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Abstract
PURPOSE—Sleep duration among breast cancer survivors correlates with fatigue, depression,
and health-related quality of life (HRQOL); however, this has not been studied longitudinally.
This study investigated patterns of sleep duration change across the early breast cancer
survivorship period, their demographic and clinical predictors, and their relationships with
subsequent cancer-related symptoms and HRQOL.

METHODS—Breast cancer survivors (n=572), were assessed 6 months post-diagnosis (current
sleep & retrospective reports of pre-diagnosis sleep), 30 months post-diagnosis (sleep), and 39
months post-diagnosis (symptoms, HRQOL). Sleep duration change was determined by
examining sleep at each time point in relation to published norms. Analysis of variance and
logistic regression models tested demographic and clinical differences between the sleep change
groups; linear regression models tested differences in symptoms and HRQOL.

RESULTS—Half of the survivors reported no sleep duration change over time; however, 25%
reported sleep changes indicating a temporary (5.6%), late-occurring (14%), or sustained (5.9%)
change. Survivors reporting sustained or temporary sleep changes were more likely to have been
treated with chemotherapy (OR=2.62, p<.001) or gained weight after diagnosis (OR=1.82, p=.04)

Corresponding author: Catherine M. Alfano, PhD Office of Cancer Survivorship National Cancer Institute 6116 Executive Blvd, Suite
404 Bethesda, MD 20892-8336 Phone: 301-402-1450; fax: 301-594-5070 Alfanoc@mail.nih.gov.

No authors declare conflicts of interest for this manuscript.

NIH Public Access
Author Manuscript
Breast Cancer Res Treat. Author manuscript; available in PMC 2014 February 19.

Published in final edited form as:
Breast Cancer Res Treat. 2011 November ; 130(1): 243–254. doi:10.1007/s10549-011-1530-2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



than those with no sleep change. Sustained sleep changes were related to greater subsequent
severity, affective, and sensory aspects of fatigue (βs=2.0, 2.3, 1.8; all p <.0001) and lower vitality
(β=−10.8, p=.005).

CONCLUSIONS—Survivors treated with chemotherapy and those who gain weight after
diagnosis may have increased risk for sustained sleep duration changes, which may increase their
fatigue. These results point to the need for routine assessment of sleep as part of survivorship care.
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Introduction
Sleep disturbance occurs in 20–70% of breast cancer survivors [1, 2], and can include
delayed sleep onset, mid-cycle or early morning awakening, or a combination of
problems[3, 4] that either reduce total sleep duration, or increase daytime napping and
overall sleep time[4–7]. In cross-sectional studies, breast cancer survivors report sleep
problems before, during, and after primary cancer treatment[1] which may be new problems
or pre-existing sleep problems exacerbated by treatment[3].

Sleep disturbance is a multidimensional construct encompassing sleep quality, latency,
efficiency, duration, and daytime dysfunction. Most prior research has measured sleep
quality. However, studying sleep duration in breast cancer survivors is important since
survivors report sleep duration changes compared to healthy women even though overall
sleep quality may be similar in the two groups[5] and since sleep duration is associated with
mortality in general samples [8–13]. No longitudinal study of sleep duration in breast cancer
survivors has been conducted; thus, the patterns of sleep duration change through and
beyond cancer treatment are unknown.

Sleep duration change among cancer survivors has been associated with cancer treatment,
especially chemotherapy[14, 15]. However, research identifying risk factors for sleep
disturbance where sleep duration is a component of the sleep measure suggests that
psychological stress, lower or higher education, unemployment, younger age, low physical
activity, nocturnal hot flashes and night sweats, and poor physical or psychological health
may also play a role in sleep[3, 4, 16–23]. Without longitudinal data, it is unknown how
these demographic or clinical characteristics may relate to patterns of sleep duration change
across survivorship.

Sleep duration among breast cancer survivors has been correlated with depression[5, 24] and
fatigue symptoms[25, 26], and interventions that modify sleep duration document
corresponding improvements in fatigue, depression, and anxiety[27, 28]. These symptoms
may cluster together due to a shared etiology, notably elevated systemic inflammation after
cancer treatment[17, 29, 30]. Without longitudinal data, whether sleep disturbance is a cause
or a consequence of these other symptoms (or bidirectionally-determined) remains
unknown.

Interventions that modify sleep duration have also shown improvements in health-related
quality of life (HRQOL) among cancer survivors[27, 28]. However, it is unknown how
patterns of sleep duration change relate to HRQOL.

The purpose of this paper was to determine 1) the patterns of sleep duration change across
the early breast cancer survivorship period; 2) demographic or clinical characteristics that
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distinguished the sleep patterns; and 3) relationships between sleep duration change patterns
and subsequent cancer-related symptoms and HRQOL.

Methods
The Health, Eating, Activity, and Lifestyle (HEAL) Study is a multicenter, multiethnic,
prospective study of women diagnosed with in situ or Stages I to IIIA breast cancer[31].
Participants provided written or documented verbal informed consent. All study protocols
were approved by the Institutional Review Boards of participating centers.

Eligibility, Recruitment, and Data collection
Patients diagnosed with their first primary breast cancer (n=1,183) were recruited from three
Surveillance Epidemiology and End Results (SEER) registries in New Mexico, Western
Washington, and Los Angeles County, California. However, sleep was not assessed at
baseline at the California site so these women (n=366) were excluded from these analyses
and are not described here. In New Mexico, we recruited 615 women aged 18 years or older
diagnosed with in situ to regional breast cancer between 1996–1999, living in Bernalillo,
Santa Fe, Sandoval, Valencia, or Taos counties. In Western Washington, we recruited 202
women aged 40 to 64 years diagnosed with in situ to regional breast cancer between 1997–
1998, living in King, Pierce, or Snohomish counties. The age range for the Washington
patients was restricted to avoid overlap with eligibility requirements of other accruing
studies.

HEAL participants completed three assessments; the baseline interview (on average 6
months post-diagnosis; range=2–12), a follow-up assessment 30 months post-diagnosis
(range=24–41; response rate=83%), and a third assessment 39 months post-diagnosis
(range=24–59; response rate=78%). The baseline and 30-month follow-up assessed
demographic and clinical variables, sleep, and physical activity. The 39-month follow-up
assessed cancer-related symptoms and HRQOL (hereafter called the HRQOL assessment).
For these analyses, we excluded 27 women diagnosed with recurrent or new primary breast
cancer and 36 women missing data for the symptom,HRQOL, or sleep variables.. The final
sample size was 572 women.

Measures
Sleep duration—Participants reported their average total sleep time (excluding naps) on
weekend days and weekdays via the Modifiable Activity Questionnaire which has been
shown to be a reliable and valid measure of activity [32, 33]. The baseline questionnaire
assessed sleep for the year prior to diagnosis (retrospective reports of pre-diagnosis sleep)
and for the past month (sleep at 6-months post-diagnosis). The 30-month follow-up
questionnaire collected similar information for the year prior to the interview (sleep at 30-
months). The questions asked “During a typical 24-hour weekday (or weekend day) in the
past year (or past month), how many hours did you spend sleeping at night?” Total daily
sleep time variables were averaged across the week.

Outcome variables—Fatigue was measured with the 22-item Piper Fatigue Scale, a
reliable and valid measure of subjective fatigue [34]. Four subscales (coded 0–10, increasing
scores=greater fatigue) measured the behavioral changes (behavioral/severity subscale),
emotional meaning (affective meaning subscale), and physical (sensory subscale) and
emotional (cognitive/mood subscale) symptoms related to fatigue. We changed the response
time frame to assess fatigue over the past month rather than the past week to assess the
survivor's general fatigue.
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Fear of recurrence was measured with the 5-item version of the Fear of Recurrence
scale[35]. Likert scale responses were summed to create a scale ranging from 5–25
(increasing scores=greater distress and preoccupation with cancer recurrence).

Perceived stress was measured with the 4-item version of the Perceived Stress Scale that has
been shown to be reliable and valid when compared to the 14-item PSS[36]. Items were
coded 1–5 and responses were summed into a scale ranging from 4–20 (increasing
scores=increased stress).

Health-related quality of life was measured with the well-validated SF-36[37, 38]. The 36
items were summarized into eight subscales, each ranging from 0–100 (increasing
scores=better functioning).

Correlates/covariates—Physical activity levels before diagnosis, 6 months post-
diagnosis, and at the 30-month follow-up were collected using the Modifiable Activity
Questionnaire[32, 33] described above. Data from the three time points were coded
identically: Hours per week spent in each activity were estimated by multiplying the
frequency by the duration reported and converted to MET hours per week of sports/
recreation activity. Diet variables were assessed at the 30-month assessment by a validated
self-administered food frequency questionnaire [39] including caffeine (mg/day) and alcohol
intake (g/day). The severity of hot flashes, night sweats, and self-reported weight gain (all
0=not at all to 4=extremely) were assessed with a modified form of the Breast Cancer
Prevention Trial hormone-related symptom checklist[40]. Body mass index (kg/m2) was
calculated as weight in kilograms divided by height in meters squared, computed from clinic
measures at baseline (height) and 30-months (weight). Weight change from baseline to the
30-month follow-up was also computed from clinic measures (gained ≥ 5% of baseline
weight vs. not).

Demographic and clinical characteristics included standard measures of age, education and
race/ethnicity from baseline questionnaires and marital status from the 30-month
assessment. Stage of disease was based on SEER records. Both estrogen receptor and
progesterone receptor status were assessed using SEER data and coded as: hormone
receptor positive, receptor negative, and borderline or unknown status. Breast cancer
treatment data were abstracted from medical records and SEER data. Tamoxifen use was
abstracted from medical records and self-reported at the baseline and 30-month assessments
and coded as: use between baseline and 30-months, use at or before baseline only, or no use.
Menopausal status was determined at the 30-month assessment using an algorithm
(see[41]), that defined women as pre, post, or unclassifiable menopausal status using age,
date of last menstruation, and hysterectomy/oophorectomy status. A comorbidity summary
score was generated based on the number of self-reported medical conditions that limited
current activities, categorized as 0, 1, or ≥2 conditions.

Analysis Methods
Sleep duration change prevalence and patterns were explored using the average nightly total
sleep time variables from the three time points. At each point, survivors' sleep was
categorized as undersleeping, oversleeping, or normal sleeping using three methods: 1) total
sleep time was compared to norms for women by age[42]; over- and undersleeping were
defined as being outside of ± one standard deviation of sleep norms; 2) oversleeping was
defined as 8 hours or more per night, and undersleeping as 6 hours or fewer per night,
consistent with studies linking these sleep amounts to excess mortality[8–13]; and 3)
survivors were classified at the baseline and 30-month follow-up time points by change
relative to their pre-diagnosis sleep time. Then, the over-, under-, and normal sleeping
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categories (as defined relative to norms) were examined across the three study time points to
identify patterns of sleep duration change and categorize the sleep change groups.

Unadjusted AVOVA or logistic regression models tested differences among the sleep
duration change groups on demographic and clinical characteristics, diet and exercise
variables, and weight change. Specific contrasts tested the sleep change groups against the
no change group or against the other sleep groups combined when they did not differ from
the no change group.

Multivariable linear regression models tested differences among the sleep duration change
groups on symptoms (fatigue, fear of recurrence, perceived stress) and HRQOL. Potential
confounders (age, education, race/ethnicity, breast cancer stage & treatment type, tamoxifen,
menopausal status, comorbidity, and time between diagnosis and symptom/HRQOL
measurement) were modeled using backward elimination, with a 10–15% change in the
sleep coefficient indicating confounding[43, 44]. Bonferroni-adjusted p-values were used to
limit a potentially inflated type-1 error from multiple comparisons (p< .008 for symptoms;
p< .006 for HRQOL).

Results
Participant Characteristics

As Table 1 shows, most women in the sample were Non-Hispanic White (80.4%) and the
average age at baseline was 56.5 years. Over half of the sample (59.3%) had locally-staged
breast cancers; 23% had in situ cancers. The majority of women were treated with surgery
and radiation (42.3%) or surgery, radiation, and chemotherapy (21%). At the 30-month
follow-up, 76.2% of women were post-menopausal and 54.9% had taken tamoxifen therapy.

The mean total sleep time was about 7 hours at each time point (SDs=1.2; range for each
3.5–9). At the HRQOL follow-up, mean fatigue scores ranged from 2.4 (behavioral/severity)
to 3.8 (cognitive/mood), the mean fear of recurrence score was 16.2, and the mean perceived
stress scale score was 8.3. Means on the SF-36 subscales ranged from 54.8 (vitality) to 81.8
(social functioning).

Prevalence of Sleep Duration Change
Figure 1 shows the prevalence of undersleeping and oversleeping at each study time period
using the three methods. Across methods, the prevalence of oversleeping was greater at
baseline relative to pre-diagnosis values and remained higher at the 30-month follow-up. By
comparison to sleep norms, the percent of survivors reporting undersleeping was lower at
baseline (25.4%) relative to pre-diagnosis (28.3%), then higher again (27.6%) at 30-months;
whereas, the prevalence did not change substantially when undersleeping was defined as ≤ 6
hours per night.

Patterns of Sleep Duration Change
Overall, 77% of survivors fell into four distinct sleep duration change patterns (see Figure
2): 1) normal sleeping prior to diagnosis and at baseline, then either under- or oversleeping
at the 30-month follow-up (Late-occurring sleep change, n= 80; 14.0%); 2) normal sleep
before diagnosis but then either under or oversleeping at baseline that continued at the 30-
month follow-up (Sustained sleep change, n= 34; 5.9%); 3) normal sleeping before
diagnosis, then either under- or oversleeping at baseline, and normal sleeping again at the
30-month follow-up (Temporary sleep change, n=32; 5.6%); or 4) no change (No change
over time, n=292; 51.0%). We defined a fifth group as those participants with sleep duration
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change patterns that did not fit any of the other groups (other change, n=134; 23%, most
involving undersleeping prior to diagnosis).

Correlates of sleep duration change
Table 2 presents the correlates of sleep duration change groups. Survivors with a temporary
or sustained sleep duration change (categories combined since contrasts were similar) were
2.62 times more likely to have been treated with chemotherapy compared to the other sleep
groups combined (p<.001). Survivors reporting a sustained sleep change reported greater
weight gain after diagnosis compared to survivors in the no change group (2.0 vs. 1.3;
p=0.03). Further, survivors with temporary or sustained sleep changes (categories combined
since contrasts were similar) were 1.82 times more likely to have gained ≥ 5% of their
baseline body weight compared to the other sleep groups combined (p=.04). No other
characteristics differed by sleep change group.

Relationships between sleep duration change patterns and cancer-related symptoms
Table 3 presents the results of multivariable linear regression models testing differences
between the sleep duration change groups on fatigue, fear of recurrence, and stress. The
sustained sleep change group reported greater behavioral/severity, affective/meaning, and
sensory aspects of fatigue compared to the no change group (β=2.0, 2.3, 1.8 respectively; all
p <0.0001). In each of the fatigue models, sleep change group explained only 3–4% of the
variance in fatigue score. The sleep groups did not differ in their reports of the cognitive/
mood aspects of fatigue, fear of recurrence, or stress.

Relationships between sleep duration change patterns and HRQOL
Table 4 describes the results of multivariable linear regression models testing differences
between the sleep duration change groups on HRQOL subscales. The sustained sleep change
group reported lower vitality compared to the no change group (β=−10.8, p < 0.005) and had
lower scores on most other SF-36 subscales as well; however, these contrasts did not reach
statistical significance. Sleep change explained only 1–2% of the variance in HRQOL
scores.

Discussion
This study identified patterns indicating a late-occurring, temporary, or sustained sleep
duration change through and beyond breast cancer treatment. To our knowledge, this is the
first study to describe longitudinal patterns of sleep duration change in this period. These
three patterns mirror patterns of other physical and psychosocial sequelae of cancer that can
either be chronic long-term problems or late-occurring effects that emerge after cancer
treatment[45]. The temporary sleep change mirrors the proposed trajectory of true sleep
disturbance secondary to cancer that likely resolved once the cancer-related stress and acute
effects of treatment resolved. Sleep duration change in the late-occurring group appears to
be influenced by other stressors in addition to cancer. The sustained sleep duration change
group could represent a true comorbid sleep change that developed from the cancer
experience but then evolved into a self-sustaining problem.

This study identified characteristics that may increase risk of sleep duration changes or
suggest methods to reduce sleep change in survivors. Consistent with prior research,
chemotherapy treatment was related to temporary and sustained sleep changes. Prior work
identified disruptions in circadian rhythms from chemotherapy[46]. Chemotherapy also may
disrupt sleep by increasing menopausal symptoms [3, 20, 21]; however vasomotor
symptoms were not related to sleep changes in this cohort. Instead, this study suggests that
weight gain after diagnosis may relate to sustained sleep duration changes. Post-diagnosis
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BMI levels alone did not differ by sleep change group; thus, it appears to be weight gain
through and beyond treatment rather than body weight per se that was related to sustained
sleep duration changes in this sample. Weight gain may contribute to sustained sleep
duration changes by increasing risk of sleep disorders[47, 48] or increasing systemic
inflammation [49] which may drive survivors' sleep problems and other symptoms[17, 29,
30]; or, sustained sleep changes may alter hormones leading to weight gain[50].
Alternatively, our findings linking chemotherapy and weight gain to sustained sleep duration
changes may be related. Women treated with chemotherapy were 2.6 times more likely to
gain ≥ 5% of their baseline body weight than those not treated with chemotherapy (p <.001;
data not shown), suggesting that chemotherapy and its associated weight gain may be a
potential mechanism of sleep duration change among breast cancer survivors.

Contrary to prior studies of sleep disturbance or quality[3, 4, 16–23], demographic and
clinical variables were not different among the sleep duration change groups. It is unknown
why demographic and clinical characteristics shown to increase risk of poor sleep quality in
cross-sectional studies did not differentiate the longitudinal sleep change groups in this
sample. Sleep duration change may not relate to diagnosable sleep problems or sleep quality
defined using validated sleep questionnaires used in previous studies. Future studies of sleep
in survivors should use a validated measure of sleep problems and objectively monitor sleep
time (e.g, actigraphy).

This study adds to the evidence supporting a symptom cluster in breast cancer survivors.
Prior cross-sectional studies have linked sleep duration with increased fatigue[25, 26]: these
results extend prior work by finding that sustained sleep duration change is associated with
fatigue. Although prior work has identified poor mental health as both a predictor of poor
sleep and part of a comorbid symptom cluster with sleep problems[5, 16, 17, 19, 51–53],
sleep duration change patterns were not related to the mental health symptom scales in this
sample. The sleep change patterns may not relate to mental health or to these particular
scales in the same way that diagnosable sleep problems or sleep quality do.

Interventions that modify sleep duration have shown improvements in HRQOL among
cancer survivors[27, 28], and cross-sectional studies have linked sleep disturbance to poor
HRQOL[4, 6, 18]. The current study found that the sustained sleep duration change group
had significantly worse vitality and non-significant trends toward worse scores on almost all
of the other SF-36 subscales as well. These results should be confirmed by future studies but
they suggest that survivors with sustained sleep duration changes may experience the
greatest decrements in vitality.

Strengths of this study include a large group of breast cancer survivors recruited through
registries, multiple time points of sleep measurement to investigate sleep duration change
patterns, and a prospective study design assessing symptoms and HRQOL. Limitations
include self-reported recall of total sleep time rather than diagnosable sleep problems or
sleep quality, a retrospective measure of pre-diagnosis sleep that is subject to recall bias,
limited inclusion of racial minority women, and no adjustment for medication use that might
affect sleep because too few survivors were taking such medications. Low levels of mental
health symptoms potentially created a floor effect for detecting differences in symptoms. It
remains unknown whether sleep change was a cause or consequence of fatigue or HRQOL
because HRQOL was only measured once. Further, although the magnitude of fatigue and
HRQOL differences observed is clinically meaningful, sleep duration change explained little
of the variance in each factor, indicating the need for continued study of other explanatory
factors. Finally, many survivors were undersleeping at each time point compared to norms;
however, other survivors tended to oversleep at the baseline and 30-month follow-up points
compared to their pre-diagnosis amount. It is not known whether these results reflect the
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effects of cancer on sleep before diagnosis, idiosyncratic responses to treatment or changes
in lifestyle factors or medications, or depression in some individuals.

In sum, these results help to describe the overall picture of sleep duration change
longitudinally over the early period of breast cancer survivorship. This study demonstrated
four distinct patterns of sleep duration change and suggests that survivors reporting
sustained sleep change during and after treatment may have greater fatigue and significantly
worse vitality than other survivors. Results also suggest that survivors treated with
chemotherapy and those who gain weight after diagnosis may represent a group at increased
risk for sustained sleep duration changes. Assessment of sleep difficulty is not currently a
standard part of survivorship care. Given the problems associated with sustained sleep
change in this sample, screening for sleep difficulties should be considered a routine part of
clinical care for all cancer survivors.
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Figure 1.
Sleep Duration Change Over Time in HEAL Study Participants (N=572)
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Figure 2.
Patterns of Sleep Duration Change Over Time among HEAL participants
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Table 1

Demographic and clinical characteristics of HEAL participants with baseline and 30-month sleep data
(N=572).

Characteristic N %

Baseline Characteristics

Location

 New Mexico 413 72.2

 Western Washington 159 27.8

Age (yr)

 29–49 151 26.4

 50–59 220 38.5

 60–69 126 22.0

 70+ (mean ± sd) 75 13.1

(56.5 ± 10.6)

Education

 HS or less 123 21.6

 Some college 195 34.1

 College grad 128 22.4

 Grad school 125 21.9

Race/Ethnicity

 Non-Hispanic White 460 80.4

 Black 1 0.2

 Hispanic 88 15.4

 Other 23 4.0

Stage at diagnosis

  in situ 133 23.2

 Local 339 59.3

 Regional 100 17.5

Treatment type

 Surgery only 171 29.9

 Surgery/Radiation 242 42.3

 Surgery/Chemotherapy 39 6.8

 Surgery/Radiation/Chemotherapy 120 21.0

Hormone receptor status

 ER+ 336 58.8

 ER− 66 11.5

 ER borderline or unknown 170 29.7

 PR+ 278 48.6

 PR− 113 19.8

 PR borderline or unknown 181 31.6

Months Since Diagnosis (mean ± sd)

 Diagnosis to Baseline 6.0 ± 1.7
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Characteristic N %

 Diagnosis to 30-month Follow-up 29.2 ± 2.6

 Diagnosis to HRQOL Questionnaire 39.5 ± 6.4

30-month Follow-up Assessment Characteristics Menopausal status

 Pre 106 18.6

 Post 436 76.2

 Unclassifiable 30 5.2

Tamoxifen

 Use between baseline & 30 mo 264 46.2

 Use at or before baseline only 50 8.7

 No use during study period 258 45.1

Comorbidity Index (# conditions that limit activity)

 0 432 75.5

 1 101 17.7

 2+ 39 6.8

Body Mass Index (mean ± sd) 27.0 ± 5.6
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Table 3

Associations between sleep duration change patterns and cancer-related symptoms

Symptom B SE 95% Confidence Limits P value for contrast

Fatigue (Behavioral/severity)

  Sustained change 2.0 0.5 (1.1, 2.9) <.0001

 Temporary change 0.5 0.5 (−0.4, 1.5) .29

 Late-occurring change −0.05 0.3 (−0.7, 0.6) .89

 Other change −0.9 0.3 (−0.6, 0.5) .76

 No change --- --- ---

Fatigue (Affective meaning)

  Sustained change 2.3 0.6 (1.2, 3.3) <.0001

 Temporary change 0.8 0.6 (−0.3, 1.9) .17

 Late-occurring change −0.1 0.4 (−0.9, 0.6) .74

 Other change −0.03 0.3 (−0.7, 0.6) .93

 No change --- --- ---

Fatigue (Sensory)

  Sustained change 1.8 0.5 (0.9, 2.7) <.0001

 Temporary change 1.1 0.5 (0.2, 2.0) .02

 Late-occurring change 0.2 0.3 (−0.5, 0.8) .63

 Other change −0.05 .3 (−0.6, 0.5) .86

 No change --- --- ---

Fatigue (Cognitive/mood)
a,h

 Sustained change 0.9 0.4 (0.2, 1.5) .01

 Temporary change 0.3 0.4 (−0.4, 1.0) .40

 Late-occurring change 0.2 0.2 (−0.1, 0.6) .30

 Other change 0.3 0.2 (−0.1, 0.6) .19

 No change --- --- ---

Fear of recurrence
a,g,h,i

 Sustained change −0.7 0.8 (−2.3, 0.8) .36

 Temporary change −0.3 0.8 (−1.9, 1.3) .71

 Late-occurring change −0.5 0.5 (−1.6, 0.6) .37

 Other change −0.3 0.5 (−1.2, 0.6) .56

 No change --- --- ---

Perceived stress

 Sustained change 1.0 0.5 (−0.2, 2.0) .05

 Temporary change −0.3 0.5 (−1.3, 0.8) .59

 Late-occurring change 0.1 0.4 (−0.6, 0.8) .72

 Other change 0.3 0.3 (−0.3, 0.9) .29

 No change --- --- ---
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a-iindicate significant confounders:

Results in boldface type indicate statistical significance adjusted for multiple comparisons: p < 0.008. Fatigue: range 0–10, increasing
scores=greater fatigue; Fear of recurrence: range 5–25, increasing scores=greater fear; Perceived stress: range 4–20, increasing scores=greater
stress.

a
age,

b
education,

c
race/ethnicity,

d
breast cancer stage and

e
treatment,

f
tamoxifen,

g
menopausal status,

h
comorbidity,

i
months between diagnosis and HRQOL follow-up.
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Table 4

Associations between sleep duration change patterns and health-related quality of life

SF-36 subscale B SE 95% Confidence Limits P value for contrast

Vitality

  Sustained change −10.8 3.9 (−18.4, −3.2) .005

 Temporary change −4.6 4.0 (−12.5, 3.2) .25

 Late-occurring change −1.5 2.7 (−6.8, 3.8) .58

 Other change −0.5 2.2 (−4.9, 3.9) .83

 No change --- --- ---

Social Functioning
e

 Sustained change −8.3 4.0 (−16.2, −0.3) .04

 Temporary change 4.4 4.1 (−3.7, 12.5) .28

 Late-occurring change 0.4 2.8 (−5.0, 5.9) .88

 Other change 0.2 2.0 (−4.3, 4.7)) .94

 No change --- --- ---

Role-Emotional
a

 Sustained change −6.6 6.5 (−19.5, 6.4) .31

 Temporary change 2.1 6.8 (−11.2, 15.4) .76

 Late-occurring change 1.3 4.6 (−7.7, 10.3) .77

 Other change −1.2 3.8 (−8.6, 6.3) .75

 No change --- --- ---

Mental Health
e

 Sustained change −5.6 3.0 (−11.7, 0.9) .06

 Temporary change 1.0 3.1 (−5.0, 7.1) .74

 Late-occurring change −1.3 2.1 (−5.4, 2.9) .55

 Other change −1.2 1.7 (−4.6, 2.2) .50

 No change --- --- ---

Physical Functioning
a,i

 Sustained change −6.2 4.2 (−14.5, 2.1) .15

 Temporary change 2.8 4.4 (−5.7, 11.3) .52

 Late-occurring change −4.1 3.0 (−9.9, 1.8) .17

 Other change 1.6 2.5 (−3.3, 6.4) .53

 No change --- --- ---

Role-Physical
a

 Sustained change −18.4 6.8 (−31.9, −5.0) .007

 Temporary change −2.5 7.0 (−16.3, 11.3) .73

 Late-occurring change −5.9 4.8 (−15.3, 3.4) .21

 Other change −5.7 3.9 (−13.4, 2.1) .15
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SF-36 subscale B SE 95% Confidence Limits P value for contrast

 No change --- --- ---

Bodily Pain
a

 Sustained change −9.3 4.3 (−17.9, −0.8) .03

 Temporary change 1.1 4.5 (−7.7, 9.8) .81

 Late-occurring change 2.2 3.0 (−3.7, 8.1) .47

 Other change 2.5 2.5 (−2.4, 7.5) .31

 No change --- --- ---

General Health
e

 Sustained change −4.8 3.9 (−12.5, 2.9) .22

 Temporary change 2.0 4.0 (−5.9, 9.9) .63

 Late-occurring change 1.3 2.7 (−4.1, 6.7) .62

 Other change 0.4 2.3 (−3.9, 4.9) .85

 No change --- --- ---

a-iindicate significant confounders:

Results in boldface type indicate statistical significance adjusted for multiple comparisons: p < 0.006. SF-36 subscales: range 0–100, increasing
scores=better HRQOL

a
age,

b
education,

c
race/ethnicity,

d
breast cancer stage and

e
treatment,

f
tamoxifen,

g
menopausal status,

h
comorbidity,

i
months between diagnosis and HRQOL follow-up.
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