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Abstract

Purpose/Objectives—To distinguish relationships among subjective and objective

characteristics of sleep, mood, and quality of life (QOL) in patients receiving treatment for lung

cancer.

Design—Descriptive, correlational study.

Setting—Two ambulatory oncology clinics.

Sample—35 patients with lung cancer.

Methods—The following instruments were used to measure the variables of interest: Pittsburgh

Sleep Quality Index (PSQI), Hospital Anxiety and Depression Scale, Functional Assessment of

Cancer Treatment–Lung (FACT-L), a sleep diary, and a motionlogger actigraph.

Main Research Variables—Sleep, mood, and QOL.

Findings—Significant differences were found between sleep diary and actigraph measures of

sleep efficiency (p = 0.002), sleep latency (p = 0.014), sleep duration (p < 0.001), and wake after

sleep onset (p < 0.001). Poor sleepers (PSQI score greater than 5) were significantly different from

good sleepers (PSQI score of 5 or lower) on sleep diary measures of sleep efficiency and sleep

latency and the FACT-L lung cancer symptom subscale, but not on mood or actigraphy sleep

measures.
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Conclusions—Although patients with lung cancer may report an overall acceptable sleep

quality when assessed by a single question, those same patients may still have markedly increased

sleep latencies or reduced total sleep time. The findings indicate the complexity of sleep

disturbances in patients with lung cancer. Lung cancer symptoms had a stronger association with

sleep than mood. Research using prospective methods will help to elucidate their clinical

significance.

Implications for Nursing—Patients receiving treatment for lung cancer are at an increased risk

for sleep disturbances and would benefit from routine sleep assessment and management. In

addition, assessment and management of common symptoms may improve sleep and, ultimately,

QOL.

Knowledge Translation—A high frequency of sleep disturbances in patients receiving

treatment for lung cancer was evident, and poor sleepers had lower QOL. Sleep disturbances may

be more related to lung cancer symptoms than anxiety or depression. Improving lung cancer

symptoms such as dyspnea may improve sleep.

Lung cancer is the second most common form of cancer but the leading cause of cancer

death in both men and women (Siegel, Naishadham, & Jemal, 2013). In 2013, an estimated

228,190 individuals will be diagnosed with lung cancer and 159,480 will die from the

disease (American Cancer Society [ACS], 2013). Although advances in knowledge about

cancer biology and improvements in early diagnosis and treatment have increased the

opportunities for long-term survival, the prognosis remains poor with a five-year survival

rate of only 16% (ACS, 2013). As such, the impact of the disease and treatment on patients’

symptoms and quality of life (QOL) requires exploration.

The vast majority of patients with lung cancer are diagnosed with advanced disease, a high

burden of symptoms (i.e., dyspnea, hemoptysis, cough, and chest pain), poorer QOL, and

shortened survival (Buchanan, Milroy, Baker, Thompson, & Levack, 2009; Hopwood &

Stephens, 1995, 2000; Siegel et al., 2013; Steinberg et al., 2009). Research has demonstrated

that early integration of symptom management leads to meaningful improvements in QOL,

mood, and survival in patients with lung cancer (Temel et al., 2010). However, few studies

have focused on sleep as a factor influencing symptom burden and QOL.

Individuals with lung cancer are reported as having the highest or second highest level of

sleep disturbances relative to other cancers and noncancer controls, and so may be a

particularly at-risk population for sleep problems (Davidson, MacLean, Brundage, &

Schulze, 2002; Palesh et al., 2010). A Canadian study using well-established diagnostic

criteria and involving 982 outpatients revealed that those with lung cancer (n = 114) had a

higher prevalence of sleep problems, including excessive daytime sleepiness, sleeping more

than usual, severe fatigue, and using sleeping pills more often than patients with other solid

tumors (Davidson et al., 2002). Only patients with breast cancer had a higher prevalence of

insomnia than patients with lung cancer (Davidson et al., 2002). The authors found that

patients with lung cancer were diagnosed and treated earlier than other patients with cancer.

The median time from diagnosis for all cancers was 34 months, whereas the median time

from diagnosis for patients with lung cancer was only 11 months. This suggests that earlier

treatment interferes with sleep (Davidson et al., 2002). Palesh et al. (2010) used the
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Hamilton Depression Inventory, which included six questions assessing frequency and

duration of sleep, to study 823 patients undergoing chemotherapy, and found that patients

with lung cancer (n = 120) had the highest prevalence of insomnia syndrome when

compared to patients with breast, gynecologic, hematologic, or alimentary tract cancers.

Insomnia syndrome is defined as difficulty falling asleep, difficulty staying asleep (waking

up in the middle of the night), and/or early morning awakenings for at least three days a

week for two weeks, with each episode lasting at least 30 minutes. Patients with insomnia

syndrome had significantly more fatigue and depression than patients without insomnia

syndrome (Palesh et al., 2010). These previous studies provide evidence for the increased

prevalence of self-reported sleep disturbances in patients during treatment for lung cancer.

Disturbances of mood have an impact on sleep disturbances in patients with lung cancer.

Previous estimates have suggested that 15%–40% of individuals with lung cancer have a

clinically significant level of anxiety, meeting the criteria for referral (Greer, Pirl, Park,

Lynch, & Temel, 2008; Savard, Villa, Ivers, Simard, & Morin, 2009), and 21%–44% are

depressed (Hopwood & Stephens, 2000; Turner, Muers, Haward, & Mulley, 2007). Sleep

disturbances are included in two of the six categories for anxiety disorders in the Diagnostic

and Statistical Manual of Mental Disorders (American Psychiatric Association, 2000),

suggesting that sleep disturbance and anxiety are clinically linked. Sleep requires diminished

cortical arousal, whereas anxiety manifests with heightened cortical and peripheral arousal

(Stein & Mellman, 2005). A review of sleep electroencephalogram (EEG) studies found that

sleep homeostasis was impaired and slow wave sleep activity was reduced in depression

(Armitage, 2007). Silberfarb, Hauri, Oxman, and Schnurr (1993) screened for depression

and anxiety and reported that patients with lung cancer scored within normal limits, but slept

as poorly as insomniacs. Only 21% of people with cancer who complained of insomnia had

concurrent psychopathology (Ginsburg, Quirt, Ginsburg, & MacKillop, 1995)—a rate

similar to overlap rates seen in the general older adult population (Foley et al., 1995). Still,

some of the ascribed causes of severe insomnia were related to anxiety, depression, and guilt

(Ginsburg et al., 1995).

Sleep disturbances in patients with lung cancer have significant adverse effects on

symptoms and QOL (Degner & Sloan, 1995; Gooneratne et al., 2007). Pain was

significantly worse in patients with lung cancer with insomnia compared to patients without

insomnia (Rumble, Keefe, Edinger, Porter, & Garst, 2005). Pain, fatigue, and dyspnea all

were significantly correlated with sleep disturbance and, after controlling for all covariates,

sleep disturbance was significantly associated with impaired cognitive function and poorer

functional status in 115 patients receiving chemotherapy for lung cancer (Chen, Yu, &

Yang, 2008). QOL in lung cancer survivors (n = 76) was not significantly different from

non-cancer controls (n = 78), but lung cancer survivors with poorer sleep quality had

significantly worse QOL than those with good sleep quality (Gooneratne et al., 2007). These

studies suggest that newly diagnosed patients and those receiving treatment for lung cancer

have increased symptoms and significantly worse QOL compared to controls. In addition,

lung cancer survivors with poor quality sleep have significantly worse QOL than those with

good sleep quality.
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Much of the previous research on sleep in patients with lung cancer has focused on self-

reported sleep measures. Few studies have used both subjective and objective measures to

evaluate sleep. The purpose of this study was to characterize and compare relationships

among sleep, mood, and QOL using both subjective and objective measures of sleep in

patients receiving treatment for lung cancer. The authors hypothesized that some

discrepancies would exist between objective and subjective measures (Schlesinger, Hering-

Hanit, & Dagan, 2001; Vitiello, Larsen, & Moe, 2004), but associations also would exist

between objective and subjective measures and that mood disorders and poorer QOL would

be highly associated with self-reported sleep disturbance.

This study was guided by the Two Process Model of Sleep Regulation, one of the leading

theories of sleep regulation (Borbely, 1982; Borbely & Achermann, 2005). This model

suggests that sleep occurs when the homeostatic drive to sleep (Process S) approaches an

upper threshold, and awakening from sleep occurs when Process S reaches a lower

threshold. The need to sleep increases as the amount of prior wakefulness increases. In other

words, an increase in sleep pressure occurs as wakefulness is prolonged and for a recovery

process during sleep. The second process, Process C, signifies the circadian control of sleep

propensity or chance for sleep. The circadian system communicates time of day (light and

dark cues from the retina) and thereby regulates the change from wakefulness to sleep and

the change from sleep to wakefulness. The interaction between these two processes forms

the basis for a consistent period of sleep at night and a well-ordered period of wakefulness

during the day.

Methods

Design and Sample

A cross-sectional, descriptive, correlational design was used to characterize and compare

sleep using subjective and objective measures, mood, and QOL in patients receiving

treatment for lung cancer. Subjective sleep was measured with the Pittsburgh Sleep Quality

Index (PSQI) and sleep diary, whereas objective sleep was measured with actigraphy.

Sample size calculations were based on the dichotomous outcomes of poor sleep quality and

poor sleep duration. Based on previous research, 55% of the sample was expected to have

poor sleep quality or duration. This study was powered to be able to find moderate

differences corresponding to an odds ratio of 3. Using logistic regression and assuming an

alpha of 0.05, 80% power, and other risk factors accounting for about 30% of the variability

in the data, 30 participants were required.

Procedures

Participants were recruited sequentially during regular clinic visits to the Philadelphia

Veterans Administration Medical Center (PVAMC) and the Veterans Administration

Western New York Healthcare System (VAWNYHS). The study was approved by the

institutional review boards at each Veterans Administration (VA) hospital, the University of

Pennsylvania, and the University at Buffalo. All participants provided written informed

consent. Eligibility for the study included a diagnosis of small cell or non-small cell lung
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cancer, completion of one cycle of chemotherapy before recruitment, being at least 21 years

of age, and a Karnofsky Performance Status (KPS) of greater than 70%. Patients with a KPS

greater than 70% are unable to carry on normal activities or work but are able to care for

themselves. Patients were excluded if they had known brain metastases or current treatment

of another primary cancer except non-melanoma skin cancers and/or preexisting diagnosed

sleep disorders. Medical oncologists and a nurse practitioner referred eligible patients to the

principal investigator. Following informed consent, each patient was trained by the principal

investigator on completion of the self-report surveys: PSQI, Hospital Anxiety and

Depression Scale (HADS), and the Functional Assessment of Cancer Treatment–Lung

(FACT-L) in the oncology clinics. If time did not permit survey completion, patients were

allowed to complete surveys at home. Each patient also was trained to complete the seven-

day sleep diary by recording the information on waking each morning and by wearing the

motionlogger actigraph on the nondominant wrist continuously for seven days. The

actigraph is a waterproof, wrist-worn device, similar in size and appearance to a wristwatch.

A completed sleep diary and actigraph were returned to the principal investigator at the next

clinic visit. Each patient was paid $30 for completing data collection materials.

Measures

Demographic, medical, and sleep history were collected using the sleep score
questionnaire, a general demographic and medical history questionnaire developed by the

Penn Center for Sleep Disorders. Information on age, gender, race, marital status, education,

occupation, lung cancer diagnosis and treatment, comorbidities, and medication use were

abstracted from participants’ medical records.

The PSQI, a 19-item self-report questionnaire requiring 5–10 minutes for completion, was

used to assess subjective sleep quality (Buysse et al., 1991). Global scores as well as scores

for seven subscales (subjective sleep quality, sleep latency, sleep efficiency, sleep duration,

sleep disturbances, use of sleep medications, and daytime dysfunction) were calculated. The

variables of interest were sleep efficiency, sleep onset latency, and total sleep time. The

PSQI has been used in clinical and research settings to distinguish good sleepers (global

score of 5 or less) and poor sleepers (score greater than 5), and is responsive to changes in

insomnia (Dolberg, Hirschmann, & Grunhaus, 1998). Good measures of internal

homogeneity (Cronbach alpha = 0.77–0.8), consistency (r = 0.86–0.9), and validity (low

versus high fatigue, p < 0.001) have been obtained (Beck, Schwartz, Towsley, Dudley, &

Barsevick, 2004; Gentili, Weiner, Kuchibhatla, & Edinger, 1995). The Cronbach alpha with

this sample was 0.64.

The motionlogger actigraph, a wrist-worn device that monitors movement using a

miniaturized accelerometer (sensitive to 0.003 g and higher), was used to measure objective

sleep. Wrist actigraphy has been studied in comparison to the “gold standard” of

polysomnography, and the correlation with EEG assessment of total sleep time was r = 0.91

(p < 0.001) for sum activity and r = 0.81 (p < 0.005) for maximum activity in community-

dwelling patients (Ancoli-Israel et al., 2003). The variables of interest were sleep efficiency,

sleep onset latency, total sleep time, and wake after sleep onset (WASO).
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A sleep diary was completed for seven days in conjunction with actigraphy recordings to

assess subjective sleep and to help in coding raw actigraph data. Patients were instructed to

record the following information on paper logs on waking: time to fall asleep, duration of

sleep, time in bed, time out of bed, wake time after sleep, and if they removed and/or

replaced the actigraph. Daily data collection averaged about 3–5 minutes. The variables of

interest were sleep efficiency, sleep onset latency, total sleep time, and WASO.

Mood was assessed with HADS, a 14-item, four-point intensity scale ranging from 0 (never)

to 3 (most of the time) with total scores of 0–21 for anxiety and/or depression (Zigmond &

Snaith, 1983). A score higher than a 7 on either HADS subscale is considered to be

clinically significant. Research comparing HADS with structured clinical diagnostic

interviews has demonstrated good predictive value and utility for HADS in patients with

advanced cancer (Hopwood & Stephens, 2000; Snaith, 2003). Although adequate reliability

scores had been documented previously (Faller & Schmidt, 2004), the Cronbach alpha with

this sample was 0.71. Five to 10 minutes are required to complete HADS.

FACT-L, a 36-item self-report instrument consisting of 27-items from the FACT–General

(FACT-G) and the nine-item lung cancer subscale (LCS) was used to measure QOL (Butt et

al., 2005). The LCS monitors the severity of seven lung cancer symptoms (shortness of

breath, cough, tightness in chest, difficulty breathing, appetite loss, weight loss, and lack of

clear thinking), which are rated by the patient on a 0–4 Likert-type scale with a maximum

(asymptomatic) score of 28. A total FACT-L score is obtained by summing the FACT-G

with the LCS (two of the nine items are not scored). The maximum score obtainable for the

complete FACT-L questionnaire is 136. In the FACT-L, a higher score corresponds to a

higher (better) QOL, and a 2–3 point change in the FACT-L LCS reflected a minimally

important difference associated with performance status, weight loss, objective tumor

response, and time to progression (Cella et al., 2002). FACT-L was chosen for its wide use

in lung cancer clinical trials and provides validated clinically meaningful score changes (an

increase of more than two points in LCS and more than six points in FACT-L prospectively

define improved symptom and QOL, respectively, whereas a decrease of two points or more

on the LCS and a decrease of six points or more on the FACT-L prospectively define wors-

ened symptom and QOL, respectively). The FACT-L has been used in a variety of studies,

including patients receiving chemotherapy (Cella et al., 2002). Internal consistency of the

five FACT-L subscales, physical well-being (PWB), functional well-being (FWB), social

well-being (SWB), emotional well-being (EWB), and lung cancer symptoms (LCS), has

ranged from 0.56–0.89 (Butt et al., 2005). The FACT-L takes about 15–20 minutes to

complete. The Cronbach alpha with this sample was 0.81.

Data Analysis

Data were analyzed using SPSS®, version 18.0. Descriptive statistics and frequency

distributions were computed for sample characteristics, PSQI, mood, and QOL data. Pearson

correlations were calculated to examine the strength of the relationship between variables.

For this analysis, the PSQI global score cut point of 5 or less was used to categorize a good

sleeper and 5 or greater to categorize a poor sleeper to determine the average values and

compare subjective and objective sleep parameters, mood, and QOL in good versus poor
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sleepers. Effect size estimates and their associated 95% confidence intervals (Cohen’s d

statistic) also were calculated to provide a measure of the magnitude of differences

according to the criteria suggested by Cohen (small, d = 0.2; medium, d = 0.5; and large, d =

0.8). Paired t tests were used to compare self-report and objective measures of sleep. All

tests were two-tailed and a value of p < 0.05 was considered statistically significant.

Adjustments were not made for missing data. Cases with missing values were excluded from

the analyses.

Action®, version 3.8, analysis software was used to score actigraphy data in zero-crossing

mode (Berger et al., 2008) in one-minute epochs. The Action 3.8 sleep scoring algorithm

was used to provide summary measures of activity during time in bed for all patients. This

software analyzes and reports a variety of sleep parameters, including sleep efficiency,

sleep-onset latency, total sleep time, waking after sleep-onset, and others. Sleep efficiency is

time asleep divided by time in bed as scored by the actigraphy sleep algorithm. Sleep

latency is defined as the time in minutes to the first period of persistent inactivity (e.g., five

minutes of inactivity). Total sleep time and waking after sleep-onset (during time in bed)

were determined with the actigraphy sleep algorithm. The sleep diaries were used to

determine “lights off” and “lights on” for the Action 3.8 “auto set down interval.” Sleep

diary data were compared to the software selected periods to determine which epochs were

inappropriate for measurement and should be deleted. Actigraphy recordings and sleep diary

data were averaged during the seven-day data collection periods.

Results

Sample Characteristics

The initial sample included 40 participants. Five participants were excluded because of early

death (n = 2) and three were lost to follow-up after signing consent but not returning data

collection instruments. The final sample consisted of 35 patients. No significant differences

were noted in demographic or disease-related characteristics between the five participants

who were excluded and the 35 participants who completed the study. Although all patients

were instructed to wear the actigraph for seven days, five patients (15%) had only four

nights of actigraphic data for analysis. Patients reported removing the actigraph for a variety

of reasons (i.e., working in the garden or bathing) and neglected to replace the actigraph

after the activity was completed.

Table 1 provides descriptive data for the 35 participants in the study, of whom 37% were

recruited from the PVAMC and 63% were recruited from VAWNYHS. The majority of the

sample was male, married, and Caucasian. Most were diagnosed with advanced-stage non-

small cell lung cancer.

Sleep Quality

Tables 2–5 provide descriptive statistics for sleep, QOL, and mood variables. PSQI results

revealed that 60% (n = 21) of participants reported sleep latency of 30 minutes or longer;

sleep duration was less than 6.5 hours per night in 77% (n = 27) of participants; sleep
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efficiency lower than 85% was reported by 69% (n = 24); and global sleep quality was

higher than the cut point of 5 defined as a poor sleeper in 80% (n = 28) of the sample.

As shown in Figure 1, PSQI subscale scores revealed that sleep quality (76% rated good or

fairly good) was better (received a lower score) than sleep latency, sleep duration, sleep

efficiency, and sleep disturbance, indicating that despite these multiple sleep disturbances,

the single-item measure of overall sleep quality was perceived as good. Only the sleep

medications subscale was lower than sleep quality, indicating little use of sleep medications.

Sleep diary values for the study sample also were recorded. Seventy-seven percent (n = 27)

of patients reported their sleep efficiency was less than 85%. Sleep latency of 30 minutes or

more was prolonged in 43% (n = 15) of patients. Sleep duration was less than five hours in

35% (n = 12), whereas 17% (n = 6) were awake more than 30 minutes after sleep onset.

Actigraphy data revealed that 77% (n = 27) of participants experienced objective sleep

latency longer than 30 minutes, and 61% (n = 21) were sleeping less than five hours per

night, an amount associated with increased mortality in the general population (Kripke,

Garfinkel, Wingard, Klauber, & Marler, 2002; Patel et al., 2004). Sleep efficiency of less

than 85% was reported by 88% (n = 31), and 91% (n = 32) were awake more than 30

minutes after sleep onset.

Seventeen percent (n = 6) of participants had mean HADS anxiety scores between 8 and 10

(possible cases for anxiety), and 11% (n = 4) reported mean HADS anxiety scores of 11 or

higher (cases for anxiety). For HADS depression, only 9% of participants reported mean

scores of 8–10 (possible cases for depression) and another 9% (n = 3) reported mean scores

of 11 or higher (cases for depression).

Quality of Life

Mean scores of the FACT-G, FACT-L, and subscale scores suggested overall poorer QOL,

and results were similar to previous research in patients with lung cancer (Juliana, Jardim,

Fernandes, Jamnik, & Santoro, 2010). The intraclass correlation coefficient values for the

different scales of the FACT-L were excellent for PWB (0.85), FWB (0.89), SWB (0.81),

and EWB (0.7), but not for LCS (0.65), which is consistent with previous research (Butt et

al., 2005).

As expected, poor sleepers were significantly different from good sleepers on several of the

PSQI’s measures, including sleep efficiency, sleep hours, sleep latency, and global sleep

quality. The sleep diary data revealed a significant difference between good and poor

sleepers for sleep efficiency and sleep latency. When comparing good and poor sleepers,

actigraphy measures of sleep and measures of mood (HADS) were not significantly

different. The FACT-L revealed a significant difference between good and poor sleepers on

the lung cancer symptoms subscale. Additional analysis of the subscale revealed that three

of the seven items were significantly worse in poor sleepers: breathing (p = 0.037), appetite

(p = 0.043), and thinking (p = 0.017).
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Large effects were found for sleep efficiency on the sleep diary, FACT-L, and the LCS

subscale, whereas moderate effects were found for sleep hours and sleep latency on the sleep

diary, the PWB and FWB subscales, and FACT-G.

Paired t tests were conducted to detect differences between subjective and objective

measures. Significant differences were found with sleep efficiency (p = 0.002), sleep latency

(p = 0.014), sleep hours (p < 0.001), and WASO (p < 0.001) between the two measures.

Overall, patients’ self-reported sleep assessments were significantly better than the outcomes

measured by the actigraph.

No significant relationships were identified between the sleep diary and actigraph sleep

variables of interest, suggesting that objective and subjective measures are likely describing

different aspects of sleep. Far more significant low-to-moderate correlations of subjective

sleep measures were noted with mood and QOL than with objective sleep measures (see

Table 6).

Discussion

This study evaluated measures of sleep, mood, and QOL in patients receiving chemotherapy

for lung cancer. The findings from this study demonstrated significant differences between

subjective and objective measures of sleep; significant correlations among subjective sleep,

mood, and QOL; and a significant difference in QOL scores (LCS subscale scores) between

good and poor sleepers.

The mean total FACT-L scores reported in this study were consistent with previous research

in patients with lung cancer (Browning, Ferketich, Otterson, Reynolds, & Wewers, 2009;

John, 2001; Temel et al., 2010). The mean total FACT-L and LCS scores in the current

study were similar to scores from newly diagnosed patients with non-small cell lung cancer

who did not receive early palliative care and subsequently experienced significantly more

depression and shorter survival than patients who did receive early palliative care (Temel et

al., 2010). The LCS subscale scores in this study were significantly lower (worse) in poor

sleepers and demonstrated a five-point difference. Previous research suggested a 2-3 point

change in the LCS scores exposed a minimally important difference associated with

performance status, objective tumor response, and time to progression (Cella et al., 2002).

The larger effect sizes noted for lung cancer symptoms in terms of their relationship to good

and poor sleep status, as compared to the effect sizes for anxiety and depression as defined

by HADS, suggest that lung cancer symptoms (i.e., difficulty breathing) may have a more

prominent association with sleep status than anxiety or depression.

Difficulty breathing is a complex and distressing symptom and is associated with reduced

levels of physical functioning, role activities, cognitive and social functioning, and overall

QOL (American Psychiatric Association, 2000; Langendijk et al., 2000; Sarna et al., 2004;

Vena et al., 2006). The cause of dyspnea in lung cancer is multifactorial. Preexisting chronic

obstructive pulmonary disease, pleural effusion, bronchial obstruction, lymphadenopathy

from the disease process, and pulmonary fibrosis from chemotherapy or radiotherapy may

result in decreased lung function and increased respiratory load (Dudgeon, 2002; Kvale,
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Selecky, & Prakash, 2007; Langendijk et al., 2000). For research related to an underlying

physiologic mechanism, in the absence of airway obstruction or restrictive interstitial lung

disease, dyspnea was related to ventilatory muscle weakness (Travers et al., 2008).

Management of disease- and/or treatment-related symptoms may be the most effective

interventions for sleep disturbances in patients receiving treatment for lung cancer (Degner

& Sloan, 1995; Sarna et al., 2002, 2004; Vena et al., 2006).

In the current study, patients with lung cancer significantly overestimated sleep duration and

sleep efficiency and underestimated sleep latency and WASO compared to concurrent

objective actigraphic data recording. These findings are consistent with previous sleep

research involving patients with lung cancer (Le Guen et al., 2007; Rumble et al., 2005;

Silberfarb et al., 1993; Wang, Chang, & Lin, 2010). Silberfarb et al. (1993) reported mean

sleep efficiency was 12% lower, mean total sleep time 1.5 hours less, and mean WASO 60

minutes longer in polysomnography recordings than sleep diaries. Le Guen et al. (2007)

reported a slightly lower total sleep time in actigraphy versus PSQI. Wang et al. (2010)

reported significantly more waking episodes in actigraphy versus sleep logs, but no

significant differences in total sleep time, sleep latency, or sleep efficiency. Rumble et al.

(2005) compared patients with lung cancer with and without insomnia and reported mean

actigraphy total sleep time and sleep efficiency lower than sleep logs in the group without

insomnia.

Discrepancies between subjective and objective measures may be related to sleep time

misperception (Vanable, Aikens, Tadimeti, Caruana-Montaldo, & Mendelson, 2000).

Previous research involving perceptions of sleep time stresses the potential role of

physiologic (Perlis, Giles, Mendelson, Bootzin, & Wyatt, 1997), cognitive (Bonnet &

Arand, 1997), and psychological factors (Vanable et al., 2000). However, patients with lung

cancer may be a unique comorbid insomnia subgroup because of the magnitude of their

tendency to under-report their sleep complaints (Gooneratne et al., 2007; Silberfarb et al.,

1993). In addition, the lack of consistency between subjective and objective measures may

be related to a gradual change in sleep quality over time. This gradual change may result in

adaptation, and poor sleep is not recognized as disturbed. This may be related to a mediating

factor such as a response shift—when a person’s health changes, a change may take place in

their internal standards, values, or meanings of a construct that they are being asked to

evaluate (Sprangers & Schwartz, 1999). Most patients with lung cancer are older adults and

this age group may adjust their perception of acceptable sleep (Buysse et al., 1991).

The pattern of sleep disturbances in lung cancer suggests insomnia (Davidson et al., 2002;

Ginsburg et al., 1995; Silberfarb et al., 1993). Objective measures revealed significantly

longer sleep latency, shorter sleep duration, and poorer sleep efficiency than subjective

measures. PWB and FWB subscales of the FACT-L were negatively correlated with global

sleep quality, indicating daytime dysfunction was related to poorer sleep quality. In addition,

PSQI subscale scores revealed that sleep latency, sleep duration, sleep efficiency, and sleep

disturbance all were higher (worse) than sleep quality and the use of sleep medications. This

suggests issues with sleep initiation and maintenance. In contrast, sleep-disordered breathing

often results in shortened sleep latency as a result of increasing sleep pressure.
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Based on self-report anxiety, 28% (n = 10) of this sample may benefit from referral for

additional psychological evaluation. Although this level of anxiety is consistent with

previous research (15%–40%) using the HADS anxiety scale in patients with lung cancer

(Greer et al., 2008; Savard et al., 2009), anxiety scores were higher than depression scores.

When poor sleepers were compared to good sleepers, as defined by the global PSQI score,

no significant differences were noted in anxiety scores. Anxiety was significantly correlated

to the PSQI sleep latency subscale, indicating anxiety may play a role in sleep initiation in

patients with lung cancer.

Measures of depressed mood revealed that 18% of patients with lung cancer would meet the

criteria for referral for additional evaluation. This level of depression is consistent with

previous research (16%–38%) using the HADS scale in similar population samples (Lowe et

al., 2004; Temel et al., 2010). When poor sleepers were compared to good sleepers,

depression scores were lower in good sleepers but not significantly. Depression was

significantly correlated to PSQI global and PSQI sleep latency and trending toward

actigraphic sleep latency. This suggests that sleep initiation in patients with lung cancer may

be more sensitive to depression than anxiety.

Limitations

This study has several limitations. The small cohort was collected through convenience

sampling from Veterans Affairs clinics, thus limiting access to female patients. The cross-

sectional nature of this study also prevents assessment of causality.

In addition, the data collection period with the actigraph and sleep diary was for seven days.

Although longer observation periods, such as two weeks, have been used, a seven-day

period provided a reasonable and complete picture of an individual’s sleep. Longer

recording periods would increase participant burden and could result in an increased chance

of data loss from patients forgetting to complete daily sleep diaries. The patients in the

current study were particularly vulnerable to these additional study burdens because of the

advanced cancer and chemotherapy treatments they were receiving.

Although long sleep latencies occurred with actigraphy, these findings should be interpreted

with caution because the accuracy of actigraphy assessment of sleep latency can vary from

patient to patient. Sleep latency assessment by actigraphy is generally considered to be one

of the least accurate actigraphic sleep parameters.

Recommendations for Future Research

Additional investigation with a larger and more homogeneous sample including only

patients with non-small cell lung cancer, for example, and conducting sleep-wake measures

across the disease trajectory, including before treatment, would enhance the under-standing

of sleep in this population. Although actigraphy can provide useful information about

objective sleep and wakefulness, the gold standard measure for sleep parameters is

polysomnography. Future sleep research in patients with lung cancer would benefit from the

inclusion of polysomnography to determine the impact of disease and treatment on sleep

stages, which is not provided by actigraphy. This would allow for assessment of other sleep
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disorders, including periodic limb movements and sleep apnea in this population. However,

polysomnography is expensive and involves overnight study in a sleep laboratory or the use

of expensive portable sleep devices for in-home monitoring.

Implications for Nursing Practice

This study provided several insights for clinical practice. The majority of patients receiving

treatment for lung cancer reported poor sleep quality, which was related to daytime

dysfunction and poorer QOL. Although sleep is not routinely assessed in oncology clinical

practice, a growing body of evidence supports this important practice initiative (Berger &

Mitchell, 2008; Dean et al., 2010; Page, Berger, & Johnson, 2006). Although using a single

question to assess sleep is inadequate, it does provide the opportunity for a more targeted

assessment similar to those used for pain and fatigue assessments. An excellent resource to

guide nursing practice is the Oncology Nursing Society’s Putting Evidence Into Practice

guidelines for sleep-wake disturbances (Page et al., 2006).

Conclusions

The findings from this study demonstrate that a large percentage of patients with lung cancer

experience sleep disturbances during treatment. These sleep disturbances may be more

strongly related to lung cancer symptoms than anxiety or depression. Significant

discrepancies can occur between objective and subjective measures of sleep as well.

Although patients may report an overall acceptable sleep quality when assessed by a single

question, those same patients may still have markedly increased sleep latencies or reduced

total sleep time. The clinical consequences of these objective impairments in sleep, despite

minimal subjective complaints, remains unclear. Future research using prospective methods

will help to elucidate their clinical significance.
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Figure 1.
Mean Scores for the Pittsburgh Sleep Quality Index Subscales
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Table 1
Sample Characteristics (N = 35)

Characteristic x̄ SD Range

Age (years) 63.5 9.7 48–94

Characteristic n

Gender

 Male 34

 Female 1

Race

 Caucasian 23

 African American 12

Marital status

 Married 16

 Single 5

 Separated or divorced 7

 Widowed 6

 Missing 1

Cancer stage

 I 1

 II 1

 IIIA 10

 IIIB 8

 IV 10

 Missing 5

Lung cancer type

 Non-small cell 21

 Small cell 12

 Missing 2

Radiation therapy

 Yes 16

 No 14

 Missing 5

Chemotherapy

 Yes 35

Chemotherapy regimen

 Carboplatin and paclitaxel 15

 Carboplatin and gemcitabine 3

 Carboplatin and etoposide 2

 Cisplatin and etoposide 12

 Missing 3
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Table 2
Comparison of Sleep Measures in Good and Poor Sleepers Determined by the Pittsburgh
Sleep Quality Index Global Score (N = 35)

Total

Good
Sleep

(n = 7)

Poor
Sleep

(n = 28)

Variable x̄ SD Range x̄ SD x̄ SD p
Effect
Size

Sleep
efficiency

72.5 19.3 20–100 95 6.5 67 17.1 0.01 1.79

Sleep
hours

5.7 1.5 1.5–10 7.5 1.6 5.2 1.7 0.04 1.37

Sleep
latency

34.2 29.5 5–120 12 8.1 40 30.4 0.01 1

Global score 9.1 3.9 1–17 3.9 1.5 10.5 3 0.01 2.34
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Table 3
Comparison of Sleep Measures in Good and Poor Sleepers Determined by Sleep Diary (N
= 35)

Total
Good Sleep

(n = 7)
Poor Sleep

(n = 28)

Variable x̄ SD Range x̄ SD x̄ SD p
Effect
Size

Sleep
efficiency

74.3 13.6 50–98 84 11.6 71 12.9 0.03 1.01

Sleep
hours

5.8 1.5 3.7–9.7 6.6 1.2 5.6 1.5 0.13 0.68

Sleep
latency

48 50 0–230 23 17 54 54 0.03 0.64

Wake after
sleep onset

18 30 1–125 9 15 21 33 0.39 0.4
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Table 4
Comparison of Sleep Measures in Good and Poor Sleepers Determined by Actigraphy (N
= 35)

Total
Good Sleep

(n = 7)
Poor Sleep

(n = 28)

Variable x̄ SD Range x̄ SD x̄ SD p
Effect
Size

Sleep
efficiency

61.9 17.6 22–95 63 18.8 61 17.6 0.79 0.11

Sleep
hours

4.4 2.1 0.5–8.1 4.3 1.7 4.4 2.2 0.95 0.02

Sleep
latency

96.3 92.3 12–466 82 70.3 100 98.6 0.57 0.2

Wake after
sleep onset

170 83 12–313 156 85 174 84 0.61 0.22
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Table 5
Quality-of-Life and Mood Scores in Good and Poor Sleepers Determined by the
Pittsburgh Sleep Quality Index Global Score (N = 35)

Total
Good Sleep

(n = 7)
Poor Sleep

(n = 28)

Variable x̄ SD Range x̄ SD x̄ SD p
Effect
Size

Functional Assessment of Cancer Therapy (FACT)-Lung

Physical
well-being

18.8 6.1 2–28 21.6 5.5 18.1 6.1 0.18 0.57

Social
well-being

21.6 5.2 7–28 22.1 4.8 21.4 5.3 0.74 0.13

Emotional
well-being

17.3 5.2 1–24 19.1 4 16.8 5.4 0.29 0.45

Functional
well-being

15.9 7 5–2 7 18.4 4.1 15.2 7.5 0.14 0.68

Lung cancer
symptoms

18.3 5 8–28 22.4 3.8 17.2 4.8 0.02 1.12

FACT–General 73.5 18 33–105 81.3 14.3 71.6 18.6 0.21 0.54

FACT–Lung 91.8 21.6 42–132 103.7 16 88.8 22.1 0.1 0.85

Hospital Anxiety and Depression Scale

Anxiety 6.4 4.4 0–19 6.6 5.8 6.3 4 0.91 0.05

Depression 5.1 3.9 0–18 3.6 2.1 5.5 4.2 0.26 0.49
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Table 6
Correlations Among Sleep, Mood, and Quality of Life

Variable HADS-A HADS-D PWB EWB FWB LCS FACT-G FACT-L

PSQI global – 0.381* −0.446** −0.386* −0.49** −0.425** −0.56** −0.586**

PSQI latency 0.344* 0.429* – – −0.44** – −0.458** −0.408*

SD latency 0.375* 0.424* – – – – – –

AW2 sleep latency – – −0.418* −0.347* – – −0.351* −0.356*

AW2—motionlogger actigraph; EWB—emotional well-being subscale of the FACT-L; FACT–G—Functional Assessment of Cancer Therapy–
General; FACT-L—Functional Assessment of Cancer Therapy–Lung; LCS—lung cancer symptoms subscale of the FACT-L; FWB—functional
well-being subscale of the FACT-L; HADS-A—Hospital Anxiety and Depression Scale (anxiety); HADS-D—Hospital Anxiety and Depression
Scale (depression); PSQI—Pittsburgh Sleep Quality Index; PWB—physical well-being subscale of the FACT-L; SD—sleep diary

*
p < 0.05;

**
p < 0.01
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