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Abstract

Sleep disturbance and decreased daytime activity are well-described among people with chronic 

heart failure (HF) who suffer from disabling daytime symptoms and poor function. Alterations in 

the circadian rhythmicity of rest-activity may also be associated with these outcomes. However, 

little is known about the associations between rest-activity rhythms (RARS), symptoms and 

functional performance or the extent to which they are explained by sleep characteristics among 

people with HF. The purpose of this study is to evaluate parametric and non-parametric circadian 

characteristics of RARs and the associations between these variables, daytime symptoms, and 

functional performance among patients with stable heart failure (HF). We recruited adults with 

stable HF from HF disease management programs. Participants wore wrist actigraphs for 3 d, 

completed one night of unattended polysomnography and the Six Minute Walk Test, and reported 

daytime symptoms and physical function. We performed cosinor, non-parametric, and spectral 

analyses to evaluate the rest-activity rhythms and computed bivariate correlations between the rest-

activity rhythm, demographics, daytime symptoms, and functional performance. We conducted 

multiple regression analysis to examine how RARs contribute to daytime symptoms and functional 

performance after controlling for insomnia and covariates. The sample included 135 participants 

[Mean age = 60.6 (16.1) y, n = 88 (65.2%) male]. Older age, greater comorbidity, and poorer New 

York Heart Association (NYHA) Class, and more EEG arousals were associated with greater 

intra-daily variability of the RAR. More robust rhythmicity represented by the circadian quotient 

was associated with better NYHA class and less sleep fragmentation. A higher circadian quotient 

was significantly associated with lower fatigue, depression, and sleepiness and better functional 

performance after controlling for insomnia and clinical and demographic characteristics. Circadian 

parameters of rest-activity are associated with symptoms and functional performance among 

people with HF independent of insomnia or sleep disordered breathing. Interventions targeted at 

improving the stability and strength of rest-activity rhythms may improve symptom and functional 

outcomes for these patients.
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Introduction

People with chronic heart failure (HF), a group of over 26 million people worldwide 

(Savarese and Lund 2017), experience high symptom burden, functional disability, poor 

quality of life, morbidity and mortality, and excessive health costs. Despite advances in drug 

and device therapy, people with HF continue to experience symptoms, low levels of daytime 

activity, and poor functional performance, and there is a critical need to understand factors 

contributing to these outcomes, ways to monitor them, and interventions to improve them. 

Chronic sleep disturbance, insomnia, and sleep-disordered breathing are common among HF 

patients (Redeker and Stein 2006; Redeker et al. 2010a), and contribute to poor quality of 

life, functional performance, and daytime symptoms (Redeker et al. 2010b; Jeon and 

Redeker 2016; Brostrom et al. 2004). Although sleep characteristics are closely linked with 

both circadian rhythmicity and homeostatic processes, little is known about daily RARs or 

their associations with sleep, symptoms, or daytime function among HF patients.

RARs reflect both endogenous circadian rhythms (e.g., melatonin rhythm), and exogenous 

circadian entrainment (e.g., 24 h light-darkness cycle). Desynchronized RARs, as 

demonstrated by the MESOR (24 h times series mean) and amplitude (magnitude of 24 h 

variation explained by rhythm), are associated with fatigue, depressive symptom, frailty, and 

impairment in physical and cognitive performance (Berger et al. 1999, 2012; Liu et al. 2013; 

Costanzo et al. 2016; Manousakis et al. 2018; Carvalho-Bos et al. 2007; Maekawa & Kume 

2019), while robust RARs are associated with better health outcomes and longer survival 

time in cancer patients (Mormont et al. 2000, 2002a, 2002b; Innominato et al. 2009; Levi F 

et al. 2014; Tranah et al. 2011; Sultan et al. 2017; Cash et al. 2018).

Non-parametric measures of RARs add valuable insight beyond the contributions of 

circadian rhythmicity because they do not make assumptions about the robustness of the 

rhythms, which may be less pronounced in older adults. Decrements in nonparametric 

characteristics of RARs (i.e., increased intra-daily variability and decreased inter-daily 

stability) measured by wrist actigraph recordings, but not sleep measures, predicted death 

among older adults in the Rotterdam study (Zuurbier et al. 2015). More regular RARs, with 

higher inter-daily stability and lower intra-daily variability, were observed in older 

individuals and females (Mitchell et al. 2017).

Although numerous studies have addressed the contributions of RARs in a variety of 

populations, as noted above, little is known about RARs among people with HF, a group at 

high risk for poor sleep, fragmented and low levels of activity, high levels of symptom 

burden, and poor functional performance. Notably, a group of 20 HF patients had 

significantly less robust RARs manifested by lower MESOR and amplitude than those of a 

healthy control group (Liebzeit et al. 2017). However, the associations between these 

characteristics and symptoms and functional performance were not evaluated. The purposes 

of this study, a secondary analysis of data from our larger study (Redeker et al. 2010a, 
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2010b), were to evaluate parametric and non-parametric circadian characteristics of RARs 

and the associations between these variables and clinical and demographic patient 

characteristics, sleep characteristics, daytime symptoms, and functional performance among 

patients with stable HF.

Methods

Design.

The study employed a cross-sectional design. We obtained human subjects’ approval, and all 

participants provided written informed consent. We previously reported details regarding the 

setting, participant recruitment, variables, and measures (Redeker et al. 2010a, 2010b, 2012). 

Details are summarized below as pertinent to this report.

Participants.

We recruited 173 stable HF patients from HF disease management programs in the 

Northeastern United States between 2003 and 2007. Included participants were ≥18 ys of 

age and had stable chronic New York Heart Association Functional Classification (NYHA) I 

- IV HF with either reduced or preserved ejection fraction, based on echocardiographic 

measurements of left ventricular ejection fraction (LVEF) (Redeker et al. 2010a, 2010b). 

The current report includes 135 participants who had 3 d of actigraph data, 

polysomnography (PSG), and symptom, and functional performance measures available for 

analysis.

Procedures.

Participants completed sleep and symptom questionnaires and wrist actigraphy. They 

completed one night of unattended polysomnography (PSG) and a Six Minute Walk Test 

(6MWT) in the clinical setting.

We evaluated insomnia (difficulty initiating or maintaining sleep, or waking too early in the 

morning, DIMS) with 3 items from the Sleep Habits Questionnaire developed for the Sleep 

Heart Health Study (Baldwin et al. 2001). The three items were rated on a 5-point Likert 

scale which represents as “never” to “almost always.” Based on the previous study (Baldwin 

et al. 2001), the presence of insomnia symptoms was identified when patients responded 

often or almost always on one or more of the three items. We dichotomized for individuals 

who rated with a score of ≥3 on at least one item as experiencing insomnia.

We collected 4 d of wrist actigraphy on each participant with the Actiwatch-64 actigraph 

(Minimitter Inc., Bend OR) in one-minute epochs. Participants were instructed to wear the 

actigraph continuously for 4 d with 1 night overlapping with the night of polysomnographic 

recording, depress the event marker at “lights out” and “lights on” times, and remove it only 

for bathing. Only the 3 nights that did not occur on the night of the PSG recording were used 

for the current study. Full details of the actigraph sleep scoring were previously reported 

(Jeon et al. 2019). Data was collected in 1 min epochs, and we computed total sleep time 

(TST), sleep efficiency (SE), sleep-onset latency (SOL), and the fragmentation index with 

the Actiware Sleep V5 program (Respironics Mini Mitter, Inc., Bend, OR) with the medium 
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sensitivity setting. The sleep parameters for each night were averaged for the analysis. A 

review by the American Academy of Sleep Medicine (AASM) Task Force concluded that 

actigraph recordings are valid for identifying circadian disorders, sleep disturbance, and 

predicting melatonin and body temperature rhythms (Sack et al. 2007), and circadian and 

other temporal rhythms are discernable in the time series data available through actigraphy.

We obtained one night of unattended PSG in participants’ homes. A sleep technologist 

visited each patient in his/her home, applied the sensors and equipment, and returned in the 

morning to retrieve it. Standard methods were used to score the sleep data, including score 

and rescore reliability. Variables used in this study include TST, SOL, percent of rapid 

eyeball movement (REM) sleep over TST, electroencephalogram (EEG) arousals, and sleep-

disordered breathing (respiratory disturbance index – RDI, oxygen desaturation). Full details 

of the PSG analyses have been reported (Redeker et al. 2010a).

Daytime symptoms.

Fatigue, depressive symptoms, and sleepiness were evaluated with the Multi-Dimensional 

Assessment of Fatigue Scale (MAF) (Belza 1990), the Center for Epidemiology Studies 

Depression (CES-D) (Radloff 1977, 1986, 1991), and the Epworth Sleepiness Scale (ESS) 

respectively (Johns 1991, 1992). We calculated “sensory fatigue” by averaging responses on 

items for degree, severity, and distress in the MAF (Belza 1990). The psychometric 

properties of these scales in our study were previously reported (Redeker et al. 2010b).

Functional performance was evaluated with an objective (Six Minute Walk Test) (Lipkin et 

al. 1986) and a self-report measure (physical function scale of the Medical Outcomes Study 

Short Form-36) (Ware 1992, 1993, 1994). Physical functioning showed excellent validity to 

measure physical health with a correlation of 0.85 and a reliability with Cronbach’s alpha 

>0.80 (Ware 1994).

We used the Charlson Comorbidity Index (Charlson et al. 1987, 1994) to measure 

comorbidity and the NYHA Classification (New York Heart Association 1964) as a measure 

of the severity of HF. Data for these indices were obtained from medical records.

Rest-activity rhythms.

We exported the time series activity data from the wrist actigraphy. To maintain a consistent 

start time for evaluation of rhythms, activity data before midnight of the initial date were 

truncated. The RAR for each participant was estimated using the regression model for a 

single-component cosinor model as:

Yi t = Mi + Ai ⋅ cos 2πt
τ + φi + ei t ,

Where Mi, Ai, and φi are the MESOR (Midline Estimating Statistic of the Rhythm: rhythm-

adjusted average activity count), the amplitude (a measure of the half range of the predicted 

variation of a cycle), and the acrophase (time of the high peak of the cycle) for participant i 
respectively. For the 24 h cycle of the rhythm, based on the average activity counts per 10 
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min, the period (τ) is 144 (6/h × 24 h) hours. Those parameters were estimated with a least 

squares approach (Cornelissen 2014).

We calculated the timing of the peak activity (Ø) with the equation, ∅ = − 24
2π ⋅ φ. Although 

the strength of circadian rhythms has been measured in several ways, including the 

autocorrelation of activity counts around 24 h, the ratio of nighttime activity to daytime 

activity, the circadian quotient, and the rhythm quotient (Ancoli-Israel et al. 1997a, 1997b; 

Levin et al. 2005; Grutsch et al. 2011), we used the circadian quotient, the ratio of the 

amplitude to the MESOR. The circadian quotient provides a normalized amplitude 

compared to the individual average activity level (i.e. MESOR) that accounts for daytime as 

well as nighttime activity: thus, it allows comparison of the strength of circadian rhythm 

between patients with different activity levels.

Inter-daily stability (IS) and intra-daily variability (IV).

We calculated the inter-daily stability and intra-daily variability with nonparametric methods 

(Witting et al. 1990) using hourly total activity counts (24 data points per day). The IS 

ranges from 0 to 1, and is closer to 1 for stronger adherence to a circadian rhythm over 

consecutive days with consistent daily rest-activity rhythms. The IV quantifies 

fragmentation of the circadian rhythm within a 24 h cycle and transitions between rest and 

activity (Zuurbier et al. 2015). Higher IV represents a weaker rest-activity rhythm and is 

close to two for Gaussian noise. On the other hand, the IV would be close to zero for a 

strong rest-activity rhythm.

Statistical Analysis.

The periodicity of the RAR was assessed with individual periodograms obtained by PROC 

SPECTRA in SAS version 9.4. The periodogram, which represents spectral energy, is the 

maximum at the suggested period of the cycle for the RAR. We assessed the distribution of 

periods with a maximum periodogram (i.e., maximum spectral energy) and tested whether 

the mean period equaled 24 h. We developed a SAS macro to estimate the parameters of the 

cosinor model and the nonparametric metrics of the RARS for each individual using the 

general linear model (GLM) in SAS as the statistical procedure. We computed bivariate 

correlations between the circadian parameters (i.e., MESOR, amplitude, acrophase, 

circadian quotient, IS, and IV) and the demographic and clinical characteristics (i.e., age, 

Charlson Comorbid Index, NYHA Classification, and left ventricular ejection 

fraction[LVEF]), daytime symptoms, and functional performance. The additional 

contributions of the circadian parameters (i.e., circadian quotient, inter-daily stability, intra-

daily variability) to the variance in daytime symptoms (sensory fatigue, sleepiness, 

depression) and functional performance (6MWT distance and physical function) were 

examined. To handle type I error inflation due to multiple tests with the correlations, we 

calculated the false discovery rate (FDR) using PROC MULTTEST, SAS version 9.3 

(Glickman et al. 2014).

We controlled for insomnia symptoms and clinical and demographic covariates in the GLM 

to examine the unique contributions of the RAR based on our previous finding that insomnia 

was independently associated with daytime symptoms and functional performance in this 
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sample (Redeker et al. 2010b). We created a parsimonious model using the previously 

controlled covariates (Redeker et al. 2010b), including age, gender, BMI, Charlson 

comorbidity index, RDI, and the percent of time at oxygen saturation < 90% as the base-

model for each of the daytime symptoms and functional performance and selected the 

models with a conventional stepwise approach. The log-transformed circadian quotient and 

the presence of insomnia symptom (Yes vs. No) were added to each of the selected base-

models. To compare to the predictable potential of the circadian quotient, the same GLM 

approach was repeated for the IS, IV, and PSG sleep efficiency replacing the circadian 

quotient.

Results

Table 1 shows the descriptive statistics for the demographic and clinical characteristics of 

the sample and sleep characteristics, symptoms, and functional performance. The sample 

included 135 participants [(Mean age = 60.6 SD = 16.1 ys; N = 88 (65.2%) male]. The 

majority were in class II or III of the New York Heart Association Functional Classification 

(87%) and had LVEF <45 (78%). The average comorbidity index was 2.4 (SD = 1.5), and 

half of the participants had insomnia. More than half of the participants had hypertension 

(57%), and some anti-hypertensive medications, including ACE Inhibitors (54.5%), 

angiotension receptor blockers (31.8%), and beta alpha blockers (59.1%), were used for 

hypertension or heart failure.

Sleep duration, measured with actigraphy and polysomnography, was shorter than the 

recommended sleep duration of 7–8 h for adults (Hirshkowitz et al. 2015; Watson et al. 

2015), and ranged from 319 to 379 min. The average sleep efficiency was poor, being 76.9% 

and 71.1% by for actigraph and PSG assessments, respectively. The average RDI was 23.8 

(SD =17.9). Approximately half of the participants had insomnia, as in our larger sample 

(Redeker et al. 2010b).

The means of suggested periods with a maximum spectral energy are 24.7 h (95% CI=22.6 – 

26.8) and 27.3 h (95% CI=24.3 – 30.2) in the participants without and with insomnia, 

respectively, but they are not statistically different (p=.15) Figure 1 displays the distributions 

of periods with a maximum spectral energy by insomnia status and shows most RARs 

follow the periodicity of 24 h.

The MESOR was 141.6 (SD = 81.2), and the acrophase was approximately 15:00h. We 

calculated the average amplitude (M = 110.8; SD = 78.5) and the circadian quotient (0.75: 

SD = 0.21) (Table 2). The means of the inter-daily stability (IS) and intra-daily variability 

(IV) were 0.63 (SD = 0.14) and 0.93 (SD = 0.35), respectively. Participants with insomnia 

symptoms had statistically lower IS compared to those without insomnia (p=.0344), but 

there were no differences in the IV between people with and without insomnia. All of the 

other measures were not statistically different between participants with and without 

insomnia

Figure 2 provides examples of estimates of the parametric (cosinor analysis) and 

nonparametric (IS & IV) RAR measures selected to illustrate the variability in the RARs. 
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Case I had frequent activity over the day and nighttime, which yielded a weak circadian 

quotient of 0.26, low IS (0.34) and high IV (1.47). Case II had a high level of activity during 

the nighttime that produced a low circadian quotient of 0.47, with better IS (0.61) and IV 

(0.71). Cases I and II had poor actigraph-recorded sleep efficiency of 67.1% and 74.8%, 

respectively. Cases III and IV demonstrated robust circadian rhythms with circadian 

quotients of 0.87 and 0.97, but Case IV had a lower IV (0.41). The acrophases for Cases II 

and IV were ~13:00h (earlier than the overall sample mean), and they had sleep efficiency of 

80.7% and 87.4%, respectively. Only Case III had insomnia symptoms.

The circadian quotient was positively associated with IS (r = 0.51) and negatively associated 

with IV (r = −0.62). The correlations between the demographic and clinical characteristics 

of the sample and the circadian parameters are shown in Table 3. Older age was associated 

with lower MESOR and amplitude, earlier acrophase, and greater IV, but not circadian 

quotient. A higher comorbidity index and higher NYHA Class, indicating more symptomatic 

HF, were associated with lower MESOR and amplitude, circadian quotient, and greater IV. 

Higher LVEF, indicative of better cardiac function (LVEF>45%), was not associated with 

the circadian quotient, IS, or IV.

A higher sleep fragmentation index, measured with wrist actigraphy, was associated with 

lower circadian quotient (r = −0.31) and higher IV (r = 0.18), while the respiratory 

disturbance index and % time at oxygen saturation < 90% were not associated the circadian 

parameters. Sleep fragmentation had a strong negative correlation with the circadian 

quotient (r=−0.44), IS (r=−0.29), and IV (r=0.29) only in participants aged 60 and older, 

while these correlations were −0.13 to 0.10 in younger participants. A higher EEG arousal 

index (r = 0.24) and lower percentage of REM sleep (r = −0.18) were associated with greater 

IV.

Bivariate correlations between the circadian parameters, daytime symptoms, and functional 

performance are presented in Table 4. The MESOR and amplitude were positively 

associated with greater functional performance but were not associated with daytime 

symptoms. A more robust circadian quotient was significantly positively associated with 

lower levels of daytime symptoms (r = −0.21, −0.21, and −0.30 for sensory fatigue, 

sleepiness, and depression, respectively) and positively associated with greater functional 

performance (r = 0.26 and 0.23 for 6 min walk and physical function, respectively). Greater 

IS (r = 0.29) and lower IV (r = −0.37) were significantly associated with longer distance in 

6MWT. Greater IS was associated with less depression (r = −0.23). We also examined the 

correlations between the daytime symptoms and functional performance and the PSG sleep 

characteristics. Only higher PSG-recorded sleep efficiency was significantly associated with 

greater functional performance (r = 0.21), but no other PSG sleep characteristics were 

associated with daytime symptoms or functional performance.

Table 5 shows the estimated coefficients and standard errors of the contributions of the log-

transformed circadian quotient and insomnia symptoms to daytime symptoms and functional 

performance after controlling for covariates (age, gender, NYHA, BMI, comorbidity, RDI, 

and percentage of time at oxygen saturation < 90%). As in our previous report of the larger 

sample for this study (Redeker et al. 2010b), insomnia symptoms were significantly 
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associated with greater daytime symptoms and lower physical functioning. The log-

transformed circadian quotient was negatively associated with fatigue (p =.03), daytime 

sleepiness (p =.06), and depression (p <.01), after controlling for insomnia and the 

covariates. Given the lack of an association between the rest-activity parameters and 

insomnia severity, these associations were independent of the contribution of insomnia. The 

circadian quotient was positively associated with Six-Minute Walk distance (p < .01) and not 

significantly associated with self-reported physical function (p = .15), after controlling for 

the covariates.

Inclusion of the IS and IV as independent variables in the model, rather than the circadian 

quotient, revealed that IS had a small association with depressive symptoms (p =.05), and 

there was a small and not statistically significant association between IV and depressive 

symptoms (p =.06) and longer Six-Minute Walk distance (p =.01 for IS and p<.01 for IV) 

after controlling for the contributions of insomnia and the covariates. However, neither the 

IS nor the IV added significantly to the variance in the symptom or functional performance 

measures beyond that of the circadian quotient. While there were significant bivariate 

correlations between Six-Minute Walk Test distance and physical function and PSG sleep 

efficiency, these relationships were not statistically significant after controlling for the same 

covariates.

Discussion

To our knowledge, we are the first to characterize the associations between rhythmic 

characteristics, circadian quotient, intra-daily variability, and inter-daily stability, of the rest-

activity rhythm among patients with stable HF and their HF symptoms and functional 

performance. Our findings demonstrated small, but quite consistent associations, between 

the circadian quotient, a measure of the strength of the circadian rhythm, daytime symptoms, 

and both objective and self-report measures of functional performance. Notably, the 

associations between the circadian quotient, daytime symptoms, and 6MWT distance 

persisted after statistically controlling for important clinical, demographic, and sleep 

variables, including indicators of insomnia and sleep-disordered breathing that are common 

in this population. These findings suggest that the associations between rest-activity and 

symptoms and function are independent from those of sleep.

Our findings extend past studies in other populations. For example, depressive symptoms 

were associated with more fragmented and less robust circadian rhythms in the general 

population (Luik et al. 2013; Smagula et al. 2015), and the strength of the RAR was 

associated with fatigue (Berger et al. 2012) and self-reported physical function among 

cancer patients (Innominato et al. 2018; Mornont et al. 2002; Roscoe et al. 2002; Ancoli-

Israel et al. 2006). Although the MESOR and amplitude in our study were similar to those of 

healthy adults (Brown et al. 1990), a previous study showed that RARs were more robust in 

healthy adults than HF patients (Liebzeit et al. 2017), and all of the circadian attributes 

demonstrated a high degree of variability in our sample. The inter-daily stability and the 

intra-daily variability were lower and higher, respectively, than found for the cohort of the 

Rotterdam study, a study of older adults, that revealed that these parameters predicted death 

(Zuurbier et al. 2015). Taken together with these levels, the associations between intra-daily 
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variability and 6MWT, NYHA classification, comorbidity, physical function, and depression 

found in our study suggest the possibility that these metrics also have negative prognostic 

value in HF patients, although further longitudinal study is needed to extend these cross-

sectional findings.

The lower amplitude, MESOR, and IV in older age and higher NYHA may reflect 

fragmentation of the rest-activity rhythm due to age-related declines and illness (Zuurbier et 

al. 2015) and decreased daily activity levels that are common in HF patients. These findings 

are consistent with past studies that found decreased amplitude and earlier acrophase, and 

increased IV and IS, among older adults (Robillard et al. 2014). The lack of an association 

between age and the circadian quotient may reflect the fact that older adults have low 

average daytime activity, which is reflected in the low MESOR, accompanied by an 

amplitude that may be lower due to reduced sleep fragmentation detected in the analyses 

conducted separately in older and younger adults. Among the younger adults, the circadian 

quotient was primarily influenced by peak daytime activity counts rather than sleep 

fragmentation. These findings, obtained as secondary analyses, should be replicated in a 

larger study prospectively designed to evaluate age-related differences.

We previously reported that insomnia, but not sleep-disordered breathing, was associated 

with daytime symptoms and functional performance in the HF patients of this study, and we 

are conducting a randomized controlled trial of the effects of cognitive behavioral therapy 

for insomnia (CBT-I) in this population (Redeker et al. 2010a, 2010b, 2017). However, our 

cross-sectional findings suggest that circadian rhythms of rest-activity are independently 

associated with symptoms and functional performance, and together these findings 

underscore the potential importance of both sleep and the 24 h activity rest-activity rhythm 

to these outcomes.

Future longitudinal study is needed to determine the extent to which rest-activity rhythms 

predict important HF outcomes. The significance of this work is underscored by recent 

evidence of the importance circadian rhythmicity in this population. For example, recent 

evidence suggests that melatonin, a hormone that reflects circadian rhythmicity, is important 

to HF and fatigue (Melamud et al. 2012; Kwon et al. 2015). Lower melatonin levels were 

associated with poorer function among HF patients (Dzida et al. 2013), poor survival in rats 

(Simko et al. 2014), and lack of reversed left ventricular remodelling in response to cardiac 

resynchronization therapy (Dominguez-Rodriguez et al. 2016). Given emerging 

understanding of the contributions of low melatonin levels to cardiac function (Simo et al. 

2014; Dominguez-Rodriguez et al. 2014; Sehirli et al. 2013), and associations of less robust 

circadian rhythms with higher blood pressure and inflammatory biomarkers (Morris et al. 

2012, 2016, 2017), future studies should evaluate the role of variation in the melatonin 

rhythm and exogenous lighting and other zeitgebers, as well as rest-activity in these patients. 

Interventions focused on manipulating rest-activity (e.g., timed bright light, increased social 

interactions and physical activity, regularizing bedtimes, and/or use of melatonin) may also 

improve symptom outcomes. The possible benefits of intervention are underscored by the 

findings that improvements in the rest-activity rhythm among cancer patients corresponded 

to improvements in symptoms (Roscoe et al. 2002), but this has not been examined among 

HF patients.
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Strengths of this study included the well characterized sample and the availability of 

actigraphic, polysomnographic, symptom, and functional performance measures for the 

analyses. However, the availability of only 3 d of actigraphy may have limited our ability to 

fully assess inter-daily stability over a longer period of time, and this may have influenced 

the small correlations noted between comorbidity and other variables. Our study was also 

limited by its cross-sectional design and the absence of information on light and melatonin 

levels, as well as specific types of exercise or physical activity that may influence activity 

counts. The participants in this study were community-residing adults, and we did not 

control for important exogenous influences that may have contributed to rhythmicity. 

Although the RAR reflects endogenous rhythmic as well as exogenous influences, and thus 

is not a pure circadian measure, there is considerable evidence that the rest-activity rhythm 

has prognostic potential (Tranah et al. 2011; Levi F et al. 2014; Zuurbier et al. 2015; Cash et 

al. 2018). By integrating biological measures, such as dim light melatonin or OMIC 

indicators, we would estimate more accurate functions of circadian rhythm on daytime 

symptoms and functioning in future research with a large sample size.

Our study suggests associations between indices of the rest-activity rhythm and important 

symptom and functional outcomes among patients with stable HF. Future longitudinal and 

experimental studies are needed to evaluate the causal relationships among rest-activity 

rhythm and HF outcomes and the potential role of intervention focused on the rest-activity 

rhythm that may improve these outcomes.
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Figure 1. 
Distributions of Periods with a Maximum Periodogram by Insomnia Status
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Figure 2. 
Examples of Rest-activity Patterns with Circadian Rhythm and Sleep Outcomes
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Table 1.

Demographic and Clinical Characteristics of the Sample (N=135)

Mean (SD) / N (%)

Demographic Variables

 Age (years)

 Gender 60.6 (16.1)

Male 88 (65.2%)

Female 47 (34.8%)

 Race

White 87 (64.4%)

Minority 48 (35.6%)

Clinical Variables

 LVEF (%) 33.2 (15.0)

 LVEF<45 100 (78.1%)

 NYHA classification

I 5 (3.7)

II 78 (57.8%)

III 41 (30.4%)

IV 11 (8.1%)

 Body Mass Index 30.6 (8.4)

 Charlson Comorbidity Index 2.4 (1.5)

 Hypertension 77 (57.0%)

Anti-hypertensives

 ACE Inhibitors 72 (54.5%)

 Angiotension Receptor Blockers 42 (31.8%)

 Beta Alpha Blockers 78 (59.1%)

Sleep Habits Questionnaire

 Insomnia (DIMS)

Yes 67 (49.6%)

Actigraphic Sleep Characteristics*

 Total Sleep Time (min) 378.9 (87.5)

 Sleep Onset Latency (min) 29.3 (38.4)

 Sleep Efficiency (%) 76.9 (12.8)

 Sleep Fragmentation index 41.6 (21.3)

PSG Sleep Characteristics

 Total Sleep time (min) 319.6 (94.2)

 Sleep Latency (min) 29.1 (32.0)

 Sleep Efficiency (%) 71.1 (15.3)

 % Sleep Stage 1 over TST 28.3 (13.4)

 % Sleep Stage 2 over TST 51.2 (11.1)

 % Sleep Stage 3&4 over TST 6.6 (7.4)

 % REM Sleep over TST 13.9 (6.8)
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Mean (SD) / N (%)

 % Time at O2 saturation <90% 12.2 (19.0)

 Respiratory Disturbance Index (RDI) 23.8 (17.9)

 EEG Arousal index 22.1 (9.9)

Daytime Symptoms

 Sensory Fatigue (MAF) 5.0 (2.5)

 Sleepiness (Epworth Scale) 7.9 (4.4)

 Depression (CES-D) 16.2 (10.5)

Functional Performance

 Six-Minute Walk 1007 (436)

 Physical Function (SF-36) 22.7 (2.2)

Note.

*
Actigraph sleep characteristics are averaged scores of observed variables during 3 nights; PSG = Polysomnography (single night) ; LVEF = left 

ventricular ejection fraction: NYHA = New York Heart Association Functional Classification; TST = total sleep time; MAF = Multi-dimensional 
assessment of fatigue scale; CESD = Centers for the Epidemiological Study of Depression Scale
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