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Abstract

Rates of sleep disorders and associated adjustment were examined in patients with implantable
cardioverter defibrillators (ICDs; n=42; Mage=61.57, SD=12.60). One night of ambulatory
polysomnography, 14-days of sleep diaries, and questionnaires (mood, sleepiness, fatigue, device
acceptance) were administered. MANCOVA (controlling for ischemia) examined adjustment by
sleep diagnosis. Apnea was most common-28.6%, followed by Insomnia-16.7% and Comorbid
Insomnia/Apnea-11.9%. Patients with insomnia reported poorer mood, greater sleepiness, and
lower device acceptance than good sleepers; they also demonstrated poorer mood and less ICD
device acceptance than patients with sleep apnea. Patients with comorbid insomnia/apnea also
exhibited poorer mood and less ICD device acceptance than good sleepers; however, comorbid
patients did not significantly differ from insomnia or apnea patients on any measure. Those with
disordered sleep (regardless of type) reported greater fatigue than good sleepers. Assessment (and
treatment) of difficulties with sleep, mood, fatigue, and/or device acceptance may be important for
the comprehensive clinical management of ICD patients. Further research appears warranted.

Cardiovascular disease affects close to one quarter of the general population and is the
leading cause of death in the United States, accounting for 31.9% of mortalities in 2010 (Go
et al., 2014). Cardiac arrhythmogenesis while sleeping is a concern in the context of
advanced cardiac disease. Although sleep is generally thought of as a time of repair and
restoration, it is also a time of vulnerability. During sleep, there is decreased respiratory
control and surges in autonomic nervous system activity than can be detrimental
(Chokroverty, 1999; Verrier & Josephson, 2005; Verrier & Mittleman, 2005). Fifteen
percent of malignant ventricular arrhythmias episodes and 30% of atrial fibrillation episodes
occur during sleep (Verrier & Josephson).
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Implantable cardioverter defibrillators (ICDs) are the treatment of choice for primary and
secondary prevention of death associated with potentially-lethal ventricular arrhythmias (Al-
Khatib et al., 2013; Connolly et al., 2000). ICDs use pacing and high energy shock to
terminate arrhythmias; research has shown a demonstrable mortality advantage compared to
medications in at-risk patients (AVID, 1997; Bardy et al., 2005; Moss et al., 1996). With the
success of the ICD in preventing sudden cardiac death, researchers are increasingly turning
their attention towards broader health factors that are impacting the lives and wellbeing of
ICD patients, including the role of sleep. Clinically significant symptoms of sleep
disturbance have been found in as many as 67% of patients with ICDs (without
comorbidities such as congenital heart disease, genetic arrhythmia, psychiatric disorder
requiring use of psychotropic medication, schizophrenia or bipolar disorder, debilitating
musculoskeletal disease, or clinically significant cognitive problems; (Berg, Higgins, Reilly,
Langberg, & Dunbar, 2012), compared to the approximate 30% of adults in the US who
complain of one or more symptoms of sleep disturbance (Ancoli-Israel & Roth, 1999), 10%
rate of insomnia in the general US population, and 35% rate of insomnia in older adults aged
65 and older (M. M. Ohayon, 2002). Sleep disturbances have also been observed to vary
with symptoms of increased cardiac arrhythmia in device patients, indicating that sleep may
be considerably affected by the cardiac condition (Serber et al., 2003). However, in order to
fully understand and manage sleep problems in patients with ICDs, information regarding
the specific types of disorders (i.e., obstructive sleep apnea, insomnia) experienced and their
prevalence is needed.

Prevalence rates of sleep disordered breathing (SDB), primarily obstructive sleep apnea
(OSA), in patients with ICDs are estimated at 40-77% (Fries et al., 1999; Grimm, Apelt,
Timmesfeld, & Koehler, 2013; Serizawa et al., 2008; Tomaello, Zanolla, Vassanelli,
LoCascio, & Ferrari, 2010). The pathophysiological consequences of OSA (e.g., increased
heart rate and blood pressure, sympathetic nervous system activity) are particularly
problematic to the patient with an ICD, as these cardiovascular events may increase risk of
shock and subsequent shock-related psychological distress (Kasai & Bradley, 2011).
Although some studies have found no significant association between sleep apnea and ICD
shocks (Fries et al., 1999; Grimm et al., 2013), two key studies (Fichter et al., 2002;
Serizawa et al., 2008) have indicated that the cumulative effects of disruptive apneas are
significantly associated with arrhythmia.

The potential for ICD patients to develop insomnia is a critical concern, because insomnia is
associated with numerous negative consequences, including mood disturbances, dependence
on sleep medication, decreased quality of life, and impaired social interactions(Roth &
Ancoli-lIsrael, 1999). Comorbid insomnia—insomnia occurring concurrently with another
medical or psychiatric condition—accounts for the majority of insomnia cases, with
insomnia observed in approximately 38% of individuals with a comorbid condition and only
8% of individuals without a comorbid condition (Taylor et al., 2007). Insomnia is commonly
observed among individuals with medical problems, such as cancer, hypertension,
cardiovascular disease, and chronic pain (Quesnel, Savard, Simard, Ivers, & Morin, 2003;
Redeker et al., 2010; Taylor et al., 2007). Insomnia is also highly comorbid with psychiatric
disorders, with approximately 40-50% of people diagnosed with insomnia diagnosed with a
concurrent psychiatric disorder.(M.M. Ohayon, 1997) Taylor et al. (Taylor, Lichstein,
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Durrence, Reidel, & Bush, 2005) found that people with chronic insomnia are approximately
10 times more likely to be depressed and 17 times more likely to be anxious than people
without insomnia, and that symptoms were more severe in people with insomnia compared
to people without sleep disturbances.(Taylor et al., 2005) Additionally, insomnia has been
shown to decrease quality of life in patients across a range of medical and psychiatric
illnesses (Katz & McHorney, 2002) thus understanding the connection between treating
insomnia and associated health-related outcomes is indispensable for care of these patients.
A meta-analytic investigation of 21 studies examining depression and insomnia
demonstrated that non-depressed individuals who develop insomnia have a 2.60 times risk
of also developing depression compared to individuals without sleep disturbance (Baglioni
etal., 2011).

Comorbidity rates between sleep disturbances and psychological distress, in particular,
depression and anxiety (Buysse et al., 1994; Mendelson, 1997), can range from 40-60% (D.
E. Ford & Kamerow, 1989). Similarly, the rates of depression and anxiety in patients with
ICDs are high, but comparable to other cardiac disease populations(Sears, Todaro, Lewis,
Sotile, & Conti, 1999; W. Whang et al., 2005) found that 14% of a sample of ICD patients
were categorized as mildly depressed, while 3.9% were moderately to severely depressed,
with depression significantly predicting risk for an ICD shock. Dunbar et al. (1999) found
similar results; ICD patients with greater mood disturbances had a greater likelihood of
receiving a shock, cardioversion, or tachycardia pacing. In particular, more experiences of
anxiety, fatigue, and confusion and fewer experiences of energy increased the possibility of
an arrhythmia event. Anxiety symptoms may be the most universal yet debilitating
experience of the ICD patient; 24-87% of ICD recipients experienced increased anxiety as a
result of ICD implantation, with approximately 13-38% meeting criteria for clinically
significant anxiety disorders (Sears et al., 1999). Individuals with insomnia may also
experience impaired daytime functioning, such as fatigue and excessive daytime sleepiness
(K. L. Lichstein, Means, Noe, & Aguillard, 1997; Ustinov et al., 2010). ICD patients are
already at risk population for distress and functional impairment; the addition of poor sleep
may serve to further exacerbate these vulnerabilities and impede recovery and adjustment to
life following ICD implantation. However, whether the level of psychological adjustment
and daytime functioning displayed by ICD patients varies as a function of sleep disorder
diagnosis is unknown.

Compared to the body of research reporting on OSA and SDB in ICD patients, there is a
paucity of research examining insomnia in patients with ICDs. Only one such study,
performed by Cross, McCrae, Smith, Conti and Sears (2010), has looked at the prevalence
of diagnosable insomnia in this population. That study found that ICD patients reported
mean sleep onset latencies (33.8 min) and wake times after sleep onset (32.6 min) consistent
with empirically-validated quantitative criteria for diagnosing insomnia (K. L. Lichstein,
Durrence, Taylor, Bush, & Riedel, 2003). The potential for ICD patients to develop
insomnia is of critical concern, because insomnia is associated with numerous negative
consequences including psychological distress (M.M. Ohayon, Caulet, & Lemoine, 1998)
and impaired daytime functioning (e.g., fatigue, excessive daytime sleepiness; K. L.
Lichstein et al., 1997; Ustinov et al., 2010).
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Given the role that arousal and distress play in the development of chronic insomnia, ICD
patients may be particularly vulnerable as they experience a considerable amount of distress
related to coping with cardiac disease, device implantation, and the potential for unexpected
shock. In patients with ICDs, the severity of mood disturbance is found to predict risk for
shock (William Whang et al., 2005) and likelihood of cardioversion or tachycardia pacing
(Dunbar et al., 1999). Anxiety symptoms may be the most universal yet debilitating
experience of the ICD patient; 24-87% of ICD recipients experienced increased anxiety as a
result of ICD implantation, with approximately 13-38% meeting criteria for clinically
significant anxiety disorders (Magyar-Russell et al., 2011; Sears et al., 1999).

ICD patients’ also have unique device-related aspects of functioning — how well they accept
their device, and how much shock specific anxiety they have — that have been shown to
impact their quality of life (Burns, Serber, Keim, & Sears, 2005; Kuhl, Dixit, Walker, Conti,
& Sears, 2006). However, these have yet to be examined in the context of specific sleep
disorders. The increased risk for ventricular arrhythmia and shock associated with
disordered sleep and psychological distress can negatively affect patients’ ability to live
comfortably with their device. Patients’ implanted with ICDs are asked to live with the
potential for defibrillation and adjust to this potential life-disruption by developing an
acceptance of their device, while minimizing worry and anxiety related to the potential for
shock. Patients with device acceptance understand and psychologically accommodate the
advantages and disadvantages of having an ICD and derive biomedical, psychological, and
social functioning benefits from the ICD. These patients demonstrate better quality of life
and fewer symptoms of anxiety and depression than ICD patients who do not accept their
device (Burns et al., 2004; Burns et al., 2005; Pedersen, Spindler, Johansen, Mortensen, &
Sears, 2008). Unfortunately, whether the device-specific level of adjustment (acceptance,
fear of shock) that ICD patients display varies as a function of sleep disorder diagnosis has
yet to be explored.

If ICD patients are already an at-risk population for distress and functional impairment, the
addition of poor sleep may serve to further exacerbate these vulnerabilities and impede
recovery and adjustment to life following ICD implantation. However, whether the level of
psychological adjustment and daytime functioning displayed by ICD patients varies as a
function of sleep disorder diagnosis is unknown. The primary aim of the present study was
to investigate the rates of sleep disorders in ICD patients. We hypothesized that OSA and
insomnia would be the two most prevalent disorders. The secondary aim of this study was to
examine potential differences in functioning and adjustment as a function of sleep disorder
diagnosis. We hypothesized that ICD patients with insomnia would have poorer
psychological (anxiety, depression), daytime (sleepiness, fatigue), and device-specific
(device acceptance, shock anxiety) functioning and adjustment than patients with OSA
followed by good sleepers. Information about the prevalence of diagnosable sleep disorders
in patients with ICDs holds significant clinical relevance, as it may guide treatment planning
around the sleep of these patients to improve their overall adjustment to living with chronic
cardiac disease, the ICD device, and the on-going threat of future shock.
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Methods

Participants

Forty-two patients (Mage = 61.57 years, SD = 12.60) were recruited from a university-based
cardiac clinic. Inclusion criterion included having an ICD device (single chamber, dual
chamber, or combined with a biventricular pacing device). Exclusion criteria included
severe cognitive impairment measured by the Mini Mental Status Exam (MMSE; if 9th
grade education or higher: < 23, if less than 9th grade education: < 17; Folstein, Folstein, &
McHugh, 1975) as well as performing shift work (i.e., working third shift hours). See Table
1 for additional demographic data.

Procedure

All study procedures were IRB approved, and written informed consent was obtained from
each participant before enrollment in the study. Potential participants were recruited by
study staff after physician referral to the research study. If interested, participants attended a
baseline visit involving an in-depth clinical interview to evaluate the presence of sleep
disturbances and establish a probable diagnosis of insomnia, and all outcome questionnaires
were administered (see Measures). At the end of the visit, participants were provided with
paper-based daily diary sheets to be completed over the next 14 days and outfitted with the
ambulatory polysomnography (PSG) device to record their sleep that night. The ambulatory
PSG equipment was returned the following day, while daily diaries were returned after 14
days had been recorded. Post-baseline assessment, authorized study staff conducted an
electronic medical record review of each participant’s medical history.

Our board certified sleep physician and sleep psychologist reviewed the ambulatory PSG
and 14-day sleep diary records. Sleep disorders were diagnosed in accordance with criteria
of the International Classification of Sleep Disorders-2nd ed. (ICSD-2; AASM, 2005), and
(in the case of insomnia) Research Diagnostic Criteria (RDC) established by the American
Academy of Sleep Medicine (Iber, Ancoli-Israel, Chesson, & Quan, 2007). Diagnoses of
OSA (apnea/hypopnea index [mean apneas and hypopneas, or partial apneas, per hour] >10)
and periodic limb movement disorder (PLMD; myoclonus arousals per hour >10) were
derived from ambulatory PSG data. Diagnoses of insomnia were derived from inspection of
14-day sleep diaries and included: 1) report of difficulty (> 30 minutes) with sleep onset,
awake time during night, or waking up too early; 2) complaint of sleep that is chronically
non-restorative or poor in quality; 3) items 1 and 2 occur despite adequate opportunity and
circumstances for sleep; 4) insomnia present at least 3 nights per week for more than 1
month; 5) and a complaint of at least 1 sleep-related daytime impairment, including: fatigue/
malaise; impaired cognition; social/vocational dysfunction or poor school performance;
mood disturbance/irritability; daytime sleepiness; motivation/energy/initiative reduction;
proneness for errors/accidents at work or while driving; tension headaches, and/or Gl
symptoms in response to sleep loss; and concern/worry about sleep.

Measures

Clinical Interview—Participants completed an in-depth clinical and sleep history
interview at their baseline assessment. Sleep-related questions assessed participants’
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potential for insomnia (e.g., Approximately how long does it take you to fall asleep at
night?) and sleep apnea (e.g., Do you snore?), symptoms or environmental conditions
indicative of other sleep problems (e.g., currently working third shift, leg jerks or restless
legs in the middle of the night [PLMD or restless leg syndrome], diurnal sleep attacks
[narcolepsy]), and any other unusual sleep experiences or factors that influence sleep (e.g.,
alcohol and caffeine consumption).

Other information obtained during this interview included demographics, cardiac- and 1CD-
specific health history, presence or history of other health conditions that may affect sleep or
cardiac functioning (e.g., cancer, neurological diseases, diabetes, chronic pain), and whether
currently taking prescription or over-the-counter medications (including sleep aides). A
formal review of medical records obtained prior to the baseline visit was performed
separately in order to verify cardiovascular-specific history (i.e., date of ICD implantation,
cardiac etiology, ejection fraction, and pre-baseline medication usage).

Of note, we ascertained which participants had pre-morbid sleep difficulties prior to ICD
implantation by subtracting (YYears of Insomnia Complaint) from (Years since ICD
Implantation) questions taken from the clinical interview, with negative values indicative of
a sleep problem that preceded ICD implantation. We also ascertained pre-morbid
psychological disorder diagnosis utilizing electronic medical record review; participants
who had a psychiatric diagnosis (e.g., depression, anxiety) at the time of baseline assessment
were categorized as having a psychiatric diagnosis at the time of screening.

Sleep Assessment

Ambulatory Polysomnography: A single night of ambulatory PSG was collected at the
baseline visit. A 25-channel AURA Portable Recording System (Grass Technologies) was
used to conduct in-home overnight sleep monitoring. Consistent with ambulatory PSG
recommendations (Collop et al., 2007; Iber et al., 2007) monitoring consisted of 10
electroencephalography (EEG) measures (F2, C2, 02, ground, reference, M1, M2), 2
electro-oculography (EOG), and 3 chin electromyography (EMG) according to standard
placements (Chesson, Berry, & Pack, 2003; Iber et al., 2007). Other standardized PSG
monitoring included respiratory inductance plethysmography (thoracic & abdominal effort),
oximeter (pulse & oxygen saturation), electrocardiogram (ECG), right and left anterior
tibialis EMG (R & L), oral-nasal airflow thermocouple, and nasal cannula pressure
transducer. PSGs were scored by a registered polysomnograph technologist and reviewed by
a board certified sleep physician (RBB) based on procedures described by the Sleep Heart
Health Study (SHHS; Redline et al., 1998).

Sleep Diaries: Participants completed daily sleep diaries each morning for 14-days,
beginning on the morning following their overnight PSG, to produce the following variables
used to diagnose insomnia: 1) sleep onset latency (SOL; time it took to fall asleep); 2)
number of awakenings during the night; 3) wake after sleep onset (WASQO; total time spent
awake during the night); and 5) sleep efficiency (ratio of total sleep time to total time in bed
x 100, expressed as a percentage). The daily diary used was adapted from that developed by
Lichstein and colleagues (1999) to include questions assessing device-related worry and
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symptoms of cardiac events that each patient currently feels prior to falling asleep each
night. These latter device-related items were not examined in the current set of analyses.

Psychological Adjustment—The Beck Depression Inventory- Il (BDI; Beck, Steer, &
Brown, 1996) was used to assess severity of depressive symptomatology over the past 14
days. The BDI is a 21-item self-report questionnaire, each item is scored on a 0 (absence of
symptoms) to 3 (most severe) scale, with higher scores indicating greater maladjustment.
The State Trait Anxiety Inventory, Form Y2 (STAI; Spielberger, Gorsuch, Lushene, Vagg,
& Jacobs, 1983) is a 20-item questionnaire that measures general levels of anxiety over the
past 14 days. Items consist of a self-descriptive statement (“I feel calm”), and participants
are asked to rate their agreement on a 1 (not at all) to 4 (extremely) scale to derive a total
score ranging from 20-80. The BDI and STAI demonstrate good reliability (a > 0.8) and
have been used extensively in populations with chronic medical conditions.

Daytime Functioning—The Epworth Sleepiness Scale (ESS; Johns, 1991) is an 8-item,
self-report measure of daytime sleepiness that asks participants to rate their chances of
falling asleep on a 0 (would never doze) to 3 (high chance of dozing) point scale in eight
different sedentary situations (e.g., watching TV). The mean ESS score of normal sleepers is
4.6 (SD = 2.8), with insomnia complaints significantly correlated with ESS scores (Johns &
Hocking, 1997). For the current study, a cutoff score of 7.3 (1 standard deviation above the
mean score of normal sleepers) was used as evidence of a daytime functioning complaint.

The Fatigue Severity Scale (FSS; Krupp, LaRocca, Muir-Nash, & Steinberg, 1989)
measures the degree to which fatigue interferes in daily functioning across nine items (e.g.,
“Exercise brings on my fatigue,”) rated on a 1 (strongly disagree) to 7 (strongly agree) scale.
There is no formal normative data for the FSS; however, Lichstein et al. (1997) found that
insomnia patients averaged an FSS score of 6.0 (SD = 0.5), and suggest scores of 5.4 (1
standard deviation below the mean FSS scores of patients with an insomnia complaint) as a
cutoff score for evidence of daytime impairment (criteria used herein).

Device-related Adjustment—The Florida Shock Anxiety Scale (FSAS; Kuhl et al.,
2006) is a 10-item assessment of shock anxiety that was initially developed to evaluate
patient fears and anxieties surrounding shock from an ICD. Psychometrically, the FSAS
exhibits high internal consistency (Cronbach’s a=.91), and is significantly positively
correlated with the Multidimensional Fear of Death Scale (Kuhl et al., 2006), history of ICD
shocks, and self-reported ICD-shock related life disruption (J. Ford et al., 2012). The FSAS
is significantly negatively correlated with self-reported emotional well-being, sense of
security, quality of life, and general health. FSAS scores ranging 10-12 indicate no shock
anxiety, while scores >41 indicate having shock anxiety almost all of the time (Morken et
al., 2012).

The Florida Patient Acceptance Survey (FPAS; Burns et al., 2005) is a device-specific
quality of life measure intended to evaluate how well ICD patients have accommodated the
ICD into their lives. Psychometric evaluation of the FPAS has yielded four distinct factors
related to patient functioning that are measured by the questionnaire: Return to Function
(e.g., I am not able to do things for my family the way | used to; | have returned to a full
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life), Device-Related Distress (e.g., When | think about the device, | avoid doing things |
enjoy; Thinking about the device makes me depressed), Positive Appraisal (e.g., The
positive benefits of this device outweigh the negatives; My device was my best treatment
option), and Body Image Concerns (e.g., | feel less attractive because of my device; | feel
that others see me as disfigured by my device). The measure includes 18 items on a scale of
1 (strongly disagree) to 5 (strongly agree), yielding a Total ICD Patient Acceptance score
(ranging from 20 to 90). The FPAS demonstrates satisfactory internal consistency
(Cronbach’s a = .74-.89) for the total questionnaire and all of the scales, is significantly
correlated with measures of general quality of life, is negatively correlated with measures of
psychosocial distress (e.g., anxiety, depression), and can successfully discriminate between
groups of device patients (e.g., ICDs, pacemakers).

Analyses—IBM SPSS Statistics Version 20 was used for all statistical analyses.
Participants were categorized by sleep disorder diagnosis based on their sleep diaries and
PSG. Descriptive statistics were calculated for demographic variables (age, gender, race, and
years of education). Pearson correlations were calculated between all dependent variables to
demonstrate the degree of multicollinearity/independence of these constructs. A 4
(Diagnoses: Good Sleeper, Insomnia, Obstructive Sleep Apnea, or Comorbid Insomnia and
Apnea) x 6 (Adjustment variables: BDI, STAI, ESS, FSS, FPAS, and FSAS) MANCOVA
was performed to detect an overall effect of sleep disorder diagnosis on adjustment
variables, with ischemia diagnosis (ischemic vs. non-ischemic) and sleep medication use
(yes or no) designated as covariates. The separation of ischemic vs. non-ischemic calls
attention to the etiology of the cardiac condition (i.e., ischemic disease denotes a chronic
process of atherosclerosis, non-ischemic disease denotes a more idiopathic or variable
etiology that is marked by sudden onset and beyond one’s control). In order to further
distinguish differences in adjustment between sleep disorder diagnoses, follow-up univariate
post-hoc tests were conducted.

Sleep Disorder Diagnoses and Demographics

Participants were categorized into one of four groups: Obstructive Sleep Apnea (OSA; n =
12, 28.6%), Insomnia (n= 7, 16.7%), Comorbid Insomnia and Apnea (n =5, 11.9%), and
Good Sleepers (n = 18, 42.9%). No participants met criteria for other sleep disorders.

Demographic information for the total sample as well as the three groups can be found in
Table 1. There were no significant differences between groups on any demographic
variables, including age, gender, education, MMSE score, number of current medications,
sleep medicine use, cardiac ejection fraction, ischemia diagnosis, or years since ICD
implantation.

Chi-Square tests of independence were conducted to ascertain potential group differences
with regards to pre-ICD implantation sleep complaint, history of receiving ICD shocks, and
pre-morbid psychiatric diagnosis (See Table 1). 15.9% of the total sample indicated a sleep
complaint occurred prior to ICD implantation; the Insomnia and Comorbid Insomnia/Apnea
groups had the greatest percentage of participants reporting prior sleep complaint, with
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Good Sleepers having the lowest percentage. These group differences were non-significant,
however (32 (N = 36, df = 3) = 5.73, p =.13). There were also no significant group
differences with regards to shock history (i.e., defined as ever experiencing a shock; 32 (N =
42, df = 3) = .16, p =.98). Moreover, 30% of the entire sample had pre-existing psychiatric
diagnoses at the time of data collection (41.7% Apnea; 30% Good Sleepers; 28.6%
Insomnia; 20% Comorbid Insomnia/Apnea), though no significant group differences were
found 2 (N = 42, df = 3) = .87, p=.83).

Correlations of Adjustment Variables

Pearson correlations were conducted between the psychological adjustment, daytime
functioning, and 1CD-specific adjustment variables (Table 2). While there were significant
correlations between many of the outcome variables, they were not strong enough to
preclude examination as separate outcomes (BDI and STAI were examined separately based
on their routine usage as separate measures in clinical settings).

Group Comparisons

A between-subjects MANCOVA controlling for diagnosis of ischemia was significant,
F(6,33) =5.41, p< 0.01, n2 = 0.50, indicating an overall moderate main effect of diagnosis
on the outcome variables. The effects of sleep disorder diagnosis did not vary based on
either ischemia diagnosis, F(6,31) = 0..46, p = 0.83 or use of sleep medications F(6,31) =
1.27, p=.30.

Six follow-up ANOVASs and subsequent pairwise comparisons (adjusted for multiple
comparisons using Fisher’s least significant differences test; Hayter, 1986) indicated several
differences between groups on the outcome measures (Table 3). The Insomnia group and the
Comorbid Insomnia/Apnea group demonstrated significantly higher scores on the BDI-II
[F(3,36) = 5.88, p = .002, n2 = .33] than good sleepers or individuals with apnea.
Participants with Comorbid Insomnia/Apnea also had significantly greater BDI-11 scores
than individuals with apnea. Both the Insomnia and Comorbid Insomnia/Apnea groups
demonstrated significantly higher scores on the STAI [F(3,36) = 2.92, p = .047, )2 = .20].
Moreover, both the Insomnia and Comorbid Insomnia/Apnea group exhibited clinically
significant levels of depression and anxiety, while the OSA and Good Sleeper groups did not
experience clinically significant levels of either.

With regards to daytime functioning measures, Good Sleepers had significantly lower
fatigue ratings on the FSS than the Insomnia, Apnea, and Comorbid Insomnia/Apnea
groups, groups; the latter groups did not differ from each other, except for the Comorbid
group experiencing significantly greater fatigue than the Apnea group. There were no
significant group differences on the ESS.

Examination of the device-specific adjustment measures revealed significant group
differences on the FPAS, with both the Insomnia and Comorbid Insomnia/Apnea groups
reporting significantly less ICD device acceptance than the Good Sleeper group (F(3,36) =
6.21, p = 0.002, n2 = 0..34), Additionally, the Apnea group demonstrated greater device
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acceptance than the Insomnia group, but not the Comorbid Insomnia/Apnea group. There
were no significant group differences on the FSAS.

Discussion

This study demonstrated that insomnia and obstructive sleep apnea are highly prevalent
(~57%) amongst patients with ICDs, and that insomnia (alone or comorbid with sleep
apnea) is associated with poorer psychological adjustment and poorer device-related
acceptance relative to ICD-patients with good sleep or those with obstructive sleep apnea
only. We also found that good sleepers and patients with diagnosed sleep disorders did not
differ in their report of daytime sleepiness, but daytime fatigue was significantly more
prominent in patients with apnea, insomnia, or both disorders than in ICD patients with good
sleep.

Based on empirically-derived diagnoses for organic sleep disorders (AASM, 2005; Edinger
et al., 2004) using self-report (14-day sleep diaries) and objective (1 night ambulatory PSG)
sleep measures, we established four analysis groups with disparate functioning and
adjustment profiles: (1) Good Sleepers (42.9% of the sample), (2) Insomnia (16.7%), (3)
Obstructive Sleep Apnea (28.6%), and (4) Comorbid Insomnia and Obstructive Sleep Apnea
(11.9%). The prevalence rate of OSA in our sample (40.5%) is consistent with previous
findings in the literature (40-77%; Fries et al., 1999; Grimm et al., 2013; Mehra et al., 2006;
Serizawa et al., 2008; Tomaello et al., 2010), although our rate of OSA and comorbid
insomnia (11.9%) is low relative to previously reports in ICD patients with nocturnal
ventricular arrhythmias (22-54.9%; Al-Jawder & Bahammam, 2011). Our prevalence rate
for insomnia within the sample (28.6%) is lower but somewhat comparable to previous
findings in heart failure patients (44%; Taylor et al., 2007), and suggests that insomnia is a
considerable problem with these patients as a less-recognized and/or treated condition that
until recently has received little attention (Cross et al., 2010).

Together, these prevalence findings may have clinical implications for the coordinated care
of ICD patients. The identification of an under-recognized condition, such as insomnia,
could warrant the inclusion of psychological and/or hypnotic therapy to the constellation of
medical care ICD patients receive which could substantially improve their cardiovascular
functioning and/or quality of life. Apnea, whether alone or comorbid with insomnia, is
particularly problematic for ICD patients as the aggregate cardiovascular effects of apnea
(Kasai & Bradley, 2011) have been associated with arrhythmia and subsequent ICD
discharge (Fichter et al., 2002; Serizawa et al., 2008; Tomaello et al., 2010). The finding that
insomnia and apnea have the potential to co-occur suggests that concurrent psychological
treatment for insomnia and respiratory therapy (i.e., continuous positive airway pressure
[CPAP], the gold standard treatment for sleep apnea) in this population may be indicated,;
previous research demonstrates both the cardiovascular and psychological benefit of this
dual approach (Abe et al., 2010). In particular, the cardiovascular benefits of treating sleep
disorders in ICD patients may be substantial, especially for attenuating the
pathophysiological effects of heart disease exacerbated by sleep apnea (Kaneko et al., 2003).
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The presence of insomnia within our sample (~29%), whether alone or comorbid with
obstructive sleep apnea, was found to be significantly associated with poorer psychological
adjustment and device-related functioning in patients with ICDs. Of note, both the Insomnia
and Comorbid Insomnia and Apnea group demonstrated clinically significant levels of
depression (i.e., group mean of 18.9 is indicative of moderate depressive symptoms; Beck et
al., 1996) and anxiety (i.e., group mean of 44.8 indicates clinically elevated anxiety
symptomatology; Spielberger et al., 1983); whereas, mood ratings for neither Good Sleepers
nor the Apnea only group were in clinically significant ranges. This is not surprising, given
that insomnia has been previously associated with greater mood disturbances, especially
anxiety and depression (Buysse et al., 1994). However, as mood disturbances increase the
risk of shock in ICD patients (Dunbar et al., 1999; William Whang et al., 2005), this finding
draws attention to the possibility that patients with concurrent insomnia (alone or with OSA)
and mood symptoms are at greater risk for an arrhythmia event or ICD discharge than those
with apnea alone and good sleepers, and may also coincide with mood disturbances
significant enough to warrant psychological or pharmacological intervention. Furthermore,
the fact that participants with Insomnia deviate from Good Sleepers and Apneics on device-
specific functioning indicates there may be some degree of relationship between poor sleep
and adjustment to the ICD device. Our results suggest that ICD patients with Insomnia or
Comorbid Insomnia and Apnea are less likely to endorse acceptance of the device.
Therefore, these patients may also be less likely to adapt to the disadvantages of the ICD
while embracing its benefits, which include psychological, social, and physical advantages.

We were surprised that the Insomnia, Comorbid Insomnia and Apnea, and Apnea alone
groups did not differ statistically on fatigue or self-reported daytime sleepiness as we had
predicted. However, it is important to note that our findings are not accounted for by the
apnea present in some of the patients in the combined Insomnia and Comorbid Insomnia,
and Apnea groups. There were no significant differences in fatigue or daytime sleepiness (or
any other demographic, health, or adjustment variable) between participants with Insomnia
only and those with Comorbid Insomnia and Apnea. A previous study looking at these
variables in heart failure patients found that—consistent with our study— insomnia
symptoms were associated with increased daytime sleepiness and fatigue, while symptoms
of SDB had no significant relationship with either variable (inconsistent with our findings;
Redeker et al., 2010). The presence of contradictions between studies suggests that
additional research is clearly needed to better delineate the relationships between sleep and
fatigue in different cardiac populations and to examine the mechanism(s) by which insomnia
may exacerbate fatigue in the context of cardiac disease, and how this may differentially
impact cardiac functioning in patients with 1CDs.

Taken collectively, the results from this preliminary study appear to suggest that poor sleep
may worsen the vulnerabilities of ICD patients (e.g., distress, functional impairment) and
subsequent adjustment to life following ICD implantation. Although the exact causal nature
of these relationships are yet to be determined, they may be reciprocal; ICD implantation
may contribute to anxiety specifically related to the device that contributes to chronic
insomnia, which leads to further generalized anxiety and poor device-specific adjustment.
The combination of greater levels of generalized anxiety (including knowledge of the
likelihood of defibrillation occurring at night) paired with low device acceptance allows for
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a context disposed to development of chronic insomnia. Models that attempt to elucidate
factors that lead to the development of chronic insomnia suggest that the exacerbation of
symptoms can become contingent on worry and rumination regarding poor sleep (Harvey,
2005); therefore, it is possible that worry about device discharge during the night may
perpetuate poor sleep.

Given the high rate of sleep disorders found in this study (approximately 57% of the
sample), research to further discern the clinical and physiological correlates of sleep
disturbances to inform treatment approaches for ICD patients is warranted. These sleep
disorders are highly treatable. Understanding this population’s potential to develop insomnia
or SDB and its associated repercussions can inform treatment approaches for patients with
ICDs pre- and post-implantation, prevent negative physiological and psychological
consequences, and improve overall quality of life.

As this was a preliminary investigation into the relationships between cardiovascular
disease, ICD implantation, and sleep, a major limitation of this study was a small sample
size. Moreover, the data gathered in this preliminary study did not allow for precise
observation of the temporal progression of psychiatric diagnosis, sleep difficulties, and ICD
implantation, For example, many participants had a preexisting diagnosis of a psychological
disorder (see Table 1); however, the temporal relationship between psychological disorder
onset and ICD implantation was relatively unclear. We were able to discern the temporal
relationship between onset of sleep difficulties and ICD implantation; as such, we observed
that Insomnia and Comorbid Insomnia/Apnea groups had the greatest percentage of patients
with pre-existing sleep complaint at ICD implantation. Although the results of this study
demonstrate differences between sleep diagnostic groups regarding mood and device-
specific functioning, we cannot make conclusions regarding the causal relationships therein.
The sequence of disease and insomnia will need to be closely examined in future research to
determine the causal relationships between ICD device implantation, sleep, and adjustment.
Furthermore, the heterogeneity of disease severity and etiology of ICD patients was only
controlled by disease type (i.e. ischemic vs. non-ischemic). Future research and larger
samples will allow for greater control of cardiac variables (e.g., ICD as primary vs.
secondary prevention, heart failure status, disease severity, medical comorbidity, medication
use). As such, any conclusions drawn from the findings of this research should be viewed in-
light of these limitations and used to inform the need for future research in this area.

Insomnia and sleep apnea are highly prevalent in ICD patients, and these diagnoses may
differentially impact daytime functioning. Mood difficulties and acceptance of the ICD
device may be more problematic for individuals with insomnia — either when experienced
alone or concurrently with sleep apnea — than for those with sleep apnea only. Fatigue,
however, may be a problem for ICD patients across different sleep disorder diagnoses.
These preliminary findings suggest the need for future research in this area, with an
emphasis on thorough assessment and subsequent treatment of sleep disorders in patients
with ICDs in specific and likely in cardiac patients in general.
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