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Objective. This study examined the association between obstructive sleep apnea (OSA), daytime sleepiness, functional activity, and
objective physical activity. Setting. Subjects (N = 37) being evaluated for OSA were recruited from a sleep clinic. Participants.
The sample was balanced by gender (53% male), middle-aged, primarily White, and overweight or obese with a mean BMI of
33.98 (SD = 7.35; median BMI = 32.30). Over 40% reported subjective sleepiness (Epworth Sleepiness Scale (ESS) ≥10) and had
OSA (78% with apnea + hypopnea index (AHI) ≥5/hr). Measurements. Evaluation included questionnaires to evaluate subjective
sleepiness (ESS) and functional outcomes (Functional Outcomes of Sleep Questionnaire (FOSQ)), an activity monitor, and an
overnight sleep study to determine OSA severity. Results. Increased subjective sleepiness was significantly associated with lower
scores on the FOSQ but not with average number of steps walked per day. A multiple regression analysis showed that higher AHI
values were significantly associated with lower average number of steps walked per day after controlling patient’s age, sex, and ESS.
Conclusion. Subjective sleepiness was associated with perceived difficulty in activity but not with objectively measured activity.
However, OSA severity was associated with decreased objective physical activity in aging adults.

1. Introduction

The increased prevalence of persons in the USA who are
overweight or obese has been accompanied by a parallel
increase in the prevalence of obstructive sleep apnea (OSA)
[1]. Data from multiple studies suggest that excessive body
weight is a primary risk factor for type 2 diabetes, car-
diovascular disease, and OSA [2–5]. Increased physical
activity has significant health benefits that include not only
improved weight control but also an independent reduction
in the risk for diabetes, hypertension, cardiovascular disease,
depression, and osteoporosis [6–8]. Unfortunately, many
adults who are obese also have sedentary lifestyles, a factor
that further increases their risk for developing chronic
illness. Therefore, promotion of physical activity is especially
important for adults to help prevent the development of
chronic illness.

Physical activity, defined as any movement that involves
physical effort, is not synonymous with exercise but includes

lifestyle activity. The current recommendation by the U.S.
Department of Health is that adults obtain at least 150
minutes of physical activity of moderate-intensity activity
or 75 minutes a week of vigorous-intensity activity each
week [8]. However, another measure of adequate physical
activity, walking at least 10,000 steps a day, is considered
indicative of an “active” lifestyle [9]. Although data suggest
that intense physical activity is most efficacious for increased
health benefits, results from population-level studies suggest
that even walking at a moderate pace has positive health
benefits of decreased obesity, improved insulin resistance,
and reduced mortality [10–12].

Findings from several studies using subjective measures
of activity indicate that increased OSA severity is associated
with decreased physical activity [13, 14]. In addition, exces-
sive daytime sleepiness, a frequent symptom of OSA, has
been associated with both increased obesity and decreased
functional activity in areas sensitive to sleep disruption [15].
However, it remains unclear if OSA or excessive daytime
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sleepiness affects objectively measured physical activity. The
purpose of this study is to examine the relationship between
subjective daytime sleepiness, OSA severity, functional activ-
ity, and objectively measured physical activity in order to
obtain a multidimensional perspective of the association
between nighttime sleep and daytime activity.

2. Methods

2.1. Participants. Participants were recruited from patients
evaluated for sleep disorders at the University of Pittsburgh
Medical Center Sleep Medicine Center. The sample was
limited to individuals scheduled for an overnight sleep study
for the evaluation of possible OSA. The eligibility criteria
excluded persons already treated for OSA, coexistence of
other sleep disorders such as insomnia or restless leg
syndrome, regular use of sedative, hypnotic, or alerting
medications, rotating shift or night-shift work, or pregnancy.
The study had Institutional Review Board approval by the
University of Pittsburgh. For this paper, we conducted anal-
yses on baseline data from 37 participants having complete
data on the study variables of interest.

2.2. Measures. Questionnaires developed at the University
of Pittsburgh’s School of Nursing were used to obtain data
on sociodemographic factors including age, gender, race,
marital status, years of formal education, and comorbid
diseases. Weight was measured on a digital scale with the
subject wearing light clothing and without shoes. Height
was measured on a wall-mounted stadiometer. BMI was
computed using the following formula: BMI = weight
(kg)/height (meters2).

Objective sleep disorders were determined by the di-
agnostic overnight polysomnography (PSG) to determine
the presence and severity of suspected OSA. Scoring of the
PSG was performed according to the criteria of American
Academy of Sleep Medicine [16]. Apnea was defined as the
complete cessation of airflow associated with a 4% oxygen
desaturation that persisted for >10 seconds; hypopnea was a
decreased airflow of at least 30% associated with a drop of at
least 4% in oxygen saturation. The PSG study recorded the
electroencephalogram (EEG (C3A2 with C4A1 as backup,
O2A1 with O1A2 as backup)), bilateral electrooculograms
(EOG (right and left outer canthi referenced to A2 and
A1)), bipolar submental and bilateral tibialis anterior elec-
tromyograms, chest and abdominal expansion by inductance
plethysmography, airflow via nasal pressure and oral ther-
mistor recording, pulse oximetry, and electrocardiogram.
The apnea + hypopnea index (AHI) was the endpoint used
to determine OSA severity.

Subjective daytime sleepiness was quantified by the
Epworth Sleepiness Scale (ESS) [17], an 8-item questionnaire
that asks the respondent to rate the possibility of their dozing
in eight soporific situations. Sleepiness was graded on a 4-
point Likert scale ranging from 0 “no chance of dozing” to 3
“high chance of dozing”. The ESS is a validated single-factor
instrument with test-retest reliability (r = .82) and internal
consistency (Cronbach′s alpha = .88). At a cut-point of≥10,

the ESS has a sensitivity of 93.5% and a specificity of 100%
for distinguishing normal from pathological sleepiness [18–
20]. The total score on the ESS was the endpoint to determine
subjective daytime sleepiness.

Functional activity was determined by the Functional
Outcomes of Sleep Questionnaire (FOSQ) [21], a ques-
tionnaire designed to assess if sleepiness makes performing
certain activities difficult. An example of FOSQ questions
is “Do you have difficulty being as active as you want to
be in the evening because you are sleepy or tired?” This
30-item questionnaire (Total Scale alpha = .95) contains
five subscales: General Productivity (alpha = .86), Vigilance
(alpha = .87), Social Outcomes (alpha = .88), Activity
Level (alpha = .91), and Intimacy and Sexual Relationships
(alpha = .87). Test-retest reliability for the total scale was
r = .90, for subscales, r = .81 to .90. The total score and
subscale scores were used as endpoints in this analysis.

Objective activity and energy expenditure were evaluated
with the Bodymedia SenseWear Pro Armband activity moni-
tor. This activity monitor is a two-axial accelerometer device
that measures the duration and intensity of activity. The
activity monitor was worn on an adjustable Velcro armband
worn on the right upper arm for a 7-day period. Subjects
were instructed to wear the activity armbands around-
the-clock except for showering or engaging in any activity
that could make the activity monitor wet. The primary
endpoint for activity was summarized on each subject as
the mean daily activity counts for steps walked: additional
endpoints include total estimated energy expenditure and
mean metabolic equivalent units (MET).

2.3. Procedure. Human subjects’ approval was obtained at
the University of Pittsburgh for both the Sleep Disorders
Registry and the current study. Patients at the sleep center
are routinely asked if they are willing to participate in
a Sleep Disorders Registry. People who consented to the
registry were sent a letter explaining the study and informing
them they would be contacted by telephone by study
personnel. Over 30% of those people contacted (n = 119) by
telephone screening were eligible and enrolled in the study.
The primary reason people were excluded during phone
screening was that the person had already been diagnosed
with sleep apnea and treated with continuous positive airway
treatment.

At the baseline visit, we obtained informed consent and
measured subject’s height and weight. The evaluations were
conducted in the Center for Translational Research Center
at the University of Pittsburgh. A prepaid mailer was given
to the subjects to return their physical activity monitor and
the questionnaires. Results of the overnight sleep study were
obtained from the medical record.

2.4. Statistical Analyses. Data analyses were conducted using
SPSS v. 17 (SPSS Inc., Chicago, IL). All continuous variables
were checked for normality. Because some continuous
variables were skewed, summary statistics were presented as
the median and interquartile range (IQR) as well as the mean
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and standard deviation and as frequencies and percent-
ages for categorical variables. Bivariate relations between
continuous variables were examined with Pearson product-
moment correlation for approximately bivariately normally
distributed data. The Spearman rank-order correlation was
used to examine the bivariate association between variables
that were either ordinally scaled or with skewed distributions.
Two sample t-test or Mann-Whitney U test, if data were
ordinally scaled or nonnormally distributed, were used to
examine differences in age, AHI, BMI, and self-reported
daytime sleepiness between men and women. Predictors for
the hierarchical regression analyses for mean daily number
of steps walked were selected based on previous associations
of age, gender, and ESS with AHI and measures of physical
activity [22–25]. Age, gender, and ESS were entered in the
first block of the hierarchical regression analysis; AHI was
then entered on the second block of the regression analysis.

3. Results

3.1. Sample Characteristics. The demographic characteristics
of the sample (N = 37) are presented in Table 1. Overall,
our sample was evenly distributed by gender, predominantly
white, and middle age. Most subjects were married and well
educated (median years of formal education = 16) but only
54% of the sample was employed full- or part-time. The
majority of the sample was overweight or obese. This sleep
clinic-based sample had a high prevalence of both objective
sleep disordered breathing and excessive daytime sleepiness.
Over 78% of the sample had diagnosable OSA (AHI ≥ 5) and
24% of the sample had severe OSA (AHI ≥ 30). Excessive
daytime sleepiness (ESS ≥ 10) was reported by 41% of the
sample. Analysis of mean Bodymedia activity data found that
many people in the sample were sedentary (40%, n = 13)
with <5000 steps walked on average daily and few (19%,
n = 6) were active with ≥10,000 steps/day.

3.2. Demographic Characteristics, Sleep, and Activity. There
was no statistically significant difference in age, ESS scores,
FOSQ total and subscale scores, or objectively measured
activity levels between male and female subjects. Based on
BMI, female subjects were typically more obese than male
subjects (female: median = 38.95, IQR = 12.65; male:
median = 31.00, IQR = 5.40; Mann-Whitney U = 68,
P = .001). Male subjects in the study had more severe OSA
based on AHI (median = 19.34, IQR = 52.43) compared
to female subjects (Median = 8.57, IQR = 6.68), although
there was no statistically significant difference in this small
sample (Mann-Whitney U = 157, P = .690). Females in the
sample were less active (median daily steps = 4195, IQR =
4832) than males (median daily steps = 7352, IQR = 6004);
however, it was again not statistically significant (Mann-
Whitney U = 87, P = .13).

Age and BMI were not significantly associated with
subjective sleepiness (ESS), OSA severity (AHI), or subjective
activity (FOSQ total and subscale scores). Results of cor-
relational analyses using Spearman rank-order correlations
suggest that increased age is associated with decreased

Table 1: Demographic and clinical characteristics of sample
(N = 37).

Characteristics
Measures of central tendency
dispersion, or frequency

Age (years)
Median = 51.00, IQR = 15,

Mean = 49.51± 11.45,

Male % (n) 53 (19)

White % (n) 78 (29)

Married/living with partner% (n) 62 (23)

Education >12 years% (n) 76 (28)

Body Mass Index (kg/m2)
Median = 32.30, IQR = 10.90,

Mean = 33.98± 7.35,

Epworth Sleepiness Scale (ESS) Mean = 9.43± 4.94,

Functional Outcomes of Sleep
Questionnaire (FOSQ) Total Score

Median = 17.66, IQR = 5.87,

Apnea + hypopnea index (AHI)
Median = 9.94, IQR = 27.80,

Mean = 21.74± 25.40,

Steps walked daily
Median = 5881, IQR = 5896,

Mean = 6, 988± 3, 852

physical activity as measured by mean number of steps
walked per day (rs = −.35, P = .051) and decreased total
daily energy expenditure (rs = −.47, P = .007). Although
BMI was not significantly associated with the mean number
of steps walked, an increase in BMI was associated with
decreased activity intensity (mean MET, rs = −.48, P =
.006).

3.3. Daytime Sleepiness, OSA Severity, and Activity. Table 2
reports the results of correlation analyses examining the
relationships between daytime sleepiness, OSA severity,
functional activity, and objectively measured activity. Exces-
sive sleepiness was associated with increased difficulty to
conduct normal activities measured by all five FOSQ subscale
scores (General Productivity, Social Outcomes, Activity
Level, Vigilance, and Intimacy and Sexual Relationships) and
the FOSQ total score. No statistically significant associations
were found between daytime sleepiness and average daily
measures of objective physical activity (mean steps walked,
total energy expenditure, or average METS). Difficulties in
performing functional activities because of sleepiness (FOSQ
total and subscale scores) were not significantly associated
with any objective measure of physical activity.

OSA severity was not statistically significantly associated
with either daytime sleepiness or functional activity (FOSQ
total or subscale scores). Data suggest that increased OSA
severity may be associated with decreased physical activity.
There were negative associations between AHI and total
energy expenditure (rs = −.32, P = .07), steps walked
(rs = −.29, P = .11), and average METS (rs = −.29, P = .10)
that approached statistical significance.

A multiple regression model (Table 3) with the daily
mean number of steps as the dependent variable, controlling
for gender, age, ESS and AHI, was found to be statistically
significant overall (F = 3.91, R2 = .38, P = .01).
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Table 2: Correlations among study variables.

Variable pairs Spearman’s rs P value

Mean steps and AHI −.29 .11

ESS and total FOSQ −.73 <.001

ESS and FOSQ General
Productivity

−.67 <.001

ESS and FOSQ Social Outcomes −.63 <.001

ESS and FOSQ Activity Level −.62 <.001

ESS and FOSQ Vigilance −.80 <.001

ESS and FOSQ Intimacy and
Sexual Relationships

−.80 .001

Table 3: Regression results of objective physical activity (mean daily
steps walked).

Variable Beta P value

Age −98.81 .07

Gender (male) 3434.13 .01

Epworth −110.07 .35

AHI −64.25 .01

R2 = .38 (Adjusted R2 = .28).

The strongest predictors of number of steps were gender
(t = 2.79, P = .01) and AHI (t = −2.72, P = .01). Age
approached statistical significance (t = −1.90, P = .07).
ESS was not statistically significantly associated (t = −.95,
P = .35) with number of steps. An extra year of age was
estimated to translate to a decrease of 98.81 steps per day.
An extra point in AHI was found to result in a drop of 64.25
in mean daily steps. Male gender in this multiple regression
analysis was associated with an additional 3434 steps per day.

4. Discussion

We found that increased OSA severity was associated with
decreased objectively measured physical activity while con-
trolling for age, gender, and daytime sleepiness (Table 3).
In addition, while complaints of subjective sleepiness were
strongly associated with increased self-reported difficulty in
being active, there was no significant association between
either sleepiness or self-reported difficulty because of sleepi-
ness in performing functional activity and objectively mea-
sured activity.

The United States Department of Health and Human
Services has set 150 minutes a week of moderate-intensity
activity or 10,000 steps a day of walking as the goal [8].
Although the 2008 Physical Activities Guidelines and other
study acknowledge that the goal of 10,000 steps a day may
not be sustainable with elderly persons or persons with
chronic illness, it is considered appropriate for most adults
[7–9]. Increased activity is especially beneficial in persons
who are moving from middle age into old age to promote
healthy aging. In this study we found that OSA, a treatable
sleep disorder, is associated with more sedentary lifestyles.
Assessment and treatment of OSA is important not only
because it is a harmful disease, but also because of its

mediating effect on physical activity, an essential part of every
adults program for healthy aging.

The sample (Table 1) of middle-aged, obese, sedentary
persons is fairly representative of the aging population. The
results of our study (Table 2) are consistent with previous
research showing a significant association between decreased
moderate to moderately vigorous physical activity and
increased severity of OSA in the Sleep Heart Health Study
(SHHS (N = 4275)) [14]. The evaluation of physical activity
in the SHHS was based on self-report, which might have
affected the measurement of physical activity. In addition,
the SHHS used different instruments for the assessment
of physical activity in the five cohorts in the study which
might have interfered with the precision of the findings. Our
findings are important because they validate this relationship
using an objective measurement of physical activity.

The finding that women are likely to be more obese and
have less severe OSA than men is consistent with previous
research among patients being evaluated in a sleep clinic
for possible sleep apnea [22–26]. Women in the study were
more likely to be sedentary than men, again a finding that
agrees with the results of previous studies that utilized
questionnaires to evaluate physical activity [22]. Although
premenopausal women have a decreased risk for OSA, the
risk of OSA increases in both men and women as they age.
Unfortunately, OSA in women is frequently underdiagnosed
because of a common misconception that OSA is a “male”
disorder [27, 28].

The FOSQ is a validated questionnaire that has been
used in multiple clinical trials to assess the impact of
sleepiness on the ability to conduct daily activities [29–32].
The FOSQ questionnaire evaluates the degree of difficulty
caused by sleepiness on functional outcomes such as being
active and productive, able to maintain vigilance during
a task like driving, watching a movie, being active in the
morning/afternoon/evening, or being interested in engaging
in intimate relationships. It is important to remember that
the FOSQ was not developed as an indirect measure of
physical activity. The strong association between daytime
sleepiness on the Epworth Sleepiness Scale and the FOSQ
(Table 2) might have resulted because the instruments
measure subjective difficulty rather than objective behavior.
This incongruity between objective physical activity and sub-
jective report of difficulty in performing functional activity is
similar to the well-known discordance between self-reports
of medication adherence and objective medication behavior
[33].

There are several limitations of the present study. Since
this study had a cross-sectional observational design, we
can only report associations and cannot infer causation.
Sleepiness was evaluated only by subjective self-assessment
by subjects and there was no objective assessment of
excessive sleepiness such as with a multiple sleep latency
test. Therefore, future evaluation of the effect of objective
sleepiness on physical activity is warranted. The small sample
size and resultant lack of statistical power resulted in several
tests possibly having a type-2 error. Because there was a small
convenience sample that consisted exclusively of sleep clinic
patients, the findings of this study need to be considered
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as preliminary and cannot be generalized to the general
adult population. Finally, although we attempted to control
potential confounders, we cannot dismiss the possibility that
important variables might not have been included in the
analyses.

5. Conclusions

An active lifestyle with regular physical activity is essential for
health promotion and disease prevention for healthy aging.
While exercise of longer duration and greater intensity is
optimal, an active lifestyle is fundamental to health promo-
tion across the lifespan. Although previous studies found
that sleepiness and OSA were associated with decreased
self-reported activity, this study’s utilization of an objective
activity monitor helped quantify the effect of OSA severity
and sleepiness on physical activity.

Evidence from previous studies has strongly implicated
the role of daytime sleepiness in negatively affecting partic-
ipation in functional activities [13, 15]. Excessive daytime
sleepiness is not benign, and as also found in the current
study, has a negative effect on quality of life. Because excessive
sleepiness is nonspecific, a comprehensive evaluation of this
important symptom is important for health promotion and
disease prevention in the aging adult. This is relevant for
both men and women because of the importance of physical
activity for healthy aging and the implication that untreated
OSA may negatively impact the ability to have an active
lifestyle.
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