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Abstract

Background: Morning and evening fatigue are distinct and distressing symptoms experienced 

during chemotherapy that demonstrate a large amount of inter-individual variability.

Objectives: The objectives of this study were to identify subgroups of patients with distinct 

morning and evening fatigue co-occurrence profiles and evaluate for differences among these 

subgroups in demographic, clinical, and symptom characteristics, and quality of life.

Methods: Oncology patients (n = 1,334) completed the Lee Fatigue Scale to self-report morning 

and evening fatigue, six times over two cycles of chemotherapy. Latent profile analysis was used 

to identify subgroups of patients with distinct morning and evening physical fatigue profiles.

Results: Four distinct morning and evening fatigue profiles were identified: (i.e., Both Low, Low 

Morning + Moderate Evening, Both Moderate, and Both High). Compared to Both Low profile, 

Both High profile was significantly younger, less likely to be married or partnered, more likely to 

live alone, had a higher comorbidity burden, and lower functional status. Both High profile had 

higher levels of anxiety, depressive symptoms, sleep disturbance, and pain and lower levels of 

quality of life.

Discussion: The variability in the morning and evening severity scores among the four profiles 

supports the hypothesis that morning and evening fatigue are distinct but related symptoms. 

Clinically meaningful levels of both morning and evening fatigue were reported by 50.4% of 

our sample, which suggests that the co-occurrence of these two symptoms is relatively common. 
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Patients in Both Moderate and Both High profiles experienced an extremely high symptom burden 

that warrants ongoing assessments and aggressive symptom management interventions.
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Fatigue is a common symptom that limits oncology patients’ daily activities (Berger et 

al., 2018). The severity of fatigue exhibits a large amount of inter-individual variability 

associated with a variety of demographic, clinical, psychological, behavioral, and biological 

characteristics (Bower, 2019; Saligan et al., 2015). Person-centered analytic approaches 

(e.g., latent profile analysis [LPA]) allow for the characterization of patients with more 

severe fatigue to identify and target modifiable risk factors with individualized interventions. 

LPA is a person-centered analysis approach that uncovers patients’ distinct “latent” 

(unobservable) characteristics to classify them into subgroups based on their experiences 

of fatigue.

In two previous studies, LPA was used to characterize groups of breast cancer patients 

undergoing chemotherapy with distinct average fatigue severity profiles (Huang et al., 

2021; Whisenant et al., 2017). In one study (Whisenant et al., 2017), three fatigue classes 

were identified. The characteristics associated with membership in the highest fatigue class 

were receipt of doxorubicin and more time spent lying down. In another study (Huang et 

al., 2021), compared to the All Low fatigue class, the All High fatigue class had lower 

household income, more sedentary behavior, poorer sleep, and lower quality of life (QOL). 

These studies were homogenous in terms of cancer diagnosis and did not evaluate for 

diurnal variations in fatigue severity.

In two previous studies, separate LPAs to identify four distinct profiles for both morning 

(AM) fatigue (i.e., Very Low, Low, High, and Very High; Wright et al., 2019, 2020) and 

evening (PM) fatigue (i.e., Low, Moderate, High, Very High; Wright et al., 2017, 2020). 

Common characteristics shared by patients in the separate AM Very High and PM Very 

High fatigue profiles were: younger age, female gender, lower level of physical function, 

lower level of cognitive function, and having higher levels of depression, sleep disturbance, 

anxiety, and pain (Wright et al., 2017, 2019). The distinct characteristics associated with 

membership in the Very High AM fatigue profile included: not being married or partnered, 

being unemployed, having a higher BMI, not exercising regularly, and having a higher 

number of comorbid conditions (Wright et al., 2019). In contrast, membership in the Very 

High PM fatigue profile was associated with having higher educational attainment, having 

childcare responsibilities, and having a breast cancer diagnosis (Wright et al., 2017).

These prior studies suggest that AM and PM fatigue are distinct dimensions of physical 

fatigue (Kober et al., 2016; Wright et al., 2017, 2019, 2020). Characterizing patients who 

experience higher levels of both AM and PM fatigue may identify modifiable risk factors to 

develop personalized interventions to decrease both dimensions of fatigue. Therefore, as a 

logical extension of the separate LPA analysis of AM and PM fatigue (Kober et al., 2016; 

Wright et al., 2017, 2019, 2020), the purpose of this study was to identify subgroups of 

patients with distinct AM and PM fatigue co-occurrence profiles and evaluate for differences 
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among these subgroups in demographic, clinical, and symptom characteristics, as well as 

QOL outcomes.

Methods

Sample and Settings

Details about the parent study are published elsewhere (Miaskowski et al., 2014). In 

brief, eligible patients were ≥ 18 years of age; had a diagnosis of 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 gave written informed consent. Patients were 

recruited from two comprehensive cancer centers, one Veteran’s Affairs hospital, and four 

community-based oncology programs. A total of 2,234 patients were approached during 

their first or second cycle of chemotherapy, and 1,343 consented to participate (60.1% 

accrual rate). The primary reason for declining to participate was being overwhelmed with 

their cancer treatment.

Study Procedures

The study was approved by the institutional review board at each of the study sites. After 

informed consent was obtained, patients completed questionnaires a total of six times 

over two chemotherapy cycles (i.e., prior to chemotherapy administration, approximately 

1 week after chemotherapy administration, and approximately 2 weeks after chemotherapy 

administration). A total of 1,334 patients who completed both the AM and PM fatigue 

measures were included in this analysis.

Measures

Demographic and Clinical Measures—Patients completed a demographic 

questionnaire, Karnofsky Performance Status (KPS) scale, Self-Administered Comorbidity 

Questionnaire (SCQ; Sangha et al., 2003), Alcohol Use Disorders Identification Test 

(AUDIT), and a smoking history questionnaire. The toxicity of each patient’s chemotherapy 

regimen was rated using the MAX2 score (Extermann et al., 2004). Medical records were 

reviewed for disease and treatment information.

Fatigue Measures—The 18-item Lee Fatigue Scale (LFS) was designed to assess 

physical fatigue and energy (Lee et al., 1991). Each item was rated on a 0 to 10 numeric 

rating scale (NRS). Total fatigue and energy scores are calculated as the mean of the 13 

fatigue items and the five energy items, respectively. Higher scores indicate greater fatigue 

severity and higher levels of energy. Using separate LFS questionaries, patients were asked 

to rate each item based on how they felt within 30 min of awakening (i.e., AM fatigue, AM 

energy) and before going to bed (i.e., PM fatigue, PM energy). The LFS has established 

cutoff scores for clinically meaningful levels of fatigue (i.e., ≥3.2 for AM, ≥ 5.6 for PM) and 

energy (i.e., ≤ 6.2 for AM energy, ≤ 3.5 for PM energy; Fletcher et al., 2008). In this study, 

the Cronbach’s alphas were .96 and .93 for AM and PM fatigue, respectively, and .95 and 

.93 for AM and PM energy, respectively.
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Other Symptom Measures—In addition to diurnal variations in fatigue and energy, six 

common symptoms (i.e., trait anxiety, state anxiety, depression, attentional function, sleep 

disturbance, pain) were assessed at enrollment using valid and reliable measures.

Spielberger State–Trait Anxiety Inventories (STAI–T and STAI–S) each have 20 items rated 

from 1 to 4. The summed scores for each scale can range from 20 to 80. The STAI–T 

measures a person’s predisposition to anxiety as part of one’s personality. The STAI–S 

measures how anxious a person is “right now” in a specific situation. Cutoff scores of ≥ 

31.8 and ≥ 32.2 indicate high levels of trait and state anxiety, respectively (Spielberger et al., 

1983). Cronbach’s alphas for the STAI–T and STAI–S were .92 and .96, respectively.

The 20-item Center for Epidemiological Studies–Depression scale (CES–D) was used to 

evaluate the major symptoms of depression. A total score can range from 0 to 60, with 

scores of ≥ 16 indicating the need for individuals to seek clinical evaluation for major 

depression (Radloff, 1977). Cronbach’s alpha for the CES–D total score was .89.

The 16-item Attentional Function Index (AFI) was used to evaluate various dimensions of 

attentional function (i.e., effective action, attentional lapses, interpersonal effectiveness). A 

higher total mean score on a 0 to 10 NRS indicates greater capacity to direct attention 

(Cimprich et al., 2011). Total scores are grouped into categories of attentional function (i.e., 

< 5 low function, 5.0 to 7.5 moderate function, > 7.5 high function; Cimprich et al., 2011). 

Cronbach’s alpha for the AFI total score was .93.

The 21-item General Sleep Disturbance Scale (GSDS) was designed to assess the quality of 

sleep. Each item was rated on a 0 (never) to 7 (every day) NRS. The GSDS total score is 

the sum of the seven subscale scores ranging from 0 (no disturbance) to 147 (extreme sleep 
disturbance; Lee, 1992). A GSDS total score of ≥ 43 indicates a significant level of sleep 

disturbance (Fletcher et al., 2008). Cronbach’s alpha for the GSDS total score was .83.

The occurrence of pain was evaluated using the Brief Pain Inventory (BPI; Daut et al., 

1983). Patients who responded yes to the question about having pain were asked to indicate 

if their pain was or was not related to their cancer treatment. Patients were categorized 

into one of four groups (i.e., no pain, only noncancer pain, only cancer pain, both cancer 

and noncancer pain). Patients rated the intensity of their worst pain using a 0 (none) to 10 

(excruciating) NRS. Mean pain interference scores were calculated using the interference 

items on the BPI.

Assessment of QOL—QOL was evaluated using generic (i.e., Medical Outcomes Study–

Short Form–12 (SF–12) and disease-specific (i.e., Quality of Life Scale–Patient Version 

(QOL–PV; Padilla et al., 1983) measures. The SF–12 consists of 12 questions about physical 

and mental health and overall health status. This instrument is scored into two components 

that evaluate physical (i.e., physical component summary [PCS] score) and mental (i.e., 

mental component summary [MCS] score) functioning. These scores can range from 0 to 

100, with higher scores indicating a better QOL. The 41-item QOL–PV measures four 

dimensions of QOL (i.e., physical well-being, psychological well-being, social well-being, 
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and spiritual well-being) and overall QOL. Each item is rated on a 0 to 10 NRS, with higher 

scores indicating a better QOL. Cronbach’s alpha for the QOL–PV total score was 0.92.

Data Analysis

LPA was used to identify subgroups of patients (i.e., latent classes) with distinct AM 

and PM fatigue profiles using Mplus version 8.4. LPA was done with the combined set 

of variables over time (i.e., using the AM and PM LFS scores obtained during the six 

assessments in a single LPA). This approach describes these two symptoms with two co-

occurrence profiles over time.

To incorporate expected correlations among the repeated measures of the same variable 

and cross-correlations of the series of the two variables (i.e., AM and PM LFS 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; autoregressive covariances were estimated with a 

lag of two with the same measures and 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 introduced by two chemotherapy cycles within each set of 

three measurement occasions and to reduce model complexity (Jung & Wickrama, 2008). 

Model fit was evaluated to identify the solution that best characterized the observed latent 

class structure with the Bayesian Information Criterion (BIC), Vuong–Lo–Mendell–Rubin 

likelihood ratio test (VLRM), entropy, and latent class percentages that were large enough 

to be reliable. Missing data were accommodated using the Expectation–Maximization 

algorithm, standard in Mplus.

After the latent classes were identified in Mplus, differences among the classes in 

demographic, clinical, and symptom characteristics, as well as QOL outcomes, data were 

evaluated with IBM SPSS (Version 28). Differences among the AM and PM fatigue classes 

in demographic, clinical, and symptom characteristics and QOL outcomes at enrollment 

were evaluated using parametric and nonparametric tests. A p-value of < .05 was considered 

statistically significant. Post hoc contrasts were done using a Bonferroni corrected p-value of 

0.008 (i.e., 0.05/6 possible pairwise contrasts).

Results

Results of the LPA

The 4-class solution was selected because the BIC for that solution was lower than the 

BIC for the 3-class solution (Supplemental Table 1). In addition, the VLMR was significant 

for the 4-class solution, indicating that four classes fit the data better than three classes. 

Although the BIC was smaller for the 5-class than the 4-class solution, the VLMR was not 

significant for the 5-class solution, indicating that too many classes were extracted.

The four AM and PM fatigue classes were named using the clinically meaningful cutoff 

scores for the LFS (Fletcher et al., 2008): Low AM + Low PM (i.e., Both Low, 23.5%), Low 

AM + Moderate PM (26.1%), Moderate AM + Moderate PM (i.e., Both Moderate, 38.8%), 

and High AM + High PM (i.e., Both High, 11.6%). As shown in Figure 1, the trajectories for 
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AM + PM fatigue differed among the latent classes. For the Both Low and Both Moderate 

classes, the scores exhibited an increase at the second and fifth assessments (i.e., the week 

following the administration of chemotherapy). For the Low AM + Moderate PM class, 

while the AM fatigue scores exhibited an increase at the second and fifth assessments, the 

PM fatigue scores remained relatively stable over the six assessments. For the Both High 

class, both scores remained relatively stable over the six assessments.

Differences in Demographic and Clinical Characteristics

Compared to the Both Low and Low AM + Moderate PM classes, the other two classes 

were significantly younger, were less likely to be married or partnered, had a higher level of 

comorbidity, and were more likely to be diagnosed with depression. Compared to the Both 

Low class, the Both Moderate and Both High classes had higher MAX 2 scores and were 

more likely to have undergone previous cancer treatments. Compared to the Both Low class, 

the other three classes were less likely to have gastrointestinal cancer. Compared to the Low 

AM + Moderate PM class, the Both Moderate and Both High classes had a higher number of 

comorbidities and were more likely to be of Hispanic or mixed ethnic background (Table 1).

Differences in Symptom Measures

Compared to the Both Low and Low AM + Moderate PM classes, the other two classes 

had higher trait anxiety, state anxiety, depressive symptoms, worst pain intensity, and pain 

interference scores; lower AM energy scores; and were more likely to report the occurrence 

of both cancer and noncancer pain. Compared to the Both Low class, the other three classes 

reported higher PM fatigue scores and lower PM energy levels. While attentional function 

decreased across the four classes (i.e., 0 > 1 > 2 > 3), both sleep disturbance and AM fatigue 

scores increased (i.e., 0 < 1< 2 < 3; Table 2).

Differences in QOL Outcomes

For the SF–12, compared to the Both Low and the Low AM + Moderate PM classes, 

patients in the other two classes had significantly lower PCS and MCS scores. In addition, 

patients in the Both Moderate class had lower scores than patients in the Both High class 

(Table 3).

For the QOL–PV, physical well-being, psychological well-being, social well-being, and total 

QOL scores decreased across the four classes (0 > 1 > 2 > 3). For the spiritual well-being 

subscale, compared to the Both Low and Both Moderate classes, patients in the Both High 

class reported lower scores (Table 3).

Discussion

This study builds on previous separate LPA analyses of AM (Wright et al., 2019, 2020) 

and PM (Wright et al., 2017, 2020) fatigue to provide new insights into how these two 

symptoms co-occur in patients over two cycles of chemotherapy. In addition, modifiable 

and non-modifiable characteristics that place patients at increased risk for higher levels of 

co-occurring AM and PM fatigue were identified. Given the paucity of research on the 

co-occurrence of AM and PM fatigue, this discussion focuses on comparing the findings 
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from this analysis with the prior separate LPAs of AM (Wright et al., 2019, 2020) and PM 

(Wright et al., 2017, 2020) fatigue (see Table 4) and the extant literature that evaluated 

average fatigue severity. These comparisons aim to describe common and distinct risk 

factors associated with higher risk profiles and the impact of co-occurring AM and PM 

fatigue on QOL outcomes.

Consistent with the prior analyses of AM and PM fatigue as single symptoms (Wright 

et al., 2017, 2019), four distinct co-occurring classes were identified. Across the four 

profiles identified in the joint analysis, the different levels and trajectories for the AM 

and PM fatigue severity scores support the hypothesis that AM and PM fatigue are 

distinct but related symptoms. Notably, 50.4% of this sample reported moderate to high 

levels of both AM and PM fatigue. This finding is consistent with a previous study that 

established clinically meaningful cut points for fatigue severity and found that 45% of 

patients undergoing active treatment reported moderate to severe levels of average fatigue 

(Wang et al., 2014).

Demographic and Clinical Characteristics

Across the previous (Wright et al., 2017, 2019) and current analyses, younger age and being 

female were the two demographic characteristics most often associated with membership 

in the higher AM and PM fatigue profiles. Previous work suggests that the association 

between younger age and higher fatigue severity (Bischel et al., 2016; Fisch et al., 2014) 

may be related to a “response shift” in older oncology patients’ perceptions of symptom 

severity (Schwartz et al., 2006). However, additional research is warranted because older 

healthy adults report higher fatigue levels (Kocalevent et al., 2011). In addition, age-related 

changes in inflammatory processes, circadian rhythms, and stress responses may impact 

fatigue severity (Hardeland, 2019).

Given the high percentages of women with breast and gynecologic cancers enrolled in 

this study, it is difficult to draw definitive conclusions regarding gender as a risk factor 

for membership in the higher fatigue profiles. In studies that evaluated gender differences 

in average fatigue severity in patients with gastrointestinal cancers, the results were 

inconsistent (Baussard et al., 2022; Thong et al., 2018). In contrast, women reported 

higher levels of average fatigue in studies of gender differences in fatigue severity in 

healthy individuals (Kocalevent et al., 2011) and patients with inflammatory bowel disease 

(Keightley et al., 2018) and multiple sclerosis (Hu et al., 2019).

Not being married or partnered were risk factors associated with membership in the Both 

High and Very High AM fatigue profiles. Though, having childcare responsibilities was 

associated with membership in the Very High PM fatigue profile but not in the other two 

high profiles. Having a spouse or partner available to assist with routine activities and 

enhanced social support (e.g., housekeeping) may help mitigate these high fatigue levels.

Some differences in race/ethnicity, employment status, and income were noted across the 

current and prior analyses, which suggests that health disparities may influence fatigue 

severity (Alcaraz et al., 2020). The measures of social determinants of health in this 

study were limited to self-reported race and ethnicity, employment status, annual household 

Wright et al. Page 7

Nurs Res. Author manuscript; available in PMC 2024 April 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



income, and level of education. Additional research is needed to understand the impact of 

other social determinants of health (e.g., neighborhood, food insecurity) on fatigue severity.

The only two clinical characteristics associated with the higher fatigue severity profiles were 

being less likely to have a diagnosis of gastrointestinal cancer and having a lower functional 

status. In terms of cancer types, only one study found that patients with gastrointestinal 

cancers experienced less severe fatigue when compared to patients with breast and lung 

cancers (Batra et al., 2021). The reasons for these differences in fatigue severity across 

cancer types warrant additional investigation.

Functional status was assessed by asking patients to report their KPS score. Across the 

separate LPAs of AM (Wright et al., 2019) and PM (Wright et al., 2017) fatigue and 

the current study, the KPS scores among the patients with the lower (i.e., 85.6, 86.3, 

85.7, respectively) compared to the highest (i.e., 71.0, 70.7, 76.4, respectively) fatigue 

profiles were very similar. However, the differences in KPS scores between the lower and 

higher fatigue profiles represent clinically meaningful decrements in functional status. These 

findings are consistent with previous studies that found that lower functional status was 

associated with higher levels of average fatigue in oncology patients (Thong et al., 2018), 

as well as in patients with heart failure (Conley et al., 2015) and other chronic conditions 

(Torossian & Jacelon, 2021). Maintenance of functional status is a high priority for both 

patients and clinicians. Ongoing functional status assessments and referrals to physical 

therapy are warranted to improve function and decrease fatigue severity.

Higher comorbidity burden and self-reported diagnosis of depression were associated with 

membership in the higher fatigue severity profiles. The SCQ score is a composite measure of 

comorbidity burden. It should be noted that the most common comorbid conditions reported 

by this sample (i.e., depression [Sunwoo et al., 2022] and back pain [(Carlesso et al., 

2021]) have demonstrated independent associations with fatigue in the general population. 

While additional research is needed to evaluate the synergistic effects of multimorbidity on 

oncology patients’ levels of fatigue, the optimal management of these comorbidities may 

decrease the severity of this symptom.

Several demographic and clinical characteristics in Table 4 were associated with one or 

two fatigue profiles. These modifiable characteristics (e.g., higher BMI and lack of regular 

exercise) warrant confirmation in future studies.

Symptom Characteristics

Membership in the higher fatigue profiles was associated with significantly higher levels 

of anxiety, depression, sleep disturbance, and pain, lower levels of attentional function, and 

decrements in energy. These symptoms are known to co-occur with fatigue as a symptom 

cluster (George et al., 2020). Mounting evidence suggests that various neuroimmune 

interactions contribute to a higher symptom burden in oncology patients (Bower, 2019; 

Scheff & Saloman, 2021). Changes in inflammatory activity in the periphery and the central 

nervous system may contribute to fatigue and other symptoms. Additional research is needed 

to elucidate distinct and common underlying mechanisms for these co-occurring symptoms.
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Previous studies that evaluated the occurrence of fatigue with these common symptoms 

have not evaluated the temporality (i.e., precedes, occurs simultaneously, or follows) of 

these associations (Whisenant et al., 2017, 2019). Therefore, whether one symptom drives 

the other symptoms’ occurrence and severity is unclear. An increased understanding of 

the temporal relationships between/among multiple co-occurring symptoms is critical to 

developing interventions targeting the sentinel symptom.

QOL Outcomes

The extremely high symptom burden associated with the co-occurrence of AM and PM 

fatigue is evident in the statistically and clinically meaningful decrements in the PCS and 

MCS scores, as well as all but one of the subscales of the disease-specific QOL measure 

(Cohen’s d = 0.2 to 0.5). For the Both Moderate and Both High classes, the PCS and MCS 

scores were below the cutoff of 50.0—the normative score for the general population.

Limitations

Several limitations warrant consideration. Because the characteristics associated with each 

profile were evaluated only at enrollment, how these associations change over time warrants 

evaluation in future studies. The inclusion of a more diverse sample would allow for a more 

detailed evaluation of the impact of social determinants of health on fatigue severity profiles. 

An evaluation of neuroimmune biomarkers would increase our knowledge of the potential 

mechanisms that underlie the relationships between fatigue and other common co-occurring 

symptoms. In addition, assessing patients’ chronotypes may enable us to identify additional 

risk factors for diurnal variations in the various fatigue severity profiles. Despite these 

limitations, this study contributes to the growing body of evidence on diurnal variations in 

and inter-individual variability in fatigue severity.

Conclusion

Future research needs to evaluate the relative contributions of stress and coping on these 

fatigue severity profiles since they may influence fatigue severity during chemotherapy, 

decreasing QOL. Given the impact of co-occurring AM and PM fatigue on QOL, the 

development of mechanistically based interventions need to be prioritized and evaluated in 

randomized clinical trials.
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Figure 1. 
Changes in AM fatigue (AM-F, left y-axis) scores and PM fatigue (PM-F, right y-axis) 

scores over two cycles of chemotherapy for subgroups of oncology patients with Low AM 

+ Low PM Fatigue (panel A), Low AM + Moderate PM Fatigue (panel B), Moderate AM + 

Moderate PM Fatigue (panel C), and High AM + High PM Fatigue (panel D).
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