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Abstract

Objective: Nearly 80% of cancer patients struggle with insomnia, which is associated with 

decreased heart rate variability (HRV) and quality of life (QOL).. The aim of this secondary 

analysis was to evaluate the possible effects of Brief Behavioral Therapy for Cancer-Related 

Insomnia (BBT-CI), delivered during chemotherapy visits, on QOL and HRV in patients with 

breast cancer (BC).

Methods: QOL and HRV data were obtained during a pilot clinical trial assessing the feasibility 

and effects of BBT-CI on insomnia. A total of 71 BC patients (mean age=52.5 years) were 

assigned randomly to either BBT-CI or a healthy eating control intervention (HEAL). BBT-CI and 

HEAL were delivered over six weeks (two face-to-face sessions plus four phone calls) by trained 

staff at four NCI-funded Community Oncology Research Program clinics. QOL was measured 

with the Functional Assessment of Cancer Therapy (FACT-G) and HRV with the Firstbeat device 

at baseline and after intervention.

Results: There were significant improvements in QOL after intervention for BBT-CI (FACT-G, 

p=.009; FACT-B, p=.016; ANCOVA) and five-minute supine HRV measures (SDNN, p=.005; 

rMSSD, p=.004; HF, p=.009; ANCOVA) compared with HEAL.

Conclusions: Patients randomized to BBT-CI showed improvements in QOL and HRV, 

providing support for BBT-CI’s possible benefit when delivered in the community oncology 
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setting by trained staff. A more definitive efficacy trial of BBT-CI is currently being planned with 

sufficient statistical power to evaluate the intervention’s clinical utility.
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Background

Approximately 80% of cancer patients undergoing chemotherapy or radiation experience 

insomnia at some point during the course of their treatments (Palesh et al., 2010). Insomnia 

has been associated with a number of side effects including higher levels of fatigue, 

depression, pain, and reduced overall quality of life (QOL) (Palesh et al., 2013; Palesh et al 

2012). Insomnia often results in or causes dysregulation of other major systems (Levenson, 

Kay, & Buysse, 2015), potentially explaining the numerous side effects that accompany it. 

For example, autonomic nervous system dysregulation is commonly seen in patients with 

insomnia. Specifically, many patients with insomnia have a decreased arousal threshold 

(hyperarousal), which can be understood as a predominance of sympathetic rather than 

parasympathetic activity, making sleep initiation and continuation more difficult. Although 

the mechanisms behind falling and staying asleep are complex (Miglis, 2016; Somers, 

Dyken, Mark, & Abboud, 1993), autonomic dysfunction is common in cancer patients 

(Lakoski, Jones, Krone, Stein, & Scott, 2015). Thus, an imbalance between sympathetic and 

parasympathetic activation may be related to the development and maintenance of insomnia 

in breast cancer (Palesh et al., 2008).

Optimal autonomic nervous system (ANS) functioning has been linked to improved overall 

health and resilience. ANS dysregulation, on the other hand, has been associated with worse 

psychological (e.g., emotional, Williams et al., 2015) and physical health, often resulting in 

reduced overall QOL (Thayer & Sternberg, 2006 Van Gestel et al., 2011). Furthermore, ANS 

dysregulation has been implicated in the development of malignancies, in part due to the role 

of the ANS in immune functioning (Mravec et al., 2006; Rosas-Ballina & Tracey, 2009; 

Tracey, 2002), and is associated with earlier mortality in some cancer patients (De Couck, 

Mravec, & Gidron, 2012; Giese-Davis et al., 2015; Kim et al., 2010; Scheiber et al., 2018). 

Despite the close associations between insomnia, ANS dysregulation, and reduced QOL, 

few studies have examined their relationships in patients undergoing treatment.

ANS functioning and, more specifically, vagal activity can be measured through analysis of 

heart rate variability (HRV) (Task Force of the European Society of Cardiology and the 

North American Society of Pacing and Electrophysiology, 1996), and has been associated 

with various health outcomes (Ernst, 2017). Higher HRV is associated with better glucose 

regulation, better hypothalamic–pituitary–adrenal (HPA) axis function, decreased 

inflammation, decreased risk of stroke, reduced risk of cardiovascular disease (CVD), and 

decreased all-cause mortality (Liao, Carnethon, Evans, Cascio, & Heiss, 2002; Thayer & 

Fischer, 2009; Thayer & Lane, 2007; Thayer & Sternberg, 2006). Chemotherapy (Poreba et 

al., 2014) can decrease HRV and cause significant decreases in heart rate variance and 
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turbulence, which is in turn associated with multiple cardiovascular diseases and poorer 

outcomes as well as decreased survival (Giese-Davis, et al., 2015).

Historically, HRV was calculated using 24-hour recordings on a Holter electrocardiography 

device, and this instrument remains to be the gold standard for HRV measurement (Akintola, 

van de Pol, Bimmel, Maan, & van Heemst, 2016). However, depending on the parameters of 

interest (i.e., SDNN, rMSSD, HF, LF, LF/HF), five-minute recordings provide sufficient data 

(Ernst, 2017) and other devices display sufficient accuracy for capturing acute HRV within a 

five-minute window (Parak & Korhonen, 2014). Consecutive heart beats are commonly 

characterized by R wave to R wave (RR) or normal beat to normal beat (NN) intervals, and 

the standard deviation of all RR intervals (SDNN) is the most frequently used parameter; 

SDNN exhibits the cyclic components responsible for HRV (Laborde, Mosley, & Thayer, 

2017). R-R intervals refer to the time in milliseconds between sequential R waves of the 

ECG. The R wave is a reflection of the heart’s ventricular contraction. The square root of the 

mean of successive NN intervals (rMSSD) and high frequency (HF) parameters reflect vagal 

activity, whereas low frequency (LF) parameters reflect a mix of sympathetic and vagal 

activity (Laborde, et al., 2017). The ratio of LF spectral power to HF spectral power reflects 

sympathovagal balance (Laborde, et al., 2017). SDNN requires 6–120 seconds of recording, 

while rMSSD, HF, and LF require five minutes (Ernst, 2017; Task Force of the European 

Society of Cardiology and the North American Society of Pacing and Electrophysiology, 

1996).

Existing randomized clinical trials (RCTs) utilizing behavioral interventions for insomnia 

(e.g., cognitive behavioral or mindfulness-based therapies) were primarily conducted in 

cancer survivors with chronic insomnia (Epstein & Dirksen, 2007; Espie et al., 2008; 

Fiorentino et al., 2010; Garland et al., 2014; Savard, Simard, Ivers, & Morin, 2005). One 

behavioral study conducted in cancer patients did not observe long-term positive effects on 

insomnia (Berger, et al., 2009). Diagnosis of cancer and associated treatments are catalysts 

for the development or worsening of insomnia symptoms and other side effects (Costa et al., 

2014; Fleming, Gillespie, & Espie, 2010; Palesh et al., 2012; Savard, Hervouet, & Ivers, 

2013). Treating insomnia with pharmacological agents during cancer therapies (e.g., 

chemotherapy) is complicated due to possible interaction effects. Moreover, given patients’ 

limited time and resources, existing psychotherapy approaches can be impractical. 

Intervening early, without adding unnecessary burden to the patient, can help prevent the 

development of chronic or more severe insomnia symptoms and may improve physiological 

and psychological wellbeing. We created a behavioral intervention for insomnia specifically 

tailored to cancer patients undergoing active treatment, Brief Behavioral Therapy for 

Cancer-Related Insomnia (BBT-CI) which we pilot-tested in the National Cancer Institute 

(NCI) Community Oncology Research Program (NCORP). The primary outcomes of the 

pilot RCT study showed that BBT-CI was feasible and acceptable and could be delivered in 

the community oncology setting by the clinic’s staff (e.g., nurses). Our study provided 

proof-of-concept regarding BBT-CI’s possible effects on insomnia symptoms compared to 

the time- and attention-matched control condition (Palesh et al. 2018). We now report on its 

effects on ANS functioning, as measured by HRV, and overall QOL in this secondary 

outcome study. We hypothesized that the successful reduction of insomnia may also have a 

positive impact on HRV and overall QOL.
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Methods

BBT-CI Intervention and Study Sample

Palesh et al. (2018) provide a summary of results from the pilot randomized trial of the BBT-

CI intervention as well as a more detailed description of the study methods. Here we provide 

a brief overview of the sample, recruitment procedures, randomization and intervention. This 

article describes the results of a secondary analysis of that study.

The RCT of the feasibility and possible effects of BBT-CI intervention was conducted 

between February 2014 and December 2015 out of the University of Rochester Cancer 

Center (URCC) NCORP Research Base in NCORP Rochester, New York in the United 

States. Participants were recruited at four participating NCORP affiliates; no participants 

were recruited at the URCC itself.

Patients were included if they were 1) at least 21-years-old; 2) female with newly diagnosed 

breast cancer (stages I-IIIA); 3) receiving chemotherapy with at least six weeks of 

chemotherapy treatments remaining; 4) reporting sleep problems as indicated by a minimum 

score of eight on the insomnia severity index (ISI); and 5) able to speak and understand 

English. Patients were excluded if they 1) regularly took sleep medications other than 

melatonin (vs. as needed; patients who took prescription sleep aids or any other sleep aids 

occasionally were not excluded from the study); 2) had a diagnosis of Stage IV breast 

cancer; 3) suffered from sleep apnea or restless leg syndrome; 4) had a diagnosis of a severe 

mental illness; 5) could not abstain from taking anxiolytics at least four hours before each 

intervention session; 6) had an existing heart condition requiring an implant; or, 7) had 

irregular sleep-wake cycles due to shift-work or other work schedules. Each site’s 

institutional review board [Metro Minnesota, MN; Wichita, KS; Hematology Oncology 

Associates, NY; and Southeast Cancer Control Consortium (SCCC, comprising VA, NC, SC, 

and GA)] approved this study. All procedures performed involving human participants were 

in accordance with the ethical standards of the University of Rochester Office for Human 

Subject Protection and the Declaration of Helsinki (World Medical Association, 1964) and 

its later amendments or comparable ethical standards. Informed consent was obtained from 

all individuals before randomization.

Recruitment

Clinical research assistants screened and enrolled participants. Of the 92 eligible patients, 21 

refused to participate due to a lack of interest, feeling too overwhelmed, or their physician 

advising against participation. The remaining 71 patients participated in the study, yielding a 

recruitment rate of 77%. Figure 1 provides the CONSORT diagram of the flow of 

participants through the study.

Randomization and Intervention

The 71 consenting participants were randomly assigned to either the BBT-CI treatment arm 

or the Healthy Eating Education Learning (HEAL) control group. Participants were stratified 

by NCORP site and ISI severity score to ensure equal distribution of severity of sleep 

problems in both arms (ISI score of 8–15 = “moderate” and 16–28 = “severe”). A random 
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allocation sequence was computer-generated using the Mersenne Twister algorithm by the 

URCC NCORP Research Base which provided the research team with randomization 

assignment. At the time of intervention assignment, only the participant, intervener, and 

biostatistician knew of the allocation to BBT-CI or HEAL. All other assessors gathering 

clinical data remained blinded. Regardless of arm assignment, both treatment arms involved 

two face-to-face sessions and four phone calls with an assigned intervener. The face-to-face 

sessions were conducted during the participants’ infusion appointment in the infusion center 

of the oncology clinics.

The BBT-CI treatment arm included 31 breast cancer patients with sleep difficulties. The 

BBT-CI intervention closely resembled cognitive behavioral therapy for insomnia (CBT-I) 

principles modified to fit the needs of breast cancer patients undergoing chemotherapy. 

Specifically, BBT-CI was tailored in several ways. First, it was delivered during infusion 

while patients underwent chemotherapy, thus minimizing patient travel time and burden. 

Second, as it may not be safe to restrict sleep in cancer patients, it did not employ sleep 

restriction but instead was focused on stimulus control. Third, BBT-CI also provided 

education about how cancer and cancer treatments can contribute to the development of 

insomnia and circadian dysfunction, and addressed how side effects from treatments such as 

hot flashes can adversely impact sleep.

The control intervention, HEAL, had no behavioral sleep intervention elements but followed 

the same format as the BBT-CI intervention: two face-to-face sessions and four 15-minute 

phone calls. The HEAL intervention was also matched on time and attention to the BBT-CI 

arm. HEAL’s content was provided by the National Cancer Institute and included nutritional 

education and suggestions for symptom management related to commonly experienced 

chemotherapy side effects, including nausea, diarrhea, hydration, constipation, and anorexia 

(Berger, et al., 2009; Berger, Kuhn, Farr, Lynch et al., 2009).

Interveners and Training

Participating staff members from the four treatment centers were trained in both BBT-CI and 

HEAL interventions. In total, 16 interveners were trained by the principal investigator and 

designated research staff by phone, for an average of 12 sessions. Interveners were provided 

training manuals, videos, and other resources. After completion of the training, the PI 

certified interveners based on practice session. Supervisors reviewed recordings of the face-

to-face sessions with patients and ensured interveners and participants completed a BBT-CI 

protocol adherence checklist. The checklists and auditory recordings confirmed that 

interveners adhered to the intervention protocol and delivered 81% of the intervention 

components successfully (Palesh et al., 2018).

Measures

Heart Rate Variability.—HRV was measured using the Firstbeat® device, an ambulatory 

heart rate monitor that measures two time domains and three frequency domains of HRV. 

The Firstbeat® device’s RR intervals are as accurate as standard clinical ECG-derived RR 

intervals during rest and various physical activities (Parak & Korhonen, 2014). This device 

has been successfully used in a number of research studies and has been shown to be a 
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reliable and valid detector of HRV (Parak & Korhonen, 2014; Sztajzel, 2004). Time domains 

included 1) SDNN and 2) rMSSD. Frequency domains included 1) HF, 2) LF, and 3) LF/HF. 

Recordings were gathered under consistent conditions to minimize variability caused by 

potential confounding variables such as movement and pace of breathing (i.e., patients were 

breathing naturally while maintaining a constant posture – relaxed and sitting). The data 

were analyzed using Kubios software, version 2.2. HRV data were screened for outlier or 

artifact RR intervals. Data that were determined clearly to be artifacts at the beginning or 

end of the recording session were trimmed from the dataset (Kubios HRV, 2.2, University of 

Kuopio, Kuopio, Finland). Outliers and minor artifacts were smoothed using threshold 

levels, from low to strong, depending on their severity (Kubios HRV, 2.2, University of 

Kuopio, Kuopio, Finland). Interpolation was used to fill in for artifacts prior to analyses. We 

recorded 20 minutes of data on the Firstbeat® devices, well over the five minutes needed to 

calculate the desired HRV indices reliably. Twenty staff members from the four participating 

sites were trained on using the Firstbeat® device.

Quality of Life.—Multidimensional QOL was assessed with the Functional Assessment of 

Cancer Therapy-Breast Cancer (FACT-B, Version 4). FACT-B is a 37-item self-report 

measure developed specifically to assess QOL across multiple dimensions in cancer patients. 

It consists of the FACT-General (FACT-G) (Cella et al., 1993) and a breast cancer specific 

subscale (Brady et al., 1997). The FACT-B is a well-validated scale that takes about 15 

minutes to complete (Cella & Nowinski, 2002). In addition to a QOL total score index, the 

FACT-B yields five wellbeing subscale scores (physical, social/family, emotional, functional, 

and additional breast carcinoma concerns) (Brady, et al., 1997).

Statistical Analysis

Power analysis.—The study sample size was powered based on the feasibility outcomes 

based on the BBT-CI pilot clinical trial. To assess the feasibility and reliability of the BBT-

CI intervention at 80% power, at least 30 participants per treatment arm were needed, based 

on a one-sided test with a 5% alpha significance level. With an anticipated 15% attrition rate, 

the aim was to recruit 70 participants in total, 35 for the BBT-CI arm and 35 for the HEAL 

control arm.

Analytical strategy.—Analysis of Covariance (ANCOVA) was used to assess the group 

differences of mean post-pre change for each of the outcomes with the baseline as the 

covariate adjusting for stratification factors (NCORP site and baseline insomnia level). 

Stratification factors were retained in the models if they were statistically significant at the 

0.05 level. A term for Baseline*Arm Interaction was included to accommodate possible 

dependency of efficacy on baseline. This interaction was retained only when it was 

significant at the 0.05 level. If the interaction was found to be significant, the authors 

estimated the arm differences in mean change at different baseline levels.

Missing Data.—The Jamshidian and Jalal’s Test (2010) was used to test the missing 

completely at random assumption based on the sleep and distress outcomes, which were 

representative of the missing value patterns for HRV and QOL (Palesh, et al., 2018). The test 

was not significant at the 0.05 level. Hence, it was concluded that analyses of data from 
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participants who completed post-intervention assessments did not involve bias due to 

missing data.

Results

All participants were female breast cancer patients with a mean (±SD) age of 52.5±9.8 years 

(range 29–73 years), mostly white, non-Hispanic/Latino, and married or living with a long-

term partner; approximately half used occasional sleep aids (Table 1). Thirty-four 

participants were randomized to the BBT-CI treatment arm, and 37 participants to HEAL. At 

baseline, there were no significant differences in terms of demographics or clinical 

characteristics between the two treatment arms. A larger number of HEAL arm participants 

discontinued the study during the intervention.

The majority of participants in the BBT-CI arm (25 of 34) completed at least five of the six 

BBT-CI sessions, reflecting a 73.5% adherence rate. Lastly, intervention checklist and 

recordings confirmed that interveners delivered 80.7% of intervention components 

successfully (Palesh, et al., 2018). Any deviations to the protocol, tracked via study logs, 

included changes in the date of the intervention due to patient travel/unavailability, illness, or 

cancellation of chemotherapy.

Table 2 summarizes the mean and standard deviation (SD) change scores and ANCOVA 

results for all HRV indexes for both BBT-CI and HEAL. Mean scores indicate that HRV 

indexes remained stable for the BBT-CI arm, but decreased for HEAL. At post-intervention, 

there were significant group differences on several HRV indexes. Specifically, results 

revealed BBT-HEAL = 5.562, p = .0047 for SDNN; BBT-HEAL = 5.177, p = .0042 for 

rMSSD; and, BBT-HEAL = 1.200, p = .0094 for HF. No differences were found between the 

two study arms for LF/HF or for average heart rate after the intervention. Eight of the BBT-

CI participants did not show SDNN improvements as compared to only one of the HEAL 

group.

Changes in FACT-B and HRV indexes were moderately correlated with one another: 

(SDNN: r = .44, p < .05; rMSSD: r = .57, p < .01; and HF: r = .55, p < .01), suggesting an 

important relationship between HRV and QOL. Table 3 summarizes the means and SDs of 

the FACT-B (QOL) total score index and subscale scores. Means suggest that participants in 

the BBT-CI arm had higher QOL than those in HEAL at post-intervention.

Table 4 summarizes the ANCOVA results. FACT-B scores improved among participants in 

the BBT-CI arm while those in HEAL worsened (BBT-HEAL = 6.896, p = .016) after 

intervention. The functional wellbeing subscale also improved among BBT-CI participants 

after the -intervention (BBT-HEAL=3.198, p =.004). There were no significant differences 

for social/family wellbeing, emotional wellbeing, physical wellbeing, or additional breast 

carcinoma concern subscales after intervention.

Table 5 summarizes the measures of HRV mean and standard deviation before and after the 

intervention. Results indicate that SDNN, LF/HF, and heart rate declined over time in both 

groups, while rMSSD increased over time in both groups. HF power (ln) increased in the 

BBT-CI group while decreasing in the HEAL group.
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Discussion

The results of this study showed that, over the course of chemotherapy, several measures of 

HRV remained stable in breast cancer patients who received the BBT-CI but declined among 

patients in the HEAL control condition. In addition, patients randomized to BBT-CI showed 

significant improvement in overall QOL and functional well-being compared to patients who 

were randomized to HEAL. The primary outcome of this study showed that BBT-CI was 

feasible and acceptable to both cancer patients and clinic staff. The secondary outcomes 

reported here suggest that the reduction in insomnia symptoms may be associated with better 

HRV indexes and improved QOL, but need to be replicated in a study with a larger number 

of participants.

Previous RCTs have demonstrated that pharmacological (Jansson et al., 1999), exercise 

(Sandercock, Bromley, & Brodie, 2005; Selig et al., 2004), and biofeedback (Nolan et al., 

2005) interventions can improve HRV in patients with cardiovascular diseases. In contrast, 

few studies of factors that affect HRV have been conducted in cancer patients. Of note is a 

single three-arm controlled, quasi-experimental study of an exercise intervention that 

showed positive preliminary effects on HRV and QOL in cancer patients during and after 

treatments (Niederer et al., 2013). The exercise intervention was intensive, and required 

participants to engage in a 16-week exercise plan, meeting for 1 hr each week and exercising 

at home three to five times each week. The intensity of the exercise intervention might have 

made it difficult for most cancer patients to participate (Niederer, et al., 2013), potentially 

reducing generalizability of findings. Similarly, an RCT utilizing an aerobic exercise 

intervention as part of a 28-day inpatient rehabilitation program for lung cancer patients 

following treatment found positive effects on HRV and QOL (Riesenberg & Lubbe, 2010).

Overall, the time and effort associated with the existing exercise-based HRV interventions 

seem beneficial for cancer patients who are able to participate in such programs. Results of 

the present study suggest several strengths of the BBT-CI intervention that may reach a 

larger range of patients: 1) it is deliverable by trained nurses and clinical research assistants 

in a community setting; 2) it can be effective without adding unnecessary burden to patients 

typically experienced during CBT-I (e.g., frequency of sessions, travel to a psychologist’s 

office, lengthy sessions, components irrelevant or harmful to cancer patients); and 3) it can 

prevent decreases in HRV and it can enhance QOL in cancer patients undergoing 

chemotherapy.

A number of RCTs have shown positive effects on QOL following yoga in cancer patients 

and survivors (Chandwani et al., 2010; Moadel et al., 2007; Mustian et al., 2010; Mustian et 

al., 2009; Vadiraja et al., 2009). Previous literature has reported an association between HRV 

and mental and physical wellbeing, both of which are important markers of overall QOL 

(Thayer, Ahs, Fredrikson, Sollers, & Wager, 2012). To our knowledge, the present study is 

the first to report the possibly beneficial effects of a behavioral intervention on a 

physiological outcome variable (HRV) and a clinical status variable (QOL) in breast cancer 

patients actively undergoing chemotherapy. Consistent with past research, the current study 

also found significant correlations between HRV indexes and overall QOL. Results of this 

study suggest that improving behavioral symptoms can also have a positive effect on 

Palesh et al. Page 8

Health Psychol. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



physiological outcomes. In fact, HRV may provide an objective measure of patients’ clinical 

status (e.g., overall QOL) which is not based on self-report.

Behavioral interventions similar to BBT-CI, such as CBT have been shown to be beneficial 

to cancer survivors for relieving depression, anxiety, and pain, as well as improving physical 

functioning and QOL (Osborn, Demoncada, & Feuerstein, 2006). In addition, a cancer 

diagnosis—a life-threatening illness—can result in post-traumatic stress disorder (PTSD) 

and hypervigilance to threat; CBT has been shown to be a moderately effective treatment for 

cancer-related PTSD (Foa, 2000, Kangas, Henry, & Bryant, 2002). However, less is known 

about cancer-specific PTSD disorder and treatment. Thus, results of the BBT-CI intervention 

seem consistent with other reports that describe CBT as effective in treating many different 

emotional disorders, requiring relatively little effort and resources, with few, if any, side 

effects. It would be very advantageous for CBT and other validated behavioral interventions 

to be available to all cancer patients so that they can prevent and treat a variety of persistent 

cancer- and treatment-related symptoms.

This study has many strengths, including randomization, separation of intervention and data 

collection, a strong control condition, a standardized treatment protocol and training 

program, and the application of both a self-report and objective measure of physical and 

psychological wellbeing. Its robust research methodology allows for replication of the 

results. In addition, this study included four different community oncology network clinics 

across the US, enhancing the generalizability of findings. However, results of the study 

should not be interpreted without taking limitations into consideration. First, the primary 

goal of this RCT was to test the feasibility and acceptability of BBT-CI on insomnia in 

breast cancer patients undergoing chemotherapy. Measuring the effects of HRV and QOL 

was a secondary aim. Second, the present study was based on a small sample size RCT 

focused on feasibility; a study with a larger number of participants is needed to confirm 

these findings. Third, a differential dropout rate exists between the two randomization arms, 

not uncommon in studies of this kind. Based on intervener and participant feedback, dropout 

rate differences may be improved by better tailoring nutritional guidelines for sleep and/or 

enhancing intervener comfort levels with control arm materials. Additionally, significant 

improvements in QOL total scores (FACT-B/FACT-G) may be driven by improvements 

found on the functional wellbeing subscale. Future research should investigate the specific 

aspects of functional wellbeing that improve when symptoms of insomnia are reduced. 

Another limitation of our study is the relatively short HRV recording. Future research 

studies should replicate findings using longer recording times. While the measure used 

(Firstbeat ®) is acceptable when participants are in a resting state, future researchers must be 

cautious when using this device for participants that are not static. Finally, future research 

should include males and individuals with other types of cancers to address the 

generalizability of these results.

In sum, the findings herein provide proof-of-concept regarding possible effects of an 

innovative behavioral intervention for insomnia that can be delivered by trained nurses and 

research staff in community oncology clinics. If confirmed, the BBT-CI intervention might 

reduce insomnia symptoms. It may also affect HRV positively, and improve overall QOL in 

breast cancer patients actively undergoing chemotherapy. A definitive efficacy trial is 
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currently being planned in a multicenter setting that would allow us to draw conclusions 

about BBT-CI’s clinical utility.
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Figure 1. 
Recruitment CONSORT Diagram: Feasibility and Acceptability of Brief Behavioral 

Therapy for Cancer-Related Insomnia (BBT-CI)
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Table 1

Demographics Table

Variable Total (n=71) BBT-CI (n=34) HEAL (n=37)

Age, y, Mean (SD) 52.5 (9.8) 50.9 (7.9) 53.8 (11.2)

 Range 29–73 33–67 29–73

Race, N (%)

  White 68 (96%) 33 (97%) 35 (96%)

  Black 2 (3%) 1 (3%) 1 (2%)

  Asian 1 (1%) 0 (0%) 1 (2%)

Marital Status, N (%)

  Married/Long-Term Partner 48 (68%) 28 (83%) 20 (56%)

  Divorced 11 (15%) 3 (9%) 8 (22%)

  Single 4 (6%) 2 (7%) 2 (5%)

  Widowed 1 (1%) 0 (0%) 1 (1%)

  No answer 7 (10%) 1 (1%) 6 (16%)

Usage of Sleep Aids, N (%)

  Yes 30 (43%) 18 (53%) 12 (32%)

  No 29 (41%) 14 (41%) 15 (41%)

  No Answer 12 (16%) 2 (6%) 10 (27%)

Sleep Severity, Mean (SD)

  Prior To Cancer Diagnosis 3.5 (2.2) 3.6 (2.1) 3.4 (2.2)

  Since Cancer Diagnosis 6.9 (1.5) 7.0 (1.6) 6.7 (1.4)

  Last Seven Days 6.7 (1.7) 6.8 (1.6) 6.6 (1.8)

Entry ISI, N (%)

  Moderate 36 (51%) 16 (47%) 20 (55%)

  Severe 35 (49%) 18 (53%) 17 (45%)

Stages of Disease, N (%)

  Stage I 14 (20%) 7 (21%) 7 (18%)

  Stage II 39 (54%) 20 (58%) 19 (52%)

  Stage III 16 (23%) 7 (21%) 9 (25%)

  Unknown 2 (3%) 0 (0%) 2 (5%)
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Table 3

FACT-B Means (SDs) for BBT-CI and HEAL Arms at Pre- and Post-Intervention (n=71)

Variable

Pre Post

Mean SD Mean SD

Summary Scores

FACT-B

BBT-CI 98.4 15.37 101.96 15.66

HEAL 94.6 16.34 93.99 14.91

FACT-G Total

BBT-CI 74.9 12.09 78.21 12.72

HEAL 74.0 11.57 72.74 11.51

Trial Outcome Index

BBT-CI 56.35 10.68 59.59 11.05

HEAL 53.89 14.56 54.55 12.22

Subscale Scores

Physical Well-being

BBT-CI 17.53 4.50 18.50 5.30

HEAL 17.04 6.41 18.00 5.99

Emotional Well-being

BBT-CI 18.53 3.65 19.46 3.77

HEAL 16.93 3.68 17.60 3.71

Social/Family Well-being

BBT-CI 23.50 3.84 22.91 3.93

HEAL 23.77 2.68 21.84 4.31

Functional Well-being

BBT-CI 15.32 4.36 17.34 4.64

HEAL 16.26 4.50 15.30 4.19

Additional Concerns

BBT-CI 23.50 5.09 23.75 4.81

HEAL 20.59 6.07 21.25 5.37

Note: FACT-B = FACT-G Total + Additional Concerns. FACT G Total = Physical Well-being + Emotional Well-being + Social/Family Well-being 
+ Functioning Well-being. Trial Outcome Index = Physical Well-being + Functional Well-being + Additional Concerns
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