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ABSTRACT
Objective To evaluate whether follow-up of patients
with obstructive sleep apnoea (OSA) undergoing CPAP
treatment could be performed in primary care (PC)
settings.
Design Non-inferiority, randomised, prospective
controlled study.
Settings Sleep unit (SU) at the University Hospital and
in 8 PC units in Lleida, Spain.
Participants Patients with OSA were randomised to be
followed up at the SU or PC units over a 6-month
period.
Main outcomes measured The primary outcome
was CPAP compliance at 6 months. The secondary
outcomes were Epworth Sleep Scale (ESS) score,
EuroQoL, patient satisfaction, body mass index (BMI),
blood pressure and cost-effectiveness.
Results We included 101 patients in PC ((mean±SD)
apnoea–hypopnoea index (AHI) 50.8±22.9/h, age 56.2
±11 years, 74% male) and 109 in the SU (AHI 51.4
±24.4/h, age 55.8±11 years, 77% male)). The CPAP
compliance was (mean (95% CI) 4.94 (4.47 to 5.5) vs
5.23 (4.79 to 5.66) h, p=0.18) in PC and SU groups,
respectively. In the SU group, there were greater
improvements in ESS scores (mean change 1.79, 95%
CI +0.05 to +3.53, p=0.04) and patient satisfaction
(−1.49, 95% CI −2.22 to −0.76); there was a
signiﬁcant mean difference in BMI between the groups
(0.57, 95% CI +0.01 to +1.13, p=0.04). In the PC
setting, there was a cost saving of 60%, with similar
effectiveness, as well as a decrease in systolic blood
pressure (−5.32; 95% CI −10.91 to +0.28, p=0.06).
Conclusions For patients with OSA, treatment
provided in a PC setting did not result in worse CPAP
compliance compared with a specialist model and was
shown to be a cost-effective alternative.
Trial registration number Clinical Trials
NCT01918449.

INTRODUCTION
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Obstructive sleep apnoea syndrome (OSA) is a
highly prevalent disease1–3 that has been shown to
be associated with reduced quality of life4 and the
onset or worsening of hypertension,5 6 cardiovascular diseases,7 stroke,8 increased trafﬁc and
workplace accidents9 10 and mortality.11 OSA

Key messages
What is the key question?

▸ Is CPAP treatment compliance followed up by
primary care physicians as effective as
conventional CPAP management in a sleep
unit?

What is the bottom line?
▸ Because the number of patients undergoing
CPAP treatment is increasing and overloading
the follow-up resources of health systems,
alternatives to traditional methods must be
considered to guarantee effective, efﬁcient and
integrated patient care and management.

Why read on?
▸ This randomised controlled trial shows that a
new model involving primary care settings is a
realistic and cost-effective alternative to
conventional follow-up in a sleep unit.

management is challenging for health systems; generally, it is based in a hospital sleep unit (SU). This
approach is expensive and not available at all hospitals. In addition, waiting lists for sleep physician
consultation and laboratory-based polysomnography are often long. Thus, there has been increasing
interest in the use of screening questionnaires,
home sleep monitoring and ambulatory management for OSA. Several randomised controlled
studies have shown that this approach produces
comparable treatment compliance and clinical
improvement compared with standard laboratorybased sleep studies and follow-ups.12–16 In this new
scenario, there is a great interest in involving other
healthcare professionals in the treatment. Indeed,
primary care (PC) physicians must be involved in
managing any common disease.17
Treating OSA with CPAP improves symptoms
and quality of life, decreases trafﬁc accidents and
may positively affect cardiovascular morbidity.6 18 19
The effectiveness of this treatment is directly
related to compliance.20 21 Strict follow-up is
required for improvement, particularly in the ﬁrst
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METHODS
Study design
We performed a randomised, controlled, prospective parallelgroup study to examine the efﬁcacy of PC versus conventional
SU follow-up of patients with OSA beginning CPAP treatment.
The study was registered with the USA National Institutes of
Health (ClinicalTrials.gov, NCT01918449). Each participant
was interviewed and informed in detail about the purpose of
this study. The ethics committee at our institution approved the
study (CEIC-884). All participants provided written informed
consent.

Settings and participants
This study was conducted in the SU of one teaching hospital
and eight PC units in Lleida (Catalonia, Spain). The patients
were recruited from the SU at our hospital beginning in January
2013. Follow-up ended in December 2013. We included men
and women aged ≥18 years who had just been diagnosed with
OSA and required CPAP treatment. The treatment was based on
national guidelines.24 Brieﬂy, the indications for CPAP treatment
are 30 or more apnoea and hypopnoea episodes per hour
(ie, apnoea–hypopnoea index (AHI)) in an overnight sleep
study, daytime hypersomnolence (deﬁned as an Epworth Sleep
Scale (ESS) score ≥10) and/or high cardiovascular risk. The
exclusion criteria for this study were relevant impaired lung
function (overlap syndrome, obesity hypoventilation syndrome
and restrictive disorders), the presence of comorbidities (severe
psychiatric disorders, periodic leg movements or other dyssomnias or parasomnias) and previous CPAP treatment.
OSA was diagnosed using a conventional polysomnographic
or respiratory sleep study. The respiratory study included (at a
minimum) continuous recording from a nasal cannulae,
thoracic-abdominal motion, oxygen saturation and body position. The results of all sleep studies were analysed by trained
personnel from the SU at our hospital using standard criteria.
Apnoea was deﬁned as the absence of airﬂow for ≥10 s and
hypopnoea was deﬁned as an airﬂow reduction (>50%) lasting
≥10 s with a >4% decrease in oxygen saturation.25 Obstructive
apnoea was deﬁned as the absence of airﬂow in the presence of
chest or abdominal wall motion. The AHI was calculated based
on the average number of apnoea plus hypopnoea episodes per
hour of sleep or recording time.
CPAP was titrated using an auto-CPAP device (Autoset-T,
ResMed, Sydney, Australia) according to a previous validation
by the Spanish Sleep and Breathing Group.26 The recording was
repeated for two additional nights if the original recording was
unacceptable. Optimal pressure was determined visually from
the raw data from the auto-CPAP device by analysing the pressure curve, which included the periods with a leak lower than
0.4 L/s (90th centile). After the optimal pressure was achieved,
at-home treatment was initiated with a ﬁxed CPAP level.

The diagnosis of OSA and the CPAP titration were performed
at the SU in the same manner for all patients in the study.

Randomisation and interventions
The patients who were diagnosed with OSA in the SU and
required CPAP treatment were randomly assigned in a 1:1 ratio
to either PC management or SU management. Randomisation
was performed using a computer-generated list of random
numbers. All patients received sleep hygiene and hygienicdietary measures. The patients were followed up for 1, 3 and
6 months by specialised nursing at the SU or by a general practitioner/nurse in the PC setting. At each visit, the patients
received education and support for setting up and using the
CPAP device, advice on managing CPAP-related adverse effects,
encouragement for CPAP compliance and education about lifestyle changes. In addition, the patients were asked to complete
the research questionnaires.

PC training
One PC physician and one nurse from each of the eight PC
units in the study participated in an education programme (6 h)
that included the theoretical and practical aspects managing
patients with sleep apnoea. None of the participating members
of the PC centres had received speciﬁc training in managing
patients with OSA before completing the education programme.
The education programme was delivered by the sleep physician
and nurse specialist from the SU who managed the CPAP treatment of the patients in this study who were randomised to the
SU group.

PC management
The patients’ treatment was managed by PC physicians and a
community-based nurse who participated in an education programme (6 h) that included the theoretical and practical aspects
of managing patients with sleep apnoea. The patients were followed up in person by a PC physician or a community-based
nurse to review their progress and provide support for the
CPAP setup and education, advice about managing CPAP-related
adverse effects, encouragement to comply with CPAP recommendations and adhere to its use and education about lifestyle
changes. Additionally, the patients were asked to complete relevant research questionnaires. The patients were followed up at
1, 3 and 6 months. Additionally, if necessary, the patients could
have telephone consultations with the PC physician or nurse
who performed the follow-up visits. The same day of the telephone consultation the patients were attended by telephone.
CPAP adherence was objectively recorded by the device.

Specialist SU management
Conventional SU patient management was performed by the SU
specialist nurse (or by the consulting specialist nurse to a specialist doctor, if necessary). The patients met the PC physician
or community-based nurse in person to review their progress
and receive education about, and support for, the CPAP setup,
advice about managing CPAP-related adverse effects, encouragement to comply with the CPAP recommendations and to adhere
to its use and education about lifestyle changes. Additionally,
the patients were asked to complete relevant research questionnaires. The patients were followed up at 1, 3 and 6 months.
Additionally, if necessary, the patients could have telephone consultations with the specialist nurse who performed the follow-up
visits. The same day of the telephone consultation the patients
were attended by telephone. CPAP adherence was objectively
recorded by the device.
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few months.20 The number of patients undergoing CPAP treatment has increased consistently in recent years,22 which has
overloaded follow-up resources. To guarantee effective, efﬁcient
and integral patient care and management, alternatives to traditional methods must be considered.22 23 The aim of this study
was to determine whether treatment follow-up by PC physicians
is as effective (that is, with similar compliance and clinical
response) as conventional management of patients with OSA
who begin CPAP treatment in an SU. Thus, we investigated
whether this new model was a realistic alternative to conventional SU follow-up.

Sleep

The primary outcome was CPAP compliance 6 months after
treatment was started. Compliance was objectively measured
using the number of hours of CPAP use per day according to
the CPAP device’s internal clock.

Secondary outcomes
From baseline to 6 months, we evaluated the change in ESS
score,27 the EuroQoL ﬁve-dimensions questionnaire (EQ-5D,
administered to measure the patients’ health states), patient satisfaction (measured using a visual analogue scale ranging from
0 to 10), body mass index (BMI) and ofﬁce blood pressure.28
Additionally, a cost-effectiveness analysis was performed. The
costs were based on Catalan Institute of Health tables
(CVE-DOGC-A-13051031-2013). The within-trial cost calculation methodology is described in the online supplementary
material.

Statistical analysis
The Mann–Whitney U test and Fisher’s exact test were performed to assess the differences in baseline characteristics
between the groups. Fisher’s test was used to evaluate whether
the between-group abandonment rates differed. A multiple
imputation procedure using a Bayesian approach was used to
replace the missing data for the primary and secondary outcome
variables and an intention-to-treat analysis was performed that
resulted in 10 complete datasets. The R package ‘mi’29 was used
for these calculations. Linear and logistic regression models
were used to assess the differences between the SU and PC
patients for each complete dataset. These models used the formulas proposed by Rubin.30 The difference in the mean CPAP
compliance was evaluated using a linear model to determine the
non-inferiority of the PC group with respect to the SU group.
For these models, signiﬁcance was assessed using a one-sided

p value and 95% (CIs) intervals. For the secondary outcome
measures, two-sided tests and CIs were used, and speciﬁc evaluations of the mean change after 6 months were considered for
the EQ-5D, BMI, ESS, systolic blood pressure (SBP) and diastolic blood pressure (DBP). The models were also adjusted
using the baseline characteristics with statistically signiﬁcant
between-group differences; in addition, for the SBP and DBP,
the use of antihypertensive drugs was also adjusted in the
models.
For the primary and secondary outcomes, a sensitivity analysis
was conducted to compare the results obtained when analysing
the data only of those patients who completed the study.

Sample size
The sample size was determined to permit assessments of the
non-inferiority of CPAP compliance in the PC settings compared with the SU setting, with a non-inferiority margin of −1 h
per night (based on expert agreement). Power computations
indicated that the inclusion of 210 patients was sufﬁcient to
achieve a 90% statistical power for detecting a signiﬁcant difference (with a type 1 error of 5%), assuming a SD of 2.5 (moderately above the values previously reported in similar studies).

RESULTS
Figure 1 shows a ﬂow diagram outlining the recruitment and
randomisation pathway. We studied 235 patients with OSA who
were diagnosed in the SU and required CPAP treatment. Among
those patients, 210 agreed to participate and were eligible.
The patients were randomised as follows: 101 patients were randomised to receive PC management and 109 were randomised
to receive SU management. Both groups were comparable and
consisted of predominantly middle-aged obese men with severe
OSA (table 1). As a random effect, BMI was signiﬁcantly higher
in the SU group (with a difference of 2.1 kg/m2).

Figure 1 Study ﬂow chart. aThe primary analysis was conducted in an intention-to-treat manner and missing values were replaced using multiple
imputation. OSAS, obstructive sleep apnoea syndrome.
348
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Outcomes and follow-up
Primary outcome

Sleep

Characteristics

Primary care
(n=101)

Sleep unit
(n=109)

p Value

Men, n (%)
Age (years)
BMI (kg/m2)
Neck circumference (cm)
Waist circumference (cm)
Charlson Comorbidity Index
SBP (mm Hg)
DBP (mm Hg)
ESS score
AHI (per hour)
SaO2 drop ≥4% (events/h)

75
56.2
32.5
42
108.8
1.3
135
81.3
10.4
50.8
31.6

84 (77)
55.8 (11)
34.6 (7.3)
43 (4)
111.3 (12.7)
1.4 (1)
134.6 (15.8)
84.3 (11.1)
10.6 (5.2)
51.4 (24.4)
33.8 (28.7)

0.6
0.8
0.03
0.09
0.2
0.66
0.9
0.06
0.8
0.8
0.7

(74)
(11)
(6)
(4)
(13.3)
(1.4)
(19.7)
(11.8)
(6)
(22.9)
(26.7)

Results are shown as mean (SD) unless stated otherwise.
The statistically significant p values (p values <0.05) are denoted in bold.
AHI, apnoea–hypopnea index; BMI, body mass index; DBP, diastolic blood pressure;
ESS, Epworth Sleep Scale; SBP, systolic blood pressure.

Outcomes
Primary outcome
The percentages of patients who abandoned the study during the
follow-up were 2.9% and 6.4% in the PC and SU groups,

respectively (p=0.22). At 6 months, the mean CPAP compliance
for the entire study population was 5 h per night (95% CI 4.6 to
5.6). The mean CPAP compliance in the PC group was 4.94 h
per night (95% CI 4.47 to 5.5) and the mean CPAP compliance
in the SU group was 5.23 h per night (95% CI 4.79 to 5.66),
with a difference of −0.29 (the lower bound of a one-sided 95%
CI −0.85) hours per night ( p=0.18; table 2). Sensitivity analyses
using only the data from the patients who completed the study
(91 patients in the PC group and 100 in the SU group) produced
similar results (ie, the difference in the mean CPAP compliance
was −0.42; the lower bound of a one-sided 95% CI −0.94;
p=0.18). These results support the non-inferiority of PC management because the lower bounds of the one-sided 95% CI for
all analyses were greater than the prespeciﬁed non-inferiority
margin of −1 h per night. After the models were adjusted for the
BMI at baseline, the results did not change.

Secondary outcomes
The secondary outcome measures are shown in table 2. At
6 months, there was a decrease in the ESS score in both the PC
(p<0.001) and SU groups (p<0.001). The decrease in the ESS
score was greater in the SU group ( p=0.04) and patient satisfaction was signiﬁcantly higher in the SU group ( p<0.001).

Table 2. Analysis of primary outcome and secondary outcomes measured at 6 months.
Primary care (n=101)
Mean (95% CI)
Primary outcome
CPAP compliance
(hours/night)
Secondary outcomes
Epworth Sleep Scale Score
Baseline
6-months
Change
Patient satisfaction at
6 months‡
EQ-5D
Baseline
6-months
Change
Body mass index (kg/m2)
Baseline
6-months
Change
Systolic blood pressure (mm Hg)
Baseline
6-months
Change
Diastolic blood pressure (mm Hg)
Baseline
6-months
Change

4.94 (4.47 to 5.50)

10.50
5.92
−4.58
7.54

(9.37 to 11.62)
(5.04 to 6.80)
(−5.79 to −3.36)§
(7.01 to 8.08)

Sleep unit (n=109)
Mean (95% CI)

5.23 (4.79 to 5.66)

10.55
4.18
−6.37
9.03

(9.46 to 11.64)
(3.26 to 5.10)
(−7.55 to −5.19)§
(8.50 to 9.56)

Difference in
mean change
Mean (95% CI)

P value

−0.29 (−0.85)*

0.18†

0.15†

0.04
<0.001

0.049
<0.001

1.79 (0.05 to 3.53)
−1.49 (−2.22 to −0.76)

BMI-adjusted
p value

Antihypertensive
drugs-adjusted
P value

0.77 (0.73 to 0.81)
0.81 (0.77 to 0.86)
0.04 (−0.01 to 0.08)

0.79 (0.75 to 0.83)
0.86 (0.82 to 0.90)
0.07 (0.03 to 0.11)§

−0.03 (−0.09 to 0.02)

0.25

0.33

32.53 (31.19 to 33.86)
33.06 (31.70 to 34.42)
0.54 (0.12 to 0.95)§

34.57 (33.28 to 35.85)
34.53 (33.23 to 35.84)
−0.03 (−0.42 to 0.36)

0.57 (0.01 to 1.13)

0.04

-

134.57 (131.06 to 138.08)
136.11 (132.66 to 139.56)
1.54 (−1.93 to 5.01)

−5.32 (−10.91 to 0.28)

0.06

0.07

0.14

84.36 (82.11 to 86.61)
85.00 (82.49 to 87.51)
0.64 (−2.08 to 3.36)

−2.36 (−6.13 to 1.41)

0.21

0.22

0.38

135.06 (131.14 to 138.99)
131.29 (127.40 to 135.17)
−3.78 (−8.62 to 1.07)
81.26 (78.75 to 83.77)
79.54 (76.96 to 82.12)
−1.72 (−4.91 to 1.46)

Change computed as the difference of the 6-months values with respect to the baseline values.
Difference in mean change computed as the difference of Primary Care with respect to Sleep Unit values.
BMI; Body Mass Index, EQ; EuroQol.
*Mean (one-sided 95% CI, lower bound).
†One-sided p-values.
‡Patient satisfaction visual scale (range from 0 to 10).
§P<0.001 for paired comparison of outcome measures examining change from baseline to 6 months.
The statistically significant p values (p values lower than 0.05) are bolded.
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Table 1 Baseline characteristics of the patients

Sleep

At 6 months, the EQ-5D results improved in both the SU
group ( p<0.001) and the PC group ( p=0.08). The difference
in the mean improvement between the groups was not signiﬁcant ( p=0.25).
The BMI did not change in the SU group; however, a small
but statistically signiﬁcant increase of 0.57 kg/m2 was seen in the
PC group ( p=0.04).
After 6 months, no differences in DBP were evident in either
the PC or SU groups. Systolic pressure tended to decrease in the
PC group ( p=0.12). Additionally, a between-group difference in
the mean SBP change ( p=0.06) was also seen; however, after
adjusting for changes in antihypertensive treatment, this difference was not statistically signiﬁcant ( p=0.14).

Within-trial costs
A comparison of within-trial management costs (ﬁgure 2) was
performed. Table 3 shows the costs for the PC and SU settings
as the calculated cost groups for the included patients. A cost
evaluation showed a total average cost per randomised patient
of €144 in the PC group and €356 in the SU group. The cost
differences were primarily related to the clinical monitoring performed by specialist nurses in the SU. The average cost per randomised patient was higher for the SU group than for the PC
group. Additionally, variations in the group costs were simulated
(sensitivity analysis; see online supplementary eTable 1) and the
cost-effectiveness relationship per patient was performed
(see online supplementary eTable 2). The cost differences were
mainly related to clinical monitoring in the SU. Based on the
quality-adjusted life year (QUALY) analysis, the effectiveness was
similar for the PC and SU protocols (0.009±0.033 for PC and
0.017±0.042 for SU; p=0.13). Therefore, the resulting incremental cost-effectiveness ratio represents a slight but not signiﬁcant decrease in effectiveness, with an estimated savings of €26
852 per QUALY for the PC setting compared with the SU
setting (see online supplementary eFigure 1). The sensitivity
analysis conﬁrmed these ﬁndings. See the online supplement for
additional information about the within-trial costs).
350

DISCUSSION
This study evaluated whether CPAP follow-up in a PC setting is
as effective as the recommended conventional management in
an SU setting in a sample of patients with OSA who were beginning CPAP treatment. The main ﬁnding was that the PC model
was not inferior to the standard SU model in terms of our
primary outcome measure, CPAP compliance. This main
outcome was chosen as the objective measure to compare the
effectiveness of these two settings. In addition, this study primarily indicated that the PC setting was a cost-effective alternative to follow-up in an SU.
For the secondary outcomes, the patients who were followed up
in the SU setting reported a greater decrease in the ESS score and
a higher degree of satisfaction with the medical treatment they
obtained. However, the quality of life (EQ-5D) did not differ
between the groups. We also found a slight increase in BMI in the
PC group and a tendency toward better control of SBP and DBP.
These results extend previous studies that evaluated ambulatory models of sleep apnoea care. Mulgrew et al13 performed a

Table 3 Within-trial treatment and follow-up costs in the
European context (average cost per randomised patient)

Training cost
Physician/nurse visits
Telephone
consultations
CPAP treatment
Patient travel costs
Total cost per patient

Primary
care
(n=101)(€)

Sleep
unit
(n=109)
(€)

Difference
(€)

12.67
73.81
1.21

0
279.82
2.26

12.67
−206.01
−1.04

54.94
1.72
144.37

60.45
13.98
356.50

−5.51
−12.26
−212.13

ICER
(QUALYs)

25434.91

Costs based on the Catalan Institute of Health (CVE-DOGC-A-13051031-2013)
(€2013).(see online supplementary eReferences 1).
ICER, incremental cost-effectiveness ratio; QUALYs, quality-adjusted life-years.
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Figure 2 A ﬂow chart of the patients and cost imputation. After CPAP was prescribed, the patients were randomised to either a primary care
(PC) or sleep unit setting for treatment and follow-up (6 months). In both groups, the decision nodes were determined by the patients who
complied with the three planned visits. The cost imputation nodes included the expenditure items at each visit. For the patients who did not comply
with the visits (lost to follow-up), only the CPAP cost at that moment was included. Any additional burden due to the training course was charged
only for the PC arm.

Sleep
These results suggest that follow-up provided in a PC setting is
a cost-effective alternative to conventional SU follow-up.
Additionally, it is important to consider that the cost calculation
in our study assumed the cost of the PC training programme
and imputed only for the patients who were included in this
study and were followed up in the PC setting. In a real situation
in which PC personnel provided follow-up for patients with
OSA, the training programme would be proﬁtable for a larger
number of patients. This indicates that the cost of follow-up in
PC would be even lower than the cost calculated in this study.
The strengths of our study include its design, which is closely
associated with clinical practice; therefore, the ﬁndings are
easily generalisable. The ﬁndings of this study indicate that PC
can be incorporated into the clinical management of patients
with sleep apnoea in a manner similar to that used for other
chronic diseases, thereby achieving results equivalent to those
obtained in specialised SUs but with a lower cost. Finally,
equivalence between the two settings is demonstrated by a high
level of CPAP compliance (about 5 h per night).
This study has one limitation. It was performed in a region of
Catalonia in Spain; therefore, cost differences between the two
settings may be different from those in other countries.
Nevertheless, previous studies performed in other countries
have shown cost savings similar to those shown in our study,31
and our sensitivity analysis conﬁrmed these results.
In conclusion, the ﬁndings of this randomised controlled trial
show that among patients with OSA, treatment under a PC
model compared with a specialist model did not result in worse
CPAP compliance. Therefore, follow-up in PC settings is a realistic and cost-effective alternative to conventional SU follow-up.
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