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Abstract

Objective: The purpose of this study was to correlate changes in PSG parameters between the diagnostic polysomnogram
(dPSG) and the first night of treatment with continuous positive airway pressure (CPAP) (cpapPSG) to subjective improvement
in sleep quality.

Background: In patients with obstructive sleep apnea syndrome (OSAS), therapy with CPAP results in reduction of sleep
latency, stage 1 sleep, arousal index (Al) and respiratory disturbance index (RDI), and increase in stage 2 sleep, REM sleep and
REM density. No data exists on the differences in polysomnographic (PSG) parameters in patients who have subjective improve-
ment in sleep quality and those who do not.

Methods: We retrospectively reviewed PSG studies of 44 patients with OSAS who presented to the Sleep Disorders Center at
Duke University Medical Center. Patient’s qualitative assessment of sleep was noted using a Likert-type scale administered the
morning after the dPSG and cpapPSG. PSG indices of patients noting subjective improvement were compared to those with no
improvement.

Results: Patients noting a subjective improvement in sleep quality showed a decrease in the percentages of stage 1 sleep
(P < 0.001) and an increase in percentages of stages 3 and 4 sleep (slow wave sleep rebound; P < 0.007) and stage REM sleep
(REM rebound; P < 0.008). © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction patients with obstructive sleep apnea syndrome

(OSAS). Patients routinely undergo an initial diagnos-

Continuous positive airway pressure (CPAP) ther-
apy is a commonly used method of treatment for
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tic overnight polysomnogram (dPSG) to determine
the severity of the apnea. The dPSG, depending on
the severity of OSAS, typically demonstrates recur-
rent apneas, hypopneas and oxygen desaturations with
accompanying arousals. Compared to normal controls
and depending on the severity of apnea, the patients
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spend a majority of the night in lighter stages of sleep
(stages 1 and slow wave sleep) with little or no REM
sleep. This is a reflection of the sleep fragmentation
seen in individuals with OSAS and is considered to be
the cause of excessive daytime sleepiness and poor
daytime functioning. This is followed by a CPAP
titration study (cpapPSG) to determine the optimal
CPAP pressure and response to treatment. Following
therapy with CPAP, there is a reduction of sleep
latency, percentage of stage 1 sleep, arousal index
(Al) and respiratory disturbance index (RDI), and
increase in percentages of stage 2 sleep, REM sleep
and an increase in frequency of eye movements during
REM [1,2]. Although most patients report subjective
improvement in sleep quality after the CPAP titration
study, many do not. No data exists on the differences
between these two groups of patients. The purpose of
this study was to compare changes in dPSG and
cpapPSG parameters in patients who noted an
improvement in sleep quality compared to those
who did not. We hypothesized that patients reporting
an improvement in sleep quality would exhibit less
fragmentation, and therefore better restoration of
their sleep stages, following CPAP than those report-
ing no improvement.

2. Materials and methods
2.1. Subjects

We reviewed polysomnography reports of all
patients (age > 17 years) that presented to the Duke
Sleep Disorders Center for evaluation of OSAS. Only
those patients who had two separate studies (dPSG
and cpapPSG) performed at our center were consid-
ered for enrollment. These patients were diagnosed
with OSAS based on the dPSG and only those
patients who had a RDI > 10 were eligible for this
study. Patients with a movement arousal index > 5
(with no other evidence of sleep apnea) and those
with predominantly central sleep apnea were
excluded. Forty-four consecutive patients who met
the above criteria were entered into the study. The
patients were categorized depending on the RDI;
mild (RDI 10-20; N = 12), moderate (RDI 21-40;
N = 24) or severe (RDI=40; N =8) OSAS. We
noted patient’s qualitative assessment of their sleep

the morning after each study. This is routinely
assessed in our laboratory by means of a Likert-
type scale, ranging from 1-10, with 1 representing
an extremely poor night’s sleep, 5 representing a
typical night and 10 representing the best possible
sleep [3-5]. Each patient was asked to score the
night (independent of any input from their spouses)
based on what he/she perceived would be an average
night’s sleep.

2.2. Data collection

The dPSG and cpapPSG studies were performed
using Grass instruments model 8 and 9 machines
(West Warwick, RI, USA) and Vangard Watchman
Digital Systems (Cleveland, OH, USA). Six EEG
channels were recorded using Grass disc electrodes
(West Warwick, RI, USA) to assess sleep stages
(C3A2, C4A1, O]AQ, Fp|02, T3CZ, CzT4). Nasal and
oral airflow was measured using Protech thermocou-
ple airflow sensors (Woodinville, WA, USA) placed
into each nares and in front of the mouth respec-
tively. Thoracic and abdominal effort was measured
using Grass Piezo Trace respiratory effort transducers
(West Warwick, RI, USA). An EPM systems snore
sensor (Midlothian, VA, USA) was placed along the
trachea in some patients. The majority of patients had
a manual assessment of their snoring by the techni-
cian. EMG activity was recorded from the mentalis
muscle using a pair of Grass disc electrode placed
under the chin. Leg movements were recorded using
standard Grass disc electrodes placed over the tibialis
anterior muscles on both legs. The oxygen saturation
was recorded using a finger probe connected to
Ohmeda Biox 3700 pulse oxymeter (Helsinki,
Finland; averaging time 6 s). CPAP titration was
performed using a Respironics Inc. BIPAP airway
management system (Pittsburgh, PA, USA). CPAP
was routinely started at a pressure of 4 cm of
water. The pressure was increased by 1 cm of
water if significant snoring, arousals or hypopneas
occurred and by 2 cm of water if significant apneas
or oxygen desaturations were noted. The dPSG and
cpapPSG studies were scored by a technician certi-
fied in polysomnography using 30 s epochs using the
criteria established by Rechtschaffen and Kales and
by definitions established by the International Clas-
sification of Sleep Disorders: Diagnostic and Coding
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Manual, 1997 [6,7]. In patients who had no REM
sleep, the REM latency was taken to be the same
as the total sleep time (for statistical purposes). The
RDI was calculated as the number of hypopneas
(>50% reduction of thermocouple output for 10 s
or longer associated with an arousal or a =3% reduc-
tion of oxygen saturation) and apneas (>90% reduc-
tion of thermocouple output lasting 10 s associated
with an arousal or a =3% reduction in oxygen
saturation) per hour [7,8]. The patients were given
a questionnaire the morning after the dPSG and
cpapPSG studies. In addition to the Likert type
scale, they were asked questions regarding the extent
of disruption of their sleep and their perception of
total sleep time. The patients were not aware of their
initial dPSG scores at the time that they were asked
to score their sleep following the cpapPSG titration.
The morning following the cpapPSG study, the
studies were reviewed by a physician who estab-
lished the optimal CPAP pressure to treat the patient.
This was the pressure that best eliminated or dimin-
ished the apneas and arousals. On some occasions
(N =5) the CPAP titration was considered inade-
quate because the patients continued to have a signif-
icant number of apneas and arousals on the
maximum pressure reached during the studies.

2.3. Statistical analysis

A correlation analysis of PSG indices (for the total
duration of the study) was performed for both
groups; patients noting a subjective improvement
with CPAP (cpapPSG scale score—dPSG scale
score > 0; Group 1) to those who had no improve-
ment with CPAP (cpapPSG scale score—dPSG scale
score = 0; Group 2). We then assessed if there was a
difference based on the degree of improvement in
subjective sleep quality. Group 1 was divided into
two subgroups; mild improvement (cpapPSG scale
score—dPSG scale score =02; Group 1A) and
moderate improvement (cpapPSG scale score dPSG
scale score =3; Group 1B). The PSG indices for
these groups were then compared. To assess if
improvement in subjective sleep quality was a func-
tion of apnea severity, the patients were also divided
into three groups based on the dPSG RDI; mild
(RDI > 10, <20), moderate (RDI=20, <40) or
severe (RDI = 40) OSAS [7.8]. dPSG and cpapPSG

indices between these three groups were analyzed
using repeated measures mixed multiple analysis of
variance (MANOVA). Although the technicians used
a standard protocol to increase the CPAP pressure,
the time that it took to achieve an adequate pressure
was different for each individual patient. To assess if
this could have played a role in the patients symp-
toms, we also performed a correlation analysis
between the change in each patients score to the
time it took to achieve the therapeutic pressure and
also between the time the patient was on that pres-
sure. Student’s t-tests were used for normally distrib-
uted data sets and non-parametric testing (Wilcoxon
matched pairs tests) was used for skewed data. Only
P-values <0.05 were considered significant. Data
was expressed as ‘mean * standard deviation.’

3. Results
3.1. Patient characteristics

A total of 44 (M/F = 36/8; mean age: 51.6 years)
patients were enrolled. The mean interval between
the dPSG and the cpapPSG was 47 days. Thirty-
four patients (M/F: 28/6) noted subjective improve-
ment in sleep quality with CPAP (Group 1; mean
patient score changed from 4.3—7.7) and ten patients
(M/F: 7/3) did not note an improvement (Group 2;
mean patient score changed from 6.65-5.6). The
patients who felt subjective improvement were
younger (48.9 £ 12.6 years) compared to patients
who did not note an improvement (60.9 = 11.4
years).

3.2. Subjective improvement and changes in PSG
indices

All the patients in our study showed a decrease in
the Al and RDI (Table 1). However, patients noting a
subjective improvement in sleep quality showed an
decrease in the percentages of stage 1 sleep
(P < 0.001) and an increase in stages 3 and 4 sleep
(P < 0.007) and stage REM sleep (P < 0.008). This
increase in the percentage of REM sleep has been
called REM rebound by other investigators [1,7,9].
We then wanted to assess if there was a difference
between the PSG parameters based on the degree of
subjective improvement. In patients with mild
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Changes in PSG indices (mean = SD) in the patients who noted an improvement (cpapPSG Likert-scale score-dPSG Likert-scale score > 0;
Group 1) and those that did not (cpapPSG Likert-scale score-dPSG Likert-scale score < 0; Group 2)*

Group 1

Group 2

Improvement (N = 34)

No improvement (N = 10)

Age (years) 489 £ 12.7 609+ 11.4
Latency to adequate 137.4 +£75.9 127.1 £77.5
CPAP pressure (min)
PSG indices dPSG cpapPSG P-value dPSG cpapPSG P-value
Total sleep time (min) 330.5 £ 66.7 333.2+£553 NS 316.7 £ 64.9 316.4 £ 64.4 NS
Sleep latency (min) 11.4+157 8.1 8.6 NS 104 £9.5 12974 <0.04
REM latency (min) 137.6 = 85.2 102.2 = 81.5 <0.04 114 £79.3 115.9 = 70.6 NS
Sleep efficiency (%) 82.1 £ 11.6 853*+94 NS 79 £ 14.1 78.1 £ 16.6 NS
Arousal index (per hour) 45.0 £19.9 184 +10.3 <0.001 43.4 = 16.7 18.8 £ 11.0 <0.005
Respiratory disturbance 30.6 = 19.1 3142 <0.001 30.1 = 14.5 4675 <0.006
index (per h)
Stage 1 sleep (%) 154 +10.9 82+44 <0.001 93+93 10.5+8.2 NS
Stage 2 sleep (%) 614119 57.6 = 12.3 NS 65.1 = 8.8 60.9 = 10.1 NS
Stage 3 and 4 sleep (%) 122 £ 8.3 16.8 = 12.3 <0.007 128 £75 139*+114 NS
Stage REM sleep (%) 12.1 = 8.3 17.2 £ 8.1 <0.008 12.7+9.0 15.6 = 8.6 NS
Patient score 44 1.7 7714 <0.001 6.6+22 5.6*+24 <0.008

* Significant P-values are mentioned for the different PSG parameters. NS, not significant.

improvement (Group 1A) there was a significant slow
wave rebound following CPAP
Although there was an increase in REM percentage,
it was not significant. In patients who noted moderate

Table 2

(P < 0.005).

improvement (Group 1B), there was a significant
rebound of REM sleep (P < 0.03). There was a
trend for an increase in slow wave sleep percentages,
but it was not significant.

Changes in PSG indices (mean * SD) in the patients based on severity of obstructive sleep apnea (mild OSAS = RDI 10-20; moderate
OSAS = RDI 20-40; severe OSAS = RDI > 40) analyzed by repeated measures mixed MANOVA?

Mild OSAS (N=12) Moderate OSAS (N = 24) Severe OSAS (N =38) P-value
Age 47.8 =89 55.6 £ 13.5 435+ 135 NS
PSG indices dPSG cpapPSG dPSG cpapPSG dPSG cpapPSG
Total sleep time (min) 335.1 £784 3139 £59.3  326.7 +52.1 3322 +57.8 3179+ 884 344.1 £533 NS
Sleep latency (min) 154+ 179 10.5 +£10.3 11.1 = 14.1 9.6 = 8.3 5.1 6.5 59*63 NS
REM latency (min) 151.7 £ 87.1 1326 2683 1134712 928 =579 159.6 +107.7 101.6 £133.4 <0.0001
Sleep efficiency (%) 81.1 £ 14.0 80.7 £104 820%x99 82.7+£13.0 80.0*163 91.0 £45 NS
Arousal index (per hour)  40.6 = 14.8 21.8£79 42.1 £19.0 195 11.7  58.6 £20.6 10.7 = 4.1 <0.001
Respiratory disturbance 155+34 19x1.6 27.8+59 44*6.6 61.2+19.2 2.7 *21 <0.001

index (per hour)

Stage 1 sleep (%) 140 = 1.1 9.8 £5.6 11.4+09.1 92+57 219 £ 12.6 5.6*=34 NS
Stage 2 sleep (%) 57.0 £11.0 582=*x132 644118 589 *+108 63.5*8.7 572 +143 NS
Stage 3 and 4 sleep (%) 15.6 = 12.1 189162 10.6 8.3 146 = 9.6 12.8 £24.2 169+ 11.7 NS
Stage REM sleep (%) 13.3+£9.7 132 £ 8.1 13.1 £74 17.1 £6.8 79 +8.7 21.5£10.2  <0.0001
Patient score 44+ 1.6 73*+1.8 54*x21 7.6 19 42+22 6.9 2.1 NS

* Significant P-values are mentioned for the different PSG parameters. NS, not significant.
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3.3. Relationship with apnea severity

We then attempted to define the changes in PSG
indices with respect to initial apnea severity irrespec-
tive of improvement (Table 2). The results of a
repeated measures mixed MANOVA indicated a
significant effect of group [F(11,29)=3.69,
P < 0.0001], time [F(11,29)=37.97, P < 0.0001),
and interaction of group X time [F(22,58)=4.36,
P < 0.0001). Thus, significant differences between
all three levels of apnea were found. All three groups
had a significant decrease in the Al and the RDI.
Univariate follow-ups indicated significant differ-
ences for the Al scores (P <0.0001), RDI
(P < 0.0001) and for the percentage of REM sleep
(P < 0.0001). Difference scores were then calculated
for posthoc analyses of the significant univariate find-
ings, which was accomplished using the Bonferroni
procedure. This analysis revealed that patients with
severe apnea had the greatest increase in percentage
of REM sleep (P < 0.0001) and that patients with
mild apnea had no significant change in their percen-
tage of REM sleep (P < 0.0001). Patient’s with
severe apnea demonstrated the greatest decrease in
RDI (P < 0.0001), while patient’s with mild apnea
demonstrated the least decrease in RDI
(P < 0.0001). Posthoc analyses also demonstrated
that patient’s with severe apnea had the largest
decrease in their Al score (P < 0.0001) and patient’s
with mild apnea had the smallest reduction in their Al
score (P < 0.0001).

3.4. Effect of differences in CPAP titration

Despite using a standard protocol for increasing the
CPAP pressure for the cpapPSG’s, the time it took to
achieve an adequate pressure to eliminate the apneas,
hypopneas and arousals was different for each patient.
The most appropriate pressure to treat a particular
patient was deemed to be one that either completely
or adequately eliminated the apneas. A physician
reviewing the study the following morning deter-
mined this. There were several patients (N =5) in
whom the CPAP titration was considered to be inade-
quate since there were still a significant number of
apneas (>5-10/h) seen on the highest pressure
reached for that patient. The latency to achieve an
adequate pressure was determined for the remaining

39 patients (158.4 = 96.8 min). No statistically signif-
icant correlation was seen between the latency to
adequate CPAP pressure and change in patient score
or degree of slow wave rebound or REM rebound.
Conversely there was no correlation between the
time the patients spent after reaching the optimal pres-
sure and subjective improvement or slow wave or
REM rebound. Of those patients who were considered
to have had an inadequate CPAP titration (N = 5), all
felt subjective improvement (cpapPSG scale score
—dPSG scale score =3.4 *+ 1.1%), four had REM
rebound (8.6 = 8.0%), and three had slow wave
sleep rebound (9.0 = 12.4%). There was also no
statistically significant difference in latency to
adequate CPAP pressure in patients who had an
improvement in subjective sleep quality versus those
who did not.

4. Discussion

Overnight PSG studies in patients with OSAS
usually demonstrate sleep disruption by frequent
obstructive respiratory events (apneas and hypop-
neas) and arousals [9]. The result is non-restorative
sleep and daytime hypersomnolence. In addition to
cardiopulmonary disease, other complications of
OSAS include depression, memory deficits, noctur-
nal panic disorder and chronic fatigue [10-14].
Treatment options were initially limited to surgery
and attempting to eliminate coexisting conditions. It
was not until the mid 1980s that CPAP became a
proven and preferred method of treatment [15].
CPAP has been shown to eliminate apneas and arou-
sals and results in more sustained and less disrupted
sleep [2]. There is also an increase of stages 3 and 4
and REM sleep that has been described as slow
wave sleep rebound and REM rebound respectively
[1,2].

Several authors have attempted to evaluate the
effects of long-term CPAP therapy on symptoms.
Psychological symptoms were assessed using a profile
of Mood States questionnaire in seven patients with
OSAS and showed a general improvement in mood at
the end of 2 months of treatment [16]. The effects of
CPAP were studied on a group of 32 patients with
OSAS and was found to improve daytime functioning,
mood, vigilance, mental flexibility and attention
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compared to placebo [17,18]. Others have performed
more detailed neuropsychological testing before and
after CPAP therapy and have found improvements in
vigilance and affect [19-21]. CPAP not only affects
these individual parameters but also results in an over-
all improved quality of life [22-24]. The bed partners
of these patients also appreciate improvements in
symptoms and personal relationships [25]. Recent
work also shows that treatment with therapeutic levels
of CPAP, compared with sub-therapeutic levels,
reduces excessive daytime sleepiness and self-
reported heath status [26]. The goal of this study
was to identify PSG correlates of subjective improve-
ment in sleep quality following the first night of treat-
ment with CPAP. This had previously never been
studied.

Although CPAP clearly benefits the majority of
patients with OSAS, there are some who feel little
or no improvement. The objective of our study was
to attempt to define the differences in PSG character-
istics between patients who felt subjective improve-
ment after the first night of therapy with CPAP and
those who did not. We decided to use a Likert-type
scale to determine subjective improvement. Likert-
type scales are used routinely in a variety of clinical
circumstances and have been validated for other
conditions [3-5].However, no previous work to eval-
uate this phenomenon exists and therefore there is no
validated scale available. Our objective was to
simply assess how patients felt the morning after
their studies compared to what they perceive, as
should be a typical night’s sleep. We used a Likert-
type scale that is routinely in our laboratory to assess
how patients feel the night after their PSG studies.
We believe that we were able to get a good estimate
of improvement following the cpapPSG by subtract-
ing the cpapPSG score from the dPSG score (prob-
ably comparable to an average night of sleep at
home). There are some drawbacks. Several other
factors may play a role on how a patient rates the
quality of his/her sleep which include, but are not
limited to, difficulty sleeping in an alien environment
(the so called first night effect), aggravation of using
a CPAP mask and external noise during the study.
However, untill the time that a scale is validated this
was the only method available to us.

All patients in our study had a decrease in the Al
and RDI with CPAP. However, only patients that

noted subjective improvement with CPAP had signif-
icantly reduced percentages of stage 1 sleep, shor-
tened REM sleep latency and an increase in the
percentages of stages 3 and 4 and REM sleep. This
was despite the observation that the arousal indices
were similar between the two groups. This is consis-
tent with studies dealing with sleep fragmentation.
Sleep fragmentation results in increased daytime
somnolence, confusion, poor memory and attention
deficits [27-32]. Recovery of performance following
restoration of sleep patterns with near normal sleep
stage percentages has been reported even after a single
night of treatment [33]. Studies of selective depriva-
tion of slow wave and REM sleep have failed to
conclusively demonstrate which of these are more
responsible for producing cognitive and attention defi-
cits [31,34-36]. It seems that the major predictor of
performance improvement is related to decrease in
fragmentation and an increase in total sleep time.
All the patients in our series showed a decrease in
the Al. However, there was no significant increase
in the total sleep time. This is probably because the
PSG studies are performed during fixed hours in our
sleep lab and the patients are awakened at the end of
the allotted time.

Although patient perceptions of their sleep quality
has not been directly evaluated, it is reasonable to
assume that they would feel symptomatically better
following restoration of a near normal sleep state and
improvement in sleep efficiency. This is what we
observed in our group of patients. All patients had
a decrease in the Al and RDI. However, only patients
who had a significant increase in the amount of slow
wave and REM sleep felt an improvement following
CPAP. During the cpapPSGs, pressures are slowly
increased to eliminate apneas. It is reasonable to
assume that if the adequate CPAP pressure were
reached earlier during a study, there would be less
sleep fragmentation during the remaining period.
This was our observation individually for each
patient. We found that the latency of reaching an
adequate pressure (i.e. one that eliminated all or
most apneas) was independent to subjective improve-
ment in sleep quality noticed by patients. We found
also that there was no correlation between the time
patients spent after reaching the optimal pressure and
improvements in sleep quality or slow wave or REM
rebound. Also amongst the patients who had an
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inadequate CPAP titration, three and four patients
(N = 5) experienced slow wave and REM rebound
respectively. This supports the hypothesis that slow
wave and REM rebound are independent of other
factors in causing subjective improvement. REM
rebound has been shown to correlate with oxygen
desaturations during the cpapPSG and to a lesser
extent with apnea severity [1]. Although we did not
evaluate the oxygen desaturations, we also found a
correlation between apnea severity and the degree of
REM rebound.

The patients who felt no different or worse did not
have a significant rebound effect. The reasons why
these patients did not have a rebound of sleep stages
are unclear. We noticed some difference between the
two groups based on their dPSG parameters. The
patients who noted subjective improvement had a
greater percentage of stage 1 sleep during the dPSG.
They also had a lower score on the dPSG compared to
those who did note an improvement. This implies that
there were some pre-existing differences in subjective
sleep quality during the dPSG. We attempted to deter-
mine if some patients cited a reason for not feeling an
improvement. These included problems tolerating the
mask, irritation of the eyes, venting through the mouth
and an unsatisfactory laboratory environment.
Although all these patients agreed to use CPAP, it is
likely that they would be more skeptical of the bene-
fits despite a clear decrease in the Al and RDI. If these
patients do not feel a benefit immediately following
the first time use of CPAP, they are maybe less likely
to continue to use it over a long-term period. It is now
well established that there is a subset of patients who
eventually stop using CPAP. It may be that a lack of
rebound of slow wave and/or REM sleep may be able
to define that subset of patients. Focusing more atten-
tion on this subset of patients may potentially help
increase long-term compliance rates. Our group
collected preliminary data but we were able to estab-
lish contact with only 28 of 44 patients [37]. Contact
was established with 22 patients in Group 1 and six
patients in Group 2. Patients in Group 1 (68.2%) and
Group 2 (66.7%) were using CPAP at least four nights
per week and 2 years following the initial evaluation.
Further studies to evaluate this issue are required.
There is recent work suggesting the use of Modafinil
for use in treating daytime sleepiness in patients with
obstructive sleep apnea [38]. The subset of patients

who did not respond may be ideal candidates for treat-
ment with medication and can potentially be identified
early using this information.

There are several questions that we did not address.
Our objective was to evaluate the PSG correlates of
subjective improvement the day after first time treat-
ment with CPAP. We did not correlate this to any
objective measures of improvement in symptoms
such as hypersomnolence by performing multiple
sleep latency tests. There is data to suggest that
long-term use of CPAP results in continued improve-
ment in physiological and PSG parameters [39,40].
Our study did not address the question of improve-
ment in subjective sleep quality with continued use of
CPAP. Also, each of our patients had a single dPSG
and cpapPSG. The use of single night recordings has
been supported by several authors [41]. Others have,
however, argued for performing multiple studies
based on the ‘first night effect’ [42]. This is related
to sleeping in an alien environment and several
authors have demonstrated longer REM latencies,
higher arousal indices and decreased sleep efficiency
compared to PSG’s performed subsequently over
consecutive nights. Since our data lacks a control
group, we can neither support nor disprove the exis-
tence of this phenomenon.
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