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Abstract

Objective—To identify the baseline sleep patterns of endometrial cancer survivors and examine
the impact of a physical activity intervention on their sleep quality via retrospective secondary
analysis.

Methods—Early-stage endometrial cancer survivors participated in a 6-month single-arm
exercise intervention using printed materials, telephone-based counseling, and pedometers to
encourage adherence to exercise guidelines. Participants completed questionnaires evaluating their
sleep (PSQI), physical activity (CHAMPS), quality of life (SF-36), and stress (PSS) at baseline
and study completion.

Results—Ninety-five survivors had PSQI data at both time points. Mean age was 57.1 years
(range, 25-76). Mean body mass index was 34.3 kg/m2. The majority were non-Hispanic white
(75%) and had stage | disease (80%). At baseline, most survivors (61%) had poor sleep quality
(PSQI>5), with 24% reporting fairly or very bad sleep. The majority (63%) slept < 7 hours/night.
At least once during the preceding month, 83% had an episode of daytime dysfunction. A pairwise
comparison showed that obese survivors had more sleep disturbances than normal weight
survivors (p=0.029). No other clinicodemographic factors were associated with sleep. In
unadjusted analyses, sleep quality significantly improved in women who increased weekly total or
moderate/vigorous physical activity (p=0.004 and p < 0.050, respectively). This association
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persisted after adjusting for the potential covariates of age, time since diagnosis, obesity status,
disease stage, and treatment (v = 0.026).

Conclusions—Our data demonstrated that poor sleep is common and detrimental to endometrial
cancer survivors. Increasing exercise may improve this dysfunction and should be investigated as
part of a prospective study.

1. Introduction

Endometrial cancer is the most common gynecologic malignancy in the United States,
affecting 1 in 36 women (1). As the incidence of endometrial cancer continues to rise,
related closely to the increasing number of women in the United States who are overweight
or obese (1-3), the number of survivors is projected to increase from 620,000 to 750,000 by
2024 (4). After being cured of their disease, these survivors face a plethora of poorly defined
issues that are detrimental to their quality of life.

The high prevalence of sleep dysfunction in all cancer survivors (30-50%) (5, 6) and general
gynecologic cancer survivors (40-55%)(7, 8) is known and is higher than the prevalence of
sleep disorders/complaints in the general population (4-33%) (9). However, research
defining the sleep patterns of endometrial cancer survivors is limited. Data demonstrate a
higher rate of insomnia in endometrial cancer survivors than in the general population (10).
However, beyond those for insomnia, no further reports of sleep characterizations exist for
this population. The sleep health of endometrial cancer survivors may be impacted by
obesity given the association of excess adiposity with poor sleep observed in the general
population (11) and survivors of breast cancer (5, 12), another obesity-related disease. Poor
sleep has been associated with decreased in metabolism(13), insulin resistance (14), possibly
even leading to obesity (15). Additionally, sleep disturbances are more common in obese
individuals, even those without sleep-disordered breathing (16). Regardless, sleep disruption
may be associated with poor quality of life, as demonstrated in ovarian cancer patients (17).
However, this association has yet to be investigated in the endometrial cancer population.

One strategy to address poor sleep is to increase physical activity, which has been shown to
improve total sleep time, efficiency, onset latency, and quality (18). A randomized controlled
trial of gynecologic cancer survivors using a physical activity intervention demonstrated an
initial but not persistent sleep benefit in the exercise group when compared to the control
group (19). Although the researchers included endometrial cancer survivors in that study,
they did not perform a subgroup analysis.

Given the paucity of data on the sleeping patterns of endometrial cancer survivors, we
performed the present study to 1) describe the baseline sleep characteristics of endometrial
cancer survivors, 2) determine the impact of clinicodemographic and treatment
characteristics on sleep quality, 3) investigate the association of sleep quality with quality of
life and stress level, and 4) describe the impact of a physical activity intervention on sleep.
We hypothesized that endometrial cancer survivors would frequently experience sleep
dysfunction, especially those who are overweight or obese; that poor sleep would be
associated with poor quality of life and high stress levels; and that increased physical
activity would be related to improvement in overall sleep quality.
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2. Methods
2.1. Study design and participants

This study is a secondary analysis of Steps to Health, a single-arm prospective cohort study,
the detailed methodology for which was published previously (20, 21). Concisely, all
participants had stage I-11la endometrial cancer, had completed treatment at least 6 months
prior to the study, and were without evidence of disease. Also, participants had not met the
American College of Sports Medicine physical activity guidelines within the preceding 6
months. These guidelines require at least 30 minutes of moderate-intensity exercise 5 or
more days a week or at least 20 minutes of vigorous exercise 3 or more days a week (22).
Finally, medical clearance was required for study inclusion.

Recruitment occurred from January 2007 to September 2011. Potential participants at the
main campus of The University of Texas MD Anderson Cancer Center in Houston, TX,
were contacted via e-mail, telephone, or clinic visits. Survivors obtaining care at a private
gynecologic oncology office in Houston were initially approached by their health care
providers and, if interested, contacted by a research team member. The MD Anderson
Institutional Review Board approved the study procedures.

Six-hundred forty-three survivors were considered for the study. Of those, 39 failed
eligibility screening, and 270 were incompletely screened (for example, did not respond to
letters and phone calls, or did not have appointments within the recruitment window). Of the
remaining 334 survivors, 192 were not interested in the study and 42 were initially interested
but did not follow through with study enrollment.

2.2. Procedures

Evaluations of the frequency and duration of physical activity occurred at baseline (T0) and
2 (T1), 4 (T2), and 6 (T3) months after enrollment, at MD Anderson. Additionally, at TO and
the T3 time point, sleep, quality of life, and stress were assessed using the measures
described below. Demographic and treatment information were collected at baseline.

2.2.1. Sleep, quality of life, and stress assessment measures

2.2.1.1. Sleep: Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI),
which has seven components: sleep quality, sleep onset latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction(23).
Each component is scored on a scale of 0, indicating the item was “not occurring in the past
4 weeks” or “not a problem,” to 3, indicating that the issue occurred “3 or more times per
week” or was a “very big problem.” Taken together, the seven components have high
internal consistency (Cronbach a of 0.83) (23). Lower scores indicate better sleep quality,
whereas higher scores represent more dysfunction, with composite scores ranging from 0 to
21. A composite score greater than 5 indicates poor sleep quality (23). The PSQI has high
test-retest reliability over time and can discriminate between individuals with sleep disorders
and controls with no such disorders (23). Internal consistency and construct validity are
supported in a cancer patients (24).
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2.2.1.2. Physical activity: Data on the patients” amount, intensity, and frequency of physical
activity were collected using the Community Health Activities Model Program for Seniors
(CHAMPS) questionnaire (25). The CHAMPS questionnaire for older adults that examines
the frequency, duration, and intensity of weekly exercise over the past 4 weeks. Activities
are classified as part of “all-exercise related activities,” while a subgroup of these activities
are classified as moderate-vigorous intensity physical activities (MVPA). Activities were
considered MVPA if their metabolic equivalent (MET) was > or = 3. During the
questionnaire’s development, its test-test reliability ranged from 0.58 to 0.67, and the
CHAMPS scores were sensitive to intervention-related changes (25).

2.2.1.3. Quality of life: Quality-of-life data were obtained using the 36-item Short Form
Survey, a questionnaire comprising eight components: physical function, social function,
pain, mental health, energy and fatigue, general health perceptions, role limitations caused
by physical problems, and role limitations caused by emotional problems (26). Additionally,
items are grouped together to form the physical component score (PCS) and mental
component scores (MCS). Scores range from 0 to 100, with higher scores indicating better
quality of life. The internal consistency for our data was high (Cronbach a coefficient >0.80)
for all subscales in this questionnaire apart from mental (a = 0.77) and general (o = 0.77)
health.

2.2.1.4. Stress: The Perceived Stress Scale, which measures an individual’s perception of
stress, is a 10-question survey that uses a Likert scale of 0 to 4. A score of 0 indicates
“never,” whereas a score of 4 represents “very often.” Higher scores indicate greater stress
(27). The Cronbach a coefficient for the reliability was at least 0.84 during development
(27).

2.2.2. Interventions—As described previously, Steps to Health participants completed a
baseline assessment of their sleep, physical activity, quality of life and stress. They then
received individualized exercise prescriptions based on their baseline functioning (21). The
research team supported the participants’ adherence to the American College of Sports
Medicine guidelines, requiring 30 minutes of moderate exercise 5 or more days a week or at
least 20 minutes of vigorous exercise 3 or more days a week, via telephone-based counseling
sessions, printed materials, and pedometers. Telephone calls decreased in frequency from
weekly in months 1 and 2 of the study to twice monthly during months 3 and 4 to monthly
during months 5 and 6. The counseling in these calls addressed goal acquisition and
strategies to remove barriers to goal achievement through cognitive skill utilization. The
printed materials contained information that correlated with telephone call topics and also
included motivational survivor stories.

2.3. Analysis

Descriptive statistics were used to describe the sample population and baseline sleep quality.
The Fisher exact test of independence was used to investigate differences in the PSQI
component scores among three body mass index (BMI) categories: normal (BMI <25 kg/
m?2), overweight (BMI of 25-29 kg/m?), and obese (BMI =30 kg/m?). Similarly, pairwise
differences in the PSQI scores among these BMI categories were analyzed.
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Baseline differences in clinicodemographics, health-related quality of life, and physical
activity by sleep quality (good sleep quality group with PSQI scores <5 versus poor sleep
quality group with PSQI scores >5) were assessed using Welch’s two-sample #test and the
Fisher exact test of independence.

The statistical significance level was set at 0.05 for all tests. Statistical analyses were
performed using the SAS 9.3 software program (SAS Institute, Cary NC) and the R
statistical computing environment (version 3.2.0; R Foundation for Statistical Computing,
Vienna, Austria).

One hundred women were enrolled in the trial, 95 of whom had baseline PSQI data. At
enrollment, their mean age was 57.1 years (range, 25-76 years). Their mean BMI was 34.3
kg/m2. Fourteen women had a normal BMI, 20 were overweight, and 61 were obese. The
majority of the endometrial cancer survivors were non-Hispanic white (75%) and married
(64%). Most of the women (80%) had stage | disease, and the average time from diagnosis
was 2.2 years (range, 0.5-5.2 years). The majority of the women (59%) had less than a 4-
year college degree. Fifty-seven percent of them received surgery alone, whereas the
reminder underwent surgery and radiation. Additional patient characteristics can be found in
Table 1. Demographic data on the entire cohort were described previously (20, 28). Fifty-
eight percent of patient completed all 14 call sessions.

At baseline, 61% of the survivors had poor sleep quality, indicated by a PSQI score greater
than 5. The mean (x SD) PSQI score at baseline was 7.3 + 3.8. The majority of the
respondents (63%) slept no more than 7 hours per night, with 24% rating their sleep as fair
or very bad. At least once during the preceding month, 30% of the women took sleep
medication, and 83% had an episode of daytime dysfunction. All sleep parameters from the
PSQI are listed in Table 2.

Overall, good sleep quality (PSQI <5) was independent of BMI classification (50%, 35%,
and 37% of normal, overweight, and obese participants, respectively; p= 0.65) (Table 2). We
observed no statistically significant differences in any of the sleep component scores among
the three BMI categories. However, pairwise comparisons indicated that obese survivors
were more likely to have sleep disturbances than were their normal-weight counterparts (o =
0.029). No other sleep component scores differed between normal-weight and obese
survivors. Also, no other clinicodemographic factors were associated with the baseline
composite sleep score (Table 3).

Baseline sleep quality was related to stress and certain quality-of-life measures. Endometrial
cancer survivors with a PSQI score greater than 5, indicating poor sleep quality, had
significantly higher stress levels than did those who had good sleep quality (v = 0.002)
(Table 4). Several health-related quality-of-life domains were related to sleep quality.
Specifically, poor sleep quality was significantly associated with low health-related quality
of life in the 36-item Short Form Survey subscales of vitality (o < 0.001), bodily pain (p=
0.004), general health (o =0.002), social functioning (p = 0.005), role limitations caused by

Gynecol Oncol. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Armbruster et al.

Page 6

emotional problems (p = 0.005), and mental health (p = 0.002) and the mental component
score (p=0.003).

Overall, the mean global PSQI score did not statistically change from TO (7.3 + 3.8) to T3
(6.2 + 3.6; p=0.625). However, additional unadjusted analyses indicated that changes in
sleep quality were associated with changes in the level of physical activity from TO to T3. In
particular, sleep quality improved significantly in cancer survivors who increased their
weekly total physical activity or MVPA throughout the intervention (p= 0.004 and p <
0.050, respectively) (Table 5). Clinically, scoring increases could represent a change in any
one of the seven components assessed by the PSQI, but as an example could represent a
change in sleep quality from “fairly bad” to “very good” or increasing sleep duration by 1-3
hours/ night.

When adjusted for the potential covariates age, time since diagnosis, obesity status, disease
stage, and treatment, improvement in sleep quality was associated with an increase in the
number of total activity hours (p = 0.026) but not with an increase in hours of MVPA per
week (p=0.201) (Table 6).

4. Discussion

The majority of the endometrial cancer survivors in our cohort had poor sleep quality,
evidenced by PSQI scores of at least 5. Most of them also experienced sleep disturbances
and daytime dysfunction owing to sleep-related issues, agreeing with our observed
association of poor sleep health with increased stress and poor quality of life. Sleep
disturbances were more common in obese than in normal-weight participants. These
findings demonstrated the correlation of increased exercise with improved sleep. In
survivors who increased their total number of hours of physical activity per week during the
intervention, the mean PSQI score improved, decreasing from 7.38 at TO to 5.35 T3 and
approaching the “good sleep” range of PSQI scores (<5).

Sixty one percent of our participants had sleep dysfunction, which is similar to the rate of
approximately 50% reported in gynecologic cancer survivors (7, 8, 29). Data on cancer and
non-cancer populations have demonstrated the relationship between sleep and quality-of-life
outcomes. In the general population, investigators showed that “optimal sleepers” had fewer
episodes of anxiety or depression, more positive relationships with others, and higher levels
of self-purpose and self-acceptance than did suboptimal sleepers (30). Researchers also
observed benefits of good sleep quality in gynecologic cancer survivors, in whom
subjectively reported sleep characteristics, specifically components of the PSQI, were
associated with positive affect, social support, and meaning in life (31). Conversely,
insomnia has been correlated with depression and fatigue in cancer survivors (32), and sleep
dysfunction has been correlated with poor quality-of-life outcomes in ovarian cancer
survivors (17). Our data demonstrating associations of poor sleep health with poor quality of
life and high stress levels align with the associations observed in other populations.

Despite the observed association of sleep dysfunction with elevated BMI in the general
population (11, 33) and in some breast cancer survivor studies (5, 12, 34), our primary
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analysis did not support this relationship. However, it did demonstrate a difference in sleep
disturbance between obese and normal-weight endometrial cancer survivors that could have
resulted from several factors. Other studies have shown that obstructive sleep apnea (35),
poorly managed acute pain (34), anxiety/depression(36), and environmental factors (37) can
impact sleep quality. Sleep apnea(38) and pain (39)are more common in obese individuals
and may mediate the relationship between sleep quality and obesity. We were unable to
include these factors in our analyses, which may have confounded our results.

The association between increased physical activity and improved sleep we observed is in
line with the results of other investigations. In the general population, individuals reporting
participation in exercise were less likely than those not exercising to report sleep problems
(OR=0.678, p<0.001) and daytime dysfunction (OR= 0.486, p<0.001) (33). Additionally, a
randomized controlled trial for gynecologic cancer survivors, consisting of a 12-week
exercise intervention versus control group, showed significantly better PSQI scores for the
intervention group at 12 weeks (A = -2.59, p=0.04) (19). However, this difference was not
statistically significant at 6 months of follow-up (A = -2.47, p=0.08) (19). Of note, the
amount of moderate-intensity exercise in the two groups was similar at 12 weeks and 6
months (p=0.21 and p = 0.40, respectively), indicating that a factor aside from minutes of
exercise may explain the benefit of sleep. Similarly, our data did not support an association
of improved sleep with increased MVPA after adjusting for potential confounders. When
examining the components of the CHAMPS questionnaire, activities that counted toward
total physical activity but not MVPA included golfing, light housework or gardening,
walking to accomplish errands, leisure walking, stretching, and calisthenics. Many of these
activities take place outside the home and involve interactions with others, which may have a
psychologic benefit. Other studies support the relationship of positive mental health with
high sleep quality (30, 31).

Our study has strengths and limitations that should be considered. We provide data on a
relatively large number of endometrial cancer survivors that were not impacted by loss of
patients to follow-up. Additionally, we used a validated questionnaire to assess sleep quality
in an understudied group of cancer survivors. Despite these strengths, our study had some
limitations. Specifically, the study may have been impacted by selection bias, as we only
included women who were not physically active. Of note, only 10% of screened survivors
were ineligible for study participation for any reason, including meeting physical activity
guidelines. Sedentary women may have more medical problems, including worse sleep at
baseline than the traditional endometrial cancer survivor. Also, the participants included
sedentary endometrial cancer survivors whose survey responses may differ from those of
survivors who are physically active or declined to participate in our study. However, if, as
our manuscript suggests, increased physical activity is associated with improved sleep, we
might have seen less sleep disturbance in the sample of survivors. Furthermore, without a
control group, we were unable to demonstrate a causal relationship between physical activity
and sleep, nor determine a direction of association as the analysis was cross-sectional.
Finally, because sleep was a secondary end point in our original trial, we did not collect data
on all possible confounding factors that could have impacted sleep during the study period.
Specifically, depression and/or anxiety have been correlated with poor sleep and may have
influenced the prevalence of sleep dysfunction in our study (36). It is possible that sleep
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scores could have been worse for those suffering depression or anxiety. However, physical
activity has also been shown to improve depression/ anxiety and may have acted as a
positive mediator of change in sleep health throughout our study(40). Additionally, sleep
apnea could have impacted our results, in that women who with sleep apnea may have
poorer sleep or possibly be less likely to exercise than those without sleep apnea.
Additionally, weight loss has been associated with improvement in sleep apnea(38), but no
significant weight loss was seen throughout the study period. Furthermore, data do support
physical activity benefits for patients with obstructive sleep apnea(41). Similar to the impact
of anxiety or depression, sleep apnea most likely impacted the prevalence of sleep disorders,
and less likely confounded our results. Although these variables were not assessed in our
study, they were mostly like present throughout the intervention, still allowing for
comparisons across time and a global assessment of sleep health. Finally, not all women
completed all 14 telephone sessions and the change in physical activity and sleep might be
somewhat less than if we had 100 % compliance.

In conclusion, out data demonstrated that poor sleep quality affects a majority of
endometrial cancer survivors and that an increase in physical activity is associated with
improvement of overall sleep health. Although we cannot say that physical activity led to
improvement in sleep, we are encouraged that our data aligns with that of the published
literature, providing preliminary evidence of an additional benefit of physical activity for
endometrial cancer survivors. Future prospective investigations are necessary to validate
these findings. In the meantime, providers should be aware of the high prevalence of sleep-
related dysfunction and consider recommending physical activity as an approach to
improving sleep health for endometrial cancer survivors.

Acknowledgments

Editorial assistance was provided by Donald Norwood of the MD Anderson Department of Scientific Publications.
Funding

This study was supported by the NIH/NCI under award numbers R01 CA109919, R25T CA057730, R25E
CA056452, P30 CA016672 (Population-based Research Optimizing Screening through Personalized Regimens
Shared Resource and using the Clinical Trials Support Resource and Biostatistics Resource Group), and 5T32
CA101642 and via the Center for Energy Balance in Cancer Prevention and Survivorship as well as the Duncan
Family Institute for Cancer Prevention and Risk Assessment.

References

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin. 2016

2. Ward KK, Roncancio AM, Shah NR, Davis MA, Saenz CC, McHale MT, et al. The risk of uterine
malignancy is linearly associated with body mass index in a cohort of US women. Am J Obstet
Gynecol. 2013; 209(6):579.e1-e5. [PubMed: 23938608]

3. National Center for Health Statistics. Health, United States, 2015: With Special Feature on Racial
and Ethnic Health Disparities. Hyattsville, Maryland: 2016.

4. Desantis CE, Lin CC, Mariotto AB, Siegel RL, Stein KD, Kramer JL, et al. Cancer treatment and
survivorship statistics, 2014. CA Cancer J Clin. 2014; 64(4):252-71. [PubMed: 24890451]

5. Savard J, Morin CM. Insomnia in the context of cancer: A review of a neglected problem. J Clin
Oncol. 2001; 19(3):895-908. [PubMed: 11157043]

6. Baker F, Denniston M, Smith T, West MM. Adult cancer survivors: How are they faring? Cancer.
2005; 104(11 SUPPL):2565-76. [PubMed: 16258929]

Gynecol Oncol. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Armbruster et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 9

. Westin SN, Sun CC, Tung CS, Lacour RA, Meyer LA, Urbauer DL, et al. Survivors of gynecologic

malignancies: impact of treatment on health and well-being. J Cancer Survivorship. 2016; 10(2):
261-70.

. Christman NJ, Oakley MG, Cronin SN. Developing and using preparatory information for women

undergoing radiation therapy for cervical or uterine cancer. Oncology nursing forum. 2001; 28(1):
93-8. [PubMed: 11198902]

. Ohayon MM. Epidemiological Overview of sleep Disorders in the General Population. Sleep Med

Res. 2011; 2(1):1-9.

. Le T, Menard C, Samant R, Choan E, Hopkins L, Faught W, et al. Longitudinal Assessments of
Quality of Life in Endometrial Cancer Patients: Effect of Surgical Approach and Adjuvant
Radiotherapy. Int J Radiat Oncol Biol Phys. 2009; 75(3):795-802. [PubMed: 19250764]

Hinz A, Glaesmer H, Bréhler E, Loffler M, Engel C, Enzenbach C, et al. Sleep quality in the
general population: psychometric properties of the Pittsburgh Sleep Quality Index, derived from a
German community sample of 9284 people. Sleep Medicine. 2017; 30:57-63. [PubMed:
28215264]

Berger AM, Hertzog M, Geary CR, Fischer P, Farr L. Circadian rhythms, symptoms, physical
functioning, and body mass index in breast cancer survivors. J Cancer Survivorship. 2012; 6(3):
305-14.

Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and endocrine function.
Lancet. 1999; 354(9188):1435-9. [PubMed: 10543671]

Stamatakis KA, Punjabi NM. Effects of sleep fragmentation on glucose metabolism in normal
subjects. Chest. 2010; 137(1):95-101. [PubMed: 19542260]

Nielsen LS, Danielsen KV, Sorensen T1. Short sleep duration as a possible cause of obesity: critical
analysis of the epidemiological evidence. Obesity reviews : an official journal of the International
Association for the Study of Obesity. 2011; 12(2):78-92. [PubMed: 20345429]

Vgontzas AN, Tan TL, Bixler EO, Martin LF, Shubert D, Kales A. Sleep apnea and sleep
disruption in obese patients. Arch Intern Med. 1994; 154(15):1705-11. [PubMed: 8042887]

Sandadi S, Frasure HE, Broderick MJ, Waggoner SE, Miller JA, Von Gruenigen VE. The effect of
sleep disturbance on quality of life in women with ovarian cancer. Gynecol Oncol. 2011; 123(2):
351-5. [PubMed: 21855973]

Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto MW. The effects of physical activity
on sleep: a meta-analytic review. J Behav Med. 2015; 38(3):427-49. [PubMed: 25596964]

Donnelly CM, Blaney JM, Lowe-Strong A, Rankin JP, Campbell A, McCrum-Gardner E, et al. A
randomised controlled trial testing the feasibility and efficacy of a physical activity behavioural
change intervention in managing fatigue with gynaecological cancer survivors. Gynecol Oncol.
2011; 122(3):618-24. [PubMed: 21689848]

Basen-Engquist K, Carmack CL, Li Y, Brown J, Jhingran A, Hughes DC, et al. Social-cognitive
theory predictors of exercise behavior in endometrial cancer survivors. Health Psychology. 2013;
32(11):1137-48. [PubMed: 23437853]

Basen-Engquist K, Carmack CL, Perkins H, Hughes D, Serice S, Scruggs S, et al. Design of the
steps to health study of physical activity in survivors of endometrial cancer: Testing a social
cognitive theory model. Psychology of Sport and Exercise. 2011; 12(1):27-35. [PubMed:
21218163]

American College of Sports Medicine Position Stand. Exercise and physical activity for older
adults. Medicine and science in sports and exercise. 1998; 30(6):992-1008. [PubMed: 9624662]
Buysse DJ, Reynolds CF lii, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality
index: A new instrument for psychiatric practice and research. Psychiatry Research. 1989; 28(2):
193-213. [PubMed: 2748771]

Beck SL, Schwartz AL, Towsley G, Dudley W, Barsevick A. Psychometric evaluation of the
Pittsburgh sleep quality index in cancer patients. Journal of Pain and Symptom Management.
2004; 27(2):140-8. [PubMed: 15157038]

Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS physical activity
questionnaire for older adults: Outcomes for interventions. Medicine and Science in Sports and
Exercise. 2001; 33(7):1126-41. [PubMed: 11445760]

Gynecol Oncol. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Armbruster et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 10

McHorney CA, Ware JE Jr, Raczek AE. The MOS 36-item short-form health survey (Sf-36): 11.
Psychometric and clinical tests of validity in measuring physical and mental health constructs.
Medical Care. 1993; 31(3):247-63. [PubMed: 8450681]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. Journal of Health and
Social Behavior. 1983; 24(4):385-96. [PubMed: 6668417]

Basen-Engquist K, Carmack C, Brown J, Jhingran A, Baum G, Song J, et al. Response to an
exercise intervention after endometrial cancer: Differences between obese and non-obese
survivors. Gynecol Oncol. 2014; 133(1):48-55. [PubMed: 24680591]

Savard J, lvers H, Villa J, Caplette-Gingras A, Morin CM. Natural course of insomnia comorbid
with cancer: An 18-month longitudinal study. J Clin Oncol. 2011; 29(26):3580-6. [PubMed:
21825267]

Hamilton NA, Nelson CA, Stevens N, Kitzman H. Sleep and psychological well-being. Social
Indicators Research. 2007; 82(1):147-63.

Evans BJ, Phillips KM, Gonzalez BD, Apte S, Small BJ, Jacobsen PB, et al. Psychosocial
resources and sleep disturbance before chemotherapy for gynecologic cancer. Journal of
Psychosocial Oncology. 2016; 34(1-2):60-76. [PubMed: 26771556]

Palesh OG, Roscoe JA, Mustian KM, Roth T, Savard J, Ancoli-Israel S, et al. Prevalence,
demographics, and psychological associations of sleep disruption in patients with cancer:
University of Rochester Cancer Center-community clinical oncology program. J Clin Oncol. 2010;
28(2):292-8. [PubMed: 19933917]

Grandner MA, Patel NP, Perlis ML, Gehrman PR, Xie D, Sha D, et al. Obesity, diabetes, and
exercise associated with sleep-related complaints in the American population. Journal of Public
Health. 2011; 19(5):463-74. [PubMed: 22791935]

Klyushnenkova EN, Sorkin JD, Gallicchio L. Association of obesity and sleep problems among
breast cancer survivors: results from a registry-based survey study. Supportive Care Cancer. 2015;
23(12):3437-45.

Loredo JS, Ancoli-Israel S, Kim EJ, Lim WJ, Dimsdale JE. Effect of continuous positive airway
pressure versus supplemental oxygen on sleep quality in obstructive sleep apnea: a placebo-CPAP-
controlled study. Sleep. 2006; 29(4):564—71. [PubMed: 16676791]

Ohayon MM, Roth T. Place of chronic insomnia in the course of depressive and anxiety disorders.
Journal of psychiatric research. 2003; 37(1):9-15. [PubMed: 12482465]

Watson NF, Buchwald D, Vitiello MV, Noonan C, Goldberg J. A Twin Study of Sleep Duration and
Body Mass Index. Journal of Clinical Sleep Medicine : JCSM : Official Publication of the
American Academy of Sleep Medicine. 2010; 6(1):11-7. [PubMed: 20191932]

Schwartz AR, Patil SP, Laffan AM, Polotsky V, Schneider H, Smith PL. Obesity and Obstructive
Sleep Apnea: Pathogenic Mechanisms and Therapeutic Approaches. Proceedings of the American
Thoracic Society. 2008; 5(2):185-92. [PubMed: 18250211]

Okifuji A, Hare BD. The association between chronic pain and obesity. Journal of Pain Research.
2015; 8:399-408. [PubMed: 26203274]

Segar ML, Katch VL, Roth RS, Garcia AW, Portner Tl, Glickman SG, et al. The effect of aerobic
exercise on self-esteem and depressive and anxiety symptoms among breast cancer survivors.
Oncol Nurs Forum. 1998; 25(1):107-13. [PubMed: 9460778]

de Andrade FMD, Pedrosa RP. The role of physical exercise in obstructive sleep apnea. Jornal
Brasileiro de Pneumologia. 2016; 42(6):457-64. [PubMed: 28117479]

Gynecol Oncol. Author manuscript; available in PMC 2019 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Armbruster et al.

Page 11

HIGHLIGHTS
. The majority of endometrial cancer survivors have poor sleep quality.
. Increased exercise is related to improved sleep during an exercise

intervention.
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Table 1

Participant characteristics at baseline (n = 95)

Characteristic

Mean age, years (range)
Mean weight, kg (range)
Mean BMI, kg/m? (range)

Mean time from diagnosis to enrollment, years (range)

BMI category, n (%)
Normal weight
Overweight
Obese
Race, n (%)
Non-Hispanic white
Hispanic white
Non-Hispanic black
Asian
American Indian/non-Hispanic
Education, n (%)
Some high school/high school diploma/GED
Technical/vocational degree
Some college/2-year degree
At least 4-year degree
Marital status, n (%)
Married/living with significant other
Single/divorced/widowed/separated
Disease stage, n (%)
|
Ilor Illa
Treatment, n (%)
Surgery only
Surgery + radiotherapy

57.1 (25.0-76.0)
90.6 (47.9-185.3)
34.3 (18.7-69.3)
2.2 (0.5-5.2)

14 (15)
20 (21)
61 (64)

71 (75)
12 (13)
6 (6)
5(5)
1(1)

14 (15)
8 (8)

34 (36)
39 (41)

71 (75)
24 (25)

76 (80)
19 (20)

54 (57)
41 (43)
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Table 3

Participant characteristics by sleep quality (n = 95)4

Good sleep quality  Poor sleep quality
(global PSQIP<5)  (global PSQIP >5)
(

Characteristic (n=37) n=58) p value®
Mean age, years (SD) 58.6 (12.6) 56.1 (9.8) 0.310
Mean time since diagnosis, years (SD) 23(1.3) 22(1.3) 0.614
Education, n (%)
Less than high school 0 (0) 2(4) 0.590
High school diploma/GED 4(11) 8 (14)
Technical/vocational degree 3(8) 5(9)
Some college/2-year degree 14 (38) 20 (34)
4-year degree 7(19) 16 (28)
Advanced degree 9 (24) 7(12)
Race, n (%)
Hispanic white 4(11) 8 (14) 0.644
Non-Hispanic American Indian/Alaska native 0 (0) 1(2)
Non-Hispanic Asian 2 (5) 3(5)
Non-Hispanic black 4(11) 2(4)
Non-Hispanic white 27 (73) 44 (76)
Disease stage, n (%)
I 26 (70) 50 (86) 0.103
I 8(22) 7(12)
I 3(8) 1(2)
Treatment, n (%)
Surgery only 17 (46) 37 (64) 0.095
Surgery + radiotherapy 20 (54) 21 (36)
Marital status, n (%)
Single 5 (14) 6 (10) 0.143
Married 21 (57) 40 (69)
Divorced 5(14) 5(9)
Living with significant other 5(14) 1(2)
Separated 0 (0) 1(2)
Widowed 1(3) 5(9)

a - . . . .
A PSQI score <5 indicates good sleep quality. PSQI data at baseline were available for 95 participants.
b . .
Welch’s two-sample #test was performed assuming unequal variances.

c_. .
Fisher exact tests of independence.
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