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SLEEP DISTURBANCES ARE VERY COMMON IN CAN-
CER PATIENTS. PREVIOUS STUDIES HAVE REVEALED 
THAT 30% TO 50% OF CANCER PATIENTS REPORT insom-
nia symptoms.1,2 There is also evidence suggesting that breast 
cancer patients constitute the subgroup of cancer patients most 
at risk for experiencing sleep difficulties.3,4 In addition to result-
ing in restless sleep (i.e., increased activity during the night), 
breast cancer and its treatment may also reduce daytime activ-
ity. Although data are rather sparse, there is some evidence to 
suggest that cancer patients have disturbed circadian rhythms.

Studies using actigraphy and comparing cancer patients to 
healthy controls have been consistent in showing less contrast 
between daytime and night time activity in cancer patients, a pat-
tern indicative of circadian disruption.5-9 But few have examined 
circadian variables before and during treatment in cancer pa-
tients. Some data on breast cancer patients suggest that sleep and 
circadian rhythms may be altered even prior to the initiation of 
chemotherapy.10,11 These studies found that breast cancer patients 
slept for about 6 hours, spent about a quarter of the night awake 
and napped for a total of about one hour a day. While their circa-
dian rhythms were not desynchronized, those with more phase-

delayed rhythms experienced more daily dysfunction. Together, 
these studies are consistent in showing some alterations in the 
rest-activity circadian rhythms of cancer patients. However, as 
no longitudinal study has been published, it is unknown to what 
extent these impairments evolve over time.

As part of a larger study on sleep, fatigue, rhythms and breast 
cancer, the goal of this study was to assess the evolution of 
circadian impairments longitudinally, i.e., before and during 
chemotherapy for breast cancer.

METHODS

Participants

The majority of patients were referred by oncologists from the 
Rebecca and John Moores University of California San Diego 
(UCSD) Cancer Center. Patients were also referred from com-
munity oncologists in the San Diego, CA, and the Yakima, WA, 
areas. Patients were eligible for the study if they had recently re-
ceived a diagnosis of stage I-III breast cancer and were scheduled 
to receive ≥ 4 cycles of neoadjuvant or adjuvant anthracycline-
based chemotherapy as part of their cancer treatment. The study 
excluded women who were shift workers, pregnant, had meta-
static or IIIB (including inflammatory) breast cancer, had signifi-
cant pre-existing anemia, had received radiation therapy prior to 
their chemotherapy, were undergoing bone marrow transplant, 
and those with confounding comorbid medical illnesses or any 
other physiological or psychological impairments (e.g., major 
depression) that would have limited their participation.
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A total of 132 women were screened for the study, of whom 
11 did not meet study criteria and 19 refused to participate be-
cause of a lack of interest in the study (see Figure 1 for details). 
Of the 102 patients who consented to participate, 7 additional 
women were found ineligible, thus leaving a final sample of 95 
participants. Of those, 75% were Caucasian, 69% were married, 
77% had at least some college education, and 73% reported an 
annual income of over $30,000 (Table 1).

MEaSURES

Circadian Rhythms

Circadian rhythms were computed from data recorded using 
an Actillume (Ambulatory Monitoring Inc., Ardsley, NY, USA). 
The Actillume is a small actigraphy device (1× 3 × 6 cm) that is 
worn on the wrist and is similar in size and appearance to a large 
wrist watch. The actigraph contains a piezoelectric linear ac-
celerometer (sensitive to 0.003 g and above), a microprocessor, 
32K RAM memory, and associated circuitry. By calculating the 
orientation and movement, the Actillume records sleep-awake 
activity and allows for an objective measure of the duration 
and disruption of sleep. Sensitivity and effectiveness of sleep-
awake inference from wrist activity by the Actillume has previ-
ously been validated.12 Measuring wrist activity over time also 
produces an index of the daily rhythm as well as the circadian 
activity rhythm over days. The recorded actigraphy data were 
analyzed using Action 3 (Ambulatory Monitoring Inc.).

Circadian rhythms were analyzed by fitting each partici-
pant’s actigraphy data to a 5-parameter extended cosine mod-
el,13 which resulted in 6 derived outcome variables (Table 2). 
These measures characterize the rhythmicity of activity levels 
as well as the timing of the onset and offset of activity.

Procedure

The detailed procedure is described in Liu et al.14 Briefly, 
study approval was obtained from the UCSD Committee on 
Protection of Human Subjects and by the Rebecca and John 
Moores UCSD Cancer Center’s Protocol Review and Monitor-
ing Committee before the study’s initiation. After patients were 
referred by the oncologist, the research coordinator scheduled 

a meeting with them to discuss their participation in the study. 
During this meeting, informed consent was obtained, and a 
release of information form (HIPAA) was signed. Medical re-
cords were abstracted for medical history and medication use.

Data were collected at 7 time points: baseline (mean of 7.7 
days before the start of chemotherapy), during cycle 1 week 1 
(C1W1; week of chemotherapy), cycle 1 week 2 (C1W2; week 
of lowest blood counts), cycle 1 week 3 (C1W3; recovery week) 
and during the 3 weeks of cycle 4 (C4W1, C4W2, C4W3). All 
measures at W1 were begun the day after the administration of 
chemotherapy and started on the same day of the week at sub-
sequent time points within each cycle.
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  Not given anthracycline-based 

chemotherapy (n = 2)

Figure 1—Screening and enrollment flowchart

Table 1—Demographic and Medical Characteristics at Baseline 
(N = 95)

Variable M (SD) n (%)
Age (years; n = 94; range: 34-79) 50.72 (9.66)
Marital Status (n = 94)
 Married  65 (69.15)
 Never married  10 (10.64)
 Divorced  15 (15.96)
 Separated  3 (3.19)
 Widowed  1 (1.06)
Education (n = 94)
 Some high school or less  4 (4.26)
 Completed high school  17 (18.09)
 Some college  26 (27.66)
 College degree  47 (50.0)
Annual Family Income (n = 81)
 Less than $30,000  13 (16.05)
 More than $30,000  68 (83.95)
Occupation (n = 93)
 Working  87 (93.55)
 Retired  6 (6.45)
Menopausal status pre-chemotherapy (n = 87)
 Premenopausal  37 (42.53)
 Perimenopausal  7 (8.05)
 Postmenopausal  25 (28.74)
 Post-hysterectomy  18 (20.69)
Cancer stage (n = 85)
 Stage I  25 (29.41)
 Stage II  42 (49.41)
 Stage III   18 (21.18)
Surgery (n = 84)
 Lumpectomy  34 (40.0)
 Mastectomy  36 (42.35)
 Double mastectomy  5 (5.88)
 Pre-op chemotherapy  9 (10.59)
Chemotherapy regimen (n = 79)
 Exactly 4 cycles of AC  24 (30.38)
 Exactly 4 cycles of AC + docetaxel  21 (26.58)
 Exactly 4 cycles of AC + paclitaxel  6 (7.59)
 More than 4 cycles of AC  3 (3.80)
 Exactly 4 cycles of AC followed by docetaxel 4 (5.06)
 Exactly 4 cycles of AC followed by paclitaxel 10 (12.66)
 4 or more cycles of AC + 5-fluorouracil  4 (5.06)
 Other regimen   7 (8.86)
Prior use of hormone replacement therapy (n = 84)
 Yes  23 (27.38)

AC = doxorubicin + cyclophosphamide.
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At each assessment, the participants wore the Actillume re-
corder for 3 consecutive 24-h periods (i.e., total of 72 h) and 
completed a sleep log to record their bedtime, wake time, and 
napping periods. The sleep log information was used as an aid 
for the actigraphy data editing and scoring.

Statistical analyses

Descriptive statistics (means, standard deviations, medians, 
frequencies, ranges) for demographic and clinical characteris-
tics of the study sample were calculated. Preliminary analyses 
(correlations and t tests) were performed to assess the asso-
ciation between all circadian rhythm variables and several 
potential confounders including demographic variables (age, 
body mass index, ethnicity, marital status, education, famil-
ial income, occupation) and clinical characteristics (prior use 
of hormone replacement therapy, menopausal status, tumor 
size, cancer stage, estrogen-receptor-positive tumors, proges-
terone-receptor-positive tumors, presence of positive nodes, 
cancer surgery, and medication use) at baseline, as well as 
the chemotherapy regimen received during the course of the 
study. It was decided that demographic and clinical variables 
that would be significantly associated with at least half of the 
circadian rhythm variables would be controlled for in the in-
ferential analyses. As none of the variables met this criterion, 
regression analyses were performed without the inclusion of 
covariates.

The evolution of circadian rhythms during chemotherapy 
was modeled using linear mixed-effects models, fitted with 
restricted maximum likelihood methods.15 A separate model 
was developed for each of the 6 outcome variables of interest, 
namely, amplitude, acrophase, mesor, up-mesor, down-mesor, 
and R-squared. Each model included a random effect at the pa-
tient level (random intercept term in the model) to allow for 
variability in baseline rhythms between individuals. Time of 
chemotherapy (C1W1, C1W2, C1W3, C4W1, C4W2, C4W3) 
was included as a categorical fixed effect in the models. Circa-
dian rhythms during each week of the chemotherapy regimen 
were compared to baseline (pre-treatment) values. A likelihood 
ratio test was used to test the inclusion of a time (of chemother-

apy) effect in the models by comparing the likelihood for the 
intercept only model to the likelihood of the model with both 
intercept and time. Residual plots and quantile-quantile plots 
were used to assess adequacy of fit of the models.

An important advantage of mixed model paradigms is that 
under a “missing at random” assumption,15 the model allowed 
for unbalanced data, whereby the number of available mea-
sures per individual could vary. Patients could be included in 
the models even if they did not have outcome information for 
all time-points. Thus potential biases from a “completers” only 
analysis are reduced considerably in a mixed-model analysis. 
In our analyses, data of all patients with actigraphic recordings 
available for at least one time point were included in the analy-
ses. This yielded a sample size of 86 at baseline; 76 at C1W1; 
69 at C1W2; 72 at C1W3; 70 at C4W1; 60 at C4W2; and 65 
at C4W3; and a total of 498 observations in each mixed-model 
analysis. Reasons for not having data available at some time 
points included technical difficulties with the actigraphic re-
corder, patients unavailable for testing on particular weeks, and 
patients dropping out from the study.

RESUlTS

Evolution of Circadian Rhythms Variables Over Time

Significant overall time effects were obtained on amplitude, 
χ2 (6) = 101.01, P < 0.0001; mesor, χ2 (6) = 102.95, P < 0.0001; 
up-mesor, χ2 (6) = 14.23, P < 0.05; down-mesor, χ2 (6) = 24.09, 
P < 0.001; and R-squared, χ2 (6) = 120.88, P < 0.0001; sug-
gesting that that the sleep-wake activity became more disrupted 
during chemotherapy compared to baseline. Only acrophase did 
not change significantly over the course of the study, χ2 (6) = 
5.59, P = 0.47, in spite of the similarity of the pattern of results 
with that of other variables. Figure 2 shows one participant’s 
raw actigraph data for 3 days during each time point of data 
collection. In this patient, the sleep-wake rhythm was robust at 
baseline with a clear contrast between daytime and night time 
activity. The rhythm then became disrupted at cycle 1 and even 
more disrupted at cycle 4, as indicated by more activity during 
the night and less constant bedtime and wake time.
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Table 2—Circadian Rhythms Variables Derived from Actigraphy

Variables Definition Meaning

Amplitude The height of the rhythm. Value = maximum activity – minimum 
activity 

Lower amplitude suggests a dampened 
circadian rhythm.

Acrophase (h) Time of day of the peak of the curve A later time suggest more phase delay.

Mesor The mean of the rhythm; Value = Minimum + 1/2 amplitude
Half-way between minimum and maximum activity

Mean activity level

Up-Mesor (h) The time of day when the women switched from low activity to 
high activity, i.e., from below the mesor to above the mesor 

Higher value suggests a later starting time of 
activity; the time the women “got going” in 

the morning.

Down-Mesor (h) The time of day when the women switched from high activity to 
low activity, i.e., from above the mesor to below the mesor 

Higher value suggests a later time of decline 
of activity; the time the women “settled 

down” for the evening.

R-Squared The reduction in squared error from using a model to summarize 
data (and predict future values) compared to using the mean 

Higher value suggests a more rhythmic or 
robust rhythm.
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R-squared, lower mesor) and the women increased their level of 
activity later in the day (increased up-mesor of about 37 min), 
while switching from high to low activity earlier at night (re-
duced down-mesor of about 34 min). However, in contrast with 
data of cycle 1, these impairments were maintained on several 
variables at C4W2 and C4W3, particularly for differences be-
tween baseline and C4W2 (amplitude, mesor, up-mesor, and 
R-squared) and between baseline and C4W3 (amplitude, up-
mesor, and R-squared).

DiSCUSSiOn

The results of this study suggest that the sleep-wake activity 
cycles of breast cancer patients are impaired during the first 
week of each chemotherapy cycle (the week of chemotherapy 
administration), and get progressively worse with each cycle 

Figure 3a-f illustrates the plots of circadian rhythm vari-
able means (and standard errors) over time. A priori contrasts 
showed that all circadian rhythm variables (except acrophase) 
were significantly more impaired at C1W1 than at baseline, i.e., 
cycles were less rhythmic (lower amplitude, lower R-squared, 
lower mesor). Moreover, the participants switched from low 
to high activity later in the day (increased up-mesor of about 
30 min) while decreasing their level of activity earlier during 
the night (reduced down-mesor of about 50 min), suggesting 
that their days were shorter. Except for up-mesor, there were no 
significant differences between baseline and C1W2 and C1W3, 
thus indicating that most variables returned to baseline levels at 
those time points of cycle 1.

Significant differences were also found between C4W1 and 
baseline on all circadian rhythms variables, except acrophase. 
Again, the cycles were less rhythmic (lower amplitude, lower 
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Figure 2—One participant’s raw actigraph data for 3 days during each time point of data collection. Double plot with the first row represent-
ing day 1 (midnight to midnight) and day 2 (midnight to midnight), the second row representing day 2 again followed by day 3 and so on. 
This patient had a robust circadian rhythm at baseline with a clear contrast between daytime and nighttime activity, minimal body movements 
during the night, and constant bedtime and wake time across the 3 nights. At cycle 1, the rhythm became disrupted with less constant bedtime 
and wake time and more activity during the night, a pattern that was aggravated at cycle 4 where the contrast between daytime and nighttime 
is less clear, particularly during week 1. Red bars = missing data (off wrist).
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of treatment. During weeks 2 and 3 of cycle 1, the rhythm ap-
proached the normal values seen at baseline. However, during 
weeks 2 and 3 of cycle 4, values remained significantly more 
impaired than baseline. Together, these findings suggest that a 
first administration of chemotherapy is associated with transient 
impairments in circadian rhythms, whereas a repeated admin-
istration of chemotherapy is associated with enduring impair-
ments.

To our knowledge, this is the first study to longitudinally as-
sess the evolution of circadian rhythms of cancer patients prior 
to and during chemotherapy. These study findings are nonethe-
less consistent with previous cross-sectional studies showing 
that sleep quality is impaired,3.4 and indicating circadian disrup-
tion prior to chemotherapy in breast cancer patients.10,11 This 
longitudinal study suggests that these pre-treatment impair-
ments are further aggravated with the administration of che-
motherapy.

There are several potential negative consequences associ-
ated with impaired circadian rhythms. Studies have found that 
cancer patients with disturbed sleep-wake cycles report higher 
levels of fatigue and decreased quality of life.16-19 In the spe-
cific context of breast cancer, Ancoli-Israel et al.10 and Berger et 
al.11 both found that women with more phase-delayed rhythms 
experienced more daily dysfunctions. A study conducted in 
patients with metastatic colorectal cancer showed that patients 
with marked activity rhythms (i.e., greater activity out of bed 
than in bed) not only had a better quality of life and less report-
ed fatigue,18 but also a 5-fold higher survival at 2-year follow-
up than those with less synchronized rhythms.20 There is also 
indirect evidence that disruptions in circadian rhythms may be 
associated with increased cancer mortality.21 Cancer patients 
display some abnormalities in the variations of cortisol levels 
(e.g., flattened cortisol slope) throughout the 24-h cycle which 
have been associated with reduced immune functioning and 
increased mortality in metastatic breast cancer patients,22 after 
controlling for other known predictors.

This study is characterized by several strengths including the 
utilization of a longitudinal design, of actigraphy recording at 
each time assessment, and of mixed-model analyses that allow 
appropriate management of missing data. There are also some 
limitations. First, because this study did not include measures 
during the second and third cycle of chemotherapy, it is unclear 
whether the impairments observed became chronic only at the 
fourth cycle or gradually worsened with each successive cycle. 
Another limitation is that in order to decrease patient burden, 
actigraphs were worn for only 72 h rather than the preferred 
duration of 5-7 days. Although more days are better, reviews of 
actigraphy generally recommend a minimum of 3 days for deter-
mining circadian rhythm variables.12 Another limitation was the 
heterogeneity of chemotherapy regimens received by the study 
participants, although our preliminary analyses did not show 
significant differences on any of the circadian rhythm variables 
across them. Finally, although actigraphic data strongly reflect 
sleep/wake cycles in healthy individuals, and data suggest that 
actigraphy can reliably estimate sleep-wake in women with 
breast cancer, more research is needed to understand how reli-
able actigraphy is in cancer patients.12,10,23,11,18

Further studies are needed to understand the mechanisms 
through which chemotherapy may contribute to these impair-
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Figure 3—Means (and standard errors) obtained on each circa-
dian rhythm variable, at each time assessment. *P < 0.05; **P < 
0.01; ***P < 0.001; ***P < 0.0001 for comparisons between each 
time point vs. baseline.
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ments in sleep-wake activity, a goal that was beyond the scope 
of this study. Potential mechanisms include psychological (e.g., 
worries, depression) and behavioral factors (e.g., increased day-
time napping) as well as physiological factors such as physical 
symptoms (e.g., fatigue, nausea), decreased levels of estrogens, 
impaired cortisol responses and inflammation.2,24 Mills et al. pre-
viously reported that anthracycline chemotherapy leads to a gen-
eralized and progressive (with cycles of chemotherapy) increase 
in inflammation that could negatively influence sleep.25 The same 
mechanism may contribute to changes in circadian rhythms.

Longer follow-ups are also warranted to assess how the 
circadian rhythm variables evolve with the cessation of che-
motherapy and the initiation of other adjuvant treatments such 
as radiation therapy and hormone therapy. In the meanwhile, 
it would be important to screen more routinely for sleep and 
circadian disruptions in breast cancer patients undergoing che-
motherapy and to offer appropriate management, such as cog-
nitive-behavioral therapy or light treatment, in order to prevent 
these disturbances from becoming chronic with their resulting 
potential negative consequences.
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