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A B S T R A C T

Purpose
Sleep disruption is prevalent in patients with cancer and survivors, but the prevalence of insomnia,
a distressing sleep disorder, in these populations has yet to be determined in large-scale studies.

Patients and Methods
A total of 823 patients with cancer receiving chemotherapy (mean age, 58 years; 597 female
patients) reported on sleep difficulties in a prospective study.

Results
During day 7 of cycle 1 of chemotherapy, 36.6% (n � 301) of the patients with cancer reported
insomnia symptoms, and 43% (n � 362) met the diagnostic criteria for insomnia syndrome.
Patients with cancer younger than 58 years were significantly more likely to experience either
symptoms of insomnia or insomnia syndrome (�2 � 13.6; P � .0002). Patients with breast cancer
had the highest number of overall insomnia complaints. A significant positive association was
found between symptoms of insomnia during cycles 1 and 2 of chemotherapy (� � .62,
P � .0001), showing persistence of insomnia during the first two cycles of chemotherapy. Sixty
percent of the patient sample reported that their insomnia symptoms remained unchanged from
cycle 1 to cycle 2. Those with insomnia complaints had significantly more depression and fatigue
than good sleepers (all P � .0001).

Conclusion
The proportions of patients with cancer in this sample reporting symptoms of insomnia and
meeting diagnostic criteria for insomnia syndrome during chemotherapy are approximately three
times higher than the proportions reported in the general population. Insomnia complaints persist
throughout the second chemotherapy cycle for the majority of patients with cancer in this study.
Insomnia is prevalent, underrecognized, undermanaged, and understudied among patients with
cancer receiving chemotherapy.

J Clin Oncol 28:292-298. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Although chemotherapy is a highly effective treat-
ment for many forms of cancer, it causes multiple
side effects, including hair loss, nausea, cardio-
toxicity, pain, neutropenia, depression, anxiety,
cognitive dysfunction, and fatigue.1,2 Emerging
evidence suggests that general sleep disruption is
also common among patients receiving chemother-
apy, but insomnia, a specific type of sleep disruption,
has received little attention. Although general sleep
disruption is frequently evaluated as part of a cluster
of symptoms including fatigue and depression, in-
somnia is rarely examined.

In the general population, insomnia is the
most common sleep disorder.3 Insomnia is de-
fined as difficulty falling asleep, difficulty staying
asleep (defined as waking up in the middle of the
night with wake episodes lasting � 30 minutes)
and/or early awakening (waking 30 minutes before
intended wake time), or nonrestorative sleep. The
criteria for an insomnia diagnosis is sleep distur-
bance that occurs at least three nights per week and
causes significant distress or impairment of daytime
functioning.4 Approximately 33% of the general
population have some insomnia symptoms. When
frequency of insomnia complaints is used as criteria
to establish the presence of insomnia syndrome, the
rates decrease into the range of 16% to 21%.4a
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Insomnia can begin before cancer treatment,5,6 continue during
treatment,7 and persist for years after the treatment has been complet-
ed.8 Although the prevalence of sleep disturbance varies among stud-
ies because of differences in the populations studied, disease stage,
definition of sleep disturbance, and mode of assessment, most studies
report that 30% to 50% of newly diagnosed patients with cancer have
sleep difficulties.9

One of the first studies to compare sleep disruption in patients
with cancer with healthy controls involved a small sample of patients
(n � 30) with metastatic cancer of various types. In that study, the
proportion of individuals who had difficulty staying asleep was signif-
icantly higher among patients with cancer (45%) than among healthy
controls (14%), as was the percentage (40% v 25%) who had difficulty
falling asleep.10 In a larger study,11 nearly 40% of 212 patients with
cancer (mixed diagnoses) reported that they “slept less at night”; only
15% of controls reported the same level of sleep difficulty. The study
included patients who had completed at least one cycle of chemother-
apy or who were receiving oral therapy such as tamoxifen for at least
a month.

In the general population, insomnia is associated with significant
impairments in quality of life,12 almost a two-fold increase in the
number of accidents,13 increased days spent in bed (even after control-
ling for comorbid disease severity and chronicity), and decreased
activity.14 Insomnia is associated with psychiatric illness such as major
depression and anxiety and increases the risk for the development of
depression. Some data show that sleep disruption and sleep loss are
associated with dysregulated immune functioning as measured by
increased production of interleukin-6 (IL-6),15 tumor necrosis fac-
tor,16,17 and C-reactive protein.18 Several studies19,20 have found that
insomnia disrupts immune functioning to a greater extent than de-
pression, thus this increase cannot be explained by the comorbid
depression. To date, the consequences of insomnia in patients with
cancer and survivors have not been fully examined; however, re-
cent research suggests that sleep disturbances and/or circadian
dysregulation might be adversely related to cardiac morbidity,21

immune functioning,22 cancer-stimulating cytokines,22 and psy-
chiatric morbidity.23

A recent study7 specifically evaluated sleep disruption during
chemotherapy in 115 patients with lung cancer. Sleep disturbance was
measured by the Pittsburgh Sleep Quality Index. Fifty-two percent of
patients were rated as “poor sleepers,” with 49% reporting waking up
in the middle of the night or waking up earlier in the morning than
intended, and 50% reporting inability to fall asleep within 30 minutes.
Patients reported significantly more disturbance in subjective sleep
quality, sleep duration, total sleep time, and daytime functioning
during days of chemotherapy compared with rest periods. A study
conducted by Savard et al8 examined the prevalence, clinical charac-
teristics, and risk factors for insomnia among breast cancer survivors
after treatment. These authors surveyed 300 breast cancer survivors
(median time since diagnosis of 49 months) and reported that approx-
imately 51% described insomnia symptoms, and 19% of their total
sample met diagnostic criteria for an insomnia disorder.

The largest and most comprehensive study of insomnia among
patients with cancer was conducted by Davidson et al.24 In this study,
982 patients and survivors with various types of cancer were assessed
for insomnia using a questionnaire developed by the authors. The
sample consisted of patients who had either no recent treatment or

who had received treatment within the last 6 months. In the study, 300
patients (30.5%) reported insomnia. Of these 300 patients, the major-
ity (76%) reported the most difficulty with frequent awakening. Forty-
four percent reported difficulty falling asleep, 35% reported waking up
for long periods of time in the middle of the night, and 33% com-
plained of waking up too early.

To date, no studies have specifically evaluated the prevalence
of insomnia in a large diverse national sample of patients with
cancer undergoing chemotherapy. Emerging evidence suggests
that chemotherapy results in more insomnia complaints. The aims
of this study were to determine prospectively the prevalence of
insomnia among patients with cancer receiving chemotherapy, as
compared with the prevalence found in the general population,
and describe the influence of age, sex, and race on insomnia prev-
alence during chemotherapy.

PATIENTS AND METHODS

This was a post-hoc analysis of data collected for a large randomized clinical
trial examining the effects of paroxetine versus placebo on fatigue in patients
with cancer undergoing chemotherapy. Patients received study medication
approximately 10 days after their second cycle of chemotherapy. The institu-
tional review board of the University of Rochester and each participating site
approved the protocol. All participants provided written consent.

Patients with any diagnosis of cancer who were beginning chemotherapy
were recruited from 18 oncology private practice groups around the United
States that were part of the National Cancer Institute Community Clinical
Oncology Program. All the data for this report were collected before random-
ization. The enrollment of patients occurred between 1997 and 1999. To be
eligible, participants had to be at least 18 years old and scheduled for at least
four cycles of chemotherapy with cycles separated by at least 3 weeks, without
concurrent radiation therapy or interferon. The primary findings of the ran-
domized clinical trial and a full description of the study have been published.25

Patients were instructed to complete questionnaires at home on day 7 of cycles
1 and 2 and were given reminder phone calls between days 5 and 7 of their
chemotherapy cycles 1 and 2.

Assessments

Demographics. Participants reported age, sex, race/ethnicity, level of
education, relationship status, and medical variables such as treatment
and diagnosis.

Insomnia. The Hamilton Depression Inventory (HDI)26 was used to
assess sleep disruption at each cycle. The HDI consists of 38 questions designed
to evaluate 23 symptom domains. There are six questions assessing frequency
and duration of sleep problems. It measures severity of symptoms in the last
2 weeks.

Statistical Methods

Data reduction. Responses to six sleep-related questions from the HDI
were used to classify patients into three groups (insomnia syndrome, insomnia
symptoms, and good sleepers).27 Patients who reported difficulty falling
asleep, difficulty staying asleep (waking up in the middle of the night), and/or
early morning awakenings for at least 3 days a week for 2 weeks, with each
episode lasting at least 30 minutes, were coded as meeting criteria for insomnia
syndrome. This definition of insomnia is used in clinical research and repre-
sents the combined criteria described in the International Classification of
Sleep Disorders and the Diagnostic and Statistical Manual IV.28,29 We were
unable to assess the impact of insomnia on daytime functioning. Those with
some sleep disturbance but not meeting criteria for frequency or duration were
coded as having insomnia symptoms. Patients were considered good sleepers if
they reported no sleep difficulties on any of the HDI sleep items (score of
“zero” on six sleep items).

Data analyses. Means and standard deviations or frequencies and per-
centages were reported. Pearson �2 tests were used to compare insomnia
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groups of the subjects in this study with the general population4a and to test the
significance of associations of these rates with demographic characteristics.
Ordinal logistic regression using the three levels of insomnia severity (good
sleepers, insomnia symptoms, insomnia syndrome) at cycle 1 as the response
was used to investigate the dependency of insomnia rates on age, sex, race
(white v nonwhite) and their interactions. The proportional odds model
assumption of common slopes was violated (�2 � 31.9; df � 3; P � .0001)
meaning that the effects of age, sex, and race on the transition from good
sleepers to insomnia symptoms were different than their effects on the transi-
tion from insomnia symptoms to insomnia syndrome. A continuation ratio
model30,31 that is robust to the proportional odds model assumption was used
instead, and it clearly showed no dependency of age, sex, and race on the
transition from insomnia symptoms to syndrome. That allowed us to merge
insomnia syndrome with insomnia symptoms into a single category (v good
sleepers), creating a binary response that could be analyzed with logistic regres-

sion. Likelihood ratio tests were used to assess the significance of the model
terms and to guide selection of the final terms in the model. All P values
reported are two-sided; P � .05 is considered statistically significant. All com-
putations were conducted using SAS 9.2 (SAS Institute, Cary, NC).

RESULTS

Patient Sample

Data are from 823 patients with a median age of 58 years (range,
22 to 93 years). Seventy-two percent were female. Sixty-eight percent
reported having previous surgery for cancer, 15% had previous chem-
otherapy, 11% had radiation therapy, and 6% had another type of

Table 1. Participant Demographics and Medical Characteristics

Characteristic

No Symptoms Some Insomnia Symptoms Clinical Insomnia

No. of Patients % No. of Patients % No. of Patients %

Age, years
Mean 61.3 57 55.9
SE 0.08 0.04 0.03

Diagnosis
Alimentary tract 27 36 30 40 18 24
Brain and peripheral 1 33.3 1 33.3 1 33.3
Breast 61 15.3 156 39 183 45.8
Genitourinary tract 6 21.4 7 25 15 53.6
Gynecologic 11 17.2 25 39.1 28 43.8
Hematologic 23 19.5 44 37.3 51 43.2
Lung 24 20 35 29.2 61 50.8
Melanoma 0 0 0 0 1 100
Neck and head 3 75 0 0 1 25
Soft tissue sarcoma 1 33.3 1 33.3 1 33.3
Unknown primary 3 42.9 2 28.6 2 28.6

Marital status
Married 106 18.2 220 37.7 257 44.1
Divorced 16 18.6 25 29.1 45 52.3
Separated 3 30 1 10 6 60
Single 14 23 22 36.1 25 41
Widowed 21 25.3 33 39.8 29 34.9

Race
American Indian 4 66.7 0 0 2 33.3
Black 16 28.1 17 29.8 24 42.1
Hawaiian/Pacific Islander 4 19 10 47.6 7 33.3
Non-Hispanic 2 14.3 3 21.4 9 64.3
Unknown 0 0 0 0 3 100
White 134 18.6 271 37.5 317 43.9

Ethnicity
Nonwhite 26 25.7 30 29.7 45 44.6
White 134 18.6 271 37.5 317 43.9

Sex, female 106 17.7 229 38.3 263 44.0
Previous treatment

Surgery 95 17.9 204 38.3 233 43.8
Chemotherapy 21 17.9 56 47.9 40 34.2
Radiation 21 24.4 28 32.6 37 43.0
Other 147 20.2 271 37.3 309 42.5

Other disease characteristics
Adjuvant 94 17.8 186 35.3 247 46.9
Metastatic 60 22.7 100 37.9 104 39.4
Neoadjuvant 3 33.3 6 66.7 0 0
Other 2 15.4 5 38.5 6 46.2
Recurrent 1 14.3 3 42.9 3 42.9
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cancer therapy. Eighty-eight percent of the patients were white. Table
1 provides additional demographics and patient characteristics.

Insomnia During Chemotherapy

During cycle 1, 301 (36.6%) of the patients reported insomnia
symptoms, 362 (43%) met the criteria for insomnia syndrome, and
160 (20.4%) were good sleepers. The insomnia rates for these patients
were significantly higher (�2 � 847.8; df � 2; P � .0001; Fig 14a) than
insomnia rates in the general population (14% having some symp-
toms and 19% meeting clinical criteria).4a At cycle 2, 272 (33.1%) of
the patients reported insomnia symptoms, 290 (35.2%) of patients
met criteria for insomnia syndrome, and 173 (31.7%) were
good sleepers.

Insomnia by Diagnosis

To study the prevalence of insomnia with respect to diagnosis,
only diagnoses for which the sample size was greater than 50 were
considered, specifically, lung, gynecologic, breast, hematologic, and

alimentary tract cancers. There were significant differences in the
insomnia rates across these diagnoses (�2 � 24.85; df � 8; P � .0017).
Patients with lung cancers had the highest prevalence of insomnia
syndrome, whereas patients with alimentary cancers had the lowest
prevalence. Patients with breast cancer had the highest number of
overall insomnia complaints (Fig 2).

Insomnia at Cycles 1 and 2

A significant positive association was found between insomnia at
cycle 1 and cycle 2 (� � 0.62; �2 � 278.32; df � 4; P � .0001; Table 2).
On average, 60% of patients reported that their sleep complaints
remained unchanged from cycle 1 to cycle 2. Nearly two thirds of
patients who reported insomnia meeting clinical criteria after cycle 1
continued to meet that classification after cycle 2. Ten percent of good
sleepers after cycle 1 developed insomnia syndrome, and an additional
24.6% developed insomnia symptoms by cycle 2.

Sex

Male patients had a lower rate of insomnia complaints than
female patients, but the difference was not significant (�2 �5.1; df�2;
P � .08).

Age

There was a statistically significant association of overall insom-
nia complaints and prevalence of insomnia syndrome with age. By
splitting the age data at the median (58 years) and examining the
association of insomnia versus no symptoms, we found that patients
58 years of age or older compared with younger patients had a signif-
icantly lower rate of insomnia (�2 � 13.6; df � 1; P � .0002; Fig 3).
There was no significant interaction between sex, age, and insomnia.

Sex, Age, and Race

The logistic regression of insomnia with age, sex, race, and all
possible interactions (age by sex, age by race, race by sex, and age by
race by sex) produced a significant overall model (�2 � 29.3; df � 7;
P � .0001), but a comparison of the overall model with a main effects
model (ie, no interactions) showed that the interactions were not
significant (�2 � 3.8; df � 4; P � .43). The main effects model showed
that the effect of sex was not significant (�2 � 1.1; df � 1; P � .29), and
this term was dropped from the model. The final model with age and
race was highly significant (�2 �24.4; df�2; P� .0001), with both age
and race being significant (age: �2 � 20.57, df � 1, P � .0001; race:
�2 � 3.74, df � 1, P � .0015). The odds ratio associated with an
increase in 10 years of age was 0.71, with a 95% CI ranging from 0.62 to
0.82. Hence a 10-year increase in age is associated with a 29% decrease
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Fig 1. Insomnia symptoms in patients after first cycle of chemotherapy
(N � 823) versus general population. (*) From multiple epidemiologic studies
summarized in Ohayon.4a
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Fig 2. Prevalence of insomnia symptoms by diagnosis at cycle 1.

Table 2. Proportion of Patients With Insomnia Symptoms at Cycle 2
Categorized by Level of Symptom at Cycle 1

Insomnia Levels at Cycle 1

Insomnia Levels at Cycle 2

Insomnia
Syndrome

(%)

Insomnia
Symptoms

(%)

Good
Sleepers

(%)

Insomnia syndrome (n � 317) 65.3 28.4 6.3
Insomnia symptoms (n � 276) 25.0 53.3 21.7
Good sleepers (n � 142) 9.9 24.6 65.5

NOTE. Numbers in cells are smaller as a result of missing data.
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in reporting insomnia relative to reporting none. The odds ratio asso-
ciated with race was 0.56, with a 95% CI (profile likelihood) ranging
from 0.34 to 0.92. Thus nonwhites were 44% less likely to report
insomnia than whites. Figure 4 is a plot of the probability of reporting
insomnia versus age, broken down by race.

Insomnia by Fatigue and Depression

Patients with insomnia had significantly more symptoms of
depression and fatigue compared with patients without insomnia,
as assessed by all four measures of fatigue (ie, Profiles of Mood
States [POMS]32 Fatigue-Inertia Subscale, POMS Vigor Subscale,
Fatigue Symptom Checklist,33 Multidimensional Assessment of
Fatigue34) and two measures of depression (ie, Center for Epide-
miologic Studies Depression Scale35 and POMS–Depression). Pa-
tients with insomnia syndrome had significantly more fatigue and

depression compared with patients with insomnia symptoms, and
both insomnia groups had significantly more symptoms than good
sleepers (all P values �.0001; Appendix Table A1, online only).

DISCUSSION

This study found a high prevalence of both insomnia symptoms and
insomnia syndrome in patients with cancer undergoing chemothera-
py. We found rates of insomnia in patients with cancer to be nearly
three times higher than the rates in the general population.4a More-
over, insomnia is prevalent in patients undergoing chemotherapy for a
variety of cancer diagnoses. We also found that insomnia symptoms
persist from cycle 1 to 2 for the majority of patients, supporting the
view that insomnia does not resolve on its own.

Surprisingly, we failed to find a significant difference in insomnia
rates between men and women, and we did find that younger patients
reported more symptoms of insomnia than older patients. These
findings are noteworthy because in the general population, both fe-
male sex and older age are associated with greater risk for developing
insomnia.36 Nevertheless, these findings are in line with a recent
study37 that describes symptom burden in cancer survivors. They
reported that younger patients (age � 50 years) suffered a greater
symptom burden, including insomnia, than older patients (age � 64
years), with an adjusted odds ratio for insomnia in the two patient
groups of 2.7 and 1.44, respectively. The authors speculated, and we
agree based on our clinical experience, that this result might derive
from expectations for better health among younger patients with
cancer and from the fact that younger patients may have had more
aggressive tumors and may have received more aggressive treatments
than older patients.

We found that white patients reported significantly more insom-
nia symptoms than nonwhite patients. Although some literature sug-
gests that nonwhite patients, black patients in particular, might have
more sleeping problems than white patients,38 evidence from large
epidemiologic studies indicates that black participants are less likely to
complain of sleep disturbances than white participants.39,40 The
mechanism for these differences is unknown and can possibly be
explained either by true biologic differences or a response bias. Previ-
ous research has shown that black patients with prostate cancer, for
example, have more distress and psychological concerns and overall
lower quality of life postdiagnosis41,42 than whites. However, minori-
ties may underreport their concerns due to social desirability or for
other psychological reasons, such as a tendency not to encode a nega-
tive event; in other words, they might experience an equal or perhaps
even higher number of insomnia episodes but not remember them.
Jean-Louis et al43 suggest, however, that nonwhite participants in their
study experienced and reported fewer insomnia symptoms because
they were able to engage in a type of a positive coping that allowed
them to either block or better regulate negative emotions.

We found significant differences in insomnia symptoms and
prevalence by cancer diagnosis. Patients with breast cancer had the
highest number of overall insomnia complaints. Lung cancers re-
ported the highest insomnia syndrome prevalence, whereas patients
with alimentary cancers had the lowest prevalence. Savard et al8 iden-
tified risk factors for the development of insomnia in patients with
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breast cancer. Being on sick leave, being unemployed, and being wid-
owed were each significant contributors to the development of insom-
nia in women with breast cancer. The authors hypothesized that the
spike in symptoms during chemotherapy might be explained by anti-
emetic drugs or by the onset of menopause brought on by chemother-
apy. Although we are unable to determine the precise reason behind
those differences, we can speculate that differences in insomnia could
be affected by tumor biology, cancer treatments, and/or side effects
associated with treatments.

This study has several important strengths and limitations.
Among the study limitations: use of measure designed to assess de-
pression and not sleep, inability to assess impact of insomnia on
daytime functioning (although we demonstrated that the rates of
depression and fatigue were significantly higher in patients with in-
somnia), use of retrospective self-report, and heterogeneity among
patients with cancer. In addition, patients were recruited nearly a
decade ago, and chemotherapy agents have changed significantly,
limiting the reliability of our findings. On the plus side, this study is
one of the first to examine insomnia in a large diverse sample of
patients with cancer during chemotherapy treatment longitudinally.
Given the high rate of insomnia in patients with cancer, more investi-
gation into its prevalence in specific cancer populations is needed.
Additional research is likely to uncover cancer-specific physiological,
psychological, and behavioral factors that contribute to the develop-
ment of insomnia during chemotherapy. Future research should ex-
amine insomnia in other populations experiencing stress and major
health issues (eg, myocardial infarction) to improve our understand-
ing of the causes of insomnia. And most importantly, interventions to
prevent and treat insomnia in patients with cancer must be developed
and tested.
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