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Abstract

Objective: To study ultradian cycles of mood in four inpatient groups.

Method: We assessed the mood of depressed and nondepressed subjects, on an hourly basis,
between 7:00 a.m. and 10:00 p.m. for two consecutive days using a visual analog scale of mood.
Hourly mood scores_for each group were plotted against time.

Results: We found ultradian cycles with mean lengths of 3—4 hours in all groups. The major
depressive episode and adjustment disorder depression groups, however, had ultradian cycles of
significantly greater amplitude than ward staff.

Conclusions: Depressed patients demonstrate greater amplitude in ultradian cycles of mood
than nondepressed subjects.

Ultradian cycles (cycles < 24 hours in length) have been demonstrated in a
variety of physiological factors and mental functions of interest to psychiatry. Normal
subjects have been shown to demonstrate ultradian cycles of cognitive performance
efficiency (1,2), short term memory (3), sleep-wakefulness (4,5) and mood (6,7). The
ninety minute cycle of rapid-eye-movement sleep (REM) is probably the most
intensively studied ultradian cycle in the area of psychiatry. This cycle has been
reported to be disrupted in depressive disorders (8,9). In a recent exploratory study
by one of the authors (D.H.) and others, it was demonstrated that depressed patients
also exhibit an abnormal ultradian cycle of mood (7). It was reported that a depressed
group exhibited ultradian cycles of significantly greater amplitude than a non-
depressed group. Based on our review of the literature, this was the first reported
study of ultradian cycles of mood in depression.

In the present study, we test the reliability of an exploratory study which found
ultradian cycles of greater amplitude in depressed group than in a non-depressed
group (7). In this follow-up study, we have extended mood assessment over two days
in order to investigate day to day stability of cycles, and have included non-depressed
and adjustment disorder with depressed mood patient groups to assess specificity of

the finding.
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Resident Research Award based on this manuscript.
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METHOD
Subjects

This investigation was performed on psychiatric inpatients and ward staff
volunteers from the inpatient psychiatric units of Walter Reed Army Medical Center
(WRAMC). Two control groups were utilized: one group of ward staff’ (including
medical students, psychiatric residents, and nursing personnel) and a second group of
non-depressed psychiatric inpatients (primarily composed of patients recovering
from thought disorders). Depressed subjects were selected according to the following
inclusion criteria: presence of a DSM IIIR-defined major depressive episode or
adjustment disorder with depressed mood, continuous presence on the WRAMC
inpatient psychiatric wards for at least two consecutive days and a willingness to
participate. Potential subjects were excluded from each group if concurrently diag-
nosed with borderline or histrionic personality disorder, Axis III conditions believed
to be related to their mood disorder, recent history of hallucinations or thought
disorders, or evidence of withdrawal from psychoactive substances. No subjects
reported a history of premenstrual syndrome. The four groups consisted of: 12 ward
staff, 6 non-depressed psychiatric patients, 8 patients with adjustment disorder with
depressed mood, and 12 patients with major depressive episodes (two melancholic
and three with psychotic features). Male to female ratios were 10:2, 3:3, 4:4, and 4:8
for these groups, respectively. Mean ages are reported in Table 1. The subjects were
not aware of the hypothesis being tested. All subjects gave informed consent.

Assessment of Mood

Mood was assessed for each subject on an hourly basis, between the hours of 7:00
a.m. and 10:00 p.m. on two consecutive days. The hourly mood assessment was

TABLE 1.
Means and Standard Deviations (in parenthesis) for Age, Hamilton Depression Scale

(Ham-D), Visual Analog Scale of Mood (VASM), and Intra-Daily Variability
of Mood (IDVM) Scores

Mean VASM Score IDVM
Group Age Ham-D Day 1 Day 2 Day | Day 2
Ward Staff 27 (5.0) 1.0 (1.0)  95.7 (19) 101 (23) 15.8 (9.1) 13.3 (7.8)
=12 n=12 n=12 n=11 n=12 n=11
Non-depressed 29 (10) 5.0 (3.6)* 95.7 (32) 92.7 (30) 19.2 (14) 15.5(9.0)
Patients n=26 n=~6 n==6 n=5 n==6 n=2>5
Adjustment 33 (16) 18 (5.4)° 67.2 (24)> 80.8 (29) 32.3 (10)> 28.8 (9.8)®
Disorder n=38 n==6 n=3§ n=38 n=3§ n=38§
Major 37 (18) 19 (3.4)c 46.4 (24)>  46.4 (24)> 20.1 (10) 15.8 (7.5)
Depression n=12 n=12 n=12 n= 10 n=12 n=10
ip < 0.05.
bp < 0.01.

p < 0.001 (significant differences compared to ward staff using Duncan’s multiple compari-
sons test).



ULTRADIAN CYCLES OF MOOD 11

performed using a single question visual analog scale of mood (VASM). The VASM
has been demonstrated to be a valid and reliable method for the repeated assessment
of mood (10,11). The VASM was composed of a 150 mm line with the left pole labeled
as “worst sad” and the right pole labeled as “best happy.” Subjects were instructed to
place a mark on this line which best described their current mood state. Each
subject’s VASM scores (16 hourly scores each day) were averaged to yield a daily
mean VASM score for each subject. The amount of mood variation within the day, or
intra-daily variability of mood (IDVM), was assessed by calculating the standard
deviation of VASM scores for each subject on each study day. Individual IDVM scores
were averaged and compared between groups. Each subject was also evaluated using
a 17 item Hamilton Depression Scale (Ham-D) (12) on the first morning of testing in
order to characterize the severity of depressive symptoms. Non-depressed subjects
were excluded for Hamilton Depression Scale scores > 10. The one-way analysis of
variance (ANOVA), followed by the Duncan’s multiple range comparison test were
used to assess differences between groups for Ham-D, and daily VASM and IDVM

scores.

Ultradian Cycles

Time series plots were developed by plotting time of day (X-axis) versus VASM
score (Y-axis) for each subject. Group time series plots were also developed by
averaging hourly mood scores for all subjects in each group, for both study days and
plotting values in a similar manner. For example, the 7:00 AM point on the major
depression group plot represents the average of 22 assessments: 12 subjects on day 1
and 10 subjects on day 2. A comparable method of averaging hourly group mood
scores has been used in the study of circadian rhythms of mood (13). In this study,
cycle lengths (periods) were determined by measuring the peak-to-peak or trough-to-
trough distance along the X-axis, beginning with the first complete cycle. Amplitude
was determined by measuring peak-to-trough and trough-to-peak distances along the
Y-axis. Detailed descriptions of this and other methods of time series data analysis
have been reviewed elsewhere (14). Spectral analysis (15) was used to compare data
derived from visual inspection to automated computer-derived results. A Hamming
window of 3 was used for limited smoothing of time series plots. The Mann-Whitney
two sample rank sum test was used to compare the mean ultradian cycle period and
amplitude of patient groups to ward staff (16).

RESULTS

Mood Scales

Group Ham-D score means and standard deviations are listed in Table 1.
ANOVA showed significant group differences in Hamilton Depression Scale scores
[F(3,32) = 74.72; p < 0.001]. Duncan’s multiple comparison tests revealed that
adjustment disorder and major depression groups had markedly greater Ham-D
scores than ward staff (p < 0.001). A small yet significantly greater Ham-D score was
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observed in the non-depressed patient group versus ward staff (p < 0.05). There was
no significant difference between Ham-D scores of adjustment disorder and major
depression groups. Approximately 1100 VASM assessments were obtained over 70
subject-days. Group differences in daily mean VASM score were similar to Ham-D
findings (Table 1). Comparison of each group’s mean intra-daily variability of mood
(IDVM), using Duncan’s multiple comparison test, revealed that the adjustment
disorder group had significantly greater variation of mood scores than both control
groups on both days (p < 0.01). IDVM in the major depressive episode subjects was
not significantly different from controls.

Ultradian Cycles

Visual inspection of time series plots revealed clearly apparent ultradian cycles
in approximately 50% of individual subject days. These plots, however, were not
characteristic of all subjects. Subjects with clear ultradian cycles on day 1 did not
demonstrate the same cyclical pattern on day 2. The mood plots of a few subjects
(approximately 20%) demonstrated frequent changes in amplitude and period, and
appeared to vary in a random manner. Averaging of hourly group VASM scores,
however, yielded time series plots with less variation in cycle length and amplitude
(Figure 1). Spectral analysis of group time series data confirmed that the dominant
cycle length was 3 hours for staff and 4 hours for the remaining groups. There was no
significant difference between groups in ultradian cycle length. Amplitude, however,
was significantly greater (based on Mann-Whitney two sample rank sum test) in the
major depressive episode group (z = 4.5,25; p = 0.026) and adjustment disorder
(u = 8,34; p = 0.367) groups, when compared to ward staff. The mean amplitude of
the non-depressed patient group was not significantly different from ward staff.

CONCLUSIONS

The results of this investigation replicate those of an exploratory study compar-
ing subjects with major depressive syndromes to non-depressed subjects (7). This
follow-up study utilized a different medical center population and a different method
of time series analysis. As in the exploratory study, we found that the major
depression group demonstrated ultradian cycles of greater amplitude than controls.
Again, we found no significant difference between groups in ultradian cycle period.
Cycle lengths were five hours for both groups in the original investigation and three
to four hours for the groups in this follow-up study. These cycle lengths are more
rapid than the four to six hour cycles of mood reported in normal male subjects (6).

In this study we found that the three hour periodicity was most evident between
2:00 p.m. and 8:00 p.m. As evidenced by Figure 1 and Table 2, a concurrent six hour
cycle harmonic may have a significant effect on morning mood. The three to four
hour mood cycle, however, appears to account for the greatest amount of intra-daily
mood variability based on visual inspection and spectral analysis of time series data.
The absence of a morning mood peak in the depressed group may be a characteristic
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FIGURE 1. Time series data plots of visual analog scale of mood (VASM) scores versus
time of day for depressed and non-depressed groups of subjects.
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TABLE 2.

Time of Ultradian Cycle Mood Peaks for Depressed and Non-depressed Groups
\

Group X Time of Mood Peaks

Ward Staff 8am 12pm 2pm S5pm 8pm
Non-depressed Patients 9am - 3pm S5pm 8pm
Adjustment Disorder 9am - 2pm S5pm 9pm
Major Depression — — 2pm S5pm 7pm

specific to this study population or may reflect a phenomenological distinction of
major depressive episodes. The presence of a 12:00 p.m. mood peak is specific to the
ward staff group, and may reflect the difference in mid-day meal experiences for this
group.

In this follow-up study, we have also explored the specificity of ultradian mood
cycle changes to depression using smaller groups of non-depressed and adjustment
disorder depression patients. The finding of greater ultradian cycle amplitude in the
adjustment disorder group suggests that greater cycle amplitude may be a character-
istic of other depressive disorders. The absence of amplitude changes in the non-
depressed psychiatric patient group suggests that this finding is not generalized to all
psychiatric disorders. Further study is needed to confirm that greater ultradian cycle
amplitude is specific to depressive syndromes, and not generalized to other psychiat-
ric diagnosis (eg, anxiety disorders) or stressful conditions.

Many individual times series plots showed a wide range of cycle length and
amplitude. Subjects demonstrating clear ultradian cycles on day 1 rarely showed the
same pattern on day 2. We do not believe that this implies the absence of an
endogenous rhythm, rather, that environmental variables may distort the ultradian
cycle characteristics in a different manner on subsequent days. The high variability of
ultradian cycle characteristics between and within subjects has been noted, repeat-
edly, in the study of ultradian cycles of EEG bands (17,18). Studies of ultradian
rhythms in metabolic factors have also noted poor stability of ultradian cycles and
difficulty in controlling environmental conditions (19). Averaging of group hourly

TABLE 3.

Means and Standard Deviations (in parenthesis) for Ultradian Cycle Characteristics
of Depressed and Non-depressed Groups

Cycle Length Cycle Amplitude
Group (hours) (VASM units)?*
Ward Staff 3.3 (0.6) 4.0 (3.1)
Non-depressed Patients 3.7 (2.1) 5.2 (2.3)
Adjustment Disorder 3.7 (1.1) 8.7 (4.6)°
Major Depression 4.0 (1.4) 8.4 (4.1)b

*VASM = Visual Analog Scale of Mood.
bp < 0.05, significant difference from ward staff using Mann-Whitney comparison.
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measurements may significantly reduce the interference of these variables, yielding a
common underlying cycle.

Observation of peak and trough times in the present study reveals that peaks
generally occur near meal times. Some investigators have noted that carbohydrates
increase insulin levels, leading to changes in brain tryptophan ratios and increased
serotonin production, which may elevate mood (20). Others have reported a bi-phasic
pattern of beta-endorphin elevation after meals, with the first peak occurring 5
minutes after the meal and the second occurring approximately 90 minutes later
(21). Biochemical analyses are needed to determine if levels of these factors corre-
spond to ultradian cycles of mood. Such analyses may lead to a greater understanding
of mood control.

Affective disorders may also involve a dysregulation of ultradian and circadian
cortisol cycles. One study has reported cortisol secretion cycles of three and four
hours for normal and depressed groups, respectively (22). Although length of cycle
was not significantly different between groups, the magnitude of cortisol secretions
were significantly greater in the depressed group. One may speculate that the three
to four hour cycles of cortisol secretions, noted in that study, may correspond to the
three to four hour cycles of mood noted in the present study, and that the greater
magnitude of cortisol secretory episodes may correspond to greater mood cycle
amplitude. This hypothesis is supported by a study of diurnal cycles of mood which
found that cortisol levels correlated with mood changes in depressed patients but was
unrelated to mood curves of non-depressed subjects (23).

In a separate analysis of this data, focusing on diagnostic issues of adjustment
disorder depressions, we have reported that intra-daily variability of mood (IDVM) is
significantly greater in adjustment disorder group than in the other three groups
(manuscript under review). Based on this finding, one may infer that the mood
patterns of patients with adjustment disorder depression do not adhere as well to the
underlying ultradian cycle pattern. This is consistent with the observation that
adjustment disorders are associated with strong reactivity to environmental stimuli.

Although the presence of ultradian cycles was clearly demonstrated in all
groups, some limitations to this study are noted. Sex and age differences were not
well matched between groups. The use of medications, nicotine, caffeine and other
food items was not controlled. Due to the long half-lives of antidepressant medica-
tions, however, we do not believe that this factor significantly effected findings.
Further studies may benefit from greater control of these and other mood-altering
variables. The number of patients in the non-depressed and adjustment disorder
patient groups was relatively small and findings from these groups should be
considered preliminary. A non-parametric statistical test was used to ensure a
conservative probability statement. A larger number of patients and further restric-
tion of the populations studies may permit a clearer impression of underlying mood
cycles. Specificity of ultradian cycle changes in depressive disorders may be further
assessed by examining non-psychiatric inpatients and psychiatric outpatients, who
would not be subject to the same synchronizing effects of zietgebers (environmental
cues) on an inpatient psychiatry ward.
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In conclusion, several observations are made. First, mood variation over the
course of the day does not appear to be chaotic or completely dependent upon
environmental changes. Rather, we have found that underlying mood rhythms of
mood may form the basis for these changes. The underlying ultradian cycle of mood
may be disrupted by environmental stimuli, resulting in mood cycle arrhythmias.
However, the underlying cycle is revealed by averaging hourly mood scores of groups.
At this point it is not possible to determine if ultradian cycles of mood are regulated
by endogenous clocks, environmental stimuli, or an interaction of the two factors.
Second, we have found that ultradian cycle amplitude was greater in a major
depressive episode and adjustment disorder with depressed mood groups than in a
ward staff group. It should also be noted that the ultradian cycles represent subtle
changes in baseline mood state, and that these cycles may be more prominent in
afternoon and evening hours. Repeated assessment of mood over the course of the
day in the inpatient setting and varied appointment times in the outpatient setting
may be useful to obtain an accurate assessment of mood.
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