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Abstract

Background: Pain and sleep disturbance are common among patients with heart failure (HF) and
are associated with symptom burden, disability, and poor quality of life. Little is known about the
associations between specific sleep characteristics and pain in people with HF.

Objective: Describe the relationships between nocturnal sleep characteristics, use of sleep
medication, and daytime sleep characteristics and pain among people with HF.

Methods: We conducted a cross-sectional study of stable HF participants. We administered the
SF36 Bodily Pain Scale, Pittsburgh Sleep Quality Index, and Sleep Habits Questionnaire, and
obtained 3 days of wrist actigraphy and one night of home unattended polysomnography. We
conducted bivariate analyses and generalized linear models.

Results: The sample included 173 participants [mean age= 60 years (SD 16.1), 65.3% (n=113)
male). Insomnia symptoms (p=.0010), sleep duration (p=.0010), poor sleep quality (p=.0153),
use of sleep medications (p=.0170) and napping (p=.0029), and daytime sleepiness (p=.0094)
were associated with increased pain. Patients with the longest sleep duration, who also had
insomnia, had more pain (p=.0004), fatigue (p=.0028), daytime sleepiness (p=.0136), poorer
sleep quality, (p< .0001) and took more sleep medications (p=.0029) than those without insomnia.

Conclusions: Pain is associated with self-reported poor sleep quality, napping, daytime
sleepiness, and use of sleep medication. The relationship between pain and sleep characteristics
differs based on the presence of insomnia and sleep duration. Studies are needed to evaluate the
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causal relationships between sleep and pain and test interventions for these co-occurring
symptoms.
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Introduction

The symptoms of pain and sleep disturbance are common among patients with chronic heart
failure (HF), a condition experienced by almost 6.5 million adults.! Almost 70% of patients
with stable HF report sleep disturbance and characteristics of sleep deficiency, including
short sleep duration, poor sleep continuity, prolonged sleep latency, and excessive time in
bed, compared with healthy controls as measured with self-report, wrist actigraphy, and
abnormal sleep architecture measured with polysomnography.2-3 At least 50% of all patients
with HF have sleep-disordered breathing, including Cheyne-Stokes breathing/central sleep
apnea and obstructive sleep apnea. However, while approximately 50% report insomnia
symptoms, self-reported sleep disturbance, and excessive daytime sleepiness, often a
consequence of poor sleep, these symptoms are frequently not explained by sleep-disordered
breathing.34 Sleep disturbance is associated with high levels of symptom burden,
comorbidity, disability and poor quality of life, as well as excessive mortality and health care
resource utilization.*~’

Pain is also common among patients with HF.8:9 For example, Goodlin et al. (2012) found
that 80% of patients with advanced HF reported pain from multiple sources, including
arthritis, ischemic heart disease, and other causes, and 29% of patients with chest pain and
almost 40% of patients with pain from other sources reported that pain was severe.10 Pantilat
et al. (2016) found that 48% of participants with HF experienced pain during the previous
week, and the most common etiologies of pain were musculoskeletal (50%), cardiac (22%),
and headache/neurological conditions (22%).11 Goebel et al. (2009) found in a sample of
veterans who had HF that 55% reported pain, while 37% reported that it was moderate to
severe,8 and a recent review reported that 23% to 85% of HF patients experience pain.12

Sleep deficiency is closely associated with chronic pain in numerous populations, although
the causal direction of this relationship and the specific characteristics of sleep that are
associated with pain are not known.13.14 Evidence suggests that self-reported insomnia
symptoms, such as difficulty falling, asleep, staying asleep, waking too early in the morning,
and short sleep duration contributed to pain in experimental studies.13 Brostrom et al. (2004)
found that bodily pain was associated with self-reported difficulty initiating and maintaining
sleep but not early morning awakening or excessive daytime sleepiness among HF patients,
15 while Johansson et al. (2012) found that nighttime pain was directly associated with self-
reported sleep disturbances and with self-reported difficulty initiating, maintaining, and non-
restorative sleep in HF patients.16 However, few studies have systematically examined the
associations between multiple objective and subjective characteristics of sleep and pain, and
little is known about the co-occurrence of sleep and pain in patients with HF, a group that is
at especially high risk for experiencing a high symptom burden.
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In addition to nighttime sleep characteristics, pain may contribute to daytime sleep
characteristics such as daytime sleepiness, fatigue, prolonged lying in bed while awake, and
napping. Little research has explored the associations between these characteristics and pain.
We previously found that fatigue and pain are correlated in the sample.1” However, little is
known about the relationships between daytime sleepiness, snooze time (time awake in bed
after awakening) and pain. Research on napping has produced conflicting findings, although
other researchers found that in healthy young adults napping restores pain sensitivity to
baseline in the presence of sleep restriction;1® however, daytime napping was also associated
with increased pain in fibromyalgia.1?

The purpose of this study, a secondary analysis of a study designed to address the
contributions of sleep to functional performance among patients with stable HF conducted
from 2003 to 2007,3417.20-22 \as to examine the relationships between specific self-
reported and objective sleep characteristics and pain among patients with stable HF. We
examined the relationships between 1) nocturnal sleep characteristics (sleep duration, sleep
continuity, sleep efficacy, sleep onset latency) and pain; 2) use of sleep medication and pain;
and 3) daytime sleep characteristics (napping, time awake in bed in the morning —snooze
time, and excessive daytime sleepiness, and fatigue) and pain.

Study Design

Sample

We conducted a retrospective analysis of a cross-sectional study of 173 people with stable
HF. The full details of the clinical and demographic characteristics of the sample and the
study methods were reported previously.3:4.17.20-22

We recruited participants with stable HF from five HF clinics located in the northeastern
United States. We included adults (ages = 18) who had New York Heart Association
(NYHA) class | — 1V stable HF, as determined by the referring health care provider. We
excluded participants who were pregnant, had previously identified sleep-disordered
breathing, unstable medical or psychological disorders, end-stage renal disease, cognitive
impairment, or neurological or musculoskeletal conditions affecting the non-dominant arm
(due to actigraphy use).* This study had Institutional Review Board approval, and all
participants provided informed consent.

Variables and Measures

Demographic and Clinical Variables.—Demographic variables included age, race, and
gender as reported by participants. Clinical variables were New York Heart Association
Class, body mass index, and the Charlson Comorbidity Index,23 obtained via patient
interview and medical record review. Full details of the comorbid conditions of the sample
are reported previously.

Pain.—Pain was measured using the SF-36 Bodily Pain scale and reflects about pain over
the last month. The bodily pain scale is a valid measure of pain in people with chronic
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conditions.242> The bodily pain scale is a combination of pain severity and pain interference
and higher numbers indicate less pain (possible range 2 — 12).

Sleep Characteristics.—We measured objective and subjective nocturnal sleep
characteristics with polysomnography (PSG), actigraphy, and self-report (Pittsburgh Sleep
Quality Index, Sleep Habits Questionnaire, and sleep diary). Because of our interest in the
daytime response to poor sleep, we also measured excessive daytime sleepiness, fatigue, the
number of naps taken (sleep diary), and snooze time (minutes elapsed between the end of
the sleep period and time lights are switched on).

Polysomnography.—A single overnight unattended home polysomnography (PSG)
(Safiro, Compumedics, Inc.) was conducted. Full details of the data acquisition were
previously reported.3 Data were collected in 30-second epochs and were scored manually
using standard methods.3 In this analysis, we used the variables of total sleep time (minutes),
sleep efficiency (ratio of total sleep time to time in bed), and sleep latency (minutes to fall
asleep).

Wrist Actigraphy.—Actigraphy uses human motor activity to estimate sleep parameters
and provides objective sleep measures over multiple days as participants engage in normal
activities of daily living.26 We measured 3 nights of actigraphy (did not overlap with the
PSG night) (Actiwatch-64, Respironics Mini Mitter, Inc, Bend, OR) in 30-second epochs.
We used Actiware Sleep version 5 (Respironics Mini Mitter, Inc, Bend, OR) to analyze the
actigraphy data using standard methods. We used the variables of total sleep time, sleep
efficiency, fragmentation index (index of restless during the sleep period), sleep onset
latency, and snooze time (minutes elapsed between the end of sleep period and time lights
are switched on).

Self-reported sleep characteristics.—We measured sleep quality with the sleep
quality component of the Pittsburgh Sleep Quality Index (PSQI), which is a valid, reliable
and sensitive measure.2” We did not use the overall PSQI score because it contains a pain
question, but we computed sub-scores for sleep duration, habitual sleep efficiency, single
question sleep quality component (higher score indicates worse sleep quality), and use of
sleep medications in the last month. Internal consistency was 0.79 in this sample.3

We elicited insomnia symptoms with questions from the Sleep Heart Health Study?8
including difficulty of initiating, maintaining sleep or awakening too early (DIMS) on a
scale from “never” to “almost always” (5-item). Participants who endorsed responses of
often or almost always on one or more of these questions were considered to have insomnia
symptoms, and we computed the mean score based on the average response across the three
questions (possible range = 0-15). The Cronbach’s a for this measure was 0.83 in this
sample.*

Daytime sleepiness was measured with the Epworth Sleepiness Scale.2? Scores range from 0
to 24 and higher scores indicated more daytime sleepiness. The frequency of daily daytime
naps over 4 days was elicited via self-report on a daily sleep diary. We used the Global
Fatigue Index from the Multidimensional Assessment of Fatigue (MAF), a valid and reliable
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measure of fatigue.3931 Scores range from 1 to 50, with higher scores indicating more
severe fatigue.

Data Analysis

Results

We performed descriptive analyses with the demographic, clinical, and sleep characteristics,
and pain and computed bivariate associations between the sleep characteristics and pain with
Pearson’s correlations or Spearman’s coefficients. For binary characteristics, we compared
the mean of bodily pain by gender and race (white vs. non-white). Multivariate analysis was
performed to identify the contributions of significant daytime/nighttime sleep characteristics
to bodily pain using generalized linear models (GLM). The parsimonious model was
selected with stepwise selection. We also reran the selected multivariate model separately in
patients with and without insomnia. We compared the least square means of pain, fatigue,
and sleep characteristics (i.e., sleep quality, sleep medication, frequency of naps, daytime
sleepiness, and snooze time) between groups with insomnia and those with no insomnia
across the quartiles of total sleep time (i.e., Q1: < 267.5 minutes, Q2: 267.5 — 322.5 minutes,
Q3: 322.6 — 392.5 minutes, and Q4: > 392.5 minutes ) after controlling for age and
comorbidity. The least square means and standard errors were obtained from the GLM with
the insomnia-total sleep time interaction and the covariates. We checked the normality
assumptions for the GLM with residual analysis.

The sample included 173 participants with stable HF who had an average age of 60.3 years
(SD 16.1), of whom 65.3% (n = 113) were male, and 64% (n = 110) were white. Table 1
reports the demographic and clinical characteristics of the participants and the descriptive
statistics on the primary sleep variables. The mean bodily pain level was 8.02 (2.72) (range 2
—12). Overall, nocturnal sleep duration ranged from 623 to 387 minutes, with the shortest
duration recording by polysomnography and the longest by self-report. Overall, levels of
sleep efficiency were low. Over half of the participants (n = 89; 51.45%) had insomnia
symptoms.# The majority did not report using sleeping medication, but 17.3% reported using
sleep medication 3 or more times per week. The average number of naps over three days was
2.72, somewhat less than one per day. Thirty-seven (21.4%) reported taking a prescribed or
over the counter medication for pain (participants could report taking more than one
medication).

Table 2 reports the correlations between the demographic and clinical characteristics of the
sample, sleep variables, and pain. There were small correlations between New York Heart
Association functional classification, comorbidity, and pain, with higher scores associated
with more pain.1” Lower self-reported sleep efficiency, more snooze time, poorer sleep
quality and more insomnia symptoms (continuous measure) were associated with pain, with
moderate correlations between sleep quality, insomnia, and pain. More frequent use of sleep
medication was associated with more pain. There were moderate associations between
fatigue, depressive symptoms, and pain (lower values indicate more pain). There were no
statistically significant associations between the actigraph and polysomnographic sleep
variables and pain, except for snooze time.
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Table 3 presents the multivariable model conducted to evaluate the contributions of daytime
and nighttime sleep characteristics to pain as the outcome variable. We included variables
that were associated with bodily pain that had significant levels of p < 0.10 using a stepwise
approach. Insomnia symptoms (yes/no), longer total sleep time (PSG), poorer sleep quality,
more frequent usage of sleep medication, and more frequent daytime naps were significantly
associated with more bodily pain.

We found a positive interaction effect between insomnia and total sleep time (PSG) on pain
(p = .0463) without adjusting for covariates, but the interaction was not significant when we
adjusted for covariates (Figure 1). Table 4 presents the multivariable regression models
separately for patients with and without insomnia. For participants with insomnia, longer
total sleep time and poorer sleep quality were associated with more bodily pain, and for
those without insomnia, more frequent use of sleep medication and daytime naps were
associated with more bodily pain.

To further understand the relationships between total sleep time and insomnia, we compared
pain, daytime, and nighttime sleep characteristics by insomnia and total sleep time while
adjusting for age and comorbidity (see Table 5). In people with insomnia, the participants
who slept the longest (322.6 — 392.5 minutes and > 392.5 minutes) had more pain, took
more sleep medications, and had more daytime sleepiness compared to those without
insomnia. The shortest sleepers (< 267.5 minutes) with insomnia took fewer naps compared
to those without insomnia.

Discussion

Pain is associated with nighttime sleep characteristics, including longer self-reported total
sleep time and quality, insomnia symptoms, and use of sleep medication. Pain is also
associated with the daytime effects of poor sleep, including longer time in the bed in the
morning after awakening (snooze time), more frequent naps, fatigue, and higher levels of
excessive daytime sleepiness. In the multivariable model, longer total sleep time, insomnia
symptoms, use of sleep medication, and daytime naps together explained 30% of the
variance in pain.

We found that in people with insomnia there was an association between longer total sleep
time and pain. This contrasted with previous studies that found that pain is associated with
shorter total sleep time measured with self-report and objective methods32 and that shorter
total sleep time33 is a risk factor for developing chronic pain. Our finding that pain was
associated with longer total sleep time was surprising because sleep deprivation can increase
pain sensitivity and pain causes arousal, which may interfere with the ability to initiate and
maintain sleep.14 However, none of these studies specifically included people with HF or
insomnia. It is notable that the multivariate analysis revealed that the insomnia group with
the longest sleep time had more severe pain scores and also took the most sleep medication.
The increased use of sleep medication may partially explain the longer sleep duration.
However, due to the limitations of this retrospective study, we could not determine whether
they took sleep medication prior to the polysomnography study night. Additional research is
needed to explore the relationships between pain and sleep in people with HF to understand
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the complex interplay between comorbidity, medications, and symptoms in this population,
and how people with HF are using sleeping medications in relation to pain.

We found that the relationships between pain and sleep characteristics differed for people
with insomnia with different total sleep times. We found that people with insomnia and
longer sleep times had more symptoms of pain, fatigue, daytime sleepiness, and poor sleep
quality than those without insomnia. This was in contrast to previous research that has found
that fatigue and pain are associated with shorter total sleep time in other chronic conditions.
34 In this study we did not measure catastrophizing; however, in adults with knee
osteoarthritis, pain catastrophizing was highest in people with insomnia. Catastrophizing is
maladaptive attention to specific symptoms,3° and may be associated with maladaptive
behaviors such as prolonged lying in bed. Future research should measure catastrophizing
and catastrophizing behaviors in this population to better understand how they may
influence the relationship between total sleep time and symptoms.

The consequences of pain extended beyond the nighttime sleep period to the daytime. We
found that pain was associated with the daytime symptoms of daytime sleepiness, fatigue,
and increased napping. We also found that in people without insomnia, more pain was
associated with taking more naps. These findings are consistent with previous reports that
have found that pain is associated with increased napping and daytime sleepiness in older
adults.38 Surprisingly, our findings suggest that people with very short sleep experienced
few daytime symptoms including pain, fatigue, and daytime sleepiness. Other researchers
have found that people with HF have less daytime sleepiness, despite having less total sleep
time and reduced sleep efficiency, compared to people who do not have HF.37 This may be a
result of excessive hyperarousal associated with increased sympathetic nervous system
activity that may contribute to reduced daytime sleepiness in HF37:38 as well as short sleep
and insomnia. However, it is also possible that objective measures, such as psychomotor
vigilance testing, may be needed to determine the full extent of daytime sleepiness.3° The
relationship between pain and hyperarousal is less clear; it has been proposed chronic pain
may contribute to cognitive hyperarousal® and structural changes in the brain, which lead to
changes in the arousal system,* which may lead to increased insomnia. Further research is
needed to elucidate the connection between sympathetic activity, symptoms, and insomnia in
HF, which may point to novel therapeutic targets for insomnia treatments for people with
HF.

Previous pain and sleep research primarily focused on the relationship between total sleep
time and pain. However, we also found that pain was associated with daytime sleep
including increased naps, and daytime sleepiness, and increased snooze time. These findings
are consistent with those in older adults, among whom frequent napping is associated with
pain and excessive daytime sleepiness.3® Napping may be adaptive for people with short
nocturnal sleep because naps restore pain sensitivity to baseline;1® however, daytime
napping was also associated with increased pain in fibromyalgia and may be maladaptive.1®
Additional research is needed to understand better the relationship between intentional and
unintentional napping and the timing, frequency, and duration of napping to tease out the full
implications of napping, insomnia, and pain among people with HF.
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This study adds to the growing evidence that sleep and pain are associated with one another
in adults with chronic conditions. Given the cross-sectional nature of this study, additional
research is needed to explore the longitudinal relationships between pain and sleep in HF. A
recent systematic review in the general population found that a decline in sleep quality and
quantity were associated with increased risk of developing pain.2 Research is needed to
better understand how these symptoms co-vary in people in HF. In addition, pain and sleep
disturbance may share common biological pathways and research is needed to better
understand the underlying pathways of these two symptoms. Research into inflammation®2
hypothalamic-pituitary-adrenal axis dysfunction,*2 or functional magnetic resonance
imaging (fFMRI) to measure brain activity by detecting changes related to pain location or
source,*3 or neurotrophic factors such as brain-derived neurotrophic factor (BDNF)#445 are
needed to explore possible common biological pathways between pain and daytime and
nighttime sleep characteristics. Combining longitudinal research and biological research
may indicate which type of sleep or pain interventions may be more effective at treating
these co-occurring symptoms in this population to improve physical function and reduce
disability in this population.

Our findings have several implications for clinical practice. Clinicians should recognize the
potential relationship between pain and poor sleep and for those patients reporting pain,
assess for potential co-occurring sleep disturbance and the daytime sleep characteristics
related to pain. In this study, pain was also associated with increased comorbidity and New
York Heart Association Class in bivariate analysis. Clinicians should be aware that pain and
sleep are worse in those with comorbidity and advanced disease. Clinicians should also
familiarize themselves with treatment strategies not only for pain but for sleep as well.
While medications such as opioids are frequently used to treat pain, opioids may disrupt
sleep quantity, quality, and sleep architecture.46 Patients with HF may prefer not to use
sleeping medications such as hypnotics, due to these medications’ side effects such as
feeling groggy the next day.4” An alternative approach may include the use of behavioral
therapies, including cognitive behavioral therapy for insomnia (CBT-1), which combines
behavioral interventions with cognitive therapies to adjust maladaptive sleep-related
cognitions.#® This approach has shown promise in patients with sleep disturbance and
chronic pain, improving sleep, and reducing pain interference and disability.4°

This is a large well-described diverse sample with multiple self-report and objective
measurements of sleep. However, due to the cross-sectional nature of the study, no
conclusion about the casual or temporal relationship between pain and sleep can be drawn,
and because we did not assess pain location or source, it may be that our findings may differ
based on those characteristics. Additional longitudinal research is needed to better
understand the relationship between multiple characteristics of sleep and pain in HF.

In conclusion, pain is associated with subjective sleep quality and daytime sleep
characteristics, and the use of sleep medication but not sleep duration or continuity. In
addition, the associations between pain and daytime and nighttime sleep characteristics
differ based on insomnia symptoms and total sleep time. Our study highlights negative
daytime sleep characteristics associated with pain including longer time in the bed in the
morning after awakening (snooze time), more frequent naps, fatigue, and higher levels of
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excessive daytime sleepiness. Research is needed to explore the longitudinal relationship of
pain and daytime and nighttime sleep characteristics in HF to ultimately develop and test
interventions for these co-occurring symptoms to improve the daytime function of people
with HF.
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Figure 1.

Interaction between Insomnia and Total Sleep Time (PSG) on Bodily Pain In the interaction
model of insomnia and TST (PSG) without other covariates, the interaction term is
significant (p=.0463). The interaction shows longer TST is associated with more pain in HF
patients with insomnia only. This interaction term is not significant after adjusting for other
covariates.
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Table 1.

Demographic and clinical characteristics (N=173)

Domain Variables Mean (SD) / N (%)
Demographic Characteristics Age 60.35 (16.07)
Male (%) 113 (65.3%)
White 110 (64.6%)
Clinical Characteristics Charlson Comorbidity Index 2.45 (1.52)
Body Mass Index 30.72 (8.03)
NYHA Classification
1 5 (2.9%)
I 95 (54.9%)
1l 61 (35.3%)
1Y 12 (6.9%)
Bodily Pain 8.02 (2.72)
Nighttime Sleep Characteristics ~ Sleep Duration
Sleep Duration — PSQI (min) 387.10 (100.5)
Total Sleep Time — ACT (min) 378.7 (88.6)
Total Sleep Time — PSG (min) 323.6 (96.6)
Sleep Continuity
Sleep Efficiency — PSQI 80.07 (17.70)
Sleep Efficiency - ACT 76.74 (12.86)
Sleep Efficiency - PSG 71.01 (16.25)
Sleep Fragmentation — ACT 42.24 (21.27)
Sleep Latency — PSG 20.92 (27.06)
Sleep Latency - ACT 29.36 (37.84)
Sleep Quality
Sleep Quality — PSQI 1.39 (0.85)
Insomnia Symptoms Total (DIMS) 1.73 (1.38)
Frequency of Sleep Medications
None 133 (76.9%)
Less than Once per week 5 (2.9%)
Once or Twice per week 5 (2.9%)
Three or More times per week 30 (17.3%)
Pain Medications
Acetaminophen 29 (16.8%)
Non-Steroidal Anti-Inflammatory 4 (3.31%)
Gabapentin 6 (3.47%)
Daytime Sleep Characteristics Daytime Sleepiness (ESS) 8.31 (4.34)
Fatigue 29.80 (14.62)
Frequency of Naps over 4 days 272 (2.41)
Snooze Time - ACT 17.61 (18.38)
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Note. NYHA: New York Heart Association, PSQI: Pittsburgh Sleep Quality Index, ACT: Wrist Actigraphy (3 ACT nights average), PSG:
Polysomnography (1 PSG night), ESS: Epworth Sleepiness Scale
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Table 2.

Correlations between demographic and clinical characteristics, sleep characteristics and bodily pain

Domain Variables Correlation with Bodily Pain

Clinical Characteristics Charlson Comorbidity Index -0.18 (.0179)

NYHA Classification **-0.22 (.0038)

Nighttime Sleep Characteristics ~ Sleep Duration

Sleep Duration — PSQI 0.13 (.0789)
Total Sleep Time - ACT 0.04 (.6007)
Total Sleep Time — PSG -0.11 (.1612)
Sleep Continuity
Sleep Efficiency — PSQI 0.16 (.0301)
Sleep Efficiency - ACT 0.10 (.1784)
Sleep Efficiency - PSG -0.02 (.8188)
Sleep Fragmentation — ACT -0.12 (.1142)
Sleep Latency - PSG -0.04 (.5997)
Sleep Latency-ACT -0.03 (.6620)
Sleep Quality
Sleep Quality — PSQI -0.40 (<.0001)
Insomnia Symptoms (DIMS total) -0.31 (<.0001)

Frequency of Sleep Medications **-0.29 (.0001)

Daytime Sleep Characteristics

Daytime Sleepiness (ESS) -0.20 (.0094)
Global Fatigue -0.38 (<.0001)
Frequency of Naps for 4 days -0.20 (.0070)
Snooze Time-ACT -0.17 (.0305)

Note. NYHA: New York Heart Association, PSQI: Pittsburgh Sleep Quality Index, ACT: Wrist Actigraphy (3 ACT nights average), PSG:
Polysomnography (1 PSG night), ESS: Epworth Sleepiness Scale Correlation was measured by Pearson Coefficient except NYHA Classification
and Frequency of Sleep Medications (** Spearman correlation used); Bodily Pain — higher scores indicates less pain
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Multivariable model of sleep variables explaining bodily pain with stepwise selection

Table 3.

Variable Coefficient + Std. Err  F-value  P-value
DIMS (Yes vs. No) -1.45+0.43 11.18 .0010
Total Sleep Time — PSG (Per 1hr) -0.38 £0.12 11.03 .0011
Sleep Quality — PSQI -0.63+0.26 6.01 .0153
Frequency of Sleep Medication Use -0.40+0.17 5.82 .0170
Frequency of Daytime Naps -0.23 £0.07 9.16 .0029

Page 16

Note. DIMS: insomnia symptoms of difficulty of initiating, maintaining sleep or awakening too early, PSG; Polysomnography, PSQI: Pittsburgh

Sleep Quality Index, Bodily Pain — higher scores indicates less pain Note. R-square = 0.305
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Table 4.

Page 17

Multivariable model of sleep variables explaining bodily pain with stepwise selection in HF patients with and

without insomnia

Insomnia (N=86)

Variable

Total Sleep Time — PSG (Per 1hr)
Sleep Quality — PSQI

Frequency of Sleep Medications

Frequency of Naps

Variable

Total Sleep Time — PSG (Per 1hr)
Sleep Quality — PSQI

Frequency of Sleep Medications

Frequency of Naps

Coefficient = Std. Err ~ F-value
-0.52 +0.15 12.64

-0.78 £ 0.32 5.83

-0.22 £0.19 1.39
-0.15+0.10 2.06

No Insomnia (N=84)
Coefficient = Std. Err ~ F-value
-0.21 +0.19 1.20
-0.32+0.41 0.62
-0.85+0.33 6.65

-0.28 +0.11 6.61

P-value
.0006
.0180
.2416
.1554

P-value
2776
4352
.0118
.0120

Note. PSG; Polysomnography, PSQI:
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Comparisons of pain, daytime, and nighttime sleep characteristics by insomnia and total sleep time after

adjusting for age and comorbidity.

Table 5.

Total Sleep Time - PSG

Insomnia

No Insomnia

Bodily Pain
Insomnia
No Insomnia
P-value
Fatigue
Insomnia
No Insomnia
P-value
Sleep Quality
Insomnia
No Insomnia
P-value
Sleep Medication
Insomnia
No Insomnia
P-value
Naps
Insomnia
No Insomnia
P-value
Daytime Sleepiness
Insomnia
No Insomnia
P-value
Snooze Time
Insomnia
No Insomnia

P-value

Q1

<267.5 min
N (%)

30 (34.9%)
12 (14.3%)

Adj. Mean
+ Std.Err

7.95+0.45
9.01+£0.70
.2031

32.11+2.67
26.22 +4.14
.2345

1.77+0.13
1.07+0.21
.0051

0.98 £0.20
0.35+0.31
.0913

2.34+£0.43
3.95+0.68
.0472

8.31+0.78
8.25+1.22
9672

18.16 +3.43
27.38 £5.60
.1629

Q2
267.5 - 322.5 Min
N (%)

19 (22.1%)

24 (28.6%)

Adj. Mean
+ Std.Err

8.18 + 0.56
9.64 +£0.51
.0549

32.77+£3.33
22.59 + 3.46
.0352

1.53+0.16
0.98+0.15
.0147

0.35+0.25
0.20£0.23
.6636

2.67 £0.54
2.86 +£0.50
7971

8.87 £0.97
8.54+0.90
.8040

18.45+4.37
11.73+3.94
.2552

Q3
322.6 - 392.5 Min
N (%)

19 (22.1%)

23 (27.4%)

Adj. Mean
+ Std.Err

5.70 £ 0.56
8.88 +£0.51
<.0001

35.18 +£3.33
22.63 +3.02
.0059

2.09+0.16
0.90 +0.15
<.0001

0.86 + 0.25
0.17+0.23
.0403

3.61+0.54
2.27+0.49
.0650

9.80 £ 0.97
7.02+0.89
.0357

19.81+4.26
12.76 +3.98
.2266

Q4
>392.5 Min
N (%)

18 (20.9%)
25 (29.8%)

Adj. Mean
+ Std.Err

5.91+0.58
8.64 +£0.49
.0004

39.73£3.26
26.50 +2.88
.0028

1.93+0.17
0.84£0.14
<.0001

1.38+0.26
0.35+0.22
.0029

2.36 +0.56
247 +£0.47
.8845

10.05+1.01
6.77 £ 0.85
.0136

18.82 +4.41
19.09 +3.81
.9620

Note. Adjusted Mean and standard error were estimated from generalized linear model adjusted for age and comorbidity
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