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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 I 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 (p = 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-IIIa 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 T0 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 α 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 α coefficient ≥0.80) 

for all subscales in this questionnaire apart from mental (α = 0.77) and general (α = 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 α 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/

m2), overweight (BMI of 25–29 kg/m2), and obese (BMI ≥30 kg/m2). 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 t-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).

3. Results

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 I 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 (± 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 (p = 

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 (p = 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 (p < 0.001), bodily pain (p = 

0.004), general health (p = 0.002), social functioning (p = 0.005), role limitations caused by 
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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 T0 (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 T0 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 T0 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 (Δ = −2.59, p = 0.04) (19). However, this difference was not 

statistically significant at 6 months of follow-up (Δ = −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.
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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) 57.1 (25.0–76.0)

Mean weight, kg (range) 90.6 (47.9–185.3)

Mean BMI, kg/m2 (range) 34.3 (18.7–69.3)

Mean time from diagnosis to enrollment, years (range) 2.2 (0.5–5.2)

BMI category, n (%)

  Normal weight 14 (15)

  Overweight 20 (21)

  Obese 61 (64)

Race, n (%)

  Non-Hispanic white 71 (75)

  Hispanic white 12 (13)

  Non-Hispanic black 6 (6)

  Asian 5 (5)

  American Indian/non-Hispanic 1 (1)

Education, n (%)

  Some high school/high school diploma/GED 14 (15)

  Technical/vocational degree 8 (8)

  Some college/2-year degree 34 (36)

  At least 4-year degree 39 (41)

Marital status, n (%)

  Married/living with significant other 71 (75)

  Single/divorced/widowed/separated 24 (25)

Disease stage, n (%)

  I 76 (80)

  II or IIIa 19 (20)

Treatment, n (%)

  Surgery only 54 (57)

  Surgery + radiotherapy 41 (43)
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Table 3

Participant characteristics by sleep quality (n = 95)a

Characteristic

Good sleep quality
(global PSQIb ≤5)
(n = 37)

Poor sleep quality
(global PSQIb >5)
(n = 58) p valuec

Mean age, years (SD) 58.6 (12.6) 56.1 (9.8) 0.310

Mean time since diagnosis, years (SD) 2.3 (1.3) 2.2 (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

  II 8 (22) 7 (12)

  III 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 t-test was performed assuming unequal variances.

c
Fisher exact tests of independence.

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



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Armbruster et al. Page 16

Ta
b

le
 4

Q
ua

lit
y 

of
 li

fe
 b

y 
sl

ee
p 

qu
al

ity
 a

t b
as

el
in

e 
(n

 =
 9

5)

M
ea

n 
(S

D
)

D
if

fe
re

nc
e 

(g
oo

d 
– 

po
or

 s
le

ep
)

G
oo

d 
sl

ee
p 

qu
al

it
y

(g
lo

ba
l P

SQ
I 

≤5
)

(n
 =

 3
7)

P
oo

r 
sl

ee
p 

qu
al

it
y

(g
lo

ba
l P

SQ
I 

>5
)

(n
 =

 5
8)

M
ea

na
 (

SD
b )

95
%

 C
Ic

p 
va

lu
ed

PS
S 

sc
or

ee
19

.0
 (

8.
3)

24
.1

 (
6.

8)
−

5.
15

 (
7.

38
)

(−
8.

39
, −

1.
90

)
0.

00
2

SF
-3

6 
co

m
po

ne
nt

 s
co

re
sf

  P
hy

si
ca

l
50

.4
 (

9.
7)

46
.6

 (
10

.2
)

3.
75

 (
10

.0
2)

(−
0.

45
, 7

.9
4)

0.
07

9

  M
en

ta
l

53
.8

 (
9.

6)
46

.9
 (

11
.6

)
6.

90
 (

10
.8

5)
(2

.5
0,

 1
1.

31
)

0.
00

3

SF
-3

6 
su

bs
ca

le
 s

co
re

sg

  P
hy

si
ca

l f
un

ct
io

ni
ng

77
.8

 (
21

.1
)

72
.5

 (
22

.2
)

5.
34

 (
21

.7
4)

(−
3.

66
, 1

4.
34

)
0.

24
1

  V
ita

lit
y

65
.0

 (
18

.0
)

48
.0

 (
18

.8
)

17
.0

2 
(1

8.
50

)
(9

.3
1,

 2
4.

72
)

<
0.

00
1

  R
ol

e 
lim

ita
tio

ns
 c

au
se

d 
by

 p
hy

si
ca

l p
ro

bl
em

s
77

.0
 (

33
.5

)
64

.2
 (

38
.6

)
12

.8
0 

(3
6.

75
)

(−
2.

10
, 2

7.
70

)
0.

09
1

  B
od

ily
 p

ai
n

78
.2

 (
20

.0
)

65
.2

 (
22

.3
)

13
.0

4 
(2

1.
37

)
(4

.3
2,

 2
1.

75
)

0.
00

4

  G
en

er
al

 h
ea

lth
75

.8
 (

16
.8

)
63

.2
 (

21
.7

)
12

.6
1 

(2
0.

00
)

(4
.6

5,
 2

0.
56

)
0.

00
2

  S
oc

ia
l f

un
ct

io
ni

ng
90

.5
 (

15
.1

)
79

.1
 (

23
.2

)
11

.4
5 

(2
0.

48
)

(3
.6

3,
 1

9.
26

)
0.

00
5

  R
ol

e 
lim

ita
tio

ns
 c

au
se

d 
by

 e
m

ot
io

na
l p

ro
bl

em
s

87
.4

 (
27

.6
)

66
.7

 (
41

.9
)

20
.7

2 
(3

7.
02

)
(6

.5
6,

 3
4.

88
)

0.
00

5

  M
en

ta
l h

ea
lth

81
.6

 (
14

.8
)

71
.4

 (
15

.5
)

10
.1

8 
(1

5.
27

)
(3

.8
3,

 1
6.

53
)

0.
00

2

PS
S:

 P
er

ce
iv

ed
 S

tr
es

s 
Sc

al
e;

 S
F-

36
: 3

6-
ite

m
 S

ho
rt

 F
or

m
 S

ur
ve

y.

a D
if

fe
re

nc
e 

in
 th

e 
m

ea
n 

ba
se

lin
e 

sc
or

e 
be

tw
ee

n 
in

di
vi

du
al

s 
w

ith
 g

oo
d 

sl
ee

p 
qu

al
ity

 c
om

pa
re

d 
to

 p
oo

r.

b Po
ol

ed
 s

ta
nd

ar
d 

de
vi

at
io

n 
fo

r 
th

e 
di

ff
er

en
ce

 in
 th

e 
m

ea
n 

ba
se

lin
e 

sc
or

e 
be

tw
ee

n 
in

di
vi

du
al

s 
w

ith
 g

oo
d 

sl
ee

p 
qu

al
ity

 c
om

pa
re

d 
to

 p
oo

r.

c 95
%

 c
on

fi
de

nc
e 

in
te

rv
al

 f
or

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

th
e 

tw
o 

m
ea

ns
 a

ss
um

in
g 

un
eq

ua
l v

ar
ia

nc
es

.

d W
el

ch
’s

 tw
o-

sa
m

pl
e 

t-
te

st
 w

as
 p

er
fo

rm
ed

 a
ss

um
in

g 
un

eq
ua

l v
ar

ia
nc

es
.

e H
ig

he
r 

PS
S 

in
di

ca
te

s 
gr

ea
te

r 
st

re
ss

.

f H
ig

he
r 

sc
or

es
 f

or
 th

e 
SF

-3
6 

su
bs

ca
le

s 
in

di
ca

te
 b

et
te

r 
qu

al
ity

 o
f 

lif
e.

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



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Armbruster et al. Page 17

Ta
b

le
 5

C
ha

ng
e 

in
 g

lo
ba

l s
le

ep
 q

ua
lit

y 
(P

SQ
I)

 s
co

re
 b

y 
ph

ys
ic

al
 a

ct
iv

ity
 (

n 
=

 7
9)

a

M
ea

n
ho

ur
s/

w
ee

k 
(S

D
)

D
if

fe
re

nc
e

(f
ol

lo
w

-u
p 

- 
ba

se
lin

e)

P
ar

ti
ci

pa
nt

 c
ha

ra
ct

er
is

ti
cs

 b
as

ed
 o

n 
C

H
A

M
P

S
B

as
el

in
e

P
SQ

I
F

ol
lo

w
-u

p
P

SQ
I

M
ea

n
(S

D
)

95
%

 C
I

p 
va

lu
eb

In
cr

ea
se

d 
to

ta
l p

hy
si

ca
l a

ct
iv

ity
 (

n 
=

 4
2)

c
7.

4 
(3

.5
)

5.
4 

(2
.9

)
−

1.
49

 (
2.

82
)

(−
2.

46
, −

0.
52

)
0.

00
37

N
o 

in
cr

ea
se

 in
 to

ta
l p

hy
si

ca
l a

ct
iv

ity
 (

n 
=

 3
7)

c
6.

6 
(3

.4
)

7.
1 

(4
.1

)
0.

17
 (

3.
16

)
(−

1.
01

, 1
.3

5)
0.

77
49

In
cr

ea
se

d 
M

V
PA

 (
n 

=
 4

9)
c

7.
6 

(3
.4

)
6.

2 
(3

.2
)

−
0.

95
 (

2.
97

)
(−

1.
90

, −
0.

00
03

)
0.

04
99

N
o 

in
cr

ea
se

 in
 M

V
PA

 (
n 

=
 3

0)
c

6.
1 

(3
.3

)
6.

1 
(4

.2
)

−
0.

36
 (

3.
26

)
(−

1.
71

,0
.9

9)
0.

58
65

a Se
ve

nt
y-

ni
ne

 in
di

vi
du

al
s 

ha
d 

C
H

A
M

PS
 q

ue
st

io
nn

ai
re

 d
at

a 
at

 b
as

el
in

e 
an

d 
du

ri
ng

 f
ol

lo
w

-u
p 

as
se

ss
m

en
ts

.

b Pa
ir

ed
 t-

te
st

s 
w

er
e 

pe
rf

or
m

ed
.

c In
di

vi
du

al
s 

w
er

e 
gr

ou
pe

d 
in

to
 in

cr
ea

se
rs

/n
on

in
cr

ea
se

rs
 a

cc
or

di
ng

 to
 th

ei
r 

ph
ys

ic
al

 a
ct

iv
ity

 m
ea

su
re

m
en

ts
 f

ro
m

 b
as

el
in

e 
to

 f
ol

lo
w

-u
p.

 O
nl

y 
in

di
vi

du
al

s 
ha

vi
ng

 b
ot

h 
m

ea
su

re
m

en
ts

 a
t b

as
el

in
e 

an
d 

du
ri

ng
 

fo
llo

w
-u

p 
w

er
e 

in
cl

ud
ed

 in
 th

e 
an

al
ys

is

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



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Armbruster et al. Page 18

Ta
b

le
 6

E
ff

ec
t o

f 
ch

an
ge

 in
 p

hy
si

ca
l a

ct
iv

ity
 o

n 
ch

an
ge

 in
 s

le
ep

 q
ua

lit
y 

(n
 =

 7
9)

a

P
ar

ti
ci

pa
nt

s 
w

ho
 in

cr
ea

se
d 

th
ei

r 
ph

ys
ic

al
ac

ti
vi

ty
P

ar
ti

ci
pa

nt
s 

w
ho

 d
id

 n
ot

 in
cr

ea
se

 t
he

ir
 p

hy
si

ca
l a

ct
iv

it
y

B
as

el
in

e 
P

SQ
I

F
ol

lo
w

-u
p 

P
SQ

I
B

as
el

in
e 

P
SQ

I
F

ol
lo

w
-u

p 
P

SQ
I

M
od

el
-

ad
ju

st
ed

m
ea

n
SE

M
od

el
-

ad
ju

st
ed

m
ea

n
SE

M
od

el
-

ad
ju

st
ed

m
ea

n
SE

M
od

el
-

ad
ju

st
ed

m
ea

n
SE

p 
va

lu
eb

In
cr

ea
se

 in
 C

H
A

M
PS

 to
ta

l a
ct

iv
ity

 h
ou

rs
/w

ee
k

7.
38

0
0.

52
2

5.
35

1
0.

55
8

6.
66

1
0.

56
6

7.
17

6
0.

59
2

0.
02

6

In
cr

ea
se

 in
 C

H
A

M
PS

 M
V

PA
 h

ou
rs

/w
ee

k
7.

39
4

0.
49

4
5.

98
4

0.
53

4
6.

46
0

0.
64

8
6.

55
1

0.
66

4
0.

20
1

SE
: s

ta
nd

ar
d 

er
ro

r.

a Se
ve

nt
y-

ni
ne

 in
di

vi
du

al
s 

ha
d 

C
H

A
M

PS
 q

ue
st

io
nn

ai
re

 d
at

a 
at

 b
as

el
in

e 
an

d 
du

ri
ng

 f
ol

lo
w

-u
p.

b M
ix

ed
-e

ff
ec

ts
 m

od
el

s 
w

er
e 

fi
tte

d 
fo

r 
lo

ng
itu

di
na

l m
ea

su
re

m
en

t o
f 

PS
Q

I 
sc

or
es

 a
t b

as
el

in
e 

an
d 

fo
llo

w
-u

p.
 T

he
 m

od
el

s 
as

se
ss

ed
 w

he
th

er
 in

cr
ea

se
s 

in
 p

hy
si

ca
l a

ct
iv

ity
 f

ro
m

 b
as

el
in

e 
to

 f
ol

lo
w

-u
p 

w
er

e 
as

so
ci

at
ed

 w
ith

 a
ny

 c
ha

ng
es

 in
 P

SQ
I 

sc
or

e 
ov

er
 ti

m
e.

 A
dj

us
tm

en
ts

 w
er

e 
m

ad
e 

fo
r 

th
e 

co
nf

ou
nd

er
s 

ag
e,

 ti
m

e 
si

nc
e 

di
ag

no
si

s,
 o

be
si

ty
 s

ta
tu

s,
 d

is
ea

se
 s

ta
ge

, a
nd

 tr
ea

tm
en

t.

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


	Abstract
	1. Introduction
	2. Methods
	2.1. Study design and participants
	2.2. Procedures
	2.2.1. Sleep, quality of life, and stress assessment measures
	2.2.1.1. Sleep
	2.2.1.2. Physical activity
	2.2.1.3. Quality of life
	2.2.1.4. Stress

	2.2.2. Interventions

	2.3. Analysis

	3. Results
	4. Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

