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Sleep Disturbance and Decrements in Morning Energy  

Contribute to a Higher Symptom Burden in Oncology Patients 

Jasna Krupalija Davis 

ABSTRACT 

Objective/Background: An emerging area of research is the relationship between sleep 

disturbance and decrements in energy. Given the paucity of research on the co-occurrence of 

these two symptoms, study purposes were to identify subgroups of oncology patients with 

distinct joint sleep disturbance AND morning energy profiles and evaluate for differences among 

the subgroups in demographic, clinical, and sleep disturbance characteristics, as well as the 

severity of other common symptoms and QOL outcomes. 

Patients/Methods: Patients (n=1336) completed measures of sleep disturbance and energy six 

times over two cycles of chemotherapy. All of the other measures were completed at enrollment. 

Latent profile analysis was used to identify the distinct joint sleep disturbance and morning 

energy profiles. 

Results: Three distinct profiles were identified (i.e., Low Sleep Disturbance and High Morning 

Energy (Normal, 20.6%), Moderate Sleep Disturbance and Low Morning Energy (Moderately 

Severe, 52.1%), Very High Sleep Disturbance and Very Low Morning Energy (Very Severe, 

27.3%). Compared to Normal class, other two classes were more likely to be female, less likely 

to be employed, and had higher comorbidity burden and poorer functional status. Symptom 

scores and QOL outcomes exhibited a dose response effect (i.e., as the profile worsened, 

symptom scores increased and QOL scores decreased). 

Conclusions: Given the associations between sleep disturbance and decrements in morning 

energy and a higher symptom burden, poorer QOL outcomes, and increased mortality, 
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assessment of these two symptoms needs to be a high priority for clinicians and appropriate 

interventions initiated. 

 

Key words: cancer; chemotherapy; depression; energy; fatigue; insomnia; pain; quality of life; 

sleep disturbance 
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1. INTRODUCTION 

While sleep disturbance is one of the most common symptoms in oncology patients [1, 

2], it displays a significant amount of inter-individual variability [3, 4]. A growing body of 

evidence suggests that this symptom warrants additional investigation because in these patients 

it is associated with decrements in functional status [5] and quality of life (QOL) [6], as well as 

disease progression [7] and increased mortality [2, 8, 9]. 

One approach to increase our understanding of the inter-individual variability in sleep 

disturbance is to utilize person centered analytic approaches like latent variable modeling [10]. 

For example, in our study that evaluated for subgroups of women with distinct sleep disturbance 

profiles from prior to through six months following breast cancer surgery [4], three distinct 

subgroups were identified (i.e., Low Sustained, Decreasing, High Sustained). In terms of risk 

factors, compared to the Low Sustained class, women in the High Sustained class were 

significantly younger and had a higher level of comorbidity and a poorer functional status. In 

another study by our team [3], subgroups of patients with Low, High, and Very High levels of 

sleep disturbance were identified across two cycles of chemotherapy. In terms of risk factors for 

membership in the High and Very High classes, these patients were younger, more likely to be 

female, more likely to have childcare responsibilities, less likely to be employed, less likely to 

have gastrointestinal cancer, had higher levels of comorbidity and a lower functional status. 

These types of studies provide insights into the identification of oncology patients with an 

increased likelihood to experience significant amounts of sleep disturbance. 

Equally important, in both cross-sectional and longitudinal studies of oncology patients, 

positive associations were identified between sleep disturbance and fatigue [11-13], depression 

[12, 14-16], and anxiety [6, 17-20]. In a longitudinal study that evaluated for changes in the co-

occurrence of sleep disturbance and fatigue in women undergoing chemotherapy for breast 

cancer using latent profile analysis (LPA) [21], three groups of patients were identified prior to 

the initiation of chemotherapy (i.e., Fatigued with Sleep Complaints, Average, Minimal 
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Symptoms). Compared to the Minimal Symptoms group, patients in the other two groups were 

younger. In addition, compared to the Minimal Symptoms group, patients in the Average group 

were more likely to have received a lumpectomy or single mastectomy followed by 

chemotherapy. These types of studies support the evaluation of co-occurring symptoms and 

associated risk factors in oncology patients receiving chemotherapy.  

As noted above, while positive associations between sleep disturbance and fatigue are 

well documented [11-13], an emerging area that warrants investigation is the association 

between sleep disturbance and decrements in energy. While the terms fatigue and energy are 

often used interchangeably, a growing body of evidence suggests that fatigue and energy are 

distinct, but related symptoms [22, 23]. In fact, Loy and colleagues proposed that the symptoms 

of fatigue and energy evolved to serve different purposes (i.e., energy for approach-oriented 

behaviors such as hunting and gathering; fatigue for avoidance-orienting behaviors such as rest 

during injuries or illnesses) [22]. They adopted Lerdal’s definition of energy (i.e., “an individual’s 

potential to perform mental and physical activity”) [24, 25] and noted that synonyms included 

“vigor”, “vitality”, “lively” and “full of pep” [26]. In terms of oncology patients, our findings support 

the hypothesis that fatigue and energy are distinct symptoms with different phenotypic and 

molecular risk factors [27, 28]. In addition, while not evaluated in oncology patients, recent 

evidence from a study of older adults suggests that decreases in energy levels over time are 

associated with an increased risk for disability and mortality [29]. 

Specific to this analysis, emerging evidence suggests that diurnal variations exist in self-

reported levels of energy [30, 31]. In the first study [30], growth mixture modeling was used to 

identify distinct morning and evening energy profiles and associated risk factors in patients 

undergoing radiation therapy and their family caregivers. For morning energy, Low (50.8%) and 

Moderate (49.2%) profiles were identified. Characteristics associated with membership in the 

Low morning energy class included: younger age, being female, not being married or partnered, 

self-reported being Black, having a higher comorbidity burden and a poorer functional status. In 
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terms of evening energy, Moderate and High profiles were identified. Membership in the 

Moderate energy class was associated with younger age, being male, decreased body weight, a 

worse comorbidity profile, and a poorer functional status. Of note, variations in different cytokine 

genes were associated with decrements in morning and evening energy.  

In another study of patients undergoing chemotherapy [31], common and distinct risk 

factors associated with the trajectories of morning and evening energy were evaluated using 

hierarchical linear modeling [32]. Risk factors associated with decrements in morning energy 

included: living alone, having childcare responsibilities, lack of regular exercise, having a higher 

body mass index (BMI), lower hemoglobin levels, as well as having a lower functional status 

and higher levels of sleep disturbance. In terms of decrements in evening energy, risk factors 

included: being female, being White, having a poorer functional status and higher level of sleep 

disturbance. These findings suggest that morning and evening energy are distinct symptoms 

that are associated with sleep disturbance and warrant evaluation in oncology patients receiving 

chemotherapy.  

Given the paucity of research on the co-occurrence of sleep disturbance and 

decrements in morning energy, the purposes of this study were to identify subgroups of patients 

with distinct joint sleep disturbance AND morning energy profiles. In addition, differences among 

the subgroups in demographic, clinical, and sleep disturbance characteristics, as well as the 

severity of other common symptoms and QOL outcomes were evaluated. The determination of 

modifiable and non-modifiable risk factors associated with these profiles will assist with the 

identification of high-risk patients and allow for the initiation of more tailored symptom 

management interventions. 

2. METHODS 

2.1. Patients and Settings 

This study is part of a larger, longitudinal study of the symptom experience of oncology 

outpatients receiving chemotherapy. Briefly, patients were ≥18 years of age; had a diagnosis of 
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breast, gastrointestinal, gynecological, or lung cancer; had received chemotherapy within the 

preceding four weeks; were scheduled to receive at least two additional cycles of 

chemotherapy; were able to read, write, and understand English; and provided written informed 

consent. Patients were recruited from two Comprehensive Cancer Centers, one Veteran's 

Affairs hospital, and four community-based oncology programs.  

2.2. Study Procedures 

The study was approved by the Institutional Review Board at each of the study sites. Of 

the 2234 patients approached, 1343 consented to participate. The major reason for refusal was 

being too overwhelmed with their cancer treatments. These patients completed the sleep 

disturbance and morning energy measures, a total of six times over two chemotherapy cycles 

(i.e., prior to chemotherapy administration (Assessments 1 and 4), approximately 1 week after 

chemotherapy administration (Assessments 2 and 5), and approximately 2 weeks after 

chemotherapy administration (Assessments 3 and 6)). The remaining measures were 

completed at enrollment (i.e., prior to the second or third cycle of chemotherapy). A total of 1336 

patients who had complete data on both the sleep disturbance and morning energy measures 

were included in this analysis. 

2.3. Instruments 

2.3.1. Demographic and clinical measures 
 

Patients completed a demographic questionnaire, Karnofsky Performance Status (KPS) 

scale [33], Self-Administered Comorbidity Questionnaire (SCQ) [34], Alcohol Use Disorders 

Identification Test [35], and a smoking history questionnaire. The toxicity of each patient’s 

chemotherapy regimen was rated using the MAX2 score [36]. Medical records were reviewed 

for disease and treatment information. 

2.3.2. Sleep disturbance and morning energy measures 

The 21-item General Sleep Disturbance Scale (GSDS) was designed to assess various 

aspects of sleep disturbance (i.e., quality, quantity, onset latency, mid and early awakenings, 
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sleep medications, daytime sleepiness). Each item was rated on a 0 (never) to 7 (everyday) 

numeric rating scale (NRS). The GSDS total score ranges from 0 (no disturbance) to 147 

(extreme sleep disturbance). Each mean subscale score ranges from 0 to 7 [37-39]. Subscale 

scores of >3 and a GSDS total score of ≥43 indicate a significant level of sleep disturbance that 

warrants clinical evaluation and management [40]. In this study, Cronbach’s alpha for the GSDS 

total score was 0.83. 

The 18-item Lee Fatigue Scale (LFS) was designed to assess physical fatigue and 

energy [41]. Each item was rated on a 0 to 10 NRS. Total fatigue and energy scores were 

calculated as the mean of the 13 fatigue items and the 5 energy items, respectively. Higher 

scores indicate greater fatigue severity and higher levels of energy.  

Using separate LFS questionnaires, patients were asked to rate each item based on 

how they felt within 30 minutes of awakening (i.e., morning fatigue, morning energy) and prior to 

going to bed (i.e., evening fatigue, evening energy). The LFS has established cut-off scores for 

clinically meaningful levels of fatigue (i.e., ≥3.2 for morning fatigue, ≥5.6 for evening fatigue) and 

energy (i.e., <6.2 for morning energy, <3.5 for evening energy) [40]. Cronbach's alphas were 

0.96 for morning and 0.93 for evening fatigue and 0.95 for morning and 0.93 for evening energy. 

Patients’ ratings of morning energy were used in this analysis to evaluate their association with 

sleep disturbance. The energy items on the LFS used the descriptors: energetic, active, 

vigorous, efficient, and lively.  

2.3.3. Other symptom measures 

An evaluation of other common symptoms was done using valid and reliable 

instruments. The symptoms and their respective measures were: depressive symptoms (Center 

for Epidemiological Studies-Depression scale [42]); state and trait anxiety (Spielberger State-

Trait Anxiety Inventories [43]); cognitive function (Attentional Function Index [44]); and pain 

(Brief Pain Inventory [45]). 

QOL measures 
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 QOL was evaluated using generic (i.e., Medical Outcomes Study-Short Form-12 (SF-12) 

[46]) and disease-specific (i.e., Multidimensional QOL Scale-Patient Version (MQOLS-PV) [47]) 

measures. The individual items on the SF-12 were evaluated and the instrument was scored 

into two component scores (i.e., physical component summary (PCS) and mental component 

summary (MCS)). MQOLS-PV measures four dimensions of QOL (i.e., physical, psychological, 

social, and spiritual well-being), as well as a total QOL score. For both measures, higher scores 

indicate a better QOL. 

2.4. Data Analysis 

LPA was used to identify subgroups of patients with distinct joint sleep disturbance AND 

morning energy profiles. Using Mplus version 8.4 [48], this LPA was done with the combined set 

of variables over time (i.e., using the GSDS AND morning energy scores obtained during the six 

assessments in a single LPA). This approach provides a profile description of these two 

symptoms with parallel profiles over time. 

In order to incorporate expected correlations among the repeated measures of the same 

variable and cross-correlations of the series of the two variables (i.e., GSDS and morning 

energy scores), we included covariance parameters among measures at the same occasion 

and those that were one or two occasions apart. Covariances of each variable with the other at 

the same assessments were included in the model and autoregressive covariances were 

estimated with a lag of two with the same measures and with a lag of one for each variable’s 

series with the other variable. We limited the covariance structure to a lag of two to 

accommodate the expected reduction in the correlations that would be introduced by two 

chemotherapy cycles within each set of three measurement occasions and to reduce model 

complexity [49]. 

Estimation was carried out with full information maximum likelihood with standard errors 

and a Chi-square test that are robust to non-normality and non-independence of observations 

(“estimator=MLR”). Model fit was evaluated to identify the solution that best characterized the 
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observed latent class structure with the Bayesian Information Criterion (BIC), Vuong-Lo-

Mendell-Rubin likelihood ratio test (VLMR), entropy, and latent class percentages that were 

large enough to be reliable [50]. Missing data were accommodated for with the use of the 

Expectation-Maximization algorithm [51]. 

 Data were analyzed using SPSS version 28 (IBM Corporation, Armonk, NY). Differences 

among the sleep disturbance AND morning energy classes in demographic, clinical, and 

symptom characteristics, and QOL outcomes at enrollment were evaluated using parametric 

and nonparametric tests. Bonferroni corrected p-value of <0.017 was considered statistically 

significant for the pairwise contrasts (i.e., 0.05/3 possible pairwise contrasts). 

3. RESULTS 

3.1. Latent classes for sleep disturbance and energy 

 The three-class solution was selected because the BIC for the three-class solution was 

lower than the BIC for the two-class solution (Table 1). In addition, the VLMR was significant for 

the three-class solution indicating that the three-class solution fit the data better than the two-

class solution. While the BIC was smaller for the four-class solution than for the three-class 

solution, the VLMR was not significant for the four-class solution indicating that too many 

classes were extracted. 

 The latent classes were named based on clinically meaningful cutoff scores for the sleep 

disturbance and morning energy measures (i.e., Low Sleep Disturbance and High Morning 

Energy (Normal, 20.6%), Moderate Sleep Disturbance and Low Morning Energy (Moderately 

Severe, 52.1%), and Very High Sleep Disturbance and Very Low Morning Energy (Very Severe, 

27.3%). The trajectories for sleep disturbance and morning energy differed among the latent 

classes (Figure 1). For the Normal class, sleep disturbance scores decreased and morning 

energy scores increased over the six assessments. For the Moderately Severe class, sleep 

disturbance and morning energy scores worsened at assessments 2 and 5 (i.e., weeks following 
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the administration of chemotherapy). For the Very Severe class, the sleep disturbance and 

morning energy scores remained relatively constant across the six assessments. 

3.2. Differences in demographic and clinical characteristics 

 As shown in Table 2, compared to Normal class, the other two classes were more likely 

to be female and more likely to be unemployed. In addition, they were less likely to have 

gastrointestinal cancer and more likely to self-report ulcer or stomach disease, more likely to 

have received only chemotherapy, and had a higher MAX 2 score. Compared to the Normal 

class, the Very Severe class was less likely to self-identify as Asian/Pacific Islander, less likely 

to exercise on a regular basis, more likely to self-report osteoarthritis, more likely to have had 

previous cancer treatment, and had a higher number of metastatic sites.  

 Compared to the other two classes, the Very Severe class was younger, less likely to be 

married/partnered, more likely to live alone, and had a lower annual household income. In 

addition, they had a higher body mass index (BMI) and were more likely to report anemia or 

blood disease. Among the three classes, differences in KPS scores (Normal > Moderately 

Severe > Very Severe) and number of comorbid conditions, SCQ scores, and the occurrence of 

self-reported depression and back pain (i.e., Normal < Moderately Severe < Very Severe) 

followed similar patterns. 

3.3. Differences in GSDS subscale and total scores 

 As shown in Table 3, differences among the latent classes in all of the GSDS subscale 

(i.e., sleep quality, sleep quantity, sleep onset latency, mid-sleep awakenings, early 

awakenings, medications for sleep, excessive daytime sleepiness) and total scores followed the 

same pattern (i.e., Normal < Moderately Severe < Very Severe). 

3.4. Differences in common symptoms 

 As shown in Table 4, differences among the latent classes in depression, trait and state 

anxiety, morning and evening fatigue, worst pain intensity, and pain interference scores, as well 

as the occurrence of both cancer and non-cancer pain, followed the same pattern (i.e., Normal 
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< Moderately Severe < Very Severe). At enrollment, differences among the latent classes in 

evening energy were as follows: Normal > Moderately Severe and Very Severe. For attentional 

function scores, differences among the latent classes were as follows: Normal > Moderately 

Severe > Very Severe. 

3.5. Differences in QOL outcomes 

 As shown in Table 5, differences among the latent classes in the MQOLS-PV physical, 

psychological, and social well-being subscale scores, as well as the total QOL score followed 

the same pattern (i.e., Normal > Moderately Severe > Very Severe). For the spiritual well-being 

subscale, compared to the Normal class, the other two classes reported lower scores. For all 

the SF-12 subscale scores, as well as the PCS and MCS scores, differences among the classes 

followed the same pattern (i.e., Normal > Moderately Severe > Very Severe).  

4. DISCUSSION 

This study is the first to use LPA to identify subgroups of oncology patients with distinct 

joint sleep disturbance AND morning energy profiles. Of note, almost 80% of these patients 

reported Moderately Severe to Very Severe levels of both sleep disturbance and decrements in 

morning energy. Our occurrence rate for sleep disturbance is higher than the 60.7% reported in 

a recent meta-analysis [1]. In addition, our occurrence rate for decrements in morning energy is 

higher than the 50.8% found in our sample of patients undergoing radiation therapy and their 

family caregivers who were evaluated over 6 months [30]. 

4.1. Sleep Disturbance and Morning Energy Trajectories 

As illustrated in Figure 1, the trajectories of the two symptoms differed among the latent 

classes. For the Normal class, over the six assessments, sleep disturbance scores decreased 

and morning energy scores increased. One potential explanation for this finding is that these 

patients received effective symptom management interventions during chemotherapy. An 

equally plausible hypothesis is that these patients used a variety of strategies to conserve 

energy and/or improve sleep quality during chemotherapy. In contrast, in the Moderately Severe 
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class, higher levels of sleep disturbance and decrements in morning energy occurred in the 

weeks following the administration of chemotherapy (i.e., Assessments 2 and 5). These cyclic 

changes may be related to unrelieved symptoms (e.g., nausea and vomiting) in the week 

following the administration of chemotherapy that disrupted sleep and resulted in ratings of 

decreased morning energy following a poor night’s sleep. This hypothesis is supported by a 

previous latent class analysis of this sample that identified four distinct nausea profiles (i.e., 

None (40.8%), Increasing-decreasing (21.5%), Decreasing (8.9%), and High (28.8%)) and by 

the findings that High class had a higher MAX2 score (i.e., higher toxicity associated with the 

chemotherapy regimen). Additional research is warranted to determine the relationships 

between acute symptoms following chemotherapy administration and their impact on sleep and 

energy. The trajectories for both symptoms in the Very Severe class remained relatively 

constant over the two cycles of chemotherapy. While the exact reasons for this very high 

symptom burden in 27.3% of the sample warrants additional investigation, plausible 

explanations include: high levels of unrelieved stress, ineffective symptom management 

interventions; and lack of information on effective strategies to improve sleep and/or conserve 

energy. 

4.2. Differences in Sleep Disturbance Scores 

An evaluation of the seven GSDS subscale scores at enrollment provides some insights 

into the types of sleep disturbance (i.e., initiation or maintenance) the two highest classes were 

experiencing. While not unexpected, all of the GSDS subscale scores at enrollment (i.e., prior to 

the second or third cycle of chemotherapy) exhibited a dose response effect (i.e., as the sleep 

disturbance and morning energy profiles worsened, these subscale scores increased). While 

their GSDS total score was not above the clinically meaningful cutoff, patients in the Normal 

class reported scores for quantity of sleep (i.e., not enough) and mid-sleep awakenings that 

were above the cutoff score of >3 which suggests some difficulty with sleep maintenance. In 

terms of the Severe class, given that they reported scores for both mid-sleep awakenings and 
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early awakenings that were above the clinically meaningful cutoff suggest that they experienced 

more severe problems with sleep maintenance.  

Of note, in the Very Severe class, except for the use of sleep medications, all of the 

subscale scores were >3 including sleep onset latency which suggests that these patients had 

problems with both sleep initiation and maintenance. It is interesting to note that across all three 

classes, the use of sleep medications was low. This result is not consistent with recent studies 

that found that 30% [52] to 40% [53] of cancer patients with sleep disturbances take sleep 

medications. These inconsistent findings may be related to the methods used to collect 

information on the use of sleep medications and/or differences in the demographics of the 

patient samples (i.e., current study both male and female patients versus only women with 

breast [52] or ovarian [53] cancer). Given the differences, among the classes, in the trajectories 

of the GSDS total scores, as well as the differences in the GSDS subscale scores at enrollment, 

additional LPAs are warranted on each of the subscale scores to increase our knowledge of risk 

factors for problems with sleep initiation and maintenance in patients receiving chemotherapy.  

4.3. Demographic and Clinical Characteristics 

As noted in the Introduction, one of the goals of this study was to identify modifiable and 

non-modifiable risk factors for a worse joint sleep disturbance AND morning energy profile. 

While risk factors for higher sleep disturbance in oncology patients are reported in the literature, 

the extant literature, albeit limited, on decrements in energy that will be used for comparative 

purposes focuses primarily on healthy individuals and older adults. In addition, except for our 

study in oncology patients and family caregivers [30], the studies in other populations did not 

examine diurnal variations in energy.  

As shown in Table 6, most of the differences in demographic characteristics were 

associated with membership in the Very Severe class. As noted in one systematic review [54], 

findings regarding associations between age and sleep disturbance are inconsistent. However, 

in our previous study of women who were followed from prior to through six months after breast 
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cancer surgery [4] and in our study of patients and family caregivers [55] that utilized latent 

variable modeling, younger age was associated with being in the higher sleep disturbance 

class. In terms of decrements in morning energy, in our previous study [30], participants in the 

Low class were significantly younger. 

Being female was associated with membership in the Severe and Very Severe classes. 

This finding is consistent for both self-reported sleep disturbance [15, 56] and decrements in 

energy [30, 57] in both patients with and without cancer. As noted in one review [56], gender 

differences in sleep disturbance may be related to women’s predisposition to report symptoms 

and seek medical care as well as to differences in neurotransmitters and hormones that 

influence sleep and circadian rhythms. The reasons for gender differences in morning energy 

warrant additional investigation. 

In terms of marital status and living alone, the socioecological context of sleep is 

receiving increased attention [58]. For example, as noted in one review [59], co-sleeping with a 

partner is associated with longer sleep duration if the individuals are in a highly functioning 

relationship. In addition, living alone was associated with poorer sleep quality [54] and 

decrements in morning energy [31] in oncology patients.  

While no associations were found between being unemployed or lower annual 

household income in our previous studies of sleep disturbance [4] and morning energy [30], as 

noted in one review [60], personal and social factors including unemployment and low income 

are associated with an increased incidence of sleep problems. In addition, in a study that 

evaluated patients from prior to through twelve months after breast cancer surgery [61], higher 

sleep disturbance scores were associated with higher employment interference scores at 

enrollment and over the duration of the study. Given that patients undergoing cancer treatments 

experience a significant amount of financial toxicity [62], these associations warrant additional 

research. In addition, clinicians need to refer patients to social services and/or financial 

counseling. 
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Some of the most robust associations for sleep disturbance and/or decrements in energy 

were found for an increased BMI, a lack of regular exercise, a higher comorbidity burden, and a 

poorer functional status. In terms of sleep disturbance, given that the BMI of the Very Severe 

class was in the overweight to obese range [63], these patients may have undiagnosed 

obstructive sleep apnea that occurs in 3% to 7% of men and 2% to 5% of women in the general 

population [64].  

As noted in one systematic review [65], a substantial amount of evidence supports the 

fact that both acute bouts of exercise, as well as regular exercise improve sleep and that these 

effects are preserved across adult age groups and genders. In terms of associations between 

energy and physical activity, while most of the research in cancer patients suggests that fatigue 

is reduced with regular exercise [66], findings from other studies that evaluated for changes in 

energy in other populations are worth noting. For example, sedentary behaviors (e.g., sitting at 

desks, watching television) have a stronger tendency to decrease energy than increase fatigue 

[67]. In addition, in a meta-analysis of 16 acute exercise studies [67], vigorous intensity exercise 

increased energy but did not decrease fatigue. As noted in one review [22], moderate or 

vigorous intensity exercise appears to increase energy while having less of an impact on 

reducing fatigue and that these changes in energy may be mediated by dopamine. These 

findings suggest that future studies of the effects of exercise in oncology patients should include 

evaluations of changes in morning and evening fatigue, as well as changes in morning and 

evening energy and sleep disturbance.  

In general, sleep disturbance is associated with a number of chronic conditions (e.g., 

chronic obstructive pulmonary disease [68], cardiovascular disease [69], diabetes [70]) and 

cancer [54]). In terms of the specific medical conditions associated with membership in the Very 

Severe class, some associations with sleep disturbance were reported previously. For example, 

in a study of older adults [71], sleeping less than 6 hours per night was associated with the 

occurrence of stomach/duodenal ulcers. In addition, in studies of the general population, 



 

14 
 

 

positive associations were found between sleep disturbance and osteoarthritis [72, 73] and back 

pain [74]. Given these strong associations, additional research is warranted on the relationships 

between decrements in energy and multimorbidity in oncology patients. 

4.4. Common Symptoms 

 Differences among the classes in depression, trait and state anxiety, morning and 

evening fatigue, attentional function, and worse pain scores, as well as the occurrence of both 

cancer and non-cancer pain exhibited a dose-response effect (Table 4). In addition, all of the 

symptom scores for the Very Severe class were above the clinically meaningful cut-off scores. 

These findings are consistent with previous studies that found positive associations between 

sleep disturbance and depression and anxiety [75-77], fatigue and pain [54], and decrements in 

cognitive function [78]. In terms of energy, in a study of graduate students [79], increased 

severity of depressive mood states was associated with lower trait physical energy. In another 

study of older adults [80], higher levels of depressive symptoms were associated with lower 

levels of energy.  

4.5. QOL Outcomes 

 Similar to the common symptoms, except for the spiritual well-being subscale, all of the 

other subscale and total scores on the MQOLS-PV and SF-12 for the three classes exhibited a 

dose response effect. Of particular importance is the vitality subscale of the SF-12 which is 

sometimes uses as a proxy measure for energy. Not only are the differences among the classes 

in the vitality scores statistically significant, they represent clinically meaningful differences 

between the None and the Moderately Severe (d = 0.85), as well as between the Moderately 

Severe and the Very Severe (d = 0.50) classes [81]. In addition, both the PCS and MCS scores 

for the Moderately Severe and Very Severe classes are below the normative score of 50 for the 

general population of the United States. Taken together, these findings suggest that the co-

occurrence of sleep disturbance and decrements in morning energy results in clinically 

meaningful decrements in QOL for almost 80% of our sample. 
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4.6. Limitations 

Several limitations warrant consideration. Because patients were recruited during their 

first or second cycle of chemotherapy, pretreatment levels of sleep disturbance and morning 

energy were not evaluated. In addition, specific causes of sleep disturbance (insomnia, 

obstructive sleep apnea) and more detailed information on the use of sleep medications were 

not evaluated. Given that diet [82, 83] and caffeine consumption [84-86] can influence sleep 

quality and energy levels, these variables warrant evaluation in future studies. Because sleep 

disturbance was assessed using only a subjective measure, future studies need to examine the 

relationship between objective measures of sleep disturbance and decrements in morning 

energy. 

4.7. Implications for Practice and Research 

 Given the associations between sleep disturbance and decrements in morning energy 

and a higher symptom burden, poorer QOL outcomes, and increased mortality, assessment of 

these two symptoms needs to be a high priority for clinicians. Based on the strong associations 

between enhancements in physical activity and improvements in both sleep and energy, 

patients need to be referred to physical therapy for the development of an exercise prescription 

and be monitored for adherence with their exercise regimen. Equally important, patients need to 

receive education on lifestyle interventions that can improve sleep quality. The key elements of 

this educational program should include: achieving 7 to 9 hours of sleep per night; maintaining a 

consistent sleep/wake schedule; having a regular bedtime routine; engaging in regular exercise; 

and performing relaxation exercises. Equally important, patients should be taught to avoid 

caffeine, alcohol, heavy meals, and light exposure late in the day [86]. 

 In terms of recommendations for research, future studies need to include evaluations of 

both morning and evening fatigue and energy and determine the overlap between these 

symptoms, as well as with sleep disturbance. Equally important, given the emerging evidence 

that fatigue and energy may have common and distinct underlying mechanisms [22, 27, 30], 
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additional research is warranted to support or refute this hypothesis. Equally valuable would be 

studies that uses analytic techniques (e.g., parallel process growth modeling) to determine 

which symptom is driving the severity of the other symptom over time. 
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Figure 1: The Trajectories for Sleep Disturbance and Morning Energy Among the Latent 

Classes 
 



27 
 

Table 1 – Latent Profile Solutions and Fit Indices for One Through Four Classes for Sleep Disturbance 
AND Morning Energy Scores 
 

Model LL AIC BIC Entropy VLMR 
1 Class -42554.43 85224.85 85526.30 n/a n/a 
2 Class -41984.38 84110.77 84479.78 0.75 1140.09 ‡ 

3 Classa -41673.17 83514.33 83950.92 0.78 622.44 + 

4 Class -41530.90 83255.79 83759.94 0.77 ns 

 
Baseline entropy and VLMR are not applicable for the one-class solution 
 
+p <.001; ‡p <.00005 
 
aThe 3-class solution was selected because the BIC for that solution was lower than the BIC for the 2-
class solution. In addition, the VLMR was significant for the 3-class solution, indicating that three classes 
fit the data better than two classes. Although the BIC was smaller for the 4-class than for the 3-class 
solution, the VLMR was not significant for the 4-class solution, indicating that too many classes were 
extracted. 
 
Abbreviations: AIC = Akaike’s Information Criterion; BIC = Bayesian Information Criterion; LL = log-
likelihood; n/a = not applicable; ns = not significant, VLMR = Vuong-Lo-Mendell-Rubin likelihood ratio test 
for the K vs. K-1 model 
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Table 2 – Differences in Demographic and Clinical Characteristics Among the Sleep Disturbance and 
Morning Energy Latent Classes at Enrollment 
 
 

Characteristic Low Sleep 
Disturbance 

and High 
Morning 

Energy (0) 
20.6% (n = 275) 

Moderate Sleep 
Disturbance and 

Low Morning 
Energy (1) 

52.1% (n = 696) 

Very High Sleep 
Disturbance and 

Very Low 
Morning Energy 

(2) 
27.3% (n = 365) 

Statistics 

Mean (SD) Mean (SD) 
 

Mean (SD) 
 

Age (years)  57.7 (11.4) 57.9 (12.9) 55.3 (11.8) F = 5.94, p = 0.003 
0 and 1 > 2 

Education (years) 16.3 (3.1) 16.2 (2.9) 16.1 (3.1) F = 0.18, p = 0.837 
Body mass index 
(kg/m2) 25.6 (4.9) 25.9 (5.6) 27.1 (6.2) F = 6.47, p = 0.002 

0 and 1 < 2 
Alcohol Use 
Disorders 
Identification Test 
score 

3.1 (2.6) 2.9 (2.4) 3.0 (2.6) F = 0.64, p = 0.528 

KPS score 87.3 (10.8) 80.2 (11.8) 74.3 (12.1) F = 93.55, p <0.001 
0 > 1 > 2 

Number of 
comorbid 
conditions 

2.0 (1.2) 2.4 (1.4) 2.8 (1.5) F = 24.73, p <0.001 
0 < 1 < 2 

SCQ score 4.3 (2.4) 5.4 (3.1) 6.5 (3.6) F = 40.41, p <0.001 
0 < 1 < 2 

Time since 
diagnosis (years) 2.0 (3.6) 2.1 (4.1) 1.9 (3.7) 

KW = 1.04, p = 0.594 Time since 
diagnosis (years, 
median) 

0.42 0.43 0.42 

Number of prior 
cancer 
treatments 

1.6 (1.6) 1.6 (1.5) 1.6 (1.4) F = 0.17, p = 0.842 

Number of 
metastatic sites 
including lymph 
node 
involvementa 

1.4 (1.3) 1.2 (1.2) 1.2 (1.2) F = 4.26, p = 0.0.14 
0 > 2 

Number of 
metastatic sites 
excluding lymph 
node involvement 

0.9 (1.1) 0.8 (1.0) 0.7 (1.0) F = 3.84, p = 0.022 
0 > 2 

MAX2 score 0.16 (0.08) 0.18 (0.08) 0.18 (0.08) F = 4.44, p = 0.012 
0 < 1 and 2 

 
% (n) % (n) 

 
% (n) 

 
 

Gender (% 
female) 68.4 (188) 78.8 (548) 83.3 (304) Χ2 = 21.05, p < 0.001 

0 < 1 and 2 
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Characteristic Low Sleep 
Disturbance 

and High 
Morning 

Energy (0) 
20.6% (n = 275) 

Moderate Sleep 
Disturbance and 

Low Morning 
Energy (1) 

52.1% (n = 696) 

Very High Sleep 
Disturbance and 

Very Low 
Morning Energy 

(2) 
27.3% (n = 365) 

Statistics 

Self-reported 
ethnicity 
 White 
 Asian or   
Pacific Islander 
 Black 
 Hispanic, 
Mixed, or Other 

 
 

63.2 (172) 
17.3 (47) 
9.9 (27) 
9.6 (26) 

 
 

71.5 (490) 
11.8 (81) 
6.4 (44) 
10.2 (70) 

 
 

70.7 (256) 
10.2 (37) 
6.6 (24) 
12.4 (45) 

Χ2 = 13.77, p =0.032 
0 < 1 
0 > 2 
NS 
NS 

Married or 
partnered (% 
yes) 

71.0 (193) 65.6 (450) 57.1 (205) Χ2 = 13.86, p < 0.001 
0 and 1 > 2 

Lives alone (% 
yes) 16.1 (44) 20.1 (138) 28.4 (102) Χ2 = 15.60, p < 0.001 

0 and 1 < 2 
Currently 
employed (% 
yes) 

45.9 (124) 34.4 (238) 28.6 (103) Χ2 = 20.67, p < 0.001 
0 > 1 and 2 

Annual 
household 
income 
 Less than 
$30,000 

 $30,000 to 
$70,000 
 $70,000 to 
$100,000 
 Greater than 
$100,000 

 
 
 

14.0 (32) 
21.5 (49) 
14.0 (32) 

50.4 (115) 

 
 
 

14.4 (91) 
22.9 (145) 
18.9 (120) 
43.8 (278) 

 
 
 

29.0 (97) 
17.4 (58) 
15.0 (50) 
38.6 (129) 

KW = 16.39, 
p < 0.001 

0 and 1 > 2 

Child care 
responsibilities 
(% yes) 

21.1 (57) 19.8 (134) 27.6 (99) Χ2 = 8.53, p = 0.014 
1 < 2 

Elder care 
responsibilities 
(% yes) 

6.4 (16) 9.0 (56) 7.1 (24) Χ2 = 2.15, p = 0.341 

Past or current 
history of 
smoking (% yes) 

29.0 (79) 37.7 (257) 35.6 (128) Χ2 = 6.37, p = 0.041 
0 < 1 

Exercise on a 
regular basis (% 
yes) 

78.1 (214) 70.8 (479) 65.1 (231) Χ2 = 12.69, p = 0.002 
0 > 2 

Specific comorbid 
conditions (% 
yes) 

   
 

Heart disease 4.4 (12) 4.6 (32) 8.8 (32) Χ2 = 8.89, p = 0.012 
1 < 2 

High blood 
pressure 

28.7 (79) 29.9 (208) 31.8 (116) Χ2 = 0.75, p = 0.688 

Lung disease 9.1 (25) 12.2 (85) 11.2 (41) Χ2 = 1.92, p = 0.383 
Diabetes 7.6 (21) 8.6 (60) 10.7 (39) Χ2 = 2.02, p = 0.365 
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Characteristic Low Sleep 
Disturbance 

and High 
Morning 

Energy (0) 
20.6% (n = 275) 

Moderate Sleep 
Disturbance and 

Low Morning 
Energy (1) 

52.1% (n = 696) 

Very High Sleep 
Disturbance and 

Very Low 
Morning Energy 

(2) 
27.3% (n = 365) 

Statistics 

Ulcer or stomach 
disease 1.5 (4) 5.9 (41) 5.5 (20) Χ2 = 8.79, p = 0.012 

0 < 1 and 2 
Kidney disease 0.7 (2) 1.1 (8) 2.5 (9) Χ2 = 4.15, p = 0.125 
Liver disease 7.6 (21) 7.0 (49) 4.4 (16) Χ2 = 3.63, p = 0.163 
Anemia or blood 
disease 9.1 (25) 11.2 (78) 16.7 (61) Χ2 = 10.00, p = 0.007 

0 and 1 < 2 

Depression 4.7 (13) 18.2 (127) 32.1 (117) Χ2 = 76.30, p < 0.001 
0 < 1 < 2 

Osteoarthritis 9.1 (25) 11.2 (78) 15.9 (58) Χ2 = 7.82, p = 0.020 
0 < 2 

Back pain 15.3 (42) 24.3 (169) 36.4 (133) Χ2 = 38.39, p < 0.001 
0 < 1 < 2 

Rheumatoid 
arthritis 

3.3 (9) 2.7 (19) 3.8 (14) Χ2 = 0.98, p = 0.613 

Cancer diagnosis 
 Breast 
cancer 
 Gastrointesti
nal cancer 
 Gynecologic
al cancer 
 Lung cancer 

 
35.3 (97) 

40.7 (112) 
13.1 (36) 
10.9 (30) 

 
41.1 (286) 
27.9 (194) 
18.4 (128) 
12.6 (88) 

 
42.7 (156) 
27.7 (101) 
18.9 (69) 
10.7 (39) 

Χ2 = 19.13, p =0.004 
NS 

0 > 1 and 2 
NS 
NS 

Prior cancer 
treatment 
    No prior 
treatment 
    Only surgery, 
CTX, or RT 
    Surgery+CTX, 
or        
    Surgery+RT, 
or CTX+RT 
    
Surgery+CTX+R
T 

 
 

30.0 (80) 
37.1 (99) 
19.5 (52) 

 
13.5 (36) 

 
 

25.2 (170) 
42.4 (286) 
20.3 (137) 

 
12.1 (82) 

 
 

20.9 (75) 
45.1 (162) 
19.2 (69) 

 
14.8 (53) 

Χ2 = 8.87, p = 0.181 
0 > 2 
NS 
NS 

 
NS 

Metastatic sites 
 No 
metastasis 
 Only lymph 
node mets 
 Only 
metastatic   
        disease in 
other sites 
 Metastatic 
disease in    
        lymph nodes 
and     
        other sites 

 
 

26.5 (72) 
20.6 (56) 
23.9 (65) 

 
29.0 (79) 

 
 

32.7 (225) 
23.1 (159) 
20.8 (143) 

 
23.5 (162) 

 
 

36.3 (130) 
20.9 (75) 
19.8 (71) 

 
22.9 (82) 

Χ2 = 9.71, p = 0.138 
0 < 2 
NS 
NS 
NS 
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Characteristic Low Sleep 
Disturbance 

and High 
Morning 

Energy (0) 
20.6% (n = 275) 

Moderate Sleep 
Disturbance and 

Low Morning 
Energy (1) 

52.1% (n = 696) 

Very High Sleep 
Disturbance and 

Very Low 
Morning Energy 

(2) 
27.3% (n = 365) 

Statistics 

CTX regimen 
 Only CTX 
 Only 
targeted therapy 
 Both CTX 
and targeted  
        therapy 

 
61.8 (168) 
5.9 (16) 
32.4 (88) 

 
71.8 (488) 
1.9 (13) 

26.3 (179) 

 
73.1 (261) 
2.8 (10) 
24.1 (86) 

Χ2 = 17.89, p = 0.001 
0 < 1 and 2 

0 > 1 
NS 

Cycle length 
 14-day cycle 
 21-day cycle 
 28-day cycle 

 
46.5 (128) 
45.8 (126) 
7.6 (21) 

 
39.9 (275) 
52.6 (363) 
7.5 (52) 

 
42.9 (154) 
50.7 (182) 
6.4 (23) 

KW = 3.10, p = 0.213 

Emetogenicity of 
the CTX regimen 
 Minimal/low 
 Moderate 
 High 

 
20.7 (57) 

61.1 (168) 
18.2 (50) 

 
18.3 (126) 
61.7 (426) 
20.0 (138) 

 
20.8 (75) 
59.7 (215) 
19.4 (70) 

KW = 1.17, p = 0.557 

Antiemetic 
regimen 
 None 
 Steroid 
alone or  
        serotonin 
receptor 
        antagonist 
alone 
 Serotonin 
receptor  
        antagonist 
and steroid 
 NK-1 
receptor  
       antagonist 
and two  
       other 
antiemetics 

 
 
 
 
 
 
 

9.7 (26) 
17.6 (47) 

52.8 (141) 
19.9 (53) 

 
 
 
 
 
 
 

6.1 (41) 
21.3 (144) 
47.0 (318) 
25.6 (173) 

 
 
 
 
 
 
 

7.1 (25) 
21.1 (74) 
45.0 (158) 
26.8 (94) 

Χ2 = 10.42, p = 0.108 

 
aTotal number of metastatic sites evaluated was 9. 
 
Abbreviations: CTX = chemotherapy, kg = kilograms, KPS- Karnofsky Performance Status, KW = 
Kruskal Wallis, m2 = meters squared, pw = pairwise, n/a = not applicable, NK-1 = neurokinin-1, NS = not 
significant, RT = radiation therapy, SCQ- Self-Administered Comorbidity Questionnaire, SD = 
standard deviation 
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Table 3 – Differences in Subscale and Total Scores on the General Sleep Disturbance Scale Among the 
Sleep Disturbance and Morning Energy Classes at Enrollment 
 

Sleep Disturbance 
Subscalesa Low Sleep 

Disturbance 
and High 
Morning 

Energy (0) 
20.6% (n = 

275) 

Moderate 
Sleep 

Disturbance 
and Low 
Morning 

Energy (1) 
52.1% (n = 

696) 

Very High 
Sleep 

Disturbance 
and Very Low 

Morning 
Energy (2) 
27.3% (n = 

365) 

Statistics 

Mean (SD) Mean (SD) Mean (SD) 
Quality of sleep 
(>3.0) 1.7 (1.4) 3.2 (1.5) 4.7 (1.4) F = 384.42, p < 0.001 

0 < 1 < 2 
Quantity of sleep 
(>3.0) 3.8 (1.3) 4.5 (1.5) 5.5 (1.6) F = 103.39, p < 0.001 

0 < 1 < 2 
Sleep onset latency 
(>3.0) 1.2 (1.5) 2.4 (2.0) 4.4 (2.2) F = 230.96, p < 0.001 

0 < 1 < 2 
Mid-sleep 
awakenings (>3.0) 3.7 (2.4) 4.8 (2.2) 6.1 (1.4) F = 102.45, p < 0.001 

0 < 1 < 2 
Early awakenings 
(>3.0) 1.9 (2.0) 3.4 (2.3) 5.2 (2.0) F = 181.77, p < 0.001 

0 < 1 < 2 
Medications for 
sleep (>3.0) 0.3 (0.5) 0.6 (0.7) 1.0 (1.0) F = 88. 21, p < 0.001 

0 < 1 < 2 
Excessive daytime 
sleepiness (>3.0) 1.3 (1.0) 2.6 (1.2) 3.8 (1.2) F = 342.37, p < 0.001 

0 < 1 < 2 
 
Abbreviations: GSDS = General Sleep Disturbance Scale, SD = standard deviation 
 

aClinically meaningful cutoff scores 
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Table 4 – Differences in Co-Occurring Symptom Severity Scores Among the Sleep Disturbance and 
Morning Energy Latent Classes at Enrollment 
 

Symptomsa Low Sleep 
Disturbance 

and High 
Morning 

Energy (0) 
20.6% (n = 

275) 

Moderate 
Sleep 

Disturbance 
and Low 
Morning 

Energy (1) 
52.1% (n = 

696) 

Very High 
Sleep 

Disturbance 
and Very Low 

Morning 
Energy (2) 
27.3% (n = 

365) 

Statistics 

Mean (SD) Mean (SD) Mean (SD) 
Depressive 
symptoms (>16.0) 6.1 (5.2) 12.0 (8.0) 32.1 (117) F = 194.12, p < 0.001 

0 < 1 < 2 

Trait anxiety (>31.8) 28.2 (6.8) 34.5 (9.0) 41.6 (11.6) F = 157.02, p < 0.001 
0 < 1 < 2 

State anxiety (>32.2) 26.7 (8.0) 33.1 (11.1) 40.8 (13.8) F = 119.68, p < 0.001 
0 < 1 < 2 

Morning fatigue 
(>3.2) 1.3 (1.3) 3.0 (2.0) 4.7 (2.1) F = 243.24, p < 0.001 

0 < 1 < 2 
Evening fatigue 
(>5.6) 4.1 (2.1) 5.3 (2.1) 6.3 (1.8) F = 91.52, p < 0.001 

0 < 1 < 2 
Evening energy 
(<3.5) 4.2 (2.1) 3.5 (2.0) 3.2 (2.1) F = 18.05, p < 0.001 

0 > 1 and 2 
Attentional function 
(<5.0 = Low, 5 to 7.5 
= Moderate, >7.5 = 
High) 

7.8 (1.5) 6.4 (1.6) 5.4 (1.8) 

F = 161.66, p < 0.001 
0 > 1 > 2 

Type of pain % (n) 
 No pain 
 Only non-cancer 
pain 
 Only cancer pain 
 Both cancer and 
non-cancer pain 

 
42.2 (114) 
20.4 (55) 
21.5 (58) 
15.9 (43) 

 
27.4 (186) 
25.3 (104) 
29.3 (199) 
28.1 (191) 

 
16.3 (59) 
13.6 (49) 
24.7 (89) 
45.4 (164) 

Χ2 = 94.26, p < 0.001 
0 > 1 > 2 

NS 
0 < 1 

0 < 1 < 2 

Worst pain intensity 
score (0 to 10) 
 0 to 3 = mild 
 4 to 6 = 
moderate 
 >7 = severe 

5.0 (2.6) 5.8 (2.4) 6.9 (2.4) 

 
F = 27.33, p < 0.001 

0 < 1 <2 

Pain interference 
score (0 to 10) 1.7 (1.9) 2.8 (2.3) 4.2 (2.6) F = 56.69, p < 0.001 

0 < 1 <2 
 
Abbreviation: SD = standard deviation 
 

aClinically meaningful cutoff scores 
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Table 5 – Differences in Quality of Life Outcomes Among the Sleep Disturbance and Morning Energy 
Latent Classes at Enrollment 
 

Domains 

Low Sleep 
Disturbance 

and High 
Morning 

Energy (0) 
20.6% (n = 

275) 

Moderate 
Sleep 

Disturbance 
and Low 
Morning 

Energy (1) 
52.1% (n = 

696) 

Very High 
Sleep 

Disturbance 
and Very Low 

Morning 
Energy (2) 
27.3% (n = 

365) 

Statistics 

Mean (SD) Mean (SD) Mean (SD) 
Multidimensional Quality of Life Scale Cancer – Patient Version 

Physical well-being  8.2 (1.) 6.6 (1.5) 5.4 (1.7) F = 282.17, p < 0.001 
0 > 1 > 2 

Psychological well-
being 6.8 (1.5) 5.5 (1.7) 4.5 (1.7) F = 151.22, p < 0.001 

0 > 1 > 2 

Social well-being 7.0 (1.7) 5.7 (1.9) 4.7 (2.0) F = 112.61, p < 0.001 
0 > 1 > 2 

Spiritual well-being 5.8 (2.2) 5.4 (2.0) 5.3 (2.1) F = 6.64, p = 0.001 
0 > 1 and 2 

Total quality of life 
score 7.0 (1.1) 5.7 (1.3) 4.8 (1.3) F = 221.02, p < 0.001 

0 > 1 > 2 
Medical Outcomes Study – Short Form-12 

Physical functioning 72.0 (31.4) 51.4 (33.0) 39.6 (32.6) F = 74.51, p < 0.001 
0 > 1 > 2 

Role physical 73.1 (25.0) 51.6 (27.8) 37.9 (26.3) F = 132.04, p < 0.001 
0 > 1 > 2 

Bodily pain 90.5 (16.8) 76.7 (27.2) 62.1 (31.5) F = 86.73, p < 0.001 
0 > 1 > 2 

General health 73.2 (22.8) 64.2 (26.6) 51.6 (30.6) F = 50.77, p < 0.001 
0 > 1 > 2 

Vitality 67.2 (20.7) 44.3 (24.6) 30.7 (24.5) F = 180.47, p < 0.001 
0 > 1 > 2 

Social functioning 85.1 (23.2) 67.5 (28.7) 52.1 (31.5) F = 102.78, p < 0.001 
0 > 1 > 2 

Role emotional 89.6 (17.4) 77.1 (25.7) 62.2 (30.5) F = 88.59, P < 0.001 
0 > 1 > 2 

Mental health 83.2 (14.9) 73.4 (19.0) 60.2 (22.3) F = 114.81, p < 0.001 
0 > 1 > 2 

Physical component 
summary score 47.6 (8.6) 40.9 (10.2) 37.0 (10.3) F = 83.03, p < 0.001 

0 > 1 > 2 
Mental component 
summary score 55.2 (7.3) 49.7 (9.5) 42.9 (11.1) F = 122.50, p < 0.001 

0 > 1 > 2 
 
Abbreviation: SD = standard deviation 
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Table 6 – Characteristics Associated with Membership in the Other Two Sleep Disturbance and Morning 
Energy Latent Classes Compared to the Low Sleep Disturbance and High Morning Energy Class 
 

Characteristica Moderate 
Sleep 

Disturbance 
+ Low 

Morning 
Energy 

Very High 
Sleep 

Disturbance 
+ Very Low 

Morning 
Energy 

Demographic Characteristics 
More likely to be younger  ■ 
More likely to be female ■ ■ 
More likely to be White ■  
Less likely to be Asian or Pacific Islander  ■ 
Less likely to be married or partnered  ■ 
More likely to live alone  ■ 
Less likely to be currently employed ■ ■ 
More likely to have a lower annual household income  ■ 
Less likely to exercise on a regular basis  ■ 

Clinical Characteristics 
Higher body mass index  ■ 
Lower functional status (Karnofsky Performance Status score) ■ ■ 
Higher number of comorbid conditions ■ ■ 
Higher comorbidity burden (Self-administered Comorbidity 
Questionnaire) 

■ ■ 

Lower number of metastatic sites including lymph node involvement   ■ 
Lower number of metastatic sites excluding lymph node involvement   ■ 
Higher MAX2 score ■ ■ 
More likely to have a current or past history of smoking ■  
More likely to self-report ulcer or stomach disease ■ ■ 
More likely to self-report anemia or blood disease  ■ 
More likely to self-report depression ■ ■ 
More likely to self-report osteoarthritis  ■ 
More likely to self-report back pain ■ ■ 
Less likely to have gastrointestinal cancer ■ ■ 
Less likely to have received no prior cancer treatment  ■ 
More likely to have metastatic disease  ■ 
More likely to have received only chemotherapy ■ ■ 
Less likely to have received only targeted therapy ■  

Sleep Disturbance Characteristics 
Higher sleep quality scores (i.e., worse sleep quality) ■ ■ 
Higher quantity of sleep scores (i.e., fewer hours of sleep) ■ ■ 
Higher sleep onset latency scores ■ ■ 
Higher mid-sleep awakening scores ■ ■ 
Higher early awakening scores ■ ■ 
Higher use of medications for sleep scores ■ ■ 
Higher excessive daytime sleepiness scores ■ ■ 
Higher total sleep disturbance scores ■ ■ 

Symptom Characteristics 
Higher depression ■ ■ 
Higher trait anxiety ■ ■ 
Higher state anxiety ■ ■ 
Higher morning fatigue ■ ■ 
Higher evening fatigue ■ ■ 
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Characteristica Moderate 
Sleep 

Disturbance 
+ Low 

Morning 
Energy 

Very High 
Sleep 

Disturbance 
+ Very Low 

Morning 
Energy 

Symptom Characteristics   
Lower morning energy ■ ■ 
Lower evening energy ■ ■ 
Lower cognitive function ■ ■ 
More likely to report pain ■ ■ 
More likely to report cancer pain ■  
More likely to report both cancer and non-cancer pain ■ ■ 
Higher worst pain intensity ■ ■ 
Higher pain interference ■ ■ 

Quality of Life Outcomes 
Multidimensional Quality of Life Scale Cancer – Patient Version 

Lower physical well-being ■ ■ 
Lower psychological well-being ■ ■ 
Lower social well-being ■ ■ 
Lower spiritual well-being ■ ■ 
Lower overall quality of life ■ ■ 

Medical Outcomes Study – Short Form 12 
Lower physical functioning ■ ■ 
Lower role functioning ■ ■ 
Higher bodily pain ■ ■ 
Lower general health ■ ■ 
Lower vitality ■ ■ 
Lower social functioning ■ ■ 
Lower role emotional ■ ■ 
Lower mental health ■ ■ 
Lower physical component summary score ■ ■ 
Lower mental component summary score ■ ■ 

 
aComparisons done with the Low Sleep Disturbance and High Morning Energy Class 
 
■ – Indicates the presence of the risk factor compared to the Low Sleep Disturbance and High Morning 
Energy Class 
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