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ABSTRACT: The aim of our study was to investigate age-related changes in sleepiness symptoms

associated with sleep disordered breathing (SDB).

Wisconsin Sleep Cohort participants were assessed using polysomnography, the Epworth

Sleepiness Scale (ESS) and the multiple sleep latency test (MSLT). SDB was defined as an

apnoea/hypopnoea index o15 events?h-1, and sleepiness as ESS o10 and MSLT f5 min. Odds

ratios were calculated using generalised estimating equations associating sleepiness with SDB,

and conditional logistic regression examining changes in longitudinal sleepiness status (ESS

only). Models were a priori stratified by sex.

ESS was measured in 1,281 participants and MSLT in 998 at multiple time-points (ESS n53,695;

MSLT n51,846). Significant interactions were found between SDB and age in males, but not

females. The odds ratios modelled for sleepiness in a 40-yr-old male with SDB were significant

compared to a male without SDB (ESS 2.1 and MSLT 2.9); however, these associations were not

significant at 60 yrs of age. The within-subject odds ratio for sleepiness was also significant at

40 yrs of age (OR 3.4), but not at 60 yrs of age.

The age-related reductions in the association between sleepiness and SDB may have clinical

implications for the diagnosis and treatment of SDB in older people as sleepiness is often used as

a therapeutic target.

KEYWORDS: Ageing, obstructive sleep apnoea, sleep disordered breathing, sleepiness

T
he prevalence of sleep disordered breath-
ing (SDB) in older people is almost double
that of younger people, with ,20% of

people aged .65 yrs having moderate-to-severe
SDB when measured in a community sample;
although a plateau occurs in the prevalence after
the age of 60 yrs [1]. Using a more liberal mea-
sure of SDB (apnoea/hypopnoea index (AHI)
cut-off of .5 events?h-1) estimates range up to
56% in community populations and 70% in cli-
nics and nursing homes (age 65–101 yrs) [2].
Despite this high prevalence, the age-related
changes in the symptoms and consequences of
SDB are poorly understood. For example, if
sleepiness is the cardinal symptom of SDB in
younger people, is this still the case in older
people, where ageing per se may be associated
with sleepiness?

In some studies, older people with SDB have been
found to have minimal symptoms of subjective
and objective sleepiness [3], while others have
reported excessive sleepiness [4, 5]. However,
in the former study by PHILLIPS et al. [3], the

participants had a mean¡SD age of 64¡8.6 yrs
compared to .70 yrs in the latter studies [4, 5]. In
the Sleep Heart Health Study the strength of the
association between SDB and sleepiness was
similar in older (.65 yrs) and younger (f65 yrs)
patients [6]. If symptoms of sleepiness are mod-
ified by age in people with SDB, this could have
wider implications for the planning of healthcare
services, since sleepiness is currently a thera-
peutic target for the treatment of SDB using
continuous positive airway pressure (CPAP) [7].
The majority of studies investigating the effect of
CPAP treatment on sleepiness have enrolled
patients with SDB aged 44–58 yrs [7]. We aimed
to investigate the strength of the association
between symptoms of daytime sleepiness and
SDB across the age spectrum using data from the
Wisconsin Sleep Cohort.

In a recent study, also from the Wisconsin Sleep
Cohort, SDB was predictive of cardiovascular mor-
tality in participants with and without sleepiness
[8]. The authors concluded that the high cardio-
vascular risk in untreated severe SDB suggested
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that SDB treatment should not be contingent on symptoms of
daytime sleepiness. Other authors have also proposed that
SDB without daytime symptoms should be treated to reduce
cardiovascular risk [9]. This may be particularly relevant in
older people, in whom the cardiovascular risk is greater.
However, a counter point is that the presence of moderate
SDB could provide a survival advantage in older patients [10].
Older patients with SDB may also benefit from improvements in
cognitive function, independent of daytime sleepiness if treated
for SDB; especially if they are at greater risk of cognitive decline
that is independent of sleepiness [11]. Taken together these
studies suggest that the appropriateness of using sleepiness to
guide treatment choices in older populations with a higher
absolute risk for cardiovascular events, cognitive impairment
and mortality is questionable. We tested the hypothesis that
ageing would be associated with a reduction in the symptom of
sleepiness in patients with SDB.

METHODS

Participants
In 1988, employees of four state agencies in Wisconsin, USA,
aged 30–60 yrs, were surveyed by post regarding their sleep
habits. From these data, a sampling frame was constructed and
3,170 randomly selected respondents were invited to partici-
pate in the Wisconsin Sleep Cohort. Participants were studied
overnight. Repeat studies occur at 4-yr intervals. In August
2011, there were 1,521 (48%) participants with at least one
adequate sleep study. The primary reason for non-participation
was the burden of an overnight sleep study. One to six sleep
studies per participant were available for analysis. Follow-up
rates (calculated from average rates of refusal to participate in
follow-up studies) were ,80%, although recruitment for follow-
up studies continues to accrue. Consent documents for the
ongoing Wisconsin Sleep Cohort Study were approved by the
University of Wisconsin-Madison Health Sciences Institutional
Review Board. All participants gave written, informed consent.

Polysomnography
Overnight polysomnography (Polygraph model 78; Grass
Instruments, Quincy, MA, USA) plus other clinical assessments
were carried out for each participant. Sleep state was deter-
mined by electroencephalography (EEG), electrooculography
and electromyography. SDB events were assessed using arterial
oxygen saturation (model 3740; Ohmeda, Englewood, CO, USA),
oral and nasal airflow monitored by thermocouples (ProTec
Inc., Hendersonville, TN, USA), nasal air pressure (Validyne
Engineering Corp., Northridge, CA, USA), and thoracic and
abdominal respiratory motion recorded by respiratory induc-
tance plethysmography (Respitrace; Ambulatory Monitoring,
Ardsley, NY, USA).

Sleep state and respiratory events were scored by trained sleep
technicians using the conventional Rechtschaffen and Kales cri-
teria. An apnoea was defined as the cessation of airflow lasting
o10 s, and a hypopnoea was defined as a discernible reduction
in the sum of thoracic plus abdominal respiratory inductance
plethysmography amplitude associated with a o4% reduction
in oxygen saturation. The average number of apnoea plus
hypopnoea events per hour of sleep defined the AHI.

Assessment of sleepiness
The sleepiness assessments used in this study were the
subjective Epworth Sleepiness Scale (ESS) questionnaire [12]
and the objective multiple sleep latency test (MSLT) [13]. These
were performed on the same day as the polysomnography.
These tests were added to the Wisconsin Sleep Cohort study
protocol at different times. The ESS was first used in October
1993 and data were available in 1,281 participants (693 males,
588 females), with 3,695 total sleep studies (270, 211, 310, 373
and 117 participants with one, two, three, four and five studies,
respectively). Subjective sleepiness was defined as an ESS o10,
alternative cut-off points were examined to determine if our
results were sensitive to the choice of cut-off point.

The MSLT research protocol was performed between June 1989
and August 2003. Data were available in 998 participants (551
males, 447 females), with 1,846 total sleep studies (404, 376, 182
and 36 participants with one, two, three and four studies).
Participants were allowed four nap opportunities during the
day at 2-h internals in a darkened room. The nap opportunity
was stopped if the EEG showed the participant had fallen asleep
or after 20 min if sleep did not occur. Objective sleepiness was
defined as an MSLT f5 min.

Covariate measurements
All participants were interviewed at each visit regarding their
usual sleep time (average hours of sleep per day including
naps), medical history (including self-reported of physician
diagnosed comorbidities, congestive heart failure, myocardial
infarction, revascularisation procedures, arthritis and stroke),
chronic joint and/or back pain, medication use (coded into
pharmacologic categories), alcohol use (drinks per week), smok-
ing habits (current and past) and caffeine use (daily con-
sumption). Age and body mass index (BMI; kg?m-2) were also
measured. The Zung self-reported depression scale was com-
pleted, which is a 20-item survey assessing depressive symp-
toms on a scale ranging from 25 to 100; scores o50 were taken
as mild or worse depressive symptomatology [14]. The State-
Trait Anxiety Inventory scale was also completed [15]. This is
a 40-item survey, with 20 items assessing state anxiety and 20
items assessing trait anxiety. Each scale ranges from 20 to 80.
Finally, hours of physical exercise was collected on the initial
survey.

Statistical analyses
Analyses were performed with SAS software version 9.2 (SAS
Institute, Inc., Cary, NC, USA). Due to the fact that our data
uses multiple measurements per person, we examined loss to
follow-up. Characteristics of sleepiness, SDB, age, BMI and sex
were compared between participants with and without follow-
up data (n51,011 versus n5270) using unpaired t-tests and Chi-
squared tests.

Two types of regression models were used to estimate odds
ratios associating the presence of sleepiness with the presence
of SDB; ESS o10 or MSLT f5 min were modelled separately.
Generalised estimating equation models were fitted to all data,
including multiple sleep studies per participant, if available.
These models are analogous to logistic regression models, with
techniques for repeated measures. The resulting odds ratios
represent the weighted averages of the cross-sectional and
longitudinal associations, between sleepiness and SDB, while
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accounting for within-subject correlation due to the use of
multiple sleep studies per participant [16].

Conditional (intrasubject) logistic regression was used to
estimate the odds of changing sleepiness status between visits
(i.e. having an ESS ,10 at a study visit, and an ESS o10 at
a subsequent visit, or vice versa) associated with also chang-
ing SDB status between visits [16]. This purely longitudinal
approach was used only with ESS as there were insufficient
participants with multiple MSLTs. The within-subject approach
accommodated the participants that were initially identified as
sleepy, but were no longer sleepy at a later visit. The conditional
model implicitly controls for fixed within-person characteristics,
such as sex and genetic profile [16]. All models were a priori
stratified by sex. Within sex-stratified models the interaction
terms for SDB multiplied by age were fitted to test the primary
hypothesis that the association between sleepiness and SDB
reduces with age. A significantly negative interaction coefficient
would provide evidence consistent with a diminishing associa-
tion between sleepiness and SDB with increasing age.

SDB was categorised as either absent (AHI ,15) or present
(AHI o15 or use of continuous positive airway pressure
(CPAP) therapy). The primary outcome variables were the
presence or absence of excessive daytime sleepiness defined as:
ESS o10 or MSLT f5 min. Supplemental analyses were
performed to examine alternative outcome characterisations
for sleepiness (ESS cut-off point of nine or 11; ESS and MSLT
modelled as a continuous outcomes) and SDB (AHI modelled
as a continuous variable; exclusion of subjects using CPAP
from analyses). We found no meaningful differences in the
alternative models compared to the results presented here.
Covariates (BMI, comorbidities, alcohol and cigarette use,
caffeinated beverage consumption, physical exercise, depres-
sive or anxious symptomology, hypnotic medication use,
chronic joint and/or back pain and self-reported usual sleep
time) which substantially altered regression coefficients for
SDB were retained in final models. We were not able to
examine the effect of confounding for chronic joint/back pain
or arthritis for the MSLT models, as the data collection of this
information was added into the study later and the sample size
was not sufficient to address this question.

RESULTS
The characteristics of the participants in whom we examined
the symptom of sleepiness using the ESS and the MSLT are
described in tables 1 and 2, respectively. There were no
substantial differences between the samples in which ESS and
MSLT were measured. In both samples, participants with SDB
were older and had higher BMI, compared to those without
SDB. The participants with SDB also had a higher prevalence
of depressive symptomology and cardiovascular diseases.
Additionally, we examined differences in participants with
and without follow-up data and found no differences in ESS,
SDB, sex or BMI between the two groups. There was a statis-
tically significant, but minimal difference in age between the
two groups (50.4 yrs for participants with follw-up date versus
51.5 yrs for participants without follow-up data).

Both subjective and objective sleepiness symptoms were more
prevalent in participants with SDB compared to those without.
The partial correlation (rpartial) between age and ESS, adjusting

for sex, BMI and AHI was -0.04 (p50.04). A stronger rpartial

was found with age and MSLT, 0.10 (p,0.001).

In mixed longitudinal cross-sectional models, a significant
interaction was found between SDB and age, predicting
sleepiness in males but not in females. In males, the association
between both subjective and objective sleepiness and SDB
diminished significantly with age, adjusting for comorbidities,
depressive symptomology and BMI. Further adjustments for
other covariates had no effect and were not included in the final
models. For subjective sleepiness, the male odds ratio decreased
by 27% for each 10-yr increase in age. For objective sleepiness,
the odds ratio decreased by 44% for each 10-yr increase in age.

The modelled associations between sleepiness and SDB cal-
culated for participants aged 40 and 60 yrs are presented in
table 3. Our data show that a 40-yr-old male with SDB has a 2.1
times greater odds of being subjectively sleepy, than a male
without SDB. However, for a 60-yr-old male the association
between subjective sleepiness and SDB is diminished, and no
longer statistically significant. Similarly, a 40-yr-old male with
SDB has a 2.9 times greater odds of being objectively sleepy,
than a male without SDB; however, for a 60-yr-old male the
association is reduced and not significant. Females with SDB
aged both 40 and 60 yrs had slightly elevated odd ratios of
subjective and objective sleepiness, relative to females without
SDB, but these were not statistically significantly.

In the purely longitudinal models that examined the relation-
ship of sleepiness (among participants observed to change their
sleepiness status between visits) and SDB status, 231 males with
281 studies were used because they changed sleepiness sta-
tus during follow-up studies, and 188 females with 246 studies
were used for the same reason. Similar results to the mixed
longitudinal cross-sectional models were found. Specifically,
a significant interaction was found between SDB and age
predicting subjective sleepiness in males, but not in females.
Estimates of the association between subjective sleepiness and
SDB for males and females aged 40 and 60 yrs are presented in
table 4. As with the models presented in table 3, adjustment for
comorbidities, depressive symptomology and BMI had no effect
on the associations. A 40-yr-old male had a 3.4 times greater
odds of having excessive subjective sleepiness at the study visits
when they had SDB, compared to the visits at which they did
not have SDB. There was no significant association between SDB
and changing ESS sleepiness status for a 60-yr-old male or
females of any age. However, females with SDB had 1.4 to 1.5
times greater subjective sleepiness in the purely longitudinal
models. Although these values are not statistically significant,
this may be an important elevation in the odds of sleepiness
measured using ESS. Our study was underpowered to identify
an elevated risk of this magnitude with statistical significance.
Also of note among persons classified as having SDB was that
males tended to have more severe SDB (median AHI among
participants with AHIo15 events?h-1: males 24 versus females
21). This may, in part, explain why stronger associations
between SDB and sleepiness were detected in males compared
to females.

Participants who reported using CPAP therapy were catego-
rised as having SDB and grouped with participants with AHI
.15, regardless of measured AHI (tables 3 and 4). This was
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carried out because it was not possible to estimate SDB in
participants who were using CPAP during the study, and it
was assumed participants were more likely to have been
prescribed CPAP treatment if they were sleepy (for a given
level of SDB severity). To assess the impact of CPAP use on our
findings, the analyses were repeated excluding the participants
that were using CPAP. In the model that included only males
not using CPAP, the coefficients changed by ,10% compared
to those estimated in presented models. Furthermore, in the
model with CPAP users excluded, the results were the same;
there was a relationship between sleepiness and SDB at age
40 yrs and the association reduced as age increased. For the
females the results remained non-significant in the subset with
CPAP users removed.

DISCUSSION
The main finding of this large study, incorporating .3,000
measurements of subjective sleepiness and nearly 2,000 objec-
tive sleepiness measurements, was that the association between

sleepiness and SDB reduces with age. A two-fold increase in
subjective sleepiness was present in males with moderate-to-
severe SDB at 40 yrs of age, but not at 60 yrs of age. In females,
SDB was not associated with statistically significant increased
sleepiness at any age, although a clinically significant associa-
tion cannot be ruled out. Objective sleepiness measurements
showed an even greater three-fold increase in the odds of
sleepiness in younger males with SDB, compared to those
without SDB; again in older people no relationship was found
between SDB and objective measures of sleepiness.

The fact that both subjective and objective measures of daytime
sleepiness reduced with age in patients with moderate-to-severe
SDB strengthens our findings, and supports the suggestion
that ageing per se is associated with a reduction in sleepiness
symptoms in SDB. Current clinical practice recommends CPAP
as an effective treatment for SDB, reducing symptoms of
sleepiness in middle-aged patients with moderate-to-severe
disease [7]. The results of our study imply that sleepiness may
not be the most important target for SDB therapy in an older

TABLE 1 Characteristics of subjects examined for subjective sleepiness using the Epworth Sleepiness Scale

Characteristic Females# Males" Total

AHI ,15 AHI o15 or CPAP AHI ,15 AHI o15 or CPAP

Sleep studies n 1472 211 1617 395 3695

Age yrs

Minimum 32 35 33 34 32

1st quartile 48 52 49 53 49

Median 54 57 55 60 55

3rd quartile 61 62 62 65 62

Maximum 81 77 80 78 81

Body mass index kg?m-2 31¡7 41¡10 29¡5 35¡7 31¡7

Epworth Sleepiness Score 8¡4 9¡4 9¡4 10¡4 9¡4

Epworth Sleepiness Score o10 525 (36) 93 (44) 683 (42) 211 (53) 1512 (41)

MSLT min+ 11¡5 10¡6 9¡5 9¡5 10¡5

MSLT f5 min+ 109 (15) 19 (24) 181 (22) 53 (27) 362 (20)

Habitual sleep time h 7¡1 7¡1 7¡1 7¡1 7¡1

Naps per week h 1¡2 2¡2 2¡2 2¡3 2¡2

Depression1 450 (31) 102 (48) 273 (17) 85 (22) 910 (25)

Trait Anxiety Scale 34¡8 35¡9 32¡8 32¡8 33¡9

Comorbid conditions 74 (5) 15 (8) 162 (10) 84 (21) 335 (9)

Stroke 25 (2) 5 (2) 14 (1) 12 (3) 56 (2)

Heart failure 10 (1) 2 (1) 8 (0.5) 8 (2) 28 (1)

Cardiovascular diseasee 44 (3) 10 (5) 150 (9) 74 (19) 278 (8)

Arthritis## 380 (35) 104 (57) 230 (20) 101 (32) 815 (30)

Chronic joint//back pain## 253 (23) 61 (33) 166 (14) 61 (19) 541 (20)

Current smoker 175 (12) 21 (10) 190 (12) 42 (11) 428 (12)

Physical activity per week h 2¡3 2¡2 3¡3 2¡2 2¡3

Hypnotic medication use 125 (8) 18 (8) 62 (4) 24 (6) 229 (6)

Alcoholic drinks per week 1 (0–36) 0 (0–17) 3 (0–42) 2 (0–32) 2 (0–42)

Caffeinated drinks per day 2¡2 2¡2 3¡2 3¡3 3¡2

CPAP use NA 87 (41) NA 144 (36) 231 (6)

Data are presented as mean¡SD, n (%) or median (range), unless otherwise stated. Data are reported on the number of sleep studies, with most subjects contributing to

multiple studies. AHI: apnoea/hypopnoea index; CPAP: continuous positive airway pressure; MSLT: multiple sleep latency test; NA: not available. #: n51,683;
": n52,012; +: sample size n51,846; 1: using antidepressant medication and/or Zung depression scale o50; e: heart attack, coronary artery disease or cardiovascular

surgical procedure; ##: these questions were added after the study began and are available in a subset.
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population, and other factors such as quality of life or cognitive
impairment could be more appropriate targets for therapeutic
intervention.

Sleepiness as a symptom of SDB
The age-related reduction in sleepiness that we found in
participants with SDB is consistent with previous studies that
have shown reduced sleepiness in older people with SDB [3, 17].
This leads us once again to explore the notion of treating SDB
based on symptoms of sleepiness. In younger people with SDB
and little or no sleepiness mortality remains high [8], supporting
the argument that SDB patients who are not sleepy should be
offered treatment to reduce possible cardiovascular mortality. In
older people the evidence for this treatment strategy is less clear
[7]. Recent data shows that severe obstructive sleep apnoea
(OSA) in older people increases all-cause mortality, specifically
stroke, and that CPAP treatment reduced the increased
cardiovascular mortality [18]. In other studies the relationship
between SDB and cardiovascular mortality was only present in
older OSA patients who were sleepy [19], and in some cases the
association was reduced [20, 21], possibly due to the activation
of cardioprotective adaptive pathways, stimulated by chronic
intermittent hypoxia [10]. Taken literally, these data appear to

argue against treatment of non-symptomatic SDB in older
people. Resolving this issue will require further studies in older
people, adequately powered to establish the effect of SDB on
both sleepiness and cardiovascular outcomes. There are cur-
rently no such published studies, and because excessive sleepi-
ness (regardless of its cause) is associated with increased all-
cause mortality in older people [22] a randomised controlled trial
is required.

SDB in older people may lead to cognitive decline, indepen-
dent of sleepiness [11]; as with cerebrovascular sequelae this
could be mediated by intermittent hypoxia [23]. The study by
AYALON et al. [24] has recently shown that the combined effects
of SDB and ageing produced significant impairments in
cognitive function and neural activation, greater than either
variable acting independently. These data are also in accor-
dance with the findings obtained from an ageing animal model
of OSA, where exposure to chronic intermittent hypoxia pro-
duced impaired special learning and increased neural apop-
tosis in older rats [25]. If older brains are more susceptible to
intermittent hypoxia, then SDB in older people could be asso-
ciated with cerebral atrophy, leading to accelerated cognitive
decline, and treatment strategies would need to be developed
accordingly. In this respect a single cognitive test, or standardised

TABLE 2 Characteristics of subjects examined for objective sleepiness using the multiple sleep latency test (MSLT)

Characteristic Females# Males" Total

AHI ,15 AHI o15 or CPAP AHI ,15 AHI o15 or CPAP

Sleep studies n 735 79 836 196 1846

Age yrs

Minimum 31 35 32 33 31

1st quartile 45 48 46 49 46

Median 51 53 52 56 52

3rd quartile 57 59 58 61 58

Maximum 73 69 73 71 73

Body mass index kg?m-2 31¡7 42¡9 29¡5 35¡7 31¡7

MSLT min 11¡5 10¡6 9¡5 9¡5 10¡5

MSLT f5 min 109 (15) 19 (24) 181 (22) 53 (27) 362 (20)

Habitual sleep time h 7¡1 7¡1 7¡1 7¡1 7¡1

Naps per week h 1¡3 2¡3 2¡2 2¡3 2¡3

Depression+ 217 (30) 27 (35) 142 (17) 38 (20) 424 (23)

Trait Anxiety Scale 34¡9 35¡9 33¡8 32¡9 33¡9

Comorbid conditions 30 (4) 4 (5) 58 (7) 30 (15) 122 (7)

Stroke 9 (1) 2 (3) 1 (0.1) 7 (4) 19 (2)

Heart failure 5 (1) 0 (0) 4 (0.5) 2 (1) 11 (1)

Cardiovascular disease1 19 (3) 3 (4) 55 (7) 23 (12) 100 (5)

Current smoker 108 (15) 6 (8) 134 (16) 26 (16) 274 (15)

Physical activity per week h 2¡3 2 (2) 2 (3) 2 (2) 2 (3)

Hypnotic medication use 43 (6) 3 (4) 23 (3) 7 (4) 76 (4)

Alcoholic drinks per week 1 (0–36) 0 (0–14) 2 (0–98) 2 (0–29) 2 (0–98)

Caffeinated drinks per day 3¡2 2¡2 3¡3 4¡3 3¡3

CPAP use NA 26 (33) NA 54 (28) 80 (4)

Data are presented as mean¡SD, n (%) or median (range), unless otherwise stated. Data are reported on the number of sleep studies, with most subjects contributing to

multiple studies. AHI: apnoea/hypopnoea index; CPAP: continuous positive airway pressure; NA: not available. #: n5814; ": n51,032; +: using antidepressant medication

or Zung depression scale o50; 1: heart attack, coronary artery disease or cardiovascular surgical procedure.
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battery, to assess functional impairment in older OSA patients
would be of value [26].

Symptoms of SDB in females
In our study females with SDB did not have statistically
significantly elevated odds of sleepiness, and the relationship
between sleepiness and SDB was not influenced by ageing. In
previous studies, females with SDB have reported more
symptoms of sleepiness than males [27, 28]. This may, in part,

reflect differences in the perception of sleepiness between
males and females; with females often reporting more fatigue
or tiredness [29]. It is notable that in a recent large cross-
sectional study of older people, females with OSA perceived
themselves to be less sleepy than males with OSA, but more
anxious and depressed [30].

Mechanism for the age-related reduction in sleepiness in
older people with SDB
We speculate that age-related changes in the cause of SDB may
be responsible for the reduced symptoms of sleepiness in older
people with SDB. For example, ageing is associated with a
lengthening of the upper airway [31] and descent of the hyoid
bone [32]. The response of the genioglossus muscle to negative
pressure is also reduced in older people compared to younger
people [33], and less negative pressure is required to collapse
the upper airway, independent of BMI in older people [34].
These changes in the structure and function of the upper
airway are likely to increase collapsibility, and the subsequent
number of apnoeas or hypopnoeas in older people. Further-
more, if the amount of negative intra-luminal pressure required
to collapse the upper airway is less, a smaller perturbation in
sleep state may be required to re-open the airway. This could
lead to SDB with minimal sleep disturbance in older people;
although conversely, frequency of arousals from sleep is
increased in older people [35]. It may also be that less CPAP
pressure is required to keep the upper airway open [36, 37].

SDB is prevalent in many age-related diseases such as heart
failure [38] and stroke [39]. When SDB occurs with these co-
morbidities the symptoms of sleepiness are reduced despite
profound sleep disruption [40]. The suppressed symptoms of
sleepiness may be due to factors associated with the disease
processes such as increased sympathetic nervous system
activity in chronic heart failure (CHF) patients. However, in

TABLE 3 Sleep disordered breathing (SDB) predicting subjective and objective sleepiness by sex and age from mixed
longitudinal-cross-sectional models

Sleepiness measure Sleep studies n Age yrs SDB# versus no SDB

Males Females

Subjective sleepiness

ESS o10

Males 2012 40 2.1 (1.2–3.8)" 1.1 (0.6–2.2)+

Females 1683 60 1.1 (0.9–1.4)" 1.2 (0.9–1.7)+

Objective sleepiness

MSLT f5 min

Males 1032 40 2.9 (1.3–6.4)1 1.2 (0.4–3.7)e

Females 814 60 0.7 (0.4–1.3)1 2.1 (0.9–4.6)e

Data are presented as odds ratio (95% confidence interval), unless otherwise stated. ESS: Epworth Sleepiness Scale; MSLT: multiple sleep latency test. #: defined as an

apnoea/hypopnoea index o15 events?h-1 or self-reported continuous positive airway pressure use and adjusted for comorbidities, depressive symptoms and body mass

index. ": in males, the odds ratio (OR) for SDB predicting ESS o10 as a function of age can be expressed as: OR 5 e (a+b6(age in yrs-30)), where a (the estimated

SDB-ESSo10 OR at age 30 yrs) is 1.05 (95% CI 0.22–1.88) and b (the coefficient for the SDB-age interaction term in males) is estimated to be -0.031 (95% CI

-0.057– -0.004). +: in females, the OR for SDB predicting (ESS o10) is e ( a+b6(age in yrs-30)), where a50.04 (95% CI -0.94–1.03) and b50.005 (95% CI -0.03–0.04).
1: in males, the OR for SDB predicting MSLT f5 min is e ( a+b6(age in yrs-30)), where a51.77 (95% CI 0.58–2.96) and b5 -0.069 (95% CI -0.12– -0.02). e: in females,

the OR for SDB predicting MSLT f5 min is e ( a+b6(age in yrs-30)), where a5 -0.081 (95% CI -1.73–1.57) and b50.026 (95% CI -0.039–0.091).

TABLE 4 Sleep disordered breathing (SDB) predicting
subjective sleepiness by sex and age from
longitudinal models using subjects who were
observed to change sleepiness status between
visits

Subjective

sleepiness

Age yrs SDB# versus no SDB

Males" Females+

ESS o10 40 3.4 (1.2–9.7)1 1.4 (0.3–5.7)e

60 1.1 (0.6–1.8)1 1.5 (0.8–3.0)e

Data are presented as odds ratio (95% confidence interval), unless otherwise

stated. ESS: Epworth Sleepiness Scale. #: defined as an apnoea/hypopnoea

index o15 events?h-1 or self-reported continuous positive airway pressure use

and adjusted for comorbidities, depressive symptoms and body mass index.
": n5266. +: n5211. 1: in males, the odds ratio (OR) for SDB predicting ESS

o10 as a function of age can be expressed as: OR 5 e ( a+b6(age in yrs-30)),

where a (the estimated SDB-ESS o10 OR at age 30 yrs) is 1.8 (95% CI 0.34–

3.3) and b (the coefficient for the SDB-age interaction term in males) is

estimated to be -0.058 (95% CI -0.11– -0.011). e: in females, the OR for SDB

predicting ESS o10 is e ( a+b6(age in yrs-30)), where a50.26 (95% CI -1.8–

2.4) and b50.005 (95% CI -0.069–0.078).
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the present study we corrected for self-reported cardiovascular
co-morbidity.

The perception of sleepiness may be confounded by expecta-
tions, or habituation to the increased sleep fragmentation that
occurs with ageing. However, our age-related reduction in
objective sleepiness with SDB does not support this suggestion.
Daytime napping could be a factor in reducing the symptom of
sleepiness. Older people are less likely to be employed full-time,
thus, may have more nap opportunities, whereas younger
people in full-time employment may have less nap opportunity
for a given level of nocturnal sleep disruption (due to SDB or
other causes). We have previously shown a reduction in
daytime activity associated with a reduction in sleepiness in
CHF patients with SDB [41]. Such life style modifications are
likely to reduce the impact of nocturnal sleep disturbances on
the symptom of sleepiness in SDB.

Critique of methods
To interpret the results of this study it is necessary to consider
several factors. The natural history of the disease is unknown
in our cohort, although the purely longitudinal models do give
some insight to this issue. Nevertheless, the temporal relation-
ship between the development of the sleepiness and the
duration of the SDB is unknown. Participants in the Wisconsin
Sleep Cohort are invited to return every 4 yrs. At 4 and 8 yrs
the response rate was 74% and 84%, respectively. In later years
the dropout rate may be greater in people who develop severe
sleepiness or co-morbidities, potentially making the sample
less representative.

At any age, CPAP treatment of severe, symptomatic SDB may
mask associations between sleepiness and SDB. In our analy-
sis we categorised participants with CPAP as having SDB,
regardless of measured AHI (if available), we also had to take
measured sleepiness in these people at face value, i.e. we were
unable to adjust for what their sleepiness would have been if
their SDB was untreated. Although, our re-analyses excluding
the CPAP users did not alter our findings, this does not preclude
the possibility that we have underestimated the association be-
tween sleepiness and SDB by excluding people with both severe
sleepiness and severe SDB (in the untreated state). However,
this bias would probably operate in both younger and older
participants, so should not affect our comparison of associations
in older versus younger persons.

In the present study we used both subjective and objective
measures of sleepiness. The relationship between ESS and
MSLT measures of sleepiness has long been debated [42],
especially in relation to treatment of SDB [43]. A recent
systematic review of CPAP for the treatment of OSA syndrome
concluded that improvements of subjective sleepiness (mea-
sured by ESS) could be found in moderate-to-severe patients,
whereas no statistical difference could be found in the length
of time participants took to fall asleep post-treatment (mea-
sured by the MSLT) [7]. In older people, there are currently no
treatment studies reporting the changes in ESS with CPAP
treatment. Although others have also found a reduction in both
ESS and MSLT measures of sleepiness in older patients with
SDB [36]. Therefore, although longitudinal changes in ESS
need to be interpreted with caution we would argue that the

agreement between objective and subjective measures of
sleepiness strengthen the findings of our study.

Conclusion
Our analysis of this large data set from the Wisconsin Sleep
Cohort study has shown an age-related reduction in the
association between SDB and symptom of sleepiness in males,
but not females. These findings may explain, in part, why the
reported increased prevalence of SDB in older people is not
reflected in clinical populations. The lack of sleepiness in older
people with SDB also implies that other consequences of SDB,
such as reduced cognitive function, may be relatively more
important for health in this group. Our findings lead us to
speculate that in future, composite scores may be needed to
identify the risks and determine treatment responses to SDB in
older people.
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