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ABSTRACT
Background: Obstructive sleep apnea (OSA) affects 18 million adults with higher prevalence
among adults with obesity, diabetes, hypertension, and craniofacial abnormalities. Adherence to
continuous positive airway pressure (CPAP) is a significant problem with 50% of users being
nonadherent. Prefrontal specific-cognitive impairments, such as vigilance, have been identified
among adults with OSA, but have never been investigated as an influential factor on adherence.
Vigilance, or the ability to be attentive, may influence patients’ ability to regularly use CPAP and
manage treatment. Preliminary evidence suggests self-reported vigilance impairment, measured by
FOSQ, is a risk factor for CPAP use ≤ 2hrs/night in a significant model of nonadherence risk. This
study aims to: (1) determine if there is impairment in vigilance among newly diagnosed adults with
OSA prior to starting CPAP treatment, (2) determine if there is an improvement in vigilance among
recently diagnosed adults with OSA after receiving three months of CPAP treatment, and (3) define
the relationship between change in vigilance and CPAP use in CPAP-treated adults with OSA.
Theoretical Framework: The Adapted Prefrontal Model suggests sleep disruption and intermittent
hypoxia result in disruption of restorative sleep and cellular/chemical homeostasis generating
cognitive executive system dysfunction, which may affect CPAP adherence.
Methods: A randomized, double-blind, controlled study of 60 adults with newly diagnosed OSA is
the source of data for this exploratory analysis. Inclusion criteria are: newly diagnosed with OSA
(apnea hypopnea index (AHI) ≥10 events/hr), CPAP-naïve, ≥18 years of age, and able to read/speak
English. A ten-minute psychomotor vigilance task test (PVT) was conducted before treatment
exposure and after three-months CPAP treatment. Objective CPAP use (mean hrs/night at effective
pressure) was extracted from CPAP devices. Data analysis includes descriptive statistics, dependent
t-tests for paired samples, and regression analysis.
Results: The sample with complete data for the exploratory analysis (n=32) included primarily
middle-aged (52.81±11.29) men (75.0%) with severe OSA (AHI: 39.45 ± 23.43). Our sample only
demonstrated one significant impaired vigilance metrics at baseline (number of lapses); no other
metrics showed impairments in vigilance at baseline compared to a healthy control group. A
significant improvement in vigilance was discovered in terms of change in both 1/RT and slowest
10% 1/RT after three months CPAP use. The change in vigilance over the three months was
strongly correlated with one week CPAP use. Finally, we discovered baseline vigilance measures
were not significant predictors of three-month CPAP use.
Conclusion: Research suggests that approximately half of the OSA population does not
demonstrate impaired vigilance; therefore, it is possible that our sample was part of the 50%
without impairments. The reciprocal transform of RT improved after three months CPAP use,
providing evidence that the reciprocal transform may be a highly sensitive measure of treatment
response in sleep apnea. We found a significant relationship between change in vigilance and CPAP
use at one week, suggesting that change in vigilance may be important during the first week of
CPAP use. We did not find significant differences between baseline vigilance measures to be
predictors of three-month CPAP use when stratified among disease severity (AHI and oxygen
desaturation). Future research is needed further clarify the relationship between vigilance and CPAP
use. It is important to identify and understand this relationship to provide evidence to support
designing, tailoring, and sensitizing adherence interventions to cognitive impairments in the OSA
population.
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Chapter 1
Introduction
In adults with obstructive sleep apnea (OSA), hypersomnolence, or excessive daytime
sleepiness, is often reported. Adults with OSA frequently complain of forgetfulness, delayed
reaction time responses, inability to concentrate, and compromised thought processes, ultimately
resulting in impaired daytime functioning (Weaver & George, 2011). The Centers for Disease
Control and Prevention (CDC) described that 4.2% of 147,076 survey respondents reported
recently falling asleep while driving (Center for Disease Control and Prevention [CDC], 2013).
The CDC (2013) also discovered that in 2009, approximately 2.4% of fatal automobile accidents
were related to somnolent driving; adults with untreated OSA were a significant proportion of
those fatal automobile accidents related to somnolent driving. Adults with untreated OSA are
two to seven times more likely to be in an automobile accident resulting from sleepiness (TeranSantos, Jimenez-Gomez, & Cordero-Guevara, 1999). The Federal Motor Carrier Safety
Administration (FMCSA) found that 28 percent of those who hold a commercial driver’s license
(CDL) have sleep apnea (Pack, Dinges, & Maislin, 2002). Additionally, they have driving
performances comparable to those with a blood-alcohol level of 0.09% including: more frequent
errors in steering, signaling, breaking and accelerating, reduced capability to dodge obstacles,
and slower reaction times (George, Boudreau, & Smiley, 1996; Risser, Ware, & Freeman, 2000).
In 2000, an estimated annual 800,000 OSA-related motor vehicle accidents in the United States
resulted in a cost of $15.9 billion and 1400 lives lost each year (Sassani et al., 2004).
Furthermore, untreated OSA is associated with risk of stroke and death notwithstanding other
risk factors, such as hypertension, smoking status, or alcohol consumption (Yaggi et al., 2005).
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This evidence collectively delineates that adults with OSA have a heightened risk of morbidity
and mortality and impaired daily function.

Obstructive Sleep Apnea
OSA is a disorder defined by apneic or hypoxic episodes lasting ten seconds or more
during sleep (Smeltzer, Bare, Hinkle, & Cheever, 2010). OSA is characterized by either a
complete (i.e., apnea) or partial obstruction (i.e., hypopnea) of the upper airway with continuous
efforts to breathe which result in intermittent nocturnal hypoxia (Sawyer & Weaver, 2011). The
stages of sleep include: N1, N2, N3 (non-rapid eye movement sleep [NREM]), and rapid eye
movement (REM) sleep. Apneas and hypopneas are least common in Stage N3 (NREM), and
more likely to occur in stages N1, N2, and REM. (Sawyer & Weaver, 2011). Sleep
fragmentation results from upper airway events intruding on normal sleep architecture. OSA
affects approximately 18 million Americans, with three to seven percent of adult men and two to
five percent of adult women being affected (Pagel, 2007; Punjabi, 2008). However, the
occurrence of OSA is higher among certain subgroups of the adult population, most notably
those who are obese or overweight (Punjabi, 2008).
Risk factors and clinical manifestations. There are many factors that increase risk for
OSA including: increased neck circumference, diabetes mellitus, retrognathia (a posterior
malformation of the maxilla or mandible in relation to facial skeleton and soft tissue),
cardiovascular disorders, craniofacial malformation, advancing age, obesity, family history of
OSA, male gender, and certain behaviors such as cigarette smoking and alcohol use (Punjabi,
2008; Sawyer & Weaver, 2011). The cardinal sign of sleep apnea is frequent, loud snoring with
periods of apnea during sleep. These episodes are often followed by a sudden awakening, which
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is typically accompanied by a loud snort (Smeltzer et al., 2010). In addition to snoring, patients
with OSA report observed apneas and restlessness during sleep. They may also complain of
frequent awakenings for unknown reasons, memory impairment, choking/gasping, unrefreshing
sleep, headache, dry mouth upon awakening, and hypersomnolence (Epstein et al., 2009). If a
patient presents to a clinic with some of these risk factors and symptoms, it is probable that
diagnostic tests for OSA will be performed.
Diagnosis. A diagnosis of OSA is made through clinical manifestations and
polysomnography (PSG), or a sleep study. PSG, the gold standard for diagnosing OSA, consists
of an overnight stay in a sleep lab wherein electroencephalogram (EEG), respirations (chest and
abdomen), chin/eye/leg electromyography (EMG), nasal airflow, pulse oximetry, number of
arousals, arousal index, are collected (Patil, Schneider, Schwarts, & Smith, 2007; Sawyer &
Weaver, 2011). These measures are used to establish the diagnosis of OSA and the severity
sleep-related breathing disorders (Sawyer & Weaver, 2011). The diagnostic criteria for OSA, as
defined by the American Academy of Sleep Medicine (2005) includes, “5 or more scoreable
respiratory events (apneas, hypopneas, or respiratory event related arousals) per hour of sleep,
and evidence of respiratory efforts during all or portion of respiratory events” (p. 54). An AHI
between 5 and 15 events per hour is classified as mild, greater than 15 up to 30 events per hour
as moderate, and greater than 30 events per hour as severe (Sawyer & Weaver, 2011). If the
PSG is indicative of OSA, treatment is recommended. Effective treatments for OSA include:
continuous positive airway pressure (CPAP), upper airway surgical treatments, oral appliances,
and weight loss, with the gold standard being CPAP (Sawyer & Weaver, 2011).

Continuous Positive Airway Pressure
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CPAP is an efficacious treatment for OSA. According to Gay, Weaver, Loube and Iber
(2006), CPAP supplies positive pressure through the upper airway via a nasal or full-face mask
or nasal pillows to sustain the airway patency by pneumatically splinting the airway open. CPAP
reduces or eliminates the occurrence of apneas and hypopneas, thereby returning oxygenation
saturation to non-apneic levels (Gay et al., 2006). CPAP treatment is highly effective in
maintaining the patency of the airway. Therefore, CPAP reduces the apneas and hypopneas of
OSA to normal levels, restores oxygenation during sleep, and reduces arousals from sleep caused
by apneas and hypopneas. Furthermore, CPAP is believed to have a positive effect on
neurobehavioral performance, improving vigilance, memory, and cognitive processes (Gay et al.,
2006; Sawyer & Weaver, 2011; Weaver & Gerorge, 2011).
Still, the effectiveness of CPAP is limited by a widespread and frequently encountered
problem with CPAP treatment: suboptimal adherence. Patients will often complain of dryness of
their throat, irritation/leakage from the mask, discomfort, insomnia, nasal problems, mask-related
pressure points, and excessive noise arising from the CPAP device ultimately resulting in poor
adherence (Sawyer & Weaver, 2011; Koseoglu et al., 2013). A recent study found that better
adherence occurred among those: with increasing age, with higher intelligence quotient, who are
married, and who have poorer sleep quality (Kushida et al., 2012).

Vigilance
Cognitive deficits exist among the OSA population; however, the incidence of OSAassociated cognitive deficits is not clearly defined (Weaver & George, 2011). According to
Lezak, Howieson, Bigler, and Tranel (2004), vigilance is the ability to maintain and focus on
attention itself. Vigilance, sustained attention, and concentration are often used synonymously;
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although for the purpose of this study, vigilance will be examined. Impaired vigilance,
contributed to by hypersomnolence, is the root cause of a significant amount of motor vehicle
crashes (Weaver & George, 2011). Vigilance, assessed using the psychomotor vigilance task test
(PVT), has been found to be impaired among both healthy and sleep deprived individuals.
Metrics from the PVT test are highly valid in corresponding to attention-requiring tasks such as
driving (Basner & Dinges, 2011). Determining the extent of vigilance impairment in adults with
OSA is particularly important to reduce the incidence of accidents of any sort - work related or
motor vehicle to name a few. If a relationship is identified between treatment of OSA with CPAP
and vigilance, quality of life could potentially be improved and accidents may therefore be
avoidable with prompt treatment initiation. If vigilance is enhanced by CPAP therapy, adults
with OSA many tend to be more adherent to their treatment. With improved vigilance, CPAP use
may improve and thereby, a recursive feedback loop may be positively influenced. Furthermore,
understanding this relationship may provide insight to the development of CPAP adherence
interventions and aid in tailoring interventions in terms of the timing and design by taking into
consideration these impairments.

Theoretical Framework
The theoretical framework of this study, the Adapted Prefrontal Model, was selected and
adapted based on Sawyer’s preliminary evidence, which suggests self-reported vigilance
impairment, measured by the Functional Outcomes of Sleep Questionnaire, is a risk factor for
CPAP use less than 2 hours/night in a significant model of nonadherence (Sawyer, 2012). Based
on these preliminary findings and the evidence-based prefrontal specific cognitive impairments,
including impaired vigilance, executive function, working memory, and mood, identified among
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adults with OSA, the Adapted Prefrontal Model was modified to address the constructs of the
study. The Adapted Prefrontal Model (Figure 1) suggests sleep disruption and intermittent
hypoxia result in disruption of restorative sleep and cellular/chemical homeostasis. Disturbance
of restorative sleep and cellular/chemical homeostasis produces prefrontal cortical dysfunction
ultimately causing cognitive executive system dysfunction to arise. The cognitive executive
system includes executive function, working memory, vigilance, and mood. These dysfunctions
may affect CPAP adherence.

Nurses Role
OSA is a widespread problem that is growing quickly due to the increasing prevalence of
obesity in the United States and heightened recognition of the sleep disorder and its impact on
other health outcomes. One of nursing’s primary and most important roles is patient teaching,
especially among the OSA population. Although most people with OSA are seen in specialized
facilities, they may first present in primary care settings and thereafter be referred for a PSG
(Sawyer & Weaver, 2011). Nurses must be able to recognize risk factors for OSA among adults
prior to diagnosis, and with diagnosis and treatment provide patient education. Nurses also play a
central role in promoting adherence to treatment. Furthermore, ongoing care is essential for
patients with OSA. If a patient loses weight the severity of their OSA may be decreased, and
thereby the amount of pressure they receive through their CPAP device may need decreased
(Sawyer & Weaver, 2011). If a patient with OSA is hospitalized, the nurse should understand the
purpose for their CPAP and the underlying pathophysiology to provide the best and most
effective evidence-based care for the patient. Specific to this study, the nurse should understand
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the potential risks for the patient and others if vigilance impairment is present and effectively
communicate such risks to the patient, particularly with regard to driving.
The overall purpose of this study is to explore the relationship of CPAP treatment, use of
treatment, and vigilance impairment in adults with newly diagnosed OSA who begin CPAP
treatment. This study aims to: (1) determine if there is impairment in vigilance among newly
diagnosed adults with OSA prior to starting CPAP treatment, (2) determine if there is an
improvement in vigilance among recently diagnosed adults with OSA after receiving three
months of CPAP treatment, and (3) define the relationship between change in vigilance and
CPAP use in CPAP-treated adults with OSA.
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Figure 1. The Adapted Prefrontal Model
(Beebe & Gozal, 2002)
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Chapter 2
Literature Review
The prevalence of obstructive sleep apnea (OSA) is a rapidly growing problem in the
United States, exacerbated by the number of obese Americans (Punjabi, 2008). Neurobehavioral
deficits have been noted among individuals with OSA, which may be reversed through
continuous positive airway pressure (CPAP) treatment (Weaver & George, 2011). This section
will review literature on the overall efficacy of CPAP treatment in OSA, the effect of OSA on
neurobehavior, and identify what is known regarding CPAP treatment and neurobehavior. A
literature search was performed using PubMed (Medline) and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL). These two databases were searched using the terms:
sleep apnea, obstructive sleep apnea, continuous positive airway pressure, positive airway
pressure, efficacy, neurocognition, neurobehavior, and cognition. Articles met inclusion criteria
if they were published in English between 1989 and 2014, included an adult sample, and were
randomized trials. Pediatric and geriatric populations were excluded, as were articles that did not
specifically address vigilance, and articles with less rigorous methodologies (i.e. retrospective
methods and observational studies). Using these criteria, 444 articles were found. An additional
four articles were obtained through ancestry searching or scanning the references of relevant
papers, and six articles were obtained from an expert. Reference lists of the most current reviews
were scanned to ensure no pertinent articles were missed. The CINAHL search produced limited
results (9). Thus the majority of articles were found through PubMed (435). Articles were
reviewed for relevance and excluded first by title, then by abstract review (373), and finally
through full text review (44). A Literature tree (Appendix A) displays the number articles
excluded in each phase of review.
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Continuous Positive Airway Pressure and Obstructive Sleep Apnea
OSA is diagnosed by clinical manifestations and polysomnography (PSG). PSG
identifies OSA and measures its severity, which may be mild, moderate, or severe. OSA severity
is determined by the apnea-hypopnea index (AHI): the number of apneic and hypopneic events
per hour of sleep (Sawyer & Weaver, 2011). An AHI between 5 and 15 events per hour is
classified as mild, greater than 15 up to 30 events per hour as moderate, and greater than 30
events per hour as severe (Sawyer & Weaver, 2011). The efficacy of CPAP, the first line
medical treatment for OSA, for the spectrum of OSA severity is not clearly and consistently
delineated.
Is CPAP an efficacious treatment? CPAP was first identified as a treatment for OSA in
1981 (Sullivan, Issa, Berthon-Jones, & Wales, 1981). Sullivan et al. (1981) recruited and
enrolled five patients with severe sleep apnea. All five patients underwent three all-night PSGs,
the first to confirm a diagnosis of severe sleep apnea and demonstrate that sleep position had no
effect on occlusion events. Sullivan et al. completed a second PSG one to seven months after
diagnosis. This second study was used as a control for the final PSG when CPAP was applied.
This study identified that CPAP resulted in complete relief of upper airway obstruction during
sleep. Prior to an individual receiving CPAP, it was titrated to deliver the adequate amount of
pressure required to sustain the airway’s patency. Sullivan et al. (1981) determined that the
airway patency could be obstructed and reversed by increasing or decreasing this pressure. This
first description of CPAP influenced numerous other researchers to further investigate this
treatment, but most importantly changed clinical practice from the previous treatment of a
tracheostomy (Sullivan et al., 1981).
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Monasterio et al. (2001) and Barnes et al. (2004) studied the effectiveness of CPAP on
mild OSA and mild and moderate OSA, respectively. Both studies were randomized controlled
trials (RCT). Monasterio and colleagues’ RCT included a control group that received a
conservative treatment (weight loss program; healthy diet; and avoidance of alcohol, sedatives,
and a supine position during sleep), and an intervention group that received CPAP plus
conservative treatment. Monasterio et al. (2001) discovered that CPAP was better than the
conservative therapy for treating OSA severity (mean AHI decreased from 21 events/hr to 6
events/hr after six months of treatment; p<0.001). However, the authors were unable to
demonstrate a significant improvement in OSA-related symptoms (Monasterio et al., 2001).
Barnes et al. (2004) used a three-way crossover, comparative design to examine the effectiveness
of CPAP compared with an oral appliance, with study clinical endpoints of AHI and symptoms.
Within the CPAP arm, the authors examined the efficacy of CPAP on mild to moderate OSA.
They found that CPAP improved AHI and alertness in mild to moderate OSA, with most patients
and their significant others agreeing CPAP was the most effective treatment (Barnes et al.,
2004). Lau, Eskes, Morrison, Rajda, and Spurr (2010) performed a controlled trial to determine
if CPAP treated OSA adults had neurocognitive deficits compared to healthy controls and to
identify if the deficits were reversed with initiation of CPAP treatment. The authors findings
echoed the previously reported findings that after receiving CPAP therapy, OSA improved
compared to pretreatment, with a significant decrease in AHI and an increase in oxygen
saturation during sleep (Lau et al., 2010). Kohler et al. (2011) used a randomized, controlled,
withdrawal study to determine the effects of CPAP withdraw on OSA and to investigate the
physiological effects of OSA among 41 participants with a current diagnosis of OSA. Following
a four-day washout period, participants were either randomized to therapeutic or subtherapeutic
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CPAP treatment; measures were assessed at baseline and then again two weeks post-treatment
CPAP re-exposure. The authors, with their innovative design, found that those assigned to
subtherapeutic CPAP had statistically significant lower AHI and oxygen desaturation index
(P<0.001) compared to those receiving therapeutic CPAP therapy (Kohler et al., 2011). These
studies have identified that CPAP significantly lowers or normalizes the AHI in mild, moderate,
and severe OSA and is a highly efficacious treatment of OSA compared with other treatments
(Monasterio et al., 2001; Barnes et al., 2004; Sullivan et al., 1981; Lau et al., 2010; Kohler et al.,
2011).
What manifestations of OSA does CPAP effectively improve? Hypersomnolence is
one of the most common symptoms of OSA, and potentially the most dangerous symptom of
OSA based on the motor vehicle crash statistics (CDC, 2013; Epstein et al., 2009; George et al.,
1996; Risser et al., 2000; Sassani et al., 2004; Teran-Santos et al., 1999). Four randomized trials
investigated the effect of CPAP on presenting symptoms among individuals with mild, moderate,
and severe OSA. In a controlled study including 37 adults with moderate to severe OSA,
Engleman, Cheshire, Deary, and Douglas (1993) found significant improvements in objective
sleepiness, measured by the multiple sleep latency test (MSLT), after at least three months of
CPAP treatment (P<0.02). However, it was explicitly noted that these results were only present
among good adherers, using CPAP more than 4.5 hours per night (Engleman et al., 1993).
Engleman, Martin, Deary, and Douglas (1997) examined the extent CPAP improved symptoms
and daytime function among adults with mild OSA in a placebo controlled, crossover trial. The
patients underwent four weeks of CPAP treatment followed by four weeks on an oral placebo.
Contrary to previous findings (Engleman et al., 1993), Engleman et al. (1997) reported that
neither objective daytime sleepiness, measured by MSLT nor subjective sleepiness measured by
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the Epworth sleepiness scale (ESS) were significantly improved by CPAP. These results may be
confounded by poor adherence, as the authors reported mean CPAP use was 3.2 hours per night
with only 2.8 hours per night of effective use. Differentiating CPAP use from effective CPAP
use was relative to the CPAP device. The CPAP device detected airway resistance and was only
considered effective when airway resistance was detected, if no airway resistance was present,
the participant may have removed their CPAP mask throughout the night. Even with this
relatively minimal use, the total symptom score was significantly lower on CPAP than placebo
(p<0.01), reflecting an improvement in symptoms among individuals with mild to moderate
OSA using CPAP (Engleman et al., 1997). A randomized, placebo-controlled study of 23 adults
with moderate to severe sleep apnea replicated the previous finding of Engleman et al. (1997)
and Engleman et al. (1993) (Engleman et al., 1998). This third study by Engleman and
colleagues showed that individuals with moderate to severe OSA had improvement in objective
sleepiness by MSLT (p<0.001) and OSA symptoms (p<0.001) after four weeks of CPAP
treatment and a considerable decrease in subjective sleepiness (p=0.001) (Engleman et al., 1998).
Lau et al. (2010) evaluated the reversibility of cognitive deficits after CPAP treatment
and they discovered CPAP significantly improved both subjective sleepiness and sleep quality (p
< 0.01). Kohler et al. (2011), mentioned previously with their novel study design, found that
subjective daytime sleepiness, measured by ESS, increased significantly (P<0.001) when CPAP
was withdrawn; however, objective sleepiness, measured by Osler’s test, did not increase in the
CPAP withdrawal group compared with CPAP after two weeks (P=0.290). Weaver et al. (2012)
investigated CPAP efficacy for improvement of functional status among somnolent patients with
mild to moderate OSA. The authors used a double blind, placebo-controlled trial with pre- and
post-treatment assessments of functional status and sleepiness. The participants were either
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randomized to active or sham CPAP. The investigators found that drowsy adults with mild to
moderate OSA had greater functional improvement after eight weeks of therapy compared to the
control group (p=0.0005, Total Functional Outcome of Sleep Questionnaire (FOSQ) score).
Sleepy patients with milder OSA have significant functional benefits from CPAP therapy
(Weaver et al., 2012). This evidence suggests that CPAP effectively improves daytime
sleepiness, dissipates other symptoms, and improves functional status in mild OSA.
Collectively, these studies suggest CPAP treatment improves subjective sleepiness, objective
sleepiness in at least moderate and severe OSA, and patient-perceived OSA symptoms and
functional impairment improve with CPAP use.
How does CPAP influence sleep architecture and quality? In a randomized, doubleblind, controlled trial, Loredo, Ancoli-Israel, and Dimsdale (1999) examined the effect of CPAP
on sleep quality in 41 CPAP-naïve adults. Participants were assigned to either CPAP or a
placebo for seven nights. The results suggest that CPAP was effective in reversing OSA,
however no difference was found for sleep quality, measured by total arousal index (number of
arousals divided by total sleep time), between CPAP and the control group. The investigators
also determined that CPAP was not effective in improving sleep architecture (Loredo et al.,
1999). Conversly, McArdle and Douglas (2001) determined that after one month of CPAP
treatment, patients with OSA had improved sleep architecture with less light sleep (Stage 1) and
more deep sleep (Stage 3&4). Patients who were adherent (which was not specifically defined)
to CPAP were more likely to experience a refreshed feeling in the morning and reported
reduction in daytime sleepiness (McArdle &Douglas, 2001). Engleman et al. (1993) noted that
depression scores and mood improved for good adherers (defined as those who used CPAP more
than 4.5 hours per night; n=14) compared to those who were not adherent and the control group.
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CPAP use also conveyed moderate improvement in sleep latency (p=0.01) (Engleman et al.,
1993). A randomized, controlled, open-labeled trial was performed to analyze the effect CPAP
had on normalizing daytime sleepiness, quality of life, and neurocognitive function in patients
with moderate to severe OSA (Antic et al., 2011). Quality of life and daytime sleepiness, as
measured by the Function Outcome of Sleep Questionnaire (FOSQ) and ESS respectively,
improved significantly (P<0.001) among these patients, with an improvement trend noted with
increasing CPAP adherence (Antic et al., 2011). Using a randomized, controlled, withdrawal
design, Kohler et al. (2011) found that those adults with OSA receiving therapeutic CPAP had
significantly fewer arousals per night than those receiving subtheraputic CPAP after two weeks
of treatment condition exposure (P<0.001). All of these findings support that CPAP has many
positive benefits to adults with OSA, in addition to alleviating airway obstruction, and that
usage, or adherence, is a significant factor that contributes to objective and subjective
improvements in OSA.

Obstructive Sleep Apnea and Vigilance
Neurobehavioral deficits among OSA patients were discussed in articles dating back to
the late 1990’s. Many of these earlier articles targeted sleep disordered breathing (SDB),
inclusive of OSA, sleep-related hypoventilation/hypoxemia syndrome, central sleep apnea, and
sleep-related hypoventilation/hyopoxemia due to other conditions (Sawyer & Weaver, 2011),
These studies assessed neurobehavioral function using a variety of neuropsychological tests
included in a single test battery. Vigilance, a specific component of neurobehavioral function, is
defined by Lezak et al. (2004) as the ability to maintain and focus on attention itself;
concentration and sustained attention can be synonymously used for vigilance. Neurobehavioral
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tests specific to vigilance include: symbol digit modalities test, visual vigilance test, permanent
attention test, four choice reaction time test, digit vigilance test, go-no-go test, and the
psychomotor vigilance task test.
Is vigilance impaired among adults with OSA? In a randomized, controlled trial Kim
et al. (1997) used a symbol digit modalities test to assess for vigilance impairment in adults with
SDB. The results suggest, among adults with SDB, there was a small, but not statistically
significant impairment in vigilance present (Kim et al., 1997). Redline et al. (1997) used a
controlled, prospective clinical trial of adults (30-60 years of age) with severe SDB. Vigilance
was assessed using a sustained gait modalities test. A statistical difference was discovered
between SDB and the control groups with the SDB group demonstrating a greater impairment
than the control group. These differences were not present within the first two minutes of the
test; however, in the ninth and tenth minute of the sustained gait modalities test, these differences
were significant (Redline et al., 1997). These findings were replicated in a case-controlled study
performed by Verstraeten, Cluydts, Pevernagie, and Hoffmann (2004), wherein neurobehavioral
deficits among adults with severe OSA were examined. Upon completion of the visual vigilance
test, it was evident that as the test progressed, significant differences in vigilance emerged. In
fact, the authors noted that during the last five minutes of this test, participants’ response times
became highly variable (Verstraeten et al., 2004). This evidence suggests that vigilance
diminishes as the task progresses.
In a cohort, controlled, clinical trial examining neurobehavior in adults with mild to
severe OSA, Quan et al. (2006) used picture completion, digit-span, and letter-numbering
sequencing tests as a measure of vigilance. No significant differences were evident among
individuals with OSA and their controls; however, it was explicitly noted that education level
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directly impacted vigilance (Quan et al., 2006). A randomized, clinical trial by Quan et al. (2011)
to assess vigilance in adults with OSA using a ten-minute psychomotor vigilance task test was
subsequently conducted. Contrary to the previous findings by Quan et al. (2006), it was
concluded that there was impairment in individuals with OSA. However these impairments were
strongly correlated with oxygen desaturation (Quan et al., 2011). A meta-analysis by Beebe,
Groesz, Wells, Nichols, and McGee (2003) found that impaired vigilance existed among OSA
individuals with a large effect size (1.40). Based on the “magtitude and robustness” of the
findings of Beebe et al. (2003), the authors suggested routine screenings of vigilance in adults
with OSA and encouraged clinicians to consider these cognitive impairments when making
treatment decisions. Jackson, Howard, and Barnes (2011) reiterate the findings that vigilance is
impaired; in fact, the authors report that deficits in vigilance among untreated OSA individuals is
the most consistently reported cognitive impairment. However the authors note vigilance
impairments are not present in all untreated OSA patients. It is believed these deficits may play
an important role in mediating other forms of cognition as well (Jackson et al., 2011). All of
these studies suggest neurobehavioral deficits, specifically vigilance, exist in adults with OSA
and may be relative to severity of disease as characterized by nocturnal oxyhemoglobin
desaturation rather than AHI.
Is vigilance affected by age in OSA? Two of the studies reviewed stratified the groups
by age to determine the impact age has on neurobehavioral impairments among adults with OSA.
A controlled trial by Alchanatis et al. (2008) included patients with severe OSA to examine the
effect of age on vigilance. A wired attention reaction time test was used to assess vigilance
between two age groups, 32-49 and 50-65 years of age, and controls. Although middle-aged
adults with OSA had statistically lower performance on vigilance tasks when compared with
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younger adults with OSA and controls (p=0.001), no statistical difference existed between
younger adults with OSA and their age-matched controls (Alchanatis et al., 2008). A replication
study by Mathieu and colleagues (2008) was conducted to assess vigilance in 25 to 75 year old
adults with moderate to severe OSA. The adults were separated into two groups, 25-50 and 5175 years of age. No statistical differences existed between the age groups and controls. However,
the authors discussed that older adults (51-75 years old) had longer reaction time and more
lapses when compared to the younger group. This suggests that impaired vigilance in OSA adults
may also be related to the normal aging process.
What central neural changes are consistent with vigilance impairment in OSA? A
study by Portas et al. (1998) determined there were no statistical differences between vigilance
and arousal states (hypoarousal, normal, and hyperarousal); however, attention tasks in a state of
hypoarousal had a greater activation of the ventrolateral part of the thalamus. In addition, the
authors concluded that attention tasks produce consistent bilateral activation of the parietal,
prefrontal, premotor, cingulate, and occipital cortical areas of the brain (Portas et al., 1998).
Bartlett et al. (2004) defined clear differences in gray matter volume (GMV) present in the
hippocampal areas between OSA individuals and their controls. Additionally they found a
statistical difference in terms of N-acetylaspatate levels present in the hippocampus between
OSA individuals and their controls. Decreasing levels of N-acetylaspatate were strongly
correlated with worsening vigilance impairment as measured by frequent PVT lapses (Barlett et
al., 2004).
Ayalon, Ancoli-Israel, Aka, McKenna, and Drummond (2009) discovered primarily right
hemisphere activation when vigilance was assessed. OSA adults showed decreased cerebral
activations in several regions of the brain compared to controls. Increasing ESS scores were
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associated with longer reaction time, whereas AHI was not associated with any of the brain
activation (Ayalon et al., 2009). Ayalon, Ancoli-Israel, and Drummond concluded that OSA
impairs performance and brain function at a younger age than expected by using two age groups
(≥45 and <45 years old) of treatment naïve OSA individuals. Middle-aged adults showed signs
of decreased activation in the brain when testing vigilance compared with age-matched controls,
younger OSA adults, and younger controls. It was suggested that when increasing age and OSA
are combined, the brain’s capacity to compensate and maintain performance is overwhelmed and
impairments are worsened (Ayalon, Ancoli-Israel, & Drummond, 2010). Yaouhi et al. (2009)
determined there were no significant differences in vigilance between a control group and OSA
adults using MRI and FDG-PET scans. Morrell et al. (2010) conversely found that OSA adults
had a significant reduction in GMV in the right middle temporal gyrus spreading to the inferior
portion of the occipito-temporal sulcus compared with controls. Among severe OSA patients, the
right temporal lobe and left cerebellum had less GMV compared with healthy controls (Morrell
et al., 2010). Archbold, Borghesani, Mahurin, Kapur, and Landis (2009) suggest that in more
severe cases of OSA, increased parietal activity is a compensatory mechanism for diminished
cerebellar activation; therefore parietal and cerebellar activity are inversely related. They also
noted greater activation correlated with increasing difficulty of a task (Archbold et al., 2009).
These central neural structural changes may be mechanistically causative of compromised
vigilance, as well as other neurobehavioral impairments in OSA, which adversely affect OSA
individuals’ everyday activities. Furthermore, age alone does not account for central neural
structural changes or neurobehavioral impairments in OSA and the evidence supports that central
neural structural changes are present earlier than expected among individuals with OSA.
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What happens after CPAP treatment in terms of Vigilance?
A controlled, prospective trial of moderate to severe OSA adults by Bédard, Montplaisir,
Malo, Richer, and Rouleau (1993) tested the effect CPAP had on neurobehavioral performance.
Vigilance was assessed at baseline and then six to ten months post-CPAP treatment using a four
choice response time test. Vigilance showed significant improvement from baseline with CPAP
treatment. These authors strongly advocated for early CPAP initiation in the course of OSA to
avoid irreparable neurobehavioral impairments (Bédard et al., 1993). Barnes et al. (2002) used a
randomized, placebo-controlled trial including mild to moderate OSA individuals to assess
vigilance before and after eight weeks of CPAP treatment. Their results differed from those of
Bédard et al. (1993) in that vigilance was slightly improved after CPAP treatment; however, the
improvement was not significant but CPAP exposure was shorter in duration than previous
studies (Barnes et al., 2002). A more recent randomized, controlled trial performed by Lim et al.
(2007) replicated these results comparing CPAP, sham-CPAP, and sham-CPAP plus
supplemental oxygen. Lim and colleagues (2007) used a digit vigilance test to assess vigilance.
Among the plethora of neurobehavioral tests, the only test that showed significant improvement
after two-weeks of CPAP treatment was the digital vigilance test (Lim et al., 2007). Canessa et
al. (2011) found that not only does vigilance improve, but also improvement in gray matter
volume in the brain, specifically the hippocampus and frontal cluster areas, after CPAP
treatment.
The results of three studies (Engleman et al., 1993; Antic et al., 2011; Quan et al., 2011)
disagreed with those of Barnes et al. (2002), Bédard et al. (2002), and Lim et al. (2007).
Although the findings at baseline are congruent with other previous findings (i.e., vigilance is
diminished at baseline), these authors found no improvement in vigilance after CPAP use
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(Engleman et al., 1993; Antic et al., 2011; Quan et al., 2011). Lau et al. (2010) explored the
reversibility of cognitive deficits after CPAP treatment in a controlled, prospective trial of 37
with moderate to severe OSA and 27 healthy adults using an array of neuropsychological tests.
They found when comparing CPAP-treated adults with OSA to healthy controls there were
statistically significant differences among a few, but not all tests measuring attention including:
the D2 test of attention (P<0.01), the digit symbol (P<0.01), and PVT lapses only (P<0.05) (Lau
et al., 2010). No other PVT variables were found to be significantly different between CPAPtreated OSA adults and healthy controls. It is important to note that the OSA individuals were
highly adherent with CPAP treatment (96.1% used CPAP >4hrs/night); however, only 73% of
this data was objective while the remainder was self-reported (Lau et al., 2010). Kohler et al.
(2011) used a randomized, controlled, withdrawal study to determine the effects of CPAP
withdraw among adults previously receiving CPAP therapy. Vigilance was measured using both
the PVT test and the divided attention-driving simulator. They found that no statistical changes
in vigilance, as measured by PVT, occurred with withdrawal from CPAP (P=0.380) or as
measured by the divided attention driving simulator (P=0.200); however, response time,
measured on the PVT test, did increase by 25 ms in those receiving subtherapeutic CPAP
(Kohler et al., 2011).
Kushida et al. (2012) conducted a randomized, controlled trial of 1098 participants to
determine the neurocognitive effects of CPAP therapy on adults with OSA measuring vigilance
with both the pathfinder number test-total time and the PVT test. They found no differences
between CPAP treated adults and controls in either the pathfinder number test-total time
(P>0.08) or the PVT test (P>0.3) (Kushida et al., 2012). The authors found differences among
other neurocognitive functions, but explicitly noted that the effects of CPAP were minor
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compared to the effects of caffeine or diphenhydramine [Benadryl] (Kushida et al., 2012). Many
of these studies did not assess CPAP adherence. These results suggest a lack of significant
improvement in vigilance after CPAP use; this may be due to low CPAP use or CPAP dose, as
these were not analyzed as confounding variables Furthermore, in regards to the CPAP
withdrawal study performed by Kohler et al. (2011), withdrawing an adult from treatment would
allow acute changes to be expressed. Perhaps vigilance impairments, as a result of hypoxia,
would be a chronic change and therefore would not be expressed after such a brief washout
period (i.e., 4 days).
Conflicting results regarding the effect of CPAP on vigilance in OSA adults have been
reported. Some studies identify that vigilance improves after CPAP, whereas others identify that
CPAP has no significant effect on vigilance. Many of the studies that did not find improvement
in vigilance did not account for confounding variables (CPAP dose or adherence), which may in
part explain these differences.

Conclusion
The evidence to date suggests that CPAP is an efficacious treatment of OSA, based on
OSA severity and clinical manifestations of OSA. CPAP also improves sleep quality and sleep
architecture. The current evidence also suggests that vigilance is impaired among adults with
OSA. There is suggestion that education levels may, in part, mediate these differences, with
lower educated populations demonstrating more vulnerability for neurobehavioral impairments.
Many of the investigations did not control for or exclude adults with obesity hypoventilation
syndrome, which may result in worsening neurobehavioral function in this population (Quan et
al., 2011). Furthermore, many of the studies did not assess or control for participants’ caffeine
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intake, which has been associated with better scores on neurobehavioral tests (Norman et al.,
2008). Many studies that examined the effect of CPAP on vigilance failed to examine treatment
adherence as a confounding variable.
Unanswered questions remain relative to neurobehavioral impairments, specifically
vigilance, in untreated and treated adults with OSA. The majority of evidence alludes to impaired
vigilance, but does not establish a clear relationship between CPAP use and vigilance. Poor
adherence to CPAP therapy is a commonly encountered problem among individuals with OSA.
Further research is needed to determine whether a correlation exists and if so, the nature of the
correlation, between CPAP adherence and vigilance.
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Chapter 3
Methods
Obstructive sleep apnea (OSA) affects nearly 18 million Americans, who have a higher
risk of morbidity and mortality (Pagel, 2007; Yaggi et al., 2005). Adults with OSA frequently
complain of forgetfulness, delayed reaction time responses, inability to concentrate, and
compromised thought processes, ultimately resulting in impaired daytime functioning (Weaver
& George, 2011). The purpose of this study is to explore the relationship of continuous positive
airway pressure (CPAP) treatment, use of treatment, and vigilance impairment in adults with
newly diagnosed OSA who are newly initiated on CPAP treatment. The aims of this study are to:
(1) determine if there is impairment in vigilance among newly diagnosed adults with OSA prior
to starting CPAP treatment, (2) determine if there is an improvement in vigilance among recently
diagnosed adults with OSA after receiving three months of CPAP treatment, and (3) define the
relationship between change in vigilance and CPAP use in CPAP-treated adults with OSA.
This study is an exploratory analysis of data from a randomized, controlled, double-blind
parent study; the parent study, approved by the Institutional Review Board at Penn State Hershey
Medical Center, examined the feasibility and acceptability of a tailored intervention to promote
CPAP adherence and sought to determine the effect size of the intervention. This exploratory
analysis was reviewed and approved by the Institutional Review Board (IRB) at Penn State
Hershey Medical center shortly after commencement of the parent study data collection process
and thereafter added to the parent study. This exploratory analysis required additional metrics
that the parent study did not require and therefore these procedures were implemented after IRB
approval.
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Parent Study
Sample
Participants will be recruited from the Sleep Center at Penn State Milton S. Hershey
Medical Center, located in Hershey, PA, Dauphin County. Inclusion criteria are: (1) newly
diagnosed with OSA (AHI > 10 events/hour), (2) male or female adults ≥ 18 years of age, (3)
CPAP naïve, and (4) able to read and speak English. Participants will be excluded if they have: a
previous diagnosis and/or received previous treatment for OSA, a major psychiatric diagnosis
within six months of enrollment, the necessity of supplemental oxygen or bi-level positive
airway pressure identified on CPAP titration polysomnography (PSG), been diagnosed with a
sleep disorder in addition to OSA (i.e. central sleep apnea, insomnia, sleep hypoventilation
syndrome, narcolepsy, or periodic limb movement disorder), or a Multivariable Apnea Prediction
(MAP) score < 0.5. Participants will be able to withdraw at any time throughout the study.
Participants will be withdrawn from the study if their PSG-determined AHI ≤ 10 events/hour or
if they refuse CPAP treatment at their CPAP titration PSG. An estimate power analysis
suggested a sample size of 60.

Data Collection
Protocol. All new patients referred to the sleep center will receive a packet of
information in the mail. An invitation letter to participate in a research study will be included in
the packet; the letter briefly describes the study objective, eligibility criteria, and study
procedures. If the individual completes the letter, he/she will be contacted via telephone, during
which an in-depth description of the study will be provided, pre-enrollment screening (MAP)
will be performed, and research visit one will be scheduled. The pre-enrollment screening
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consists of several questions determining the likelihood that the potential participant had OSA.
The MAP consists of three questions: during the last month, on how many nights or days per
week have you had or been told you had the following: (1) loud snoring, (2) snorting or gasping,
and (3) your breathing stops, you choke or struggle for breath. Response ratings for the MAP
questions are: never, rarely (less than once a week), sometimes (1-2 times per week), frequently
(3-4 times per week), always (5-7 times per week), or ‘I don’t know.’ A MAP score ≥ 0.5,
calculated based on the answers to these questions and body mass index, gender, and age,
suggests high likelihood for OSA and patient eligibility for the study. Eligible individuals will
then be asked to schedule their first visit at the sleep center.
Participants will have a total of four visits. Figure 2 below demonstrates the protocol and
the measures assessed during each visit. At the last research visit, after data collection is
complete, the participant will be debriefed on the parent study and unblinded to the group they
were assigned.
Measures.
Demographics. Demographic information will be collected using a questionnaire. The
questionnaire will consist of 18 questions. The questionnaire will assess gender, race, marital
status, height (inches), weight (lbs), collar size, problems participant is seeking help for from the
sleep clinic, who referred the participant to the sleep clinic, highest level of education completed,
employment status, and whether or not they work steady or rotating night shifts.
Epworth Sleepiness Scale. The Epworth sleepiness scale (Appendix B) is a self-reported
measure of daytime sleepiness that will be assessed during visit 1 and will be used to further
describe the sample. The questionnaire asks ‘how likely are you to doze off or fall asleep’ in
eight different scenarios (Johns, 1991). Participants are asked to rate each situation on a scale
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from zero to three on how likely they would be to dose off, with zero being ‘would never doze
off’ and 3 being a ‘high chance of dozing.’ The ESS total score range is zero to 24, with
subjective daytime sleepiness increasing with higher total score. The Epworth Sleepiness Scale is
a valid and reliable measure of subjective daytime sleepiness with a high level of internal
consistency among healthy populations and those with several different sleep disorders
[Cronbach’s alpha = 0.88 for those with sleep disorders; Pearson correlation coefficient = 0.822]
(Johns, 1991; Johns, 1992).
Functional Outcome of Sleep Questionnaire. The Functional Outcome of Sleep

Visit 2
Diagnostic
polysomnography

•

* If apnea-hypopnea index
≤10 events/hr excluded

Visit 1

Visit 3

• Informed consent
• Demographic
information
• ESS, FOSQ
• Baseline vigilance
(PVT) measures
• Schedule visit 2

•
•

CPAP titration
polysomnography
Home CPAP treatment
initiated

3 months
following
treatment

Pre-Enrollment

Visit 4

• Recruitment letter given to
all adults present at sleep
lab
• Pre-enrollment screening
• Schedule 1st visit

• Post treatment
vigilance (PVT)
measures
• CPAP use
• Un-blind participants
Figure 2. Study protocol

ESS, Epworth sleepiness scale; FOSQ, functional outcome sleep questionnaire; PVT,
psychomotor vigilance task; CPAP, continuous positive airway pressure
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Questionnaire (FOSQ) is a self-recorded tool that measures five different domains of function:
activity level, vigilance, intimacy and sexual relationships, general productivity, and social
outcome. The FOSQ (Appendix C), written at a fifth grade reading level, can generally be
completed in about 15 minutes (Weaver et al., 1997). The FOSQ will be completed during visit 1
and used as a subjective measure of vigilance. Each of the five domains have questions that
result in a sub-scale score. The score from each category will be averaged excluding the
activities that the respondent did not participate in habitually or missing item responses. The
higher the score, the greater the degree of function; a total score ≤ 17.9 suggests functional
impairment related to sleep. The FOSQ is a reliable and highly valid measure of functional
outcomes among those suffering sleep disorders [Pearson’s correlation coefficient – r = 0.90;
Cronbach’s alpha = 0.95] (Weaver et al., 1997).
Polysomnography. Participants will undergo two PSGs in the sleep lab. The first will be
a diagnostic PSG and the latter will be a CPAP titration study. Each of the studies will measure
electroencephalogram (EEG), electrocardiogram (ECG), electrooculogram (EOG), chin and leg
electromyogram (EMG), oxygen desaturation, airflow parameters, respiratory effort parameters,
and body position. Studies will be scored and evaluated by experienced sleep lab personnel
using standard criteria (Iber, Ancoli-Israel, Chesson, & Quan, 2007). The first PSG will be used
as a diagnostic test to confirm a diagnosis of OSA. The second PSG, or the CPAP titration study,
will be similar in measures to the diagnostic study with the addition of initiating CPAP
treatment. During this study, the CPAP pressure setting necessary to reduce or normalize
nocturnal breathing will be determined in accordance with the clinical guidelines by Kushida et
al. (2008). The variables from PSGs include disease severity, or AHI, and oxygen desaturation
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(SPO2). PSGs are valid and reliable in measuring OSA and titrating CPAP treatment (Iber et al.,
2007; Kushida et al., 2008).
CPAP use. Patients will receive a Respironics REMstar Pro® CPAP system following
their titration PSG. The device contains a software system that records nightly CPAP treatment
use and stores usage data on an internal hard drive. Each patient will be provided with a wireless
modem through the study. Each day the wireless modem will transmit CPAP use data to a secure
database associated with the parent study. If the wireless modem fails, the nightly CPAP use will
be manually downloaded from the internal hard drive on the patient’s final visit (visit 4 - PVT
three months post treatment). This software will allow data of CPAP use for all intervals to be
recorded and exported from the modem/hard drive. CPAP use is described as powered on at
effective pressure for greater than 20 minutes. CPAP use will be analyzed as mean hours per
night and examined as a continuous outcome variable and dichotomized as <4hrs/night and
≥4hrs/night (clinical benchmark for adequate use, or adherence).

Current Study
Design
This exploratory analysis of prospectively collected data will employ a pre-test/post-test
correlational design to assess vigilance at baseline and after three months of CPAP treatment
exposure. The target population is adults (≥18 years old) with a suspected diagnosis of OSA who
are expected to progress to CPAP treatment. The sample will consist of those who have all of
data completed at the time of analysis. The target population was derived from an estimated
power analysis for the parent study, which suggested 60 participants. However, since the PVT
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was added after the parent study data collection process was already ongoing, not all participants
had PVT metrics and therefore were excluded form the analysis.

Measures
All of the measures from the parent study were used in this exploratory analysis. In
addition to those measures, the psychomotor vigilance task test (PVT) was added to the parent
study specifically for this exploratory analysis.
Psychomotor Vigilance Task Test. A precise ten-minute psychomotor vigilance task
(PVT) test will be conducted using a portable laptop. The ten-minute PVT test will be completed
before treatment exposure and after three months of CPAP treatment. The PVT presents a visual
stimulus (yellow millisecond counter) within a red rectangular box on a computer screen at
random intervals over the course of ten minutes. Participants will be advised to press a response
button once the yellow stimulus appears on the screen. Pressing the response button will result in
termination of the counter (yellow stimulus) and the response time in milliseconds will be
displayed on the screen thereafter for a period of 1000 ms. The period between the last response
and the presence of the succeeding stimuli, or the inter-stimulus interval, will fluctuate randomly
from two to ten seconds throughout the test (Basner & Dinges, 2011).
A PVT response will only be considered valid if the response time is 100 ms or longer.
Response times less than 100 ms or responding without the presence of a stimulus will be
counted as false starts or errors of commission. According to Dorrian, Rogers & Dinges (2005)
an error of commission occurs when a response is given with no stimulus or an incorrect
stimulus. Any response 500 ms or longer will be defined as a lapse, or an error of omission. An
error of omission according to Dorrian et al. (2005) occurs as a result of failing to respond to a
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stimulus in a timely manner. The PVT test will be terminated following the last response after a
total time of ten minutes. Additional criteria for the analysis of the PVT can be found in Table 1.
The PVT primary outcome metrics to be measured and incorporated into the analysis will
include: response time [RT] (ms), mean 1/RT (reciprocal of RT) number of lapses (RT >
500ms), and false starts (premature keying). Secondary PVT outcomes include: median RT,
slowest 10% 1/RT, Fastest 10% of RT, lapse probability, and performance score the difference
of one from the sum of the number of lapses and false starts divided by number of valid stimuli).
PVT, a validated assessment of vigilance, is sensitive to the effects of sleep deprivation in
healthy controls and CPAP-treated adults with OSA. (Basner & Dinges, 2011; Dinges et al.,
1997; Dinges & Powell, 1985; Dorrian, Rogers & Dinges, 2005; Weaver & George, 2011).
Although variable PVT test lengths are reported in the literature, Basner and Dinges (2011)
found that ten minutes was sufficient in differentiating sleep deprived from alert subjects.

Table 1: Criteria for the analysis of the 10-minute PVT
Stimulus

Visual millisecond counter in rectangular box

Test duration

10 minutes – the tests stops with the last response after an
elapsed total time of 10 minutes

Inter-stimulus interval

The period between the last response and the appearance of
the next stimulus randomized between 2-10 seconds.

Feedback

The response time is displayed for 1 second. This period is
part of the next inter-stimulus interval

Errors of commission (false starts)
Errors of omission (lapses)

1

Responses without a stimulus or response time < 100 ms.
“FS” is displayed on the screen for 1 second (this period is
part of the next inter-stimulus interval).
Response time ≥ 500 ms
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Time out

The millisecond counter times out after 30,000 ms without a
response. “OVERRUN” is displayed for 1 second (this is part
of the next inter-stimulus interval) and a sound is played back
to alert the subject. The stimulus is counted as valid (as a
lapse with a RT of 30,000 ms).

Button fail-to-release1

“BUTTON” is displayed after the response button has not
been released for 3 seconds and a signal is continuously
played back until the button is released. The new interstimulus interval starts once the button is released.

Wrong Key Press1

“ERR” is displayed for 1 second if the wrong response key is
pressed (this period is part of the next inter-stimulus interval).
If the wrong key was pressed prematurely “FS/ERR” is
displayed instead of “ERR.”

RT, response time; ms, milliseconds.
1
These events do not count as valid stimuli, and therefore they do not contribute to the calculation of
RT.
This table was derived from a table in Basner & Dinges (2011). Permission to reprint was granted
through Copyright Clearance Center (See Appendix D).
Mean 1/RT, fastest 10% of RT, and the slowest 10% 1/RT will be used in the analysis
because they have large effect sizes among a chronically sleep deprived cohort and also are
highly sensitive to sleep (Basner & Dinges, 2011). The reciprocal of RT will be calculated by
dividing each individual RT by 1,000 and will thereafter be averaged resulting in mean 1/RT.
Mean RT, number of lapses, median RT, and number of false starts will be included in the
analysis because they are commonly reported metrics of vigilance reported in published
empirical studies of OSA with mean RT and number of lapses the most commonly reported
vigilance outcomes (Basner & Dinges, 2011).

Statistical Analysis
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All statistical analyses will be performed using Statistical Analysis System (SAS) version
9.3. An experienced biostatistician from Penn State Hershey College of Medicine will conduct
the statistical analysis for this study.
Research Question One. To determine if there is impairment in vigilance in newly
diagnosed adults with OSA before receiving treatment. Primary (RT [ms], lapses, false starts,
and mean 1/RT) and secondary (median RT, slowest 10% 1/RT, Fastest 10% of RT, lapse
probability, and performance score) PVT metrics will be analyzed for this question using
descriptive statistics. These values will be compared to those of healthy adult vigilance values,
previously established with validation of the PVT, and the extent, if any, of vigilance impairment
will be quantified using dependent t-tests for paired samples.
Research Question Two. To determine if there is improvement in vigilance after three
months of CPAP treatment among these newly diagnosed adults. Much like the first aim, primary
and secondary metrics from the PVT will be utilized. These follow up measures will be analyzed
using descriptive statistics and compared to the baseline measures to determine if there is
improvement. The post-treatment and pre-treatment values will be compared using dependent ttests for paired samples.
Research Question Three. The third and final aim of this study is exploratory: to define
the relationship between change in vigilance and CPAP use in CPAP treated adults. Correlation
procedures and multiple linear regressions will be used to analyze this relationship. Change in
vigilance will be estimated and the correlation between this change and three month CPAP use
will be evaluated Pearson product-moment correlational coefficient. Exploratory bivariate
association will be examined between three month CPAP adherence and vigilance among low
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and normal oxygen groups and among the severity spectrum of OSA (mild/moderate/severe).
CPAP adherence will be defined as use at least 4 hours/night at effective pressure.
In conclusion, this exploratory analysis will assess vigilance at baseline and after three
months of CPAP treatment exposure. The independent variable is CPAP use, whereas the
dependent variable is vigilance; disease severity (AHI and oxygen saturation) and age will also
be included as confounding variables for this study. Each participant will have four visits to the
sleep center where data will be obtained. Adequate CPAP use, or adherence, is defined as 4 or
more hours of use each night and each night’s use will be recorded on the internal hard drive and
sent to a secure server via a wireless modem each day. Vigilance will be measured using
response time, number of lapses, false starts, the reciprocal of response time, median RT, slowest
10% 1/RT, Fastest 10% of RT, lapse probability, and performance score. Descriptive statistics,
dependent t-tests for paired samples, multiple linear regressions and correlational procedures will
be performed.
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Chapter 4
Results
The purpose of this exploratory analysis was to explore the relationship of continuous
positive airway pressure (CPAP) treatment, use of treatment, and vigilance impairment in adults
with newly diagnosed obstructive sleep apnea (OSA) who are newly-initiated on CPAP
treatment. With the use of descriptive statistics, dependent t-tests, multiple linear regressions,
and Pearson product-moment correlational coefficient, this study sought to: (1) determine if there
was impairment in vigilance among newly-diagnosed adults with OSA prior to starting CPAP
treatment, (2) determine if there was an improvement in vigilance among recently diagnosed
adults with OSA after receiving three months of CPAP treatment, and (3) define the relationship
between change in vigilance and CPAP use in CPAP-treated adults with OSA.

Sample Description
The sample included 32 adults, primarily middle-aged (52.81±11.29 years), males (n=24;
75.0%) of non-Hispanic/Latino ethnicity (n=28; 87.5%) and with severe OSA (AHI 39.45 ±
23.43 events/hr) (Table 2). The majority of the sample was married (n=24; 75.0%), educated
with at least two years of college/trade school (n=19; 59.38%), and employed full-time (n=19;
59.38%). Two participants reported working rotating nights (6.25%) and one reported steady
night shift work (3.13%). The sample had a high body mass index (36.46 ± 7.06 kg/m2). Many of
the participants reported snoring (n=31; 96.88%), periods of apnea during sleep (n=21; 65.63%),
sleepiness during the day (n=28; 87.5%), restless sleep (n=19; 59.38%), and high blood pressure
(n=18; 56.25%). The majority of the sample was referred for sleep evaluation by a family
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physician/primary care provider (n=25; 78.13%), cardiologist (n=3; 9.38%), or pulmonary
specialist (n=2; 6.25%); however, some referred themselves for sleep evaluation (n=2; 6.25%).
The diagnostic polysomnography showed the sample included mostly individuals with
severe OSA, AHI > 30 events/hr, (n = 19; 59.38%) and fewer participants with moderate OSA,
AHI > 15-30 events/hr, (n=9; 28.13%) and mild OSA, or AHI 5-15 events/hr (n=4; 12.50%). The
participants spent an average of 63.05 minutes (SD 80.11) during sleep with oxygenation less
than 90%, comprising 13.23% (SD 16.75) of total sleep time (TST) with sub-optimal
oxygenation. Mean CPAP use at three months was 5.15 hr/night (SD 1.87). When adherence to
CPAP is defined at ≥4hrs/night on average, 21.9% of the sample were nonadherent. The sample
had a high score on the Epworth Sleepiness Scale (18.94 ± 5.36), indicating a high degree of
subjective sleepiness. The sample conveyed a relatively high level of subjective impairment for
vigilance measured with a sub-scale from the Functional Outcomes of Sleep Questionnaire (2.74
±0.57).

Table 2.
Sample Description Characteristics
Gender
Male
Female
Age, yrs
2
Body Mass Index (kg/m )
Race
White
Black or African American
Native Hawaiian/Other Pacific Islander
Asian
American Indian/Alaska Native
Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Marital Status
Married
Single
Separated or Divorced
Widow(er)
Education
Elementary School

Total Sample (N=32)
Frequency [n (%)] or
Mean (±SD)
24 (75.00%)
8 (25.00%)
52.81 (±11.29)
36.46 (±7.06)
28 (87.50%)
3 (9.38%)
0
0
1 (3.13%)
4 (12.50%)
28 (87.50%)
24 (75.00%)
1 (3.13%)
5 (15.63%)
2 (6.25%)
1 (3.125%)
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Middle School
1 (3.125%)
High School
11 (34.38%)
2 yrs of College or Trade School
9 (28.125%)
4 yrs of College
2 (6.250%)
Graduate School
8 (25.00%)
Employment
Working Full-Time
19 (59.38%)
Working Part-Time
1 (3.13%)
Homekeeper
0
Unemployed
1 (3.13%)
Student
0
Retired
7 (21.88%)
Unable to work/Disabled
4 (12.50%)
Rotating Shift Work
2 (6.25%)
Night Shift Work (consistent shift)
1 (3.13%)
Self-reported Sleep Problems
Snoring
31 (96.88%)
Breathing stops
21 (65.63%)
Sleepiness during day
28 (87.50%)
High blood pressure
18 (56.25%)
Restless sleep
19 (59.38%)
Cannot fall asleep
12 (37.50%)
Referral Source
Family or Primary Care Provider
25 (78.13%)
Pulmonary Specialist
2 (6.25%)
Cardiology
3 (9.38%)
Neurology
0
Psychiatry
0
Family member or friend
0
Self
2 (6.25%)
ESS Score
18.94 (±5.36)
FOSQ Vigilance Score
2.74 (±0.57)
OSA Characteristics
Apnea-Hypopnea Index (AHI) [events/hr]
39.45 (±23.43)
Mild (5-15 events/hr)
4 (12.50%)
Moderate (>15-30 events/hr)
9 (28.13%)
Severe (>30 events/hr)
19 (59.38%)
Time < 90% Oxygenation, minutes
63.05 (±80.11)
Percent of TST <90% Oxygenation
13.23 (±16.75)
CPAP use (mean hours/night)
7 days (mean hours/night)
6.36 (±1.35)
4 hour cut-point (nonadherers)
1 (3.13%)
30 days (mean hours/night)
5.30 (±1.61)
4 hour cut-point (nonadherers)
8 (25.00%)
90 days (mean hours/night)
5.15 (±1.87)
4 hour cut-point (nonadherers)
7 (21.88%)
ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep
Questionnaire; TST, Total Sleep Time; CPAP, Continuous Positive Airway Pressure

Psychomotor Vigilance Task Outcomes
The following PVT metrics were evaluated for the analysis: (1) mean reciprocal response
time (1/RT), (2) mean response time (RT), (3) median RT, (4) mean fastest 10% RT, (5) slowest
10% of the reciprocal RT, (6) number of lapses, (7) number of false starts, and (8) standard

38
deviation of the RT. A PVT response was only considered valid if RT was 100 milliseconds (ms)
or greater. Any response less than 100 ms was counted as a false start. As defined earlier in
chapter 3, a false start is an error of commission. False starts tend to occur more as a result of
sleep deprivation (Doran, Dongen, & Dinges, 2001). Errors, such as keying the wrong button or
failing to release a button, were excluded from the analysis. Lapses, also defined previously in
chapter 3, occurred when the RT was 500ms or greater and were considered errors of omission.

Question 1: Is Vigilance Impaired Prior to Starting CPAP Treatment?
PVT assessments were collected at the baseline visit (Visit 1), at the time of study
enrollment. PVT metrics from the baseline visit were then compared to a cohort of healthy adults
(mean age 27.4yrs ± ± 6.7 years [SD])(Drummond et al., 2005). The control group utilized was
reported as a “normal” control from a sleep deprivation study (Drummond et al., 2005). PVT
metrics compared were limited to those reported by Drummond et al. (2005): Median RT, fastest
10% RT, SD RT, number of lapses, and slowest 10% RT; therefore, mean RT, the reciprocal of
RT, and false starts were not able to be evaluated for impairments. Dependent t-tests for paired
samples were used to examine if impairment existed in the current sample when compared with a
healthy control group. Our sample demonstrated statistically significant impairment in vigilance
for the number of lapses when compared with Drummond et al. (1.55 ± 2.62 vs. 3.28 ± 4.57,
respectively; t=2.14; p = 0.0399); however, no other impairments were found (Table 3).

Table 3. Baseline Vigilance (n=32)
Variable

Healthy Controls (µ ± SD)
(From Drummond et al.)

Study Sample

T-Value

P-Value

1/RT

----

3.688 ± 0.37

----

----

Mean RT

----

293.91 ± 47.25

----

----

Lapses

1.55 ± 2.62

3.28 ± 4.57

2.14

0.0399
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False Starts

----

2.63 ± 2.60

----

----

Median RT

269 ± 33

268.9 ± 29.20

-0.02

0.9856

Mean fastest 10% RT

217 ± 19

210 ± 15.34

-2.39

0.0231

SD RT

139 ± 275

101.4 ± 79.27

-2.69

0.0115

Slowest 10% 1/RT

248 ± 616

2.28 ± 0.57

-3.00

0.0053

SD, Standard Deviation; 1/RT, Reciprocal of Response Time; RT, Response Time, Measured in ms;
P<0.05, statistical significance.

Question 2: Does Vigilance Improve After Three Months of CPAP-Treatment
The difference in vigilance, post-treatment to pre-treatment, was calculated to determine
if vigilance improves with three months of CPAP treatment. The difference for each PVT metric
was individually calculated as post-pre and the mean change in score was determined. All eight
PVT metrics were used in this analysis: 1/RT, mean RT, number of lapse, false starts, median
RT, mean fastest 10% RT, SD RT, and the slowest 10% 1/RT (Table 4). Statistically significant
improvements were found in two of these metrics. The change in the reciprocal of response time
(1/RT) displayed statistically significant improvements after three months of CPAP use (0.16 ±
0.40, P=0.0295), as did the change in
Table 4. Change in Vigilance Pre-Post Vigilance Measures (n=32)

slowest 10% 1/RT (0.29 ± 0.49,
P=0.0025). The additional six metrics
(mean RT, number of lapse, false
starts, median RT, mean fastest 10%
RT, and SD RT) were not found to
have significant changes.

Question 3: What is the Relationship
Between Change in Vigilance and

Vigilance

Mean

Standard
Deviation

P Value

∆ 1/RT

0.16

0.40

0.0295

∆ Mean RT

-15.38

50.03

0.0920

∆ Lapses

-1.06

4.79

0.2185

∆ False Starts

0.53

2.36

0.2115

∆ Median RT

-8.48

32.05

0.1444

∆ Mean Fastest 10% RT

-3.91

16.56

0.1918

∆ SD of RT

-14.90

77.43

0.2846

∆ Slowest 10% 1/RT

0.29

0.49

0.0025

∆, Change in; 1/RT, Reciprocal of Response Time; RT, Response
Time, measured in ms; SD, Standard Deviation; P<0.05, Statistical
Significance.
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CPAP Use?
The relationship between change in vigilance and CPAP use among CPAP-treated adults
with newly diagnosed OSA was explored by first calculating change in vigilance (Table 4) and
then using Pearson’s correlation coefficient to determine the relationship (Table 5). We found
that the change in vigilance was statistically associated with one week CPAP use. There were
not, however, any associations discovered among change in vigilance and CPAP use at one
month or three months. Mean CPAP use at one week, one month, and three months was 6.36
(±1.35), 5.30 (±1.61), and 5.15 (±1.87), respectively. The relationship between change in 1/RT
and CPAP use at one week (ß =0.373, 95% CI = -0.639 - 0.028, P =0.032) was found to be
statistically significant. In addition, change in mean RT (ß =0.409, 95% CI = 0.071 – 0.663, P
=0.018), change in lapses (ß =0.377, 95% CI = 0.033 – 0.641, P =0.030), change in median RT
(ß =0.349, 95% CI = -0.000 – 0.622, P =0.047), change in the standard deviation of the RT (ß
=0.385, 95% CI = 0.042 – 0.647, P =0.026), and change in slowest 10% of 1/RT (ß =-0.423,
95% CI = -0.673 – -0.087, P =0.014) were all found to be associated with the first week of CPAP
use. The association between change in false starts and one-week CPAP use and change in mean
fastest 10% RT and one-week CPAP use were not statistically significant.
Exploratory bivariate associations were examined to determine if baseline vigilance was
a predictor of three month CPAP use (Table 6). We found that baseline standard deviation of the
RT was a significant predictor of CPAP use at three months (ß =-0.009, SE = 0.004, P =0.0342);
however, no other baseline vigilance metrics were found to be predictors of three month CPAP
use.
Table 5. CPAP use and Change in Vigilance
Variable
CPAP use at 1 week
∆ 1/RT

Correlation Estimate (ß)

95% Confidence Interval

!!

!!
0.37315

!!
-0.638733

-0.028111

P Value

!!
0.032
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∆ Mean RT

0.40918

0.070555

0.663245

0.0175

∆ Lapses

0.37706

0.032658

0.641420

0.0301

∆ False Starts

0.01580

-0.334740

0.362495

0.9311

∆ Median RT

0.34858

-0.000131

0.621706

0.0466

∆ Mean Fastest 10% RT

0.29571

-0.059072

0.584171

0.0954

∆ SD of RT

0.38533

0.042328

0.647084

0.0263

∆ Slowest 10% 1/RT

-0.42314

-0.672592

-0.087326

0.0136

∆ 1/RT

-0.12509

-0.453985

0.233799

0.4913

∆ Mean RT

0.18146

-0.178529

0.498606

0.3153

∆ Lapses

0.17624

-0.183745

0.494543

0.3297

∆ False Starts

-0.03632

-0.380203

0.316377

0.8423

∆ Median RT

0.10870

-0.249453

0.440687

0.5503

∆ Mean Fastest 10% RT

0.06674

-0.288672

0.405986

0.7145

∆ SD of RT

0.19635

-0.163539

0.51012

0.2763

∆ Slowest 10% 1/RT

-0.18134

-0.498514

0.178648

0.3156

∆ 1/RT

-0.10416

-0.436983

0.253750

0.5672

∆ Mean RT

0.16736

-0.192571

0.487599

0.3552

∆ Lapses

0.17148

-0.188488

0.490822

0.3432

∆ False Starts

0.02878

-0.323160

-0.373721

0.8748

∆ Median RT

0.06005

-0.294815

0.400363

0.7421

∆ Mean Fastest 10% RT

0.02852

-0.323389

0.373501

0.8759

∆ SD of RT

0.25090

-0.109166

0.551360

0.1607

∆ Slowest 10% 1/RT

-0.21730

-0.526127

0.142168

0.2269

CPAP use at 1 month

CPAP use at 3 month

CPAP, Continuous Positive Airway Pressure; ∆, Change in; 1/RT, Reciprocal of Response Time;
RT, Response Time; SD, Standard Deviation, P<0.05, statistical significance.

Exploratory bivariate associations of baseline vigilance measures and three month CPAP
use, stratified by oxygenation groups (low oxygen and normal oxygen group; Table 9) and mild,
moderate and severe OSA groups determined by AHI (Table 7). The low oxygen group (n=10,
31.25%) was classified as those having an oxygenation level less than 90% for more than 10% of
the total sleep time (TST) during the diagnostic PSG. Whereas, the normal oxygen group (n=22,
68.75%) was defined as having a oxygenation level greater than 90% for more than 10% of TST
during the diagnostic PSG (Table 8). The sample consisted of primarily severe OSA (n=19,
59.38%).
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Table 6. Baseline Vigilance Measures as Predictors of 3 mo. CPAP Use (n=32)
Variable

Estimate

Standard Error

T Value

P Value

FOSQ Vigilance

-0.21767

0.60263

-0.36

0.7205

1/RT

0.78727

0.90320

0.87

0.3903

Mean RT

-0.01185

0.00690

-1.72

0.0966

Lapses

-0.12627

0.07126

-1.77

0.0865

False Starts

0.02044

0.13150

0.16

0.8775

Median RT

-0.00726

0.01164

-0.62

0.5375

Mean Fastet 10% RT

-0.01163

0.02219

-0.52

0.6041

SD RT

-0.00883

0.00400

-2.21

0.0342

Slowest 10% 1/RT

1.06380

0.56887

1.87

0.0713

CPAP, Continuous Positive Airway Pressure; FOSQ, Functional Outcome of Sleep
Questionnaire; RT, Response time, measured in MS; 1/RT, Reciprocal of RT; P <
0.05, Statistically Significant

When stratified by OSA severity (mild, moderate, and severe), no statistically significant
association was discovered for baseline vigilance measures and three-month CPAP use.
Likewise, no statistical association was found among baseline vigilance measures and three
month CPAP use when stratified among low and normal oxygenation levels. No significant
association existed between any of these groups and any of the baseline vigilance measures,
including: the FOSQ vigilance sub-scale score (subjective vigilance impairment), 1/RT, mean
RT, number of lapse, false starts, median RT, mean fastest 10% RT, SD RT, and slowest 10%
1/RT.
Table 7. Baseline Vigilance Measures as Predictors of 3 mo. CPAP Use by AHI (n=32)
Variable
Estimate
AHI 5 < X ≥ 15 (Mild OSA; n=4)
FOSQ Vigilance
-0.63033

Standard Error

T Value

P Value

1.68234

-0.37

0.7109

1/RT

-0.94106

1.93857

-0.49

0.6314

Mean RT

0.00849

0.01729

0.49

0.6275
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Lapses

0.06256

0.14126

0.44

0.6615

False Starts

-0.10728

0.82042

-0.13

0.8970

Median RT

0.00961

0.02043

0.47

0.6420

Mean Fastest 10% RT

0.03281

0.06945

0.47

0.6405

SD RT

0.01608

0.03541

0.45

0.6535

Slowest 10% 1/RT

-1.03568

2.05154

-0.50

0.6179

AHI 15 < X ≥ 30 (Moderate OSA; n=9)
FOSQ Vigilance
2.58271
2.03240
1.27
0.2151
1/RT
0.83247
2.41557
0.34
0.7331
Mean RT
-0.02758
0.02372
-1.16
0.2554
Lapses
-0.41519
0.41031
-1.01
0.3209
False Starts
-0.04117
0.23757
-0.17
0.8638
Median RT
0.00649
0.03211
0.20
0.8413
Mean Fastest 10% RT
0.00943
0.04667
0.20
0.8414
SD RT
-0.01585
0.00805
-1.97
0.0598
Slowest 10% 1/RT
2.96645
1.67913
1.77
0.0890
AHI > 30 (Severe OSA; n=19)
FOSQ Vigilance
-0.29358
0.74843
-0.39
0.6981
1/RT
1.45409
1.20262
1.21
0.2375
Mean RT
-0.01412
0.00820
-1.72
0.0097
Lapses
-0.17611
0.08742
-2.01
0.0544
False Starts
0.03286
0.18492
0.18
0.8603
Median RT
-0.02326
0.01708
-1.36
0.1850
Mean Fastest 10% RT
-0.02435
0.02918
-0.83
0.4117
SD RT
-0.00749
0.00485
-1.55
0.1344
Slowest 10% 1/RT
0.99228
0.64122
1.55
0.1334
CPAP, Continuous Positive Airway Pressure; FOSQ, Functional Outcome of Sleep
Questionnaire; RT, Response time, measured in MS; 1/RT, Reciprocal of RT; P < 0.05,
Statistically Significant

Table 8. Oxygenation During Diagnostic PSG (n=32)
Variable
n (%)
Low Oxygenation
10 (31.25%)
Normal Oxygenation
22 (68.75%)
Low Oxygenation, <90% O2 for >10% TST; Normal
Oxygenation, >90% O2 for >10% TST; TST, Total
Sleep Time

Table 9. Baseline Vigilance Measures as Predictors of 3 mo. CPAP Use by O2 (n=32)
Variable
Estimate
Standard Error
Normal Oxygenation (<90% O2 for >10% TST; n=22)
FOSQ Vigilance

-0.58567

0.92350

T Value

P Value

-0.63

0.5311
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1/RT

-0.17237

1.12595

-0.15

0.8794

Mean RT

-0.00505

0.00945

-0.53

0.5977

Lapses

-0.04862

0.10462

-0.46

0.6457

False Starts

0.05576

0.18147

0.31

0.7609

Median RT

0.00253

0.01343

0.19

0.8522

Mean Fastet 10% RT

0.00277

0.02478

0.11

0.9119

SD RT

-0.00748

0.00513

-1.46

0.1557

Slowest 10% 1/RT

0.92484

0.83561

1.11

0.2778

Low Oxygenation (>90% O2 for >10% TST; n=10)
FOSQ Vigilance

0.08319

0.84208

0.10

0.9220

1/RT

3.04070

1.65555

1.84

0.0769

Mean RT

-0.02157

0.01077

-2.00

0.0550

Lapses

-0.19852

0.1005691-

-1.97

0.0583

False Starts

-0.02577

0.20632

-0.12

0.9015

Median RT

-0.04838

0.02661

-1.82

0.0798

Mean Fastet 10% RT

-0.08027

0.05370

-1.49

0.1462

SD RT

-0.01141

0.00699

-1.63

0.1138

Slowest 10% 1/RT

1.46721

0.90801

1.62

0.1173

CPAP, Continuous Positive Airway Pressure; O2, Oxygen; TST, Total Sleep Time; FOSQ,
Functional Outcome of Sleep Questionnaire; RT, Response time, measured in MS; 1/RT,
Reciprocal of RT; P < 0.05, Statistically Significant

Conclusion
The sample of this exploratory analysis demonstrated significant baseline impairments in
vigilance in only one of the eight PVT outcomes, lapses. The other seven of these measures were
not significantly impaired at baseline when compared with a healthy control group. After three
months of CPAP treatment both 1/RT and the slowest 10% of 1/RT improved significantly,
while the remaining six measures showed no statistically significant improvement. The change in
vigilance (post-pre) was statistically correlated with the first week of CPAP use; however, the
change had no significant correlation with one month or three month CPAP use. Our sample
demonstrated that the baseline vigilance measure of SD RT was a significant predictor of CPAP
use of three months. When the baseline vigilance measures were stratified among severity of the
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disease defined by AHI and oxygen desaturation, no statistical significant predictors of three
month CPAP use were discovered.
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Chapter 5
Discussion
The purpose of the exploratory analysis was to explore the relationship of CPAP
treatment, use of treatment, and vigilance impairment in adults with newly-diagnosed OSA and
newly-initiated on CPAP treatment. The study sought to: (1) determine if there is impairment in
vigilance among newly diagnosed adults with OSA prior to starting CPAP treatment, (2)
determine if there is an improvement in vigilance among recently diagnosed adults with OSA
after receiving three months of CPAP treatment, and (3) define the relationship between change
in vigilance and CPAP use in CPAP-treated adults with OSA. The results of this study in the
context of the current literature, the study limitations, implications for nursing, and future
research implications will be presented in the following discussion.
The results of this study identified that the sample had significantly impaired vigilance at
baseline in terms of lapses compared to the healthy, control group (1.55 ± 2.62 vs. 3.28 ± 4.57,
respectively; t=2.14; p = 0.0399). These findings are consistent with the findings of Lau et al.
(2010). There are inconsistencies in the extant literature for vigilance impairment in adults with
OSA (Beebe et al., 2003; Kim et al., 1997; Quan et al., 2006; Quan et al., 2011; Redline et al.,
1997; Verstraeten et al., 2004). Interestingly enough, our sample demonstrated significantly
superior vigilance compared to the healthy control group reported in Drummond et al. (2005) for
the following metrics: Mean fastest 10% RT (210 ± 15.34 vs. 217 ± 19, P=0.023), SD RT, (101.4
± 79.27 vs. 139 ± 275, P=0.0115), and slowest 10% 1/RT (2.28 ± 0.57 vs. 248 ± 616, P=
0.0053).
These findings may possibly be explained in several ways. First, George and Weaver
(2011) reported that vigilance impairments in the adult OSA population exist in only 50% of the
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population. Jackson and colleagues (2011) also noted that impaired vigilance was not present in
all untreated OSA patients. Therefore, our sample, accrued through convenience sampling in a
general clinical sleep center, may be representative of the 50% who do not demonstrate vigilance
impairments prior to treatment. Second, these findings may be due to the absence of a wellcontrolled trial for vigilance as this was not the primary objective of the parent study. The
parent study sampling criteria did not address extraneous factors such as central nervous system
stimulants or depressants. Drummond et al. (2005) controlled for such factors, including caffeine
intake. Studies have shown that central nervous system altering drugs, such as caffeine
(stimulant) and diphenhydramine (depressant) can positively and negatively, respectively, affect
cognitive function (Gevins, Smith, & McEvoy, 2002; Gevins et al., 2010; McEvoy, Smith,
Fordyce, & Gevins, 2006; Wyatt, Cajochen, Cecco, Czeisler, & Dijk, 2004).
The findings suggesting absence of baseline vigilance impairment for all vigilance
metrics except lapses may also be related to the time of day vigilance testing was performed
and/or sleep duration and sleep schedule prior to PVT testing. In the absence of controlling for
such factors in the parent study, our findings may be at risk for Type II error. We did not use a
consistent time for administering either PVT test and did not obtain a subjective or objective
total sleep time from the night before the test was administered. Drummond and colleagues
(2005) considered both of these factors in their well-controlled study. Drummond et al. (2005)
performed PVT testing between 6:00pm and 8:00pm. Research suggests that after 17-19 hours of
continuous wake time, neurocognitive tests, including vigilance task testing, were impaired with
deficits equivalent to a blood alcohol content of 0.05% or worse, with response speeds 50%
slower than those with BAC of 0.05% (Williamson & Feyer, 2000). It has also been found that
test time should be derived based on the individual’s normal schedule – that is, if the individual
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is a night person then they have superior neurocognitive performances during nights hours
compared to morning hours, while morning individuals perform better in the morning hours
compared to the night hours (Taillard et al., 2011).
Although it is probable that participants from our own sample and the comparison sample
from Drummond et al. (2005) were not tested after the 17 hour awake-time cut-point, it is
important to note that performance on neurocognitive tests diminishes over an extended period
of wakefulness (Cajochen, Blatter, & Wallach, 2004; Williamson & Feyer, 2000). Due to the
hour of the day in which PVT administration was completed in the Drummond et al. study
(2005), it is possible that the comparative normal vigilance values employed in our study are not
an adequate representation of normal healthy vigilance levels.
We must also consider that the absence of pre-treatment vigilance impairment may be
related to the brain’s compensatory mechanisms, known to exist and permit normal functioning
for such neural-mediated functions as vigilance. This mechanism has been found to compensate
for neuropathies and cognitive impairments in Alzheimer’s disease; however, limited research
exists among the OSA population (Gould et al., 2006; Clément & Belleville, 2012). Alchanatis
et al. (2008) and Mathieu et al. (2008) found that OSA adults with advancing age exhibit more
vigilance impairments compared to younger cohorts. Similarly, Ayalon and colleagues (2010)
identified that older adults with age of 53 years and severe OSA (AHI >30 events/hr)
demonstrated compensatory cerebral activation during cognitive tasks, consistent with healthy
adults (45 years and older). These findings suggest that central neural compensatory
mechanisms do exist in adults with OSA and are activated during cognitive challenges. With
increasing age, however, such compensatory mechanisms may not be maintained, after which
time neurocognitive performance may decline. Our sample was relatively young with a mean age
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of 52.81 ± 11.29 years. When the age of our sample is considered in the context of recent
preliminary evidence addressing central neural compensatory mechanisms, we hypothesize this
may explain, in part, why our sample did not show impairments in baseline vigilance.
Furthermore, our sample size was small (n=32) and therefore lacked sizeable statistical
power (Peers, 1996). We can conclude that our sample did not have impairments in vigilance at
baseline compared to the healthy controls; however, we cannot conclude that impaired vigilance
does not exist in the adult OSA population.
Among the eight different PVT metrics used to assess vigilance, our sample
demonstrated statistically significant improvements after three months of CPAP treatment in
1/RT (P = 0.0295) and slowest 10% 1/RT (P=0.0025). Although these measures are not
commonly reported or employed in the OSA literature, these findings parallel those of Basner &
Dinges (2011) suggesting that the reciprocal of response time may be highly sensitive to sleep
disorders, specifically OSA, and treatment of OSA, compared to the other PVT metrics. The
other metrics did not significantly improve; however, false starts demonstrated some
improvement compared to the others. False starts are known to result from states of sleep
deprivation (Doran, Dongen, & Dinges, 2001). This may be an outcome of the participants
getting more sleep the night before the post-CPAP PVT assessment, or perhaps that the
participants sleep improved relative to CPAP use. Current evidence suggests that CPAP use
improves sleep architecture and decreases the number of arousals per night (McArdle &
Douglas, 2001; Kohler et al., 2011). The other PVT metrics did not improve; in fact they were
more impaired after CPAP use. This is suggestive that certain PVT outcomes (mean RT, median
RT, fastest 10% RT, lapses, false starts, and SD RT) are not sensitive to CPAP treatment in OSA
to detect measureable changes. However, such findings could again be the result of an absence of
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control for important confounding variables that are established influences on vigilance testing
performance. As the reciprocal PVT metrics have only recently been reported as highly sensitive
to sleep deprivation and sleep disorders (Basner & Dinges, 2011), we are not able to examine
these PVT metrics in comparison with previously reported research in adults with OSA. With the
PVT metrics commonly reported in published reports of vigilance outcomes, the findings that
such vigilance metrics were not significantly improved after three months of CPAP use
paralleled those of Barnes et al. (2002), Kohler et al. (2011), Antic et al (2011) and Kushida et al.
(2012).
We discovered that change in vigilance, including 1/RT, mean RT, lapses, median RT,
SD RT, and slowest 10% of RT, was moderately associated with the first week of CPAP use.
The relationship between change in vigilance and CPAP use at variable points in time other than
three months has not been examined in the extant literature. Interestingly, our results suggest
one-week CPAP use was associated with change in vigilance, even with minimal improvement
in vigilance demonstrated from baseline assessment to post-3 months of CPAP treatment. There
was no association, however, found between change in any of the vigilance outcomes and onemonth or three-month CPAP use. We suggest these findings are relative to the limited power to
detect such relationships.
This sample was relatively adherent to CPAP throughout the study, including at one
week, one month, and three months. If adherence is defined as CPAP use >4 hours/night at
effective pressure, our sample demonstrated high CPAP adherence with decreasing adherence
over the study period. At one week, only one participant was classified as nonadherent (3.13%)
and the mean CPAP use for the sample was 6.36 ± 1.35 hours/night. The number of nonadherers
increased at one-month (n=8, 25%; mean CPAP use 5.30 ± 1.61 hours/night) and at three-months
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(n=7, 21.9%; mean CPAP use 5.15 ± 1.87 hours/night). The lack of a statistically significant
relationship found between change in vigilance and CPAP use at one- and three-months may be
related to limited variability in CPAP use or the small sample size.
Baseline vigilance measures were assessed as predictors for three months CPAP use. All
PVT metrics with the exception of one (SD RT) were not significant predictors of three-month
CPAP use. However, in the absence of significant vigilance impairment in our sample we cannot
conclude that these findings are definitive.
To further investigate if baseline vigilance measures were associated with three month
CPAP use, we examined baseline vigilance metrics within disease severity strata and the
relationship of such with CPAP use at three months. Disease severity is most commonly
classified by AHI. AHI categories define mild, moderate, and severe OSA (Sawyer & Weaver,
2011). Less commonly, though possibly more poignant to the relationship of neurocognitive
impairment and treatment in OSA, disease severity may also be examined in terms of nocturnal
oxygenation. Clinical criteria for nocturnal oxygenation in OSA defines normal oxygenation at
the level of 90% oxyhemoglobin saturation for less than 10% of total sleep time on diagnostic
polysomnogramy (Iber et al., 2007). Our sample was primarily comprised of adults with severe
OSA as defined by AHI; however, no significant relationship was discovered between baseline
vigilance and AHI. When stratified by nocturnal oxygenation groups, including low (<90% O2
for >10% total sleep time [TST]) or normal oxygenation (>90% O2 for >10% TST), we also
found no significant relationship between baseline vigilance and three-month CPAP use.
Although we did not identify significant relationship between these variables of interest, we
hypothesize that stratifying the sample by AHI is not the best approach to examine the
relationship between vigilance and CPAP use and would suggest oxygen saturation be further
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investigated in a larger sample with greater variability in the outcome variable of CPAP use. This
suggestion is congruent with the suggestion of Quan et al. (2011). Future studies may examine
different oxygen desaturation levels to better address this question. Based on Kushida et al.
(2012) recent recommendations, a better cut-point for oxygenation desaturation may be < 75%
O2 for > 10% TST.

Limitations
Our study has many limitations. The first limitation was the relatively small sample size.
In the absence of an adequately powered study, which is the greatest limitation of our study, it is
difficult to draw firm conclusions from our findings. Another limitation is the absence of a wellcontrolled study designed for the purpose of this exploratory analysis. The parent study did not
take neurocognitive measures into account in terms of sampling criteria and protocol periods for
neurocognitive measures and outcomes; therefore, control was not emphasized on recognized
factors of influence on vigilance. These vigilance-altering factors include, but are not limited to:
central neural system stimulants and depressants such as those aforesaid, but also pre-testing
sleep time and duration the night before test administration, and the time of PVT test
administration, which ideally will be consistent across study protocol periods. Moreover, the
parent study did not control for comorbidities that may result in cognitive decline, such as
pulmonary disease, cerebral vascular disease, and neurological disease. Furthermore, there was
not a study control group available in the parent study for important comparisons to define
impairment levels in the OSA group. As an alternative, we used healthy control group data
published by Dummond et al. (2005). This study did not permit evaluation of all eight PVT
metrics of interest in our own study, as Drummond et al. (2005) did not report all eight of the
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PVT metrics. Our study was also limited due to only exploring the relationship between baseline
vigilance and CPAP use, though this is less concerning as we did examine change score in PVT
(i.e., pre- and post-CPAP treatment) and we were able to examine CPAP use at different points
in time, including one week and one month. We also acknowledge that our study only assessed
low oxygenation levels at <90% O2 for > 10% TST instead of considering other nocturnal
oxygen cut-points, such as <75% O2 for >10% TST as was recently recommended (Kushida,
2012). Finally, we did not measure CPAP use on the night prior to PVT testing at the posttreatment protocol period. Although we have objective CPAP use data for the three-month
CPAP period, CPAP usage in terms of hours of use on the night immediately prior to PVT
testing may confound our reported results.

Future Research
Further investigation is needed to determine the prevalence and severity of vigilance
impairments among OSA adults. A large, randomized controlled trial should be employed to
address this important scientific question. Such a study design will permit a control comparison
group within the same study to address some of the weaknesses of our own study and the
published studies to date. The trial should control for caffeine intake, diphenhydramine, alcohol
intake and other central nervous system stimulating or depressing drugs such as amphetamines
and methylphenidates. Future research should also use a consistent time frame to administer the
PVT, while also taking into consideration participants’ sleep time the night before the PVT test
administration to ensure vigilance testing is conducted in the absence of sleep deprivation due to
sleep schedule. We recommend assessing post-treatment measures on the 91st day post-treatment
in order to rigorously assess post-treatment PVT measures but consideration should be given to

54
other important protocol periods relative to CPAP use, such as on day eight (i.e, after the first
week of CPAP treatment) and on day 31 (i.e., after the first month of CPAP treatment). It is
important that future studies measure adherence to CPAP treatment to better explain the effect of
CPAP on neurobehavioral impairments in OSA. Future research is also needed to further assess
the relationship between change in vigilance and CPAP use.

Implications for Nursing
Safety, health promotion, and illness prevention are priorities for nursing as a profession.
This study suggests implications for nursing in each of these domains. Firstly, it is important that
nurses recognize the existence of vigilance impairment among the OSA adult population. In
addition, nurses should be cognizant that these impairments likely worsen with advancing age.
Vigilance impairments have the potential to jeopardize the safety of individuals with and without
OSA throughout the community, particularly in relationship to motor vehicle or heavy
equipment operation, which may result in preventable accidents. Secondly, CPAP adherence is a
health behavior, which nurses can impact directly. Nurses are responsible for teaching the
importance of and encouraging positive health behaviors, such as CPAP for all of their patients.
Lastly, CPAP adherence is vital, as the treatment of OSA with CPAP decreases morbidity and
mortality related to cardiovascular events.

Conclusion
We can conclude that our sample was more vigilant than the control; however, we cannot
conclude these findings would be consistent among the OSA population. We cannot conclude
that our sample’s vigilance measures adequately represent those of the OSA population, nor can
we conclude the control group is a suitable representation of healthy normal vigilance levels. We
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can conclude that the reciprocal transform of response time is sensitive to sleep and we suggest
more emphasis be placed on this metric in future OSA cognitive research. Change in vigilance
was strongly correlated with the first week of CPAP suggesting that many of the improvements
occurred after just one week of CPAP therapy. Future research should further clarify the
relationship between vigilance and CPAP use with a particular focus on the early phase of
treatment (i.e., one week, one month). Identifying and understanding this relationship is
important to provide evidence to support designing, tailoring, and sensitizing adherence
interventions to cognitive impairments in the OSA population.
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Appendix A
Literature Review Tree

454 Total articles retrieved
435 PubMed
9 CINAHL
4 References
6 Experts

373 Articles excluded by title and
abstract
333 Not related to topic
10 Duplicates
9 Reviews
6 Not original research
2 Book chapters
13 Other

81 Articles retrieved in full
text for evaluation
44 Articles excluded after full text
evaluation
12
8
11
7
7
37 Articles selected for
inclusion in the literature
review
Literature Tree

Not related to topic
Age exclusion
Methods exclusion
Vigilance not measured
Other
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Appendix B
The Epworth Sleepiness Scale

How likely are you to doze off or fall asleep in the following situations? You should rate your
chances of dozing off, not just feeling tired. Even if you have not done some of these things
recently try to determine how they would affect you. For each situation, decide whether or not
you would have:
•
•
•
•

No chance of dozing =
Slight chance of dozing =
Moderate chance of dozing =
High chance of dozing =

0
1
2
3

Situation

Chance of Dozing (0-3)

Sitting and reading
Watching TV
Sitting inactive in a public place (e.g. a theater or a meeting)
As a passenger in a car for an hour without a break
Lying down to rest in the afternoon, when circumstances
permit
Sitting and talking to someone
Sitting quietly after a lunch without alcohol
In a car, which stopped for a few minutes in traffic
Total
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Appendix C
Functional Outcome of Sleep Questionnaire

FUNCTIONAL OUTCOMES OF SLEEP QUESTIONNAIRE
(FOSQ)
Some people have difficulty performing everyday activities when they feel tired or sleepy. The
purpose of this questionnaire is to find out if you generally have difficulty carrying out certain
activities because you are too sleepy or tired. In this questionnaire, when the words “sleepy” or
“tired” are used, it means the feeling that you can’t keep your eyes open, your head is droopy,
that you want to “nod off”, or that you feel the urge to take a nap. These words do not refer to
the tired or fatigued feeling you may have after you have exercised.
DIRECTIONS: Please put a (_) in the box for your answer to each question. Select only one
answer for each question. Please try to be as accurate as possible. All information will be kept
confidential.

1. Do you have difficulty concentrating on the
things you do because you are sleepy or tired?
2. Do you generally have difficulty
remembering things, because you are sleepy or
tired?
3. Do you have difficulty finishing a meal
because you become sleepy or tired?
4. Do you have difficulty working on a hobby
(for example, sewing, collecting, gardening)
because you are sleepy or tired?
5. Do you have difficulty doing work around
the house (for example, cleaning house, doing
laundry, taking out the trash, repair work)
because you are sleepy or tired?

6.

(0)
I don’t do
this activity
for other
reasons

(4)
No
difficulty

(3)
Yes,
a little
difficulty

(2)
Yes,
moderate
difficulty

(1)
Yes,
extreme
difficulty

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!

!

!

(0)
I don’t do
this activity
for other
reasons

(4)
No
difficulty

(3)
Yes,
a little
difficulty

(2)
Yes,
moderate
difficulty

(1)
Yes,
extreme
difficulty

Do you have difficulty operating a
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motor vehicle for short distances (less than 100
miles) because you become sleepy or tired?

!

!

!

!

!

7. Do you have difficulty operating a
motor vehicle for long distances (greater than
100 miles) because you become sleepy or tired?

!

!

!

!

!

8. Do you have difficulty getting things
done because you are too sleepy or tired to
drive or take public transportation?

!

!

!

!

!

9. Do you have difficulty taking care of
financial affairs and doing paperwork (for
example, writing checks, paying bills, keeping
financial records, filling out tax forms, etc.)
because you are sleepy or tired?

!

!

!

!

!

10. Do you have difficulty performing
employed or volunteer work because you are
sleepy or tired?

!

!

!

!

!

11. Do you have difficulty maintaining a
telephone conversation, because you become
sleepy or tired?

!

!

!

!

!

12. Do you have difficulty visiting with
your family or friends in your home because
you become sleepy or tired?

!

!

!

!

!

13. Do you have difficulty visiting with
your family or friends in their home because
you become sleepy or tired?

!

!

!

!

!

14. Do you have difficulty doing things for
your family or friends because you are too
sleepy or tired?

!

!

!

!

!

(4)
No

(3)
Yes,
a little

(2)
Yes,
moderately

(1)
Yes,
extremely

!

!

!

!

15. Has your relationship with family,
friends or work colleagues been affected
because you are sleepy or tired?

In what way has your relationship been affected? ___________________________________________________
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(0)
I don’t do
this activity
for other
reasons

(4)
No
difficulty

(3)
Yes,
a little
difficulty

(2)
Yes,
moderate
difficulty

(1)
Yes,
extreme
difficulty

16. Do you have difficulty exercising or
participating in a sporting activity because you
are too sleepy or tired?

!

!

!

!

!

17. Do you have difficulty watching a
movie or videotape because you become sleepy
or tired?

!

!

!

!

!

18. Do you have difficulty enjoying the
theater or a lecture because you become sleepy
or tired?

!

!

!

!

!

19. Do you have difficulty enjoying a
concert because you become sleepy or tired?

!

!

!

!

!

20. Do you have difficulty watching TV
because you are sleepy or tired?

!

!

!

!

!

21. Do you have difficulty participating in
religious services, meetings or a group or club,
because you are sleepy or tired?

!

!

!

!

!

(0)
I don’t do
this
activity for
other
reasons

(4)
No
difficulty

(3)
Yes,
a little
difficulty

(2)
Yes,
moderate
difficulty

(1)
Yes,
extreme
difficulty

22. Do you have difficulty being as active
as you want to be in the evening because you
are sleepy or tired?

!

!

!

!

!

23. Do you have difficulty being as active
as you want to be in the morning because you
are sleepy or tired?

!

!

!

!

!

24. Do you have difficult being as active as
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you want to be in the afternoon because you are
sleepy or tired?

!

!

!

!

!

25. Do you have difficulty keeping pace
with others your own age because you are
sleepy or tired?

!

!

!

!

!

(1)
Very Low

(2)
Low

(3)
Medium

(4)
High

!

!

!

!

(0)
No intimate
or sexual
relationship

(4)
No

(3)
Yes, a
little

(2)
Yes,
moderately

(1)
Yes,
extremely

!

!

!

!

!

26. How would you rate your general level
of activity?

27. Has your intimate or sexual relationship
been affected because you are sleepy or tired?

(0)
I don’t engage
in sexual
activity for
other reasons

(4)
No

(3)
Yes, a
little

(2)
Yes,
moderately

(1)
Yes,
extremely

28. Has your desire for intimacy or
sex been affected because you are sleepy
or tired?

!

!

!

!

!

29. Has your ability to become
sexually aroused been affected because
you are sleepy or tired?

!

!

!

!

!

30. Has your ability to “come” (have
an orgasm) been affected because you
are sleepy or tired?

!

!

!

!

!

Thank you for completing this questionnaire.
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