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Summary

Circadian rhythm abnormalities have been demonstrated in people with depression, including a
tendency toward maximal symptom severity in the morning. Although a few studies have suggested that
symptoms in people with anxiety are worse later in the day, no detailed study of this observation has been
reported. In 86 patients with anxiety disorders (63 with panic disorder or agoraphobia with panic attacks),
anxiety symptoms tended to be more severe in the afternoon or evening than in the morning, with no
abnormalities of heart rate or oral temperature. This is the first systematic demonstration of a circadian
fluctuation of mood in any disorder other than depression.
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Introduction

Abnormal circadian patterns have been docu-
mented in people with affective disorders, includ-
ing a tendency for early morning awakening and
maximal severity of depression in the morning;
however, patients with anxiety or mixed depres-
sion /anxiety report less early morning waking and
a tendency for symptoms to be worse later in the
day (Kiloh and Garside 1963; Mendels and
Cochrane 1968; Roth et al. 1972; Mathew et al.
1982; Wehr and Goodwin 1983; Mullaney 1984;
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Faravelli et al. 1985; Zerssen et al. 1985); early
insomnia (at time of retiring) is common in both
patient groups. Anxious individuals also have other
sleep abnormalities which differentiate them from
depressives (Reynolds et al. 1983; Rosa et al.
1983; Uhde et al. 1984), including a tendency to
go to bed later and wake later (Stonehill et al.
1976). A single case of a 6-9 h phase-advance in
peak body temperature associated with exacerba-
tions of an anxiety disorder has been reported
(Crawford 1979). In animals, conditionability of
‘anxiety’ as represented by the ‘conditioned emo-
tional response’ (CER) fluctuates in a circadian
fashion (Stroebel 1967). Hormonal reactivity to
stress also has a circadian variation in animals
(Dunn et al. 1972; McCarty et al. 1981; Kant et
al. 1986); however, resting hormone levels across
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24 h in people with panic anxiety appear to be
normal (Cameron et al. 1986). Despite these prior
findings, no systematic study of potential circadian
fluctuations of anxiety in people with clinical
anxiety disorders has appeared; that is the pur-
pose of this investigation.

Method

Three experiments were performed. In the first
study, at the time of diagnostic evaluation, 63
patients retrospectively rated their average anxiety
level at five different times of day (‘early morning’,
‘late morning’, ‘mid-afternoon’, ‘early evening’,
and ‘late evening’) on a 6-point scale (‘none’,
‘very-mild’, ‘mild’, ‘moderate’, ‘severe’, and ‘ very
severe’) for a ‘good day’, an ‘average day’, and a
‘bad day’ for the previous several months. Forty
of the patients had DSM-III-defined (Task Force
on Nomenclature and Statistics 1980) panic at-
tacks (16 with panic disorder and 24 with
agoraphobia with panic attacks; 38 females; mean
age of all 40 subjects = 37 years); 23 had other
DSM-I1I-defined anxiety disorders (four with gen-
eralized anxiety, three with agoraphobia without
panic, three social phobics, six simple phobics,
five with obsessive-compulsive disorder, and two
with atypical symptoms; 15 female; mean age of
all 23 subjects = 33 years). All patients who re-
ported panic attacks also rated the frequency of
attacks which woke them from sleep. No patients
in any of the three studies was in a depressive
episode at the time of evaluation, but some did
describe dysphoric mood. Therefore, a subset of
these patients completed the SCL-9OR symptom
checklist which was used to compare level of
depressive symptoms to published norms. All di-
agnoses in all three studies were made by an
experienced clinician with a semi-structured inter-
view.

Because the first study was retrospective, two
further prospective studies involving people with
DSM-III-defined panic attacks were performed.
In the first, 11 patients (eight with panic disorder,
three with agoraphobia with panic attacks; nine
female; mean age for all patients = 35 years) and
six normal subjects (four female; mean age of
all = 32 years) rated their anxiety level at five
times of day (07.00, 11.00, 15.00, 19.00, and 23.00

h) on a 10-point scale (‘none’ to ‘most ever’) for
one week; radial pulse and oral temperature were
also measured each time, and time of sleep and
waking were recorded. Subjects were instructed to
sit or lie down for at least 10 min before these
measurements, and to avoid strenuous exercise for
at least 30 min. Patients and normal subjects had
approximately equal average daily exercise levels.

In the second prospective study, 12 patients
(six with panic disorder and six with agoraphobia
with panic attacks; nine female; mean age of all
12 =32 years) recorded the time of onset and
severity (same 10-point scale as the second experi-
ment) of all panic attacks for 7-10 days. For data
analysis, the day was divided into five 3.5 h peri-
ods similar to the other experiments (wake-up to
10.00 h, 10.00-13.30 h, 13.30-17.00 h, 17.00-20.30
h, and 20.30 h to sleep), and the recorded times of
attack onset were assigned to one of these five
bins in order to generate frequency counts. All
subjects were informed of the purpose of the
studies. All statistical results are reported for
two-tailed tests.

Results

The results of the first experiment are pre-
sented in Table 1. No differences in symptom

TABLE 1

ANXIETY SCORES FOR ALL PATIENTS, AND FOR PA-
TIENTS WITH PANIC ATTACKS

Scores are mean+ standard deviation at five different times of
day for all patients, and for patients with panic attacks only.
Scale is described in the text.

Good day Average day  Bad day

All patients (n = 63)

Early a.m. 221+136  297+1.66 3.94+1.57
Late a.m. 205+1.08 3.10+1.29 3.90+1.39
Mid-afternoon  2.33+1.12 344+1.25 4.32+1.27
Early p.m. 238+1.13 3444127 430+1.32
Late p.m. 214+115 3244128 432+1.26
Patients with panic attacks (n = 40)

Early a.m. 230+1.36 315+1.64 4.18+1.45
Late a.m. 208+1.00 3.254+1.30 4.08+1.38
Mid-afternoon  242+0.98 3.45+122 438+1.23
Early p.m. 2554108 3.60+1.30 4354133
Late p.m. 2254113 335+1.29 4.25+1.35




severity or pattern was observed for panic patients
versus agoraphobics. A statistically significant
fluctuation in severity of anxiety for all patients
(n = 63) throughout the day was observed (re-
peated measures analysis of variance, F =281,
df=4, 248, P <0.05 after adjustments for re-
peated measures — Greenhaus-Geisser or Huynh-
Feldt). There was also a highly statistically signifi-
cant difference between the ‘good’, ‘average’, and
‘bad’ days (F=171.1, df=2, 124, P <0.0001).
When only patients with panic attacks were in-
cluded (n=40), the severity level was slightly
higher while the pattern through the day was very
similar. However, only a weak trend toward sig-
nificance was observed (F=1.17, df=4, 156, P
=0.32). For all patients, the lowest level was
‘early morning’ or ‘late morning’ and the highest
was ‘mid-afternoon’ or ‘early evening’. Approxi-
mately 60% of the 63 patients rated the
afternoon/evening as worse than the morning.
48% of the patients with panic attacks reported
that attacks sometimes awoke them from sleep;
for these patients, approximately 14% of the at-
tacks occurred during sleep, and the maximum
was 50% for one patient. Finally, 21 patients
completed the SCL-90R (16 with panic attacks);
in comparison to published norms for normal
subjects (Derogatis 1977), these patients were at
approximately the 65th percentile — i.e., one-third
of normals describe dysphoric mood at least as
severe as these patients.

The results of the anxiety ratings from the
second experiment are presented in Fig. 1. The
overall average anxiety severity across all five times
was 3.41 of a maximum possible 10 for the pa-
tients and 1.31 for the normal subjects (7= 2.33,
df =16, P <0.05, unpaired f-test); this difference
is substantial when considering that ‘most ever’
anxiety is greater for anxious patients than for
normal subjects. For normal subjects there was no
observable anxiety fluctuation through the day.
For patients the overall repeated measures analy-
sis of variance was not significant (F = 2.06, df =
4, 40, P =0.20). However, the results of the first
experiment provide an a priori hypothesis for
specific testing: The anxiety level in patients will
be higher in the afternoon and evening than in the
morning. This was confirmed; the anxiety level
was lowest at 07.00 h and significantly higher than
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Fig. 1. Panel 4 (Experiment 2): Concurrent anxiety severity
ratings (mean + SEM) (from 0 =“none’ to 10 = “most ever’) for
11 anxiety patients with panic attacks and six normal subjects.
Times of rating were: 1=07.00 h, 2=11.00 h, 3=15.00 h,
4=19.00 h, and 5=23.00 h. A fluctuation was observed for
patients but not normal controls; patients also had a signifi-
cantly higher overall anxiety level. Panel B (Experiment 3):
Frequency count of time of onset of 60 panic attacks in 12
anxiety patients. Times of onset are: 1= wake-up to 10.00 h,
2=10.00-13.30 h, 3=13.30-17.00 h, 4 =17.00~20.30 h, and
5=20.30 h to sleep. A trend for the frequency to be different
from equal distribution was observed.

07.00 at 15.00 and 19.00 h (r=2.98 and 2.48,
df = 9 for both, P < 0.05 for both, paired r-tests)
with a trend at 23.00 h (¢ =2.19, df =9, P = 0.07).
The mean levels at 19.00 and 23.00 h approached
150% of 07.00 h level, and eight of the 11 patients
rated their anxiety as worse in the afternoon or
evening versus the morning.

The physiological measures in this experiment
did not show differences between patients and
normal subjects. The overall average pulse rates
were very similar for the two groups (76.4 versus
75.9 beats per minute); the oral body temperature
was non-significantly lower in the patients (36.5
versus 36.8°C). Temperature showed a fluctuation
through the day, with a peak between 15.00 and
19.00 h for both groups while a fluctuation in
pulse rate was observed only for patients with a
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peak at 15.00 h. Patients and normal subjects
reported going to bed at approximately the same
time (23.30 h), but patients reported waking sig-
nificantly later than normals (07.00 versus 08.10 h)
(t=1237, df =16, P <0.05, unpaired ¢-test).

The results of the third experiment are also
presented in Fig. 1. The average number of attacks
observed was five per patient; the range was 2-12.
There was a trend for the distribution of times of
attack onset to be different from equal probability
at the five times studied (x*>=8.67, df=4, P=
0.13). The median time of onset of panic attacks
was approximately 15.00 h with less than 10% of
the attacks occurring before 10.00 h. There was
also a non-significant tendency for attacks occur-
ring between 10.00 and 20.30 h to be more severe
than at the other times.

Discussion

The results of these three studies indicate that,
unlike melancholic depression, people with anxiety
disorders tend to experience increased symptoms
later in the day; median time of onset of panic
attacks was mid-afternoon, and overall symptom
severity was worse in the late afternoon or eve-
ning. Although the fluctuation through the day for
people with panic attacks was relatively small, the
consistency of the pattern across three separate
studies with 63 panic patients supports its validity.
Furthermore, these results are in agreement with
the prior studies of anxiety listed above. Interest-
ingly, there is some suggestion that, unlike these
anxious patients, normal subjects in this age range
have a tendency to report feeling ‘worse’ in the
morning rather than the evening (Abe and Suzuki
1985). Further, the circadian effect was more ap-
parent when anxious patients without panic at-
tacks were included; further research with homo-
geneous groups and larger numbers of patients are
needed to evaluate the possibility that anxiety
symptoms other than panic attacks also show
circadian variation.

Two prior studies have commented on circadian
variations of panic attacks observed while study-
ing other aspects of panic. Uhde et al. (1985)
stated that there was a ‘lack of any discernible
rhythm’ in the panic attacks they studied, but they
did not present any primary data. Taylor et al.

(1986) also felt that ‘attacks occurred with ap-
parent random distribution during the day...’,
but an examination of the actual distribution of
the 41 attacks they observed indicated an increase
in frequency between 13.30 and 20.30 h; 20 of the
attacks (49%) occurred in this 7 h period, similar
to the results of the present research.

Results of physiological measurements are in
partial agreement with prior studies. The patients
in the second experiment reported waking later
than the normal subjects; however, situational fac-
tors cannot be excluded, such as the possibility
that patients experienced some insomnia but slept
approximately the same duration. Oral tempera-
ture was slightly lower in patients, but no phase
shift was observed; more frequent measurements
with a larger sample might demonstrate phase
differences. Moreover, any temperature difference
might indicate not lower core body temperature,
but only a tendency of anxious individuals to
hyperventilate, which could in turn reduce oral
measurements. Finally, although acute anxiety is
often associated with heart rate elevations, similar
to the results of this study increases in heart rate
are often not observed in people with anxiety
disorders when acute anxiety is not prominent
(Freedman et al. 1985).

The mechanism controlling the observed fluc-
tuation has not been determined; either physio-
logical and/or environmental variables might be
involved. For example, MHPG (3-methoxy-4-hy-
droxyphenethylene glycol), a metabolite of central
and peripheral nervous system catecholamines
which has been linked with anxiety (Uhde et al.
1982; Charney et al. 1983, 1984; Ko et al. 1983;
Ballenger 1984; Sheehan et al. 1984), has a
circadian fluctuation with a peak at approximately
the same time as the peak time of anxiety in this
study (Wehr et al. 1980; DeMet et al. 1982; Giedke
et al. 1982). On the other hand, some patients in
this study who were asked to rate their most
‘stressful’ time of day, indicated the mid-afternoon
(although they rated the evening as low stress and
not the morning). Thus, either increased anxiety
symptoms may have led to increased stress rat-
ings, or an increase of environmentally stressful
circumstances may have contributed to the in-
creased anxiety levels at these times. Further re-
search will be necessary to determine the mecha-



nism of the observed anxiety fluctuations. In the
meantime, this investigation represents the only
systematic demonstration that people with primary
anxiety disorders experience a circadian fluctua-
tion of their anxiety symptoms, with a peak at a
different time from that seen for depressive symp-
toms in melancholic depression. Evaluation of time
of day of peak symptoms may provide a useful
clinical ‘marker’ to differentiate anxiety disorders
from depression.
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