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the analysis of sleep and consists of the simultaneous recording of selected physiological

20 April 2015

variables during sleep.

Accepted 30 April 2015

Objective: The objective of this study was to use polysomnography to compare sleep
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reported by senior citizens.

Keywords:

Methods: We selected 40 patients, both male and female, with ages ranging from 64 to 89

Aging

years from the Center for the Study of Aging at the Federal University of São Paulo. Patients

Sleep

answered questions about sleep on the Comprehensive Geriatric Assessment and under-

Polysomnography

went polysomnography.
Results: The results were compared, and agreement between perceived sleep and polysomnography was found in several areas. There was an association between difﬁculty
sleeping and sleep onset latency (p ¼ 0.015), waking up at night with sleep onset latency
(p ¼0.005), total sleep time with daytime sleepiness (0.005) and snoring (0.027), sleep
efﬁciency with sleepiness (0.004), snoring (0.033) and pause in breathing (p ¼0.024),
awakenings with snoring (p ¼0.012) and sleep apnea with pauses in breathing (p ¼0.001).
Conclusion: These results suggest that the older adult population have a good perception of
their sleep. The questionnaires aimed at this population should be used as an alternative
to polysomnography.
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Aging is associated with a set of morphological and physiological changes resulting from the action of time on living
beings, can pass on the various body systems, including on
the duration and quality of sleep, with decreased slow-wave
sleep, fragmented sleep, increased sleep latency and periodic
leg movements, with effects on metabolic function and
immune responses [1,2]. Moreover, older people are more
alert in the early morning, but sleepier in the early afternoon
and also experience daytime sleepiness [3,4]. In a study from
the National Institute on Aging involving more than 9000
individuals aged 65 and older, it was reported that more
than 50% of participants had at least one chronic sleep
complaint [5].
Typical sleep problems in the older adult include difﬁculty
falling asleep and maintaining sleep, early-morning awakening and excessive daytime sleepiness [6]. A variety of processes may interfere with sleep and wakefulness in the older
adult. Among these processes, we can list acute and chronic
medical illnesses, medication effects, psychiatric disorders,
primary sleep disorders, social changes, poor sleep habits and
circadian rhythm shifts [7,8].
Several generalizations can be made regarding aging and
sleep characteristics, however, there are controversies regarding
the sleep time required for the older adult. According to
Guimaraes et al. [9], there is deﬁnitive evidence that the required
amount of sleep decreases with the aging process. However, it
seems that the older adult generally has a shorter duration of
sleep, increased nocturnal awakenings, and consequently more
naps. Unruh et al. stated that sleep efﬁciency, which is the ratio
between the time that the person can actually fall asleep and
time spent in bed with the intention of sleeping, appears to be
reduced in older adult and the difﬁculty of maintaining nighttime sleep contributes to the decrease in the quality of sleep [10].
Overall, the sleep–wake cycle in the older adult may be fragmented, with interrupted nighttime sleep and daytime sleepiness interrupted by naps. The deepest stages of non-REM sleep
are frequently reduced or nonexistent in older adult; however,
the REM sleep tends to be preserved [11]. Authors believe these
changes in the sleep of older adult may be due to alterations in
the quality of transmission of afferent information from the
retina to the optic central markers (Suprachiasmatic nucleus),
which lose their ability to respond to information, changing the
sleep–wake cycle, as well as environmental, behavioral, social
and physical changes [12,13,6].
Among sleep disorders, obstructive sleep apnea syndrome
(SAOS) is very common among the older adult [14,15]. SAOS
occurs when there is a repeated obstruction of the upper
airway during sleep for 10 s or more, accompanied by oxyhemoglobin desaturation, causing micro-arousals and awakenings. SAOS may be followed by daytime sleepiness and
fatigue, an increase in naps and increased cardiovascular
morbidity and mortality [16,17]. In the older adult, there is
still no consensus on the diagnostic criteria for sleep apnea.
Some authors consider the values similar to adults, i.e., an
index of apnea/hypopnea episodes per hour up to 5 is
considered to be normal, from 21 to 50: moderate, over 50
are considered to be high [18].
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Table 1 – Relationship between polysomnography and comprehensive geriatric assessment.
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Sleep onset latency
Total sleep time
Sleep efﬁciency
Stage 1
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Stage 3
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No
Mean7SD
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Mean7SD
P

Yes
Mean7SD

No
Mean7SD

P

Leg movements
Pause in breathing

No
Mean7SD
Yes
Mean7SD

The protocol was approved by the Ethics Committee and
Research of the Federal University of São Paulo on April 1,
2011 (0330/11), and all of the individuals involved provided
written consent document.
The older adult people included for this study belong to a
cohort of those who are 60 or older living in the neighborhood
of Vila Clementino, district of São Paulo, known as EPIDOSO.
These older adults underwent a series of medical evaluations
with several health professionals (physician, nutritionist,
physical educator and psychologist) to complete the Comprehensive Geriatric Assessment (CGA).
Among the numerous medical evaluations in the Comprehensive Geriatric Assessment (CGA), there is a “Sleep
Habits Questionnaire” with questions about perceived sleep

Snoring

Methodology

Polysomnography variables

2.

Table 2 – Relationship between polysomnography and comprehensive geriatric assessment.

However, it is estimated that the diagnosis of SAOS is not
made in 82% of men and 93% of women with moderate to
severe SAOS. The low frequency of diagnosis may reﬂect the
reduced perception of symptoms of sleep as a problem by the
patient and their relatives, the difﬁcult access to associated
diagnostics and the possibility of insufﬁcient training in sleep
medicine [19].
The gold standard method for the diagnosis of sleep
disorders is polysomnography, which is a study that is
performed throughout the night in a laboratory [20]. However,
other diagnostic methods can be used for the investigation of
sleep disorders and, subjective and objective assessments of
sleep parameters may differ due to sleep misperception and
measurement effects. While subjective estimates may be
biased by a person’s own sleep perception, objective assessment methods (such as PSGs), may be considered distressing,
thus changing the quality and quantity of a person’s usual
sleep. Exposure to polysomnographic equipment, e.g., head
and chest sensors, or sleeping in an unfamiliar setting such
as a laboratory, may interfere with the person’s habitual
sleep pattern [21,22].
Subjective measures can also be used in clinical practice to
assess sleep. Most sleep questionnaires were developed in
countries other than Brazil, and a few were written in
Portuguese, which lead us to consider cultural misunderstandings may inﬂuence the speciﬁcity and accuracy of these
methods.
Some variables hamper the achievement of polysomnography in the older adult, in addition to the inconveniences
above, as the difﬁculty in taking older adult to sleep at
hospitals or medical clinics besides the cost of the exam
itself. Due to these difﬁculties as well as to the lack of
agreement between subjective sleep and objective method,
we became interested in investigating the relationship of
sleep reported and polysomnography, making it possible to
analyze how the older adult population understands his/her
own sleep.
Therefore, this study aimed to compare perceived sleep
with the polysomnography of older adult evaluated at the
Center for the Study of Aging UNIFESP, given the subjective
and objective assessments of sleep may be discrepant due to
sleep misperception and measurement effects.
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Table 3 – Relationship and/or sleep association referred to polysomnography.
Polysomnography

P-value

Comprehensive geriatric assessment
No

Yes

N

%

N

Total
%

N

%

Awakenings

Altered
Normal

35
0

100
0

9
0

100
0

44
0

100
0

-x-

Sleep onset latency

Altered
Normal

12
28

30
70

2
2

50
50

14
30

32
68

0.413

Total sleep time

Altered
Normal

5
18

22
78

11
10

52
48

16
28

36
64

0.035

Sleep efﬁciency

Altered
Normal

7
16

30
70

13
8

62
38

20
24

45
55

0.036

Apnea/hipopnea index

Altered
Normal

17
23

43
58

3
1

75
25

20
24

45
55

0.213

Leg movements

Altered
Normal

19
22

46
54

2
1

67
33

21
23

48
52

0.496

P: 0.005.

(difﬁculty sleeping, waking up during the night, difﬁculty to
get back to sleep and waking up too early in the morning).
Daytime characteristics described by the patients were tiredness, sleepiness and lack of enough sleep. The participants
included also asking about some unusual behavior during
sleep, such as leg movements, excessive snoring and pauses
in breathing. All questions about sleep are marked with yes
or no, which shall be completed only with questions about
unusual behavior during sleep and daytime evidences. This
questionnaire was precisely applied on this search.
The inclusion criteria were older adults participating in
the study must be over 60, have responded to the sleep habits
questionnaire and acceptance of the procedures (polysomnography). The exclusion criteria were refusal to perform polysomnography and/or problems that interfere with the
examination, such as ﬂu or fever.
Thus, a group of 40 individuals were chosen. The mean
age was 73.68 years (range: 64–89), with female predominance
(55%) and high BMI (27.36). The predominance of females and
BMI did not cause statistical differences in the variables
studied.
Polysomnography was requested for this group of individuals in order to compare these results with the measured
sleep in the sleep habits questionnaire of Comprehensive
Geriatric Assessment (CGA).
The polysomnography was conducted at the Sleep Institute (Department of Psychobiology) and the whole night of
sleep was registered using the polygraph Sleep Analyzing
Computer SAC Version 8.1 (Oxford Instruments Inc.). The
examination included electroencephalogram record, electrooculogram record, electromyogram of the submentonian
muscles and tibialis record, electrocardiogram record, record
of oronasal ﬂow, thoracic and abdominal movement, record
of snore, body position and oximetry records. The sleep
efﬁciency was considered decreased when it was below 85%

and awakenings index normal until 10 events per hour. It was
considered as an objective polysomnographic diagnosis of
apnea when the apnea–hypopnea index (AHI) was higher
than or equal to 15 per hour and the occurrence of periodic
leg movements (PLM) when registering more than 15 events
per hour.

3.

Statistical analysis

The sample size was based on the population of older adult at
the Center for the Study of Aging who answered the sleep
habits questionnaire, with Hypothesis test average, which
met the needed amount of participants to produce a reliable
statistical analysis. The independent t test was used to
compare the presence or absence of symptoms depending
on the variables of polysomnography. The older adults were
divided in two groups: have “symptoms” and the ones who
do not have symptoms. In order to verify the association
between the normative values of polysomnography with the
presence of symptoms, we used the chi-square test. For
meaningful comparisons, the data are represented by bar
charts with conﬁdence intervals (95%). A p-value less than
0.05 was considered statistically signiﬁcant.

4.

Results

We compared all of the variables on the polysomnography
with the questions on the CGA (sleep habits questionnaire).
The results are shown in Tables 1 and 2.
The sleep onset latency on the polysomnography showed
relation with the sleep habits questionnaire, when the older
adults answered difﬁculty sleeping on the CGA (p¼ 0.015) and,
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Fig. 1 – (a) Relationship between sleep onset latency and
difﬁculty sleeping. (b) Relationship between sleep onset
latency and waking up at night.

when they reported waking up at night on the CGA (p ¼0.005)
– graphic 1
We noted associations between total sleep time reduction
on the polysomnography with daytime sleepiness on the CGA
(0.005) and snoring on the CGA (0.027) – graphic 2
Sleep efﬁciency reduction on the polysomnography has an
association with sleepiness on the CGA (0.004), snoring on the
CGA (0.033) and pause in breathing on the CGA (p ¼0.024) –
graphic 3;
The awakenings index on the polysomnography indicated
association with snoring on the CGA (p ¼0.012) – graphic 4
and when older adults noticed there was apnea on the
polysomnography and reported the feeling of a pause in
breathing on the questionnaire (p¼ 0.001) – graphic 5.
A new analysis of polysomnography compared with data
from CGA, rated Normal/Changed was performed. We used
the Chi-Square for Independence test for this analysis
(Table 3).

5.

Discussion

It is often difﬁcult to create a sleep questionnaire which is
easy to understand and following the time needed for
individual clinical care with the older adult. Based on these
needs, the simple sleep questions on the Comprehensive
Geriatric Assessment (CGA) have been written. However,
there is still the need to compare these questionnaires with
the polysomnography.

79

Fig. 2 – (a) Relationship between total sleep time
and sleepiness. (b) Relationship between total sleep
time and snoring.

The major ﬁnding of this research was that the older
adults have an accurate perception of the time they spend to
fall asleep, which is consistent with the ﬁndings of O’Donnell
et al. [22]. Those authors assessed 24 healthy adults through
questionnaires and polysomnography and found correlations
in the total sleep time associated with an increase in slowwave sleep and sleep onset latency. Our ﬁndings of the
association between increased in the sleep onset latency
with difﬁculty sleeping and waking up at night is similar to
other studies [23,24], and so are our results about total sleep
time reduced with daytime sleepiness and snoring (TST)
[23–25].
The older adult, who demonstrated a lower total sleep
time and lower efﬁciency on the polysomnography, reported
daytime sleepiness on the CGA. Studies have shown changes
in the structure of sleep in older adults with decreased total
sleep time, as well as decreased in sleep efﬁciency, that may
lead to daytime sleepiness in the older adult [26].
A relationship has also been reported regarding apnea on
the polysomnography and the question on the CGA when the
patient reported waking up with a feeling of suffocation and
the individual’s partner informed that the person has
“stopped breathing” during sleep. Studies have shown that
apnea is a common problem of aging and a risk factor for
mortality in older adults [26].
We noted an association between reported snoring in
patients with decreased total sleep time, efﬁciency and
awakenings on the polysomnography. These data are consistent with the literature; snoring is a major symptom of
sleep apnea, leading to decreased total sleep time, sleep
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Fig. 3 – (a) Relationship between sleep efﬁciency and sleepiness. (b) Relationship between sleep efﬁciency and snoring. (c)
Relationship between sleep efﬁciency and pause in breathing.

Fig. 4 – Relationship between awakenings and snoring.

efﬁciency and increased nocturnal awakenings [27]. The
pause in breathing was also associated with decreased sleep
efﬁciency. We know that the pause in breathing is an
indication of sleep apnea, which decreases the efﬁciency of
sleep due to an increase in the number of awakenings.
Although the literature states that women complain more

Fig. 5 – Relationship between apnea/hipopnea and pause in
breathing.

perceived sleep and polysomnography in older adults. However, our ﬁndings suggest that studies objectively assessing
sleep times may be comparable to those using objective
determinations, often facilitating clinical practice in the sleep
disorders investigations in older adults (Fig. 1–5).

about sleep difﬁculties [28], there was no difference in the
perception of subjective and objective sleep between females
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and males.
Finally, through this study, we intend to stimulate
he need for further studies on the relationship between
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