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Abstract
Twenty-four hour circadian activity rhythms and light-exposure levels of 28 older schizophrenia
patients (mean age=58 years) were examined using an Actillume recorder. Sleep and wake were
scored using the algorithm of the ACTION3 software which revealed that the patients slept for 67%
of the night and napped for 9% of the day. Patients with more disturbed sleep and less robust circadian
rhythms performed more poorly on neuropsychological tests. Patients with higher cognitive
functioning and fewer extrapyramidal symptoms were more alert during the day. Few patients were
exposed to high levels of illumination during the day, and older age was associated with lower levels
of light exposure. Duration of antipsychotic use and higher antipsychotic doses were associated with
decreased daytime alertness and less robust circadian activity rhythms. Patients taking antipsychotics
were more sleepy both during the day and night than patients not taking antipsychotics. The circadian
rhythm disturbances found in these patients did not seem to be due solely to low levels of illumination
exposure. Life-style factors, behavioral factors, psychiatric symptoms and medications were likely
contributors to the disturbed rhythms. The effects of the sleep disturbances did not seem to be benign.
There were strong relationships between sleep and circadian rhythms and functioning.

Keywords
Aging; Antipsychotic; Circadian rhythm; Light; Schizophrenia; Sleep

1. Introduction
Patients with schizophrenia often complain of difficulties with sleep (Kempenaers et al.,
1988; Sweetwood et al., 1976, 1980). Studies have shown differences in rapid eye movement
(REM) sleep and slow wave sleep between patients with schizophrenia and controls (Jus et al.,
1973; Ganguli et al., 1987; Hudson et al., 1993; Kempenaers et al., 1988). Sleep disturbances
are seen in medicated and unmedicated patients, suggesting that schizophrenia and its
symptoms directly affect sleep (Stern et al., 1969; Ganguli et al., 1987; Lauer et al., 1997).
Benca et al. (1992) reviewed studies of sleep and psychiatric disorders, and reported that
schizophrenia patients had decreased total sleep time, longer sleep-onset latency and reduced
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sleep efficiency compared with controls. Unfortunately, available data on sleep in
schizophrenia come primarily from younger patients. Few studies have included patients over
age 35, and almost none have included patients over age 50 (Benca et al., 1992). Some of the
studies cited above included only unmedicated patients (Jus et al., 1973; Lauer et al., 1997),
while others included both patients taking medications and patients not taking medications.
None the less, the consistent finding across studies was that, regardless of medication status,
patients have disturbed sleep compared with non-psychiatric individuals.

Sleep architecture generally changes over the lifespan. Older adults often have less robust (i.e.
lower amplitude) and more advanced (i.e. earlier) circadian rhythms than younger adults (Dijk
et al., 1999; Bliwise, 1993; Weitzman et al., 1982). Secretion of hormones, body temperature,
activity and sleep/wake all follow circadian patterns, that is, rhythms with a phase of about 24
h (see Fig. 1) (Batschelet, 1981).

Circadian rhythms are controlled by environmental cues, the strongest of which is light.
Reduced light exposure is thought to contribute to circadian rhythm and sleep/wake
disturbances in older adults (Campbell et al., 1988; Espiritu et al., 1994). To our knowledge,
there have been no reports of illumination exposure in older schizophrenia patients.

Another factor which affects the sleep/wake of schizophrenia patients is antipsychotic
medications (Nicholson et al., 1994; Maixner et al., 1998). Antipsychotics are known to affect
sleep, but their impact on circadian rhythms is largely unknown. One question being explored
is the differential effects of typical vs. atypical antipsychotics. Wirz-Justice and colleagues
recorded wrist activity in hospitalized schizophrenia patients. They found that changing the
antipsychotic medication of one patient from haloperidol (a typical antipsychotic) to clozapine
(an atypical antipsychotic) improved the organization of his rest/activity rhythm (Wirz-Justice
et al., 1997). They also found that patients taking atypical antipsychotics had more stable rest/
activity cycles than patients taking typical antipsychotics (Wirz-Justice et al., 1996). This
suggests that traditional antipsychotics may adversely impact circadian rhythms.

Older schizophrenia patients are at risk for sleep and circadian rhythm disturbances, because
of both their age and their psychiatric status. The goal of this study was to describe circadian
activity rhythms and sleep/wake patterns of such patients and to examine specific clinical
factors which may be related to circadian activity rhythms, sleep and wake. We hypothesized
that sleep/wake patterns would be disturbed, circadian activity rhythms would be blunted and
antipsychotics would account for much of these disturbances. Although our sample size was
small, we also expected that patients taking atypical antipsychotic medications would have less
disturbed sleep and circadian rhythms than patients taking typical antipsychotic medications.
We expected that clinical symptoms would be associated with more sleep and circadian rhythm
disruption, and more disturbed rhythms would be associated with poorer functioning.

2. Methods
2.1. Subjects

The participants were 14 men and 14 women enrolled in a larger study of late-life psychosis.
All were diagnosed with schizophrenia using DSM-III-R criteria (American Psychiatric
Association, 1987). The Structured Clinical Interview for DSM-III-R (SCID) (Spitzer and
Williams, 1986) was administered to patients by geriatric psychiatry or psychology fellows.
Diagnosis was confirmed at a research staffing with at least two Board-certified psychiatrists
present. These diagnostic procedures have been previously described (Jeste et al., 1995).
Patients were excluded if they were clinically unstable, had a history of violence, or lived in a
home where there was evidence of violence. The mean age of patients was 58.3 years (S.D. =
9.8; range = 45–76); 82% were Caucasian. All patients were participants in the UCSD Geriatric
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Psychiatry Clinical Research Center (CRC) and signed consent forms approved by the UCSD
Committee on the Investigation of Human Subjects.

At the time of recording, 24 patients were taking antipsychotics. Of these 24 patients, 11 were
taking anticholinergic medications, 13 were taking antidepressants, and nine were taking
benzodiazepines. Seven patients were taking both antidepressants and benzodiazepines. Two
were taking only sedative medications. Of the four patients not taking antipsychotics, one was
taking both antidepressants and sedatives. The others (three patients) were psychotropic-
medication-free. Patients were on stable doses of their medications for at least several weeks
prior to the study. Patients who were undergoing medication changes were not included.

Nine patients were diagnosed with late-onset schizophrenia (LOS; symptom onset after age
45), and 19 were diagnosed with early-onset schizophrenia (EOS). Seventy-eight per cent of
patients were employed less than half time. Ten patients were living alone, eight were living
with family or friends and 10 were living in board-and-care or assisted living facilities. Table
1 lists the clinical status of patients.

2.2. Apparatus
The Actillume recorder (Ambulatory Monitoring, Inc., Ardsley, New York) was used to record
activity and light exposure. The Actillume is a wrist-mounted monitor which records minute-
by-minute activity and illumination exposure through the use of a linear accelerometer, a light
transducer and a microprocessor. The microprocessor has sufficient memory to record activity
and illumination data for about 1 week. Since the Actillume is light (85 grams) and small (1 ×
3 × 6 cm) and is worn unobtrusively on the wrist, it is a non-invasive method for continuous
activity measurement. The reliability of the Actillume for estimating sleep/wake has previously
been tested (Cole et al., 1992; Ancoli-Israel et al., 1997).

Procedure
Patients were seen at the CRC every 6 months. Actigraphic recordings were scheduled at one
of these visits. At each CRC visit, research assistants administered a battery of tests, including
the Mini-Mental State Examination (MMSE; higher scores indicate better cognitive
functioning) (Folstein et al., 1975), the Quality of Well Being scale (QWB; higher scores
indicate better health-related quality of life) (Kaplan and Anderson, 1990), the Brief Psychiatric
Rating Scale (BPRS; higher scores indicate severe more psychiatric symptoms) (Overall and
Gorham, 1962), the Scale for the Assessment of Positive Symptoms (SAPS; higher scores
indicate more severe positive symptoms) (Andreasen and Olsen, 1982), the Scale for the
Assessment of Negative Symptoms (SANS; higher scores indicate more severe negative
symptoms) (Andreasen and Olsen, 1982), the Abnormal Involuntary Movement Scale (AIMS;
higher scores indicate more dyskinesia) (Guy, 1976), the modified Simpson–Angus
Extrapyramidal Symptoms (EPS) scale (clinical rating of Parkinsonism; higher scores indicate
greater EPS) (Simpson and Angus, 1970), and a series of neuropsychological examinations
(see Heaton et al., 1994 for a complete description). Neuropsychological tests were
summarized into an overall standardized t-score controlling for age, gender and education
based on normative samples with a mean t-score of 50 (S.D.=10) (Heaton et al., 1991). For all
testing, research assistants at the CRC were trained to reach agreement criteria with a gold-
standard rater. Neuropsychological testing was performed according to published instructions
for the various instruments, by trained psychometrists under the direction and supervision of
a board-certified neuropsychologist (R.H.). Specific interrater reliability data have been
previously reported (Lindamer et al., 1999; Jeste et al., 1995).

Actillume recorders were placed on the patients’ non-dominant wrist before 0900 h and
removed after 0900 h 3 days later. Patients were asked to record their bedtime at night and
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final awakening time in the morning, and to keep the Actillume uncovered during the day.
Times during which they removed the Actillume for bathing, or other activities involving water
(e.g., swimming), were also recorded. On average, participants removed the Actillume 50 min
per day.

2.4. Data analyses
Maximum activity level per minute was fitted to 24 hour cosine curves from which mesor,
amplitude and acrophase were estimated (see Fig. 1) (Batschelet, 1981). Mesor and amplitude
are expressed in arbitrary units of activity (higher numbers represent larger movements). The
mesor represents the midpoint of the cosine function, or roughly the mean activity level. The
amplitude is the distance from the mesor to the peak of the curve at its highest point. The
acrophase is the timing of the peak of the rhythm (Batschelet, 1981). Significant cosine fits
were found for all patients (P<0.00005).

Bedtime and uptime were determined from patient records and Actillume recordings. For
analyses, ‘night’ was defined as the time between bedtime in the evening and uptime in the
morning and ‘day’ as the time between uptime and bedtime. Sleep and wake were scored using
a validated algorithm in the ACTION3 software package (Ambulatory Monitoring, Inc.,
Ardsley, NY). The algorithm used for scoring sleep and wake has been validated in a number
of populations, including elderly individuals (Webster et al., 1982; Cole et al., 1992; Ancoli-
Israel et al., 1997). Although there is not a perfect 1:1 correspondence for sleep/wake as
measured by the Actillume and sleep/wake as measured by EEG, the overall correspondence
for measures such as total sleep time is comparable to the interrater reliability for two raters
scoring the same EEG record. Throughout the remainder of the paper, reference to sleep and
wake will indicated such measures as scored from the Actillume data. Total and per cent sleep
time at night, total and per cent wake time at night, number of awakenings and length of each
awakening, total and per cent sleep time during the day, total and per cent wake time during
the day, number of naps and length of time between naps were computed. Mean lux exposure
levels and time spent exposed to light>1000 lux during the day were determined from
illumination plots. Data were averaged across the 3 days of recording.

Since sleep/wake variables violated the parametric assumption of normality, non-parametric
tests were used. Mann–Whitney tests were used for two-way comparisons. There were no
differences between LOS and EOS patients on sleep variables; therefore, data are presented
for the combined group. Kruskal–Wallis tests were used to compare patients taking traditional
antipsychotics, patients taking atypical antipsychotics and patients not taking antipsychotics;
Bonferroni-corrected follow-up tests were performed on all pair-wise comparisons (family-
wise error rate=0.05). Spearman rank-order correlations were performed to examine the
relationship between clinical variables and sleep/wake and circadian rhythm variables. Since
analyses were exploratory in nature, the critical value for alpha was set at 0.05 for two-way
comparisons and correlations.

3. Results
3.1. Sleep

Sleep and activity data for all subjects are displayed in Fig. 2. Sleep/wake data are summarized
for day and night in Table 2. Daytime and nighttime sleep and wake were correlated. More
nighttime awakenings were associated with more daytime naps (r=0.46, P=0.014) and less
time awake during the day (r=–0.50, P=0.007).

The relationships between sleep/wake and neuropsychological and clinical variables were
examined. In general, higher functioning and less symptomatic patients spent more time awake
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during the day and had fewer awakenings during the night (see Table 3). No other clinical or
demographic variables, including age, were related to nighttime or daytime sleep/wake.

3.2. Circadian rhythms
On average, the activity rhythm mesor was 22.9 (S.D.=7.7, range=9.8–41.2), the amplitude
was 18.0 (S.D.=6.1, range=7.7–35.7), and the acrophase was at 1404 h (S.D.=97 min,
range=1006 h–1633 h). Table 4 summarizes correlations between and circadian rhythms and
clinical and neuropsychological variables.

3.3. Light
While out of bed, patients were exposed to a mean of 1263 lux (S.D.=1653, range=71–6190
lux; median=614 lux). Patients spent a mean of 77 mmn per day exposed to bright light>1000
lux (S.D.=67; range=0–222 min median=51.5 min). The average light exposure was <1000
lux for nine patients. Fifty-four per cent of patients were exposed to less than 60 min and 32%
were exposed to less than 30 min of bright light (>1000 lux) per day. Light exposure (mean
lux level or min of exposure over 1000 lux) was not related to sleep/wake or circadian rhythm
variables.

Generally, patients exposed to high levels of illumination were less symptomatic (lower BPRS
and lower Hamilton Scale scores), had higher quality of life, and were younger. Significant
correlations between light and other variables are summarized in Table 5.

3.4. Antipsychotic medication
Duration of antipsychotic use and dose of antipsychotic medication were strongly related to
sleep/wake variables (see Table 3), and circadian activity rhythms (see Table 4).

Patients taking antipsychotics (n=24) slept more both during the day (77 vs. 15 min, P=0.013)
and during the night (414 vs. 261 min, P=0.018) than those not taking antipsychotics (n=4).
In addition, patients taking antipsychotics took more naps (8 vs. 1 nap per day, P=0.006) and
had lower activity rhythm mesors (34.5 vs. 21.2, P=0.031) than patients not taking
antipsychotics. There were no differences in amount of light exposure between these groups.

Patients taking typical antipsychotics (n=18) were compared with patients taking atypical
antipsychotics (n=6; risperidol or clozaril) and no antipsychotics (n=4). Results showed a
significant difference among the groups in number of daytime naps (P=0.035). Pairwise
comparisons indicated that patients taking antipsychotics (typical or atypical) took more naps
than patients not taking antipsychotics (P=0.021 and P=0.020, respectively). There were no
significant differences between patients taking typical and patients taking atypical
antipsychotics in any of the sleep or circadian rhythm variables.

4. Discussion
The circadian rhythms and sleep/wake patterns of these patients were quite disturbed. To place
the level of disturbance in context, we compared the circadian rhythm data from these patients
to control participants in a study conducted by Youngstedt and Kripke (personal
communication). Since control data were available only for individuals over age 60, we
selected 12 age- (within 2 years) and gender-matched pairs of patients and controls. In this
sub-group, the activity acrophase was not different, (14:08 vs. 14:21, P=0.58), but the mesor
(24.0 vs. 132.6, P=0.00007) and amplitude (18.6 vs. 92.9, P=0.0002) were lower in the
schizophrenia patients than in the comparison subjects. The peak of the activity rhythm of the
schizophrenia patients was about one-fifth that of the control participants.
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These dramatic differences in circadian activity rhythms are likely the result of poor sleep/
wake patterns in the schizophrenia patients. To measure sleep and wake, an automated scoring
algorithm based on the wrist activity data was used. Although this algorithm has been validated
(Webster et al., 1982; Cole et al., 1992; Ancoli-Israel et al., 1997), there are certainly limitations
in using this as a proxy for EEG sleep. None the less, the algorithm is useful for estimation of
sleep and wake. Based on actigraphically scored sleep, patients napped an average of over 1 h
per day and were awake for over 3 h per night. Daytime napping was associated with nighttime
sleep fragmentation. Patients spent nearly 11 h in bed at night, which is substantially longer
than is typically needed for sleep. Although these patients were living in the community, nearly
all were unemployed. This lack of daytime structure may have contributed to daytime napping
which, in turn, upset nighttime sleep.

In these patients, more robust circadian activity rhythms were related to performance on
neuropsychological tests. Higher activity mesor was associated with better overall
neuropsychological functioning. Although these data are preliminary and the direction of the
effect cannot be determined, clinical status and age cannot wholly explain the association
between higher levels of activity and better functioning. Sleep/wake measures were also related
to neuropsychological functioning. Patients who performed better on neuropsychological tests
had less daytime sleep and more consolidated nighttime sleep. Since there is evidence that
sleep deprivation impairs some domains of cognitive functioning (Horne, 1993), it is possible
that decreased daytime activity causes disturbed sleep, which impairs performance. In this
population of patients, who generally have below-average neuropsychological functioning, the
negative impact of sleep disruption on functioning should not be discounted.

Patients with higher levels of EPS had more nocturnal awakenings, suggesting that EPS may
also adversely impact sleep at night in addition to causing difficulties during the day.

Increased light exposure was related to younger age, higher quality of life and fewer symptoms.
As a group, these patients were exposed to more bright light (77 min) compared to what is seen
in healthy adults aged 40–64 years old (58 min) from the same geographic region (Espiritu et
al., 1994). This finding was surprising given the weak circadian rhythms, poor night sleep and
decreased daytime alertness in this patient group. The circadian rhythm disturbance in these
patients did not seem to be due to low levels of illumination exposure; rather, life-style factors,
psychiatric symptoms and medications were likely contributors. It was interesting to see that
lower levels of light exposure were related to poorer quality of life and decreased mood in
these patients. The relationship between light exposure and mood has been reported in non-
schizophrenic populations as well (Youngstedt et al., 1999).

Higher antipsychotic dose was associated with more sleep during the day and night and less
robust activity rhythms. Patients who had been taking antipsychotics longer had more delayed
rhythms with lower amplitude. Duration of antipsychotic use was unrelated to age or illness
duration. It is impossible to rule out the possibility that initial symptom severity and/or the use
of other medications might account for part of the relationship between antipsychotic use and
sleep/wake measures.

Reports by Wirz-Justice et al. (1996, 1997) have suggested that typical antipsychotics may be
more detrimental to circadian activity rhythms than atypical antipsychotics. Although we did
not find differences in circadian rhythms or sleep between patients taking typical vs. atypical
antipsychotics, our study is limited by small sample size (six taking atypical antipsychotics)
and by a short recording duration (3 days). Additional research is warranted in this area.

Sleep disordered breathing and periodic limb movements (PLNS) commonly impact sleep
quality of older adults (Ancoli-Israel et al., 1991a, b). Patients in the current study had their
breathing and leg movements recorded for one or two nights. Five patients had a respiratory
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disturbance index (RDI)>20, 12 had an RDI>10, and two had a myoclonus index (MI)>5. There
were no significant relationships between RDI or PLMS and the sleep/wake or circadian
rhythm measures used in the current analyses. The relationships found in the current sample
do not appear to be wholly due to primary sleep disorders. Ancoli-Israel et al. (1999) have
reported that the prevalence of severe sleep disordered breathing (SDB; >20 respiratory
disturbances per hour of sleep) was higher and the prevalence of periodic limb movements in
sleep was lower in schizophrenia patients compared to what is seen in non-psychiatric older
adults. Although severe SDB may contribute to sleep disruption in these patients, it is unlikely
to account for all the sleep/wake and circadian rhythm disruption we found.

Additional research on the sleep of older schizophrenia patients is needed. Larger studies need
to compare sleep in older patients with that of older controls to determine how much of the
sleep disturbance is secondary to age rather than to schizophrenia symptoms and medication
use. Further studies should use longer recording periods to confirm the pattern of our findings.
In addition, the possibility that atypical antipsychotics are less detrimental to sleep and
circadian rhythms should be explored in larger well-controlled studies. Nighttime sleep and
daytime alertness should be considered in designing medication regimens for these patients. It
may be possible to improve neuropsychological functioning in these patients with treatment
strategies targeting daytime alertness and nighttime sleep quality. Such improved functioning
could positively impact the patients’ overall level of functioning and quality of life.
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Fig. 1.
Cosine model of circadian rhythms. Mesor represents the midpoint of the curve, amplitude is
the distance from the mesor to the peak at its highest point and the acrophase is the time of the
rhythm's peak (Batschelet, 1981).
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Fig. 2.
Raw data for all 28 participants are shown with scored sleep in black below maximum per-
minute activity data. Each recording began at 0900 h and ended at 0900 h 3 days later. The
variability in sleep consolidation and fragmentation can be seen from these plots.
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Table 1
Clinical description of schizophrenia patients (n=28)

Mean S.D. Range

Age (years) 58.3 9.8 45–76

Duration of illness (years) 23.6 12.5 3–51

Antipsychotic dose (mg CPZE)a 328 369 0–1080

Duration of antipsychotic use (years)b 4.2 7.1 0.07–24.2

Anticholinergic dose 1.7 2.7 0–10

SAPSc score 5.5 4.2 0–16

SANSd score 8.7 4.5 1–18

Adjusted QWBe score .57 .11 0.42–0.81

MMSEf score 26.0 3.0 17–30

BPRSg score 32.3 8.8 21–62

AIMSh score 7.3 4.3 1–19

Simpson–Angus EPSi score 21.3 6.1 12–35

Hamilton Depression Rating Scale score 9.6 4.8 3–24

a
mg chlorpromazine equivalencies.

b
For patients taking antipsychotics only.

c
Scale for the Assessment of Positive Symptoms (range=0–20).

d
Scale for the Assessment of Negative Symptoms (range=0–25).

e
Quality of Well Being (0=dead, 1.0=optimal health).

f
Mini-Mental State Examination (range=0–30).

g
Brief Psychiatric Rating Scale (Overall and Gorham, 1962).

h
Abnormal Involuntary Movement Scale (Guy, 1976).

i
Simpson–Angus Extra Pyramidal Symptom Scale (Simpson and Angus, 1970).
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Table 2
Sleep/wake variables for all subjects (n=28)a

Mean S.D. Range

Night (time in bed):

    Bed time 2145 h 101 min 1837 h–0050 h

    Total time in bed (min) 587 96 335–771

    Per cent sleep 68% 12% 44–85%

    Per cent wake 32% 12% 15–56%

    Number of wake bouts 22 5 14–33

    Mean length of wakes (min) 7 3 3–15

Day (time out of bed):

    Final awakening time 0729 h 78 min 0451 h–0939 h

    Total time out of bed (min) 796 97 645–1068

    Per cent sleep 9% 9% 0–31%

    Per cent wake 90% 10% 67–99%

    Number of naps 7 8 0–29

    Mean time between naps (min) 61 47 0–168

a
Due to periods during which the Actillume was removed for bathing, night and day do not sum to 24 h.
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Table 3
Correlations of sleep/wake and clinical variables

rs P value

Number of nighttime awakenings

    Overall neuropsychological function –.44 0.029

Mean length of nocturnal awakenings

    EPSa 0.41 0.030

Per cent wake during the day

    Overall neuropsychological function 0.55 0.004

Minutes awake during the day

    MMSEb 0.40 0.041

    EPSa –0.38 0.046

    Antipsychotic dosec –0.45 0.024

    Duration of antipsychotic use –0.60 0.001

Minutes napping during the day

    Antipsychotic dose 0.41 0.043

    Duration of antipsychotic use 0.49 0.010

Number of daytime naps

    Overall neuropsychological function –0.49 0.013

a
Modified Simpson–Angus EPS Scale (Simpson and Angus, 1970).

b
Mini Mental State Examination.

c
mg chlorpromazine equivalencies.
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Table 4
Correlations of circadian rhythm and clinical variables

rs P value

Mesor

    Overall neuropsychological function 0.42 0.035

    Antipsychotic dose –0.44 0.030

Amplitude

    Anticholinergic medication dose−.40 –0.40 0.038

    Duration of antipsychotic use –0.44 0.020

Acrophase

    Duration of antipsychotic use 0.45 0.018
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Table 5
Correlations of daytime light exposure and clinical variables

rs P value

Mean light exposure

    Age –0.42 0.025

    Adjusted QWBa score 0.59 0.002

    BPRSb score –0.45 0.022

    Hamilton Depression Scale score –0.51 0.008

Minutes exposed to light >1000 lux

    AIMSc total score –0.41 0.048

    Hamilton Depression Scale score –0.45 0.020

a
Adjusted Quality of Well Being score.

b
Brief Psychiatric Rating scale.

c
Abnormal Involuntary Movements scale.
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