 
Wirz- Justice 1994; Kra¨ uchi et al. 1997c, 1999, 2000). This 
model is supported by evidence that the circadian rhythm of 
distal skin temperature rhythms is advanced with respect to the 

core body temperature rhythm (Schmidt 1972: cited in Aschoff 
1983; Kra¨ uchi and Wirz-Justice 1994). At the cortical level, 
variations in firing rates of specific brain sites related to both 
sleep and distal skin temperatures have also been implicated 
(van Someren 1999, 2000).  
With such consistent findings of elevations in distal skin 
temperature prior to sleep onset using continuous thermometry 
measurements, it is surprising that data have been presented 
macroscopically, either in terms of hours (Collins et al. 1995), 
30-min bins (Kra¨ uchi et al. 1997b, c, 1999, 2000), or 10-
min bins (van Den Heuvel et al. 1998), Correspondence: 
Leon Lack, Flinders University of South Australia, Psychology 
Department, GPO Box 2100, Adelaide, SA 5001, Australia (Tel.: 
+61 08 8201 2391; fax: +61 08 8201 3877; e-mail: leon.
lack@flinders.edu.au) or displayed as raw data on hourly time 
scales (Brown 1979; Kra¨ uchi et al. 2000; Kubo et al. 1999). 
The present study examined more microscopic variations of 
distal skin temperature changes preceding sleep onset in 0.5-
min intervals. 
In addition, it is not known whether the association between 
increasing distal skin temperature and sleep onset occurs 
during times in the circadian rhythm other than around the 
habitual evening bedtime period. The present study used a 
45-h modified constant routine (CR) method with half-hourly 
multiple sleep onset latency tests (MSLT) to test the strength 
of the relationship between increasing distal skin temperature 
and sleep onset at all circadian phases.

II. Methods

A. Participants
Fourteen participants were recruited from the Flinders 
University Employment Service (11 males, three females, mean 
age ¼ 28.14 years, SD ¼ 10.05). Participants were paid a 
$400 for their completion of the experiment. All participants 
were in good health and were good sleepers, as assessed by 
a sleep questionnaire devised by the Flinders University Sleep 
Laboratory [i.e. estimated SOL <30 min, total wake time after 
sleep onset (WASO) <20 min, sleep efficiency (SE) >87%], with 
no physical conditions disturbing their sleep (e.g. headaches, 
back pain, asthma, restless legs, sleep apnoea, etc.). Other 
exclusion criteria included: smokers, excessive consumers of 
alcohol or caffeine, users of prescribed medication, excessive 
sleepiness, extreme morning or evening types. Females 
participated during the follicular phase of their menstrual cycle 
to avoid any possible effects of ovulation and the luteal phase 
on temperature measures. 
Participants were instructed to maintain a regular sleep– wake 
pattern for 2 weeks prior to the experiment. All participants 
complied with these instructions as indicated by wrist activity 
monitors and sleep–wake diaries. Participants were instructed 
to avoid caffeine for 1 week and alcohol for days prior to the 
experiment. Two night’s polysomnographic recording was 
performed for all subjects. The first conducted at least 1 
week before the experiment served to screen for any sleeping 
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abnormalities, the second was an adaptation night and was 
performed at the beginning of the laboratory testing. The study 
was approved by the Social and Behavioral Ethics Committee 
of the Flinders University of South Australia.

B. Design
The experiment consisted of a 55-h laboratory session consisting 
of a 10-h nocturnal polysomnography (PSG) with an ad libitum 
sleep period starting at the participant’s typical sleep onset 
time. Upon final awakening the next morning, a modified 45-h 
CR commenced. The CR was modified by the inclusion of MSLT 
conducted half-hourly.  

C. Procedure
Subjects arrived at the Flinders University Sleep Laboratory 
at approximately 20:00 h, where they were fitted with 
electroencephalograph (EEG) (CZ, OZ, C3 and A2), 
electrooculograph (EOG) and electromyography (EMG) 
electrodes for their nocturnal PSG. The following morning 
the C3, A2 EEG and EMGelectrodes were removed. A skin 
thermistor (YSI 400 Series Probe, 409B, time constant ¼ 1.1 
s; Yellow Springs Instrument Co Inc, OH, USA) was taped to 
the palmar surface of the index fingertip of their right hand 
using microporous tape. Subjects were instructed to keep their 
hand outside of the bed covers at all times. This instruction 
was obeyed and witnessed by sleep technicians. The 45-h CR 
then began with the first MSLT occurring at the closest 0.5-h 
point.  
During wake-periods in the laboratory session, subjects were 
instructed to remain in bed in a near supine position with 
the head and shoulders slightly raised (approximately 30_ 
flexion). Instructions were monitored frequently by the sleep 
technicians. Activity was restricted to reading, watching video 
movies, board games, talking to sleep technicians, and other 
quiet activities. Small snacks (100 kcal) were given every 2 h 
(12 snacks equating to the normal daily caloric intake), and 
water provided when required. The 45-h CR was conducted 
in constant environmental conditions free of time cues. The 
bedroom temperature was maintained at 20 _C with light 
intensity during wake periods <50 lux. Subjects wore light bed 
clothes under light bed covers.
At the commencement of each sleep latency trial (SLT), subjects 
were instructed to assume a comfortable sleeping position, 
close their eyes, remain still and allow themselves to drift off 
to sleep. The sleep technician turned off the lights, exited the 
bedroom, and closed the door. 
From the beginning of the experiment to 23:30 h on the first 
day, recordings of each SLT began after the bedroom door was 
closed, allowing ample opportunity for subjects to initiate sleep 
during phases of the circadian rhythm where it was likely to 
result in lengthy latencies to sleep onset. From midnight on the 
first day till the end of the experiment (32 h later), recordings of 
temperature and PSG were started before the sleep technician 
entered the bedroom to administer scales, because of the 
possibility of very quick sleep onsets. 
EEG and EOG were amplified at the bedside with a high gain, 
low noise patient isolated differential physiological acquisition 
amplifier (Flinders University Psychology Electronics Workshop). 
The amplified EEG and EOG signals were then inputted to 
a Power Macintosh 7300 ⁄ 200 computer in the adjacent 
experimental room and digitized at a sampling rate of 200 Hz. 
Skin temperature was digitized and sampled at a rate of 200 Hz. 

All signals were then displayed and recorded using the LabView 
5 software program (National Instruments Corporation, Austin, 
TX, USA). 
Raw EEG and EOG data were displayed in three sequential 10-s 
epochs for each 30-s epoch (e.g. the first 0–10, 10–20 and 
20–30 s), at a visual resolution of 1.5 cm s)1. This was followed 
by the entire 0–30-s epoch, displayed at a visual resolution of 
0.5 cm s)1. Adjusted continuous skin temperature (averaged 
into 30-s bins) was displayed and recorded for each SLT trial 
throughout each laboratory session. A mean finger temperature 
was calculated every 30 s using LabView 5. The data were 
visually inspected for any temperature dropouts caused by 
technical difficulties. If this occurred for three consecutive 30-s 
epochs or more in a single trial, the data for this trial were 
subsequently treated as missing data and removed (<1%). If 
periodic temperature drop-outs occurred (i.e. one or two 30-s 
epochs) and a trend could be observed using the previous and 
subsequent data, these data points were substituted via a 
linear interpolation procedure (occurrence <1%). Trials in which 
subjects did not meet Stage 1 sleep criteria (in the allotted 
25 min maximum period) were excluded from temperature 
analyses (occurrence <3%). 
In addition, LabView 5 displayed and recorded alpha (8– 12 
Hz), theta (4–7 Hz), and delta (0.5–4 Hz) wave frequency 
bands of the EEG via a power spectral analysis graph. The 
graph displayed one point for each frequency waveband for 
every 30-s epoch. The y-axis represented the amount of power 
in watts for each waveband. The x-axis represented time in 
minutes with skin temperature and EEG power recorded at 
30-s intervals. The power spectral analysis graph was used to 
detect the precisely quantified decrease in alpha waves as an 
indication of sleep onset.
 Trials commenced at lights out. However, for the purpose 
of SOL, the beginning of SOL was considered started when 
both delta activity decreased to minimal levels (indicating 
subject had physically settled) and alpha activity increased. 
Trials ceased when sleep onset was determined, based on 
rechtschaffen and Kales (1968) EOG criteria and EEG criteria 
for Stage 1 sleep of three consecutive 30-s epochs of alpha 
wave activity below 50% alpha wave baseline activity.

D. Statistical analysis
Finger temperature data for the entire experiment were divided 
into eight separate periods to represent different phases of the 
circadian rhythm (see Fig. 1). These phases included an initial 
3-h adjustment period, followed by seven, 6-h periods. 
 As finger temperature was only recorded immediately prior 
to and during the sleep latency period and because sleep 
latencies varied within and between subjects, two steps 
were implemented in order to graphically illustrate the typical 
temperature changes during SLTs for the different phases. The 
first step was to average within-subject data. For each subject 
within each phase, there were data for 10–12 SLTs of varying 
length and thus varying length of finger temperature data. To 
derive a typical finger temperature change for that subject in 
each phase, we decided to calculate the mean for each epoch 
starting at lights out and continuing until three data points were 
finally lost from the three shortest sleep latencies in that phase. 
Thus the mean finger temperature curve was derived from the 
average of the seven to nine remaining trials up to that time 
point. This was a compromise between having a satisfactorily 
long mean curve but one that was still adequately representative 
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of the majority of SLTs for that phase. This produced average 
SLT finger temperature graphs for each phase for each subject. 
The second step was to average between-subject data, where 
the three subjects with the shortest averaged trials for each 
phase were eliminated. This produced the group average finger 
temperature graphs that represented the large majority of the 
time of SLTs for 11 of 14 subjects in each phase. The above 
averaging processes were used to get a good illustration of 
finger temperature increases (see Fig. 2) and did not form part 
of the statistical analysis.
To evaluate statistical significance of changes of finger 
temperature in the SLTs, means were calculated for each 
subject and then for all 14 subjects in each phase for the 
following four temperature points of interest: _baseline_ (i.e. 
the first data point collected when subjects were lying still 
and relaxed, but before lights out and instructions to settle 
for sleep), _settling_ (first 30-s epoch following cessation of 
presleep positioning movement), _sleep onset_ (first of three 
epochs of sleep), and the _maximum_ temperature value (i.e. 
represented by the third of the three epochs of sleep). These 
means were entered in a separate database for subsequent 
analyses. 
To justify combining finger temperature data for both males and 
females, a two-way repeated measures analysis of variance 
(anova) was performed with two factors, _gender_ and _
time_, on data in the eight different phases. As no significant 
differences were found for the _gender_ (all F-values <1.15) 
or _gender time_ (all F-values <2.40) factors, data were 
pooled. If significance was found with the factor _time_, paired 
t-tests were performed to test specific differences between 
temperature data points of interest in the various phases. 
Calculations were performed to ascertain the maximum rate 
of increase (MROI) of finger temperature for each subject for 
each phase by using the formula, [ROI(FT) ¼ (FT(n+1) – FT(n)) 
⁄ t], where t ¼ time and FT ¼ finger temperature. When this 
formula was applied to all adjacent data points, the maximum 
value was identified (MROI)

Fig. 1. The 45-h period seperated into eight circadian phases. 
Note : M, morning; A, Afternoon; E, Evening; N,Night; 1 and 2 
indicate phases on the first and second day, respectively (e.g. 
M1, morning; M2, morning 2).

Fig. 2 : Typical acute finger temperature changes preceding 
sleep latency trails (SLT) for the different circadian phase of 
the 45-h period.

Post-hoc one-way repeated measures anovas were performed 
on _baseline_ and _settling_ temperature data to determine 
any significant circadian effect of finger temperature.

III. Results 

A. Finger temperature changes during MSLTs
Fig. 2 shows the typical changes in finger temperature occurring 
during SLTs for different phases of the circadian rhythm. Note 
that due to recording for trials on the first day being started 
at lights out, in order to allow ample time for subjects to fall 
asleep, _baseline_ data are missing for the first three phases 
on day 1.
Inspection of Fig. 2 shows fairly consistent changes of finger 
temperature during sleep onset trials. In those periods in 
which base line temperature was recorded there was a limited 
decrease of temperature over a period of 60 s. This was followed 
by equally rapid increases of finger temperature during the 
approach to sleep onset. Table 1 summarizes the information 
in Fig. 2, presenting mean and standard deviations for base 
line, settling, sleep onset and maximum finger temperatures, 
as well as SOL data.
To test differences in mean temperatures within each circadian 
phase, a series of one-way repeated measures anovas were 
performed between the three temperature time points (i.e. 
base line, settling, sleep onset), with two temperature points 
for the first three phases, as no baseline measures were 
available. All these anovas showed significant differences 
(see Table 2).Therefore, subsequent comparisons between 
pairs of temperature points were performed to identify such 
differences.

B. Changes from baseline to settling temperature
For the last five phases of the experiment where base line 
measures were recorded (i.e. nights1 to 2), there were significant 
decreases in finger temperature during the first 1.5 min from 
the baseline measure to settling (see Table 2). 
Decreases in finger temperature coincided in all cases with a 
slight degree of re-positioning that was directly observed by 
sleep technicians, usually from near supine to full supine or 
lying flat on the side. 
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C. Changes from settling to sleep onset temperature
Following settling, there was a relatively rapid rise of finger 
temperature, starting with acceleration, reaching a maximum 
rate of increase, then a deceleration or plateau effect especially 
for phases with longer SOL mean (e.g. M1, A1, E1). The maximum 
rate of increase was calculated for each phase with an overall 
mean (SD) of 0.83 (0.09) C min)1, with a range from 0.66 _C 
min)1 (night2) to 0.97 _C min)1 (evening 1). On examining 
the full extent of finger temperature increases, as expected, 
significant increases in finger temperature were recorded from 
settling to the first epoch of Stage 1 sleep for all eight phases of 
the experiment (see Table 2). The magnitude of the increase in 
finger temperature during this time ranged from just over 1 _C 
(night2) up to nearly 3 _C (afternoon1). Note that the smaller 
increase found in the later phase coincided with shorter SOL 
(3 min) in subjects with high sleep pressure at this stage of the 
experiment. Conversely, the greater absolute increases found 
in the earlier phases of the experiment coincided with longer 
SOLs (average SOL 10.54 min for afternoon2) and a greater 
opportunity for finger temperature to approach its maximum 
presleep level.

D. Changes from baseline to sleep onset temperature
Originally, analyses of acute changes in skin temperatures 
have been focused on the time between lights out and the first 
sign of sleep onset (e.g. Brown 1979). However, as we found 
that positioning oneself is associated with a decrease in finger 
temperature, it was not known if this process would result in a 
rebound effect of temperature. That is, if finger temperature 
simply returns to baseline levels by the time of sleep onset. If 
this were so, then increasing finger temperatures would not 
be a function of initiating sleep, but would, at least partly, be a 
return to baseline after the response to physical settling.
Analyses confirmed that despite the decrease in finger 
temperature during settling down for sleep, finger temperature 
significantly increased beyond baseline measures for all phases, 
but not significantly for the last phase of the experiment (see 
Table 2). The non-significant finding for night 2 may be either 
due to the small amount of available time for the skin to warm 
up because of short SOL trials, and ⁄ or a ceiling effect as 
finger temperature was already elevated at baseline levels. 
Further analysis of finger temperature in phase 8, using the 
third of the three consecutive criterion sleep epochs (termed 
the _maximum_ value) instead of the first epoch, revealed that 
the maximum epoch was significantly higher than baseline, 
t(12) ¼ 3.81, P ¼ 0.0025. 

E. Circadian rhythm effects 
Variations across phases in the absolute temperature values at 
baseline, settling, etc. in Fig. 2 suggest circadian fluctuations in 
finger temperature during the course of the 45-h experiment. 
As finger temperatures at _sleep onset_ and _maximum_ 
time points are the result of their dependence on length of 
SOL, analyses were performed on _baseline_ and _settling_ 
finger temperature data. The results of one-way anovas 
showed significant circadian variations for both baseline finger 
temperature measures, F12,4 ¼ 8.90, P < 0.0001, and settling 
finger temperature, F11,7 ¼ 6.66, P < 0.0001 (see Fig. 3).
Inspection of Fig. 3, shows equivalent high finger skin 
temperatures for both the same circadian night phases, which 
are in the same time period (i.e. 24:00–06:00 h). Of interest 
is the equivalence of these temperatures, and that sleep 

deprivation had no significant effect on them, t(12) =0.96, 
P = NS.
A more evident circadian effect can be observed in the settling 
mean values, where finger temperatures are equivalent for 
afternoon phases (approx. 30.9 _C), evening phases (approx. 
31.3 _C), and night phases (approx. 32.5 _C). Only morning 
phase temperatures are not equivalent, t(12) ¼ 2.56. P < 
0.05.

IV. Discussions
The findings of the present study regarding skin temperature 
changes related to sleep onset are consistent with those of 
previous researchers. Although, as early as 1881, investigators 
were measuring diurnal variation in distal skin temperatures, it 
was not until 1939 that Magnussen discovered such changes 
related to sleep function (Brown 1979). Kleitman et al. (1948) 
then discovered changes in skin temperature of the fingers 
and toes prior to nocturnal sleep.  Furthermore Brown (1979) 
observed increases in toe temperatures before and after sleep 
initiation. However, to our knowledge, detailed changes of finger 
temperature between lights out and sleep onset have not been 
previously reported.

Fig. 3 : Circadian rhythms of finger temperatures and the 
maximum rate of finger temperature (MROI) for 45-h period.

In the present study, significant increases in finger skin 
temperature preceding sleep onset were found for all times 
across a 45-h period. When sleep latencies were long on the 
first day, increases of close to 3 _C were observed from lights 
out to stage 1 sleep. On the second day, increases were less 
and n the magnitude of 1.5 _C. The reduced magnitude was 
most likely the result of finger temperature recording being 
truncated by extremely short SOLs during sleep deprivation 
conditions.
Despite differences in the amount of finger temperature 
elevation observed, the maximum rate of temperature increases 
over the entire 45-h experiment remained relatively consistent. 
The fact that these increases occurred at different times of 
the day, other than habitual sleep onset, are congruous with 
findings by van den Heuvel et al. (1998), who found significant 
distal skin temperature increases both before and after sleep 
onset occurring at habitual- and 2 h delayed-sleep onsets. It 
also suggests that these finger temperature increases are not 
confined to the circadian phase of normal bedtime when core 
body temperature is dropping. These rapid increases between 
lights out and sleep onset seem, therefore, to be part of the 
process of initiating sleep whenever that may occur. 
As noted in previous research, dense vascular beds of 
arteriovenous anastomoses (AVAs) are present in the distal 
regions of the cutaneous vasculature, such as the hands and 
feet (van den Heuvel et al. 1998; Kra¨ uchi et al. 2000). These 
authors have identified the role of vasodilation of distal AVAs in 
promoting rapid heat loss. Vasodilation may be primarily caused 
by withdrawal of sympathetic constrictor tone due to the dense 
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innervation of sympathetic vasoconstrictor neuronal pathways. 
Direct vasodilator input may, if anything, be secondary (Bell 
and Robbins 1997; Morris 1997). Hence, preceding sleep, 
reduced activation of sympathetic constrictor innervation 
relaxes circular muscles of AVA shunts (Bell and Robbins 1997), 
allowing greater inflow of heated blood from the core, and 
thus heat loss to the environment through the skin surface. 
Therefore, our measurement of skin temperature gives us an 
indirect measure of these above processes.
However, preceding these increases of finger temperature was 
a short duration decline of between 0.5 and 0.8 _C in finger 
temperature observed between baseline and lights out. Such 
a decline may be attributable to increased sympathetic activity 
caused by subjects’ muscular activation to effect postural shifts 
when preparing for sleep. Although previous researchers have 
found foot skin temperature to be affected by postural changes 
(e.g. Kra¨ uchi et al. 1997a, c), hand (as at the back of the hand) 
temperatures have not (Kra¨ uchi et al. 1997a). Yet, palmar 
finger temperature has been demonstrated as a sensitive 
measure of sympathetic activity, with a lag phase of 15–30 
s (Kistler et al. 1997), equivalent to the decline founding the 
present study between consecutive 30-s epochs. As subjects 
in the present study were relaxing before SLT in a near supine 
position, it is not surprising that finger temperature decreases 
were found with a mild muscular effort required in adjusting 
to sleeping position at the beginning of the trial.
 Following lights out and the settling of subjects into sleeping 
position, finger temperature then increased rapidly until the first 
epoch of sleep and usually continued to the end of recording for 
each trial by the third epoch of sustained sleep. This supports 
the findings of previous researchers measuring different distal 
sites, such as the toes (e.g. Brown 1979), hands and feet 
(van den Heuvel et al. 1998; Kra¨ uchi et al. 1997b, 1999; 
2000; 2001). However, as these researchers have collapsed 
temperature data into 10-min bins or greater, the present study 
is the first to observe acute temporal increases of distal skin 
temperature during the brief SOL period.
 As previously discussed, posturally invoked decreases in finger 
temperature may have caused a rebound effect, such that the 
increases observed were at least partially caused by finger 
temperature returning to prebaseline levels following the Figure 
3. Circadian rhythms of finger temperatures and the maximum 
rate of finger temperature (MROI) for the 45-h period. 280 
L. Lack and M. Gradisar _ 2002 European Sleep Research 
Society, J. Sleep Res., 11, 275–282 readjustment and settling 
activity. However, finger temperature at sleep onset consistently 
exceeded those at baseline levels, suggesting that factors other 
than postural changes are involved in the sequelae of events 
leading to sleep initiation.
Indeed, the components of the process of settling down 
for sleep (e.g. lying down, lights off, relaxation) are said to 
all induce physiological preparedness for sleep (Kra¨ uchi 
et al. 2000). As the subjects in the present study were 
relaxed before each sleep trial, the contribution of muscular 
relaxation on finger skin temperatures preceding sleep onset 
would, if anything, be minimal. Although reductions in light 
intensity produce endogenous melatonin secretion resulting 
in increased peripheral vasodilation (see Kra¨ uchi et al. 
1997b, c), the reduction in light intensity from less than 50 
to 0 lux in the present study is too small to affect significant 
melatonin secretion (Bojkowski et al. 1987). This, therefore, 
leaves two possible contributions to finger temperature 

elevations: differences in posture position and the transition 
from wakefulness to sleep. 
Although skin temperature of the hand remains relatively 
unaffected by postural changes, some researchers have noted 
that postural differences, from upright to supine may actually 
affect body temperature. In their study of poor sleepers, van 
Vianen et al. (1993) attributed most of the observed change 
in core temperature during sleep initiation to the postural 
change from upright to supine when settling down for sleep. 
In contrast, Brown (1979) in a posthoc analysis, found no 
significant changes in toe temperature when subjects changed 
from a reclining posture to supine and attempted to sleep, 
which supports the findings of Kra¨ uchi et al. (1997a,c). 
Despite these inconsistencies regarding the effect of postural 
changes, it appears that the transition in state from wakefulness 
to sleep may involve, by itself, increasing skin temperature at 
the extremities. Numerous investigators have found that the 
changes observed after sleep initiation in both core temperature 
(e.g. Barrett et al. 1993; van Vianen et al. 1993) and skin 
temperatures (e.g. van den Heuvel et al. 1998) are higher 
than those preceding sleep, implicating the functional role a 
reduction in consciousness plays. In fact, Barrett et al. (1993) 
found a decrease of core temperature evoked specifically by 
falling asleep when posture and environment were controlled. 
In addition, the non-significant change in hand temperature 
found by Kra¨ uchi et al. (1997a), when subjects changed 
from upright to supine, was in the order of half a degree 
Celsius over half an hour. Yet, in the present study, a much 
smaller postural change from near supine to supine resulted 
in an increase above baseline from 0.5 to 2.5 _C over only 
the few minutes before sleep onset. This suggests that the 
change of state from wakefulness to sleep, by itself, appears 
to be an important thermoregulatory factor. Nevertheless, it 
remains unclear as to the relative contributions that postural 
differences and a change from wakefulness to sleep make 
towards overall increases in distal skin temperature preceding 
sleep onset. Future studies investigating the functional link 
between thermoregulation and sleep initiation should control 
for any postural changes occurring at lights out. 
Significant circadian modulation was found for baseline finger 
temperature on the second day. As the process of settling 
down at lights out invoked a relatively constant drop in finger 
temperature of about 0.65 _C, temperatures at the settling time 
points also showed a significant circadian modulation for the 
entire 45-h experiment, with temperatures on the second day 
in parallel and about 0.6 _C lower than those of the baseline 
temperatures. However, finger temperatures during the first 
2–3 h of the experiment were considerably lower than those 
observed during later phases, including equivalent circadian 
time periods (e.g. morning on the second day). As Kra¨ uchi 
et al. (1997b) found similar disturbances in circadian body 
temperature at the beginning of their data collection which 
may be caused by postural adaptation and changes in physical 
activity, the lower temperatures found in the first 3 h of the 
present study may also be a result of such adaptation. However, 
this appears to affect only the absolute temperature observed 
during this phase and not the rate of temperature change after 
lights out as the latter was found to be consistent with other 
circadian phases.
Circadian finger temperatures were higher during nighttime 
periods (from midnight to dawn). Higher temperatures here 
may reflect the body’s action to expiate heat in order to down-
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regulate core body temperature (Aschoff 1970; Barrett et al. 
1993; Kra¨ uchi and Wirz-Justice 1994). This supports the 
findings from Kra¨ uchi and Wirz-Justice (1994) who found 
that the circadian effects of skin temperature in good sleepers 
were inversely related to core temperature. In addition, skin 
temperatures of distal regions, such as the hands, were phase 
advanced with respect to core temperature. This suggests that 
a decrease in core temperature is driven by heat loss from the 
extremities and is coincident with increased sleep propensity. 
Thus, sleep initiation and thermoregulatory processes appear 
to be functionally linked (Kra¨ uchi et al. 2000).
The procedure of measuring sleep onset on the first day by 
starting the SLT recordings at lights out, compromised the 
analysis of baseline measures for this day. Such measurements 
would give more insight into the robustness of decreased finger 
skin temperature caused by mild physical activity, especially in 
the absence of any effects of sleep deprivation. In addition, the 
inclusion of multiple sites to measure distal skin temperature 
changes may have provided more thorough analysis of the 
thermoregulatory processes and sleep initiation. 
Directions for future research could involve testing whether 
there are differences in distal skin temperature changes 
at sleep onset between good sleepers and sleep-onset 
insomniacs. This may provide valuable insight into one of the 
mechanisms that may be restricting the sleep initiation for 
this clinical population. Brown (1979) found no significant 
differences in toe temperature between good sleepers and 
insomniacs, yet this may be due to analyses of changes being 
in absolute terms rather than the rate of maximum increase. 
More recently, Pache et al. (2001) have found that individuals 
with medical Finger temperatures preceding sleep onsets 281 
_ 2002 European Sleep Research Society, J. Sleep Res., 11, 
275–282 vasomotor spasm conditions of the extremeties have 
long SOLs. Therefore, it would be interesting if the inverse were 
true. That is, those with long SOL (for example from insomnia) 
has less robust increases of finger temperature when given an 
opportunity to fall asleep. 
In summary, the present findings support the notion that 
increasing distal skin temperatures occur in the few minutes 
prior to sleep. The rate of increase in finger temperature prior 
to sleep is relatively robust in all circadian phases. However, the 
absolute baseline temperatures fluctuate across the circadian 
cycle. Therefore, this study has illustrated two thermoregulatory 
factors contributing to distal finger temperature: a circadian 
control of core temperature set point and a vasodilation evoked 
by the attempt to initiate sleep. Because of the functional 
link between vasomotor changes and sympathetic arousal, 
future research could investigate differences in distal skin 
temperature prior to sleep onset between good sleepers and 
sleep-onset insomniacs.
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