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ABSTRACT 

This is a case-control study investigating the relationship of sleep-disordered 

breathing (SDB) to neuropsychological functioning. Participants were recruited 

from the Tucson Sleep Heart Health Study (SHHS), which is a population-based 

study examining cardiovascular consequences of SDB. A sample of 103 men 

and women, ages 40-75, consisting of 51 controls (CTL group) and 52 persons 

with SDB (SDB group), matched by age (± 5 years) and sex, was enrolled. CTL 

subjects had a respiratory disturbance index (RDI), a measure of SDB, < 5 while 

the SDB subjects had a RDI 20 to 50, inclusive. All participants had an 

overnight in-home polysomnography (PSG) prior to undergoing a 

neuropsychological evaluation. Psychological functioning was assessed and the 

areas of cognitive functioning that were tested included general intelligence, 

attention and working memory, psycho-visuo-motor efficiency, manual dexterity, 

and frontal/executive function. The SDB group performed significantly worse on 

the Stroop Color-Word test, made more errors on the Controlled Oral Word 

Association test, and overestimated time elapsed. The SDB group also 

demonstrated a statistical trend (p < 0.10) for worse performance on Wechsler 

Adult Intelligence Scale - III Digit Span, Letter-Number Sequencing and Digit 

Symbol Coding subtests, and the non-dominant hand performance on the 

Grooved Pegboard. Factor analyses were performed to reduce the number of 

neuropsychological variables and measures of SDB. Controlling for IQ, multiple 
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regression analyses showed a significant negative association between a 

"nocturnal hypoxemia" factor and both "manual dexterity" and "semantic memory" 

factors. The results suggest that persons with moderate SDB, compared to 

controls, did not report increased depression or other aspects of psychological 

distress. SDB is, however, associated with subtle neuropsychological 

decrements in frontal/executive function, psycho-visuo-motor efficiency, and 

working memory. The performance decrement in tasks of frontal executive 

function and manual dexterity was primarily associated with nocturnal hypoxemia 

and not to the frequency of sleep fragmentation. 
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INTRODUCTION 

The present study examines several unanswered questions about the 

nature and the extent of the effects of sleep-disordered breathing (SDB) on 

neuropsychological functioning. 

Sleep-disordered breathing (SDB) comprises a spectrum of abnormal 

breathing events during sleep that include pauses (apnea), decreased airflow 

(hypopnea), airflow against high resistance, and snoring. SDB is caused by 

reduced patency in the upper airway and/or attenuated central nervous system 

respiratory drive (Lugaresi, Cirignotta, Gerardi & Montagna, 1990). An apnea is 

defined as the cessation of airflow of ^ 10 seconds. When a reduction of airflow 

occurs of greater than 30-50% lasting ^10 seconds in duration, the term 

hypopnea is used (American Sleep Disorders Association [ASDA], 1997). There 

is, however, a lack of consensus regarding the precise definition of hypopnea. 

This lack of consensus might have contributed to inconsistent findings in 

prevalence studies as well as investigations of the health consequences of SDB 

(Bassiri & Guilleminault, 2000). Obstmctive sleep apnea (OSA) is characterized 

by respiratory effort but absence of airflow because of collapse of the upper 

ainA/ay. Central sleep apnea (CSA) differs in that airflow ceases because of lack 

of respiratory effort, but the ainvay remains patent. Mixed sleep apnea contains 

elements of both lack of respiratory effort and airway collapse with the latter 

usually following the former. Each apnea or hypopnea produces increased 
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respiratory efforts, and these efforts eventually produce a central nervous system 

arousal response, which restores upper airway muscle tone and resumption of 

normal breathing. Generally, apnea/hypopnea-induced arousals are brief and 

not recalled by persons with SOB. While an occasional apnea or hypopnea is 

normal, particularly in older persons, repeated events during the night results in 

impaired daytime functioning due to sleep fragmentation and is associated with 

significant reductions in blood oxygen saturation, as well as heightened risk of 

cardiovascular and cerebrovascular disease (National Institutes of Health [NIH], 

1995; Redline & Strohl, 1998). 

The apnea-hypopnea index (AHI), sometimes referred to as the 

respiratory-disturbance index (RDI), is defined by the average number of apneas 

plus hypopneas per hour of sleep. An AHI of > 5 in combination of self-reported 

daytime sleepiness is indicative of obstructive sleep apnea-hypopnea syndrome 

(OSAHS). "Mild," "moderate" and "severe" OSAHS are defined as AHI of 5-15, 

16-30, and >30, respectively (American Academy of Sleep Medicine [AASM], 

1999). Other names that have been used synonymously as OSAHS include 

Sleep-Disordered Breathing (SDB), Obstructive Sleep Apnea (OSA), Sleep 

Apnea Syndrome (SAS), Sleep-related Breathing Disorder (SRBD), Sleep Apnea 

Hypopnea Syndrome (SAHS). 
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1.1 Clinical Features, Prevalence, Risk Factors and Co-morbidity of SDB 

SDB is one of the most common causes of sleep disturbance and there is 

a high prevalence in both clinical and community samples. The strongest risk 

factor for SDB is obesity. SDB is more prevalent in men than women and the 

prevalence increases with age (ASDA, 1997). Postmenopausal status increases 

the risk of SDB in women. Other risk factors include a positive family history, 

disorders such as Down's syndrome, Parkinson's disease, and hypothyroidism, 

cerebral vascular diseases, and nasopharyngeal abnormalities such as a large 

neck circumference, enlarged tongue, retrognathia, increased soft tissues of the 

upper airway, and acromegaly. Ingestion of alcohol or CNS suppressing 

substances, supine posture, respiratory allergies and nasal congestions 

contribute to the upper airway collapse/narrowing that results in SDB (Bassiri & 

Guilleminault, 2000; Redline & Strohl, 1998; Bootzin, Quan, Bamford, & Wyatt; 

1995; Young, Finn, & Kim, 1997). 

Estimated prevalence of persons meeting the minimal diagnostic criteria 

for obstructive sleep apnea syndrome (defined as AH I > 5 + daytime 

hypersomnolence) from a Wisconsin state employee cohort (n = 602; ages 30-

60) was 2% in women and 4% in men (Young, Palta, Dempsey, Skatrud, Weber, 

& Badr, 1993). Without the criterion of daytime sleepiness, the estimated 

prevalence of SDB (defined as an AHI > 5) was 9% for women and 24% for men. 

In another study, Kripke, Ancoli-lsrael, Klauber, Wingard, Mason and Mullaney 
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(1997) recruited 190 women and 165 men between the ages of 40 and 60 years 

through random telephone dialing and found that 16.3% of Hispanics and racial 

minorities had > 20 oxygen desaturation events per hour, which was used as an 

index of SDB, as compared to 4.9% for non-Hispanic Whites. Body-mass index 

(BMI) was found to be the best predictor of SDB, followed by age, male gender, 

and ethnicity. Enright, Newman, Wahl, Manolio, Haponik and Boyle (1996) 

reported that in a group of 5201 Medicare enrollees ages 65 and older from 4 

U.S. communities, 13% of men and 4% of women reported witnessed sleep 

apnea. The prevalence of SDB is even higher in persons diagnosed with 

hypertension. Worsnop, Naughton, Barter, Morgan, Anderson and Pierce (1998) 

found a SDB prevalence (AHI > 5) of 38% in both untreated and treated 

hypertensives as compared to 4% found in persons without hypertension. 

The most common nighttime symptoms of SDB include loud snoring and 

witnessed apnea (usually observed by a bedpartner), nocturnal snorting, choking 

and gasping, dyspnea, restlessness, nocturia, diaphoresis, heartburn and 

drooling. Daytime symptoms of SDB include excessive somnolence, fatigue, 

morning headaches, decreased libido or impotence, clumsiness and decreased 

dexterity, cognitive difficulties (e.g. decreased attention, concentration, memory 

and problem-solving), depression and personality changes (Bassiri & 

Guilleminault, 2000). 

Many studies reported that SDB is associated with cardiovascular and 

cerebrovascular disease. SDB can lead to cardiac arrhythmias, which may 
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range from sinus arrest and atrioventricular block to premature ventricular 

contractions. Systemic hypertension has t}een reported in up to 50% of patients 

with sleep apnea (Fletcher, 1995), and 38% of patients with coronary heart 

disease have been found to have SDB (Koehler & Schafer, 1996). Mooe, 

Rabben, Wiklund, Frankllin and Eriksson (1996) reported that 54% of the women 

with coronary artery disease had AH! > 5 as compared to 20% in the controls. 

Peppard, Young, Palta, and Skatrud (2000), in a prospective study, found an 

independent dose-response association between SDB at baseline and the 

presence of hypertension 4 years later. Habitual snoring has been reported to 

increase the risk for stroke by a 2.9 times (Neau, Meurice, Paquereau, 

Chavagnat, Ingrand & Gil, 1995). Roux, D'Ambrosio and Mohsenin (2000) 

hypothesized that SDB increases risk for cardiovascular and cerebrovascular 

diseases probably through a combination of intermittent hypoxia and 

hypercapnia, arousals, increased sympathetic tone and altered baroreflex control 

during sleep. 

Not only is SDB associated with increased risk for cardiovascular disease, 

it also presents a considerable public health hazard. Teran-Santos, Jimenez-

Gomez and Cordero-Guevara (1999) found an odds ratio of 6.3 among patients 

presenting at the emergency room due to injuries from auto accidents; a 

significantly higher percentage had an AHI > 10 as compared to controls who 

were patients randomly selected from primary health care centers. Young, 

Blustein, Finn, and Palta (1997) also made the observation that SDB is 
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associated with a history of an increased rate of auto accidents in their 

population-based sample. 

SDB as a risk factor for mortality has been reported in some studies. 

Lindberg, Jason, Svardsudd, Gislason, Hetta and Boman (1998), in a prospective 

population-based study of 3100 men, concluded that snoring, in the absence of 

excessive daytime sleepiness, does not appear to carry an increased risk for 

mortality. The presence of both snoring and sleepiness, however, increased the 

risk of mortality by 2.2 times. 

Despite the high prevalence of SOB in general adult population, SDB is 

underrecognized and often missed by physicians. Young. Evans, Finn and Palta 

(1997) estimated that 93% of women and 82% of men with moderate to severe 

sleep apnea syndrome (defined by a self-reported excessive daytime sleepiness 

and AHI >15) are undiagnosed. 

1.2 SDB and Neuropsychological Functioning 

Two consequences of SDB, sleep fragmentation and nocturnal 

hypoxemia, may lead to daytime impairment. SDB disrupts sleep, resulting in 

chronic sleep deprivation and significant daytime sleepiness. Hypoxemia is 

another consequence of SDB, which can lead to irreversible brain insult. It is 

possible that both factors, independently and/or synergistically, contribute to 

impaired daytime functioning. Normalizing sleep through correction of the 
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respiratory abnormality may ameliorate impairments due to sleep fragmentation. 

On the other hand, central nervous system impairments resulting from 

hypoxemia may be permanent. No studies to date have addressed the question 

of whether or not untreated SDB leads to irreversible pathophysiologic changes 

in the central nervous system and associated permanent cognitive deficits. 

Most of the studies investigating the effect of SDB on daytime functioning 

have used clinic patients and have found a broad range of adverse daytime 

sequelae, including cognitive impairments, depression (Pillar & Lavie, 1998; 

Reynolds, Kupfer, McEachran, Taska, Sewitch, & Coble, 1984; Millman, Fogel, 

McNamara, & Carlisle, 1989; Bliwise, Yesavage, Sink. Widrow, & Dement, 1986), 

and poor quality of life (Gall, Isaac, & Kryger, 1993; D'ambrosio, Bowman & 

Mohsenin, 1999). For a review, see Decary, Rouleau, & Montplaisir (2000) and 

Bliwise (1989). In contrast, most population-based studies, which have included 

subjects with less severe SDB than has been found in patients in clinic studies, 

have failed to find such relationships. The inconsistent findings raise the 

possibility that neuropsychological impairments may exist only in conjunction with 

significant daytime sleepiness and/or only in patients with severe SDB. 

To determine whether cognitive difficulties seen in persons with SDB were 

secondary to the sleep disturbance caused by the SDB events, studies have 

investigated experimentally induced EEG arousals by auditory stimuli in normal 

subjects at a frequency similar to that of arousals caused by disordered breathing 

in patients. Bonnet (1985) found that following two nights of sleep fragmentation. 



subjects showed significant perfomiance deterioration on tasks of simple reaction 

time, addition and digit-symbol substitution, in addition to greater self-reported 

sleepiness. Martin, Engleman, Deary, and Douglas (1996) demonstrated that 

sound pulses presented every 2 minutes loud enough to cause arousals > 3 

seconds for one night led to a significant reduction in sleep latency on the 

Multiple Sleep Latency Test (MSLT) and the Maintenance of Wakefulness test 

(MWT) the following day. Subjects performed significantly worse on tests of 

attention and mental flexibility (Trail Making Test B) and information processing 

(Paced Auditory Serial Addition Test) compared to performance subsequent to a 

night of undisturbed sleep. The researchers concluded that sleep fragmentation 

may induce significant sleepiness and plays a central role in decreased cognitive 

performance. 

Although there have been no studies of experimental manipulation of 

oxygen desaturation during sleep in human subjects to investigate the cognitive 

effect of hypoxemia, sleep researchers have drawn from the neuropsychological 

studies of patients with chronic obstructive ainvays (COPD) to infer the cognitive 

effect of chronic hypoxemia. In their case-control study, Prigatano, Parsons, 

Wright, Levin, and Hawryluk (1983) concluded that mildly hypoxemic COPD 

patients exhibit impairments in general intellectual functioning and in abstract 

reasoning, memory and psychomotor speed. Controlling for age and education, 

the cognitive impairment was negatively correlated with the degree of blood 

oxygenation. In a review of studies examining neuropsychological correlates of 
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COPD, Rourke and Adams (1996) also concluded that the severity of hypoxemia 

is a primary determinant of deterioration in neuropsychological functioning. 

Roehrs, Merrion Pedrosi, Stepanski, Zorick, and Roth (1995) compared patients 

with obstructive sleep apnea (OSA) to patients with COPD and found that the 

former group had more respiratory disturbance and objective daytime sleepiness 

than the latter. On cognitive testing, OSA patients were as impaired as COPD 

patients, and the pattem of cognitive impairment in both groups was nonspecific. 

Both groups showed impaired complex reasoning, learning and memory. 

However, COPD patients performed worse on a finger tapping test and OSA 

patients performed more poorly on a continuous performance test that required 

sustained attention. Grant, Heaton, McSweeny, Adams and Timms (1980) 

identified hypoxemia-sensitive tests as those assessing complex abstract 

reasoning, and perceptual-motor skills and sleepiness-sensitive tests were 

identified by Grant, Prigatano, Heaton, McSweeny, Wright and Adams (1987) as 

those involving attention, tracking, memory and leaming. In investigating the 

contribution of nocturnal hypoxemia to cognitive impairment, Finley, Barth, 

Powers, Wilhoit, Boyd and Suratt (1986) found that compared to nonhypoxemic 

patients with sleep apnea, those with hypoxemia had more severe cognitive 

impairments. The patients with hypoxemia scored in the impaired range on 

measures of attention, concentration, complex reasoning, and short-term recall of 

verbal and spatial information. The severity of noctumal and daytime hypoxemia 

significantly con^elated with the degree of overall cognitive impairment. Sleep 
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fragmentation, however, did not significantly correlate with overall cognitive 

impairment in patients with sleep apnea. 

While the magnitude of impairments found differed, most case-control 

studies have showed that patients with SOB manifest cognitive deficits in the 

areas of general intellectual ability, attention and working memory, memory and 

learning, problem-solving and perceptual motor functioning (Bedard, Montplaisir, 

Richer, Rouleau, & Malo, 1991a & 1991b; Greenk^erg, Watson, & Deptula, 1987; 

Naegele, Thouvard, Pepin, Levy, Bonnet, Ferret, Pellat, & Feuerstein, 1995; 

Valencia-Flores, Bliwise, Guilleminault, & Cilveti, 1996; Telakivi, Kajaste, 

Partinen, Koskenvuo, Salmi & Kaprio, 1993). 

In studying a group of 50 patients with obstructive sleep apnea, Kales, 

Caldwell, Cadieux, Vela-Bueno, Ruch, and Mayes (1985) found significant 

daytime sleepiness to be present and that approximately 76% of the patients 

showed impaired concentration, memory and/or visuospatial function. In 

addition, the MMFI profiles of these patients were similar to that of medical 

outpatients. Compared to controls, they scored significantly higher on scale 1 

(hypochondriasis), 2 (depression), 3 (conversion hysteria), 7 (psychasthenia) and 

8 (schizophrenia), with the highest scores on scales 2 and 1. Their findings 

suggest that disease burden of SDB includes increased psychological distress. 

In a case-control study of 10 patients with moderate and 10 patients with 

severe obstructive sleep apnea, Bedard et al. (1991a) found that the degree of 

hypoxemia was the best predictor of objective daytime sleepiness, and that it 
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was negatively correlated with performance on tests of vigilance. Their findings 

challenged the view that sleep fragmentation is the primary contributor to 

vigilance impairment and daytime sleepiness. More recent studies (e.g., Kinshot, 

Engleman, Deary & Douglas, 1999; Naegele, et al., 1995) have been consistent 

with those of Bedard and associates. Bedard and associates' data also 

suggested a dose-response relationship t)etween the severity of SDB and a 

decrement in cognitive function, including general intelligence, attention and 

vigilance, verbal and visual memory, verbal fluency, manual dexterity and 

visuospatial and visuoconstructive function. The authors (Bedard, et al., 1991b) 

further explored the relative contribution of sleep disruption and hypoxemia to the 

observed cognitive deficits. Poor performance on general intellectual measures, 

verbal fluency, executive function, and psychomotor speed was associated with 

the severity of hypoxemia. On the other hand, attention and memory deficits 

were more related to sleep fragmentation. The patients were reevaluated after 6 

months of continuous positive airway pressure (CPAP) treatment: performance 

on tests of attention and verbal memory improved to normal levels after 

treatment. Planning abilities and manual dexterity, however, remained low. 

Their findings suggest that hypoxemia may be a stronger determinant of 

cognitive impairment than impaired attention due to sleepiness. In addition, 

because only attention and memory function were restored following treatment, 

the authors raised the possibility that anoxic brain damage may explain the 

persistent cognitive dysfunction in these patients after treatment despite 



22 

normalization of respiration and sleep (Montplaisir, Bedard, Richer, & Rouleau, 

1992). Further evidence of irreversible brain dysfunction was reported by 

Rumbach, Krieger and Kurtz (1991). They found that although there was some 

normalization in the latencies of P3 and N2 event-related potentials in SDB 

patients who underwent CPAP, P3 and N2 latencies remained longer, compared 

to controls. 

Naegele and associates' (1995) case-control study of neuropsychological 

functioning in SDB patients supported the notion that executive function, relative 

to other cognitive domains of functioning, appears to be most vulnerable to the 

effect of OSA. These researchers administered an extensive battery of 

neuropsychological tests that assessed various aspects of frontal lobe-related 

abilities, attention, verbal/visual memory and learning. The patients showed a 

significantly decreased ability to initiate new mental processes, decreased 

inhibition of automatic responses and increased tendency for perseverative 

errors, decreased working memory span, and poorer visual and verbal memory, 

in ascertaining the extent to which cognitive dysfunction could be explained by 

severity of sleep fragmentation (indexed by RDI) versus nocturnal hypoxemia, 

they concluded that memory deficits were related to RDI, whereas frontal-

executive impairments appeared to be more closely associated with hypoxemia. 

To establish the causal link between SDB and cognitive deficits, studies 

have examined whether or not CPAP treatment leads to improvement in 

neuropsychological functioning. In a series of randomized placebo-controlled 
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crossover trials of CPAP, Engieman and colleagues (Engleman, Kinshot, Wraith, 

Mackay, Deary, & Douglas, 1999; Engleman, Martin, Deary & Douglas, 1994) 

showed that CPAP treatment improved performance on a simulated driving test 

that required vigilance, working memory, mental flexibility and attention, as well 

as improvement in depression symptoms and mood profile. The effect sizes 

were small to moderate, in the order of 0.3 to 0.4. A meta-analysis of cognitive 

test scores common to several controlled studies of CPAP treatment showed that 

improvement in attentional performance generally runs in the range of 0.2 

standard deviation units (Engleman, Kingshott, Martin, & Douglas, 2000). 

Further support that SDB causes daytime impairment comes from a study 

by Kribbs, Pack, Kline, Getsy, Shuett, Henry, Maislin, and Dinges (1993). The 

researchers found that while CPAP improved performance on the psychomotor 

vigilance test (PVT) compared to pre-treatment performance, abrupt 

discontinuation of CPAP for only one night abolished virtually all of the daytime 

alertness gained from previous nightly CPAP use. Their study, however, also 

showed that despite regular CPAP use, the mean sleep latency on the MSLT in 

patients remained shorter than that of controls, suggesting that daytime 

sleepiness may not be completely ameliorated by treatment. 

SDB may be associated with dementia related to cerebrovascular disease. 

Patients with vascular dementia appear to have higher rate of SDB relative to 

patients with Alzheimer's dementia (Bliwise, 2000). Epidemiological studies have 

observed an association between snoring and stroke, and many studies suggest 
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that cerebrovasomotor regulation may t>e affected by apnea. There has been 

increasing evidence from prospective epidemiological studies that SDB is an 

independent risk factor for hypertension. This finding points to another 

pathogenic possibility that cognitive function is adversely affected by SDB 

through a similar pathophysiolgic mechanism as seen in cardiovascular 

diseases. That is, SOB leads to hypertension, and hypertension leads to 

cognitive impairment. Hypertension is thought to be directly associated with 

vascular dementia and there is evidence suggesting an association between 

elevated blood pressure and impairments in cognitive functioning (Lis & Gaviria, 

1997; Viitanen & Guo, 1997; Brown, Baird, Shatz. & Bornstein, 1996; McPherson 

& Cummings, 1997). Blumenthal, Madden, Pierce, Siegel and Applebaum 

(1993) documented that hypertensive patients perform more poorly on tests of 

information processing speed, working memory and reaction time. If 

hypertension were a mediator of cognitive decline in persons with SDB, it would 

be expected that they show a pattern of cognitive deficits similar to that were 

observed in persons with hypertension without SDB. 

To date, few population-based studies have examined the effects of SDB 

on neuropsychological functioning and findings of cognitive deficits in these 

studies are less robust, as compared to studies employing clinic patients. Most 

of these population-based studies documented small or no relationships between 

OSA and neuropsychological functioning (Hayward, Mant, Eyiand, Hewitt, 

Purcell, Turner, Goode, Le Count, Pond, & Saunders, 1992; Berry, Phillips, 
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Cook, Schmitt, Gilmore, Patel, Keener, & Tyre, 1987; Berry, Phillips, Cook, 

Schmitt, Honeycutt, Edwards, Lamb, Magan, & Allen, 1989; Phillips, Berry, 

Schmitt, Harbison, & Lipke-Molby, 1994; Ingram, Henke, Levin, Ingram, & Kuna, 

1994). In studies that reported an association between SDB and impaired 

cognitive function, the effect was generally small and limited to only a few 

cognitive domains with diminished attention, psychomotor efficiency and 

executive function being the most frequent findings (Yesavage, Bliwise, 

Gullleminault, Carskadon, & Dement, 1985; Telakivi, et al., 1988; Berry, Webb, 

Block, Bauer, & Switzer, 1986; Kim, Young, Matthews, Weber, Woodard, & Palta, 

1997). Some other studies have documented that cognitive impairment was 

present only when there was significant daytime sleepiness (e.g. Foley, Monjan, 

Masaki, Enright, Quan, & White, 1999). 

There are reports of an association between impaired concentration, 

memory problems, and snoring from several large epidemiological cohorts in 

European countries. However, the studies either did not use objective 

neuropsychological tests or assessed SDB using only questionnaires (Jennum & 

Sjol, 1994, Jennum, Hein, Suadicani, & Gyntelberg, 1993; Jennum, Hein, 

Suadicani, Gyntelberg, 1994; Dealberto, Pajot, Courbon, & Alperovitch, 1996). 

Hayward, et al. (1992) randomly sampled 96 retirement village residents 

(mean age 78 years, mean RDI 5.8) in Sydney, Australia and conducted a one-

night home study of respiration and wrist activity recording followed by a 

neuropsychological assessment. They found that RDI was not associated with 
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"memory", "verbal", and "motor" factors identified from their analysis of cognitive 

tests. RDI accounted for 9.4% of the variance of a "cerebral efficiency" factor. 

The cerebral efficiency factor was represented by tests of psychomotor and 

verbal fluency (Trail-making Test, Stroop Color-Word, Controlled Oral Word 

Association Test, Wechsler Memory Scale Mental Control and Digit Span 

Subtests). Participants' baseline RDI did not predict neuropsychological test 

score changes from baseline to follow-up. 

Berry, Phillips, and colleagues (Berry, et al., 1987; Berry, et al., 1989; 

Phillips, et al., 1994) followed a group of 29 healthy older adult volunteers (mean 

age 68.9) who did not have a history of disease that might predispose them to 

suffer from SDB. They also failed to find that apnea-hypopnea index derived 

from laboratory polysomnography was associated with decline in general 

intelligence, abnormal MMPI profile, or impairment of general daytime functioning 

at their initial evaluation. Similar results were obtained at one and two-to-three 

year follow-ups. 

The population-based study of Kim, et al. (1997) yielded more evidence of 

the association between SDB and cognitive functioning. The study had a large 

sample of 841 participants with a full range of SDB. The researchers found a 

significant negative association between AHI and psychomotor efficiency 

controlling for age and education. They estimated an AHI of 15 is equivalent to a 

decrement in psychomotor efficiency associated with 5 additional years of age or 
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to a 50% decrement associated with hypnotic-sedative use. No significant 

relationship was found between scores on a memory test and severity of SDB. 

Redline, Strauss, Adams, Winters, Roebuck, Spry, Rosenberg and Adams 

(1997) attempted to address the question of whether mild SDB is associated with 

compromised neuropsychological functioning in their study of 32 community-

acquired subjects with mild SDB (RDI 10-30) and 20 controls (RDI < 5). The 

authors reported that the SDB subjects exhibited poorer visual vigilance in the 

absence of substantial sleepiness. The SDB subjects did not show appreciable 

deficits in executive functions or information processing. The authors noted that 

most of the neuropsychological variables were correlated with age and estimated 

IQ. Subjects with mild to moderate RDI performed significantly worse on tests of 

working memory and vigilance, but they did not differ from the controls on tests of 

memory, information processing and executive function. This study is one of the 

few that has been published that included participants who were middle-aged 

and had at least moderate SDB severity. The findings of this study further 

emphasize the inconsistencies in documenting cognitive deficits associated with 

SDB and point to the need for additional research to decipher the complex 

relationships between SDB and neuropsychological functioning. Using larger 

samples with a fuller RDI range to concurrently examination the types of 

neuropsychological deficits and the extent to which they are associated with the 

severity of sleep fragmentation and hypoxemia is needed to address the relative 

contribution of each factor to neurocognitive functioning. 
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In summary, inconsistent findings of the association t)etween SDB and 

cognitive impairment reported from population-based studies may be due to 

differences in the mild disease encountered in these populations and in study 

methodology. In most of these population-based studies only a small percentage 

of individuals were found to have severe SDB. Mild SDB may have few little 

adverse cognitive consequences. Also, some of the studies have used a rather 

liberal criterion (e.g., RDI > 5 by Berry, et al., 1987 & 1989) in defining index 

cases. Lack of significant findings might also have been a result of insufficient 

sample sizes yielding insufficient power. 

Research to date has yet to establish the types and severity of cognitive 

impairments that are associated with various degree of SDB severity. Although 

there appears to be some converging evidence that sleep fragmentation and 

hypoxemia account for different domains of cognitive impairment, these findings 

were from studies of clinic patients. Thus, whether these results are 

generalizable to untreated individuals with mild to moderate SDB is still unclear. 

The present case-control study addresses several unanswered questions 

about the nature and the extent of the effect of moderate to severe SDB (RDI 20-

50) on neuropsychological functioning in a community-based sample. This study 

has the advantage of having a large subject pool drawn from the general 

population and that SDB is determined by PSG, which is the gold standard for 

assessing SDB. The pool consists of middle- to older- aged men and women, 

within which there is a high percentage of individuals exhibiting untreated 
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moderate SDB. Another advantage of this study is that it concentrates on 

assessing neuropsychological domains that have consistently been found to t>e 

sensitive to the effects of SDB. 

The hypotheses of this study are: 

1. The SDB group would perform worse on tests of attention and 

working memory, psychomotor efficiency, and frontal executive 

functioning as compared to the control group. 

2. Performance on frontal-executive and psychomotor tasks would 

be associated with the severity of nocturnal hypoxemia and 

performance on attention and vigilance tasks would be 

associated with the severity of sleep fragmentation. 

3. The SDB group would report higher levels of depression and 

psychological distress as compared to controls. 



30 

METHODS 

This present study is a part of the Cognitive Substudy of the Sleep Heart 

Health Study (SHHS) conducted at the Tucson site. The SHHS is a multi-center 

prospective cohort study implemented by the National Heart, Lung, and Blood 

Institute to determine the cardiovascular and other consequences of SDB. The 

primary hypotheses of the SHHS are that SDB is associated with an increased 

risk of coronary heart disease, stroke, all-cause mortality, and hypertension. The 

specific aims and design of the SHHS have been previously reported (Quan, 

Howard, Iber, Kiley, Nieto, O'Connor, Rapoport, Redline, Robbins, Samet, & 

Wahl, 1997; SHHS Research Group, 1996; also available at; 

http://www.ihsph.edu/shhs/). Redline and colleagues (Redline, Sander, Lind, 

Quan, Iber, Gottlieb, Bonekat, Rapoport, Smith. & Kiley, 1998) described in detail 

the procedures for data collection, processing and analysis of the PSG studies. 

In summary, SHHS subjects were recruited from ongoing parent cohort studies. 

Inclusion criteria were: age 40 or older, no history of treatment of sleep apnea 

with continuous airway pressure, no tracheotomy and no current home oxygen 

therapy. 

The Tucson SHHS sample was drawn from 2 cohorts that have been 

involved in longitudinal epidemiological studies at the Specialized Center of 

Research (SCOR) program of the University of Arizona since the 1970's. The 

first cohort consists of participants in the Tucson Epidemiologic Study of Airway 

http://www.ihsph.edu/shhs/
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Obstructive Diseases (TES). The primary objective of the TES was to investigate 

the etiology and natural history of airway obstructive disease. Subjects were 

initially selected by a random, multistage stratified sample of the white non-

Hispanic population of Tucson, Arizona, between 1971 and 1973. Subsequent 

enrollment included new household members (e.g. spouses and newborns). The 

second cohort consists of the participants in the Tucson Health and 

Environmental (H & E) Study. This project investigated the role of bronchial 

responsiveness, host immunological status, smoking, and environmental and 

occupational exposures in the etiology and natural history of airway obstructive 

disease. Subjects in the H & E study were selected via a multistage stratified 

cluster sample drawn in 1987 and 1988 from the municipal employees of Pima 

County, in which Tucson is located. From the two original study populations a 

total of 909 participants (487 women and 422 men) with ages ranging from 40 to 

100 (median age « 55 and mean age » 57) were enrolled in the Tucson SHHS. 

The participants' preliminary RDI ranged from 0 to 117 with the mean of 13 (SD = 

14) and median of 8. Figure 1 shows the age distribution (there were 7 missing 

values). Figure 2 shows the preliminary RDI distribution. 
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Figure 1. Age Distribution of the Tucson SHHS Participants 

Figure 2. Preliminary RDI Distribution off the Tucson SHHS Participants 

Preliminary RDI 
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2.1 Participants 

Participants were selected based on their preliminary RDI (RDI; defined as 

number of apneas hypopneas with associated ^ 3% oxygen desaturation per 

hour of sleep) and age from the Tucson subject pool of 909 persons. A total of 

163 persons (116 men and 47 women) between the ages of 40 to 75 who had a 

RDI between 20-50, inclusive, were identified as possible index cases (SDB 

group) for the Cognitive Substudy. A total of 288 persons between the ages of 

40 and 75 who had a RDI of ^ 5 were identified as possible control subjects (CTL 

group). All possible participants were enrolled in the SHHS and had a technically 

adequate PSG study. The upper cut-off limit of 50 in selecting SDB subjects was 

determined after reviewing the preliminary RDI distribution on the entire Tucson 

SHHS population. An RDI > 50 corresponds to > 97'" percentile. It was 

hypothesized that those subjects with a preliminary RDI in the top 3% of the 

distribution might have concomitant serious health problems. 

Potential participants were recruited via telephone call, e-mail, 

announcement in the SHHS Tucson Newsletter and/or by letter. A brief phone 

screen was conducted to determine whether or not a prospective subject met 

selection criteria and did not meet exclusion criteria after he/she expressed 

interest to participate. Among a total of 159 individuals who were identified as 

potential eligible subjects and were contacted, 38 (23.8%) refused to participate 

while 14 (8.8%) did not meet selection criteria or had an exclusion condition. "No 
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time" and "too busy" were the most frequently given reasons for declining 

participation. Exclusion criteria were determined based on the need to control for 

some of the most possible confounding conditions that may contribute to 

neuropsychological impairments. The exclusion criteria are: 

a. Currently being treated for cancer and/or in remission for < 5 years. 

b. History of alcohol problems that interfered with work and/or personal 

life. 

c. History of myocardial infarction within the last 3 years. 

d. History of stroke, head injuries, and/or seizures. 

0. Currently on antipsychotic or anticonvulsant medication. 

f. Currently being treated for sleep-disordered breathing. 

In order to maximize the potential of finding group differences, effort was 

made to recruit index cases with the worst RDI first. Recruitment then moved 

downward toward the lower end of the cut off. Recruitment of the CTL subjects 

was staggered and on average lagged behind the SDB subjects by 4 months to 

allow matching the SDB and CTL subjects by age (± 5 years) and sex. 

A total of 107 participants (46 women and 61 men) were enrolled and 

completed the study but only 103 (43 women and 60 men) were included for data 

analysis. There were 51 (22 women and 29 men) persons in the CTL group and 

52 (21 women and 31 men) persons in the SDB group. Six (5.7%; 3 women and 

3 men) of the participants were ethnic minorities. The unequal number of subject 

in the two groups resulted from the elimination of 4 subjects. Three (2 women 



35 

and 1 men) of the four excluded subjects did not meet selection criteria or met 

one of the exclusion criteria, and one woman was eliminated from the SDB group 

because of missing PSG data. 

The Cognitive Substudy was approved by the Institutional Review Board 

(IRB) of the University of Arizona and all subjects provided written informed 

consent. Each subject received a nominal monetary compensation for 

participation. 

2.2 Design & Procedures 

SHHS & PSG Study 

As mentioned already, as part of the SHHS protocol, all participants had 

an in-home unattended PSG study 9 to 40 months prior to enrolling in this study 

and completing the neuropsychological evaluation. The average time lag 

between the PSG and the neuropsychological testing was 24 months (SD = 7). 

A sleep habit questionnaire on snoring history, sleep apnea awareness and 

treatment, and sleepiness was administered prior to the baseline home PSG 

study. The home study visit included a brief health interview, assessment of 

current medication use, blood pressure, weight and neck circumference and a full 

unattended PSG. The PSG study was conducted using a Compumedics PS-2 

system (Compumedics Pty Ltd, Abbotsford, Australia). Recording montage 

consisted of central electroencephalogram (C3/A1 and C4/A2 EEGs), 

electrooculogram (EOGs), chin electromyogram (EMG), bipolar 
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electrocardiogram (ECG), finger pulse oximetry, chest and abdominal excursion 

by inductive plethysmography bands, and airflow by nasal-oral thermocouples, 

body position using a mercury gauge sensor, and ambient light by a light sensor. 

PSG studies were manually scored by the SHHS Reading Center (Cleveland). 

Detailed criteria for sleep staging, arousal detection, and marking of hypopneas 

and apneas were developed and documented in a Reading Center Manual of 

Operations (also available at: httD://ihsDh.edu/shhs/manual/rcmoD). Whitney, 

Gottlieb, Redline, Norman, Dodge, Shahar, Surovec and Nieto (1998) reported 

the reliability of scoring respiratory disturbance indices and sleep staging. In 

brief, sleep stage was scored according to the Rechshaffen and Kales (1968) 

criteria and arousals were scored according to the ASDA criteria (ASDA, 1992). 

Apnea was defined as a complete or an almost complete cessation of airflow. 

Hypopnea was defined as a > 30% decrease in airflow or chest abdominal 

excursion from baseline level for > 10 seconds, accompanied by a > 2% 

decrease in oxygen saturation. Body mass index (BMI) was calculated as weight 

in kilograms divided by the square of height in meters. 

Measures of SDB included apnea-hypopnea indices that were further 

categorized into those with associated arousal or oxygen desaturation of several 

degrees (e.g. 2%, 3%, 4%, 5%), and a combination of arousal and desaturation. 

Measures of oxygen desaturation included percentage of sleep time in which 

oxygen saturation was below a criterion level (e.g. 95%, 90%, 85%, etc.) and the 

percent of time in which there was a drop in oxygen saturation from the base line 
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level (e.g. 2%, 3%, 4%). Measures of sleep fragmentation or disruption included 

arousal index (average number of arousals per hour of sleep) and apnea-

hypopnea with arousal index (average number of apnea + hypopnea with 

associated arousals per hour of sleep). Sleep architecture measures were 

represented by total sleep time, sleep efficiency (total sleep time/time in bed), 

and percent of Stage 1, 2, 3 & 4 and REM sleep. 

Due to the large number of PSG variables, only a subset of variables was 

selected for analyses in the present study. The arousal index (ARSI) and apnea 

hypopnea with arousal index (AHI_A) were used as measures of sleep 

disruption. The percentage of sleep time in which oxygen saturation was < 90% 

(02SAT90), 85% (02SAT85), 80% (02SAT80), 75% (02SAT75), and minimal 

oxygen saturation (MIN02SAT) were used as indices of hypoxemia. Variables 

representing sleep architecture included total sleep time (TST), sleep efficiency 

(total sleep time divided by total time in bed), and percent of Stage 1, 2, 3 & 4, 

and REM sleep. 

2.3 Neuropsychoiogical Assessment and Scoring 

After enrollment, participants were scheduled for a IVz - 3 -hour 

neuropsychological testing session conducted by the author or another trained 

psychometrician. Each assessment was conducted either at the subject's home 

or at the research office, as preferred by the participant. Such flexible 
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arrangements were felt necessary in order to accommodate subjects and 

increase participation. When testing was to be done at home, assurance from 

the participant was obtained prior to the scheduled appointment that there would 

be a quiet room for testing and that he/she would be free from distractions (e.g. 

child care responsibility, phone, TV, etc.) for the entire testing duration. In 

preparation for the testing, subjects were instructed to keep their customary 

sleep-wake schedule and obtain their customary amount of sleep for at least two 

days prior to testing. In order to minimize the circadian effect on test 

performance, effort was made to conduct the testing during moming hours and 

avoid middle and late afternoon hours whenever possible. 

Given logistical considerations and in the interest of minimizing subject 

burden, it was decided that the testing session should be no more than TA to 3 

hours long. The time limitation consequently limited the number of tests included 

in the neuropsychological test battery. Based on findings from previous studies 

on SDB and cognitive function, this study focused on assessing cognitive 

domains that were most consistently found to be affected by SDB, namely, 

attention, working memory, psychomotor efficiency, fine motor function, and 

frontal executive function. Memory and learning were not assessed because of 

time constraint and because of inconsistencies in previous studies of impaired 

memory function in community-acquired populations. Selection of what tests to 

include was determined based on review of neuropsychological measures 

employed in previous studies, that the selected tests have been supported to be 
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measures of the cognitive domain of interest as well as the quality of the 

standardization and normatization of the tests. 

The assessment session began with a brief semi-structured interview to 

obtain information regarding the subject's compliance with test preparation 

instructions, demographic information (e.g. education, occupation, marital status 

etc.), alcohol, tobacco and caffeine use, brief medical history, and current 

medications. The administration of the neuropsychological test battery followed 

after the interview. 

Neuropsychological Test Battery 

The study materials consisted of a battery of standardized 

neuropsychological tests and a set of self-report questionnaires. The 

neuropsychological battery included select subtests of the Wechsler Adult 

Intelligence Test (WAIS-III) including Information, Similarities, Picture 

Completion, Arithmetic, Digit Span, Letter-Number Sequencing, Digit Symbol 

Coding and Symbol Search (Wechsler, 1997), Psychomotor Vigilance Test 

(Powell, 1994), Trail Making Test, Grooved Pegboard (Matthews & Klove, 1964), 

Controlled Oral Word Association Test (COWAT), Stroop Color-Word Test 

(Golden, 1978), Wisconsin Card Sorting Task (WCST; Heaton, 1981), and Time 

Perception Test. The battery of self-report questionnaires included the Brief 

Symptom Inventory (BSI; Derogatis, 1993), the Center for Epidemiologic Studies-
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Depression Scale (CES-D; Radloff, 1977) and the Medical Outcome Study Short 

Form (SF-36: Ware & Sherboume, 1992). The SF-36 data is not reported here. 

Administration of the tests followed the standard instructions specified in 

the test manuals. The order of administration of the battery was arranged to 

minimize interference effects from similar tests and fixed as follows: 

1. The Medical Outcome Study Short Form (SF-36) 
2. Psychomotor Vigilance Test (PVT) 
3. Controlled Oral Word Association Task (COWAT) 
4. WAIS-III Picture Completion 
5. WAIS-III Digit Symbol Coding 
6. WAIS-III Similarities 
7. WAIS-III Arithmetic 
8. WAIS-III Digit Span 
9. WAIS-III Information 
10. WAIS-III Letter-Number Sequencing 
11 - Time Perception (35 seconds) 
12. The Center for Epidemiologic Study - Depression Scale (CES-D) 
13. The Brief Symptom Inventory (BSI) 
14. Category Naming (animal) 
15. Stroop Color and Word Test 
16. Trail Making Test-Part A & Part 8 
17. Wisconsin Cart Sorting Test (WCST) 
18. Grooved Pegboard 

General intelligence was assessed by the Information, Similarities and 

Picture Completion Subtests of the WAIS-III. These three subtests are among 

those subtests with the shortest administration time requirement and the highest 

correlations with Verbal or Performance and Full-Scale IQ (FIQ) as indicated in 

the WAIS-III/WMS-III Technical Manual (pp. 223-228; The Psychological 

Corporation, 1997). Correlation coefficients {r) range from 0.85 to 0.89 between 

Information and Verbal IQ, 0.80 to 0.84 between Information and FIQ, 0.83 to 
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0.89 between Similarities and Verbal IQ, 0.79 to 0.87 between Similarities and 

FIQ, 0.75 to 0.81 between Picture Completion and Perfomriance IQ, and 0.66 to 

0.77 between Picture Completion and FIQ. The Information subtest consists of a 

series of orally presented questions that taps the examinee's general verbal 

knowledge. The Similarities subtest requires the examinee to explain the 

similarity between two words and is a measure of verbal concept formation and 

abstract verbal reasoning ability. The Picture Completion subtest consists of a 

set of color pictures of common objects and settings, each of which is missing an 

important part that the examinee is asked to identify. Raw scores on each 

Individual WAIS-III subtest were converted into standardized age scaled score 

that have the statistical property of M = 10 and SD - ± 3. Index scores for 

Working Memory (WMI) and Processing Speed (PSI) were standardized. They 

have the statistical property of M = 100 and SD = ±15. An estimated premorbid 

full-scale IQ (PEIQ) was computed separately using demographic variables (age, 

race, sex, education, occupation, region of residence and urban versus rural 

residence) (Barona, Reynolds & Chastain, 1984). The PEIQ also has the 

statistical property of M = 100 and SD - ±15. 

Attention, vigilance and working memory were assessed by the Digit 

Span, Letter-Number Sequencing and Arithmetic Subtests of the WAIS-III, and 

the PVT. The composite scaled score from the Digit Span, Letter-Number 

Sequencing and Arithmetic constitutes the Working Memory Index. Digit Span 

requires the subject to repeat auditorially presented number strings forward and 
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backward. Letter-Number Sequencing is similar to Digit Span but has greater 

demand on working memory in that the subject is given number-letter strings and 

required to rearrange them in ascending numeric and then alphabetical order. 

The Arithmetic subtest is another measure of working memory, involving solving 

verbally posed arithmetic story problems without graphic aid. The PVT is a 

portable unit (21x11x6 cm, 658 gm) that has been shown to be highly sensitive to 

sleepiness and yet has little practice effect, and is designed to assess sustained 

attention (vigilance) and reaction time (Kribb & Dinges, 1994). The PVT takes 10 

minutes to complete. A reaction time stimulus consists of the digits "000" 

appearing in the color red in a LED window on the device, which counts time in 

milliseconds until the response button is pushed. The task requires the subject 

to respond by his/her dominant hand to the stimuli, which appear intermittently 

(inter-stimulus interval 2,000 ms-10,000 ms), as quickly and as consistently as 

possible. Several measures of attention and vigilance can be derived from this 

test, including means and standard deviations of reaction time (RT) for all trials, 

within each minute across the 10 minutes, slowest 10% of all response trials and 

fastest 10% of all response trials, number of lapses (RT ^ 500 ms, generally 

defined as reaction times that are greater than twice the baseline average), 

number of false responses and vigilance decrement function (i.e., a negative 

slope of the regression line on reaction time across the 10 minutes). Increasing 

fatigue across the 10-minute testing duration is indicated by a steeper slope in 

the response speed regression line. In addition to performance degradation over 
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time, another parameter that reflects performance variability is the number of 

reaction time performance lapses that occur during a trial. While lapses are 

generally infrequent, it is expected to increase with increased sleepiness. In 

other words, the number of lapses and duration of lapses is expected to increase 

across the 10-minute test duration among sleepy subjects. 

Psychomotor/visuomotor efficiency was assessed by the Digit Symbol 

Coding and Symbol Search Subtests of the WAIS-III and Trail Making Test, Parts 

A & B, all of which are timed and tap speed of visuomotor coordination. The 

composite scaled score of the Digit Symbol Coding and Symbol Search 

constitutes the WAIS-III Processing Speed Index. In Digit Symbol Coding there 

is a key consisting of numbers 1 through 9 and each number is paired with a 

hieroglyphic-like symbol. The examinee is required to transcribe numbers to 

their corresponding symbols as quickly as possible. The Symbol Search subtest 

consists of a series of paired groups, each pair is comprised of a target group 

and a search group. The examinee quickly scans the search group and indicates 

by marking the appropriate box whether or not either the target symbol was 

found in the search group. The Trail Making Test Part A (Trails A) is a simple 

test of attention, requiring the examinee to scan in a visual field and locate and 

connect numbers in sequence. Part B (Trails B) is a similar test with an added 

requirement of alphanumeric shifting. Prolonged time to task completion as well 

as the number of errors made during the task indicate difficulty with psychomotor 
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coordination, tracking and shifting between cognitive sets, and/or poor attention. 

The scores on the Trails represent the time (seconds) to completing the task. 

Frontal/executive function, including cognitive flexibility (i.e. set shifting 

and set maintenance), cognitive productivity, and problem solving, was assessed 

by Trails B, the Stroop Color-Word Test, the Wisconsin Card Sorting Test and 

the Controlled Oral Word Association Test. Trails B has already been described 

(see Attention, Vigilance & Working Memory section). The Stroop Color-Word 

Test is a timed test consisting of 3 trials: Word, Color, and Color-Word. The raw 

scores were determined by the number of correct responses produced during 

each trial. In the Word trial, the test stimuli are words ("blue", "red", "green") 

printed in black ink and the subject is required to read as quickly as he/she can 

until the time limit is up (45 seconds). In the Color trial, the test stimuli are 

"xxxxx" printed in blue, red, or green ink and the examinee is to name the color 

as quickly as possible. In the Color-Word trial, the test stimuli are words ("blue", 

"red", "green") printed in blue, red or green ink, and the examinee is required to 

inhibit the dominant propensity to read the word in favor of naming the color of 

ink in which a word is printed. The Stroop assesses the ability to suppress an 

automatic, over-learned word reading response set and the ability to shift 

perceptual set to conform to changing demands. A low score on the Stroop 

reflects slow performance and/or difficulty with inhibition. Raw scores on each 

trail of the Stroop were converted into age-adjusted scores and then to 

standardized T scores. The T scores have the statistical property of M = 50 and 
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SD = ±10. The WCST is an untimed task requiring utilization of feedback to 

generate and shift among several concepts derived from visual patterns. The 

WCST assesses cognitive flexibility, concept formation, maintenance of cognitive 

set, learning, reasoning and problem solving. The number of perseverative 

errors made during WCST task is an indicator of the ability to utilize feedback to 

meet changing task demands. Other dependent measures from the WCST 

include the number of categories completed and the number of trials 

administered. The COWAT is a timed test assessing word fluency, which is a 

measure of cognitive productivity. The subject is required to produce different 

words beginning with a designated letter ("F", "A" and "S") or a semantic category 

("animal"), as many as possible in 60 seconds. The scores on the COWAT 

represent the number of words produced during the phonemic category trials ("F" 

+ "A" + "S") and the semantic category trial. The Time Perception task assesses 

the ability to estimate time elapsed without being made aware of such task 

demand and to track passage of time when instructed to do so. The dependent 

measures were duration of time passage in seconds. Estimation of time 

passage, similar other cognitive estimation processes, is thought to be mediated 

by the frontal system (Shallice, 1988). It is hypothesized that persons with 

impulsivity, another process mediated by the frontal system, have a tendency to 

over-estimate the elapsed time period. In this test the subject is engaged in a 

distracter task. The examiner explains that the task is not a memory test and 

instructs the subject to signal the examiner when to start the task. The subject 
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then simply repeat numbers of 2 to 3 digits back to the examiner. After 35 

seconds the subject is asked, "How many seconds do you presume went by?" In 

the second trial of the test, the examiner tells the subject to signal the examiner 

when to start presenting the numbers. The subject then says "Stop" when 

he/she thinks exactly 35 seconds are up. 

Fine motor function was assessed by the Grooved Pegboard. This task is 

timed and assesses visuomotor coordination and manual dexterity. The 

dependent measures for this task was time (seconds) to completing each trial. 

Fine motor function is thought to be another process mediated by the frontal 

system. The subject is required to pick up one peg at a time and fit the keyed 

pegs into holes that are randomly slotted in different orientations. There are two 

trials, the first involves the dominant hand and the second involves the non-

dominant hand. The task involving the non-dominant hand is thought to be more 

novel than that involving the dominant hand as the latter has more practice in 

manual manipulations in day-to-day activities. 

Additional information about all cognitive measures employed in this 

study may be found in Spreen and Strauss (1998), Lezak (1995), Anderson 

(1994) and/or the individual test manuals 

Emotional Functioning was assessed by self-report questionnaires 

including the CES-D, SF-36, and the BSI. The CES-D consisted of 20 items and 

was designed to measure current level of depressive symptomatology, with 

emphasis on the affective component of, depressed mood. This scale has been 
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found to have high internal consistency and validity, and yielded a similar factor 

structure in a wide variety of samples from the general population (Radloff, 

1977). Husaini and associates (1980) suggested that cut-offs of 17 and 23 for 

"possible" and "probable" clinical depression, respectively, with the former score 

yielding a false positive rate of 5.6% and 36.4% false negative rate, and the latter 

score yielding a false positive rate of 4.1% and a false negative rate of 45.5%. 

The BSI is a 53-item self-report symptom inventory designed to assess 

psychological and somatic symptoms. It is the short form of the SCL-90-R. Each 

item on the BSI is rated on a five-point scale (0-4) of distress, ranging from "not 

at air to "extremely". The BSI is scored and profiled in terms of nine primary 

symptoms dimensions and three global indices of distress. The primary 

symptom dimensions are: 1) Somatization (SOM); 2) Obsessive-Compulsive (O-

C); 3) Interpersonal Sensitivity (l-S): 4) Depression (DEP); 5) Anxiety (ANX); 6) 

Hostility (HOS); 7) Phobic Anxiety (PHOB); 8) Paranoid Ideation (PAR); 9) 

Psychoticism (PSY). The SOM dimension reflects distress arising from 

perceptions of bodily dysfunction. The O-C dimension includes measures of 

thoughts, impulses and actions that are experienced as unremitting and 

irresistible and are of an unwanted nature. Behavior and more general cognitive 

performance deficits are also included in this dimension. The l-S dimension 

focuses on feelings of personal inadequacy and inferiority. The DEP dimension 

reflects depressive symptomatology. The ANX dimension measures somatic and 

cognitive signs of nervousness and tension. The HOS dimension includes 
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thoughts, feelings and actions that reflect a negative affect state of anger. The 

PHOB dimension taps pathological manifestation of phobic behavior. The PAR 

dimension includes measures of paranoid behaviors and characteristics of a 

disordered mode of thinking and suspiciousness. The PSY dimension provides 

for a continuum from mild interpersonal alienation to full blown psychosis. The 

global indices are: 1) Global Severity Index (GSI); 2) Positive Symptom Total 

(PST): 3) Positive Symptom Distress Index (PSDI). The GSI is the most 

sensitive single indicator of the respondent's distress level. The PST is an 

indicator of the number of symptoms the respondent endorsed. The PSDI is an 

indicator of intensity of distress, reflecting the average level of distress the 

respondent experiences and corrected for the number of symptoms endorsed. 

Raw scores on the BSI dimension and global scales were transformed into T 

scores based on the response profiles of the normative samples. The T scores 

have the statistical property of M = 50 and SD -±10. According to the Manual, 

a positive diagnosis is identified when the respondent has a GSI score > 63, or 

any two of the primary dimension scores >63. AT score of > 70 is equivalent to 

the > 98'̂  percentile and in this study is used as the cut off score to demarcate 

the clinically significant range. 

The scoring of each individual neuropsychological test followed the 

instructions specified in the test manuals. For those tests with established 

standardized age norms, participants' raw scores were converted to the 

corresponding scale scores or standard scores. Although SF-36 was 
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administered in this study to assess quality of life, the SF-36 results are not 

reported. 

2.4 Statistical Analysis 

The SPSS© for Windows 10.0 (SPSS Inc., 1999) program was used for 

statistical analysis. Previous studies comparing the cognitive functioning of 

individuals with severe sleep apnea to normal controls reported effect sizes 

varying from approximately 0.3 to over 1, with the majority of effect sizes being 

greater than 0.5. A power analysis based on a total of 103 subjects indicated 

that the power to detect an effect size of 0.8 is 0.98 and to detect a medium 

effect of 0.5 is 0.71 (Cohen, 1977). 

The distributions of all variables were examined for skewness and 

kurtosis. Graphical methods, including histograms, boxplots and normal 

probability plots were employed to assess linearity and normality. All of the 

dependent variables were continuous and most of them were normally 

distributed. If the distribution was skewed, transformations were performed for 

nonnalization. The natural log transformations (log (x + 0.001) were computed 

on the percent of Stage 1 sleep, the Arousal Index, the Apnea Hypopnea with 

Arousal Index, and the percentage of sleep time O2 saturation < 90%, 85%, 80% 

and 75%. Natural log transformations (log x) were also applied to Trails A & B, 

the Grooved Pegboard measures, and the number of perseverative errors on the 
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WCST. The PVT reaction time and standard deviation of the reaction time 

measures were transformed to their reciprocals (1/x), and the number of lapses 

on the PVT was square root-transfonned (sqr (x) + sqr (x+1)). 

Group descriptive statistics were calculated on all variables. The alpha-

level for all statistical tests was set at 0.05. To allow for maximum detection of 

group differences in performance, a two-tailed student's t-test was applied to 

every continuous neuropsychological variable without correcting for alpha level. 

Statistical significance of group differences for all nominal data was examined by 

Chi-square or other nonparametric statistics. The nominal data included current 

smoker versus non-smoker, marital status, employment status, and the 

proportion of the subjects who scored in the clinical versus normal range on the 

psychological inventories and the neuropsychological tests. Pearson's 

correlation coefficients among neuropsychological measures and PSG measures 

were computed to determine inter-measure correlations. A principle factor 

analysis with VARImax rotation was performed on 20 neuropsychological 

measures to reduce dimensionality and to determine whether measures that 

were thought to assess the same cognitive construct loaded together. Another 

set of two-tailed student's t-tests was computed to determine significant group 

differences on derived neuropsychological factor scores. Seven PSG measures 

were selected for another principle factor analysis to reduce the number of SDB 

measures to be used for multiple linear regressions. Multiple linear regression 

analyses, controlling for demographic estimated premorbid IQ (PEIQ), were 
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performed to explore the respective contributions of sleep fragmentation and 

hypoxemia in predicting neuropsychological performance. 
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RESULTS 

3.1 Characteristics of the Sample 

As intended by study design, the SDB and the CTL subjects were not 

significantly different in age. education, and demographicaliy estimated 

premorbid IQ. (see Tablel). Both groups were of average to high average 

intelligence and had approximately 15 years of education. Chi-square 

comparisons between groups on percentages were not significant for gender, 

ethnicity, handedness, marital status, employment status, and tobacco, 

antihypertensive and antidepressant use. T-tests did not reveal significant group 

difference in caffeine (p = 0.11) or alcohol (p = 0.13) consumption. Of note, the 

within group variance of alcohol consumption in the SDB (SD = 10.2) was 

significantly larger than that of the CTL (SD = 4.4) group due to two outliers. 

When these two cases were excluded, the SDB group standard deviation 

reduced to 5.4, which was no longer significantly different from that of the CTL 

group. Although the rate of current tobacco use was nearly twice as high in the 

SDB group (20.4%) than that of the CTL group (11.8%), the difference was not 

statistically significant. 
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Table 1. Characteristics of the Sample 

CTL 
N = 51® 

SDB 
N = 52" 

P 
Value 

M (SD) M (SD) 

Age (years) 
Male (%) 
European American (%) 
Right-handed (%) 
Marital Status 

Married (%) 
Widowed (%) 

Not married (%) 
Employment Status 

Has a paid job (%) 
Retired (%) 
Does not have a paid job (%) 

Alcohol consumption (units*/wk) 
Caffeine consumption (unitsVday) 
Current tobacco use 

Yes (%) 
Current antihypertensive medication 
use Yes (%) 

Current antidepressant medication 
use Yes (%) 

Education (years completed) 
Demographic estimated premorbid 
WAIS-R Full Scale IQ (PEIQ) 

58.2 
56.8 
96.1 
96.1 

76.5 
13.7 

9.8 

54.9 
39.2 
5.9 
2.6 

2.9 

11.8 

(9.4) 

(4.4) 
(1.9) 

60.1 
59.6 
92.3 
94.2 

73.0 
5.8 

21.2 

51.9 
42.3 
5.8 
5.0 

2.2 

20.4 

(9.0) 

(10.2) 
(2.2) 

31.3 - 46.2 

15.7 - 7.7 
15.0 (2.8) 14.9 (2.6) 

112 (6) 112 (7) 

0.303 
0.777 
0.414 
0.663 

0.693 
0.176 
0.115 

0.763 
0.750 
0.981 
0.130 
0.108 

0.239 

0.124 

0.206 
0.799 

0.942 

^ N = 50 for alcohol consumption due to a missing score. 
^ N = 49 for alcohol consumption and tobacco use due to missing scores. 
* Number of beers, glasses of wine, shots of liquor, cups of coffee, glasses of 

iced tea, number of caffeinated soda. 
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3.2 PSG 

As intended by study design, the SDB and the CTL subjects significantly 

differed on all measures of SDB including the respiratory disturbance index 

(RDI), the Apnea-hypopnea index (AHI), the Apnea-hypopnea with arousal index 

(AHI_A), and measures of oxygen desaturation, which included the percent of 

sleep time oxygen saturation dropped below 90% (02SAT90), 85% (02SAT85), 

80% (02SAT80) and 75% (02SAT75), maximum OaSat (MAX02Sat; only a 

statistical trend), minimum OaSat (MIN02Sat) and average OaSat (AVG02Sat). 

Also, a significantly higher mean arousal index (ARSI) was found in the SDB 

group, suggesting increased sleep disruption. The two groups did not differ 

statistically on any sleep architecture measures, which included total sleep time, 

sleep efficiency, and sleep stage 1, 2, 3 & 4, and REM percent. Table 2 

summarizes the results of the PSG variables. 
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Table 2. Polysomnographic Characteristics 

CTL SDB P sig 
N = 51 N = 52 Value 

M (SD) M (SD) 

Sleep Architecture 
Total Sleep Time (hr) 6.03 (0.89) 5.96 (1.36) 0.801 ns 
Sleep Efficiency (%) 84.7 (7.1) 82.4 (13.1) 0.275 ns 
Stage 1 % 5.0 (3.8) 6.6 (6.6) 0.1 sg"- ns 
Stage 2 % 61.2 (11.8) 59.9 (10.0) 0.565 ns 
Stage 3 & 4 % 14.1 (11.5) 15.0 (10.8) 0.689 ns 
Stage REM % 19.8 (5.4) 18.5 (6.9) 0.304 ns 

Arousal Measures 
ARSI 44.7 (37.1) 58-9 (38.5) 0.036'- * 

AHI_A 14.7 (19.8) 38.1 (27.9) 0.000'- **« 

SDB Measures 
RDI 2.7 (1.4) 33.5 (7.4) 0.000 **« 

02SAT90 0.55 (3.1) 6.64 (7.3) 0.000'- **-* 

02SAT85 0.24 (1.7) 1.05 (2.0) 0.000'- *** 

02SAT80 0.08 (0.58) 0.29 (0.86) 0.000'- *** 

02SAT75 0.01 (0.08) 0.08 (0.48) 0.025'- * 

Maximum 02Sat 97.6 (0.8) 97.9 (1.0) 0.082 # 

Minimum OaSat 89.6 (3.2) 82.2 (6.7) 0.000 
Average 02Sat 94.8 (1.4) 93.1 (2.0) 0.000 

^ p value based on transformed (log (x 0.001) scores. 
* * *  =  p <  0.001; • = p < 0.05; # = p <0.10; ns = p > 0.10 
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3.3 Neuropsychological Assessment - Between-Group Comparisons 

To test the hypothesis that the SOB group would perform worse on 

cognitive tests than the CTL group, two-tailed student's t-tests for independent 

samples were performed on every neuropsychological measure. Scores on the 

three WAIS-ill subtests (Information, Similarities and Picture Completion) 

individually and summed, which were used as estimates of general intelligence, 

did not significantly differ between the SOB and the CTL groups. Such no-

difference findings confirmed expectation and were consistent with the fact that 

the two groups also did not differ on any of the other indices of general 

intelligence (i.e. education and demographic-variables based estimate of IQ). 

Group means and standard deviations (SO), and p values are reported in Table 

3. 

For measures of attention and working memory, while SOB and CTL did 

not statistically differ on WAIS-III Arithmetic scaled scores or the WAIS-III 

Working Memory Index, there was a trend for lowered WAIS-III Digit Span (p = 

0.077) and WAIS-III Letter-Number Sequencing scaled scores (p = 0.068), and 

the raw scores on digit forward (p = 0.054) and backward (p = 0.083) among 

SOB subjects. Group means and standard deviations (SO), and p values are 

reported in Table 3. 

Analyses were performed separately on variables derived from the PVT. 

One of the CTL subjects was eliminated from analyses of the PVT measures 
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because of her extreme (reaction time > 3,700 ms) scores. Reaction time (RT) 

measures of the PVT were transformed to their reciprocal (1/x) to normalize the 

distribution. Performance on the PVT was not significantly different between the 

two groups in terms of mean reaction time, median reaction time, mean of 

reaction time of the slowest 10% and the fastest 10% trials, and their standard 

deviations. The number of lapses (transformed to (sqr (x) + sqr (x+1)), the 

percent of time spent in lapses during the slowest 10% performance trials, the 

slope of performance degradation, and the percent of performance decline 

across 10 minutes also were not statistically different between the SDB and the 

CTL groups. Select measures of the PVT are presented in Table 3. Complete 

details of the group means, standard deviations, and p values on all PVT 

measures can be found in Appendix A. Figure 3 shows group means on reaction 

times across the 10-minute test duration. Figure 4 shows group means and the 

number of lapses across the 10-minute test duration. 

On measures of psychomotor and visuomotor efficiency, the SDB group 

did not performed significantly worse than the CTL group except for a trend on 

WAIS-III Digit-Symbol Coding (p = 0.067). Trails A and B performance times 

(seconds) were log transformed to normalize the distributions. The two groups 

also did not differ in terms of the number of errors committed during Trails A and 

Trails B. 

Performance on tests assessing executive functions revealed significant 

group differences on the Stroop, the number of perseverative/rule-breaking 
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errors made on word fluency tests, and the time perception test. While the SDB 

group did not differ from the CTL group on the Word trial of the Stroop, 

significantly worse performance was observed on the Color (p = 0.024) and 

Color-Word (p = 0.002) trials. The SDB group exhibited greater interference (p = 

0.016) as indicated by lower Interference T score. On measures of verbal 

fluency and cognitive productivity, the SDB group and the CTL group did not 

differ statistically on the number of words generated on the COWAT and the 

animal naming tasks. The SDB group, however, made more errors on the 

COWAT (p = 0.034) and similarly, although only a statistical trend, the animal 

naming task (p = 0.097). None of the measures derived from the WCST, 

including the number of categories completed, trials to complete the first 

category, the number of trails administered, the number of perseverative errors 

and occasions of failure to maintain set, were significantly different in comparing 

the SDB and CTL groups. In estimating time elapsed, compared to estimates 

made by the CTL subjects, the SDB subjects significantly (p = 0.046) 

overestimated time when they were not aware of such task demand. When the 

task demand was made explicit, performance was not significantly different 

between the groups. 

Performance on a test of fine motor functioning and manual dexterity 

assessed by the Grooved Pegboard, the SDB and CTL groups were not different 

on time to task completion for the dominant hand trial. The SDB group, however, 

showed a trend to be slower in the non-dominant hand trial (p = 0.082). 
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Group means, standard deviations (SD), and p values for measures of 

psycho-visuomotor efficiency, frontal/executive function and fine-motor function 

are reported in Table 4. 
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Table 3. Neuropsychological Test Scores 

CTL SOB P sig 
N = 51" N = 52 Value 

M (SD) M (SD) 

General Intelligence — est. by 
Information 12.3 (2.9) 12.4 (2.7) 0.982 ns 
Similarities 13.2 (2.7) 13.6 (2.9) 0.429 ns 
Picture Completion 12.3 (2.3) 12.0 (2.5) 0.531 ns 
INF + SIM + PC 37.8 (6.2) 38.0 (6.3) 0.899 ns 

Attention & Working Memory 
Digit Span 11.6 (2.9) 10.6 (2.6) 0.077 # 

Letter-Number Sequencing 12.3 (3.0) 11.3 (2.4) 0.068 # 

Arithmetic 12.0 (2.5) 12.1 (2.7) 0.762 ns 

Working Memory Index 111 (14.1) 107 (12.3) 0.133 ns 

Digit forward (raw score) 11.0 (2.2) 10.2 (2.1) 0.054 # 

Digit backward (raw score) 7.4 (2.4) 6.6 (2.2) 0.083 # 

PVT 
Reaction time mean (ms) 276 (49) 277 (40) 0.977^ ns 
Median reaction time (ms) 259 (45) 257 (33) 0.916'' ns 
Mean of fastest 10% RT (ms) 205 (24) 206 (22) 0.765'̂  ns 
Mean of slowest 10% RT (ms) 439 (170) 464 (204) 0.543'' ns 
Number of lapses 2.1 (6.9) 1.7 (2.7) 0.868® ns 
% of time in lapse during the 13.6 (19) 16.8 (22) 0.456 ns 

slowest 10% trials 

Scale Scores are reported for all WAIS-III Subtests. 
^ N = 50 on PVT measures because one outlier was excluded. 

value based on transformed (1/x) scores. 
^ p value based on transformed (sqr (x) sqr (x 1)) scores. 
# = p < 0.10; ns = p > 0.10 
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Table 4. Neuropsychological Test Scores 

CTL SDB p sig 
N = 51 N = 52 Value 

M (SD) M (SD) 
Psycho-visuomotor Efficiency 

Digit Symbol Coding (SS) 11.9 (2.4) 11.0 (2.6) 0.067 # 
Symbol Search (SS) 11.9 (2.0) 11.5 (2.2) 0.335 ns 
Processing Speed Index (IS) 110 (10.8) 107 (13.0) 0.161 ns 
Trails A (sec) 29.5 (11.4) 30.5 (9.4) 0.417'- ns 
Trails B (sec) 71.7 (27.5) 80.4 (34.4) 0.1 le*- ns 

Frontal/Executive Function 
No. of Trails A error 0.27 (0.67) 0.35 (0.68) 0.591 ns 
No. of Trails B error 0.33 (0.52) 0.56 (0.85) 0.109 ns 
Stroop Word (TS) 50.7 (7.3) 48.9 (6.9) 0.197 ns 
Stroop Color (TS) 48.6 (7.2) 45.5 (6.6) 0.024 * 

Stroop Color-Word (TS) 53.0 (7.4) 48.1 (8.0) 0.002 
Stroop Interference (TS) 52.7 (5.9) 49.8 (6.0) 0.016 * 

WCST no. of category 5.1 (1.5) 5.0 (1.4) 0.828 ns 
WCST no. of trials admin 104 (21.4) 109 (20.1) 0.265 ns 
WCST no. of trials to 1'̂  cat. 15.3 (7.3) 15.0 (11.4) 0.883 ns 
WCST no. of persv. errors 15.3 (9.1) 17.9 (11.2) 0.265'- ns 
WCST failure to maint. set 1.2 (1.5) 1.3 (1.4) 0.809 ns 
COWAT (F+A+S) 40.6 (13.0) 38.0 (10.2) 0.274 ns 
COWAT (F+A+S) errors 1.1 (1.3) 1.8 (1.9) 0.034 * 

Animal Naming 21.1 (4.6) 21.8 (4.9) 0.452 ns 
Animal Naming errors 0.43 (0.8) 0.75 (1.1) 0.097 # 

Time Estimate - s. went by 30.5 (15.2) 38.7 (24.7) 0.046 * 

Time Estimate - 35" is up 30.6 (10.8) 31.2 (10.3) 0.779 ns 
Fine-motor Function (sec) 

Grooved Pegboard - Dom 80.0 17.2) 79.6 (13.6) 0.861'- ns 
Grooved Pegboard - NonD 85.1 18.8) 91.3 (20.3) 0.064'- # 

^ N = 50 on the WCST because one subject refused to complete the WCST. 
SS = Scale Score; IS = Index Score; TS = T-score; value based on transfonned (log x) values. 

= p <0.001; • = p<0.05:# = p <0.10; ns = p>0.10 
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The effect sizes (ES) found in this study of differences between SDB and 

CTL subjects on cognitive measures are similar to what have been reported by 

other studies using community acquired samples. For example, Kim and 

associates (1997) reported that the effect sizes on attention and psychomotor 

tasks in their study ranged from 0.18 to 0.41. Redline and colleagues (1997) 

reported effect sizes of 0.19 to 0.64 on measures of attention and psychomotor 

skills, and 0.35 on the number of perseverative errors on the WCST. Effect size 

was derived by taking the mean difference in scores (SDB minus CTL) divided by 

the SD of the CTL group. An ES of 0.2 SD, 0.5 SD, and > 0.8 SD units generally 

is considered small, medium and large, respectively. The present study found a 

small ES on measures of attention and working memory, ranging from 0.33 on 

WAIS-III Letter-Number Sequencing (LNS) to 0.34 on WAIS-III Digit Span (DS). 

A small to moderate effect size was observed on measures of psychomotor 

efficiency (0.38 for WAIS-III Digit Symbol Coding (COD)) and manual dexterity 

(0.42 for Grooved Pegboard non-dominant hand (PEG)). A moderate ES of 0.66 

was observed for the Stoop Color-Word score (Stroop CW). For errors made in 

word fluency tests, the total number of errors made during the COWAT plus 

animal naming tasks (WFE) yielded a moderate ES of 0.54, and a small ES of 

0.33 was found in the number of errors committed during Trails A and B (TRA E). 

The effect sizes are graphically presented in Figure 5. 

To quantify the clinical significance of the observed group differences, a 

criterion of -1.5 SD from the age norms published in the manuals were used. 
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This criterion has been adopted in clinical practice (Spreen & Strauss, 1S98) to 

demarcate clinical impairment. For measures in which SDB group performed 

significantly worse than the CTL subjects the percentage of subjects who scored 

equal or below -1.5 SD were calculated for each group. Only a very small 

number of subjects perfomied in the clinically impaired range. For the Stroop 

Color Word trial, while no CTL subjects scored in the impaired range, 2 SDB 

subjects did. 

Figure 5. Neuropsychological Performance Decrement Effect Sizes 
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3.4 Factor Analysis 

A rotated principle components factor analysis (FA) was performed to 

determine whether or not the selected neuropsychological measures for a 

particular cognitive domain in fact show convergence. The FA also served as a 

means to reduce the number of regression analyses used to determine the 

extent to which cognitive performance could be predicted by sleep disruption 

versus hypoxemia. Intercorrelations among neuropsychological measures were 

computed and the correlation coefficient matrixes are presented in Appendix B. 

A total of 20 neuropsychological variables (transformed values were used, 

whenever applicable) were selected and subjected to the FA. A 6-factor solution 

was obtained with eigen values ^ 1, accounting for 73% of the variance (Table 5 

and 6). The FA revealed factor structures that are consistent with expectation, 

that is, conceptually similar cognitive constructs had high loadings on the same 

factors while measures of conceptually dissimilar cognitive constructs yielded low 

factor loadings. Based on the clustering of high factor loadings, the 6 factors 

were Interpreted as 1) "psychomotor efficiency", 2) "working memory", 3) 

"problem solving and feedback utilization", 4) "semantic memory", 5) "manual 

dexterity", and 6) "inhibition". The "psychomotor efficiency" factor was 

represented by Digit Symbol Coding (0.798), Symbol Search (0.863), Trails A 

(-0.628), Trails B (-0.576), and Picture Completion (0.575). The tests with high 

loadings on the "working memory" factor included Digit Span (0.905), Letter-

Number Sequencing, and Digit Span backward (0.881). The "problem solving 
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and feedback utilization" factor was composed of measures derived from the 

WCST, including number of categories completed (-0.832), number of trials 

administered (-0.889) and number of perseverative responses (-0.892). High 

loadings on the "semantic memory" factor included Information (0.830), 

Similarities (0.761), Arithmetic (0.568), and Animal Naming (0.610). The "manual 

dexterity" factor composed of dominant (0.830) and non-dominant (0.867) hand 

performance on the Grooved Pegboard. Measures on the Stroop, including the 

Color-Word trial score (0.808) and the Interference score (0.927) loaded highly 

on the "inhibition" factor. 
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Table 5. Neuropsychological Variables - Principle Component Analysis 

Total Variance Explained 
Initial Extraction Rotation 
Eigen Sums of Sums of 
values Squared 

Loadings 
Squared 
Loadings 

Compo Total %0f 1 Cumula Total %of Cumula Total %of Cumula
nent Variance tive % Var. tive % Var. tive % 

1 6.695 33.473 33.473 6.695 33.473 33.473 2.947 14.733 14.733 
2 2.110 10.552 44.025 2.110 10.552 44.025 2.798 13.991 28.724 
3 2.034 10.170 54.195 2.034 10.170 54.195 2.677 13.385 42.109 
4 1.557 7.786 61.982 1.557 7.786 61.982 2.413 12.066 54.175 
5 1.315 6.577 68.559 1.315 6.577 68.559 2.213 11.065 65.240 
6 1.048 5.241 73.800 1.048 5.241 73.800 1.712 8.560 73.800 
7 .776 3.880 77.680 
8 .689 3.443 81.123 
9 .644 3.220 84.342 
10 .520 2.601 86.943 
11 .443 2.217 89.160 
12 .415 2.076 91.236 
13 .379 1.893 93.129 
14 .299 1.495 94.624 
15 .284 1.422 96.046 
16 .254 1.271 97.317 
17 .208 1.042 98.359 
18 .142 .708 99.067 
19 .09850 .493 99.559 
20 .08812 .441 100.000 
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Table 6. Rotated (VARImax) Normalized Factor Loadings of 
Neuropsychological Measures 

Factor 
1 2 3 4 5 6 

Psycho- Working Problem Semantic Manual Inhibition 
motor Memory Solving/ Memory Dexterity 

Efficiency Feedback 
Utilization 

1 WAIS-III SIM .06354 .139 .215 .761 -.140 .181 
2 WAIS-III INF .08470 .02348 .186 .830 -.05349 .03816 
3 WAIS-III PC .575 -.04919 .230 .397 -.09998 -.08882 
4 COWAT (FAS) .405 .262 .217 .274 -.244 .170 
5 ANIMAL NAMING .02913 .350 -.05141 .610 -.315 -.07062 
6 WAIS-III ARI .254 .411 .277 .568 .168 .101 
7 WAIS-III DIG .05426 .905 .107 .160 -.05131 .143 
8 WAIS-III LNS .179 .690 .131 .06826 -.193 .09255 
9 RAW DIGBWK .06219 .881 .132 .176 -.105 .130 
10 WAIS-III COD .798 .08914 .09336 -.004048 -.182 .200 
11 WAIS-III SS .863 .01630 .104 .07084 .07298 .08595 
12 TRAILS A"- -.628 -.279 -.06155 .02422 .427 .106 
13 TRAIL B"- -.576 -.249 -.06861 -.141 .452 -.08251 
14 PEG D"- -.156 -.104 -.221 -.106 .830 -.001505 
15 PEG ND'- -.163 -.106 -.129 -.141 .867 -.001744 
16STROOP CW .353 .318 -.01676 .09793 -.118 .808 
17 STROOP INTERF -.02092 .09442 .01956 .07624 .07764 .927 
18 WCST No. CAT .124 .04114 .832 .217 -.08159 .01905 
19 WCST No. TRIAL -.115 -.164 -.889 -.116 .178 .03223 
20 WCST No. -.153 -.190 -.892 -.154 .138 -.03795 

PERSEV ERR*-

One of the CTL did not complete the WCST and thus was excluded from the 
factor analysis. 
Natural log transformed values were used. 

Extraction Method; Principal Components Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 7 iterations. 
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Six between-group, two-tailed student t-tests were computed to determine 

group differences on the factor scores. Group means and standard deviations 

(SD), and p values are reported in Table 7. Consistent with the results from the 

t-tests on individual neuropsychological variables, this set of t-tests showed that 

SDB had significantly lower scores on the "inhibition" factor (p = 0.010). There 

was a statistical trend of lower scores on the "manual dexterity" factor (p = 

0.083). 

Table 7. Neuropsychological Factor Scores 

CTL SDB P sig Effect 
N = 50» N = 52 Value Size 

M (SD) M (SD) 

Psychomotor Efficiency 0.122 (0.94) -0.118 (1.05) 0.227 ns 0.25 
Working Memory 0.138 (1.04) -0.133 (0.95) 0.173 ns 0.26 
Prob-Solv/Feedback Utiliz 0.072 (1.00) -0.069 (1.01) 0.479 ns 0.14 
Semantic Memory -0.175 (0.90) 0.168 (1.07) 0.083 # 0.38 
Manual Dexterity -0.088 (1.00) 0.085 (1.00) 0.384 ns 0.17 
Inhibition 0.257 (0.98) -0.247 (0.96) 0.010 0.51 

^ One of the CTL did not complete the WCST and thus was excluded from the 
factor analysis. 
p value based on transformed (log (x 0.001) scores 
" = p< 0.01; # = p<0.10; ns = p>0.1 

Because the measures of sleep fragmentation and hypoxemia varied in 

their strength of association with cognitive scores (see Appendix C for 

correlation coefficient matrixes), another factor analysis was performed on PSG 
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measures of sleep fragmentation and hypoxemia to extract components of sleep 

fragmentation and hypoxia. The factors were then used as predictor variables for 

neuropsychological performance. A total of 7 PSG variables (transformed values 

were used, whenever applicable) were selected and subjected to the FA. A 2-

factor solution was obtained with eigen values ^ 1, accounting for 81% of the 

variance (see Table 8 and 9). The FA revealed factor structures that are 

consistent with expectations. Based on factor loadings, the two factors were 

interpreted as "hypoxemia" and "sleep fragmentation". All measures of 

hypoxemia (percent sleep stage oxygen saturation < 90%, 85%, 80% and 75%, 

and minimum oxygen saturation) had high loadings on this factor. The arousal 

index (ARSI) and apnea hypopnea with arousal index (AHI_A) had high loadings 

on the sleep fragmentation factor. 

Table 8. Rotated (VARImax) Normalized Factor Loadings of SDB IMeasures 

Total Variance Explained 
Initial Extraction Rotation 
Eigen
values 

Sums of 
Squared 
Loadings 

Sums of 
Squared 
Loadings 

Compo• Total % of Cumula Total % of Cumula Total % of Cumula
nent Variance -tive% Var. -tive % Var. tive % 

1 3.943 56.324 56.324 3.943 56.324 56.324 3.725 53.216 53.216 
2 1.712 24.456 80.780 1.712 24.456 80.780 1.929 27.563 80.780 
3 .798 11.402 92.182 
4 .219 3.132 95.313 
5 .145 2.066 97.380 
6 .109 1.560 98.939 
7 .07425 1.061 100.00 
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Table 9. Rotated (VARImax) Normalized Factor Loadings of SDB Measures 

Factor 1 
Hypoxemia 

Factor 2 
Fragmentation 

1. ARSI*- 0.143 0.962 
2. AHLA*- 0.084 0.972 
3. 02SAT90'- 0.762 0.106 
4. 02SAT85'- 0.866 0.093 
5. 02SAT80'- 0.891 0.136 
6. 02SAT75'- 0.856 0.035 
7. MIN02SAT -0.916 -0.142 

^ Transformed (log (x + 0.001) scores were used. 

3.5 Regression Analyses - Sleep Fragmentation and Hypoxemia as 

Predictors of Neuropsychological Performance 

Linear regression analyses were performed using only the SDB subjects 

to further explore which aspects of Sleep-Disordered Breathing, namely, sleep 

fragmentation versus hypoxemia, predicted poor performance on 

neuropsychological tests. In addition, con'elations between individual PSG 

variables and neuropsychological test scores were computed to assess strength 

of relationship. Correlation coefficient matrixes on select measures can be found 

in Appendix C. The linear regression models for the 6 derived factor scores are 

presented in Table 5. To determine the extent to which factor scores were 

predicted by the sleep fragmentation factor, a set of 6 regression analyses were 

perfomied using estimated premorbid IQ (PEIQ) and the hypoxemia factor as 



72 

covariates. The predictor variables were entered in a fixed order with the PEIQ 

entered first and the variable of interest entered last. Sleep fragmentation was 

not a significant predictor of any of the neuropsychological factors above and 

beyond variance explained by PEIQ and the hypoxemia factor. Another set of 6 

multiple regression analyses were performed using PEIQ and the fragmentation 

factor as covariates to detenmine the extent to which factor scores could be 

predicted by the hypoxemia factor. Oxygen desaturation was negatively 

associated with "semantic memory" (p = 0.042) and "manual dexterity" (p = 

0.042) factors. Although the strongest between group differences was found on 

the Stroop, neither hypoxemia or sleep disruption predicted performance above 

and beyond that of variance explained by PEIQ. Results of the regression 

models are presented in Table 10 and Table 11. 

To explore the respective contribution of sleep fragmentation and 

hypoxemia on the PVT performance, additional regression analyses were 

performed on select PVT measures including slope of performance deterioration, 

number of lapses and percent of time in lapsing during the slowest 10% trials. 

With the exception that the number of false starts was significant predicted by 

hypoxemia (p < 0.027), neither hypoxemia nor sleep fragmentation factor was 

significantly associated other performance measures form the PVT. Table 12 

reports the results of the regression analyses. 

Exploratory multiple regressions were conducted to examine the 

relationship between the sleep fragmentation and hypoxemia factors and 



psychological distress measures, which included scores of the CES-D, and the 9 

primary symptoms dimensions and the 3 global indices of distress of the BSI. 

Neither hypoxemia nor sleep fragmentation was a significant predictor of CES-D 

and BSI scores. 

Table 10. Multiple Regression Models - Association Between Sleep 
Fragmentation & Hypoxemia Factors and Neuropsychological Factors 

Unstand. Stand. t P sig 
Coeff. Coeff. Value 

Model B Std. Beta 
Dep. Var.: Error 

1 (Constant) -4.830 2.348 -2.057 .046 
Psychomotor PEiQ .04194 .021 .292 2.011 .050 * 

Efficiency Fragmentation -.125 .150 -.117 -.834 .408 ns 
Hypoxemia -.103 .153 -.097 -.674 .503 ns 

2 (Constant) -4.030 2.058 -1.958 .056 
Attn & Working PEIQ .03442 .018 .282 1.882 .066 # 
Memory Fragmentation .06014 .131 .066 .458 .649 ns 

Hypoxemia .115 .134 .127 .854 .397 ns 
3 (Constant) .222 2.335 .095 .925 
Prob Solv & PEIQ -.002248 .021 -.017 -.108 .914 ns 
Feedback Utiliz Fragmentation -.05889 .149 -.059 -.395 .695 ns 

Hypoxemia -.162 .153 -.162-1.062 .294 ns 
4 (Constant) -10.760 1.995 -5.394 .000 
Semantic PEIQ .09720 .018 .657 5.484 .000 *** 

Memory Fragmentation .04277 .127 .004 .034 .973 ns 
Hypoxemia .272 .130 .248 2.090 .042 * 

5 (Constant) -3.129 2.175 -1.439 .157 
Manual PEIQ .02897 .019 .220 1.499 .141 ns 
Dexterity Fragmentation -.05705 .139 -.058 -.411 .683 ns 

Hypoxemia .297 .142 .304 2.091 .042 * 

6 (Constant) -4.094 2.218 -1.845 .072 
Inhibition FIQ .03430 .020 .259 1.740 .089 # 

Fragmentation .130 .142 .132 .916 .365 ns 
Hypoxemia -.07408 .145 -.075 -.511 .612 ns 

Analyses were based on SDB subjects (N = 52). 
•** = p<o.ooi:  •  = p<0.05:# = p<0.i0:  ns = p>o.io 
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Table 11. Multiple Regression Models - Association Between Hypoxemia & 
Fragmentation Factors and Neuropsychological Factors 

Unstand. Stand, t 
Coeff. Coeff. 

p sig 
Value 

Model 
Dep. Var.: 

8 Std. Beta 
Error 

1 
Psychomotor 
Efficiency 

(Constant) -4.830 2.348 -2.057 
PEIQ .04194 .021 .292 2.011 
Hypoxemia -.103 .153 -.097 -.674 
Fragmentation -.125 .150 -.117 -.834 

.046 

.050 • 

.503 ns 

.408 ns 
2 

Attn & Working 
Memory 

(Constant) -4.030 2.058 -1.958 
PEIQ .03442 .018 .282 1.882 
Hypoxemia .115 .134 .127 .854 
Fragmentation .06014 .131 .066 .458 

.056 

.066 # 

.397 ns 

.649 ns 
3 
Prob Solv & 
Feedback Utifiz 

(Constant) .222 2.335 .095 
PEIQ -.002248 .021 -.017 -.108 
Hypoxemia -.162 .153 -.162-1.062 
Fragmentation -.05889 .149 -.059 -.395 

.925 

.914 ns 

.294 ns 

.695 ns 
4 
Semantic 
Memory 

(Constant) -10.760 1.995 -5.394 
PEIQ .09720 .018 .657 5.484 
Hypoxemia .272 .130 .248 2.090 
Fragmentation .04277 .127 .004 .034 

.000 

.000 

.042 ' 

.973 ns 
5 
Manual 
Dexterity 

(Constant) -3.129 2.175 -1.439 
PEIQ .02897 .019 .220 1.499 
Hypoxemia .297 .142 .304 2.091 
Fragmentation -.05705 .139 -.058 -.411 

.157 

.141 ns 

.042 * 

.683 ns 
6 
Inhibition 

(Constant) -4.094 2.218 -1.845 
FIQ .03430 .020 .259 1.740 
Hypoxemia -.07408 .145 -.075 -.511 
Fragmentation .130 .142 .132 .916 

.072 

.089 # 

.612 ns 

.365 ns 

Analyses were based on SDB subjects (N = 52). 
"• = p < 0.001; • = p < 0.05; # = p < 0.10; ns = p > 0.10 
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Table 12. Multiple Regression Models - Association Between Hypoxemia & 
Fragmentation Factors and PVT Measures 

Unstand. Stand. t P sig 
Coeff. Coeff. Value 

Model B Std. Beta 
Dep. Van Error 

(Constant) 5.525 6.319 .874 .387 
False Start PEIQ -.03156 .056 -.082 -.562 .577 ns 
(FS) Fragmentation .04826 .403 .017 .120 .905 ns 

Hypoxemia .945 .413 .330 2.290 .027 * 

2 (Constant) -4.07 3.537 -.115 .909 
Lapses®®** PEIQ -.02591 .031 .123 .824 .414 ns 
(LPS_SQXF) Fragmentation .369 .226 .236 1.634 .109 ns 

Hypoxemia .253 .231 .162 1.09  ̂ .279 ns 
Analyses were based on SOB subjects (N - 52). 
* = p< 0.05; ns = p > 0.10 

3.6 Questionnaire Data 

The SDB and CTL groups did not statistically differ on any of the scores 

on the questionnaires assessing psychological distress. A student's t-test 

analysis of the CES-0 score revealed that SDB and CTL were not significantly 

different on depression. Out of a maximum score of 60, both groups scored 

within the normal range. The M (SD) was 7.7 (8.0) and 7.6 (6.0) for the CTL 

and SDB groups, respectively. Using CES-D score >17 as a cut-off for clinical 

significance, 8.5% of the CTL and 11.5% of the SDB groups scored in the 

clinically significant range, a difference that was not significant based on Chi-

square comparisons. Similarly, no statistical differences were found on t-tests of 

the BSI for any of the 9 dimensions or 3 global indexes. Mean scores of both 



76 

groups were within normal limits. Figure 4 shows the group BSI profile. Table 6 

presents proportions of the groups with scores in the clinical range on the 8 BSI 

dimensions and 3 global indexes. 

Figure 6. Brief Symptom Inventory (BSI) Profile 
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Table 13. BSI - Means and SD, and Proportions (%) Scored in the Clinical 
Range (T > 70) 

CTL SDB t-test CTL SDB CS 
N = 51 N = 52 P (%) (%) P' 

Dimensions 
Somatization (SOM) 57.6 14.1 59.2 13.0 .540 39.2 15.4 .419 
Obsessive-Compulsiveness (0-C) 63.3 7.5 64.4 6.4 .410 7.8 13.5 .356 
Interpersonal Sensitivity (l-S) 56.8 11.7 52.6 11.8 .070 9.8 5.8 .444 
Anxiety (ANX) 61.4 13.3 58.2 14.0 .234 17.6 15.4 .757 
Hostility (HOS) 58.3 12.6 58.4 12.5 .971 9.8 11.5 .776 
Phobic Anxiety (PHOB) 53.8 11.1 50.9 10.0 .161 19.6 13.5 .401 
Paranoid Ideation (PAR) 54.1 11.8 57.0 12.5 .229 5.9 13.5 .194 
Psychoticism (PSY) 60.0 13.2 57.0 13.3 .266 46.1 32.7 .275 

Global Indexes 
Global Severity Index (GSI) 52.5 9.5 57.0 8.9 .895 3.9 1.9 .546 
Positive Symptom Total (PST) 53.4 9.6 52.3 9.4 .803 2.0 5.7 .317 
Positive Symptom Distress Index 49.2 7.4 53.0 6.3 .443 0 0 — 

(PSDI) 
BSI scores are T scores 
^ Chi-square comparisons on proportion scored > 70 
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DISCUSSION 

The main findings of this study support the hypothesis that untreated 

sleep-disordered breathing of moderate severity (RDIs 20-50) is associated with 

diminished neuropsychological functioning, specifically in the domain of frontal-

executive and fine motor function. The findings on measures of attention and 

working memory and psychomotor efficiency were less strong, although all 

measures were in the predicted direction and some demonstrated statistical 

trends (p < 0.10). Although SDB group's performance was significantly worse 

than that of the CTL group, their scores were not in the clinically impaired range 

when compared to established age norms. For this reason, cognitive '̂ A/eakness" 

rather than "deficit" would be a more appropriate characterization for the 

observed lower scores. 

The study results failed to confimi the hypothesis that performance on the 

attention and working memory measures would be better predicted by sleep 

disruption than by hypoxemia. On the other hand, severity of hypoxemia was 

found to be predicative of manual dexterity, which is a process mediated by the 

frontal system. The severity of hypoxemia was also a significant predictor of 

performance on tests of semantic memory. 

The results also failed to support the hypothesis that the SDB group would 

exhibit higher levels of depression and other aspects of psychological distress. 
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Scores of both groups were within the normal range on all dimensions of 

psychological distress assessed. 

The magnitude of group differences found in this study was not as large 

as what was reported in studies using clinic patients and were limited to 

measures of frontal executive function and manual dexterity. The effect sizes for 

attention and working memory measures in which there was a statistical trend of 

poorer performance in the SDB group was small, in the order of 0.3. The 

performance decrement effect sizes for measures of frontal executive and fine 

motor functions were slightly higher, in the order of 0.4-0.5. Differences in 

population samples is one possible explanation why this study did not find 

persons with SDB to evidence cognitive impairments in all of the cognitive 

domains assessed. Clinical studies reported to date have participants with 

severe SDB and significant daytime sleepiness. There are indications in the 

literature that the presence of significant daytime somnolence may be the 

mediator for impaired cognitive and psychological functioning. In the absence of 

significant daytime sleepiness, SDB may result in only a small reduction in 

cognitive functioning. This study did not objectively assess daytime sleepiness to 

allow determination of the extent to which performance on the 

neuropsychological battery could be accounted by sleepiness. However, from 

observations during testing, none of the subject exhibited significant sleepiness. 

For this reason, it is possible that SDB subjects did not show vigilance deficits 

because of absence of significant sleepiness. These findings may more 
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accurately reflect of the nature and the extent of neuropsychological decrement 

in persons with moderate SDB without serious concomitant health problems or 

sleepiness. 

The issue of age needs to be taken into account in interpreting the 

findings as age was significantly correlated with test scores on several cognitive 

measures. Because participants in this sample were of late middle to early old 

age, the effect of age in performance decrement are present in both the CTL and 

the SDB group, perhaps making it more difficult to detect further decline in 

performance due to SDB. Thus had a younger population been studied, more 

severe cognitive deficiencies may have been found in subjects with SDB. Also, 

because clinic patients who have participated in studies of cognitive function 

have been much younger than subjects of this study, thus more pronounced 

cognitive deficits found in these patients with SDB may in part be secondary to 

age differences 

Several limitations need to be considered in interpreting the results of this 

study. Some of the significant findings might have been due to increased 

probability of Type I error due to multiple comparisons without correcting for 

alpha level. On the other hand, it may be argued that the pattern of cognitive 

performance did showed convergence demonstrating a weakness in frontally 

mediated cognitive processes. 

The subjects in this study consisted of individuals who have been 

participating in epidemiological studies for as long as 25+ years. They may 
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represent a different group than the average general population. As a group, 

participants in this study may be more corporative, have a more stable lifestyle, 

have fewer health problems, and have more resources. For this reason, the 

findings may underestimate the magnitude of adverse cognitive effects. On the 

other hand, one of the strengths of this study is that the participants were drawn 

from the community rather than from clinical settings. It is possible that previous 

studies that employed clinical samples may consist of individuals who have a 

greater degree of SDB, have more comorbidity, and have greater daytime 

impairments. For this reason, the findings from the present study may 

approximate better the true magnitude of adverse cognitive effects, and be more 

generalizable to the general population. 

Another strength of this study is that women are well represented (42%), 

which may increase the generalizability of the findings. Many of the previous 

studies used only men and when women were included they constituted only a 

small percentage of the samples. For this reason, a gender bias may be present 

in the findings reported by those studies. 

Another issue related to generalizability to consider is that this group of 

participants was older with the average age of 59 and 41% were retired. For this 

reason, it would be more appropriate to apply the results to middle and early to 

old age individuals rather than to the adult population at large. Finally, because 

the time between the PSG study to determine SDB and the time of the 

neuropsychological evaluation was 12-24 months apart, it is possible that some 
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of the control subjects might have developed greater SDB and no longer met 

selection criteria to serve as controls. 

In summary, except for memory and learning that was not assessed, 

results from the broad range of cognitive domains evaluated showed that 

persons with mild to moderate SDB did not exhibit significant performance 

deficits on tests of general intelligence, as compared to age- and sex -matched 

controls. However, persons with moderate SDB performed significantly worse 

than the controls on some measures of fine motor function and executive 

function. The SDB group exhibited greater difficulty on the Stroop, made more 

errors on the COWAT and animal naming tasks, and overestimated passage of 

time. All of these tests are thought to tap cognitive processes that are mediated 

by the frontal system. Additionally, while the SDB group did not perform 

significantly different from the CTL group on the dominant hand performance 

trial, SDB subjects were slower on the non-dominant hand performance trial of 

the Grooved Pegboard. There were statistical trends suggesting weaknesses in 

working memory and psychomotor-visuomotor efficiency despite absence of 

impaired simple reaction time speed. Compared to the CTL group, the SDB 

group did not perform significantly worse on any of the PVT measures, 

suggesting no vigilance deficits. Overall, results suggest that SDB subjects as a 

group showed subtle weaknesses in frontal executive function and fine motor 

function, which is also a frontally mediated function. Therefore, the natural 

consequences of untreated SDB may include neuropsychological decline. If 
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possible, reevaluating the same individuals in the future would allow 

determination of the relative contribution of aging in performance decline and 

may shed light on the neuropsychological manifestation and progression of SDB. 

How the observed cognitive weaknesses on testing manifests in day-to-day 

functioning is another unanswered question that has important implications. 

In exploring what aspects of SDB accounted for the observed cognitive 

weaknesses, this study found that the more severe the noctumal hypoxemia the 

worse the performance on tests of fine motor function and semantic memory. 

Sleep fragmentation was not a significant predictor for any of the cognitive 

factors derived from test scores. Neither sleep fragmentation nor noctumal 

hypoxemia was associated with depression or psychological distress. The 

finding that the level of noctumal hypoxemia was a predictor of lower scores on 

measures of fine motor function but not other processes mediated by the frontal 

system suggests that fine motor function may be the most vulnerable to the effect 

of hypoxemia. The linear association between SDB and deficit in fine motor 

function suggests that even the milder range of SDB is associated with some 

impairment. In studying a sample of patients with SDB, Montplaisir and 

associates (1992) reported that hypoxemia seemed to play a major role in 

executive and psychomotor impairment, while attention and memory function 

deficits appeared to be related to vigilance impairment. Treatment only improved 

vigilance but not executive or psychomotor functions. This study raises the 

possibility of an irreversible hypoxic central nervous system insult in individuals 
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with severe SDB. Whether this holds true in individuals with milder SDB who do 

not have significant sleepiness is another unanswered question warranting future 

studies. A brain imaging study combined with a comprehensive 

neuropsychological evaluation may shed light on whether or not there are 

pathological neuroanatomical changes that are consistent with findings on 

neuropsychological tests. 



APPENDIX A 

Psychomotor Vigilance Test (PVT) 

Table 14. Group Means and SD on Variables Derived from PVT 

CTL SOB 
N = so-

CM U) II Z
 

Mean SD Mean SD p value 

RT1 293.280 166.060 275.458 66.586 0.475 
RT2 271.406 42.765 273.204 39.247 0.825 
RT3 271.124 50.486 266.737 41.430 0.632 
RT4 262.970 41.378 277.829 80.143 0.245 
RT5 272.640 45.369 267.383 63.016 0.631 
RT6 271.090 48.991 271.969 44.312 0.924 
RT7 274.152 54.116 267.585 39.686 0.485 
RT8 299.594 152.537 308.150 193.053 0.805 
RT9 278.428 54.279 281.181 47.592 0.786 
RT10 273.794 50.939 286.548 53.161 0.219 
SDRT1 87.388 198.518 69.744 77.849 0.553 
SDRT2 69.134 57.557 72.698 58.367 0.757 
SDRT3 62.604 40.478 53.775 38.392 0.261 
SDRT4 53.200 40.577 86.021 180-970 0.213 
SDRT5 56.172 32.933 61.619 106.006 0.729 
SDRT6 49.900 26.637 55.565 32.914 0.343 
SDRT7 48.222 30.044 45.131 34.302 0.630 
SDRT8 100.086 364.690 126.260 479.546 0.758 
SDRT9 54.572 36.613 58.069 40.904 0.651 
SDRT10 52.922 38.953 68.312 71.951 0.185 
LPS1 0.240 0.744 0.154 0.500 0.493 
LPS2 0.240 0.591 0.250 0.480 0.925 
LPS3 0.300 0.931 0.077 0.269 0.101 
LPS4 0.100 0.364 0.135 0.345 0.623 
LPS5 0.160 0.468 0.135 0.397 0.768 
LPS6 0.140 0.639 0.173 0.617 0.791 
LPS7 0.200 0.904 0.058 0.235 0.275 
LPS8 0.340 1.586 0.327 0.785 0.958 
LPS9 0.200 0.756 0.212 0.572 0.931 
LPS10 0.180 0.873 0.212 0.457 0.819 



Table 14 (con't) Group Means and SD on Variables Derived from the PVT 

CTL SDB 
N = 50 N = 52 

Mean SD Mean SD p value 

PLPS1 3.124 10.838 2.056 6.941 0.553 
PLPS2 2.580 6.475 2.662 5.186 0.944 
PLPS3 3.032 9.319 0.842 2.966 0.110 
PLPS4 1.066 3.845 1.412 3.653 0.643 
PLPS5 1.706 5.026 1.506 4.452 0.832 
PLPS6 1.488 6.941 1.696 5.808 0.870 
PLPS7 2.344 11.063 0.667 2.728 0.292 
PLPS8 3.156 13.437 3.408 7.976 0.908 
PLPS9 2.292 8.495 2.279 6.153 0.993 
PLPS10 1.786 8.724 2.060 4.516 0.842 
IRT1 3.905 0.603 3.983 0.548 0.497 
IRT2 3.950 0.453 3.936 0.425 0.878 
IRT3 3.923 0.512 3.988 0.520 0.527 
IRT4 3.985 0.464 3.950 0.519 0.718 
IRT5 3.857 0.476 4.036 0.577 0.091 
IRT6 3.874 0.510 3.888 0.494 0.883 
IRT7 3.818 0.495 3.930 0.494 0.258 
IRT8 3.765 0.594 3.810 0.535 0.688 
IRT9 3.800 0.535 3.782 0.484 0.855 
IRT10 3.843 0.539 3.766 0.532 0.472 
ISD1 0.801 0.468 0.801 0.415 0.995 
ISD2 0.682 0.219 0.727 0.260 0.350 
ISD3 0.700 0.217 0.619 0.192 0.051 
ISD4 0.629 0.219 0.654 0.257 0.606 
ISD5 0.647 0.225 0.574 0.210 0.096 
ISD6 0.614 0.197 0.639 0.225 0.549 
ISD7 0.567 0.192 0.548 0.192 0.619 
ISD8 0.564 0.212 0.638 0.288 0.145 
isog 0.590 0.224 0.621 0.201 0.465 
ISD10 0.576 0.179 0.629 0.216 0.184 
GRAND X 275.996 48.641 277.000 40.356 0.910 
SLOW X 439.322 170.247 464.135 204.476 0.508 
FAST X 205.358 24.148 206.494 21.938 0.804 
MED 258.920 44.958 257.038 32.939 0.809 
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Table 14 (con't) Group Means and SD on Variables Derived from the PVT 

CTL 
N = 50 

SDB 
N = 52 

Mean SD Mean SD p value 

N 95.780 3.877 95.577 3.421 0.779 
G SD 84.888 114.474 100.704 147.285 0.547 
S SD 144.004 355.110 199.085 475.127 0.510 
F SD 10.224 7.617 9.642 8.641 0.720 
GX RRT 3.882 0.444 3.880 0.438 0.977 
SX RRT 2.577 0.446 2.524 0.439 0.543 
FX RRT 4.947 0.478 4.918 0.499 0.765 
MEDRRT 3.941 0.474 3.951 0.472 0.916 
GSDRRT 0.697 0.135 0.703 0.142 0.835 
SSDRRT 0.381 0.198 0.431 0.217 0.224 
FSDRRT 0.308 0.367 0.286 0.371 0.759 
LAPSES 2.100 6.911 1.712 2.703 0.707 
SQR XFRM 2.412 2.044 2.472 1.529 0.868 
SPCTLPS 13.642 19.269 16.750 22.475 0.456 
SNUMLPS 1.300 1.787 1.596 2.154 0.452 
Sleepy? PRE 3.020 2.162 3.250 2.283 0.603 
Sleepy? POST 3.480 2.178 3.769 2.494 0.535 
MORESLPY 0.460 1.432 0.519 1.163 0.819 
FS 1.540 2.443 2.058 2.873 0.330 
NPDA 0.213 0.062 0.223 0.073 0.454 
SLOPE -0.018 0.041 -0.025 0.046 0.374 
DEC-PCT 5.672 11.415 7.935 13.540 0.365 
Y-INTRCPT 3.982 0.447 4.014 0.476 0.732 
YI-MS 255.020 36.857 252.058 30.917 0.661 
CORRL -0.148 0.416 -0.243 0.429 0.263 
VAREXPL 19.182 19.051 23.973 22.511 0.250 
SE-LINE 0.254 0.098 0.258 0.079 0.817 
CI-SLP 0.028 0.011 0.029 0.009 0.781 
TVAL -0.670 1.506 -0.901 1.813 0.486 

^ One CTL subject was excluded because of extreme scores 
RT = reaction time (ms) 
SORT = standard deviation of reaction time (ms) 
LPS = number of lapses (lapse is defined as RT > 500 ms) 
PLPS = percent of time in lapse during each trial minute 
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IRT = 1/RT (s) 
GRAND_X = mean RT of all trials (ms) 
SLOW_X = mean RT of the slowest 10% trials (ms) 
FAST_X = mean RT of the fastest 10% trials (ms) 
MED = median RT (ms) 
N = total numt)er of trials 
G_SD = SD of RT of all trials (ms) 
S_SD = SD of RT of the slowest 10% trials (ms) 
F_SD = SD of RT of the fastest 10% trials (ms) 
GX_RRT = 1 / (mean RT) of all trials (s) 
SX_RRT = 1 / (mean RT) of the slowest 10% trials (s) 
FX_RRT = 1 / (mean RT) of the fastest 10% trials (s) 
MEDRRT = 1/ (median RT) (s) 
LAPSES = total numt}er of lapses 
SQR_XFRM = the lapse count expressed as a square-root transform (sqr (x) + 

sqr (x+1)) 
SPCTLPS = percent time in lapse in the slowest 10% trials 
SNUMPLS = number of lapses in the slowest 10% trials 
SLEEPY? PRE = pre test self-rating of sleepiness 
SLEEPY? POST = post test self-rating of sleepiness 
MORESLEEPY = POST minus PRE rating 
FS = number of false start 
NPDA = nonparametric measure of distribution asymnnetry (range -1 to +1) 
SLOPE = slope of the regression line fitted to the 1/RT (s) means for each minute 

of the trial (a negative slope indicates worsening performance during the task) 
DEC-PCT = % of performance decrement over trials 
Y-ITRCPT = y intercept of the regression line (a low value indicates poor initial 

performance) 
YI-MS = y intercept of initial RT (not 1/RT, in ms) 
CORRL = correlation; r 
VAREXPL = % of variance explained 
SE-LINE = standard error of the regression line 
CI - SLP = confidence interval of the slope 
TVAL = t-test value; slope = 0 
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APPENDIX B 

Correlations between Neuropsychological Measures, Demographic 
Variables and PSG Measures 

Table 15. Critical Values of the Pearson Correlation Coefficient ( r) 

df = no. of pairs - 2 Two-Tailed One-Tailed 

z
 II O
 

0
 

1 Z
 II o
i 

o
 

N = 100 z
 II U
I 

o
 

a = 0.05 0.195 0.273 0.164 0.231 
a = 0.01 0.254 0.354 0.230 0.322 

Table 16. Pearson Correlation Coefficients of PSG Measures, and Age, Sex 
BMI, Medications, and Alcohol, Tobacco & Caffieine Use 

AGE SEX BMI CV PSYCH ALCOH CAFF TOBACCO 
SLPEFFP -0.180 0.059 -0.086 -0.223 -0.017 -0.044 -0.004 -0.040 
TMSTG1P 0.063 -0.146 -0.025 0.139 -0.112 0.209 0.067 0.369 
TMSTG2P 0.148 -0.296 -0.093 -0.023 0.201 0.014 0.068 -0.061 
TMSTG34P -0.049 0.292 0.196 0.068 -0.047 -0.014 -0.124 -0.098 
TMREMP -0.226 0.124 -0.165 -0.203 -0.169 -0.178 0.049 -0.037 
ARSJDX 0.195 -0.054 -0.005 0.129 -0.193 -0.148 -0.026 0.013 
HYPJDX 0.077 -0.006 0.332 0.113 -0.204 -0.059 -0.014 -0.029 
CAPJDX 0.171 -0.177 0.121 0.068 -0.142 -0.036 -0.003 -0.102 
OAP.IDX 0.194 0.055 0.095 0.014 -0.193 -0.056 -0.108 0.095 
RDI 0.101 -0.089 0.480 0.160 -0.094 0.129 -0.142 0.139 
AHI 0.130 0.005 0.325 0.107 -0.241 -0.070 -0.044 -0.001 
AH LA 0.213 -0.085 0.131 0.094 -0.230 -0.049 0.026 0.116 
AHL4 0.064 0.005 0.463 0.136 -0.217 -0.041 -0.170 0.061 
AHLA04 0.102 -0.011 0.393 0.131 -0.246 -0.050 -0.099 0.079 
PCTSA95H 0.271 -0.213 0.256 0.323 0.002 0.230 0.006 0.182 
PCTSA90H 0.119 -0.135 0.458 0.145 -0.098 0.229 -0.135 0.098 
PCTSA85H 0.072 -0.075 0.351 0.062 -0.096 0.048 -0.112 -0.042 
PCTSA80H 0.108 -0.023 0.326 0.027 -0.087 0.026 -0.136 -0.068 
PCTSA75H 0.159 0.080 0.223 -0.042 -0.047 -0.012 -0.117 -0.060 
PCTSA70H 0.161 0.117 0.189 -0.064 -0.034 -0.047 -0.110 -0.044 
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Table 16 (con't) Pearson Correlation Coefficients of PSG Measures, and 
Age, Sex BIMI, fMedications, and Alcohol, Tobacco & Caffeine Use 

AGE SEX BMI CV PSYCH ALCOH CAFF TOBACCO 
L_RDI 0.067 -0.162 0.441 0.090 -0.097 0.128 -0.105 0.094 
L_STG1 -0.063 -0.070 -0.045 -0.068 -0.200 0.144 0.161 0.298 
L_STG2 0.129 -0.277 -0.095 -0.048 0.187 0.021 0.079 -0.057 
L_STG34 -0.128 0.158 0.170 0.022 -0.148 0.083 -0.027 -0.127 
L_REM -0.073 0.082 -0.213 -0.220 -0.282 -0.275 0.085 -0.051 
L_ARSI 0.052 0.015 0.038 -0.067 -0.281 -0.040 0.122 0.084 
L_HYPI 0.054 -0.103 0.299 0.086 -0.225 0.003 -0.038 -0.020 
L_CAPI 0.258 -0.097 0.058 0.196 -0.180 -0.059 -0.013 -0.092 
L_OAPI 0.300 -0.071 0.170 0.188 -0.272 0.098 -0.047 0.027 
L.AHIA 0.160 -0.079 0.195 0.009 -0.311 0.050 0.102 0.128 
L_AHI4 0.068 -0.140 0.469 0.131 -0.105 0.078 -0.099 0.037 
L_PC90 0.231 -0.148 0.465 0.294 -0.087 0.190 -0.031 0.124 
L_PC85 0.128 -0.111 0.446 0.026 -0.143 0.202 -0.018 0.137 
L_PC80 0.095 -0.168 0.401 0.078 -0.151 0.053 -0.051 -0.039 
L_PC75 0.034 -0.122 0.392 0.056 -0.104 0.048 -0.133 -0.076 
MINSA02 -0.184 0.107 -0.542 -0.102 0.140 -0.127 0.103 -0.010 
MAXSA02 -0.240 0.054 0.107 -0.229 -0.236 -0.158 -0.059 -0.041 
AVGSA02 -0.305 0.164 -0.424 -0.304 0.064 -0.193 0.099 -0.108 
02DESAT 0.165 -0.146 0.543 0.153 -0.114 0.185 -0.101 0.009 
FRAGMENT 0.204 -0.108 0.045 0.141 -0.174 -0.088 0.046 0.157 

All subjects (N = 103) were included in computing the correlation coefficients 
AGE: years; SEX: Male = 1. Female = 2; BMI: body mass index (wt (kg) / ht^ (m)) 
CV; number of cardiovascular medications; PSYCH: number of psychiatric medications 
ALCOH: numtier of alcohol drinks per week; CAFF: numtier of caffeinated t>everage per day 
TOBACCO: current use of tobacco products, No = 0, Yes = 1 
SLPEFF = sleep efficiency 
TMSTG1P, TMSTG2P, TMSTG34P, TMREMP = percent of stage 1, 2, 3 & 4. REM sleep 
ARSJDX = arousal index 
HYP_IDX, CAPJDX, OAPJDX = hypopnea, central apnea, obstructive apnea index 
RDI = apnea hypopnea with associate 3% oxygen desaturation index 
AH I, AHI_4 = apnea + hypopnea index 
AHI_4 = AH! with associated > 4% oxygen desaturation, 
AHI_A04 = AH! with arousal or associated > 4% oxygen desaturation 
PCTSA95H, PCTSA90H, PCTSA85H, PCTSA80 PCTSA75H. PCTSA70H = % Of sleep time 

oxygen saturation < 95%, 90%, 85%, 80%, 75%, 70% 
L_RDI, L_STG1, L_STG2, L_STG34. L_REM, L_ARSI, L_HYP, L_CAP, L_OAP, L_AHIA, 

L_AHI4, L_PC90, L_PC85, L_PC80, L PC75 = natural log transformed (log (x + 0.001) of 
RDI, TMSTG1P. TMSTG2P, TMSTG34P, TMREMP. ARSJDX. HYPJDX. CAP IDX. 
OAPJDX, AHi_A. AHI_4, PCTSA90, PCTSA85, PXTSA80. PCT 75 

MINSA02, MAXSA02. AVGSA02 = minimum, maximum, average oxygen saturation 
02DESAT = oxygen desaturation factor score; FRAGMENT = sleep fragmentation ^ctor score 



Neuropsychological Measures 

Table 17. intercorrelations among Neuropsychological Measures 

W SIM W ARI W DIG W INF W LNS W PC W COD W SYM 
/WAIS-III/ 
W_SIM 1.000 0.537 0.342 0.606 0.247 0.312 0.190 0.110 
W_ARI 0.537 1.000 0.477 0.458 0.359 0.364 0.192 0.276 
W_DIG 0.342 0.477 1.000 0.203 0.573 0.074 0.194 0.131 
WJNF 0.606 0.458 0.203 1.000 0.150 0.301 0.125 0.185 
W_LNS 0.247 0.359 0.573 0.150 1.000 0.247 0.223 0.157 
W_PC 0.312 0.364 0.074 0.301 0.247 1.000 0.368 0.452 
W_COD 0.190 0.192 0.194 0.125 0.223 0.368 1.000 0.631 
W_SYM 0.110 0.276 0.131 0.185 0.157 0.452 0.631 1.000 
W_WMI 0.458 0.741 0.860 0.326 0.805 0.274 0.250 0.228 
W_PSI 0.168 0.273 0.163 0.135 0.190 0.441 0.887 0.863 
D_FWD 0.328 0.356 0.876 0.090 0.483 0.066 0.118 0.091 
D_BWK 0.324 0.460 0.878 0.265 0.549 0.103 0.211 0.125 
SUM_SIP 0.839 0.585 0.272 0.835 0.272 0.655 0.281 0.304 
/Other/ 
T_EST 0.050 -0.022 0.027 -0.027 -0.206 -0.118 -0.167 -0.070 
T_UP -0.013 -0.081 0.099 •0.028 0.007 0.048 0.183 0.143 
FAS 0.427 0.344 0.308 0.280 0.405 0.259 0.445 0.377 
FAS_E -0.048 -0.140 -0.144 -0.025 -0.043 -0.140 0.118 0.085 
ANIMAL 0.377 0.317 0.382 0.457 0.284 0.303 0.133 0.016 
ANIMAL_E -0.001 -0.001 0.192 -0.178 0.107 -0.136 0.092 0.064 
TRAILA -0.156 -0.200 -0.280 -0.140 -0.270 -0.388 -0.539 -0.415 
TRAILA_E 0.027 -0.026 -0.180 0.110 -0.208 0.146 -0.148 0.053 
TRAILB -0.261 -0.348 -0.296 -0.224 -0.319 -0.364 -0.464 -0.410 
TRAILB_E -0.130 -0.171 -0.126 -0.067 -0.098 0.101 0.032 -0.021 
PEG_D -0.249 -0.118 -0.182 -0.199 -0.322 -0.270 -0.285 -0.154 
PEG_ND -0.291 -0.119 -0.241 -0.188 -0.263 -0.273 -0.271 -0.153 
/Stroop/ 
W_T 0.281 0.255 0.380 0.198 0.381 0.224 0.559 0.446 
C_T 0.136 0.197 0.311 -0.056 0.387 0.194 0.557 0.390 
CW_T 0.294 0.328 0.433 0.164 0.400 0.168 0.477 0.359 
INTERF_T 0.180 0.193 0.226 0.139 0.139 0.031 0.104 0.042 
/WCST/ 
CAT 0.359 0.365 0.171 0.334 0.225 0.320 0.215 0.192 
NUMTRIAL -0.326 -0.360 -0.284 -0.312 -0.225 -0.295 -0.216 -0.202 
PERSVERR -0.324 -0.377 -0.278 -0.332 -0.297 -0.402 -0.267 -0.207 
/PVT/ 
LPS_SQXF -0.085 -0.065 0.039 -0.094 -0.052 -0.251 -0.173 -0.169 
SLOPE 0.160 0.124 0.155 0.252 0.108 0.162 0.110 0.142 
FS -0.084 -0.103 0.014 -0.083 -0.021 -0.086 -0.277 -0.148 



92 

Table 17 (con't) Intercorrelations among Neuropsychological Measures 

W WMI W PSI D FWD D_BWK SUM SIP T EST T UP FAS 
/WAIS-III/ 
W_SIM 0.458 0.168 0.328 0.324 0.839 0.050 -0.013 0.427 
W_ARI 0.741 0.273 0.356 0.460 0.585 -0.022 -0.081 0.344 
W_DIG 0.860 0.163 0.876 0.878 0.272 0.027 0.099 0.308 
WJNF 0.326 0.135 0.090 0.265 0.835 -0.027 -0.028 0.280 
W_LNS 0.805 0.190 0.483 0.549 0.272 -0.206 0.007 0.405 
W_PC 0.274 0.441 0.066 0.103 0.655 -0.118 0.048 0.259 
W_COD 0.250 0.887 0.118 0.211 0.281 -0.167 0.183 0.445 
W_SYM 0.228 0.863 0.091 0.125 0.304 -0.070 0.143 0.377 
W_WMI 1.000 0.255 0.723 0.786 0.456 -0.076 0.013 0.429 
W_PSI 0.255 1.000 0.109 0.154 0.303 -0.117 0.151 0.438 
D_FWD 0.723 0.109 1.000 0.590 0.212 0.011 0.143 0.231 
D_BWK 0.786 0.154 0.590 1.000 0.303 -0.023 0.068 0.344 
SUM_SIP 0.456 0.303 0.212 0.303 1.000 -0.034 0.000 0.416 
/Other/ 
TJEST -0.076 -0.117 0.011 -0.023 -0.034 1.000 -0.270 -0.123 
T_UP 0.013 0.151 0.143 0.068 0.000 -0.270 1.000 0.049 
FAS 0.429 0.438 0.231 0.344 0.416 -0.123 0.049 1.000 
FAS_E -0.139 0.126 -0.147 -0.134 -0.086 0.218 0.091 0.167 
ANIMAL 0.411 0.064 0.301 0.419 0.489 0.028 0.120 0.312 
ANIMAL_E 0.126 0.100 0.121 0.214 -0.132 0.040 -0.026 0.068 
TRAILA -0.306 -0.495 -0.263 -0.294 -0.280 -0.009 -0.116 -0.333 
TRAILA_E -0.176 -0.055 -0.156 -0.117 0.117 0.008 -0.043 -0.111 
TRAILB -0.392 -0.489 -0.255 -0.325 -0.356 0.024 0.008 -0.361 
TRAILB_E -0.153 -0.015 -0.131 -0.134 -0.050 0.198 -0.011 -0.050 
PEG_D -0.246 -0.216 -0.192 -0.259 -0.304 0.190 -0.122 -0.324 
PEG_ND -0.255 -0.208 -0.324 -0.241 -0.319 0.180 -0.087 -0.337 
/Stroop/ 
W_T 0.424 0.550 0.324 0.383 0.300 -0.046 0.055 0.499 
C_T 0.376 0.532 0.301 0.272 0.110 -0.146 0.012 0.370 
CW_T 0.487 0.459 0.364 0.416 0.269 -0.153 0.038 0.398 
!NTERF_T 0.235 0.076 0.156 0.238 0.155 -0.116 0.048 0.098 
/WCST/ 
CAT 0.310 0.210 0.152 0.190 0.434 -0.124 0.140 0.299 
NUMTRIAL -0.354 -0.222 -0.259 -0.314 -0.400 0.192 -0.115 -0.341 
PERSVERR -0.391 -0.264 -0.233 -0.311 •0.449 0.248 -0.131 -0.356 
/PVT/ 
LPS_SQXF -0.035 -0.187 0.096 -0.125 -0.176 0.020 -0.142 -0.104 
SLOPE 0.171 0.104 0.164 0.147 0.246 0.044 0.165 0.034 
FS -0.047 -0.231 -0.012 0.014 -0.107 0.121 -0.026 -0.029 
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Table 17 (con't) Intsrcorrelations among Neuropsychological Measures 

FAS E ANIMAL ANIMAL E TRAILA TRAILA E TRAILB TRAILB_E PEG D 
/WAIS-III/ 
W_SIM -0.048 0.377 -0.001 -0.156 0.027 -0.261 -0.130 -0.249 
W_ARI -0.140 0.317 -0.001 -0.200 -0.026 -0.348 -0.171 -0.118 
W_DIG -0.144 0.382 0.192 -0.280 -0.180 -0.296 -0.126 -0.182 
WJNF -0.025 0.457 -0.178 -0.140 0.110 -0.224 -0.067 -0.199 
W_LNS -0.043 0.284 0.107 -0.270 -0.208 -0.319 -0.098 -0.322 
W_PC -0.140 0.303 -0.136 -0.388 0.146 -0.364 0.101 -0.270 
W_COD 0.118 0.133 0.092 -0.539 -0.148 -0.464 0.032 -0.285 
W_SYM 0.085 0.016 0.064 -0.415 0.053 -0.410 -0.021 -0.154 
W_WMI -0.139 0.411 0.126 -0.306 -0.176 -0.392 -0.153 -0.246 
W_PSI 0.126 0.064 0.100 -0.495 -0.055 -0.489 -0.015 -0.216 
D_FWD -0.147 0.301 0.121 -0.263 -0.156 -0.255 -0.131 -0.192 
D_BWK -0.134 0.419 0.214 -0.294 -0.117 -0.325 -0.134 -0.259 
SUM_SIP -0.086 0.489 -0.132 -0.280 0.117 -0.356 -0.050 -0.304 
/Other/ 
T_EST 0.218 0.028 0.040 -0.009 0.008 0.024 0.198 0.190 
T_UP 0.091 0.120 -0.026 -0.116 -0.043 0.008 -0.011 -0.122 
FAS 0.167 0.312 0.068 -0.333 -0.111 -0.361 -0.050 -0.324 
FAS_E 1.000 -0.078 0.124 -0.055 -0.084 -0.014 0.139 -0.056 
ANIMAL -0.078 1.000 0.032 -0.274 0.033 -0.278 -0.069 -0.278 
ANIMAL_E 0.124 0.032 1.000 -0.072 0.001 0.032 0.138 0.014 
TRAILA -0.055 -0.274 -0.072 1.000 0.025 0.566 -0.075 0.350 
TRAILA_E -0.084 0.033 0.001 0.025 1.000 -0.037 0.056 -0.004 
TRAILB -0.014 -0.278 0.032 0.566 -0.037 1.000 0.414 0.356 
TRAILB_E 0.139 -0.069 0.138 -0.075 0.056 0.414 1.000 0.087 
PEG_D -0.056 -0.278 0.014 0.350 -0.004 0.356 0.087 1.000 
PEG_ND 0.060 -0.319 0.109 0.362 -0.007 0.443 0.164 0.715 
/Stroop/ 
W_TSCORE 0.066 0.230 0.103 -0.333 -0.120 -0.405 -0.022 -0.332 
C_TSCOR 0.066 0.180 0.136 -0.360 -0.239 -0.408 -0.088 -0.342 
CW_TSCOR -0.111 0.217 0.084 -0.259 -0.094 -0.373 -0.139 -0.188 
INTERF_T -0.212 0.059 -0.043 0.020 0.027 -0.087 -0.099 0.078 
/WCST/ 
CAT 0.037 0.189 0.142 -0.198 0.050 -0.217 0.097 -0.333 
NUMTRIAL 0.157 -0.164 -0.051 0.261 -0.076 0.275 0.038 0.348 
PERSVERR 0.147 -0.272 -0.050 0.293 -0.048 0.256 -0.047 0.380 
/PVT/ 
LPS_SQXF 0.082 -0.193 -0.100 0.152 0.005 0.132 -0.005 0.349 
SLOPE 0.021 0.275 0.024 -0.130 -0.013 -0.228 -0.113 -0.241 
FS 0.143 -0.115 0.051 0.063 0.102 0.174 0.106 0.057 



Table 17 (con't) Intercorrelations among Neuropsychological Measures 

PEG ND W T C T CW T INTERF T CAT NUMTRIAL PERSVERR 
/WAIS-III 
W_SIM -0.291 0.281 0.136 0.294 0.180 0.359 -0.326 -0.324 
W_ARI -0.119 0.255 0.197 0.328 0.193 0.365 -0.360 -0.377 
W_DIG -0.241 0.380 0.311 0.433 0.226 0.171 -0.284 -0.278 
WJNF -0.188 0.198 -0.056 0.164 0.139 0.334 -0.312 -0.332 
W_LNS -0.263 0.381 0.387 0.400 0.139 0.225 -0.225 -0.297 
W_PC -0.273 0.224 0.194 0.168 0.031 0.320 -0.295 -0.402 
W_COD -0.271 0.559 0.557 0.477 0.104 0.215 -0.216 -0.267 
W_SYM -0.153 0.446 0.390 0.359 0.042 0.192 -0.202 -0.207 
W_WMI -0.255 0.424 0.376 0.487 0.235 0.310 -0.354 -0.391 
W_PSI -0.208 0.550 0.532 0.459 0.076 0.210 -0.222 -0.264 
D_FWD -0.324 0.324 0.301 0.364 0.156 0.152 -0.259 -0.233 
D_BWK -0.241 0.383 0.272 0.416 0.238 0.190 -0.314 -0.311 
SUM_SIP -0.319 0.300 0.110 0.269 0.155 0.434 -0.400 -0.449 
/Other/ 
T_EST 0.180 -0.046 -0.146 -0.153 -0.116 -0.124 0.192 0.248 
T_UP -0.087 0.055 0.012 0.038 0.048 0.140 -0.115 -0.131 
FAS -0.337 0.499 0.370 0.398 0.098 0.299 -0.341 -0.356 
FAS_E 0.060 0.066 0.066 -0.111 -0.212 0.037 0.157 0.147 
ANIMAL -0.319 0.230 0.180 0.217 0.059 0.189 -0.164 -0.272 
ANIMAL_E 0.109 0.103 0.136 0.084 -0.043 0.142 -0.051 -0.050 
TRAILA 0.362 -0.333 -0.360 -0.259 0.020 -0.198 0.261 0.293 
TRAILA_E -0.007 -0.120 -0.239 -0.094 0.027 0.050 -0.076 -0.048 
TRAILB 0.443 -0.405 -0.408 -0.373 -0.087 -0.217 0.275 0.256 
TRAILB_E 0.164 -0.022 -0.088 -0.139 -0.099 0.097 0.038 -0.047 
PEG_D 0.715 -0.332 -0.342 -0.188 0.078 -0.333 0.348 0.380 
PEG_ND 1.000 -0.310 -0.306 -0.187 0.044 -0.203 0.353 0.294 
/Stroop/ 
W_T -0.310 1.000 0.661 0.577 -0.041 0.148 -0.139 -0.204 
C_T -0.306 0.661 1.000 0.634 -0.001 0.130 -0.118 -0.183 
CW_T -0.187 0.577 0.634 1.000 0.707 0.108 -0.081 -0.201 
INTERF_T 0.044 -0.041 -0.001 0.707 1.000 0.032 -0.008 -0.099 
/WCST/ 
CAT -0.203 0.148 0.130 0.108 0.032 1.000 -0-686 -0.809 
NUMTRIAL 0.353 -0.139 -0.118 -0.081 -0.008 -0.686 1.000 0.813 
PERSVERR 0.294 -0.204 -0.183 -0.201 -0.099 -0.809 0.813 1.000 
/PVT/ 
LPS_SQXF 0.212 -0.153 -0.137 -0.065 0.072 -0.301 0.148 0.225 
SLOPE -0.182 0.218 0.143 0.074 -0.095 0.238 -0.114 -0.253 
FS 0.092 -0.213 -0.180 -0.186 -0.043 -0.036 0.077 0.109 
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Table 17 (con't) Intercorrelations among Neuropsychological Measures 

LPS_ SQXF SLOPE FS 
/WAIS-lll/ 
W_SIM ^.085 0.160 -0.084 
W_ARI -0.065 0.124 -0.103 
W_DIG 0.039 0.155 0.014 
WJNF -0.094 0.252 -0.083 
W_LNS -0.052 0.108 -0.021 
W_PC -0.251 0.162 -0.086 
W_COD -0.173 0.110 -0.277 
W_SYM -0.169 0.142 -0.148 
W_WMI -0.035 0.171 -0.047 
W_PSI -0.187 0.104 -0.231 
D_FWD 0.096 0.164 -0.012 
D_BWK -0.125 0.147 0.014 
SUM_SIP -0.176 0.246 -0.107 
/Other/ 
T_EST 0.020 0.044 0.121 
T_UP -0.142 0.165 -0.026 
FAS -0.104 0.034 -0.029 
FAS_E 0.082 0.021 0.143 
ANIMAL -0.193 0.275 -0.115 
ANIMAL_E -0.100 0.024 0.051 
TRAILA 0.152 -0.130 0.063 
TRAILA_E 0.005 -0.013 0.102 
TRAILB 0.132 -0.228 0.174 
TRAILB_E -0.005 -0.113 0.106 
PEG_D 0.349 -0.241 0.057 
PEG_ND 0.212 -0.182 0.092 
/Stroop/ 
W_T -0.153 0.218 -0.213 
C_T -0.137 0.143 -0.180 
CW_T -0.065 0.074 -0.186 
INTERF_T 0.072 -0.095 -0.043 
/WCST/ 
CAT -0.301 0.238 -0.036 
NUMTRIAL 0.148 -0.114 0.077 
PERSVERR 0.225 -0.253 0.109 
/PVT/ 
LPS_SQXF 1.000 -0.177 0.180 
SLOPE -0.177 1.000 -0.184 
FS 0.180 -0.184 1.000 
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All subjects (N = 103) were included in computing the correlation coefficients 
/WAIS-III/: WAIS-III Similarities (W_SIM); Arithmetic (W_ARI); Digit Span (W_DIG); Information 

(WJNF); Letter-Number Sequendng (W_LNS); Picture Completion (W_PC); Digit Symbol 
Coding (W_COD); Symbol Search (W_SYM); Working Memory Index (W_WMi); Processing 
Speed Index (W_PSI); raw score of Digit Span fon^rd (D_FWD); raw score of Digit Span 
backward (D_BWK); sum of SIM. INF and PC (SUM.SIP) 

/Other/; Time estimate test (how many seconds do you presumed went by? (T_EST); Time 
estimate test (tell me when exactly 35 seconds is up (T_UP); Controlled Oral Word 
Association Test (FAS); no. of errors in FAS; Animal Naming task (ANIMAL); no. of errors in 
ANIMAL; time to task completion on Trails A (TRAILA); no. of error in TRAILA; time to task 
completion on Trails B (TRAILS); no. of error in TRAILS; Grooved Pegboard dominate hand 
trial (PEG_D); Grooved Pegboard non-dominate hand trial (PEG_ND) 

/Stroop/: Stroop Cok)r-Word Test Word trial T score (W_T); Color trial (C_T); Color-Word trial 
(CW_T); Interference T score (INTERF_T) 

A/VCST/; Wisconsin Card Sorting Test no. of category completed (CAT); no. of trials administered 
(NUMTRIAL); no. of perseverative errors (PERSVERR) 

/PVT/: Psychomotor Vigilance Test square-root transform of no. of lapse {LPS_SQXF); slope of 
the regression line fitted for reaction time across the 10 minute test duration (SLOPE); no. of 
false start (FS) 
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Table 18. Pearson Correlation Coefficients of Neuropsychological 
Measures, Age, Estimated Premorbid IQ, Education, and 
Neuropsychological Factors 

AGE EDU FIQ PSYMO WKMEMPRSOLVSEMMEM MANDX INHIB 
/WAIS-lll/ 
SIM -0.052 0.568 0.598 0.064 0.139 0.215 0.761 -0.140 0.181 
ARI 0.001 0.479 0.554 0.254 0.411 0.277 0.568 0.168 0.101 
DIG -0.116 0.229 0.275 0.054 0.905 0.107 0.160 -0.051 0.143 
INF -0.031 0.563 0.534 0.085 0.023 0.186 0.830 -0.053 0.038 
LNS -0.172 0.139 0.111 0.179 0.690 0.131 0.068 -0.193 0.093 
PC -0.137 0.164 0.252 0.575 -0.049 0.230 0.397 -0.100 -0.089 
COD 0.055 0.139 0.221 0.798 0.089 0.093 -0.004 -0.182 0.200 
SYM 0.102 0.128 0.192 0.863 0.016 0.104 0.071 0.073 0.086 
WMI -0.116 0.335 0.375 0.193 0.841 0.207 0.319 -0.031 0.146 
PSI 0.102 0.187 0.255 0.900 0.044 0.113 0.026 -0.035 0.162 
D_FWD -0.193 0.177 0.236 0.018 0.713 0.099 0.108 -0.149 0.124 
D_BWK -0.248 0.257 0.261 0.062 0.881 0.132 0.176 -0.105 0.130 
SUM.SIP -0.089 0.570 0.604 0.287 0.054 0.268 0.866 -0.126 0.064 
/Others/ 
T EST 0.194 0.117 0.161 -0.078 0.012 -0.217 0.098 0.136 -0.141 
T_UP -0.057 -0.098 -0.145 0.094 0.033 0.106 -0.064 -0.079 0.027 
FAS -0.126 0.383 0.326 0.405 0.262 0.217 0.274 -0.244 0.170 
FAS_E 0.122 0.059 0.008 0.127 -0.112 -0.107 -0.085 -0.033 -0.162 
ANIMAL -0.343 0.384 0.367 0.029 0.350 -0.051 0.610 -0.315 -0.071 
ANIMAL_E 0.058 -0.087 -0.064 0.029 0.246 0.067 -0.149 0.083 -0.001 
TRAILA 0.296 0.005 -0.121 -0.634 -0.259 -0.066 -0.016 0.374 0.098 
TRAILA_E -0.089 0.019 -0.021 -0.015 -0.227 0.080 0.133 -0.012 -0.018 
TRAILS 0.276 -0.182 -0.282 -0.551 -0.244 -0.063 -0.161 0.383 -0.077 
TRAILB_E 0.086 -0.107 -0.143 0.014 -0.130 0.082 -0.084 0.122 -0.112 
PEG D 0.552 -0.080 -0.028 -0.130 -0.097 -0.241 -0.102 0.820 0.006 
PEG.ND 0.508 -0.084 -0.097 -0.145 -0.108 -0.144 -0.142 0.856 -0.002 
/Stroop/ 
W_TSC -0.097 0.260 0.195 0.474 0.329 0.008 0.142 -0.215 0.163 
C_TSC -0.129 0.025 0.065 0.480 0.296 -0.003 -0.071 -0.272 0.211 
CW_TSC 0.019 0.182 0.229 0.353 0.318 -0.017 0.098 -0.118 0.808 
INTERF.TSC 0.139 0.124 0.187 -0.021 0.094 0.020 0.076 0.078 0.927 
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Table 18 (con't) Pearson Correlation Coefficients of Neuropsychological 
Measures, Age, Estimated Premorbid IQ, Education, and 
Neuropsychological Factors 

AGE EDU FIQ PSYMO WKMEM PRSOLV SEMMEM MANDX INHIB 
/WGST/ 
CAT -0.164 0.260 0.271 0.124 0.041 0.832 0.217 -0.082 0.019 
NUMTRIAL 0.297 -0.260 -0.247 -0.115 -0.164 -0.889 -0.116 0.178 0.032 
CORR 0.137 -0.052 0.004 0.040 -0.101 -0.244 0.101 0.071 0.078 
ERR 0.276 -0.276 -0.289 -0.153 -0.139 -0.909 -0.186 0.171 -0.002 
PRSVRESP 0.237 -0.227 -0.262 -0.154 -0.152 -0.854 -0.164 0.174 -0.061 
PERSVERR 0.219 -0.252 -0.283 -0.155 -0.157 -0.a64 -0.174 0.162 -0.061 
NONP ERR 0.306 -0.266 -0.258 -0.131 -0.100 -0.839 -0.175 0.159 0.067 
PCT.PERR 0.194 -0.255 -0.282 -0.163 -0.161 -0.812 -0.171 0.141 -0.083 
TRT01STC 0.230 -0.115 -0.140 -0.132 -0.050 -0.318 -0.078 0.140 -0.057 
PCT.CPTR -0.266 0.275 0.283 0.163 0.140 0.897 0.186 -0.120 0.015 
FMS 0.176 -0.162 -0.142 -0.105 -0.066 -0.499 -0.102 0.118 0.068 
/PVT/ 
GX_RRT -0.306 0.093 0.071 0.185 0.152 0.174 0.136 -0.245 -0.113 
SX_RRT -0.367 0.029 0.023 0.285 0.066 0.111 0.092 -0.297 -0.129 
FX_RRT -0.236 0.086 0.059 0.029 0.162 0.137 0.075 -0.152 -0.109 
MEDRRT -0.301 0.095 0.060 0.181 0.162 0.163 0.149 -0.258 -0.117 
GSDRRT 0.128 0.068 0.046 -0.232 0.129 0.011 0.008 0.167 -0.001 
SSDRRT 0.222 0.037 0.141 0.075 -0.009 0.155 0.058 0.101 0.151 
FSDRRT 0.101 0.057 0.116 0.060 -0.001 -0.065 0.050 0.199 -0.038 
LAPSES 0.136 -0.069 -0.046 -0.068 0.012 -0.211 -0.094 0.109 -0.045 
LPS.SQXF 0.321 -0.049 -0.011 -0.163 0.036 -0.162 -0.093 0.232 0.057 
SPCTLPS 0.365 0.004 0.020 -0.159 0.039 -0.140 -0.052 0.302 0.055 
SNUMLPS 0.372 0.004 0.016 -0.167 0.040 -0.142 -0.054 0.300 0.064 
FS 0.109 -0.004 -0.057 -0.184 0.051 -0.015 -0.070 0.051 -0.090 
SLOPE -0.187 0.069 0.130 0.091 0.083 0.101 0.206 -0.154 -0.101 
DEC PCT 0.223 -0.069 -0.121 -0.114 -0.065 -0.146 -0.210 0.189 0.100 

All subjects (N = 103) were included in computing the correlation coefficients 
Age; years; years of education (EDU); estimated premorbid IQ (PEIQ) 
"working memory" factor score (WKMEM); "problem-solving" factor score (PRSOLV): "semantic 

memory" factor score (SEMMEM); "manual dexterity" factor score (MANDX); "inhibition" 
factor score (INHIB) 

A/VAIS-III/: WAIS-III Similarit'es (SIM); Arithmetic (ARI); Digit Span (DIG); Information (INF); 
Letter-Number Sequencing (LNS); Picture Completion (PC); Digit Symbol Coding (COD); 
Symbol Search (SYM); Working Memory Index (WMI); Processing Speed Index (PSI); raw 
score of Digit Span forward (D_FWD); raw score of Digit Span backward (D_BWK); sum of 
SIM. INF and PC (SUM_SIP) 

/Others/: Time estimate test (how many seconds do you presumed went by? (T_EST); Time 
estimate test (tell me when exactly 35 seconds is up (T_UP); Controlled Oral Word 
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Asscx:iation Test (FAS); no. of errors in FAS; Animal Naming task (ANIMAL); no. of errors in 
ANIMAL; time to task completion on Trails A (TRAILA); no. of error in TRAILA; time to task 
completion on Trails B (TRAILS); no. of error in TRAILS; Grooved Pegboard dominate hand 
trial (PEG_D); Grooved Pegt)oard non-dominate hand trial (PEG.NO) 

/Stroop/: Stroop Color-Word Test Word trial T score (W_TSC); Color trial (C_TSC); Color-Word 
trial (CW_TSC): Interference T score (INTERF_TSC) 

/WCST/; Wisconsin Card Sorting Test no. of category completed (CAT); no. of trials administered 
(NUMTRIAL); no. of correct response (CORR); no. of errors (ERR); no. of perseverative 
responses (PRSVRESP); no. of perseverative errors (PERSVERR); no. of non perseverative 
errors (NONP_ERR), percent of perseverative error (PCT_PERR); no. of trials to completing 
the 1" category (TRT01STC); percent of conceptual responding (PCT_CPTR); no. of ^ilure 
to maintain set (FMS) 

/PVT/: Psychomotor Vigilance Test reciprocal of mean reaction time of all trials (GX_RRT); 
reciprocal of the skjwest 10% trials reaction time (SX_RRT); reciprocal of the festest 10% 
trials reaction time (FX_RRT); reciprocal of the median reaction time (MEDRRT); standard 
deviation of the reciprocal of reaction time of all trials (GSDRRT); standard deviation of the 
slowest 10% trials reaction time (SSDRRT); standard deviation of the fastest 10% trials 
reaction time (FSDRRT); no. of lapse (LAPSES); square-root transform of LAPSES 
(LPS_SQXF); percent of time in lapse during the sk)west 10% trials (SPCTLPS); no. of lapse 
during the slowest 10% trials (SNUMSLPS); ^Ise start (FS); slope of the regression line fitted 
for reaction time across the 10 minute test duration (SLOPE); percent of performance 
decrement across the 10 minute test duration (DEC_PCT) 
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Table 19. Pearson Correlation Coefficients of Measures of Psychological 
Distress and Age 

CESD SOM OC IS ANX HQS PHOB PAR PSY GSl PST PSDl AGE 

CES-D 

/BSI/ 

1.000 .266 .348 .351 .481 .336 .214 .228 .456 .598 .544 .499 -.020 

TSOM .266 1.000 .244 .151 .318 .341 .205 .175 .402 .518 .499 .428 .084 
TOC .348 .244 1.000 .312 .347 .407 .230 .324 .445 .605 .546 .606 .145 
TIS .351 .151 .312 1.000 .458 .382 .277 .390 .428 .642 .675 .205 -.008 
TANX .481 .318 .347 .458 1.000 .439 .244 .437 .451 -694 .690 .334 .121 
THOS .336 .341 .407 .382 .439 1.000 .234 .544 .403 .661 .638 .416 .043 
TPHOB .214 .205 .230 .277 .244 .234 1.000 .265 .454 .423 .419 .202 -.036 
TPAR .228 .175 .324 .390 .437 .544 .265 1.000 .443 .609 .606 .318 -.146 
TPSY .456 .402 .445 .428 .451 .403 .454 .443 1.000 .760 .732 .496 .030 
TGSI .598 .518 .605 .642 .694 .661 .423 .609 .760 1.000 .974 .628 .052 
TPST .544 .499 .546 .675 .690 .638 .419 .606 .732 .974 1 1.000 .466 .041 
TPSDI .499 .428 .606 .205 .334 .416 .202 .318 .496 .628 .466 1.000 .070 
AGE -.020 .084 .145 -.008 .121 .043 -.036 -.146 .030 .052 .041 .070 1.000 

All subjects (N = 103) were included in computing the correlation coefficients 
Age; years 
CES-D; Center for Epidemiologic Study - Depression Scale score (CES-D) 
/BSI/; T-scores of the Brief Symptom Inventory primary symptom dimensions Somatization 

(TSOM); Obsessive-Compulsive (TO-C); Interpersonal Sensitivity (Tl-S); Depression (TDEP); 
Anxiety (TANX); Hostility (THOS); Phobic Anxiety (TPHOB): Paranoid Ideation (TPAR); 
Psychoticism (TPSY); global indices Global Severity Index (TGSI); Positive Symptom Total 
(TPST); Positive Symptom Distress Index (TPSDI) 
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APPENDIX C 

Correlations between Neuropsychological Measures 
and PSG Measures in SDB Group 

Table 20. Pearson Correlation Coefficients of PSG Measures, 
Neuropsychological Measures, Age, and Estimated Premorbid IQ 

Hypox Frag LRDI LARSI LAHIA LPC90 LPC85 LPC80 LPC75 LSA70 MIN02S 
W_SIM -0.015 -0.062 -0.006 -0.099 -0.084 -0.013 -0.078 -0.096 0.038 0.132 -0.033 
W_ARI -0.093 -0.184 -0.062 -0.173 -0.159 -0.046 -0.026 -0.171 -0.098 -0.043 0.111 
W_DIG -0.051 0.000 -0.055 -0.093 -0.088 0.052 0.031 -0.107 -0.088 -0.145 0.088 
WJNF 0.085 -0.085 0.222 -0.113 -0.045 0.141 -0 069 0.020 0.085 0.160 -0.093 
W_LNS -0.053 0.325 0.070 0.077 0.103 -0.080 -0.023 -0.065 0.023 0.069 -0.077 
W_PC -0.135 -0.103 0.054 -0.071 -0.088 -0.146 -0.065 -0.166 -0.073 -0.074 0.149 
W_COD -0.289 -0.093 -0.246 -0.152 -0.155 -0.279 -0.293 -0.340 -0.218 0.053 0.210 
W_SYM -0.109 -0.177 -0.134 -0.175 -0.142 -0.234 -0.142 -0.139 -0.045 0.183 0.038 
W_WMI -0.085 0.044 -0.023 -0.083 -0.060 -0.019 -0.004 -0.148 -0.076 -0.057 0.065 
W_PSI -0.215 -0.142 -0.206 -0.171 -0.161 -0.271 -0.237 -0.263 -0.143 0.125 0.137 
D_FWD -0.180 0.073 -0.115 -0.010 -0.003 -0.113 -0.133 -0.169 -0.138 -0.232 0.183 
D_BWK 0.063 -0.131 0.019 -0.210 -0.237 0.113 0.143 -0.027 -0.009 -0.074 0.008 
SUM_SIP -0.024 -0.104 0.113 -0.121 -0.092 -0.004 -0.090 -0.100 0.025 0.099 0.004 
T_EST -0.044 -0.031 0.021 0.027 0.007 0.038 0.008 -0.024 -0.061 -0.002 0.084 
T_UP -0.015 -0.121 -0.161 -0.120 -0.124 -0.259 -0.118 0.015 0.061 0.052 -0.053 
FAS -0.035 0.127 -0.102 0.059 0.072 -0.038 0.007 -0.073 -0.012 0.178 -0.054 
FAS_E 0.152 0.121 0.086 0.133 0.131 0.084 0.136 0.037 0.176 0.513 -0.291 
ANIMAL -0.041 -0.070 0.086 -0.126 -0.123 0.047 0.027 -0.074 -0.086 -0.206 0.104 
ANIMAL_E 0.193 -0.069 0.141 -0.111 -0.079 0.072 0.186 0.205 0.222 0.036 -0.096 
TRAILA 0.164 0.139 -0.027 0.138 0.176 0.151 0.116 0.271 0.078 0.068 -0.176 
TRAILA_E 0.065 -0.080 0.161 -0.038 -0.005 -0.007 0.055 0.166 0.039 -0.091 -0.019 
TRAILS 0.274 0.100 -0.076 0.188 0.167 0.148 0.148 0.397 0.306 0.028 -0.223 
TRAILB_E 0.172 0.025 0.002 0.092 0.098 0.164 0.140 0.170 0.164 0.093 -0.158 
PEG_D 0.129 -0.082 -0.194 0.030 0.001 0.280 0.128 0.103 -0.039 -0.104 -0.054 
PEG_ND 0.377 0.005 -0.071 0.159 0.119 0.315 0.327 0.377 0.287 0.135 -0.323 
WORD_T -0.162 -0.014 -0.082 -0.118 -0.058 -0.157 -0.130 -0.185 -0.149 0.064 0.097 
COLOR_T -0.227 0.166 0.024 0.029 0.052 -0.095 -0.061 -0.282 -0.213 -0.020 0.167 
CW_T -.159 .059 -.030 -.029 .034 -.091 -.135 -.177 -.102 .058 .091 
INTERF_T -0.119 0.005 -0.007 -0.013 0.038 -0.084 -0.164 -0.093 -0.047 0.079 0.066 
CAT -0.108 0.084 0.100 0.113 0.160 -0.111 -0.036 -0.125 -0.046 -0.005 0.100 
NUMTRIAL 0.235 0.202 0.127 0.140 0.116 0.183 0.115 0.247 0.233 0.171 -0.280 
PERSVERR 0.153 0.036 -0.058 0.054 0.022 0.090 0.094 0.189 0.127 0.077 -0.180 
FMS 0.019 -0.150 0.053 -0.222 -0.257 0.063 -0.133 -0.016 0.026 0.124 -0.042 
FS 0.350 0.029 -0.037 -0.032 -0.020 0.166 0.320 0.273 0.307 0.309 -0.376 
SLOPE -0.046 0.134 0.392 0.075 0.093 -0.103 -0.045 0.032 -0.024 -0.031 0.055 
LPS SQXF 0.131 0.219 -0.057 0.219 0.293 0.127 0.105 0.124 0.115 0.264 -0.217 
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Table 20 (con't) Pearson Correlation Coefficients of PSG Measures, 
Neuropsychological Measures Age, and Estimated Premorbid IQ 

Hypox Frag LRDI LAHI LAHIA LPC90 LPC85 LPC80 LPC75 LPC70 MiN02S 
CES_D 0.052 0.044 -0.043 0.014 0.033 0.002 0.031 0.083 0.007 0.047 -0.065 
T_SOM 0.021 -0.044 0.048 -0.068 -0.150 -0.130 -0.007 -0.055 0.067 0.169 -0.108 
T_OC 0.254 0.012 0.161 0.000 0.050 0.125 0.136 0.340 0.238 0.143 -0.238 
TJS 0.222 -0.131 0.094 -0.071 -0.003 0.120 0.076 0.255 0.223 -0.083 -0.116 
T_ANX -0.020 -0.005 -0.098 0.020 0.049 0.046 0.019 -0.012 -0.069 -0.140 0.079 
T_HOS 0.247 0.068 0.036 0.034 0.025 0.009 0.113 0.273 0.297 0.167 -0.270 
T_PHOB 0.257 0.200 -0.037 0.162 0.043 0.224 0.165 0.227 0.192 -0.097 -0.176 
T_PAR 0.135 0.038 -0.043 0.060 0.070 0.102 0.110 0.152 0.118 -0.127 -0.051 
T_PSY 0.216 -0.036 0.012 0.049 -0.043 0.099 0.174 0.261 0.141 -0.054 -0.152 
T_GSI 0.262 0.006 0.061 0.051 0.025 0.112 0.177 0.273 0.235 0.028 -0.215 
T_PST 0.224 0.034 0.104 0.078 0.065 0.125 0.133 0.228 0.194 -0.030 -0.163 
T_PSDI 0.261 -0.087 -0.044 -0.093 -0.132 -0.057 0.132 0.268 0.301 0.297 -0.326 
PEIQ -0.255 -0.145 -0.139 -0.167 -0.176 -0.103 -0.220 -0.360 -0.248 -0.048 0.222 
AGE 0.119 0.229 -0.001 0.226 0.308 0.270 0.080 0.091 0.012 0.241 -0.159 
Only SOB subjects (N = 52) were included in computing the correlation coefficients 
PSG; "hypoxemia" factor (Hypox); "sleep fragmentation* fector (Frag); log transformed respiratory 

disturbance index (LRDI); apnea-hypopnea index (LAHI); apnea-hypopnea with arousal index 
(LAHIA); % of sleep oxygen saturation < 90% (LPC90). < 85% (LPC85), < 80% (LPC80), 
<75% (LPC75), < 70% (LPC70); minimum oxygen saturation (MIN02S) 

WAIS-III: WAIS-III Similarities (W_SIM); Arithmetic (W_ARI); Digit Span (W_DIG); Information 
(W_INF); Letter-Number Sequencing (W_LNS); Picture Completion (W_PC); Digit Symbol 
Coding (W_COD); Symbol Search (W_SYM); Working Memory Index (W_WMI); Processing 
Speed Index (W PSI); raw score of Digit Span forward (D_FWD); raw score of Digit Span 
backward (D_BWk); sum of SIM. INF and PC (SUM_SIP) 

Others: Time estimate test (how many seconds do you presumed went by? (T_EST); Time 
estimate test (tell me when exactly 35 seconds is up (T_UP); Controlled Oral Word 
Association Test (FAS); no. of errors in FAS; Animal Naming task (ANIMAL); no. of errors in 
ANIMAL; time to task completion on Trails A (TRAILA); no. of error in TRAILA; time to task 
completion on Trails B (TRAILB); no. of error in TRAILB; Grooved Pegboard dominate hand 
trial (PEG_D); Grooved Pegboard non-dominate hand trial (PEG_ND) 

Stroop: Stroop Color-Word Test Word trial T score (WORD_T); Color trial (COLOR_T); Color-
Word trial (CW_T); Interference T score (fNTERF_T) 

WCST; Wisconsin Card Sorting Test no. of category completed (CAT); no. of trials administered 
(NUMTRIAL); no. of perseverative errors (PERSVERR); no. of ^ilure to maintain set (FMS) 

PVT: Psychomotor Vigilance Test reciprocal of mean reaction time of all trials (GX_RRT); 
reciprocal of the slowest 10% trials reaction time (SX_RRT); reciprocal of the ^stest 10% 
trials reaction time (FX_RRT); reciprocal of the median reaction time (MEDRRT); standard 
deviation of the reciprocal of reaction time of all trials (GSDRRT); standard deviation of the 
slowest 10% trials reaction time (SSDRRT); standard deviation of the fastest 10% trials 
reaction time (FSDRRT); no. of lapse (LAPSES); square-root transform of LAPSES 
(LPS_SQXF); percent of time in lapse during the slowest 10% trials (SPCTLPS); no. of lapse 
during the slowest 10% trials (SNUMSLPS); false start (FS); slope of the regression line fitted 
for reaction time across the 10 minute test duration (SLOPE); percent of performance 
decrement across the 10 minute test duration (DEC_PCT) 

CES-D; Center for Epidemiologic Study - Depression Scale score (CES-D) 
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/BSI/; T-scores of the Brief Symptom inventory primary symptom dimensions Somatization 
(TSOM); Obsessive-Compulsive (TO-C); Interpersonal Sensitivity (Tl-S); Depression (TDEP); 
Anxiety (TANX); Hostility (THOS); Phobic Anxiety (TPHOB); Paranoid Ideation (TPAR); 
Psychoticism (TPSY); glot>al indices Glot)al Severity Index ^GSI); Positive Symptom Total 
(TPST); Positive Symptom Distress Index (TPSDI) 

Age; years; years of education (EDU); estimated premorbid 'Q (PEIQ) 
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Table 21. Pearson Correlation Coefficients of SDB Factors, 
Neuropsychological Measures, and Demographic Variables 

AGE Sex BMI CV 1 PSYCH ALCO CAFF TOBACCO 
AGE 1.000 -0.105 -0.360 0.127 -0.124 0.162 -0.184 -0.282 
Sex -0.105 1.000 0.027 -0.262 0.330 -0.301 -0.191 -0.091 
BMI -0.360 0.027 1.000 0.044 0.185 -0.081 -0.067 -0.155 
CV 0.127 -0.262 0.044 1.000 -0.027 0.022 -0.098 0.064 
PSYCH -0.124 0.330 0.185 -0.027 1.000 -0.064 -0.121 -0.142 
ALCOH 0.162 -0.301 -0.081 0.022 -0.064 1.000 0.399 0.332 
CAFF -0.184 -0.191 -0.067 -0.098 -0.121 0.399 1.000 0.385 
TOBACCO -0.282 -0.091 -0.155 0.064 -0.142 0.332 0.385 1.000 
/Neuropsych/ 
PSYMO 0.073 0.098 -0.047 -0.063 0.210 -0.124 -0.087 -0.189 
WKMEM 0.008 0.105 0.092 0.011 0.268 0.165 -0.123 0.061 
PRSOLV -0.041 -0.013 0.011 0.130 -0.323 -0.120 0.070 0.119 
SEMMEM 0.058 -0.437 -0.069 0.149 0.004 0.251 0.114 0.034 
MANDX 0.560 -0.207 -0.009 0.002 -0.282 0.280 0.144 -0.008 
Inhib 0.338 -0.112 -0.166 0.012 -0.053 0.302 -0.170 -0.087 
SQR-XFRM C-.i25 0.141 -0.250 -0.039 -0.166 0.041 -0.176 -0.057 
FS 0.139 0.121 0.129 0.017 0.109 0.036 -0.101 -0.091 
SLOPE -0.140 -0.230 0.168 0.179 0.004 0.022 0.020 -0.090 
CES-D -0.071 0.189 -0.032 -0.164 -0.111 0.197 0.141 0.099 
IBSU 
T_SOM -0.163 0.013 0.257 -0.007 0.092 0.128 0.035 0.013 
T_OC 0.051 -0.063 0.132 -0.025 -0.034 0.075 0.053 0.040 
TJS -0.081 -0.184 0.324 0.185 -0.269 -0.055 0.057 0.008 
T_ANX 0.012 -0.091 0.130 -0.042 -0.208 0.206 -0.029 0.016 
T_HOS -0.053 0.072 0.266 0.079 0.014 0.023 0.017 0.053 
T_PHOB -0.144 -0.122 0.113 0.128 0.058 -0.100 -0.049 -0.020 
T_PAR -0.181 -0.178 0.144 0.036 -0.184 0.249 0.131 0.224 
T_PSY -0.110 -0.127 0.166 -0.089 -0.141 0.253 0.163 0.157 
T_GSI -0.075 -0.068 0.283 0.009 -0.119 0.105 0.063 0.000 
T_PST -0.051 -0.090 0.202 0.080 -0.132 0.108 0.078 0.024 
T_PSDI -0.076 -0.013 0.453 -0.226 -0.017 0.081 -0.024 -0.139 
/SDB Factors/ 
Hypoxemia 0.119 -0.184 0.375 -0.059 -0.148 0.178 0.053 -0.043 
Fragmentation 0.229 -0.131 -0.243 0.019 -0.247 -0.131 0.022 0.048 
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Table 21 (con't) Pearson Correlation Coefficients of SDB Factors, 
Neuropsychological Measures, and Demographic Variables 

PSYMO WKMEM PRSOLV SEMMEM MANDX INHIB LPS SRXF 
AGE 0.073 0.008 -0.041 0.058 0.560 0.338 0.525 
Sex 0.098 0.105 -0.013 -0.437 -0.207 -0.112 0.141 
BMI -0.047 0.092 0.011 -0.069 -0.009 -0.166 -0.250 
CV -0.063 0.011 0.130 0.149 0.002 0.012 -0.039 
PSYCH 0.210 0.268 -0.323 0.004 -0.282 -0.053 -0.166 
ALCOH -0.124 0.165 -0.120 0.251 0.280 0.302 0.041 
CAFF -0.087 -0.123 0.070 0.114 0.144 -0.170 -0.176 
TOBACCO -0.189 0.061 0.119 0.034 -0.008 -0.087 -0.057 
/Neuropsych/ 
PSYMO 1.000 -0.073 0.056 -0.004 -0.032 0.128 -0.160 
WKMEM -0.073 1.000 -0.176 0.056 0.139 -0.039 0.107 
PRSOLV 0.056 -0.176 1.000 -0.100 0.060 0.134 -0.170 
SEMMEM -0.004 0.056 -0.100 1.000 0.084 0.105 -0.064 
MANDX -0.032 0.139 0.060 0.084 1.000 0.134 0.428 
INHIB 0.128 -0.039 0.134 0.105 0.134 1.000 0.193 
LPS_SRXF -0.160 0.107 -0.170 -0.064 0.428 0.193 1.000 
FS -0.176 0.178 -0.298 -0.157 -0.007 -0.202 0.363 
SLOPE 0.097 -0.051 0.194 0.155 -0.142 -0.048 -0.255 
CES-D -0.165 -0.115 0.123 -0.320 0.094 -0.162 -0.067 
/BSI/ 
T_SOM -0.152 0.059 -0.002 -0.062 0.093 -0.257 -0.137 
T_OC -0.332 0.019 -0.085 -0.036 0.081 -0.346 -0.025 
TJS -0.325 0.035 0.099 -0.103 0.195 -0.106 -0.140 
T_ANX -0.005 0.008 -0.056 -0.007 0.275 -0.211 -0.084 
T_HOS -0.329 0.080 -0.144 -0.027 0.118 -0.424 0.020 
T_PHOB -0.265 0.010 -0.342 0.006 -0.103 -0.411 0.017 
T_PAR -0.277 -0.198 -0.089 0.003 0.049 -0.109 -0.115 
T_PSY -0.273 0.054 0.128 0.021 0.245 -0.211 -0.395 
T_GSI -0.251 0.023 -0.007 -0.047 0.272 -0.334 -0.145 
T_PST -0.278 0.052 -0.058 0.000 0.268 -0.296 -0.130 
T_PSDI -0.065 -0.063 0.091 -0.142 0.133 -0.316 -0.109 
/SDB Factors/ 
Hypoxemia -0.171 0.055 -0.157 0.080 0.248 -0.141 0.131 
Fragmentation -0.159 0.025 -0.056 -0.091 -0.090 0.094 0.219 



106 

Table 21 (con't) Pearson Correlation Coefficients of SDB Factors, 
Neuropsychological Measures, and Demographic Variables 

FS SLOPE CES-D T SOM T OC T IS T ANX T HQS 
AGE 0.139 -0.140 -0.071 -0.163 0.051 -0.081 0.012 -0.053 
Sex 0.121 -0.230 0.189 0.013 -0.063 -0.184 -0.091 0.072 
BMI 0.129 0.168 -0.032 0.257 0.132 0.324 0.130 0.266 
CV 0.017 0.179 -0.164 -0.007 -0.025 0.185 -0.042 0.079 
PSYCH 0.109 0.004 -0.111 0.092 -0.034 -0.269 -0.208 0.014 
ALCOH 0.036 0.022 0.197 0.128 0.075 -0.055 0.206 0.023 
CAFF -0.101 0.020 0.141 0.035 0.053 0.057 -0.029 0.017 
TOBACCO -0.091 -0.090 0.099 0.013 0.040 0.008 0.016 0.053 
/Neuropsych/ 
PSYMO -0.176 0.097 -0.165 -0.152 -0.332 -0.325 -0.005 -0.329 
WKMEM 0.178 -0.051 -0.115 0.059 0.019 0.035 0.008 0.080 
PRSOLV -0.298 0.194 0.123 -0.002 -0.085 0.099 -0.056 -0.144 
SEMMEM -0.157 0.155 -0.320 -0.062 -0.036 -0.103 -0.007 -0.027 
MANDX -0.007 -0.142 0.094 0.093 0.081 0.195 0.275 0.118 
INHIB -0.202 -0.048 -0.162 -0.257 -0.346 -0.106 -0.211 -0.424 
LPS_SRXF 0.363 -0.255 -0.067 -0.137 -0.025 -0.140 -0.084 0.020 
FS 1.000 -0.239 -0.043 0.134 0.125 -0.122 -0.166 0.238 
SLOPE -0.239 1.000 -0.151 -0.071 -0.053 0.022 -0.025 0.022 
CES-D -0.043 -0.151 1.000 0.286 0.410 0.240 0.505 0.346 
/BSI/ 
T_SOM 0.134 -0.071 0.286 1.000 0.228 0.121 0.229 0.345 
T_OC 0.125 -0.053 0.410 0.228 1.000 0.334 0.270 0.443 
TJS -0.122 0.022 0.240 0.121 0.334 1.000 0.431 0.316 
T_ANX -0.166 -0.025 0.505 0.229 0.270 0.431 1.000 0.295 
T_HOS 0.238 0.022 0.346 0.345 0.443 0.316 0.295 1.000 
T_PHOB 0.204 0.048 0.132 0.142 0.192 0.140 0.100 0.256 
T_PAR -0.124 0.011 0.266 0.150 0.298 0.474 0.504 0.482 
T_PSY -0.125 0.023 0.548 0.394 0.461 0.431 0.363 0.420 
T_GSI -0.029 -0.033 0.573 0.498 0.619 0.661 0.633 0.615 
T_PST -0.056 -0.050 0.535 0.464 0.562 0.677 0.654 0.590 
T_PSDI 0.164 0.087 0.436 0.445 0.608 0.303 0.226 0.495 
/SDB Factors/ 
Hypoxemia 0.350 -0.046 0.052 0.021 0.254 0.222 -0.020 0.247 
Fragmentation 0.029 0.134 0.044 -0.044 0.012 -0.131 -0.005 0.068 
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Table 21 (con't) Pearson Correlation Coefficients of SDB Factors, 
Neuropsychological Measures, and Demographic Variables 

T PHOB T PAR T_PSY T GSI T PST T_PSDI Hypoxemia Fragment 
AGE -0.144 -0.181 -0.110 -0.075 -0.051 -0.076 0.119 0.229 
SX -0.122 -0.178 -0.127 -0.068 -0.090 -0.013 -0.184 -0.131 
BMI 0.113 0.144 0.166 0.283 0.202 0.453 0.375 -0.243 
CV 0.128 0.036 -0.089 0.009 0.080 -0.226 -0.059 0.019 
PSYCH 0.058 -0.184 -0.141 -0.119 -0.132 -0.017 -0.148 -0.247 
ALCOH -0.100 0.249 0.253 0.105 0.108 0.081 0.178 -0.131 
CAFF -0.049 0.131 0.163 0.063 0.078 -0.024 0.053 0.022 
TOBACCO -0.020 0.224 0.157 0.000 0.024 -0.139 -0.043 0.048 
/Neuropsych/ 
PSYMO -0.265 -0.277 -0.273 -0.251 -0.278 -0.065 -0.171 -0.159 
WKMEM 0.010 -0.198 0.054 0.023 0.052 -0.063 0.055 0.025 
PRSOLV -0.342 -0.089 0.128 -0.007 -0.058 0.091 -0.157 -0.056 
SEMMEM 0.006 0.003 0.021 -0.047 0.000 -0.142 0.080 -0.091 
MANDX -0.103 0.049 0.245 0.272 0.268 0.133 0.248 -0.090 
INHIB -0.411 -0.109 -0.211 -0.334 -0.296 -0.316 -0.141 0.094 
LPS_SRXF 0.017 -0.115 -0.395 -0.145 -0.130 -0.109 0.131 0.219 
FS 0.204 -0.124 -0.125 -0.029 -0.056 0.164 0.350 0.029 
SLOPE 0.048 0.011 0.023 -0.033 -0.050 0.087 -0.046 0.134 
CES-D 0.132 0.266 0.548 0.573 0.535 0.436 0.052 0.044 
/BSI/ 
T_SOM 0.142 0.150 0.394 0.498 0.464 0.445 0.021 -0.044 
T_OC 0.192 0.298 0.461 0.619 0.562 0.608 0.254 0.012 
TJS 0.140 0.474 0.431 0.661 0.677 0.303 0.222 -0.131 
T_ANX 0.100 0.504 0.363 0.633 0.654 0.226 -0.020 -0.005 
T_HOS 0.256 0.482 0.420 0.615 0.590 0.495 0.247 0.068 
T_PHOB 1.000 0.390 0.260 0.326 0.339 0.126 0.257 0.200 
T_PAR 0.390 1.000 0.453 0.624 0.632 0.276 0.135 0.038 
T_PSY 0.260 0.453 1.000 0.753 0.715 0.526 0.216 -0.036 
T_GSI 0.326 0.624 0.753 1.000 0.977 0.630 0.262 0.006 
T_PST 0.339 0.632 0.715 0.977 1.000 0.472 0.224 0.034 
T_PSDI 0.126 0.276 0.526 0.630 0.472 1.000 0.261 -0.087 
/SDB Factors/ 
Hypoxemia 0.257 0.135 0.216 0.262 0.224 0.261 1.000 0.000 
Fragmentation 0.200 0.038 -0.036 0.006 0.034 -0.087 0.000 1.000 
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APPENDIX D 

SUBJECTS CONSENT FORM 

Study Title: EFFECTS OF SLEEP-DISORDERED BREATHING ON 
COGNITIVE FUNCTIONING 
(AKA Substudy of the Sleep Heart Health Study) 

Investigators: Richard Bootzin, Ph.D., Tracy Kuo, M.A., and Stuart Quan, M.D.. 

Sponsors: National Heart, Lung and Blood institute and the National Sleep 
Center. 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND 
OF HOW I WILL PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING 
THIS FORM WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I 
GIVE MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN 
INFORMED CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH 
STUDY SO THAT I KNOW THE NATURE AND THE RISKS OF MY 
PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR NOT 
PARTICIPATE IN A FREE AND INFORMED MANNER. 

Purpose 
I am being invited to participate voluntarily in the above-titled research project. 
The purpose of this study is to investigate the relationship between sleep and 
daytime functioning. More specifically, this study will assess several areas of 
cognitive, psychological, and emotional functioning, for example, concentration, 
language, problem-solving, perceptual-motor skills, general intelligence, and 
perception of mood and well-being. The study will examine how these cognitive 
and psychological functions are related to sleep and compare the test results 
between people with significant degree of respiratory disturbance in sleep and 
those with little or no such disturbance. 

Selection Criteria 
I am being asked to participate in this substudy of the Sleep Heart Health Study 
because 1) I have participated in the Sleep Heart Health Study and completed an 
overnight sleep study, and 2) I am at least 40 years of age. Approximately 110 of 
the Sleep Heart Health Study participants at the Tucson site will be enrolled in 
this substudy. 
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Procedure 
If I agree to participate, I will be asked to fill out several short questionnaires and 
be given a battery of cognitive tests. All together, the study will take about 2 !4 to 
3 hours. 

Risks 
There Is no known psychological risk in participating in this study. 

Benefits 
I understand that no benefit is guaranteed for my participation in this study. 
However, it is possible that my participation may potentially help in a very general 
way in understanding the relationship between sleep and daytime functioning. 
Additionally, a summary of my personal results will be mailed to me 
approximately 4-6 weeks after the testing session. If my test scores fall below 
the "average" range suggesting that I may have impairment in an area of 
cognitive functioning, I will t>e given a clinical referral for further evaluation and 
treatment. 

Confidentialitv 
My identity and any information that I disclose will be kept confidential and only 
the staff of the Sleep Heart Health Study will have access to this information. My 
records and testing data will be used for research purposes only. No individual 
will be identified and only group data will be presented in any written or oral 
report of the findings from this study. 

Participation Costs and Subiect Compensation 
Other than my time, there is no cost to me for participating in this study. I will be 
paid $25.00 for my participation. A check will be mailed to me 4-6 weeks after 
the study is completed. I understand that, subject to the State of Arizona and the 
University regulations, the investigators may be required to disclose and forward 
the payment information to outside agencies for taxation purpose. 

1 can obtain further information from Or. Richard Bootzin, at 621-7447, Tracy Kuo 
at 621-9666 or Dr. Stuart Quan at 626-6115. If I have questions concerning my 
rights as a research subject, I may call the Human Subjects Committee office at 
626-6721. 

AUTHORIZATION 

BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS. 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I 
MAY ASK QUESTIONS AT ANY TIME AND THAT I AM FREE TO WITHDRAW 
FROM THE PROJECT AT ANY TIME WITHOUT CAUSING BAD FEELINGS. 
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MY PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE 
INVESTIGATORS OR BY THE SPONSORS OR REASONS THAT WOULD BE 
EXPLAINED. NEW INFORMATION DEVELOPED DURING THE COURSE OF 
THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO CONTINUE IN 
THIS RESEARCH PROJECT WILL BE GIVEN TO ME AS IT BECOMES 
AVAILABLE. I UNDERSTAND THAT THIS CONSENT FORM WILL BE FILED 
IN AN AREA DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH 
ACCESS RESTRICTED TO THE PRINCIPAL INVESTIGATORS. RICHARD 
BOOTZIN, PH.D., TRACY KUO, M.A., AND STUART QUAN, M.D. OR 
AUTHORIZED REPRESENTATIVE OF THE PSYCHOLOGY DEPARTMENT 
AND RESPIRATORY SCIENCES CENTER. I UNDERSTAND THAT I DO NOT 
GIVE UP ANY OF MY LEGAL RIGHTS BY SIGNING THIS FORM. A COPY OF 
THIS SIGNED CONSENT FORM WILL BE GIVEN TO ME. 

Subject's Signature Date 

Witness (if applicable) Date 

INVESTIGATOR S AFFIDAVIT 

I have carefully explained to the subject the nature of the above project. I hereby 
certify that to the best of my knowledge the person who is signing this consent 
form understands clearly the nature, benefits, and risks involved in his/her 
participation and his/her signature is legally valid. A medical problem or 
language or educational barrier has not precluded this understanding. 

Investigator's Date 



111 

REFERENCES 

American Academy of Sleep Medicine (1999). Sleep related breathing 
disorders in adults: recommendation for syndrome definition and measurement 
techniques in clinical research. Sleep. 22, 667-689. 

American Sleep Disorders Association (1997). The International 
Classification of Sleep Disorders: Diagnostic and Codino Manual. Rochester, 
MN: Author. 

Anderson, R. M. (1994). Practitioner's Guide to Clinical Neuropsychology. 
New York, NY: Plenum Press. 

ASDA Report (1992). The Atlas Task Force, EEG arousals: scoring rules and 
examples. Sleep. 15. 173-184. 

Barona, A., Reynolds, C. R. & Chastain, R. (1984). A demographically based 
index of premorbid intelligence for the WAIS-R. Journal of Consulting and 
Clinical Psychology. 52. 885-887. 

Bassiri, A. G., & Guilleminault, C. (2000). Clinical features and evaluation of 
obstructive sleep apnea. In M. H. Kryger, T. Roth & W. C. Dement (Eds.), 
Principles and Practice of Sleep Medicine (3"^ ed.). (pp. 869-878). Philadelphia, 
PA: W.B. Saunders. 

Bedard, M., Montplaisir, J., Richer, F., Rouleau, I., & Malo, J. (1991a). 
Obstructive sleep apnea syndrome: pathogenesis of neuropsychological deficits. 
Journal of Clinical and Experimental Neuropsychology. 13, 950-964. 

Bedard, M., Montplaisir, J., Richer, F., Rouleau, I., & Malo, J. (1991b). 
Nocturnal hypoxemia as a determinant of vigilance impairment in sleep apnea 
syndrome. Chest. 100. 367-370. 

Berry, D. T., Phillips, B. A., Cook, Y. R., Schmitt, F. A., Gilmore, R. L., Patel, 
R., Keener, T. M., & Tyre, E. (1987). Sleep-disordered breathing in healthy aged 
persons: possible daytime sequelae. Joumal of Gerontology. 42, 620-626. 

Berry, D. T., Phillips, B. A., Cook, Y. R., Schmitt, F. A., Honeycutt, N. A., 
Edwards, C. L, Lamb, D. G., Magan, L. K., & Allen, R. (1989). Sleep-disordered 
breathing in healthy aged persons: one-year follow-up of daytime sequelae. 
Sleep. 12, 211-215. 



112 

Berry, D. T., Webb, W. B.. Block A. J., Bauer, R. M., & Switzer, D. A. (1986). 
Nocturnal hypoxia and neuropsychological variables. Journal of Clinical and 
Experimental Neuropsvcholoav. 8, 229-238. 

Bliwise, 0. L. (1989). Neuropsychological function and sleep. Clinics in 
Geriatric Medicine. 5, 381-394. 

Bliwise, D. L. (2000). Dementia. In M. H. Kryger, T. Roth & W. C. Dement 
(Eds.), Principles and Practice of Sleeo Medicine (3'*' ed.). (pp. 1058-1071). 
Philadelphia, PA: W.B. Saunders 

Bliwise, D. L., Yesavage, J. A., Sink, J., Widrow, L., & Dement, W. C. (1986). 
Depressive symptoms and impaired respiration in sleep. Journal of Consultino 
and Clinical Psychology. 54. 734-735. 

Blumenthal, J. A., Madden. D. J., Pierce, T. W., Siegel, W. C., & Appelbaum, 
M. (1993). Hypertension affects neurobehavioral functioning. Psychosomatic 
Medicine. 55. 44-50. 

Bonnet, M. (1985). Effect of sleep disruption on sleep, performance, and 
mood. Sleep. 8. 11-19. 

Bootzin, R. R., Quan, S. F., Bamford, C. R., & Wyatt, J. K. (1995). Sleep 
disorders. Comprehensive Therapy. 21. 401-406. 

Bomstein, R. A. (1985). Normative data on selected neuropsychological 
measures from a nonclinical sample. Journal of Clinical Psychology. 41, 651-
659. 

Brown, G. G., Baird, A. D., Shatz, M. W., & Bomstein, R. A. (1996). The 
effects of cerebral vascular disease on neuropsychological functioning. In I. 
Grant & K. M. Adams (Eds). Neuropsychological Assessment of 
Neuropsvchiatric Disorder (2"*^ ed.). (pp. 342-378). New York, NY: Oxford 
University Press. 

Cohen, J. (1977). Statistical Power Analysis for the Behavioral Sciences. 
New York: Academic Press. 

D'Ambrosio, C., Bowman, T., & Mohsenin (1999). Quality of life in patients 
with obstructive sleep apnea: effect of nasal continuous positive airway pressure 
- a prospective study. Chest. 115. 123-129. 



113 

Dealberto, M., Pajot, N., Courbon, D., & Alperovich, A. (1996). Breathing 
disorders during sleep and cognitive performance in an older community sample: 
the EVA Study. Journal of American Geriatrics Societv. 44. 1287-1294. 

Decary, A., Rouleau, I., & Montplaisir, J. (2000). Cognitive deficits associated 
with sleep apnea syndrome: a proposed neuropsychological test batter. Sleep. 
23, 369-381. 

Derogatis, L. R. (1993). Brief Svmptom Inventorv (BSh Administration. 
Scoring, and Procedures Manual (3"* ed.). Minneapolis. MN: National Computer 
Systems, Inc. 

Engleman, H. M., Kingshott, R. N., Martin, S. E., & Douglas, N. J. (2000). 
Cognitive function in the sleep apnea/hypopnea syndrome (SAHS). Sleep. 23. 
SI 02-108. 

Engleman, H. M., Kingshott, R. N., Wraith, P. K., Mackay, T. W., Deary, I. J., 
& Douglas. N. J. (1999). Randomized placebo-controlled crossover trial of 
continuous positive ainA^ay pressure for mild sleep apnea/hypopnea syndrome. 
American Joumal of Respiratorv Critical Care Medicine. 159. 461-467. 

Engleman, H. M., Martin, S. E., Deary, I. J., & Douglas, N. J. (1994). Effect of 
continuous positive airway pressure treatment on daytime function in sleep 
apnoea/hypopnoea syndrome. The Lancet. 343, 572-575. 

Enright, P. L., Newman, A. B., Wahl, P. W., Manolio, T. A., Haponik, E. F., & 
Boyle, P. J. R. (1996). Sleep. 19. 531-538. 

Finley, L. J., Barth, J. T., Powers, D. C., Wilhoit, S. C., Boyd, D. G., & Suratt, 
P. M. (1986). Cognitive impairment in patients with obstructive sleep apnea and 
associated hypoxemia. Chest. 90. 686-690. 

Fletcher, E.C. (1995). The relationship between systemic hypertension and 
obstructive sleep apnea: facts and theory. American Joumal of Medicine. 98. 
118-128. 

Foley, D. J., Monjan, A. A., Masaki, K. H., Enright, P. L., Quan, S. F., & White, 
L. R. (1999). Association of symptoms of sleep apnea with cardiovascular 
disease, cognitive impairment, and mortality among older Japanese-American 
me. Joumal of American Geriatric Societv. 47, 524-528. 

Gall, R., Isaac, L., & Kryger, M. (1993). Quality of life in mild obstructive 
sleep apnea. Sleep. 16. S59-61. 



114 

Grant, I., Heaton, R. K., McSweeny, A. J., Adams, K. M., & Timms, R. M. 
(1982). Neuropsychologic findings in hypoxemic chronic obstructive pulmonary 
disease. Archives of Intemal Medicine. 142. 1470-1476. 

Grant, I., Prigatano, G. P., Heaton, R. K., McSweeny, A. J., Wright, E. C., & 
Adams, K. M. (1987). Progressive neuropsychologic impairment and hypoxemia: 
relationship in chronic obstructive pulmonary disease. Archives of General 
Psychiatry. 44. 999-1006. 

Greenberg, G. D., Watson, R. K., & Deptula, D. (1987). Neuropsychological 
dysfunction in sleep apnea. Sleep. 10. 254-262. 

Golden, C. J. (1978). Stroop Color and Word Test. Wood Dale, IL: Stoelting. 

Hayward, L., Mant, A., Eyiand, A., Hewitt. H., Purcell, C., Tumer, J., Goode, 
E., Le Count, A., Pond, D., & Saunders, N. (1992). Sleep disordered breathing 
and cognitive function in a retirement village population. Ace and Aoeina. 21. 
121-128. 

Heaton, R. K. (1981). Wisconsin Card Sorting Test Manual. Odessa, FL: 
Psychological Assessment Resources, Inc. 

Husaini, B. A., Neff, J. A., Harrington, J. B., et al. (1980). Depression in rural 
communities: validating the CES-D Scale. Joumal of Community Psvcholoov. 8, 
20-27. 

Ingram, F., Henke, K. G., Levin, H. S., Ingra, P. T. F., & Kuna, S. T. (1994). 
Sleep apnea and vigilance performance in a community-dwelling older sample. 
Sleep. 17. 248-252. 

Jennum, P., & Sjol, A. (1994). Self-assessed cognitive function in snorers 
and sleep apneics: an epidemiological study of 1,504 females and males aged 
30-60 years: The Dan-MONICA II Study. European Neurology. 34. 204-208. 

Jennum, P., Hein, H. O., Suadicani, P., & Gyntelberg, F. (1993). Cognitive 
function and snoring. Sleep. 16, S62-64. 

Jennum, P., Hein, H. O., Suadicani, P., & Gyntelberg, F. (1994). Headache 
and cognitive dysfunction in snorers: a cross-sectional study of 3323 men aged 
54 to 74 years: The Copenhagen Male Study. Archives of Neurology. 51, 937-
942. 

Kales, A., Caldwell, A. B., Cadieux, R. J., Vela-Buenco, A., Ruch, L. G., & 
Mayes, S. D. (1985). Severe obstructive sleep apnea-ll: associated 



115 

psychopathology and psychosocial consequences. Journal of Chronic Diseases. 
38. 427-434. 

Kim, H. C., Young, T., Matthews, C. G., Weber, S. M., Woodard, A. R., & 
Palta, M. (1997). Sleep-disordered breathing and neuropsychological deficits; a 
population-based study. American Journal of Respiratory and Critical Care 
Medicine. 156. 1813-1819. 

Kingshott, R. N.. Engleman, H. M., Deary, I. J., & Douglas (1998). Does 
arousal frequency predict daytime function? Eurooean Respiratory Journal. 12. 
1264-1270. 

Koehler, U. & Schafer, H. (1996). Is obstructiye sleep apnea (OSA) a risk 
factor for myocardial infarction and cardiac arrhythmias in patients with coronary 
heart disease (CHD)? Sleep. 19. 283-286. 

Kribb, N. B. & Dinges, D. F. (1994). Vigilance decrement and sleepiness. In 
J. Harsh & R. Ogilyie (Eds.), Sleep Onset Mechanisms (pp. 113-125). 
Washington, DC; American Psychological Association. 

Kribb, N. B., Pack, A. I., Kline, L R., Getsy, J. E., Schuett, J. S., Henry, J. N., 
Maislin, G., & Dinges, D. F. (1993). Effects of one night without nasal CPAP 
treatment on sleep and sleepiness in patients with obstructive sleep apnea. 
American Review of Respiratory Disease. 147. 1162-1168. 

Kripke, D. F., Ancoli-lsrael, S., Klaut>er, M. R., Wingard, D. L., Mason, W. J., 
& Mullaney, D. J. (1997). Prevalence of sleep-disordered breathing in ages 40-
64 years; a population-based sun/ey. Sleep. 20. 65-76. 

Lezak, M. D. (1995). Neuropsychological Assessment (3"^ ed.). New York, 
NY: Oxford University Press. 

Lindberg, E., Janson, C., Svardsudd, K., Gislason, T., Hetta, J., & Soman, G. 
(1998). Increased mortality among sleepy snorers; a prospective population 
based study. Thorax. 53. 631-637. 

Lis, C. G. & Gaviria, M. (1997). Vascular dementia, hypertension, and the 
brain. Neurological Research. 19. 471-480. 

Lugaresi, E., Cirignotta, F., Gerardi, R., & Montagna, P. (1990). Snoring and 
sleep apnea; natural history of heavy snorers disease; In C. Guilleminault & M. 
Partinen (Eds.). Obstructive Sleep Apnea Syndrome; Clinical Research and 
Treatment (pp. 25-36). New York, NY; Raven Press. 



116 

Matthews, C. G. & Klove, H. (1964). Instruction Manual for the Adult 
NeuropsvcholoQV Test Battery. Madison, Wl: University of Wisconsin. 

Martin, S. E., Engleman, H. M., Deary, I. J., & Douglas. N. J. (1996). The 
effect of sleep fragmentation on daytime function. American Journal of 
Respiratory Critical Care Medicine. 153. 1328-1332. 

McPherson, W. E. & Cummings, J. L. (1997). Vascular dementia: clinical 
assessment, neuropsychological features, and treatment. In P. D. Nussbaum 
(Ed). Handbook of Neuropsychology and Aaina (pp. 177-188). New York, NY: 
Plenum Press. 

Millman, R. P., Fo^el, B. S., McNamara, M. E., & Carlisle, C. C. (1989). 
Depression as a manifestation of obstructive sleep apnea: reversal with nasal 
continuous positive ain^ay pressure. Joumal of Clinical Psychiatry. 50. 348-351. 

Montplaisir, J., Bedar, M. A., Richer, P., & Rouleau, I. (1992). 
Neurobehavioral manifestations in obstructive sleep apnea syndrome before and 
after treatment with continuous positive airway pressure. Sleep. 15, S17-S19. 

Mooe, T., Rabben, T., Wiklund, U., Franklin, K. A., & Eriksson, P. (1996). 
Sleep-disordered breathing in women: occurrence and association with coronary 
artery disease. The American Joumal of Medicine. 101. 251-256. 

National Institutes of Health, National Heart, Lung and Blood Institute (1995). 
Sleep Apnea: Is Your Patient at Risk. NIH Publication No. 95-3803. Washington 
DC: NIH. 

Neau, J. P., Meurice, J. C., Paquereau, J., Chavagnat, J., Ingrand, P., & Gil, 
R. (1995). Habitual snoring as a risk factor for brain infarction. Acta Neuroloaica 
Scandinavica. 92, 63-68. 

Naegele, B., Thouvard, V., Pepin, J., Levy, P., Bonnet, C., Perret, J. E., 
Pellat, J., & Feuerstein, C. (1995). Deficits of cognitive executive functions in 
patients with sleep apnea syndrome. Sleep. 18, 43-52. 

Peppard, P. E., Young, T., Palta, M., & Skatrud (2000). Prospective study of 
the association between sleep-disordered breathing and hypertension. New 
England Journal of Medicine. 342. 1378-1384. 

Phillips, B. A., Berry, D. T., Schmitt, F. A., Harbison, L., & Lipke-Molby, T. 
(1994). Sleep-disordered breathing in healthy aged persons: two- and three-year 
follow-up. Sleep. 17. 411-415. 



117 

Pillar, G. & Lavie, P. (1998). Psychiatric symptoms in sleep apnea syndrome: 
effects of gender and respiratory disturbance. Chest. 114, 697-703 

Powell, J. W. (1994). PVT-192 User Manual (VI5-015). Ardsley, NY: 
Ambulatory Monitoring. Inc. 

Prigatano, G. P., Parson, O., Wright, E., Levin, D. C., & Hawryluk, G. (1983). 
Neuropsychological test performance in mildly hypoxemic patients with chronic 
obstructive pulmonary disease. Journal of Consulting and Clinical Psvcholoov. 
51, 108-116. 

Quan, S.F., Howard, B. V., Iber, C., Kiley, J. P., Nieto, F. J., O'Connor, G. T., 
Rapoport, D. M., Redllne, S., Robbins, J., Samet, J. M., & Wahl, P. W. (1997). 
The Sleep Heart Health Study: design, rationale, and methods. Sleep. 20, 1077-
1085. 

Radloff, L. S. (1977). The CES-D scale: a self-report depression scale for 
research in the general population. Applied Psychological Measurement. 1, 385-
401. 

Rechtschaffen, A. & Kales, A. (1968). A Manual of Standardized 
Terminology. Technigues and Scoring System for Sleep Stages of Human 
Subiects. National Institutes of Health Publication No. 204. Washington, DC: 
U.S. Government Printing Office. 

Redline, S., Sander, M. H., Lind, B. K., Quan, S. F., Iber, C., Gottlieb, D. J., 
Bonekat, W. H., Rapoport, D. M., Smith P. L., & Kiley, J. P. (1998). Methods for 
obtaining and analyzing unattended polysomnography data for a multicenter 
study. Sleep. 21. 759-767. 

Redline, S., Strauss, M. E., Adams, N., Winters, M., Roebuck, T., Spry, K., 
Resenberg, C., & Adams. K. (1997). Neuropsychological function in mild sleep-
disordered breathing. Sleep. 20.160-167. 

Redline, S. & Strohl. K. P. (1998). Recognition and consequences of 
obstructive sleep apnea hypopnea syndrome. Clinics in Chest Medicine. 19, 1-
19. 

Reynolds, C. F., Kupfer, D. J., McEachran, A. B., Taska, L. S., Sewitch, D. E., 
& Coble, P. A. (1984). Depressive psychopathology in male sleep apneics. 
Journal of Clinical Psychiatry. 45, 287-290. 

Roehrs, T., Merrion, M., Pedrosi, B., Stepanski, E., Zorick, F., & Roth, T. 
(1995). Neuropsychological function in obstructive sleep apnea syndrome 



118 

(OSAS) compared to chronic obstructive pulmonary disease (COPD). Sleep. 18. 
382-388. 

Rourke, S. B. & Adams, K. M. (1996). The neuropsychological correlates of 
acute and chronic hypoxemia. In I. Grant & K. M. Adams (Eds). 
Neuroosvcholoaical Assessment of Neuropsvchiatric Disorders (2"*^ ed.). (pp. 
379-402. New York, NY: Oxford University Press. 

Roux, F., O'Ambrosio, C., & Mohsenin, V. (2000). Sleep-related breathing 
disorders and cardiovascular disease. The American Joumal of Medicine. 108. 
396-402. 

Rumbach, L., Krieger, J., & Kurtz, D. (1991). Auditory event-related 
potentials in obstructive sleep apnea; effects of treatment with nasal continuous 
positive ainvay pressure. Electroencephaloaraphv and Clinical Neurophysiology. 

454-457. 

Shallice, T. (1988). From Neuropsychology to Mental Structure (pp. 328-
352). New York, NY: Cambridge University Press. 

Spreen, O. & Strauss, E. (1998). A Compendium of Neuropsychological 
Tests: Administration. Norms, and Commentary (2"^ ed.). New York. NY: Oxford 
University Press. 

SPSS 10.0 [Computer software] (1999). Chicago, Illinois: SPSS Inc. 

Strohl, K. P. & Redline, S. (1996). Recognition of obstructive sleep apnea. 
American Joumal of Respiratory Critical Care Medicine. 154. 279-289. 

Telakivi, T., Kajaste, S., Partinen, M., Koskenvuo, M., Salmi, T., & Kaprio, J. 
(1988). Cognitive function in middle-aged snorers and controls: role of excessive 
daytime somnolence and sleep-related hypoxic events. Sleep. 11. 454-462. 

Teran-Santos, J., Jimenez-Gomez, A., & Gordero-Guevara, J. (1999). The 
association between sleep apnea and the risk of traffic accidents. New England 
Joumal of Medicine. 340, 847-851. 

The Psychological Corporation. (1997). WAIS-III/WMS-III Technical Manual 
(3^*^ ed.). San Antonia, TX: Author. 

Valencia-Flores, M., Bliwise, D. L., Guilleminault, C., Cilveti, R., & Clerk, A. 
(1996). Cognitive function in patients with sleep apnea after acute nocturnal 
nasal continuous positive ainvay pressure (CPAP) treatment: sleepiness and 



119 

hypoxemia effects. Joumal of Clinical and Experimental NeuroosvcholoQv. 18. 
197-210. 

Viitanen, M. & Guo, Z. (1997). Are cognitive function and blood pressure 
related? Druos and AoinQ. 11. 165-169. 

Ware, J. E. & Sherboume, C. D. (1992). The MOS 36-item short-form health 
survey (SF-36); I. conceptual framework and item selection. Medical Care. 30. 
473-483. 

Wechsler, D. (1997). Wechsler Adult Intellioence Scale-Third Edition (WAIS-
III). San Antonio, TX: The Psychological Corporation. 

Whitney, C. W., Gottlieb, D. J., Redline, S., Norman, R. G., Dodge, R. R., 
Shahar, E., Surovec S., & Nieto, F.J. (1998). Reliability of scoring respiratory 
disturbance indices and sleep staging. Sleep. 21. 749-757. 

Worsnop, C., J., Naughton, M. T., Barter, C. E., Morgan, T. W., Anderson, A. 
I., & Pierce, R. J. (1998). The prevalence of obstructive sleep apnea in 
hypertensives. American Joumal of Critical Care Medicine. 157. 111-115. 

Yesavage, J., Bliwise, D., Guilleminault, C., Carskadon, M., & Dement, W. 
(1985). Preliminary communication; intellectual deficit and sleep-related 
respiratory disturbance in the elderiy. Sleep. 8, 30-33. 

Young, T., Blustein, J., Finn, L., & Palta, M. (1997). Sleep-disordered 
breathing and motor vehicle accidents in a population-based sample of employed 
adults. Sleep. 20. 608-13. 

Young, T., Evans, L., Finn, L., & Palta M. (1997). Estimation of the clinically 
undiagnosed proportion of sleep apnea syndrome in middle-aged men and 
women. Sleep. 20. 705-706. 

Young, T., Finn, L., & Kim, H. (1997). Nasal obstruction as a risk factor for 
sleep-disordered breathing. Joumal of Allercv and Clinical Immunoloov. 99. 
S757-S762. 

Young, T., Palta, M., Dempsey, J., Skatrud, J., Weber, S., & Badr, S. (1993). 
The occurrence of sleep-disordered breathing among middle-aged adults. The 
New England Joumal of Medicine. 328. 1230-1235. 


