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a b s t r a c t
Background: Obstructive Sleep Apnoea Syndrome (OSAS) and insomnia are common pathologies sharing
a high comorbidity. CPAP is a cumbersome treatment. Yet, CPAP compliance must remain optimal in
order to reverse excessive daytime sleepiness and prevent the cardiovascular consequences of OSAS.
But chronic insomnia could negatively affect CPAP compliance.
Objective: To assess the consequences of insomnia symptoms on long-term CPAP use.
Methods: A prospective study was conducted on 148 OSAS patients (RDI = 39.0 ± 21.3/h), age = 54.8 ±
11.8 years, BMI = 29.1 ± 6.3 kg/m2, Epworth Score = 12.2 ± 5.4, on CPAP. Using the Insomnia Severity
Index (ISI) as an indicator of insomnia (ISI P 14 = moderate to severe insomnia) and baseline data
(anthropometric data, sleeping medication intakes, CPAP compliance, Epworth, Pittsburgh Sleep Quality
and ISI scores, polygraphic recording data), Data Mining analysis identiﬁed the major rules explaining
the features ‘‘High” or ‘‘Low ISI” and ‘‘High” or ‘‘Low Use” in the groups deﬁned, according to the median
values of the ISI and the 6th month-compliance, respectively.
Results: Median ISI was 15 and median 6th month-compliance was 4.38 h/night. Moderate to severe
insomnia complaint was found in 50% of patients. In the ‘‘High” and ‘‘Low ISI,” the 6th month-compliance
was not signiﬁcantly different (3.7 ± 2.3 vs 4.2 ± 2.3 h/night). In the classiﬁcation models of compliance,
the ISI was not a predictor of CPAP rejection or of long-term use, the predictor for explaining CPAP abandonment being the RDI, and the predictor of the 6th month-compliance being the one month-compliance.
Conclusion: Insomnia symptoms were highly prevalent in OSAS patients, but had no impact on CPAP
rejection or on long-term compliance.
Ó 2010 Elsevier B.V. All rights reserved.

1. Introduction
Obstructive Sleep Apnoea Syndrome (OSAS) and insomnia are
two prevalent and public health pathologies sharing a high comorbidity [1–5]. The activation of the wakefulness drive involved in
the physiopathology of insomnia [6,7] could become reinforced
by repeated micro-arousals, the consequences of intermittent pharyngeal occlusions in the OSAS patient; this phenomenon could
lead to a complaint of sleep maintenance insomnia or early morning awakenings and exacerbate a pre-existing insomnia complaint.
Continuous positive airway pressure ventilation (CPAP) [8], the
ﬁrst-line therapy for OSAS, is able not only to reduce daytime
sleepiness and improve daily functioning [9], but also to improve
cardiovascular outcomes [10,11]. Continued adherent use of CPAP
must be optimal in order to maintain treatment effects [12]. But,
* Corresponding author. Address: Hôpital Saint-Antoine, 184, rue du Faubourg
Saint-Antoine 75012, Paris. Tel.: +33 1 49283160; fax: +33 1 49282331.
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despite technological progress, nasal CPAP remains a cumbersome
treatment that some patients reject from the start (the primary
acceptance rate is typically only 85–90%) or decide to give up after
some use (the withdrawal rate varies between 15% and 35%) [13–
15].
Pre-existing insomnia could explain part of the early abandonment of nasal CPAP and poor compliance due to the sleep difﬁculties induced by the mechanical constraints of nasal CPAP. The
challenge facing clinicians consists of increasing acceptance and
adherence to CPAP; thus every effort should be made in order to
maintain or facilitate compliance. In this context, screening for
insomnia symptoms in patients recommended for CPAP therapy
and starting systematic cognitive behavioural therapy in case of
associated insomnia has been deservedly proposed [16]. However,
to our knowledge, there are no data in the literature that establish
the adverse impact of insomnia symptoms on CPAP compliance. If,
in fact, comorbid insomnia does not affect CPAP compliance,
screening for and treatment of the insomnia would unnecessarily
delay OSAS treatment and lead to increasing public health costs.
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The objective of this study was to determine the potential inﬂuence of insomnia symptoms on CPAP compliance in a sample of patients whose severity of the sleep apnea syndrome indicated the
need for treatment.

2. Methods
2.1. Patients
Subjects in this study were 166 consecutive OSAS patients ﬁtted
with the device for continuous positive airway pressure (CPAP) between November 2005 and March 2007.
The study was approved by the Institutional Review Board of
the Société de Pneumologie de Langue Française.

2.2. Procedures
2.2.1. Diagnostic procedure
Sleep-disordered breathing was diagnosed in 166 consecutive
patients with an apnea–hypopnea index P10/h on the basis of
ambulatory cardiorespiratory monitoring according to the recommendations of the ATS/ACCP/AASM Taskforce Steering Committee
[17,18]. The portable monitor (CID 102, CIDELEC, Gemmes sur
Loire, France) analyzes snoring, oxyhaemoglobin saturation, nasal
airﬂow by a nasal cannula and monitors respiratory effort with
thoracic and abdominal strain gauges and a substernal pressure
captor [19].
Abnormal breathing events and the time spent in a SaO2 less
than 90% were quantiﬁed per hour of monitoring time, as a Respiratory Disturbance Index (RDI) and ‘‘SaO2 < 90%.”

2.2.2. Assessing baseline sleep quality
The insomnia complaint was assessed by the score on the
Insomnia Severity Index (ISI) questionnaire, containing seven
items, scored from 0 to 4, respectively:
1.
2.
3.
4.
5.
6.
7.

Difﬁculty falling asleep.
Difﬁculty staying asleep.
Problem waking up too early.
Dissatisfaction with the current sleep pattern.
Interference with daily functioning.
Importance of the sleeping problem according to others.
Distress about the sleep problem.

The maximum ISI score is 28, 8 being the threshold for subclinical
insomnia and 14 the threshold for a moderate to severe insomnia
complaint [20].

2.2.2.1. Deﬁnition of ISI1,2,3. We deﬁned ISI1,2,3 as the index made of
the sum of the ﬁrst 3 items of the ISI, more speciﬁc for insomnia
symptoms.
– The subjective quality of sleep was assessed by the Pittsburgh
questionnaire (PSQI) [21], for which the maximum score is 21,
and a value of P5 indicates poor sleep quality. The components
of the PSQI score are Subjective Sleep Quality, Sleep Latency,
Sleep Duration, Habitual Sleep Efﬁciency, Sleep Disturbances,
Use of Sleep Medications, and Daytime Dysfunction. Each of
these components is scored 0–3 (0 designating the absence of
difﬁculty and 3 severe difﬁculties).
– Somnolence was assessed by the Epworth Sleepiness Scale [22],
for which a value above 11 is an indicator of an excessive daytime somnolence [23].

2.2.3. Installing the CPAP device
Patients were ﬁtted with the CPAP masks on the day after the
announcement of the positive diagnosis of sleep apnea, on a scheduled visit at the hospital; the procedure was identical for all patients. During this visit, the patient could beneﬁt from a training
session explaining the pathology and treatment. A nasal mask
was applied, unless the patient could conﬁrm he was not able to
breathe nasally; in this case a full-face mask was chosen. Finally
the patient was given a 30 min-practice session with the CPAP before starting home treatment with the best-ﬁtting equipment.
The positive airway pressure device was an auto-adjusting positive airway pressure (APAP) device initially with minimum and
maximum pressures empirically set at 6 and 12 cm H2O,
respectively.
Home treatment was carried out by a technician specialized in
home-care medical appliances contracted from the service-provider. Following a routine procedure, patients were systematically
visited by a technician on days 8, 15 and at the end of the ﬁrst
month. On each visit, CPAP memory recordings (compliance, leaks)
were collected. The mask was changed in cases of leakage or discomfort, and a heated humidiﬁer was provided in cases of nasobuccal dryness. A full-face mask was proposed in case of
persisting symptoms of oronasal dryness despite the use of a
humidiﬁer.
Overnight oximetry recording (PalmSATÒ 2500, NONIN Medical,
Inc., Plymouth, Minnesota, USA) was performed on two consecutive nights after verifying that the patient was sufﬁciently comfortable. Mechanical efﬁcacy was deﬁned by an ODI < 10/h; in case of
an ODI P 10/h, the range of positive pressures was modiﬁed and
additional visits were made in order to control treatment efﬁcacy
[24,25].
Epworth Sleepiness scores were systematically collected during
the scheduled visits on the 1st and on the 6th month.
2.2.4. CPAP compliance
CPAP use M1 (month 1) and M6 (month 6) extracted from the
CPAP device memory recordings, represented the mean efﬁcient
use, measured in hours, at 1 month and 6 months.
3. Statistical analyses and modeling on the study sample
The design of the study was prospective.
We chose to apply Data Mining (DM) methods (Clementine
Software, SPSS Inc., USA) on our data. Since the study’s objective
was to assess the inﬂuence of the insomnia complaint on longterm CPAP compliance, we conducted the analysis, using successively the ISI and the 6th month CPAP use as the target variables.
Data Mining [26,27] involves information extraction, the goal of
which is to discover hidden or a priori unknown facts contained in
databases. Using a combination of machine learning, statistical
analysis, modelling techniques and database technology, Data
Mining automates the process of ﬁnding patterns and subtle relationships in data and infers rules for predicting trends and
behaviours.
The ﬁrst step in the DM process was to arbitrarily deﬁne ‘‘High
ISI” subjects (whose ISI was P median ISI in the study sample) and
‘‘Low ISI” subjects (whose ISI was < median ISI), ‘‘High use” subjects
(whose CPAP use was P median CPAP use M6) and ‘‘Low use” subjects (whose CPAP use was < median CPAP use M6). The following
step was to identify from the database, the major rules explaining
the feature ‘‘High” or ‘‘Low ISI” and ‘‘High” or ‘‘Low Use.” The database contained each of the following variables: age, sex, BMI, baseline RDI, percentage of time spent at SaO2 < 90%, baseline Epworth
Score, ISI and PSQI scores, as well as the details of their different
components, consumption of psychotropic, hypnotic, anxiolytic

X.-L. Nguyên et al. / Sleep Medicine 11 (2010) 777–784

and anti-depressant drugs, compliance at one month and compliance as a proportion of sleep time (compliance/sleep time) at one
month, the Epworth Score at one month, and ﬁnally compliance
and compliance/sleep time at six months. In the present context,
the most appropriate DM method was decision tree segmentation.
This technique allowed the building of classiﬁcation models using
the most discriminating factors among all the variables, called predictors, leading lastly to the identiﬁcation of the most homogenous
subgroups regarding the target variables, i.e., the ISI status and the
6th month-compliance. Starting from the ‘‘root” of the tree, each
new division brings an enhancement in the degree of homogeneity,
this latter being deﬁned by the ‘‘improvement” of the ratio
(pn pn 1)/pn, where n is the latest division, and p is the probability of rightly affecting a given subject to the appropriate category.
The so-called ‘‘improvement” reﬂects the importance of the contribution of the predictor for explaining the target variable. Each of
these classiﬁcation models has a corresponding reliability level,
which represents the probability of assigning a patient in the database to the appropriate ISI category or compliance at six months
category.
Overweighting technique was used in DM to rebalance samples
of different sizes for accurate analysis; this process only applies to
the classiﬁcation model of CPAP continuation/discontinuation
(Fig. 3) in the section ‘‘Analysis of the 6th month CPAP compliance.”
As descriptive statistics we used the Z test to compare means
calculated for the two groups of patients, the Student test to test
the signiﬁcance of the difference of the means for a given variable
in two subgroups of subjects with regard to the total sample, and
the Pearson v2 to compare the qualitative variables [26]. Linear
multivariate analysis using the Pearson correlation test (under
IBM-SPSS software) was conducted to explore correlations between the ISI and the other explanatory variables. Statistical significance was set at 0.01.
4. Results
Study ﬂowchart (Fig. 1).
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Forty-six patients (31%) were taking psychotropic drugs, 17
(11%) of whom were under hypnotics, 25 (17%) under anti-depressants and 28 (19%) receiving anxiolytic treatment.
4.1.3. The mechanical effectiveness of the treatment
This was conﬁrmed by the mean oxyhaemoglobin desaturation
index (ODI) under CPAP of less that 5/h (3.6 ± 2.3) in the 148 patients. The continuous positive pressures applied through the
masks were for the P95 (i.e., the 95th percentile of the positive airway pressure values during the night) and the P50 (i.e., the 50th
percentile of the positive airway pressure values during the night)
equal to 10.5 ± 2.4 hPa and 8.2 ± 2.3 hPa, respectively.
Among our 148 participants, 118 utilized CPAP by a nasal mask
and 30 utilized a full-face mask. CPAP compliance was the same
between groups averaging 4.1 ± 2.4 h/night and 3.5 ± 2.8 h/night,
respectively, at one month (NS; mean ± SD) and 3.9 ± 2.4 h/night
and 3.8 ± 2.4 h/night, respectively, at six months (NS).
4.1.4. Analysis of the insomnia complaint
4.1.4.1. Description of the high ISI (n = 73) and low ISI (n = 75) groups
(see Table 1). The median value of the ISI score was 15 in the study
sample.
According to the PSQI data, sleep latency was signiﬁcantly longer, while total sleep time was shorter for High ISI. As compared to
the Low ISI, the Epworth Score, the Pittsburgh index and all seven
items of the PSQI score were signiﬁcantly higher in the High ISI.
There were no signiﬁcant differences in age, BMI, RDI, in
SaO2 < 90%, nor in one-month CPAP use durations between High
and Low ISI.
The use of sleep medications, either psychotropics in general or,
speciﬁcally, hypnotics, anti-depressants or anxiolytics, was relatively high in both groups, but signiﬁcantly higher in High ISI.
Twenty-eight (38%) of High ISI were taking psychotropics compared to 15 (20%) of Low ISI (p < 0.01). Twelve (16%) High ISI were
consuming hypnotics compared to 4 (5%) of Low ISI (p < 0.01). Taking anxiolytics and anti-depressants was also more frequent for
High than Low ISI (24 (33%) versus 13 (17%), p < 0.01).

4.1. Patients
4.1.1. Total sample (n = 166)
The total sample consisted of 166 patients, 138 men and 28 women; the average age was 54.4 ± 11.4 years, BMI = 29.2 ± 6.3 kg/
m2; RDI = 41.7 ± 22.2 events per hour, % SaO2 < 90% = 14.4 ± 24.5.
Baseline Epworth Score was 12.5 ± 5.6, ISI score 13.8 ± 5.5, PSQI
score 8.0 ± 3.4. Data on 18 patients whose questionnaires were
incomplete were excluded.
4.1.2. Study sample (n = 148)
For the 121 men and 27 women, mean age (54.8 ± 11.8 years),
BMI (29.1 ± 6.3 kg/m2), RDI (39.0 ± 21.3/h), % SaO2 < 90% = 13.5 ±
20.3, baseline Epworth (12.2 ± 5.4), ISI (13.9 ± 5.2) and PSQI
(8.0 ± 3.3) scores were not statistically different from the data collected for the total sample.

4.1.5. Classiﬁcation model of the ISI status (see Fig. 2)
The decision tree obtained on the target variable ISI with the
two modalities ‘‘Low ISI” and ‘‘High ISI” led to identifying two
homogeneous subgroups of patients. The only predictor retained
by the decision tree algorithm to deﬁne the ‘‘High ISI” was the Pittsburgh Index (mean value 12 ± 2.3 in the ‘‘High ISI”) responsible for
a major 20% improvement in the probability of appropriately classifying subjects. The most signiﬁcant predictors deﬁning the ‘‘Low
ISI” were successively the Pittsburgh Index (mean value 6.3 ± 2 in
the corresponding subgroup) and the Subjective Sleep Quality, as
a component of the PSQI index (mean value 1.5 ± 0.5 in the corresponding subgroup) responsible for a 4% improvement in the probability of appropriately classifying subjects.
The reliability of this segmentation model was 82%, meaning
that patients were assigned to their category of high or low ISI with

166 consecutive CPAP patients
18 subjects
with incomplete data

Study sample :
148 subjects on CPAP at Month 1

29 subjects who withdrew
From CPAP before Month 6
Fig. 1. Study ﬂowchart.

119 subjects on CPAP
At Month 6
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Target Variable : ISI Index
Classes
%
n
High
49.32 73
Low
50.68 75

Improvement =20%
Node 1
Pittsburg Index ≤ 9.5
%
n
High
29.52 31
Low
70.48 74

Node 2
Pittsburg Index > 9.5
%
n
High
97.67
42
Low
2.33
1

Improvement = 4%
Node 3
Subjective Sleep Quality ≤ 2
%
n
High
24.74 24
Low
75.26 73

Node 4
Subjective Sleep Quality > 2
%
n
High
87.5 7
Low
12.5 1

Improvement = 3%
Node 7
SaO2< 90% ≤ 0.15
%
n
High
52.63 10
Low
47.37 9

Node 8
SaO2< 90% > 0.15
%
n
High
17.94 14
Low
82.06 64

Improvement = 2.3%
Node 15
RDI ≤ 43.5
%
n
High
4.65 2
Low
95.35 41

Node 16
RDI > 43.5
%
n
High
34.29 12
Low
65.71 23

Fig. 2. Classiﬁcation model of the ISI status – details of the decision tree.

a conﬁdence level of 0.82. These results implied a reliability of this
model suitable for clinical application.

4.2. Analysis of the six-month CPAP compliance
4.2.1. ‘‘Withdrawers” (n = 29) and ‘‘Still users” (n = 119) (see Table 2)
4.2.1.1. Main characteristics. Twenty-nine subjects, mean age =
56.7 ± 13.5 years, BMI = 28.7 ± 6.6 kg/m2, RDI = 27.4 ± 11.3 events/
h, % SaO2 < 90% = 9.9 ± 17.6, baseline Epworth Score = 10.6 ± 4.7,
ISI = 14.7 ± 4.2, PSQI = 8 ± 3.2, discarded the CPAP device after
101 ± 43 days of follow-up. Among them, 4 subjects never succeeded in using their CPAP devices. As compared to the 119 subjects still on CPAP therapy at six months of follow-up, patients
who did not pursue CPAP had less severe sleep apnea syndrome
according to the RDI and a reduced one month-CPAP use, these differences being statistically signiﬁcant. There was no signiﬁcant difference in ISI and PSQI. The Student test (with a high degree of
signiﬁcance [p = 0.05]) showed no signiﬁcant difference of the
means between the ISI and the two groups ‘‘Withdrawers” and
‘‘Still users.”

4.2.2. Data Mining analysis: classiﬁcation model of CPAP continuation/
discontinuation (see Fig. 3)
The target variable was the feature ‘‘Withdrawer” or ‘‘Still user,”
which the terms OUT and IN, respectively stood for in Fig. 3. The
most valuable predictors retained by the decision tree algorithm
to deﬁne the ‘‘Withdrawers” were the RDI (mean value for the corresponding subgroup being 23.9 ± 8.2 events/h), with an ‘‘improvement” of 9.5%, the baseline Epworth Score (mean value for the
corresponding subgroup being 8.6 ± 3.3) with an ‘‘improvement”
of 4%, and the one month-CPAP use (mean value for the corresponding subgroup being 2.4 ± 2.0 h/night) with an ‘‘improve-

ment” of 3.3%. The RDI was a predictor of major importance for
explaining the withdrawal from CPAP therapy.
The insomnia complaint was not a discriminant factor for CPAP
rejection, as the ISI per se and the items of the ISI were not part of
the decision tree.
As for the deﬁnition of the ‘‘Still users,” the most relevant predictors were ﬁrst the RDI, with an ‘‘improvement” of 9.5% and
mean value = 55.1 ± 17.4 events/h for the corresponding subgroup,
and then the one-month-CPAP use, with an ‘‘improvement” of
4.8% and mean value = 5.0 ± 2.0 h/night for the corresponding
subgroup.
4.3. Still users (n = 119)
4.3.1. Description of the ‘‘High Use” and ‘‘Low Use” subjects (see
Table 3)
The median value of the CPAP use measured at month 6 was
4.38 h/night in the study sample. No signiﬁcant difference in the
baseline data was found between High and Low Use for age, BMI,
Epworth Score, severity of the apnea syndrome according to the
RDI or according to the percentage of time spent in an
SaO2 < 90%, the ISI and PSQI scores. Mean CPAP use at one month
was 5.9 ± 1.7 h/night for High and 2.8 ± 1.9 h/night for Low Use
(p < 0.01). At six months, mean CPAP use was 5.9 ± 1.1 and
1.8 ± 1.3 h/night, respectively for High and Low Use (p < 0.01). High
Use used their CPAP 93.5 ± 9.0% of their sleep time at one month
(vs. 73.6 ± 29.5% for Low Use) and 91.6 ± 9.5% of their sleep time
at six months (vs. 52.2 ± 28.4% for Low Use) (p < 0.01).
4.3.2. Data Mining analysis: classiﬁcation model of the 6th month
CPAP use (see Fig. 4)
The decision tree obtained on the target variable with the two
modalities ‘‘Low Use” and ‘‘High Use” led to identifying two homo-
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Target : IN vs OUT
%

n

IN

49.8

119

OUT

50. 2

120

Improvement = 9.5%
Improvement
= 9.5%

Node 1

Node 8

RDI ≤ 36.9

RDI > 36.9

%

n

%

n

IN

34.17

54

IN

80.25

65

OUT

65.83

104

OUT

19.75

16

Improvement
Improvement= 4% = 4%

Improvement==4.8%
4.8%
Improve

Node 2

Node 7

Baseline ESS ≤ 12.5

Baseline ESS > 12.5

Node 9

Node 10

CPAPUseM1 ≤ 0.48

CPAPUseM1 > 0.48

%

n

%

n

%

n

IN

21.00

21

IN

56.89

33

IN

00.00

%

n
0

IN

89.04

65

OUT

79.00

79

OUT

43.11

25

OUT 100.00

8

OUT

10.96

8

Improvement= 3.3%= 3.3%
Improvement

Improvement = 1.7%
Improve
= 1.7%

Node 3

Node 6

Node 11

Node 12

CPAP Use M1 ≤ 6.25

CPAP UseM1 > 6.25

Difficulty falling asleep ≠ 4

Difficulty falling asleep = 4

%

%

n

%

n

IN

15.96

15

IN

100.00

6

IN

OUT

84.04

79

OUT

00.00

0

OUT

n

%

n

94.03 63

IN

33.33

2

5.97

OUT

66.66

4

4

Improvement = 1.3%
Improve
= 1.3%

Improvement = 1.8%
Improvement
= 1.8%

Node 4

Node 5

Node 13

Node 14

RDI ≤ 33.62

RDI > 33.62

BMI ≤ 39.09

BMI > 39.09

%

n

IN

13. 19

12

IN

OUT

86.81

79

OUT

%

%

n

100.00

3

IN

00.00

0

OUT

100.00
00.00

n

%

n

58

IN

55.55

5

0

OUT

44.45

4

Fig. 3. Classiﬁcation model of CPAP continuation/discontinuation – details of the decision tree. The number of subjects in the ‘‘OUT” sample in the ﬁrst box of the tree is the
number obtained after the overweighting process (using a 4.103 weighting factor, and n = 120 subjects being the sample size determined by the random function of the Data
Mining algorithm).

geneous subgroups of patients. The only predictor retained by the
decision tree algorithm to deﬁne ‘‘Low Use” subjects was the CPAP
use measured at one month (mean value 1.9 ± 1.1 h/night in the
‘‘Low Use”), responsible for a major 19.7% improvement in the
probability of appropriately classifying subjects. The major predictor deﬁning the ‘‘High Use” was repeatedly the one month-CPAP
use, with at ﬁrst an improvement of 19.7% and mean value for
the corresponding subgroup = 5.9 ± 1.4 h/night, and then an
improvement of 3.4%, mean value = 6.6 ± 1.1 h/night for the corresponding subgroup.
The ISI and PSQI were not predictors for deﬁning the ‘‘High” or
‘‘Low Use.” The reliability of this segmentation model was 78%,

meaning that patients were assigned to their category of high or
low CPAP compliance with a conﬁdence level of 0.78. These results
implied a reliability of this model suitable for clinical application.
When an indicator of the insomnia complaint comprising the
ﬁrst three items of the ISI (i.e., ‘‘Difﬁculty falling asleep,” ‘‘Difﬁculty
staying asleep” and ‘‘Problem waking up too early”) was used instead of the seven item ISI, and the same analysis was conducted,
no change was observed in the different steps of the segmentation
or in the values of ‘‘improvement”; the decision tree remained
identical to the one shown in Fig. 4, meaning that considering
the items pertaining to the speciﬁc sleep symptoms of insomnia
was equivalent to considering the whole ISI score.
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4.3.3. Multiple regression analysis
Pearson coefﬁcients of correlation were r = 0.168 (p = 0.07, NS)
between the ISI and the 6th month-CPAP use, r = 0.125 (p = 0.20,
NS) between the ISI and the total number of hours of CPAP usage
across the 6th month period, and r = 0.065 (p = 0.49, NS) between
the ISI1,2,3 and the 6th month-CPAP use, conﬁrming the insomnia
complaint was not a contributor to a failure to use CPAP.

Table 1
Characteristics of High and Low ISI patients.

ISI
PSQI
Use of sleep medicationa
Habitual sleep efﬁciencya
Sleep latencya
Sleep durationa
Daytime dysfunctiona
Sleep disturbancesa
Subjective sleep qualitya
Sleep latencyb (min)
Total sleep timeb (h)
Epworth score
Age (years)
BMI (kg/m2)
RDI
% SaO2
CPAP use M1 (h/night)
CPAP use M1/TSTc (%)
CPAP use M6 (h/night)
CPAP use M6/TSTc (%)

5. Discussion
Insomnia complaints were frequent in this sample of severe
sleep-disordered breathing subjects, one out of two patients having an ISI score corresponding to moderate to severe insomnia. This
high level of insomnia complaint was associated with higher hypnotic drug intake, poor subjective sleep quality according to the
PSQI score, and a higher level of daytime somnolence at baseline,
according to the Epworth Score. Its existence did not affect CPAP
long-term compliance.
Our OSAS patients presented characteristics typical of this kind
of population in clinical settings [28,29]. Because abnormal breathing events were quantiﬁed per hour of monitoring time as a RDI,
the actual index of abnormal respiratory events was probably
underestimated. Despite this limitation, the mean RDI was high
in our sample.
The sleep data of our patients were not based on objective
polysomnography data, but subjective data, derived from a robust
questionnaire, the PSQI [30], which has been validated against PSG
[31] and has been recognized as reliable for evaluating sleep in
insomnia research.
Installing CPAP treatment and its follow-up were conducted in a
way described previously [25]. The mechanical effectiveness of
CPAP treatment was conﬁrmed in all our patients by oximetry
measures on CPAP treatment [32,33], with a mean ODI over 2
nights less than 5/h.

a
b
c

High ISI (n = 73)

Low ISI (n = 75)

P (Z test)

18.1 ± 3.0
9.9 ± 3.4
1.0 ± 1.3
1.1 ± 1.2
1.1 ± 1.1
1.3 ± 0.9
1.5 ± 1.0
1.8 ± 0.8
2.2 ± 0.7
26.4 ± 34.4
6.1 ± 1.4
13.3 ± 5.3
53.4 ± 11.4
29.8 ± 6.2
38.9 ± 23.7
9.5 ± 13.5
3.8 ± 2.3
78.3 ± 27.3
3.4 ± 2.3
68.7 ± 30.7

9.8 ± 3.5
6.0 ± 2.0
0.4 ± 0.9
0.5 ± 0.8
0.7 ± 0.8
0.8 ± 0.6
1.1 ± 0.9
1.3 ± 0.6
1.4 ± 0.6
17.1 ± 17.1
7.1 ± 1.4
11.4 ± 5.3
56.4 ± 12.1
28.1 ± 6.5
39.0 ± 19.3
15.5 ± 23.7
4.2 ± 2.6
78.3 ± 30.4
4.4 ± 2.4
75.5 ± 26.9

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
ns
ns
ns
ns
ns
ns
ns
ns

Component of the PSQI score.
Raw data derived from the PSQI questionnaire.
Total sleep time.

We examined insomnia complaints in our sleep-disordered
breathing patients, with the ISI questionnaire that was validated
in apneic subjects [1,2]. The items making up the ISI score in fact
reﬂect insomnia criteria according to the DSM-IV [34], consisting,
on one hand, of classic items asking about the difﬁculties in falling
and staying asleep, and, on the other hand, sleep dissatisfaction
and repercussions on diurnal functioning. In our sample the median ISI score was 15, above the threshold of 14 proposed by Bastien
et al. [20], for deﬁning an at least moderate insomnia complaint.
The ISI score was on average very high (18.1 ± 3) in the High ISI.

Target Variable:
CPAP use at Month 6
%
n
High
50.4
60
Low
49.6
59

Improvement = 19.7%
Node 1
CPAP use at Month 1 ≤ 3.78
%
n
High
10.87
5
Low
89.13 41

Node 2
CPAP use at Month 1 > 3.78
%
n
High
75.34
55
Low
24.65
18

Improvement = 3.4%
Node 5
CPAP use at Month 1 ≤ 5.03
%
n
High
50.00 11
Low
50.00 11

Node 6
CPAP use at Month 1 > 5.03
%
n
High
86.27 44
Low
13.73
7

Improvement = 1.2%
Node 9
Epworth Month 1 ≤ 14
%
n
High
90.9 40
Low
9.1
4

Fig. 4. Classiﬁcation model of the 6th month CPAP use – details of the decision tree.

Node 10
Epworth Month 1 > 14
%
n
High 57.14
4
Low 42.86
3
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Table 2
Comparison between the 29 ‘‘Withdrawers” and the 119 ‘‘Still users”.

ISI score
PSQI index
Epworth score
Sleep latency (min)
Sleep time (h)
Age (years)
BMI (kg/m2)
RDI (/h)
% SaO2 < 90%
CPAP use M1
CPAP use/TST M1

Withdrawers (n = 29)

Still users (n = 119)

p (Z test)

14.7 ± 4.2
8 ± 3.2
10.6 ± 4.7
18.4 ± 25
6.8 ± 1.4
56.7 ± 13.5
28.7 ± 6.6
27.4 ± 11.3
9.9 ± 17.6
2.4 ± 2.2
57.7 ± 36.6

13.7 ± 5.5
7.9 ± 3.5
12.7 ± 5.5
22.5 ± 27.8
6.6 ± 1.5
54.5 ± 11.4
29.1 ± 6.4
41.8 ± 22.5
13.3 ± 20.2
4.4 ± 2.4
83.4 ± 24.2

ns
ns
ns
ns
ns
ns
ns
<0.01
ns
<0.01
<0.01

The prevalence of insomnia complaints in our study sample was
close to what has been previously reported; while Krakow et al.
[1] found a prevalence of 50% of insomnia symptoms in a population of sleep-disordered breathing patients using a 3-item scale to
deﬁne insomnia, Smith et al. [2], who used self-rating questionnaires similar to ours, found a prevalence of 39%. We found in High
ISI, extended sleep latency, reduced sleep duration and poor sleep
quality, combined with signiﬁcantly high scores on all PSQI dimensions. These ﬁndings conﬁrm the reality of their insomnia complaint compared to the Low ISI. Yet, Low ISI also had disturbed
baseline sleep quality, according to the PSQI, possibly related to
OSAS consequences on sleep. The Epworth Score was also signiﬁcantly higher for High ISI, as Ohayon and Lemoine [35] found. In
our sample, the severity of the apnea syndrome was not, as described in an earlier study [1], associated with higher levels of
insomnia complaint. The best predictor for explaining the high level of insomnia complaint was actually the PSQI, probably because
of the redundancy of both questionnaires, exploring similar sleep
disturbances. Psychotropic medication usage (31%) and hypnotic
drug intake (11%) were, on average, higher in our apneic population than in the overall French population, where consumption
estimates of these drugs are 12% for psychotropics and 6–8% for
hypnotics [36,37]; the use of psychoactive drugs was signiﬁcantly
higher in High ISI: 38% vs. 20% in the Low ISI.
It is important to notice that this study was not designed to
establish a causal relationship between OSAS and insomnia complaint, which could only be demonstrated by studying the development of the ISI score under CPAP treatment.
We can conﬁrm the existence of moderate to severe insomnia
complaint in half of our apneic patients. Given the high prevalence
of patients with a sleep apnea syndrome recommended for CPAP
treatment (0.5–1.5% of the population according to Stradling and
Davies [38]), 50% of these apneic patients would justify a screening
for insomnia symptoms and systematic cognitive-behavioral therapy prior to nasal CPAP, as Lavie has proposed [16]. This attitude
would not only contribute to a rise in public health expenses, but
also considerably delay the initiation of CPAP therapy, and does
not seem reasonable, unless it was proven that insomnia had a
negative impact on CPAP compliance.
The aim of the study was therefore to analyze the impact of
insomnia complaint on long-term CPAP compliance. The major
ﬁnding was that the insomnia complaint, as expressed by the ISI,

a validated tool for assessing insomnia in clinical settings [39],
did not affect CPAP rejection, nor did it affect the CPAP use at six
months.
Twenty-nine (19.6%) subjects withdrew from CPAP therapy
within the ﬁrst six months after a mean CPAP use-period of
101 ± 43 days, which is consistent with previous ﬁndings [13–
15]. Those subjects had less severe sleep apnea syndrome
[14,15,40,41], and their CPAP use measured at one month was signiﬁcantly lower than in subjects who continued with CPAP, characteristics already described as associated with poor compliance
[14,42]. The insomnia complaint was not an explanatory factor
for CPAP withdrawal. The ISI and PSQI of the patients who had rejected CPAP were not signiﬁcantly different from those of patients
still on CPAP after six months. These ﬁndings were conﬁrmed by
the DM analysis: the ISI and PSQI were not predictors of the 6th
month of compliance, the severity of the sleep apnea syndrome
as expressed by the RDI being the major predictor (with a 9.5%
improvement) for being a ‘‘withdrawer” from CPAP.
CPAP compliance was similar for the two groups High and Low
ISI, in a simple comparative analysis after six months of use, and
was comparable to that typically found in similar populations
[43,44]. ISI and PSQI scores were not statistically different in ‘‘High
use” and ‘‘Low Use” groups. These results were supported by the
DM analysis: the ISI was not recognized as a predictor of the six
month-CPAP use, nor were the components of the ISI, the one
month-CPAP use being the strongest predictor of the six monthCPAP compliance, as has already been reported [15,42]. As for
the ISI including items pertaining to daytime impairment (the last
four items of the overall score, relative to the dissatisfaction of
the current sleep pattern, the interference with daily functioning,
the importance of the sleeping problem according to others,
and the distress about the sleep problem), one could argue that
high ISI scores were the result of sleep disturbances due to sleep
apnea per se and not the consequences of a higher insomnia complaint. But the result of the Data Mining analysis remained valid,
even when a more ‘‘traditional” indicator for the insomnia complaint [1,3] assessing sleep disturbances, such as the difﬁculties
in initiating or maintaining sleep or the problems of early morning
awakenings (the ﬁrst three items of the ISI), was used. These ﬁndings do not support previous hypotheses [1,16] about the negative
impact of insomnia complaint on CPAP compliance, implying that
speciﬁc treatment of insomnia should not be systematic.
Finally, one might have thought that hypnotic drug intake
would have potentially masked the CPAP compliance problem in
patients most affected by insomnia symptoms by improving the
sleep parameters [45,46]. It is true that in our sample psychotropic
medication intake was more frequent in the High ISI patients, since
16% of them were regularly taking hypnotics, compared to 5% of
Low ISI. Nevertheless, in the segmentation analysis, hypnotic intake, as well as anxiolytics or anti-depressants, or psychotropic intake, regardless of the category, did not emerge as an explanatory
factor for compliance.
6. Conclusions
Insomnia complaint occurred frequently in OSAS patients and
was consistently associated with poor sleep quality. But insomnia

Table 3
Characteristics of ‘‘High” and ‘‘Low Use” subjects.

High use
Low use
p (Z test)

ISI score

PSQI index

Epworth score

Age (years)

BMI (kg/m2)

RDI (/h)

% SaO2 < 90%

13.2 ± 5.2
14.3 ± 5.9
ns

7.8 ± 3.2
8.1 ± 3.7
ns

11.5 ± 5.9
13.7 ± 5.2
ns

56.8 ± 10.8
52.2 ± 11.8
ns

29.8 ± 7.3
28.4 ± 5.1
ns

46.3 ± 22.9
37.1 ± 20.7
ns

16.4 ± 24.1
10.4 ± 15.1
ns
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complaint was not related to the severity of the disease and had no
impact on medium and long-term CPAP use.
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