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Objective: To determine risk factors for excessive daytime sleepiness in older adults.
Methods: This is a cross-sectional study assessing multiple risk factors for excessive daytime sleepiness in older subjects (mean
age, 78 years; range 65–98 years) with (n � 149) and without (n � 144) complaints of frequent excessive daytime sleepiness.
Assessment of risk factors included full in-laboratory sleep studies.
Results: Excessive sleepiness among the elderly is multifactorial. Multivariable modeling identified the following as simulta-
neously significant risk factors for excessive sleepiness: severe sleep-disordered breathing (apnea–hypopnea index, �30 episodes/
hr), self-report of poor sleep quality, increased percentage of time in rapid eye movement sleep, pain at night at least three times
per week, wheezing or whistling from chest at night, and medications with sleepiness as a side effect. Male sex also was associated
with increased risk, whereas alcohol use (more than seven beverages per week) reduced the risk for sleepiness. Multiple risk
factors were more commonly present in those with complaints of sleepiness. The presence of periodic limb movements, which
are common in older adults, was not associated with sleepiness.
Interpretation: There is a distinct differential diagnosis of excessive daytime sleepiness in older adults. Many of the risk factors
that we identified are treatable.
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Excessive daytime sleepiness in the elderly is common,
affecting about 10 to 30% of adults older than 65
years.1–6 Among the disorders that might be a risk fac-
tor, obstructive sleep apnea has the highest prevalence
(see Lindberg and Gislason’s article7 for review). This
prevalence increases with age8,9 and is extremely com-
mon in otherwise well elderly.10,11 But in the elderly,
there is only a weak relation between the presence of
sleep-disordered breathing and daytime complaints,11

raising questions about the relevance of sleep-
disordered breathing in this age group.12–15 A weak re-
lation between degree of sleep-disordered breathing
and daytime complaints might arise because excessive
sleepiness in older adults is multifactorial. Other po-
tential causes are other sleep disorders, such as periodic
limb movement disorder, which is also common in the
elderly16; medical conditions that interrupt sleep (eg,
chronic pain); or medications that have sleepiness as a
side effect.17

To identify risk factors for excessive sleepiness in
older adults and to identify their relative role, we per-
formed a cross-sectional study in which we compared
the presence of risk factors in subjects who had com-

plaints of excessive sleepiness to subjects without such
problems. We analyzed the data arising from this study
using case–control methodology. For ease of presenta-
tion, we refer to individuals with self-reported sleepi-
ness as “cases” and those with no sleepiness as “control
subjects.” Sensitivity analyses were then performed us-
ing “case–control” definitions that also included an ob-
jective criterion based on the Multiple Sleep Latency
Test, a measure of sleep propensity.18,19 Full in-
laboratory sleep studies were performed for all subjects.
Risk factors assessed included objective assessments of
sleep disorders, self-reports of symptoms of sleep disor-
ders, quantitative aspects of sleep characteristics, other
factors that may interrupt sleep, medications with
sleepiness as a side effect, comorbidities, and demo-
graphic and behavioral factors.

Subjects and Methods
Study Design and Subjects
Elderly adults (n � 293; 149 cases with sleepiness, 144 con-
trol subjects) were recruited from retirement communities
supplemented by recruitment of community-dwelling Afri-
can Americans. Individuals in these retirement communities
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were approached about being involved in this study. Subjects
initially responded to a brief questionnaire to assess whether
they had excessive sleepiness and to assess exclusion criteria.
Thus, individuals with excessive sleepiness and those with no
excessive sleepiness came from the same source. All subjects
were at least 65 years of age and currently free of clinically
significant depression (ie, Geriatric Depression Score, �1020)
and of dementia (ie, Short Blessed Examination Score,
�721). The Institutional Review Board of the University of
Pennsylvania Medical Center approved the study protocol.
All participating subjects provided written informed consent.

Individuals with excessive daytime sleepiness were those
subjectively reporting problems with daytime sleepiness at
least three to four times per week. Control subjects were se-
lected as elderly individuals reporting neither problems with
daytime sleepiness nor falling asleep in active or passive sit-
uations more than once or twice during the prior 1-month
period. Individuals who met neither case nor control criteria
were considered indeterminate and were not further studied.
Enrolled subjects were also asked to complete the Epworth
Sleepiness Scale,22–25 a widely used standardized self-report
instrument that assesses propensity for sleepiness; and, after a
second overnight sleep study, subjects had objective daytime
sleep propensity assessed four times by the Multiple Sleep
Latency Test every 2 hours from 9 AM to 3 PM.18,19

Assessment of Potential Risk Factors
Potential risk factors for excessive sleepiness were organized
into seven domains: (1) objective assessments of sleep disor-
ders (five variables measuring severity of sleep-disordered
breathing, inability to initiate or to sustain sleep, and peri-
odic leg movements [PLMs]); (2) self-reports of sleep disor-
der symptoms and sleep quality (six variables reflecting gen-
eral sleep quality, sleep apnea, insomnia, and restless leg
syndrome); (3) quantitative aspects of sleep characteristics

(six variables measuring arousals during sleep, percentages of
times in different sleep stages, and latency to rapid eye move-
ment [REM] sleep); (4) other factors that may interrupt
sleep (seven variables reflecting frequency of pain during
sleep, nocturia, heartburn, indigestion, wheezing, chest pain,
and environmental noise); (5) use of medications with sleep-
iness as a common side effect (one variable); (6) comorbidi-
ties (eight categories; see further discussion later in this arti-
cle); and (7) demographic and behavioral factors (five
variables reflecting demographics, obesity, smoking, and
drinking status). Thus, based on clinical considerations, we
limited attention to 38 variables reflecting these 7 domains.
Then, to further reduce the likelihood of false-positive find-
ings, we specified, based on consideration of known patho-
genesis, an initial multivariable model that included one fac-
tor from each of the first six domains and all factors in the
demographic and behavioral factors domain with the excep-
tion of obesity, which is associated with sleep apnea (see list
of variables selected in Table 1). All remaining factors were
then assessed as potential confounding variables and as sec-
ondary risk factors. In addition, multivariable models in-
cluded a factor to account for the stratified sampling of el-
derly individuals from retirement communities versus elderly
community-residing African Americans. The following sec-
tions provide details regarding the potential risk factors for
sleepiness in the elderly assessed in this study.

OBJECTIVE ASSESSMENTS OF SLEEP DISORDERS. All par-
ticipants underwent two full overnight polysomnographic
sleep studies using standardized techniques with airflow be-
ing assessed by thermistors (see Gurubhagavatula and col-
leagues’ article26 for techniques used in our laboratory).
(This study was initiated before reports showing the superi-
ority of nasal pressure recordings compared with ther-
mistors.27) An overnight sleep study involves simultaneous

Table 1. Summary of Descriptive Statistics of Risk Factors within Seven Domains Assessed for Associations with Excessive Daytime
Sleepiness in Cases Relative to Control Subjects

Risk Factors
Cases

(N � 149)
Control Subjects

(N � 144)

Objective assessments of sleep disorders
Mean apnea–hypopnea index score (SD) 17.7 (22.1) 11.9 (16.1)

Self-reports of sleep disorder symptoms and sleep quality
Mean Pittsburgh Sleep Quality Index of overall sleep quality score (SD) 0.98 (0.70) 0.63 (0.62)

Quantitative aspects of sleep characteristics (architecture)
Mean REM latency, min (SD) 101.1 (72.1) 112.8 (79.4)

Other factors (symptoms) that may interrupt sleep
Pain or physical discomfort �3 times/week, n (% of subjects) 25 (16.8) 5 (3.5)

Medications with sleepiness as a side effect
US Pharmacopoeia more/less common vs rare/none, n (% of subjects) 107 (71.8) 80 (55.6)

Comorbidities
Any heart disease, n (% of subjects) 54 (36.2) 36 (25.0)
Demographic and behavioral factors

Mean age, yr (SD) 78.0 (6.3) 77.8 (6.4)
Male sex, n (%) 41 (27.5) 34 (23.6)
�7 alcoholic beverages per week, n (%) 17 (11.4) 32 (22.2)
Current smoker, n (%) 5 (3.4) 11 (7.6)

Only results for factors selected for inclusion in the initial multivariable model are included.
SD � standard deviation; REM � rapid eye movement.
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recording of sleep and breathing by electroencephalography,
measuring airflow, effort, and oximetry. The first study was
an acclimation night, whereas the second study was scored
for risk factor assessment. Severity of sleep apnea was mea-
sured by the apnea–hypopnea index defined as the number
of apneas plus hypopneas per hour of sleep. A hypopnea was
defined as a clearly discernible decrease in airflow associated
with a 4% desaturation, arousal, or both. The apnea–hypo-
pnea index was analyzed as a continuous variable in the ini-
tial multivariable model rather than as a dichotomous or cat-
egorical risk factor. This avoided the loss of statistical power
associated with dichotomizing inherently continuous vari-
ables28 and reduced type I error for other risk factors that
require control of the apnea–hypopnea index as a confound-
ing factor.29 Odds ratios (ORs) for continuous risk factors
are more interpretable when they reflect increased risk for
clinically meaningful increases in their magnitudes. The stan-
dard deviations (SDs) of the apnea–hypopnea indices in sub-
jects with sleepiness and in control subjects were 22.1 and
16.1 events/hr, respectively. Thus, the OR for apnea–hypo-
pnea index was defined for a 20 events/hr increase (ie, ap-
proximately 1 SD), a clinically significant increase consistent
with sample variability. Consensus guidelines recently have
been developed that define mild, moderate, and severe dis-
ease as 5 to �15, 15 to �30, and �30 events/hr, respec-
tively.10 The effects of sleep apnea severity on risk relative to
less than five events per hour were also assessed for these
categories in supporting analyses.

Insomnia was defined objectively as sleep efficiency during
the sleep study. This was computed as total sleep time di-
vided by total time in bed expressed as a percentage. Sleep
efficiency during the sleep study was assessed as a continuous
variable and using a conventional dichotomous criterion
(�80 vs �80%).

Severity of PLMs was measured based on standard defini-
tions.16,30 Tibialis electromyogram bursts were scored if they
were 0.5 to 5.0 seconds in duration, they had an interevent
interval of 5 to 12 seconds, and there were 3 or more con-
secutive movements. The leg movements index was defined
as the number of such movements per hour of sleep. This
study preceded more recent definitions for epidemiological
purposes.31 The distribution of the PLM index was ex-
tremely skewed as reflected in the much larger mean values
compared with median values (mean and median values [in
brackets] among individuals with sleepiness and control sub-
jects were 15.1 [1.0] and 14.2 [2.0], respectively, whereas
SDs were 26.3 and 23.0, respectively). As a consequence,
ORs defined for increases in the PLM index were not ade-
quately interpretable. Therefore, the OR was defined for
having a PLM index value larger than the pooled 75th per-
centile value (18 events/hr). Mean (and median) PLMs with
arousal per hour among individuals with sleepiness and con-
trol subjects were 2.6 (0.0) and 2.4 (0.3), respectively. A
pooled 75th percentile threshold value for PLMs with
arousal was similarly defined (2.2 events/hr).

SELF-REPORTS OF SLEEP DISORDER SYMPTOMS AND SLEEP
QUALITY. Four specific indices from the Pittsburgh Sleep
Quality Index32 were selected that provide self-assessments of
one’s overall sleep quality, ability to initiate sleep (ie, sleep

latency), usual sleep duration, and habitual sleep efficiency.
This index has been used to compare healthy older adults
with younger adults.33 The global summary score could not
be used because it includes a daytime dysfunction compo-
nent. Therefore, the Pittsburgh Sleep Quality Global self-
report of overall sleep quality score was selected for inclusion
in the initial model. Respondents rate overall sleep quality in
the last month according to the following scale: very good,
fairly good, fairly bad, and very bad, which we scored as 0, 1,
2, and 3, respectively. The magnitude of risk was assessed for
a one-point increase. For self-report of sleep apnea, we se-
lected what is called Index 1 from the Multivariable Apnea
Prediction questionnaire.34 This index is a validated measure
of the frequency of symptoms associated with sleep apnea; it
is constructed from items reflecting the frequency of loud
snoring, snorting and gasping, and breathing problems or
struggling for breath. To assess self-report of restless legs, we
used another question from this instrument,34 ie, the fre-
quency of the symptom “your legs feel jumpy or jerk.” This
is a surrogate for restless legs syndrome but is not validated.
These questions, and additional items described later from
the Penn Sleep Survey, are of the form, “On average, how
many day/nights during the last month have you had or
been told you do the following while asleep or trying to
sleep?” Answers are: never; rarely (�1 time/week); one to
two, three to four, or five to seven times/week. Indices re-
flecting excessive sleepiness from the Pittsburgh Sleep Qual-
ity Index32,33 and the Multivariable Apnea Prediction34 were
not assessed as risk factors, but instead were included in the
analyses of concurrent validity of the “case–control” defini-
tions.

QUANTITATIVE ASPECTS OF SLEEP CHARACTERISTICS.
To assess the severity of sleep fragmentation, we defined an
arousal index as the number of arousals per hour of sleep.35

The arousal index is known to be associated with the apnea–
hypopnea index because respiratory events during sleep often
terminate with arousal. Therefore, it was not chosen for in-
clusion in the initial multivariable model. Other variables
used to characterize sleep architecture included the percent-
ages of time spent in stage 1, stage 3/4 (slow-wave sleep),
and REM sleep. Because shortening of REM latency and hy-
persomnia have been described in depression (see Riemann
and colleagues’ article36 for review), including subthreshold
depression37 both decreased REM latency (ie, assessed as a
continuous variable defined by a SD � 75-minute decrease)
and a latency to REM sleep that was less than 90 minutes,
were included as candidate risk factors. For reasons outlined
earlier for other variables, we included in the initial model
REM latency expressed as a continuous variable.

OTHER FACTORS (SYMPTOMS) THAT MAY INTERRUPT
SLEEP. The Penn Sleep Survey contains questions that as-
sess how frequently symptoms that have potential for inter-
rupting sleep occur (measured in nights/week) based on the
scale defined earlier. The following were included in analy-
ses: wheezing or whistling from chest, chest pain while in
bed, using the toilet more than two times in a night, pain or
physical discomfort, noise, heartburn during sleep time, and
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indigestion during sleep time. Pain at night was selected for
inclusion in the initial multivariable model.

MEDICATIONS WITH SLEEPINESS AS A SIDE EFFECT. Cur-
rent medication use was assessed by direct observation of
participants’ medication containers. Medications were classi-
fied as to how commonly sleepiness is a side effect, using
criteria from the United States Pharmacopoeia (more com-
mon, less common, rarely, none). The initial multivariable
model defined exposure as taking any medication with more
common or less common likelihood of sleepiness versus
medications for which sleepiness has not been identified as a
side effect.

COMORBIDITIES. During physical assessments, subjects
were asked about current and lifetime status regarding 22
specific medical conditions. The lifetime status items were
collapsed for analyses into the following categories: diabetes,
chronic obstructive pulmonary disease (including emphysema
and bronchitis), any heart disease (including high blood pres-
sure, angina, heart attack, arrhythmia, and heart failure), any
nasal problem (including sinus disease, hay fever, and devi-
ated septum), thyroid disease, stroke, depression, and arthri-
tis. Any heart disease was selected for inclusion in the initial
model, because a previous study has shown an association
between presence of heart disease and excessive sleepiness.38

DEMOGRAPHIC AND BEHAVIORAL FACTORS. Age, sex,
body mass index (BMI), current smoking status, and current
drinking status were obtained from questions included in the
Penn Sleep Survey. Drinking status was analyzed as whether
the subject currently consumed seven or more alcoholic bev-
erages per week. All of the demographic and behavioral fac-
tors were included in the initial multivariable model with the
exception of BMI because it has a known association, as a
risk factor, for sleep apnea.

Statistical Analysis
Subjects with excessive sleepiness and control subjects were
descriptively compared using �2 tests, t tests, and rank-based
procedures. Magnitudes of unadjusted associations with po-
tential risk factors for sleepiness were assessed by ORs and
95% confidence intervals (CIs). Risk was expressed for 1-SD
increases or decreases for some continuous variables to facil-
itate comparisons of effect sizes among risk factors. In some
instances, the chosen units were defined to be close to the
SD, but rounded to clinically meaningful and simpler values.
ORs for ordinal risk factors were expressed as 1-unit in-
creases or decreases. Frequencies of symptomatic complaints
were dichotomized according to whether the reported occur-
rence was five or more, three or more, or one or more times/
week, or whether they ever occurred even if less than once
per week. To enhance stability of the statistical estimation
procedure, we eliminated from inclusion in the multivariable
modeling those variables for which there were less than five
observations in any of the four cells that comprised a cross-
tabulation with case–control status.

Multivariable models were developed to simultaneously as-
sess the association between case–control status and the se-
lected factors from among 38 variables spanning the 7 do-

mains. The initial multivariable model included one variable
from each of the first six domains and all variables in the
demographic and behavioral factors domain with one excep-
tion, ie, obesity (BMI) (see Table 1). This strategy was cho-
sen for two reasons. First, it reduces the likelihood of false-
positive findings. Second, a multivariable model that
includes all candidate risk factors without regard to multicol-
linearity can produce estimates of exposure effects that may
be highly unstable or biased. A strategy to avoid the unto-
ward effects of this multicollinearity is to control for a se-
lected subset of the candidate factors.39 However, the validity
of the risk estimates from the selected model requires that
the omitted variables are not confounders. Thus, all factors
not included in the initial model were assessed as potential
confounding variables and as secondary risk factors. A factor
was considered an important confounding variable if its in-
clusion changed the OR of an already included variable by
more than 15%.40 These evaluations resulted in a final mul-
tivariable model. In addition, multivariable models included
a factor to account for the stratified sampling of community-
residing African Americans. Model fit was tested using a
Hosmer–Lemeshow test.41 A discrimination index42 (c-
statistic), equivalent to the area under the receiver operating
characteristic curve, computed from model predicted relative
likelihoods, was derived to provide a measure of the discrim-
inatory capacity of the model that does not depend on sam-
pling by sleepiness status. This measure has a simple proba-
bilistic interpretation as the probability that a randomly
selected individual with sleepiness has a larger model-
predicted relative likelihood than a randomly selected indi-
vidual without sleepiness. In addition, a proportion of vari-
ance explained measure (R2) analogous to that typically used
in multiple linear regression was determined.43 Age, sex, and
race were assessed for effect modification by adding appro-
priate cross-product interaction terms to the initial multiva-
riable model.44 A p value less than 0.10 was used to assess
the statistical significance of interaction terms because of the
low statistical power associated with tests for interaction.
Sensitivity analyses were performed on the definition used to
classify cases and control subjects by reestimating the final
main-effects model including only cases with mean sleep la-
tencies less than 10 minutes and control subjects with values
greater than or equal to 10 minutes, ie, normal. The primary
focus of this analysis was to compare magnitudes of OR es-
timates for each risk factor (and not their statistical signifi-
cance or width of their CIs) to determine whether their rel-
ative importance changed when simultaneously requiring
both subjective and objective criteria to define case–control
status.

Results
Demographic Comparisons between Individuals with
Sleepiness (Cases) and Control Subjects
Individuals with sleepiness (cases; n � 149) and con-
trol subjects (n � 144) did not significantly differ with
respect to sex (male subjects: 27.5 vs 23.6%), race
(white subjects: 72.5 vs 73.6%), marital status (married
with current spouse: 37.8 vs 41.0%), education (4
years college or more: 43.9 vs 49.0%), or age (cases:
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mean [SD] � 78.0 [6.3] years, range � 65–94 vs con-
trol subjects � 77.8 [6.4] years, range � 65–98). In-
dividuals with sleepiness did, however, have a signifi-
cantly larger mean BMI (cases: mean [SD] � 27.0
[4.6] kg/m2; control subjects: 25.8 [4.7] kg/m2; p �
0.02).

Validation of Case–Control Status Using Various
Measures of Sleepiness
Concurrent validity of case–control status was assessed
using multiple validated measures of subjective and ob-
jective sleepiness. The mean (SD) Epworth Sleepiness
Scores were 11.1 (4.7) in cases and 5.1 (3.7) in control
subjects (p � 0.0001). Likewise, cases and control sub-
jects exhibited significant differences in Pittsburgh
Sleep Quality Daytime Dysfunction scores (cases: mean
[SD] � 0.93 [0.70]; control subjects: 0.29 [0.53]; p �
0.0001) and for the daytime sleepiness symptom-
frequency index contained in the Multivariable Apnea
Prediction questionnaire (cases: mean [SD] � 0.91
[0.63]; control subjects: 0.13 [0.35]; p � 0.0001). Ob-
jectively, the propensity to fall asleep was significantly
greater in cases. The mean (SD) sleep latency values on
daytime naps among cases and control subjects were
9.3 (4.8) and 11.9 (4.9) minutes, respectively (p �
0.0001).

Assessment of Risk Factors
Table 1 summarizes descriptive results for the 10 risk
factors selected for inclusion in the initial multivariable
model. Table 2 shows the unadjusted associations and
adjusted OR with 95% CIs for the same 10 risk fac-

tors. The following sections describe in more detail the
results for each risk factor.

OBJECTIVE ASSESSMENTS OF SLEEP DISORDERS. On av-
erage, cases exhibited significantly more respiratory dis-
turbances during sleep (see Table 1). Controlling for
the other risk factors in the model, the odds of exces-
sive daytime sleepiness in an individual with an apnea–
hypopnea index value that is 20 events/hr larger than
another individual was estimated to be 1.4 times larger
than the individual with the smaller number of respi-
ratory events during sleep (95% CI, 1.1–1.9; p � 0.02;
see Table 2). To provide information relevant to cur-
rently used categories of apnea severity in clinical prac-
tice,10 the apnea–hypopnea index was replaced by ap-
nea severity category as a categorical variable. It
remained statistically significant (degrees of freedom �
3; p � 0.02). The percentages of elderly subjects re-
porting excessive daytime sleepiness who had severe,
moderate, mild, and no apnea were 20.8% (n � 31),
15.4% (n � 23), 24.8% (n � 37), and 38.9% (n �
58), respectively. In contrast, these percentages were
9.7% (n � 14), 16.7% (n � 24), 31.9% (n � 46),
and 41.7% (n � 60) among elderly subjects reporting
no excessive daytime sleepiness. The adjusted OR com-
paring each level of severity with those with less than 5
events/hr were 0.7 for mild apnea (95% CI, 0.4–1.3;
p � 0.27), 0.8 for moderate apnea (95% CI, 0.4–1.7;
p � 0.50), and 2.6 for severe apnea (95% CI, 1.1–6.0;
p � 0.03), respectively. Thus, among elderly individu-
als, and based on these categories, only severe sleep ap-

Table 2. Unadjusted Odds Ratios and Those from Initial Multivariable Model for Factors Chosen from Each Domain and for
Demographic and Behavioral Variables

Domains/Risk Factors

Unadjusted Initial Multivariable Model

OR (95% CI) OR (95% CI) p

Objective assessments of sleep disorders
Apnea–hypopnea index (20 events/hr increase) 1.4 (1.1–1.8) 1.4 (1.1–1.9) 0.02

Self-reports of sleep disorder symptoms and sleep quality
Pittsburgh Sleep Quality Index of overall sleep quality

(1 point increase)
2.2 (1.5–3.2) 2.1 (1.4–3.1) 0.0002

Quantitative aspects of sleep characteristics (architecture)
REM latency (75 minute increase) 1.2 (0.93–1.5) 1.3 (1.0–1.8) 0.03

Other factors (symptoms) that may interrupt sleep
Pain or physical discomfort �3 times/week 5.6 (2.3–17.0) 5.7 (2.1–18.5) 0.002

Medications with sleepiness as a side effect
US Pharmacopoeia more/less common vs rare/none 2.0 (1.3–3.3) 1.9 (1.1–3.2) 0.02

Comorbidities
Any heart disease 1.7 (1.0–2.8) 1.2 (0.67–2.1) 0.57

Demographic and behavioral factors
Age (5 year increase) 1.0 (0.86–1.2) 0.93 (0.74–1.2) 0.75
Male sex 1.2 (0.73–2.1) 1.6 (0.90–3.1) 0.11
�7 alcoholic beverages per week 0.45 (0.23–0.85) 0.44 (0.21–0.90) 0.03
Current smoker 0.42 (0.14–1.2) 0.60 (0.16–2.0) 0.38

OR � odds ratio; CI � confidence interval.
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nea is an independent contributor to excessive daytime
sleepiness.

SELF-REPORTS OF SLEEP DISORDER SYMPTOMS AND SLEEP

QUALITY. Self-report of reduced sleep quality was also
found to be a strong risk factor for subjectively re-
ported excessive daytime sleepiness in the elderly. The
adjusted OR (95% CI) in the initial multivariable
model was 2.1 (1.4–3.1; p � 0.0002) for each one-
point increase in this four-point ordinal measure. The
percentages of cases reporting very bad, fairly bad,
fairly good, and very good sleep quality over the prior
month were 2.7% (n � 4), 15.4% (n � 23), 59.1%
(n � 88), and 22.8% (n � 34), respectively. In con-
trast, these percentages were 0.0%, 7.6% (n � 11),
47.9% (n � 69), and 44.4% (n � 64) among control
subjects.

SLEEP CHARACTERISTICS. Reduced REM latency was
associated with increased risk in the initial multivari-
able model (adjusted OR for 75-minute decrease [ie,
the SD of this measure] was 1.3, 95% CI, 1.0–1.8).
That is, the odds of excessive daytime sleepiness was
estimated to increase by a factor of 1.3-fold comparing
an elderly individual who experienced REM sleep 75
minutes earlier than another individual, but was other-
wise equivalent regarding the other factors listed in Ta-
ble 2.

OTHER FACTORS (SYMPTOMS) THAT MAY INTERRUPT

SLEEP. Pain or physical discomfort at night at least
three times per week was found to be a strong risk
factor for subjectively reported excessive daytime sleep-
iness in the elderly. Among cases and control subjects,
16.8 and 3.5%, respectively, reported pain or physical
discomfort at least three nights per week. The adjusted
OR (95% CI) in the initial multivariable model was
5.7 (2.1–18.5; p � 0.002).

US PHARMACOPOEIA MORE/LESS COMMON VERSUS RARE/

NONE. Medications with sleepiness as a side effect
were more commonly used in cases (see Table 1) and
were found to be significantly associated with risk for
sleepiness (see Table 2). When we considered medica-
tions with sleepiness as at least a less common side ef-
fect, the adjusted OR (95% CI) was 1.9 (1.1–3.2; p �
0.02). The percentages of cases using any medication
where sleepiness side effects were “more common,”
“less common,” “rare,” and “none” were 31.5% (n �
47), 40.3% (n � 60), 11.4% (n � 17), and 16.8%
(n � 25). In contrast, these percentages were 21.5%
(n � 31), 34.0% (n � 49), 18.1% (n � 26), and
26.4% (n � 38) among control subjects. When the
dichotomous factor was replaced by a four-level factor
with “none” as the reference, there was no difference
between ORs associated with medications in which

sleepiness side effects were “more common” versus “less
common” relative to a reference of “none.” Therefore,
the dichotomous risk factor was retained in our final
multivariable model (see later). Among medication
classes, the largest ORs were associated with use of an-
tiinfect/antiparasitic agents (OR, 5.7; 95% CI,
1.2–26.0) and nose and sinus agents (OR, 3.3; 95%
CI, 1.1–10.5). Although these associations are likely
due to sleepiness being a side effect of the drugs, it
cannot be ruled out that the association with antiin-
fect/antiparasitic agents is related to an underlying in-
flammation leading to sleepiness.

COMORBIDITIES. The factor selected for inclusion in
the initial multivariable model, any heart disease, was
found to be a significant risk factor in bivariate analy-
sis. However, in the initial multivariable model, the
presence of heart disease was no longer a significant
risk factor (see Table 2). We investigated the cause of
this confounding and found that it was primarily
caused by use of medications with sleepiness as at least
a less common side effect and pain or physical discom-
fort at night at least three times per week. Controlling
for only these two factors reduced the crude OR by
26% from 1.7 to 1.4. Controlling also for apnea–hy-
popnea index further reduced the OR to 1.3. There-
fore, we conclude that the observed unadjusted ele-
vated risk was due to confounding by these three
underlying factors, and hence removed any heart dis-
ease from our final multivariable model.

DEMOGRAPHIC AND BEHAVIORAL FACTORS. Age, male
sex, and current smoking were not significant risk fac-
tors in either the bivariate analyses or in the initial
multivariable model. In contrast, having more than
seven drinks per week was found to be protective in
both analyses, ie, reduced the risk for excessive sleepi-
ness. The adjusted OR was 0.44 (95% CI, 0.21–0.90;
p � 0.03). BMI was not included in the initial multi-
variable model because of its known strong association
with sleep apnea. However, when BMI was added to
the model, the OR for the apnea–hypopnea index only
decreased by 6% from 1.4 to 1.3 (95% CI, 1.0–1.8).
The addition of BMI did not appreciably alter results
for other risk factors.

The goodness of fit of the initial multivariable model
was assessed using the Hosmer–Lemeshow test. The
null hypothesis of adequate fits was not rejected (�2 �
7.8; degrees of freedom � 8; p � 0.45). The initial
model also exhibited moderately good discriminatory
power as reflected in a discrimination index value of
c � 0.734.
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Determination of Risk Factors for Inclusion in Final
Multivariable Model
Table 3 includes descriptive statistics and bivariate as-
sociations for the remaining variables that appeared as
statistically significant risk factors in bivariate analyses.
These, as well as all other variables, were assessed as
potential confounding factors for variables included in
the initial model. Notably, increased period leg move-
ments with or without requiring arousals did not in-
crease the risk for excessive daytime sleepiness in biva-
riate analyses, were not significant when added to the
multivariable model, and their inclusion did not result
in more than a 15% change on the ORs of variables
already included in the model.

The mean arousal index was 16.6% higher among
cases compared with control subjects (p � 0.05), but
was not statistically significant when added to the ini-
tial model due to its expected strong association with
the apnea–hypopnea index (partial correlation between
the apnea–hypopnea index and arousal index control-
ling for case–control status was r � 0.72; p � 0.0001).
When the percentage of time spent in REM sleep was
added to the initial model, it was statistically signifi-
cant (p � 0.05). Moreover, its addition decreased the
OR for 75-minute reductions in REM latency by more
than 15% and eliminated its statistical significance.
Therefore, REM latency was replaced by percentage of
sleep time in REM in the final model. In this model, a

1-SD (SD � 6.8%) increase in the percentage of sleep
time in REM was associated with a 1.5-fold (95% CI,
1.1–1.9; p � 0.008) increase in the odds of excessive
daytime sleepiness. Adding time spent in other sleep
stages did not appreciably change the ORs of already
included variables, and they were not statistically sig-
nificant. Inclusion of any wheezing or whistling from
chest at night increased the magnitude of current
smoking (away from 1.0) by 30%. Thus, this variable
was retained in the final risk model. In contrast, when
use of the toilet more than two times in a night for at
least three nights a week was added to the initial
model, its inclusion did not appreciably change the
OR estimates of any included variable, and it was not
statistically significant. None of the remaining sleep in-
terruption factors were important confounders or sig-
nificant risk factors when added to the initial model.
Age (p � 0.38) and current smoking (p � 0.21) were
not significant risk factors, and their removal did not
change any of the other ORs by more than 6%. There-
fore, these variables were removed from the final main-
effects model.

Results of Final Multivariable Model
Based on these analyses, we formed the final multiva-
riable model, the results of which are shown in Table
4. The goodness of fit of the final multivariable was
also found to be adequate (Hosmer–Lemeshow test

Table 3. Summary of Descriptive Statistics and Unadjusted Analyses of Risk Factors within Seven Domains Assessed for Associations
with Excessive Daytime Sleepiness in Cases Relative to Control Subjects

Domains/Risk Factors

Cases (N
� 149)

Control Subjects
(N � 144)

Unadjusted
OR (95%

CI)
Mean (SD)
or n (%)

Mean (SD) or n
(%)

Objective assessments of sleep disorders
Mean sleep efficiency, % (SD) (OR for SD � 12.8% decrease) 74.9 (13.7) 78.3 (11.3) 1.3 (1.0–1.8)

Self-reports of sleep disorder symptoms and sleep quality
Mean PSQI sleep duration index (SD) (OR for one-point in-

crease)
1.05 (0.91) 0.84 (0.85) 1.3 (1.0–1.7)

Mean PSQI habitual sleep efficiency (SD) (OR for one-point
increase)

0.95 (1.09) 0.71 (1.05) 1.2 (1.0–1.5)

Mean apnea symptoms (SD) (OR for one-point increase) 0.39 (0.78) 0.22 (0.65) 1.4 (1.0–2.0)
Quantitative aspects of sleep characteristics (architecture)

Mean arousal index, arousals/hr (SD) (OR for SD � 14.6 in-
crease)

23.9 (16.8) 20.6 (11.9) 1.3 (1.0–1.6)

Other factors (symptoms) that may interrupt sleep
Any wheezing or whistling from chest at night, (%) 24 (16.1) 10 (6.9) 2.6 (1.2–5.8)
Used toilet �2 times �3 times/week, n (%) 84 (56.4) 60 (41.7) 1.8 (1.1–2.9)

Comorbidities
Any nasal problems, n (%) 95 (63.8) 69 (47.9) 1.9 (1.2–3.1)
Stroke, n (%) 22 (14.8) 10 (6.9) 2.3 (1.1–5.3)

Demographic and behavioral factors
Mean BMI, kg/m2 (SD) (OR for 5kg/m2 increase) 27.0 (4.7) 25.8 (4.7) 1.3 (1.0–1.7)

Only results for factors that were not selected for inclusion in the initial multivariable model and that were statistically significant in bivariate
analyses are included in this table.
OR � odds ratio; CI � confidence interval; SD � standard deviation; PSQI � Pittsburgh Sleep Quality Index; BMI � body mass index.
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�2 � 8.2, degrees of freedom � 8; p � 0.41). The
discrimination index for the final model (c � 0.760)
was better than the value for the initial model. The
final model total R2 (total variance explained) was
0.204. In the final model, the same risk factors that
were significant were largely those found in the initial
model (compare the final multivariable model in Table
4 with Table 2). The major differences were: inclusion
of any wheezing or whistling from chest at night (a risk
factor from the sleep interruption domain), replace-
ment of latency to REM sleep with percentage of time
spent in REM sleep, and male sex was now marginally
significant. Degree of sleep-disordered breathing as a
continuous variable remained significant in the final
model with an OR of 1.4 (95% CI, 1.1–1.9). When
we replaced the interval measure of the apnea–hypo-
pnea index with the categories described earlier in the
final multivariable model, the adjusted OR comparing
each level of severity with those with less than 5
events/hr were 0.7 for mild (95% CI, 0.3–1.4; p �
0.22), 0.8 for moderate (95% CI, 0.4–1.8; p � 0.61),
and 2.7 for severe (95% CI, 1.2–6.4; p � 0.02), re-
spectively. Thus, only severe sleep apnea was a risk fac-
tor for excessive sleepiness in the final model. As in the
initial model, use of alcohol was associated with re-
duced risk for sleepiness.

Assessment of Effect Modification
Risk factors in the final model were assessed for effect
modification by sex, race, and age based on a signifi-
cance level of 0.10. The following interactions meeting
these criteria were observed. The adjusted ORs for
medications with sleepiness side effects were 4.4 (95%
CI, 2.3–8.4) and 1.4 (95% CI, 0.8–2.7) among male

and female subjects. Similarly, the adjusted ORs for
medications with sleepiness side effects among
community-dwelling African Americans and non–Afri-
can Americans residing in retirement communities
were 0.8 (95% CI, 0.5–1.4) and 2.7 (95% CI, 1.4–
5.2), respectively. It is not possible to distinguish
whether this latter interaction is due to race or to res-
idential status (community vs retirement community).
The adjusted OR for each 6.8% increase in the per-
centage of time spent in REM among community-
residing African Americans and non–African Americans
in retirement communities were 2.1 (95% CI,
1.8–2.5) and 1.2 (95% CI, 0.9–1.7), respectively. Fi-
nally, it appeared that the excess risk among male in-
dividuals was moderated by age. The adjusted OR for
male versus female 70-year-old individuals was only 0.8
(95% CI, 0.4–1.5). In contrast, this OR was estimated
to be 2.2 (95% CI, 1.8–2.8) for 85-year-old individ-
uals.

Sensitivity Analysis of Case–Control Definition by
Incorporating Objective Sleepiness
Among cases, 88 (59.9%) had sleep latency values of
less than 10 minutes (accepted normal value).19 In
contrast, among control subjects only, 46 (32.2%) had
values less than 10 minutes. The OR (95% CI) for
subjective sleepiness comparing latency less than 10
with latency of 10 minutes or more was 3.1 (1.9–5.1),
with p less than 0.0001. Therefore, case–control defi-
nition sensitivity analysis was performed by reestimat-
ing the final main-effects model using the 88 cases
with sleep latency less than 10 minutes and the 97
control subjects with latency of 10 minutes or more
(see last column in Table 4). The OR for many risk

Table 4. Final Multivariable Model and Sensitivity Analysis for Final Multivariable Model

Variables

Final Multivariable Modela

Sensitivity
Analysis for the

Final
Multivariable

Modelb

OR (95% CI) p OR (95% CI)

Apnea–hypopnea index (OR for 20-events/hr increase) 1.4 (1.1–1.9) 0.01 1.4 (1.0–1.9)
PSQI self-report of overall sleep quality (OR for one-point increase) 2.3 (1.6–3.6) �0.0001 1.8 (1.1–3.0)
% Time in REM sleep (OR for 6.8% increase) 1.4 (1.1–1.9) 0.01 1.4 (1.0–2.0)
Pain or physical discomfort �3 times/week 5.9 (2.2–19.0) 0.001 19.2 (3.3–370.2)
Any wheezing or whistling from chest at night 3.2 (1.4–8.0) 0.001 5.1 (1.6–18.7)
US Pharmacopoeia more/less common vs rare/none 1.9 (1.1–3.3) 0.02 1.5 (0.8–3.1)
Male sex 1.9 (1.0–3.5) �0.05 3.7 (1.6–9.0)
�7 alcoholic beverages per week 0.42 (0.20–0.86) 0.02 0.28 (0.10–0.72)

aAdjusted odds ratios (ORs) and 95% confidence intervals (CIs) derived from final multiple logistic regression model identified by assessment
of confounding and secondary risk factors. The model also included a factor to account for the stratified sampling of community-residing
African Americans.
bIn this subsample analysis, cases (n � 88) were required to have both subjective and objective evidence of daytime sleepiness, whereas control
subjects (n � 97) were required to be free from daytime sleepiness using both subjective and objective criteria.

PSQI � Pittsburgh Sleep Quality Index; REM � rapid eye movement.
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factors (eg, apnea–hypopnea index) were similar. Use
of alcohol continued to reduce the risk for sleepiness.
The magnitudes of the ORs increased substantially for
frequent chronic pain, wheezing, and male sex. Only
the OR for sleepiness as a side effect of medications
was reduced in magnitude.

Presence of Multiple Risk Factors
Elderly cases, as well as elderly control subjects, were
typically exposed to multiple risk factors. To illustrate,
we counted the number of exposures found significant
in the final multivariable model (n � 8) but excluding
the apparent protective effect of alcohol consumption
and the effect of male sex. The remaining six factors
assessed are the first six in Table 4. Exposure to sleep
apnea was defined as apnea–hypopnea of 30 or more
events/hr, because multivariable analyses based on cat-
egorical sleep apnea severity found that only elderly
with apnea–hypopnea of 30 or more events/hr were at
increased risk. This level of sleep apnea severity is con-
sistent with the consensus definition for severe sleep
apnea.10 Moreover, data for efficacy of treatment are
most compelling for this degree of apnea.45–47 The
REM effect was defined according to a reduced REM
latency defined as less than 45 minutes, a value iden-
tified as significant in exploratory analyses. Ratings of
“fairly bad” and “very bad” on the Pittsburgh Sleep
Quality Global self-report of overall sleep quality score
defined presence of this risk factor. The distributions
of numbers of exposures are illustrated for cases and
control subjects in the Figure. The mean (SD) number
of exposures among cases and control subjects were 2.2
(1.4) and 1.3 (1.1), respectively (p � 0.0001). Only
9.4% of older cases reporting excessive daytime sleepi-

ness had no exposures compared with 29.9% of older
subjects reporting no excessive daytime sleepiness. A
total of 55.0% of older cases reporting excessive day-
time sleepiness were exposed to more than one of the
six factors compared with only 23.6% of control sub-
jects. The OR for elevated sleepiness comparing those
with and without multiple exposures is 4.0 (95% CI,
2.4–6.5).

Discussion
We found that there were a number of factors associ-
ated with excessive sleepiness in older adults. Our re-
sults support the view that excessive sleepiness is mul-
tifactorial in the elderly, and the more risk factors that
are present in a given individual the higher the risk for
excessive sleepiness. Of the risk factors assessed, fre-
quent chronic pain had the highest OR. Disturbed
sleep and sleep fragmentation have been described in a
number of conditions associated with pain.48,49 How-
ever, it is also conceivable that sleepiness exacerbates
pain, and our study design cannot rule out this alter-
native explanation. Self-report of wheezing or whistling
from the chest at night was also a risk factor. Sleeping
difficulty is more common in older individuals with
chronic obstructive pulmonary disease or asthma than
in control subjects.50

Our study demonstrated that sleep apnea is a signif-
icant independent contributor to the risk for excessive
daytime sleepiness in the elderly. Associations between
degree of sleep apnea and sleepiness have been shown
in other large epidemiological studies.51 In analyses, se-
verity of sleep apnea was assessed initially as a contin-
uous variable to maximize statistical power and to
avoid type I error for other factors in the model requir-
ing control for sleep apnea severity as a confounder.
When we replaced the continuous measure of apnea–
hypopnea index with suggested clinical categories,10 el-
evated risk was observed only for those with severe
sleep apnea (�30 events/hr). Thus, among elderly in-
dividuals, only severe sleep apnea is an independent
contributor to excessive daytime sleepiness.

In contrast with findings concerning sleep apnea,
our study found no evidence that PLMs during sleep
are a risk factor. The clinical significance of these
movements has long been debated with some arguing
that they may lead to excessive sleepiness,30,52 whereas
others argue that they are not of clinical signifi-
cance.53,54 Our data support the latter point of view.

Decreased REM latency was a risk factor in initial
bivariate analyses. Exploratory analyses found that less
than 45 minutes versus 45 minutes or longer produced
an OR of 2.2 (95% CI, 1.1–4.6; p � 0.03). The final
multivariable model included, however, percentage of
time spent in REM sleep as a significant risk factor.
The basis of reduced latency to REM sleep, and in-
creased REM sleep as a percentage of total sleep, as a

Fig. Percentages of cases (black bars; n � 149) and control
subjects (gray bars; n � 144) with 0, 1, 2, 3, 4, 5, or 6 of
the risk factors included in the final main-effects multivariable
model excluding the alcohol and sex factors. The six risk fac-
tors used in this analysis are the first six factors in Table 4.
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risk factor for sleepiness is unknown but could reflect
differences in latency to REM sleep found even in sub-
threshold depression.37 We excluded subjects with
more major depression in our study.

We also found that certain diagnoses were associated
with an increased risk for sleepiness, in particular, nasal
problems, stroke, and in initial bivariate analyses, the
presence of heart disease. Patients with heart disease
were significantly more likely to use medications with
sleepiness as a side effect, have frequent pain at night,
and have increased sleep-disordered breathing. These
associations therefore resulted in the presence of heart
disease not being significant in our multivariable anal-
yses. A previous study has shown an association be-
tween complaints of excessive sleepiness and incident
cardiovascular mortality and morbidity,38 whereas an-
other cross-sectional study failed to show an association
with cardiovascular diagnoses.5 These differing results
may reflect differences in the ability of previous studies
to control for important confounders.

Medications with sleepiness as a side effect were also
found to be a significant risk factor for sleepiness. This
is not surprising. What is surprising is how frequently
individuals with excessive sleepiness were still pre-
scribed these medications. This suggests that when pre-
scribed, physicians do not follow up with inquiries
about sleepiness. It is known that only about 50% of
geriatricians inquire about sleep complaints in their pa-
tients.55

A robust finding found in all analyses was that
drinking seven or more alcoholic beverages a week re-
duced the risk for sleepiness. It is unclear why in-
creased alcoholic beverage consumption was found to
be associated with reduced risk, as alcohol consump-
tion is sometimes implicated as a factor associated with
sleep disruption (see Brower’s article56 for review). The
most parsimonious explanation is that the elderly with
awareness of excessive sleepiness learn to appreciate the
negative impact of alcohol on their sleep, and hence
reduce alcohol intake.

Our study design was a cross-sectional comparison
of subjects who had frequent complaints of excessive
sleepiness and those who had no such problem. Sub-
jects who were intermediate between these groups were
not studied. We used a case–control strategy to analyze
the role of different risk factors. Hence, we called in-
dividuals with excessive sleepiness “cases” and those
with no such problem “control subjects.” The subjects
were recruited largely from retirement centers for the
elderly. Given the agreement with the leadership of the
communities, we could only approach individuals who,
after hearing about the study at community presenta-
tions or through another outlet, volunteered to partic-
ipate. Thus, we are not able to determine whether the
group with sleepiness who volunteered for this study is
representative of all subjects with sleepiness in these

communities. There is no reason to believe otherwise,
and an important strength of our design is that cases
and control subjects came from identical communities.
Risk factors were assessed concurrently with sleepiness
status, although subjective symptom assessments gener-
ally asked about the preceding 30 days. Nonetheless,
our study design did not permit definitive determina-
tion of the temporal relation between risk factors and
excessive daytime sleepiness limiting our ability to de-
termine the direction of causality. Although it is con-
ceivable that, in our study, recall bias might have af-
fected responses to the questionnaires we administered,
many of the risk factors we assessed were not affected
by such bias. In particular, sleep apnea, periodic limb
movements, and so forth were determined by objective
testing and medication use by direct observation of the
pill bottles for subjects.

In conclusion, our studies show that excessive sleep-
iness, which is a common complaint in the elderly, has
a number of identifiable and treatable risk factors. The
role of multiple risk factors, often present simulta-
neously, is shown. Thus, elders with frequent daytime
sleepiness were much more likely to have the presence
of multiple risk factors compared with control subjects.
This is the first study to address using case–control
methodology, in any age group, the presence of multi-
ple risk factors for sleepiness. Physicians evaluating el-
derly individuals need ask only one simple question to
identify those with excessive sleepiness; ie, do you have
a problem with sleepiness during the day and, if so,
how frequently? If individuals have a problem with
sleepiness three to four times/week or more, the phy-
sician then needs to consider the following questions:
Is the patient suffering from uncontrolled nighttime
pain? Does the patient have severe sleep apnea? Is the
patient on medications causing sleepiness as a side ef-
fect? Future studies need to address treatment efficacy
directed at different risk factors for sleepiness in older
adults before full clinical guidelines can be developed.
Our studies also support the concept that PLMs during
sleep, found commonly in the elderly,16 are a epiphe-
nomenon and not by themselves of clinical significance
to excessive daytime sleepiness.

This research was supported by grants from the NIH (National In-
stitute on Aging, AG-03934, the National Heart, Lung and Blood
Institute, HL-50051, HL-60287, and National Center for Research
Resources, RR-00040).

We acknowledge Dr B. Strom for assistance in suggesting the study
design we used and for making suggestions about the final manu-
script, D.C. Barrett for assistance in the preparation of the manu-
script, and R. Hachadoorian for assistance in statistical program-
ming.

902 Annals of Neurology Vol 59 No 6 June 2006



References
1. Mant A, Eyland EA. Sleep patterns and problems in elderly

general practice attenders: an Australian survey. Community
Health Stud 1988;12:192–199.

2. Asplund R. Daytime sleepiness and napping amongst the el-
derly in relation to somatic health and medical treatment. J In-
tern Med 1996;239:261–267.

3. Hays JC, Blazer DG, Foley DJ. Risk of napping: excessive day-
time sleepiness and mortality in an older community popula-
tion. J Am Geriatr Soc 1996;44:693–698.

4. Newman AB, Enright PL, Manolio TA, et al. Sleep distur-
bance, psychosocial correlates, and cardiovascular disease in
5201 older adults: the Cardiovascular Health Study. J Am Geri-
atr Soc 1997;45:1–7.

5. Whitney CW, Enright PL, Newman AB, et al. Correlates of
daytime sleepiness in 4578 elderly persons: the Cardiovascular
Health Study. Sleep 1998;21:27–36.

6. Ganguli M, Reynolds CF, Gilby JE. Prevalence and persistence
of sleep complaints in a rural older community sample: the
MoVIES project. J Am Geriatr Soc 1996;44:778–784.

7. Lindberg E, Gislason T. Epidemiology of sleep-related breath-
ing disorders. Sleep Med Rev 2000;4:411–433.

8. Bixler EO, Vgontzas AN, Ten Have T, et al. Effects of age on
sleep apnea in men: I. Prevalence and severity. Am J Respir Crit
Care Med 1998;157:144–148.

9. Bliwise DL. Chronologic age, physiologic age and mortality in
sleep apnea. Sleep 1996;19:275–276.

10. American Academy of Sleep Medicine. Sleep-related breathing
disorders in adults: recommendations for syndrome definition
and measurement techniques in clinical research. The Report of
an American Academy of Sleep Medicine Task Force. Sleep
1999;22:667–689.

11. Ancoli-Israel S, Kripke DF, Klauber MR, et al. Sleep-disordered
breathing in community-dwelling elderly. Sleep 1991;14:
486–495.

12. Knight H, Millman RP, Gur RC, et al. Clinical significance of
sleep apnea in the elderly. Am Rev Respir Dis 1987;136:
845–850.

13. Berry DT, Phillips BA, Cook YR, et al. Sleep-disordered
breathing in healthy aged persons: possible daytime sequelae. J
Gerontol 1987;42:620–626.

14. Phillips BA, Berry DT, Schmitt FA, et al. Sleep-disordered
breathing in the healthy elderly. Clinically significant? Chest
1992;101:345–349.

15. Phillips BA, Berry DT, Schmitt FA, et al. Sleep-disordered
breathing in healthy aged persons: two- and three-year follow-
up. Sleep 1994;17:411–415.

16. Ancoli-Israel S, Kripke DF, Klauber MR, et al. Periodic limb
movements in sleep in community-dwelling elderly. Sleep
1991;14:496–500.

17. Foley DJ, Monjan AA, Brown SL, et al. Sleep complaints
among elderly persons: an epidemiologic study of three com-
munities. Sleep 1995;18:425–432.

18. Carskadon MA, Dement WC. The multiple sleep latency test:
what does it measure? Sleep 1982; 5(suppl 2):S67–S72.

19. Carskadon MA, Dement WC, Mitler MM, et al. Guidelines for
the multiple sleep latency test (MSLT): a standard measure of
sleepiness. Sleep 1986;9:519–524.

20. Yesavage JA, Brink TL, Rose TL, et al. Development and val-
idation of a geriatric depression screening scale: a preliminary
report. J Psychiatr Res 1982;17:37–49.

21. Davis PB, Morris JC, Grant E. Brief screening tests versus clin-
ical staging in senile dementia of the Alzheimer type. J Am
Geriatr Soc 1990;38:129–135.

22. Johns MW. A new method for measuring daytime sleepiness:
the Epworth sleepiness scale. Sleep 1991;14:540–545.

23. Johns MW. Reliability and factor analysis of the Epworth
Sleepiness Scale. Sleep 1992;15:376–381.

24. Johns MW. Daytime sleepiness, snoring, and obstructive sleep
apnea. The Epworth Sleepiness Scale. Chest 1993;103:30–36.

25. Johns MW. Sleepiness in different situations measured by the
Epworth Sleepiness Scale. Sleep 1994;17:703–710.

26. Gurubhagavatula I, Maislin G, Nkwuo JE, Pack AI. Occupa-
tional screening for obstructive sleep apnea in commercial driv-
ers. Am J Respir Crit Care Med 2004;170:371–376.

27. Heitman SJ, Atkar RS, Hajduk EA, et al. Validation of nasal
pressure for the identification of apneas/hypopneas during
sleep. Am J Respir Crit Care Med 2002;166:386–391.

28. Irwin JR, McClelland GH. Negative consequences of dichoto-
mizing continuous predictor variables. J Mark Res 2003;XL:
336–371.

29. Austin PC, Brunner LJ. Inflation of the type I error rate when
a continuous confounding variable is categorized in logistic re-
gression analyses. Stat Med 2004;23:1159–1178.

30. Coleman RM, Pollak CP, Weitzman ED. Periodic movements
in sleep (nocturnal myoclonus): relation to sleep disorders. Ann
Neurol 1980;8:416–421.

31. Allen RP, Picchietti D, Hening WA, et al. Restless legs
syndrome: diagnostic criteria, special considerations, and epide-
miology. A report from the restless legs syndrome diagnosis and
epidemiology workshop at the National Institutes of Health.
Sleep Med 2003;4:101–119.

32. Buysse DJ, Reynolds CF 3rd, Monk TH, et al. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice
and research. Psychiatry Res 1989;28:193–213.

33. Buysse DJ, Reynolds CF 3rd, Monk TH, et al. Quantification
of subjective sleep quality in healthy elderly men and women
using the Pittsburgh Sleep Quality Index (PSQI). Sleep 1991;
14:331–338.

34. Maislin G, Pack AI, Kribbs NB, et al. A survey screen for pre-
diction of apnea. Sleep 1995;18:158–166.

35. Bonnet M, Carley D, Carskadon M, et al. EEG arousals: scor-
ing rules and examples. A preliminary report from the Sleep
Disorders Atlas Task Force of the American Sleep Disorders
Association. Sleep 1992;15:173–184.

36. Riemann D, Berger M, Voderholzer U. Sleep and depression—
results from psychobiological studies: an overview. Biol Psychol
2001;57:67–103.

37. Akiskal HS, Judd LL, Gillin JC, Lemmi H. Subthreshold
depressions: clinical and polysomnographic validation of dyst-
hymic, residual and masked forms. J Affect Disord 1997;45:
53–63.

38. Newman AB, Spiekerman CF, Enright P, et al. Daytime sleep-
iness predicts mortality and cardiovascular disease in older
adults. The Cardiovascular Health Study Research Group.
J Am Geriatr Soc 2000;48:115–123.

39. Greenland S. Modeling and variable selection in epidemiologic
analysis. Am J Public Health 1989;79:340–349.

40. Mickey RM, Greenland S. The impact of confounder selection
criteria on effect estimation. Am J Epidemiol 1989;129:
125–137.

41. Hosmer DW, Lemeshow S. Applied logistic regression. New
York: John Wiley & Sons, 1989.

42. Harrell FE, Lee KL, Daniel MB. Tutorial in biostatistics—mul-
tivariable prognostic models: issues in developing models, eval-
uating assumptions and adequacy, and measuring and reducing
errors. Stat Med 1996;15:361–387.

43. Mittlbock M, Schemper M. Computing measures of explained
variation for logistic regression models. Comput Methods Pro-
grams Biomed 1999;58:17–24.

44. Kleinbaum DG, Kupper LL, Morgenstern H. Epidemiologic
research: principles and quantitative methods. New York: Van
Nostrand Reinhold, 1982.

Pack et al: Sleepiness in Older Adults 903



45. Jenkinson C, Davies RJ, Mullins R, Stradling JR. Comparison
of therapeutic and subtherapeutic nasal continuous positive air-
way pressure for obstructive sleep apnoea: a randomised pro-
spective parallel trial. Lancet 1999;353:2100–2105.

46. Hack M, Davies RJ, Mullins R, et al. Randomised prospective
parallel trial of therapeutic versus subtherapeutic nasal continu-
ous positive airway pressure on simulated steering performance
in patients with obstructive sleep apnoea. Thorax 2000;55:
224–231.

47. Pepperell JC, Ramdassingh-Dow S, Crosthwaite N, et al. Am-
bulatory blood pressure after therapeutic and subtherapeutic na-
sal continuous positive airway pressure for obstructive sleep
apnoea: a randomised parallel trial. Lancet 2002;359:204–210.

48. Moldofsky H. Sleep and musculoskeletal pain. Am J Med
1986;81:85–89.

49. Menefee LA, Frank ED, Doghramji K, et al. Self-reported sleep
quality and quality of life for individuals with chronic pain con-
ditions. Clin J Pain 2000;16:290–297.

50. van Manen JG, Bindels PJ, Ijzermans CJ, et al. Prevalence of
comorbidity in patients with a chronic airway obstruction and
controls over the age of 40. J Clin Epidemiol 2001;54:287–293.

51. Gottlieb DJ, Whitney CW, Bonekat WH, et al. Relation of
sleepiness to respiratory disturbance index: the Sleep Heart
Health Study. Am J Respir Crit Care Med 1999;159:
502–507.

52. Kales A, Bixler EO, Soldatos CR, et al. Biopsychobehavioral
correlates of insomnia, part 1: role of sleep apnea and nocturnal
myoclonus. Psychosomatics 1982;23:589–600.

53. Mendelson WB. Are periodic leg movements associated with
clinical sleep disturbance? Sleep 1996;19:219–223.

54. Chervin RD. Periodic leg movements and sleepiness in patients
evaluated for sleep-disordered breathing. Am J Respir Crit Care
Med 2001;164:1454–1458.

55. Haponik EF. Sleep disturbances of older persons: physicians’
attitudes. Sleep 1992;15:168–172.

56. Brower KJ. Insomnia, alcoholism and relapse. Sleep Med Rev
2003;7:523–539.

904 Annals of Neurology Vol 59 No 6 June 2006


