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Background: Lifestyle behaviors may impact quality of life (QoL). The relative impact of
physical activity and sleep quality on QoL of individuals with and without a history of cancer
living in underserved rural communities requires further study to inform health care and public
health initiatives.

Methods: Individuals with and without a history of cancer were recruited from rural Virginia.
We collected information on physical activity level (PAL), sleep quality (Pittsburgh Sleep
Quality Index), and QoL (Short Form-36). Additional dimensions of physical activity and sleep
were measured including ambient light exposure and sleep duration via Actiwatch2, and serum
vitamin D and urine melatonin, which are markers of outdoor activity and sleep.

Results: A total of 124 cancer survivors and 48 cancer-free individuals were enrolled in the
study. Mean age was 59 years, with the majority being women (89%) and Caucasian (76%).
Breast cancer was the most common cancer (72%), and mean time from diagnosis to the survey
was 8.1 years. Survivors were significantly less active, more likely to be inactive, and had sig-
nificantly worse sleep quality and physical and mental health relative to cancer-free individuals
(P<0.05). Quality of sleep and average sleep time were associated with physical (r=—0.371,
P<0.001; =—0.327, P<0.000) and mental health (»=—0.442, P=<0.001; r=—0.265, P<0.004), as
was PAL (7=0.181, P=0.019; r=0.288, P=0.003). Self-reported outdoor activity was associated
with mental health (#=0.233, P=0.003) and vitamin D3 (»=0.193, P=0.015). No association was
found between melatonin, sleep quality, and QoL. Sleep quality, cancer status, body mass index,
and sleep time were predictive of physical health, while sleep quality, sleep time, and outdoor
activity were predictive of mental health.

Conclusion: Quality of sleep is a significant predictor of mental and physical health, and impor-
tant for cancer survivors who experience poorer QoL. Outdoor activity should be encouraged to
improve mental health and vitamin D status, and interventions to improve sleep for those with
poor sleep quality should be considered in cancer survivorship planning.

Keywords: cancer survivor, quality of life, physical health, mental health, quality of sleep,
rural health, survivorship, Actiwatch 2

Introduction

Advances in early cancer detection and treatment have resulted in a steady increase
in cancer survival rates.! The prevalence of cancer survivors in the United States has
increased fourfold since 1971, with an expected 20.3 million cancer survivors by
2026.>* Substantial epidemiologic and experimental evidence supports the pivotal
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role of diet and lifestyle in the development and progression
of cancer.®> Adherence to healthy lifestyle recommenda-
tions including regular exercise, weight maintenance, and
a healthy dietary pattern is recommended to reduce cancer
risk and improve cancer outcomes and survival.®” For cancer
survivors, the negative physical and psychological impacts
from their disease and its treatment including pain, fatigue,
decreased function, anxiety, depression, and cognitive prob-
lems has a significant impact on their quality of life (QoL ).
As cancer survivors and advocates make their need for post-
treatment psychosocial and medical care known, promotion
of healthy lifestyles is being recognized as an essential part
of cancer survivorship care.!*!

Physical activity is a modifiable lifestyle behavior that
has positive physiologic and psychologic health outcomes
in cancer survivors." It is associated with reduced cancer
recurrence and all-cause mortality, as well as improvements
in QoL, particularly reported for research of breast cancer
and colorectal cancer.'®'® Despite this, it is estimated that
<30% of cancer survivors achieve the physical activity recom-
mendations for cancer survivors of the American College of
Sports Medicine.!*?° A growing body of evidence implicates
the time in sedentary activities as important to health and
cancer outcomes, as well.?!

Sleep quality is a significant issue for cancer survivors,
as well, and is potentially modifiable through lifestyle
interventions. Poor sleep quality has been linked to greater
fatigue, lower QoL, and poorer clinical outcomes in cancer
survivors.?>> Initial evidence indicates that interventions
with cancer patients including physical activity, cognitive
behavioral therapy, and mind—body interventions have mod-
erate effectiveness in improving sleep measures and QoL.%

Rural communities have disparities in health care access
and health outcomes. In Virginia, the largely rural south and
southwest counties have higher cancer mortality rates than the
state average. For example, the southwest health districts of
Cumberland Plateau and Lenowisco have an all cause cancer
mortality rate of 204.8 and 212.4 per 100,000 compared to
the state average of 171.2 per 100,000.?” Limited resources
for a healthy diet and physical activity, and cultural lifestyle
norms may partially explain this disparity.?® The study of
lifestyle factors, including diet, physical activity, and sleep
in rural cancer survivors are sparse, however. This study
evaluated physical activity, and sleep quality among cancer
survivors and controls from rural communities in southern
Virginia, and investigated the association of lifestyle factors,
including outdoor activity and sleep with QoL. In addition,
the biomarkers vitamin D and melatonin were evaluated for

their utility as surrogate measures of level of outdoor physical
activity and sleep quality, respectively.

Materials and methods

A cross-sectional study was conducted to evaluate physical
activity and sleep quality and QoL among cancer survivors
and individuals without a cancer history. Individuals were
recruited from seven rural communities in Southwest and
Southern Virginia through collaborative agreements with
four hospitals and their oncology practices and through
broad multimedia advertising in newspapers and through
radio ads in the seven communities. The southwest county
where recruitment occurred is in the Appalachian region
with a predominantly White population (93%), while the six
communities in the south-central region have populations
ranging from 30% to 60% Black. All of the communities
have lower educational attainment and higher poverty levels
than the state average.?” The oncology practices conducted
a retrospective review of records to identify patients who
were qualified for the study and sent letters of invitation
to all the qualified patients from the study team. Interested
patients contacted the study team directly. All of the non-
cancer patients responded to multimedia advertising, as did
35 cancer patients.

Participants were 18-85 years of age of both genders.
Participants without a history of cancer could have no per-
sonal history of any cancer type. Cancer survivors could have
a history of stage I, II, or III primary breast, colorectal, or
prostate cancer and could have had concurrent malignancies
only if they were of stage I or II. They must have been at
least 6 months from the end of their primary treatment, but
could be currently taking hormones or aromatase inhibi-
tors. Individuals who had experienced a recurrence were
eligible only if the recurrence was stage I or II. There was
no maximum time since diagnosis. The study was approved
by the Virginia Commonwealth University Institutional
Review Board.

Assessment of exposures (physical
activity and sleep quality)

Data on usual dietary intake, sleep quality, overall and
outdoor physical activity, and QoL were collected through
telephone interview. Standardized and validated surveys were
used for this purpose including the Harvard Food Frequency
Questionnaire (2007 grid),*® the Pittsburgh Sleep Quality
Index (PSQI),*' a modified physical activity questionnaire,***
and the RAND 36-Item Health Survey 1.0.3* Demograph-
ics, medical history including diabetes and cardiovascular
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disease, and vitamin supplementation information were
collected during the same phone interview.

Physical activity
Multidimensional information on physical activity was
gathered through a survey and a wrist-mounted Actiwatch2.
A previously described modified physical activity survey
provided detailed information of physical activity and
sedentary behavior,*? and duration of physical activity in a
“typical week” including typical aerobic activities and lower
intensity and resistance exercises was queried. The survey
asked the usual walking pace outdoors and the number of
flights of stairs climbed on a daily basis, followed by the aver-
age time per week spent in the past year in eleven different
recreational activities (walking, jogging, running, bicycling,
racquet games, swimming, aerobics, lower intensity and more
vigorous activities, and arm and leg resistance exercises).
The survey then queried the hours spent per week in the past
year in five more sedentary activities including standing or
walking at work and home, sitting or driving to work, sitting
at home while watching TV, and while doing other activities.
Questionnaire data were used to calculate physical activ-
ity level (PAL) as described by Gerrior et al using metabolic
equivalents (METS) from the compendium by Ainsworth
etal. 3¢ Physical activity was categorized into three categories
as inactive (PAL 0.00-1.16), active (PAL 1.17-3.03), and
very active (PAL >3.04) to evaluate the differences between
cancer survivors and those without a history of cancer. These
categories were further collapsed into binary groups, com-
bining the active and very active group to look at differences
in inactivity and similarly combining the inactive and active
group to compare very active behavior. Average daily hours of
outdoor activity and days of exercise per week was reported
by participants on the physical activity questionnaire.
Ambient light exposure was collected using the Acti-
watch2, an actigraphy-based data logger that records gross
motor activity and white light exposure (Phillips Healthcare;
Respironics Inc., Amesterdam, The Netherlands).?”3# Partici-
pants were required to wear the Actiwatch2 for 7 consecutive
days and nights and to maintain a diary of times the Acti-
watch2 was removed, nap time, bed time and sleep time, and
wake time. Calculations of average white light exposure were
made from the “daily” exposure data and adjusted accord-
ing to the time that the Actiwatch2 was not worn which is
indicated in the diary. Sleep time was calculated from the
“sleep” data, and time to bed and rise recorded in the diary
was compared to start and end times of the Actiwatch2 data
to confirm concordance, and adjust as appropriate. Data were

analyzed using the Actiware 5.0 software program (Respiron-
ics Inc.) and the default algorithm. Average daily minutes of
white light exposure was generated and used as an estimate
of outdoor activity.

Sleep quality

PSQI is a self-rated, validated questionnaire consisting of nine
questions, which assesses sleep quality and disturbances over
a 1-month period. The questions relate to aspects of sleep
during the past month, and relate to sleep duration, distur-
bance, latency, efficiency, quality, and daytime dysfunction
due to poor sleep. Usual bed time, time to fall asleep, wake
time, and sleep time are asked in the first four questions.
Sources and frequency of sleep disturbance is queried in the
fifth, ten-part question, general quality of sleep in the sixth,
the use of sleeping medication in the seventh, and impact of
lack of sleep on wakefulness and enthusiasm in the last two
questions. Sleep quality was scored following the method
of Buysse et al.¥ The composite sleep quality score has a
possible range of 0 (best) to 21 (worst), with a score <5
associated with good sleep quality. Average hours of sleep
was also calculated from the Actiwatch2.

Assessment of physical activity and
sleep-related biomarkers (vitamin D and

melatonin)

Participants provided fasting blood and first void morn-
ing urine samples at local laboratories contracted for this
purpose. Serum 25-hydroxyvitamin D (D2 & D3), urinary
6-sulfatoxymelatonin (aMT6s), and creatinine (Cr) were
measured by the University of Minnesota Department of
Laboratory Medicine and Pathology. Liquid chromatogra-
phy tandem mass spectrometry was used for the analysis of
vitamin D.* Urinary concentrations of 6-sulfatoxymelatonin
were analyzed using an enzyme-linked immunosorbent assay
(IBL International Corp., Toronto, ON, Canada). Urinary
Cr was measured by a modified Jaffé method. Urinary
6-sulfatoxymelatonin has been widely used as an estimate
of melatonin secretion, and first morning void urinary
6-sulfatoxymelatonin standardized to urinary Cr correlates
well with cumulative nocturnal melatonin secretion and is
an accurate estimation of nocturnal melatonin secretion.*! 4
6-Sulfatoxymelatonin (aMT6s) was standardized to urinary
Cr (ie, urinary aMT6s:Cr ratio) for analyses.

Dietary intake
A semi-quantitative, validated food frequency questionnaire,
the Harvard Food Frequency Questionnaire, was used to
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evaluate the usual food and nutrient intake. Average daily
calorie, macronutrient (protein, fat, and carbohydrate) and
vitamin D intake, including vitamin D supplementation were
determined.

Assessment of outcome (Qol)

QoL was evaluated using the RAND-36 Item Health Survey
1.0. The survey consists of 36 items that reflect eight health
concepts related to physical health problems, role limitations
due to personal or emotional problems, emotional well-being,
social functioning, energy/fatigue, general health perception,
and one question on change of health status. The first ques-
tion asks the respondents to rate the health on a 5-point scale
from excellent to poor. A series of ten questions ask about
the level of limitation of specific physical activities due to
health, with response options of “a lot,” “a little,” and “not
limited.” Seven questions ask whether specific problems
with work or regular activities occurred in the past 4 weeks
due to physical and emotional problems, two questions ask
about the extent to which physical or emotional problems
interfered with social activities, two questions address issues
of pain, and the remaining questions ask how often specific
emotional and physical feelings occurred in the past 4 weeks.
A scoring system consolidates the items into eight scales
with scores ranging from 0 to 100 and a high score defining
amore favorable health state. The eight scales are aggregated
into two composite scores representing physical health and
mental health.®

Assessment of potential confounders

The association between physical activity, sleep quality, and
QoL was evaluated. The impact of cancer status and potential
confounding effects of years since diagnosis, type of cancer,
body mass index (BMI), diabetes, and cardiovascular disease
were controlled for in multivariate analyses.

Data analysis

Descriptive statistics were used to compare demographic
characteristics of cancer survivor and non-survivor study par-
ticipants. Anthropometrics, dietary intake, physical activity,
sleep quality, QoL, serum vitamin D, and urinary melatonin
were compared between the two groups using Unpaired two-
sample #-test for continuous data and chi-squared test for
categorical data. To analyze for differences in relative inactiv-
ity, the active and very active categories were combined to
form two physical activity categories. Data were evaluated
for outliers and normality of distribution and transformed as
appropriate. Nonparametric analyses were used for variables

without normal distribution and for which transformation was
not effective. Mental and physical health were squared; PSQI,
physical activity (PAL), and self-reported outdoor physical
activity were log10 transformed, and the square root of serum
vitamin D3 was calculated to normalize these variables. Cor-
relations were calculated to evaluate the associations between
physical activity, sleep quality, and QoL. The associations
between light exposure and outdoor physical activity with
vitamin D, and sleep quality with urinary melatonin were
also evaluated. The significance threshold was set at P<.05.

Linear regression models were constructed to evaluate the
predictive value of factors showing a correlation at P<0.10
with the two constructs of QoL, that is, physical health and
mental health, and to evaluate the impact of cancer status on
these relationships. Age, gender, diabetes, and cardiovascu-
lar disease status were entered in both models, in addition
to variables found to be confounders in these relationships.
Variables with a probability of P<0.05 were retained in the
model.

Results

A total of 172 residents, 124 cancer survivors, and 48 cancer-
free individuals were enrolled in the study. Participants were
primarily female with a mean age of 59 years (range: 22—84
years). Survivors were significantly older than controls. Race,
annual income, education level, and rates of diabetes and car-
diovascular disease were not significantly different between
the groups (Table 1). Breast cancer was the most prevalent
cancer type in survivors (N=95), followed by colon cancer
(N=13), prostate cancer (N==8), and lung cancer (N=5). Four
participants had “other” cancer types. Twenty-one cancer
survivors had been diagnosed with more than one cancer in
their lifetime. Mean number of years since cancer diagnosis
was 8.1 years (range: 1-49 years, median =5 years). All the
participants had completed primary cancer treatment.

Dietary intake results

Dietary intake of calories, protein, carbohydrate, fat, and %
calories from fat were not statistically significantly different
between cancer survivors and controls, nor was BMI. One
hundred and three participants, 83 survivors and 20 controls,
were taking vitamin D supplements. The frequency of supple-
mentation was significantly higher for survivors (Pearson’s
chi-squared 9.2, P=0.002). Dietary vitamin D intake was not
different between survivors and controls; however, cancer
survivors consumed a greater quantity of total vitamin D
when supplemental vitamin D was included (738, SD=522
vs 565, SD=481 IU, P=0.062). Those taking supplements
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Table | Characteristics of cancer survivors and cancer-free rural residents

Characteristic

Cancer survivors
(n=124)

Cancer-free residents
(n=48)

Demographics
Gender
Female
Male
Age (years, mean = standard deviation)
Race
Caucasian
African American
Asian
Other
Annual income
<$20,000
$20,000-$49,999
$50,000-$99,999
>$100,000
Education
< High school/GED
Some college/AA
College graduate
Graduate school
Disease conditions
Diabetes rate
Cardiovascular disease rate
Measures
Physical activity level (PAL)
Sleep quality (PSQI)*
Mean white light exposure (Actiwatch2, lux)
Mean sleep time (Actiwatch2, minutes)
Vitamin D3 (ng/mL)
Vitamin D2 (ng/mL)
Melatonin/creatine
Daily hours spent outdoors

89% 90%

11% 10%
61+0.9° 55.0£2.1
81% 65%

17% 31%

1% 0%

1% 4%

19.8% 23.7%
36.2% 36.8%
34.5% 29.0%
9.5% 10.5%
28.2% 10.4%
39.5% 45.8%
17.8% 25%

14.5% 18.8%
1.4% 8.3%
17.9% 8.3%
Mean (SD) Mean (SD)
0.77 (0.64)° 1.04 (0.60)
6.7 (4.3 48 (3.1)
295.3 (285.8) 278.7 (199.2)
633.7 (98.7)° 565.8 (65.6)
314 (17.1) 314 (13.1)
9.5 (16.2) 3.5 (10.5)
32.7 (27.7) 46.6 (49.8)
10.0 (17.3) 10.0 (11.2)

Notes: Significantly different at P<0.002. *Significantly different at P<0.05. <Higher number signifies worse sleep quality.

Abbreviation: PSQI, Pittsburgh Sleep Quality Index.

had significantly higher serum vitamin D2 (11.5, SD=1.80 vs
2.1, SD=0.76, ng/mL, Mann—Whitney U, P=0.011) and D3
(33.69, SD=1.88 vs 27.82, SD=1.30, ng/mL, Mann—Whitney
U test, P=0.025).

Physical activity
PAL was significantly different between survivors and con-
trols (Table 1, P=0.023). Cancer survivors were significantly
more likely to be inactive compared to residents without a
history of cancer (35.5% vs 12.5%, P=0.003) and were also
significantly less likely to be very active (29.8% vs 47.9%,
P=0.026) (Table 2). There was not a significant difference
between survivors and controls for the survey question asking
the average number of days of exercise per week.
Actiwatch2 data were collected from participants in all
four seasons, with 61% of participants wearing the watch
in the fall/winter, and 39% wearing the watch in the spring/

summer. Participants contributed 816 days of data. Mean
daily minutes of light exposure measured by the Actiwatch2
was not different between survivors and controls (295.3, SD
=285.5vs278.7,SD=199.2; P=0.42). Serum vitamin D3 was
not significantly different between the groups; however, serum
vitamin D2 was significantly higher in cancer survivors (9.5,
SD=1.23 vs 3.55, SD=10.54, ng/mL, [=0.02). However, this
was true only for those taking vitamin D supplements. Neither
serum vitamin D3 nor D2 were significantly associated with
ambient light exposure measured with the Actiwatch2; how-
ever, self-reported average weekly hours of outdoor activity
was associated with vitamin D3 (7=0.193, P=0.015).

Quality of sleep

Cancer survivors had significantly worse sleep quality com-
pared to those cancer-free (6.73+4.31 vs 4.8313.14, P=0.006),
and urinary melatonin levels were significantly lower in cancer
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survivors (32.70+27.7 vs 46.6+49.80, ng/mL, P=0.02). Despite
this, no significant associations were found between melatonin
and sleep time, or quality of sleep, nor was melatonin signifi-
cantly associated with physical or mental health. Average daily
sleep time measured using the Actiwatch2 was significantly
lower in cancer survivors, as well (Table 1)

QolL

Cancer survivors had significantly lower QoL scores com-
pared to cancer-free individuals on six of the eight subscales,
and the composite scores for physical and mental health
(Table 3).

Association between physical activity,
sleep quality, and QoL
Physical activity (PAL) had significant positive associations

with the QoL composite scores of physical and mental health
(Table 4), as well as six of the eight QoL subscales (Table 5).

When examined in cancer survivors alone, similar but weaker
associations were found, with the exception of the associa-
tion between PAL and role limitations due to physical health,
which was stronger in cancer survivors. Self-reported average
weekly hours of outdoor activity was significantly associated
with mental health (Table 4).

Quality of sleep (PSQI) was strongly associated with both
physical health and mental health. Lower values for PSQI
were associated with better quality of sleep. The associations
between PSQI and physical and mental health were strong
inverse associations that were highly significant (Table 4).
Strong inverse associations existed with all the sub-scales
that make up physical and mental health in the full cohort,
as well as in cancer survivors (Table 5).

There was no significant association between physical
activity (PAL) and quality of sleep (PSQI). Serum vitamin
D3 showed a positive relationship with physical health
(r=0.148, P=0.062).

Table 2 Comparison of categorical physical activity level (PAL) for cancer survivors versus residents with no history of cancer

Physical activity level

Cancer survivors

No cancer history

Three categories of PAL*

Inactive 44 (35.4%) 6 (12.5%)

Active 43 (34.7%) 19 (39.6%)

Very active 37 (29.8%) 23 (47.9%)
Two categories of PAL — inactivity®

Inactive 44 (35.5%) 6 (12.5%)

Active and very active

Two categories of PAL — very active*
Inactive and active
Very active

80 (64.5%)

87 (70.2%)
37 (29.8%)

45 (87.5%)

25 (52.1%)
23 (47.9%)

Notes: *Pearson’s chi-squared test, df =2, P=0.008. *Pearson’s chi-squared test, df =1, P=0.003. Pearson’s chi-squared test, df =1, P=0.026.

Table 3 Comparison of quality of life between cancer survivors and cancer-free residents

Measurement Cancer survivor No cancer history P-value®
mean (SD) mean (SD)

Quality of life scales
Physical functioning 71.85 (24.35) 85.21 (16.00) 0.001
Role limitations due to physical health 58.67 (41.69) 81.77 (31.68) 0.001
Role limitations due to emotional health 77.69 (36.74) 90.97 (23.56) 0.029
Vitality 54.03 (22.86) 71.77 (17.37) 0.000
Emotional well-being 79.26 (17.34) 83.17 (16.69) 0.066
Social functioning 82.56 (26.37) 90.10 (16.70) 0.191
Bodily pain 66.17 (27.28) 78.28 (23.60) 0.006
General health 62.78 (22.97) 77.00 (16.43) 0.000

Quality of life composite scores
Physical health 273.34 (90.80) 330.75 (61.60) 0.000
Mental health 302.26 (81.83) 336.11 (60.65) 0.000

Notes: Significance threshold: P<.05. *Mann—-Whitney U test.
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Table 4 Relationship of physical activity and sleep quality to quality of life*

Variables Quality of life scale

Physical health

Mental health

R® P-value R® P-value
Physical activity (PAL) 0.181 0.019 0.288 0.003
Vitamin D3 0.148 .062 -0.020 0.805
Vitamin D2 —0.151 0.055 -0.082 0.301
Daily hours spent outdoors 0.122 0.177 0.273 0.000
Sleep quality (PSQI)- -0.371 0.000 —-0.442 0.000
Average sleep time -0.327 0.000 —0.265 0.004

Notes: Significance threshold: P<.05. SF-36 physical health and mental health summary scale. "Pearson’s correlation coefficient. “Smaller value indicates better sleep quality.

Abbreviations: PSQI, Pittsburgh Sleep Quality Index.

Table 5 Correlation of quality of life subscales* with physical activity and sleep quality

Subscale

PAL r_(P-value) PSQI r_(P-value)

Physical health subscales:®
Physical functioning
Role limitations due to physical health
Bodily pain
General health
Mental health subscales:
Vitality
Role limitations due to emotional health
Social functioning
Emotional well-being

0.246 (0.001)  —0.301 (0.000)
0.132 (0.086) « —0.330 (0.000)
0.125 (0.104)  —0.321 (0.000)
0.234 (0.002)  —0.322 (0.000)
0.308 (0.000) o —0.463 (0.000)
0.125 (0.104) e —0.266 (0.000)
0.174 (0.023)  —0.295 (0.000)
0.216 (0.005) o —0.412 (0.000)

Notes: Significance threshold: P<.05. *SF-36 physical health and mental health summary and subscales. "Spearman’s correlation coefficient.

Abbreviations: PAL, physical activity level; PSQI, Pittsburgh Sleep Quality Index.

To evaluate the relative impact of cancer status, physical
activity, and sleep quality on physical and mental health, as
well as other factors found to be related to QoL, stepwise
linear regression models were constructed. The predictability
of physical health by physical activity (PAL), sleep quality
(PSQI), cancer status, serum vitamin D3 and D2 and reported
outdoor activity and the predictability of mental health by
physical activity (PAL), sleep quality (PSQI), cancer status,
reported outdoor physical activity, and sleep time were
evaluated. Age, gender, diabetes, and cardiovascular disease
were entered in both models, with the addition of BMI in
the physical health model. The best fit model for physical
health included sleep quality (PSQI), cancer status, BMI,
and average sleep time and explained 29.7% of the variance
(R*=0.326, F(4,92) =11.14, P=0.000). Sleep quality (PSQI),
average sleep time, and BMI significantly predicted the
physical health (B=-0.296, P=0.001; p=-0.212, P=0.021;
B=-0.270, P=0.003, respectively), as did cancer status
(B=0.171, P=0.050). Physical activity (B=0.105, P=0.254),
diabetes status (f=0.166, P=0.071), self-reported outdoor

activity ($=0.108, P=0.215), and serum vitamin D3 and D2
(B=0.118, P=0.172; B=—0.085, P=0.332) were non-significant
contributors to the model and were excluded, as were age,
gender, and cardiovascular disease (Table 6).

The best fit model for mental health included only qual-
ity of sleep, average sleep time, and self-reported outdoor
activity and explained 26.4% of the variance (R?=0.287, F(3,
93)=12.47, P=0.000). Sleep quality and average sleep time
significantly predicted mental health (=-0.398, P=0.000;
B=-0.246, P=0.006, respectively) as did self-reported out-
door activity ((=0.196, P=0.029). Cancer status (f=0.102,
P=0.274), physical activity (PAL) ($=0.097, P=0.312), and
diabetes status (f=—0.009, P=0.920) were nonsignificant
contributors and were excluded from the model, as were age,
gender, and cardiovascular disease (Table 6).

Discussion

We evaluated factors impacting QoL in cancer survivors
and cancer-free individuals living in relatively medically
underserved rural communities. Cancer survivors had poorer
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Table 6 Stepwise regression models for physical health and mental health

Physical health

Stepwise regression R?=0.326, F(4,92) =11.14, P=0.000*
Predictors® B (95% CI) SEB B P-value Tolerance Correlations
(partial part)
Constant 363,394.8 (239,133.0 to 487,656.5) 62,566.1 - 0.000 - - -
Sleep quality (PSQI) —44,953.0 (-71,267.5 to 18,638.6) 13,2494 —0.296 0.001 0.963 -0.333 —0.290
Body mass index (BMI) —56,021.7 (-91,897.7 to 20,145.7) 18,063.6 -0.270 0.003 0.963 —0.308 —0.265
Average sleep time —102.7 (-189.5 to 15.9) 43.7 -0.212 0.021 0.901 -0.238 -0.201
Cancer status 18,477.8 (-201.7 to 37,157.3) 9,405.2 0.177 0.050 0.904 0.201 0.168
Mental health
Stepwise regression, R2=0.297, F(3,93) =13.13, P=0.000)®
Predictors? B (95% CI) SEB B P Tolerance Correlations
(partial part)
Constant 188,460.0 (140,612.00 to 240,353.8) 24,965.1 0.000 - - -
Sleep quality (PSQI) —52,268.9 (-77,118.0 to 29,825.5) 11,862.3 —0.389 0.000 0.969 —0416 —0.383
Average sleep time —105.0 (—180.6 to 30.7) 374 —0.245 0.006 0.992 -0.279 -0.244
Self-reported outdoor activity 19,122.6 (1,780.1 to 32,640.0) 7,576.1 0.222 0.013 0.973 0.253 0.219

Notes: *Durbin Watson =1.81. "Durbin Watson = 2.15. Excluded variables: PAL, vitamin D2 and D3, diabetes, gender, age, CVD. ‘Excluded variables: PAL, cancer status,

diabetes, gender, age, CVD.

Abbreviations: CVD, cardiovascular disease; PAL, physical activity level; PSQI, Pittsburgh Sleep Quality Index.

physical and mental QoL, were less physically active, and
had poorer quality of sleep. We found a strong relationship
between quality of sleep and mental and physical health in
this population. Conversely, the relationship between the
level of physical activity and QoL was moderate and became
insignificant when included in predictive models. Cancer
status was predictive of physical health, along with sleep
quality, sleep time, and BMI, but was not a significant predic-
tor of mental health. As with physical health, sleep quality
and sleep time were predictive of mental health, along with
hours of outdoor activity.

The strong association between quality of sleep and both
mental and physical health in cancer survivors highlights the
potential to improve the QoL of cancer survivors through
sleep interventions. Sleep disturbance is common in cancer
survivors and is associated with fatigue, symptom burden,
mood, and other factors that impact QoL.?*2*%" Sleep quality
was associated with all of the subscales of mental and physi-
cal health in the cohort as a whole and in cancer survivors,
each of which have implications for intervention. Multiple
interventions have been tested and show promise to improve
sleep quality in cancer survivors.6274

Although we found only moderate associations between
physical activity and QoL, there is evidence that moderate
increases in physical activity in cancer patients can improve
sleep quality and aspects of QoL including emotional distress
and fatigue, among others.***’ Although physical activity was

not significantly associated with physical health in the predictive
models, physical activity was significantly correlated with the
physical health subscales of physical functioning and general
health in both cancer survivors and the full cohort and with the
emotional health subscale of vitality and emotional well-being.
This information may inform aspects of health that impede
physical activity in cancer survivors as well as those without a
history of cancer, and which may be improved through physi-
cal activity interventions. Several recent systematic reviews
concluded that exercise improves QoL significantly in patients
with cancer during and following medical intervention,**-° and
interventions have been successful at increasing long-term
physical activity among cancer survivors.>!

Vitamin D was examined in this study, and is available in
two distinct forms, ergocalciferol (vitamin D2) and cholecal-
ciferol (vitamin D3). Vitamin D3 is produced from exposure
of the skin to ambient light and can also be consumed in the
diet. Vitamin D2 is not produced in the human body, but is
found in a limited number of foods and is a major component
of vitamin D supplements.* Study participants taking vitamin
D supplements had on average five times the level of serum
vitamin D2, as those who did not. Vitamin D supplementa-
tion was more prevalent among cancer survivors, which
may explain the higher serum vitamin D2 levels in survivors
compared to controls.

We were interested in comparing serum vitamin D3
status between survivors and controls, as well as testing
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vitamin D3 as a potential surrogate marker for time spent
outdoors. We did not find a difference in vitamin D3 between
survivors and controls. Similar to other studies, we did find
a weak correlation between serum vitamin D3 and hours
spent outdoors daily.** It is interesting that a significant,
moderate correlation existed between hours spent outdoors
and mental health and that outdoor activity was predictive
of mental health. This suggests the relative importance of
mental health to cancer survivor’s and other activities of
daily living with potential implications on time spent in
inactive behaviors.

Melatonin was also of interest as a potential marker for
sleep quality. Urinary melatonin was significantly lower in
cancer survivors, and survivors had poorer sleep quality; how-
ever there was no significant relationship between melatonin
and our measures of sleep time or sleep quality. Of interest,
although cancer survivors had poorer sleep quality, they had
significantly longer average sleep times, suggesting that their
sleep may not be restive.

This study was limited by the cross-sectional nature and
relatively small sample size. It was representative of the rural
counties in Virginia, however, and may have applicability to
other rural communities. Although we used robust instru-
ments to collect information about the physical activity
habits and QoL of the rural participants, we did not explore
the environmental factors specific to these rural communities
that may influence lifestyle behaviors. The living environment
is an important determinant of health, and rural communities
experience significant health disparities.*

A recent comparison of health outcomes of rural and
non-rural US counties showed that a greater proportion of
rural counties are in the worst quartile for six indexed health-
related domains, and at increased odds of being in the worst
quartile for two environmental domains including clinical
care and social and economic factors.** The underserved
and under-resourced condition of many rural communities
presents challenges for public health initiatives designed to
improve the health and QoL of rural residents in general and
cancer survivors specifically.

Conclusions

Rural communities have relatively limited cancer treatment
facilities, with residents often receiving treatment at distant
locations. Posttreatment survivorship care occurs long dis-
tance, and survivors may return to environments with limited
support services. Our study has highlighted the poorer QoL
(physical and mental health) and sleep quality of cancer survi-
vors compared to their neighbors without a history of cancer,
and the significant relationship of QoL and sleep. Further study

needs to be done on the effectiveness of sleep interventions in
improving QoL in cancer survivors. As the cancer care com-
munity responds to the expressed need of survivors for post-
treatment support by developing survivorship guidelines and
quality metrics, QoL and the factors that impact it, particularly
sleep quality, should be part of those metrics. Identifying and
considering the living environments of rural cancer survivors
and the support services available to them should be an inte-
gral part of the survivorship care planning. Further research is
needed on innovative methods for delivery of effective lifestyle
programs that positively impact the factors that influence QoL
in rural communities in general and cancer survivors returning
to those communities after treatment.
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