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Summary

The mechanism underlying improvement after total sleep deprivation (TSD) was studied in 14 major
depressed patients. The suggestions that (1) circadian processes and /or (2) dimensions of arousal may play
a role in the response to TSD were investigated. Diurnal variation of depressed mood and of mood- and
arousal-related vocal parameters was studied in relation to the effect of TSD on depressed mood and vocal
parameters. During 3 baseline days, during TSD and 2 days after TSD vocal parameters and depressed
mood were assessed 6 and 3 times daily respectively.

The mean fundamental frequency (frequency of vocal fold vibration, FO) (presumably reflecting aspects
of arousal) as well as the range of the FO (proposed to reflect sadness) showed a clear circadian pattern
with a peak at about 4.00 p.m. TSD affected the circadian organization of the mean FO and advanced the
peak of the curve. After one night of subsequent sleep this effect disappeared. In addition, improvement
after TSD coincided with an increase of the mean F0. The diurnal variation of mood befaore TSD predicted
the mood response to TSD, whereas diurnal variation of vocal parameters did not. Moreover, circadian
changes in vocal parameters were not related to changes in depressed mood. These findings suggest that
the diurnal variations in mood and vocal parameters are regulated by different mechanisms. Data support
the presumption that circadian as well as arousal processes are involved in the mood response to TSD.
Circadian changes in vocal parameters due to TSD are not likely to reflect changes in the biological clock.
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clinical improvement (Gerner et al., 1979: Gillin,
1983; Gillin et al.. 1984; Elsenga and Van den
Hoofdakker, 1987). This suggests a causal link
between sleep and depression. Various hypotheses
have been advanced to account for this relation-
ship.

Firstly, much emphasis is laid on the possibility
that changes in the circadian organization of be-
havioral, physiological and biochemical processes
may be of causal importance (Wehr and Goodwin,
1981; Gillin, 1983: Halaris, 1987). 1t was found
that TSD affects circadian organized parameters,
such as body temperature (Gillin, 1983; Gillin et
al., 1984) and cortisol excretion (Yamaguchi et al,,
1978; Goetze and Tolle, 1987; Bouhuys et al.,
1990). On the other hand, the circadian pattern of
mood the day prior to TSD has been reported to
predict the mood response to TSD (Roy-Birne,
1984; Elsecnga and Van den Hoofdakker, 1987):
patients with positive mood changes the day be-
fore TSD show a better clinical response to TSD.

Another suggestion, explaining the mechanism
of sudden mood changes after TSD, is that the
mood response to TSD might be related to TSD-
induced changes in arousal. It was found that
observed behaviors which were related to arousal
(i.e., self-manipulative hand movements) could
predict the mood response to TSD (Bouhuys et al.,
1988). In addition, TSD-induced changes in de-
pressed mood were found to be related to changes
in subjective arousal (Van den Hoofdakker et al,,
1989), Morecver, TSD induced an increase in sub-
jective energetic arousal (activation) and a de-
crease in tense arousal (stress) (Bouhuys et al.,
1985; Van den Hoofdakker et al., 1989).

The voice plays an important role in com-
municating affect and affect disturbances. Exten-
sive studies have reported on relationships be-
tween specific vocal parameters and specific emo-
tions in normal subjects (Scherer, 1986). The pitch
of the voice (i.e., the frequency of the vocal fold
vibration; fundamental frequency;, F0) seems to
be a reliable indicator of psychological arousal
{Scherer, 1981). The higher the mean FQ, the more
stressed people are. The variation of the piich is
found to be related to sadness and dejection (see
Scherer, 1987). A low variation of FO gives the
impression of monotonous speech. In depressed
patients authors agree upon depressed mood

coinciding with a low sound pressure level (inten-
sity) of voices and a long duration of pauses
during a conversation (Bouhuys and Mulder, 1984;
Nilsonne, 1987; Scherer, 1987). Moreover, the
duration of counting from 1 to 10 turned out to be
a valid indicator of the degree of retardation
(slowing down of motor and cognitive functions)
and a change in counting speed was related to the
degree of improvement in depressives (Szabadi et
al., 1976; Greden et al,, 1980). In depressed pa-
tients no consistent results are found on the rela-
tionships between the degree of depression and
parameters such as voice pitch or variation in
pitch (Hargreaves and Starkweather, 1964; Darby
and Hollien, 1977; Darby. 1981; Tolkmitt et al.,
1982; Nilsonne, 1987; Scherer, 1987).

In the context of the above-mentioned hypothe-
ses explaining sudden mood changes after TSD,
those vocal parameters are of particular interest
that are related to depressed mood and/or to
arousal. These are the mean F0 and its variation.
The aim of the present study is to report on these
two parameters and depressed mood in relation to
TSD.

The present study is part of an extensive study
on biological rhythms and arousal in depressed
patients. Data on observed behavior, cortisol ex-
cretion, subjective arousal and sleep in relation to
TSD are presented elsewhere {(observed behavior:
Bouhuys et al., 1988; cortisol: Bouhuys et al.,
1990; subjective arousal: Van den Hoofdakker et
al., 1989).

In this paper we show that vocal parameters
have a circadian pattern. Subsequently, relation-
ships between mood and vocal parameters are
studied during baseline and during and after sleep
deprivation. Two different strategies have been
followed. Firstly, covariation of mood changes
and changes in vocal paramelers are studied. Scec-
ondly, it is investigated whether vocal parameters
preceding TSD are related to the mood response
to TSD. If arousal-related vocal parameters have
predictive value, this would support an arousal-re-
lated explanation of sudden mood changes. If
circadian organization of vocal parameters has
predictive properties with respect to the mood
response to total sleep deprivation, this would
support an explanation related to circadian
organization.



Method

Subjects

Fourteen drug-free depressed patients (major
depressive and bipolar disorder; DSM-III, 1930)
(11 females, 3 males; age 45.9 + 13.5 (S8D) years,
range 25-72 years) took part in an extensive study
on circadian rhythms in depression in which a
series of measurements were taken over a period
of 6 days and 5 nights (called day 1-day 6, and
night 1-night 5, starting after day 1). For a de-
tailed description of the experiment see Bouhuys
et al. (1990). Only measurements of depressed
mood and voice quality are presented here. All
patients gave written informed consent. At the
start of the experimental period the patients had
been medication-free for at least 7 days and at
that moment the severity of depression was as-
sessed by two independent raters (HRSD, 25.7 +
5.0 (8D), range 17-34) (Hamilton, 1967; 21-item
version). The patients were totally deprived of
sleep during night 4 and day 4 (TSD). Naps were
not allowed.

Vocal parameters

In order to sample speech, patients read a
standard text (for a maximum of 3 min). These
speech samples were collected at 3-h intervals
from 7.00 a.m. to 10.00 p.m., with the exception of
day 1. On that day the speech sampling started at
10.00 a.m. During TSD additional samples were
collected at 1.00 p.m. and 4.00 p.m. The last
sample was taken on day 6 at 7.00 a.m. A small
Elektret microphone was built inte a perspex house
of 15 mm diameter. This house was attached to
the neck of the patients with EEG electrode stick-
ers. The speech signal was recorded in a quiet
room on a Revox (A77) tape recorder.

Two vocal parameters were derived from this
speech signal: the mean of the fundamental
frequency (mean F0) and the range of FO (range
F0). The fundamental frequency is extracted from
the recorded speech samples by using an F-J Elec-
tronics A /S Fundamental Frequency Meter, Type
FFM 650. The signal is prefiltered with a Krohn-
Hite bandpass filter; the band width covered about
one octave, depending on the roughly estimated
voice range of the speaker. The FFM 650 logarith-
mic output was fed directly to a Mingograph
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inkwriter EM 800. An extira Krohn-Hite low-pass
filter was used to obtain simultaneously a
smoothed display of the FO curve. Calibration was
done for each patient, by feeding a tape-recorded
serigs of sinusoidal calibration tones to the FO
analyzer, ranging from well above to well below
the estimated voice range. In this way a reliable
ruler was obtained, with an accuracy of at least
one semitone.

The complete set of 32 speech samples per
subject has been plotted. Evaluation of the mean
F0 and the range FO was done visually on three
intervals of the recorded material, 1.e., the [rst,
middle and last 15-s periods of each specch sam-
ple. The averaged score over these three intervals
represented the mean FO (semitones). The dif-
ference between the highest and the lowest value
of the mean FO represents the range FO per 15-s
period. The averaged scores over the three inter-
vals are defined as the range FO (semitones).

In order to account for differences between
male and female voices with respect to the mecan
FO, this parameter was normalized per patient.
From each mean FQ value the averaged value of
all 32 scores was subtracted.

Self-rated depressed mood was assessed thrice
daily at times corresponding to the moments at
which speech saumples were taken: 7.00 a.m., 1.00
pm. and 10.00 p.m. (Adjective Mood Scale, AMS,
von Zerssen, 1976, 1986).

Effect of TSD

The effect of TSD on depressed mood and
vocal parameters was defined as the difference of
the averaged scores on the day after TSD and
those of the day before TSD.

Circadian organization

Two aspects of circadian organization were
considered. Firstly changes in mean FO, range F0
and depressed mood over days and over nights
were considered. Diurna! variation was repre-
sented by the 10.00 pm. minus the 7.00 am.
scores of the vocal parameters and mood, and the
nocturnal variation by the 7.00 a.m. scores minus
the 10.00 p.m. scores of the vocal parameters. The
other parameter which describes aspects of
circadian organization is the peak time of the
vocal parameters. The peak was defined as the
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highest value of the six samples taken in the
periods from 7.00 a.m. to 10.00 p.m. If the same
value occurred at different time points within a
day, the first time point was chosen as the ‘peak’.

Statistics

For statistical evaluation of the results, non-
parametric tests were applied. The within-group
comparisons were made with the Wilcoxon
matched pairs test (Wile). Comparisons between
groups were performed with the Mann—-Whitney
U-test (MW). Relationships between vocal param-
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Fig. 1. Course of mood, mean F() and range FO before, during and after TSD in 14 depressed patients



averaged mean FO over 14 patients and 32 scores.
A circadian pattern 1s evident in all those vari-
ables.

With a Friedman ANOVA (repeated measures)
we tested whether a significant pattern exists in
mean FO, range FO and depressed mood. This test
was applied on all scores before TSD, as well as
on those collected after TSD (starting from 7.00
a.m.). This was done twice separately, in order 1o
detect possible effects of TSD on circadian pat-
terning. Before as well as after TSD the mean FO
and the range FO scores showed a significant
pattern, whereas no significant variation in de-
pressed mood could be detected, either before or
after TSD (Friedman ANOVA by ranks, # = 14;
mean F0 before: df=16; P=0.001; mean FO
after: df=12; P =10.005; range FO before: df =
16; P < 0.002; range FQ after: df =13; P = 0.009;
depressed mood before: df=8; P =0.617; de-
pressed mood after: df = 6; P = 0.901). After this
global testing, the significance of the circadian
pattern was tested by comparing the early morn-
ing scores (7.00 a.m.) with the late evening scores
(10.00 p.m.) (i.e., changes over the day), and the
10.00 p.m. scores with the 7.00 a.m. scores (i.e.,
changes over the night}. The results are presented
in Table 1. The results during and after TSD will
be discussed below. The Table shows that the
mean FO as well as the range FO values are
organized in a circadian pattern, and suggests that

TABLE 1

P-VALUES (WILCOXON; n=14) OF DIFFERENCES IN
MEAN AND RANGE FO OVER DAYS (DV: 7.00 am.-10.00
p.m.) AND NIGHTS (NV: 10.00 p.m.-7.00 a.m.)

Mean FO Range FO

Before TSD
Day 1 DV

NV 0.01 0.47 NS
Day 2 DY  0.02 0.20 NS

NV 0.01 0.05
Day 3 DV 0.03 0.05
During and after TSD

NV 0.05 001
Day 4 DV 0,12 NS 0.78 NS

NV 0.01 0.04
Day 5 DV 0.003 0.01

NV 0.003 (.01
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Fig. 2. Effect of TSD on the peak position of mean FO and
range FO in 14 depressed patients, ‘Before TSD’ represents the
averaged values of days 2 and 3.

the nocturnal variation contributes more to this
pattern than the diurnal variation.

The effect of TSD on vocal parameters

The effect of TSD on vocal parameters was
tested by comparing the averaged scores of the
mean FO and the range FO on the day before TSD
with the averaged scores on the day following
TSD. No significant effects of TSD on the levels
of the vocal parameters were found (Wilc).

As was shown for the baseline scores before
TSD, after TSD there is also a significant pattern
in the mean and in the range FO, whereas the
pattern of the depressed mood was not significant,
either before or after TSD (Friedman ANOVA:
see above). Tahle 1 shows that on the day after
TSD there was no significant difference between
the morning and the evening scores.

The position of the peak of a curve is one
aspect of circadian organization. Visual inspection
of Fig. 1 suggests that the peak of the mean FO
and the range FO shifted to an earlier moment
during and after TSD. The peak position was
measured on the two baseline days preceding TSD
and the two days during and following TSD. The
averaged peak positions of mean F0 and range F(O
before and after TSD are presented in Fig. 2. The
averaged peak position over the two days before
TSD was then compared with the day after TSD
as well as with the following day (Wilc: the mean
FO before TSD compared with day 4 after TSD:
P=0.017 and with day 5: P =0463; the range
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FO before TSD compared with day 4 after TSD:
P=0084 and with day 5: P=0.845; n=14),
Only the peak of the mean FO shifted significantly
to an earlier moment. The change in the peak
position of the range FO showed a tendency in the
same direction. Fig. 3 depicts the baseline course
of the mean F0 (averaged over 2 days) in compari-
son with the course of the mean FO during and
after TSD. During TSD the patients show their
lowest value at 1.00 a.m., the first moment of their
sleep-deprived period. From 1.00 am. the curve
inchines, resulting in an carlier maximum of the
mean FO on the day following TSD than on the
baseline days before TSD.

In conclusion, TSD has no effects per se on the
levels of the mean F0 and the range FO. TSD
shifted the maximum of mean FO to an earlier
moment. This effect of TSD on the peak position
of mean F0 is transient.

Relationships between vocal parameters and de-
pressed mood

Relations between vocal parameters and mood
were investigated in three different ways. Firstly,
for each time point before TSD the levels of mood

. Bmean FO (semitones)
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Fig. 3. Course of meun FO in depressed patients belore and
during /after TSD. ‘before’: averaged scores of days 2 and 3.
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Fig. 4. Correlation between the mood response to TSD and the
mean FO response to TSD.

were correlated with the range FO. This procedure
was not followed for the mean FO scores, because
these scores were normalized for each individual
patient. Secondly, changes in mood over baseline
days and nights were correlated with correspond-
ing changes in the mean FO and the range FO.
Thirdly, the change in depressed mood as a re-
sponse to TSD was correlated with the change in
the two vocal parameters.

(1) No significant relationships were found be-
tween the baseline levels of depressed mood and
the corresponding values of the range FO,

(2) Changes in depressed mood over days 2 and
3(7.00 a.m.-10.00 p.m.) and nights 1 and 2 (10.00
p-m.—7.00 am.) are correlated with the corre-
sponding changes in vocal parameters. In spite of
the resemblance in mood pattern and patterns on
mean FO and range FO (Fig. 1). only the change in
mood and the range FO over night 2 are signifi-
cantly correlated (r = --0.703, # = 12; P < 0.01).

(3) The mood response to TSD was signifi-
cantly correlated with the mean F( response 1o
TSD (r= —0.618; » =14; P <0.02) (Fig. 4). The
relationship between the range FO response and
the mood response to TSD was not significant
(r= —0.449; n =14; NS).

The prediction of the mood response to TSD
Different parameters were studied for their pre-
dictive properties. (1) The averaged day scores of
the range FO and mood preceding TSD, (2) the
diurnal and nocturnal variation in both vocal
parameters and mood. The results are presented in
Table 2. [t was found that only the diurnal and
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SPEARMAN RANK CORRELATIONS BETWEEN TSD PRECEDING DIURNAL VARIATION (DV) AND NOQCTURNAI
VARIATION (NV) IN LEVELS OF MEAN F0O, RANGE FO AND MOOD ON THLE ONE HAND AND THE MOOD

RESPONSE TO TSD ON THE OTHER

Mean FO Range FO Depressed mood
DV NV m day DV NV m day DV NV
score score
Day 1 —0.024 —0.264 0.687 *
(14) (14) (14)
Day 2 -0.021 0.261 0.035 —0.038 0.063 —0.324 0.568 * —0.499
{12) (12) (14) (12) (12 (14) (14) (14)
Day 3 —0.420 0.175 —0.018 —0.368 0.271 ~0.361 0.728 ** -0.607
an (12) (14) (48} {12) (14) (14) (14)

Figures in parenthescs are numbers of subjeets. * P < 0.05; ** P < 0.0

nocturnal variation in mood could predict the
mood response to TSD.

Discussion

Circadian organization of vocal parameters

It was found that the vocal parameters mean
F0 and range FO show a clear circadian pattern.
This pattern 1s of interest in the context of the
assumption that circadian mechanisms play a role
in TSD-induced mood changes. Despite the im-
pression that depressed patients showed consider-
able diurnal variation in depressed mood (Fig. 1),
this patterning in mood was not significant for the
entire group of patients. Only seven of the 14
patients had a diurnal variaton of at least 6 units
on the AMS on two of the three baseline days.
This number is in line with other findings (Stal-
lone et al., 1973). The finding that diurnal pattern-
ing in vocal parameters is present in all patients
but diurnal variation of depressed mood in only
30% suggests that the underlying mechanisms reg-
ulating the diurnal variation in vocal parameters
and mood are not the same. Other findings sup-
port this interpretation. Several authors reported a
positive correlation between diurnal variation in
mood on the day preceding TSD and the mood
response to TSD (Roy-Birne et al,, 1984; Elsenga
and Van den Hoofdakker, 1987). In the present
study this finding was confirmed for the 3 days
preceding TSD (Table 2). In contrast to this rela-
tionship, both diurnal and nocturnal variation in
mean FO or range FO before TSD were significant,
but not related to the mood response to TSD.

The temporal course of the mean FO and the
range FO may give some clues as to their regu-
lation. With respect to the regulation of the
circadian system two types of processes are pro-
posed (Daan et al., 1984). On the one hand there
is a set of rhythms predominantly regulated by an
internal biological clock. On the other hand, there
is a set of rhythms under the direct control of the
sequencing of sleeping and waking. Sleep depriva-
tion is a good technigue to discriminate between
the two extreme possibilities.

TSD had no effect on the averaged day levels
of the mean F0 and on those of the range FO after
TSD in comparison with the averaged scores on
the day before TSD. Moreover, also in the night
of TSD a significant nocturnal variation exists of
the mean and the range FO. Hence, the (nocturnal)
variation as well as the amplitude of the curve is
not affected by TSD. This finding indicates that
these aspects of patterning of both vocal parame-
ters are not sleep-dependent, suggesting that they
may be ruled by an internal clock. However, in
two respects circadian patterning of vocal parame-
ters was affected by TSD. Firstly. on the day
following TSD the diurnal variation in mean F0
and range F0 was not significant. This effect may
be explained by the changes in peak position of
both parameters, which will be considered next
(Table 2). Secondly, TSD shifted the maximum of
the mean FO over an interval of 3 h to an earlier
moment (Figs. 1-3). For the range of FO a ten-
dency was found in the same direction. Data on
the ‘peak position’ of the vocal parameters should
be considered with caution: they are a rough
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estimate of group means, based on measures col-
lected at 3-h intervals. Peak timing is very sensi-
tive to random fluctuations. A better estimate can
be obtained from studying the shift of the slope of
the curve. Fig. 3 reveals an averaged shift of 5 h.
‘The slope shifts of the FO curves, together with the
finding that the level of the maximum of the FO
curves did not change after TSD, may explain the
relatively small and consequently non-significant
diurnal variation as assessed between 7.00 a.m.
and 10.00 p.m. on the day directly after TSD
(Table 1).

The shift of the maximum of the mean FO is
transient. After one night of subsequent sleep it
disappeared. In the same group of patients com-
parable results were found with respect to cortisol
excretion curves: TSD induced, besides an in-
crease in urinary cortisol excretion, an advance of
the maximum of the excretion curve. After one
night of sleep this effect disappeared (Bouhuys et
al., 1990). In addition the shift of the peak posi-
tion of the mean FO is significantly correlated with
the cortisol response to TSD (r=0.5%9; P=
0.036; n=13). It 15 unlikely that this shift of the
curves is ruled by the biological clock, because
slecp-wake manipulations do not induce such large
phase shifts in the biological clock (Wever, 1979).
Thus, the shift of the maximum should be ascribed
to other factors than those ruled by the internal
clock. To summarize, the circadian variation in
vocal parameters is very pronounced. Vocal
parameters show circadian changes due to TSD,
and the mood response to TSD is related to the
mean FO response to TSD. However, in contrast
to diurnal variation in mood, diurnal variation in
vocal parameters did not predict the mood re-
sponse to TSD. Apparently mood and vocal
parameters are regulated by different mechanisms.
Sleep deprivation may alter circadian rhythms in
depressed patients, but the data on vocal parame-
ters do not support the hypothesis that clinical
improvement depends upon altering mean FO or
range FO curves.

Relationships between vocal parameters, arousal and
nood

In non-depressed subjects the mean FO is re-
lated to arousal (Scherer, 1987; Darby, 1981). The
relation between the cortisol excretion response to

TSD and the peak advance of the mean FO also
suggests a relation of the mean FO with arousal.
The finding that TSD affects mood as well as this
mean FO does not contradict the assumption that
arousal may play a role in the mood response to
TSD.

In the present study vocal parameters and de-
pressed mood were measured over a 3-day base-
line period. Seven patients showed a clear diurnal
variation in mood. The diurnal variation and
nocturnal vanation in mood were not related to
the diurnal and nocturnal variation in both vocal
parameters. As discussed earlier, the diurnal pat-
terning of mood and vocal parameters may have
different origins. Tn addition, the mood response
to TSD was negatively correlated with the mean
FO response to TSID. Hence no clear relationships
were found between mood and range and mean
Fo.

Nilsonne (1987) reported a significant increase
in the variation in FO (8D) in improved depressed
patients compared with their depressed state,
whereas the opposite was also found (see Scherer,
1987). Moreover, Darby and Hollien (1977} did
not find that changes in the vanation of pitch
parallel changes in depression after electroconvul-
sive shock treatment. With respect to the mean
F0, the data of Hargreaves and Starkweather
(1964), who found that an increase in mean FO
coincides with improvement of depression in some
depressed patients, are in line with our data con-
cerning the TSD response. Darby and Hollien
(1977) and Nilsonne (1987) did not find a con-
sistent relationship between improvement and
changes in the mean FO, whereas Tolkmitt et al.
(1982) found that improvement coincided with a
small decrease in the mean FO.

Many uncontrolied factors may account for the
lack of clear relationships between mood on the
one hand and mean FO and range FO on the other.
In the present study depressed patients were
studied only during their depressed state, whereas
in other reports (Tolkmitt et al., 1982; Nilsonne,
1987; Scherer, 1987) depressed patients were
studied during their depressed state as well as
during remission. Another confounding factor may
be that different degrees of agitation and/or re-
tardation have occurred in the depressed groups
studied. Agitated patients can be expected to show



high FO and a wide F0 range. Patients in the
retarded category, on the other hand, would be
likely to manifest low FO and a small FO range. As
demonstrated in the present study, the diurnal
variation in mood and FO parameters may be an
important source of error. In order to compare
mood and vocal parameters at different times,
these parameters should be assessed at the same
time of the day. None of the aforementioned
studies reported on assessment time of the vocal
and mood parameters.

The diurnal organization of vocal parameters
may have practical consequences: results of voice
tests in clinical practice should he controlled for
the time of assessment. Although this suggestion is
based on a depressed group of patients, circadian
patterns of mood and arousal-related parameters
have also been reported in non-depressed subjects,
suggesting that circadian organization of wvocal
parameters may not be confined to a depressed
population (Thayer, 1967; Clemens et al., 1976).

Concluding remarks

In the context of the hypothesis that circadian
organization may be related to mood disturbances
it is unfortunate that behavioral /physiological in-
dicators of the underlying organization are scarce,
in contrast to biochemical or endocrinological in-
dicators. On the behavioral level self-ratings of
mood and arousal, measures reflecting cognitive
processes (such as finger tapping, time estimation),
and sleep-wake timing are usually measured as
possible indicators of the internal biological clock
(Wever, 1979; Monk, 1987). Voice parameters may
be a valuable addition to this list. Considering the
leveis of measurement mentioned above, voice
parameters may fill the gap between on the one
hand the biochemical and physiological levels, re-
flecting unconscious processes, and on the other
hand the bebavioral level, reflecting conscious
processes.

References

American Psychiatric Association {1980} Diagnostic and Statis-
tical Manual of Mental Disorders, 3rd edn. APA, Washing-
ton, DC.

Bouhuys, A.L. and Mulder-Hajonides van der Meulen,
W.R.E.H. (1984) Speech timing measures of severity, psy-

257

chomotor retardation, and agitation in endogenously de-
pressed patients. J. Commun. Disord. 17, 277-288.

Bouhuys, A.L., Beersma, D.G.M., Flenige, F. and Van den
Hoofdakker, R.H. (1985) Activation as a predictor of the
antidepressant effect of sleep deprivation in depressives, In:
W.P. Koella, E. Riither and H. Schultz (Eds.), Sleep 1984.
Fischer Verlag, New York, Stuttgart, pp. 400-402.

Bouhuys, A L., Beersma, D.G.M. and Van den Hoofdakker,
R.H. (1988) Prediction of clinical change by ethological
methods. Acta Psychiatr. Scand, 341, 23-43,

Bouhuys, A.L., Flentge, F. and Van den Hoofdakker, R.H.
(1990) Effect of sleep deprivation on urinary cortisol, self-
rated arousal and mood in depressed patients. Psychiatr.
Res. (in press).

Clemens, P.R., Hafer, M.D. and Vermillion, M.E. (1976) Psy-
chometric, diurnal, and electrophysiological correlates of
activation. J. Pers. Soc. Psychol. 33, 387-394.

Daan, S., Beersma, D.G.M. and Borbely, A.A. (1984) Timing
of human sleep: recovery process gated by a circadian
pacemaker. Am. J. Physiol. 246, R161-R178.

Darby, LK. (1981) Speech Evaluation in Psychiatry. Grune
and Stratton, New York, NY.

Darby, LK. and Hollien, H. (1977} Vocal and speech patterns
of depressive patients. Folia Phoniatr. 29, 279-291.

Elsenga, S. and Van den Hoofdakker, R.H. (1987) Response to
total sleep deprivation and clomipramine in endogenous
depression. J. Psychiatr. Res. 21, 157-161.

Gerner, R.H., Post, RM,, Gillin, C. and Bunney, W.E. (1979)
Biological and behavioural effects on one night’s sleep
deprivation in depressed patients and normals. J. Psychiatr,
Res. 15, 21-40.

Giilin, J.C. (1983) The sleep therapies of depression. Neuro-
pharmacol. Biol. Psychiatry 7, 351-364.

Gillin, J.C., Sitaram, M., Wehs, T., Duncan, W., Post, R.,
Murphy, D.L., Mendelson, W.B., Wyatt, R.J. and Bunney,
W.E. (1984) Sleep and affective illness. In: R.M. Post and
1.C. Ballenger (Eds.), Neurobiology of Mood Disorders.
Williams and Wilkins, Baltimore, MD, pp. 157-18S.

Goetze, U. and Télle, R. (1987) Circadian rhythm of free
urinary cortisol, temperature and heart rate in endogenous
depressives under antidepressant therapy. Neuropsychobi-
ology 18, 175-184.

Greden, J.F. and Carroll, B.J. (1980) Decrease of speech pause
times with treatment of endogenous depression. Biol, Psy-
chiatry 15, 575-587.

Halaris, A. (1987) Chronobiolegy and Psychiatric Disorders.
Elsevier, Amsterdam.

Hamilton, M. (1967) Development of a rating scale for primary
depressive illness. Br. J. Soc. Clin. Psychol. 6, 278-296.
Hargreaves, W.A. and Starkweather (1964) Voice quality in

depression. Language Speech 7, 84-88,

Monk, T A, (1987) Circadian rhythms in human performance
and subjective activation. In: A. Halaris (Ed.), Chronobiol-
ogy and Psychiatric Disorders. Elsevier, Amsterdam, pp.
241-262.

Nilsonne, A. (1987) Acoustic analysis of speech variables dur-
ing depression and after improvemenl. Acta Psychiatr.
Scand. 76, 235-245.



258

Roy-Birne, P.P., Uhde, T.W. and Post, R.M. (1984) Antide-
pressant effects of one might’s sleep deprivation: clinical
and theoretical implications. In: R.M. Post and J.C. Ballin-
ger (Eds.), Neurobiology of Moad Disorders. Williams and
Wilkins, Baltimore, MD, p. 817,

Stallone, F., Huba, G.J,, Lawlor, W.G. and Fieve, R.R. (1973)
Longitudinal studies of diurnal variations of depression: a
sample of 643 patient days. Br. J. Psychiatry 123, 311-318.

Scherer, K.R. (1981) Vocal indicators of stress. In: J.K. Darby
(Ed.). Speech Evaluation in Psychiatry. Grune and Strat-
ton, New York, NY, pp. 171187,

Scherer, K.R:. (1986) Vocal effect expression: a review and a
model for future research. Psychol. Bull. 99. 143-1606.

Schierer, K.R. (1987} Vocal assessment of affective disorders.
In: J.D. Maser (Ed.), Depression and Expressive Behavior.
Lawrence Erlbaum, Hillsdale, NJ, pp. 57-82.

Szabadi, E.. Bradshaw, CM. and Besson, J.A.O. (1976} Elon-
gation of pause time in speech: a simple and objective
measure of motor retardation in depression. Br, J. Psychi-
atry 129, 592-597.

Tolkmitt, F., Helfrich, R., Standke, R. and Scherer. K.R.
{1982) Vocal indicators of psychiatric treatment effects in
depressives and schizophrenics. J. Commun. Disord. 15,
209-222,

Thayer, R.E. (1967) Measurement of activation through self-re-
port. Psychol. Rep. 20. 663-6738.

Van den Hoofdakker, R.H., Bouhuys, A.L. and Beersma.
D.G.M. (1989} The effects of sleep deprivation on depres-
sive mood and subjective arousal. Biol, Psychiatry 26, 733-
736.

von Zerssen, D). (1976) Die Betindlichkeitsskala, Manual. Beltz
Test Verlag., Weinheim.

von Zerssen, D). (1986) Clinical self-rating scales of the Munich
Psychiatric Information System. In: N. Sartorius and T.A.
Buan (Eds.). Assessment of Depression. Springer Verlag.
Berlin, pp. 270 303,

Wehr. T.A. and Goodwin, F.K. (1981) Biological rhythms in
psychiatry, In: S, Arietl and H.K.S. Brodic (Eds.), Ameri-
can Handbook of Psychiatry, Vol. 7. Basic Books, New
York, NY, pp. 46-74.

Wever, R. (1979) The Circadian System of Man: Results of
Experiments under Temporal Isolation. Springer Verlag,
New York, NY,

Yamaguchi, N., Maeda, K. and Kuromaru, 5. (1978) The
effects of sleep deprivation on the circadian rhythm of
plasma cortisol levels in depressive patients. Folia Psychi-
atr. Neurol. 32, 479487,



