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METHODS 
 
Sleep study and CPAP treatment 

Respiratory polygraphy included (at a minimum) continuous recordings from nasal cannulae, 
oxygen saturation, thoracic-abdominal motion, and body position. The results of all sleep 
studies were analysed by trained personnel. 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(1). Obstructive apnoea was defined as the absence of airflow in 
the presence of chest or abdominal wall motion. The apnoea-hypopnea index (AHI) was 
calculated based on the average number of apnoea and hypopnoea episodes per hour of sleep 
or recording time.  

CPAP indication was considered following the Spanish National Consensus Document on 
OSAS (1): patients with AHI ≥5 events/hour and symptoms (excessive sleepiness) that are 
amenable to treatment with nasal CPAP. In the absence of symptoms, with or without 
cardiovascular disease, treatment should be considered if AHI ≥30 events/hour, especially in 
patients under 70 years of age.  

 Follow-up 

Follow-up visits were conducted by specialised nurses at the SU or by general 
practitioners/nurses in the PC setting. All patients were followed up at 6 months. Patients 
treated with CPAP were followed up at 1, 3 or 6 months and patients OSA without CPAP 
treatment at 3 and 6 months . Additionally, a telephone call was made to patients treated with 
CPAP to reinforce the necessity of adequate CPAP adherence. 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. 
The follow-up evaluation components are described in eTable 1. 

 

eTable 1. Follow-up visits and interventions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Basal visit 

 Phone call  
(15 days) 

1-month 
visit 

3-month 
visit 

6-month 
visit 

Anthropometric 
evaluation X 

   
X 

Epworth Sleepiness 
Scale  X X X X X 

EuroQol-5D X    X 

Satisfaction 
questionnaire 

    

X 

Toxic habits X    X 

Comorbidities X    X 

Medications X    X 

Sleep study 
variables X 

   

 
CPAP compliance 

 
X X X X 

Problems derived 
from the use of 
CPAP 

 X X X X 
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RESULTS AND COMMENTS 
 
 
 

eTable 2. Principal treatment recommended to patients at baseline and 
used at 6 months. 

 

  
 Primary care 

(n = 149)  
Sleep unit 
(n = 153)  

  No. (%) No. (%) 

Baseline recommended treatment
a
     

CPAP treatment 70 (47.6) 58 (41.4) 

Conservative measures only 77 (52.4) 78 (55.7) 

Dropout* 0 4 (2.9) 

6-month treatment
b
 

  No. of patients 123 (83.6) 118 (84.3) 

CPAP treatment 58 (47.1) 52 (44.0) 

Conservative measures only 65 (52.9) 66 (55.0) 

Adherence to CPAP (>4 h/day)** 48 (68.5) 38 (65.5) 

a 
2 and 13 patients did not complete the baseline visit

. 
 

b
 At 6 months, 24 and 22 patients had withdrawn from the primary care and sleep unit 

groups, respectively. 

* Missing follow-up before diagnosis. 

** Percentage calculated over baseline recommended CPAP treatment. 
 
 
 
Within-trial cost calculation 
 
We analysed the following cost groups: 

1. The training course included the cost of the 6-hour informational course for the 
Primary Care (PC) physicians and nurses regarding the management of patients with 
obstructive sleep apnoea (OSA). One sleep physician and one nurse from each 
participating PC centre attended the training. 

2. Follow-up visits included personnel salaries (for physicians and nurses) and the 
proportional burden on the general budget of the Sleep Unit (SU) or PC centres. 

3. Telephone consultations included the cost of telephone calls to patients who were 
followed by the doctor or nurse from the PC or SU who performed the follow-up visits, 
assuming an average time of 15 minutes per call. 

4. Diagnostic tests include the costs associated with performing diagnostic tests (PSG 
and/or RP). The total number of tests performed on each patient was determined. 

5. The CPAP titration study includes costs associated with CPAP calibration. 
 
The costs were based on the Catalan Institute of Health tables (CVE-DOGC-A-13051031-2013) 
and economic information service of the Hospital Arnau de Vilanova-Santa María. eTable 2 
presents the costs associated with each resource considered in the study. 
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eTable 3. Evaluation of the effect of the  imputation on the study results. 
 

  
Primary care Sleep unit Difference in the mean 

change adjusted for 
baseline (ITT)* 

 p value 
Difference in the mean change 

adjusted for baseline 
(complete cases) 

 p value 

(n = 149) (n = 153) 

  Mean (95% CI) Mean (95% CI) Mean (95% CI)   Mean (95% CI)   

Health Utilities Index (5Q-5D)             

Baseline 0.813 (0.779 to 0.846) 0.802 (0.766 to 0.837)         

6 months 0.837 (0.803 to 0.872) 0.836 (0.805 to 0.866)         

Change  0.024 (-0.006 to 0.055) 0.033 (-0.003 to 0.064) -0.005 (-0.042 to 0.032) 0.762 -0.004 ( -0.04 to 0.003) 0.824 

BMI (kg/m
2
)         

  Baseline 31.01 (30.20 to 31.82) 31.75 (30.71 to 32.78) .. .. 

  6 months 30.59 (29.76 to 31.44) 30.87 (29.92 to 31.81) .. .. 

  Change -0.41 (-0.90 to 0.07) -0.87 (-0.58 to -0.17) - 0.13 (-0.57 to  0.31) 0.547 -0.24 (-0.66 to 0.18) 0.271 

SBP (mm Hg)         

  Baseline 135.04 (131.89 to 138.19) 136.5 (133.23 to 139.76) .. .. 

  6 months 134.29 (131.77 to 136.81) 133.59 (130.25 to 136.92) .. .. 

  Change -0.75 (-3.34 to 1.83) -2.90 (-5.81 to 0.001) -0.05 (-3.31 to 3.41) 0.978 -1.12 (-4.51 to 2.25) 0.511 

DBP (mm Hg)         

  Baseline 81.24 (79.40 to 83.08) 86.25 (84.28 to 88.23) .. .. 

  6 months 81.67 (78.96 to 82.37) 85.85 (82.01 to 85.68) .. .. 

  Change -0.57 (-2.26 to 1.12) -2.40 (-4.31 to -0.49)
§
 -1.99 (-4.55 to 0.56) 0.125 -1.88 (-4.23 to 0.47) 0.116 

Patient satisfaction
‡¥

         

  6 months 92.82 (90.97 to 94.68) 95.64 (94.31 to 96.97) -2.71 (-4.96 to 0.55) 0.018 -2.81 (-5.09 to -0.52) 0.016 

Compliance with CPAP (hours/night)
¥
 n = 70 n = 58     

  6 months 5.30 (4.83 to 5.75) 5.35 (3.95 to 6.75) 0.24 (-0.63 to  1.12) 0.586 -0.05 (-0.01 to 0.11) 0.542 

HUI = Health Utility Index; ITT = intention -to-treat analysis; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure 

  Change was computed as the difference between the 6-month values and the baseline values.     
  In the descriptive analysis, the imputed values were represented by the mean of the values imputed for each patient.   
  The difference in the mean change was computed as the difference in PC values compared with SU values.   
  *Multiple imputations were used.       
  

‡
Patient satisfaction visual analogue scale (range from 0 to 100).     

  
§
p<0.001 for a paired comparison of outcome measures examining the change from baseline to 6 months   

  
¥
Not adjusted for baseline       

  Statistically significant p values (p values less than 0.05) are shown in bold.     
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eTable 4.  Primary analysis adjusted for baseline imbalances (sensitivity 
analysis) (adjusted for age, diastolic blood pressure, dyslipidaemia, and 
oxygen saturation and time to baseline visit). 

  Primary care Sleep unit 
Difference in the mean 

change adjusted for 
baseline (ITT) 

  

  (n = 149)  (n = 153)  

        

ESS Score         

  Mean (95% CI) Mean (95% CI) Mean (95% CI) p value 

Baseline 10.12 (9.37 to 10.87)  8.85 (8.02 to 9.67) .. .. 

6 months 7.61 (6.85 to 8.36) 5.73 (5.05 to 6.42) .. .. 

Change -2.49 (-3.30 to -1.69)
§
 -3.11 (-3.94 to -2.28)

§
 -1.12 (-1.79)

¥
  <0.016

†
 

  

    

  

  Health Utilities 
Index (5Q-5D) 

Difference in the mean 
change adjusted for 

baseline (ITT*)  

  Mean (95% CI) Mean (95% CI) Mean (95% CI) p value 

Baseline 0.813 (0.779 to 0.846) 0.802 (0.766 to 0.837) .. .. 

6 months 0.837 (0.803 to 0.872) 0.836 (0.805 to 0.866) .. .. 

Change  
0.024 (-0.006 to 

0.055) 
0.033 (-0.003 to 0.064) -0.007 (-0.047 to 0.030) 0.687 

ITT = Intention-to-treat analysis; ESS = Epworth Sleepiness Scale; EQ-5D: EuroQoL five-dimensions questionnaire. 

The difference in the mean change was computed as the difference in PC values compared with SU values. 

Descriptive analyses of each group with complete cases are presented. 

¥Mean (one-sided 95% CI, lower bound) 

†Noninferiority test with a margin of -2 

§p<0.001 for the paired comparison of outcome measures examining the changes from baseline to 6 months 

*Multiple imputations were used. 

** Includes all costs associated with diagnosis, treatment and follow-up for the period up to six months (see online supplementary 
Appendix eTable 1 and eTable 2) 

Statistically significant p values (p values less than 0.05) are shown in bold. 

 
 
eTable 5.  Secondary analysis adjusted for baseline imbalances 
(sensitivity analysis) (adjusted for age, diastolic blood pressure, 
dyslipidaemia, oxygen saturation and time to baseline visit).  
 
 

  

Primary care Sleep unit Difference in the mean 
change adjusted for 

baseline (ITT)* 
 

(n = 149) (n = 153) 

  Mean (95% CI) Mean (95% CI) Mean (95% CI)  p value 

BMI (kg/m
2
)         

Baseline 31.01 (30.20 to 31.82) 31.75 (30.71 to 32.78) .. .. 

6 months 30.59 (29.76 to 31.44) 30.87 (29.92 to 31.81) .. .. 

Change -0.41 (-0.90 to 0.07) -0.87 (-0.58 to -0.17) 
- 0.22 (-0.67 to  

0.0.21) 
0.309 

SBP (mm Hg)         

Baseline 
135.04 (131.89 to 

138.19) 
136.5 (133.23 to 

139.76) 
.. .. 

6 months 
134.29 (131.77 to 

136.81) 
133.59 (130.25 to 

136.92) 
.. .. 
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Change -0.75 (-3.34 to 1.83) -2.90 (-5.81 to 0.001) -1.17 (-4.64 to 2.29) 0.505 

DBP (mm Hg)         

Baseline   86.25 (84.28 to 88.23) .. .. 

6 months 81.67 (78.96 to 82.37) 85.85 (82.01 to 85.68) .. .. 

Change -0.57 (-2.26 to 1.12) -2.40 (-4.31 to -0.49)
§
 -2.20 (-4.77 to 0.35) 0.091 

Patient satisfaction
‡¥

         

6 months 92.82 (90.97 to 94.68) 95.64 (94.31 to 96.97) 1.84 (-0.41 to 4.09) 0.109 

Compliance with 
CPAP (hours/night)

¥
 

n = 70 n = 58 
    

6 months 4.49 (3.86 to 5.12) 4.22 (3.62 to 4.82) 0.24 (-0.63 to 1.11) 0.585 

HUI = Health Utility Index; ITT = intention-to-treat analysis; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic 
blood pressure 
The change was computed as the difference between the 6-month values and the 
baseline values. 

    

In the descriptive analysis, the imputed values were represented by the mean of the values imputed for each patient.   

The difference in the mean change was computed as the difference in PC values compared with SU values.   

*Multiple imputations were used.       
‡
Patient satisfaction visual analogue scale (range from 0 to 100)     

§
p<0.001 for a paired comparison of outcome measures examining the change from baseline to 6 months   

¥
Not adjusted for baseline       

Statistically significant p values (p values less than 0.05) are shown in bold.     

 
eTable 6. Cost of resources. 
 

Unit costs  
Primary Care Sleep Unit 

(€2013) (€2013) 

Scheduled visits  41.00 91.33  

Phone visit 28.00 41.00  

PSG 177.00 660.01  

RP   

In-home 40.00 451.95  

Ambulatory -  555.99    

CPAP titration 
study 

 47.00 117.30  

Training course  12.67    - 

 

Cost-effectiveness analysis 

The cost-effectiveness of the use of a new PC model to follow patients with suspected OSA has 
been evaluated using the cost-effectiveness plane, which calculates the relationship between 
the differences in cost and effectiveness of the two study arms (PC and SU). 

 

RESULTS AND COMMENTS 

Based on the cost minimisation study, the PC model significantly reduces the costs associated 
with managing patients with suspected OSA. The differences in cost were primarily related to 
the diagnostic methods used and the cost of care by the physician/nurse (eTable 2). 
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eTable 7. Within-trial treatment and follow-up costs (average cost per 
patient studied). 
 

  
Primary Care 

(n = 147) 

(€/patient) 

Sleep Unit 

(n = 140) 

(€/patient) 

  

P value 

  

Training course       

Median (IQR)  12.67 (0.00) - - 

Physician/nurse visits
‡
       

Median (IQR)   164.00 (82) 275.50 (139.23) < 0.001 

Diagnostic test       

PSG       

Median (IQR) 0.00 (0.00) 0.00 (414) < 0.001 

RP       

Median (IQR) 40.0 (0.00) 452.0 (477.96) < 0.001 

CPAP titration study       

Median (IQR) 0.00 (47.00) 0.00 (117.3) < 0.001 

Telephone follow up at 15 days       

Median (IQR) 0.00 (28.00) 0.00 (41.00) < 0.001 

Total cost per patient       

Median (IQR) 286.00 (157.00) 844.14 (289.07) <0.001 
 

‡
Includes baseline visits, results visits, the CPAP titration visit, and one- month, three-month and six-month follow-

up visits. 

Statistically significant p values (p values less than 0.05) are shown in bold.   

 
The baseline health utility index (HUI) was calculated at baseline and at the follow-up visit. The 
change in effectiveness (measured using the HUI analysis) was similar between the PC and SU 
protocols, 0.024 (-0.006 to 0.055) for PC and 0.033 (-0.003 to 0.064 for SU) with a difference of 
-0.001 between groups (95% CI: -0.046 to 0.043; p = 0.941). Therefore, the estimated 
incremental cost-effectiveness ratio (ICER) cannot be interpreted due to the minimal differences 
between the two groups. eFigure 1 shows the cost-effectiveness (measured using ESS) 
relationships according to the simulated variations using the bootstrap method (probabilistic 
sensitivity analysis).  The data in eFigure 1 are adjusted for the effect of the regression to the 
mean as previously recommended (3). 
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eFigure 1. Plot of cost-effectiveness using ESS scores as a measure of 
effectiveness. 
 
 
 

 
 
Results of 25,000 bootstrap replications of the cost and HUI differences between the PC and 
SU groups on the incremental cost-effectiveness plane. 
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We performed a univariate sensitivity analysis, in which unit costs were individually varied over 
a specified range while the remaining values were maintained at their baseline values. Thus, we 
obtained an assessment of the impact of the change on the results of the analysis. The value 
for each parameter ranges between 0.80 and 1.20 times its baseline value. 
 

eTable 8. Total cost/patient for PC and SU settings; differences obtained 
from the sensitivity analysis. 
 

  
Primary care Sleep unit 

  
(n=147) (n=140) 

  (€/patient) (€/patient) 
Difference 

(€) 

Training course       

< 20% 10.14 (0.00)  0.00 (0.00)  -12.67 

> 20% 15.20 (0.00) 0.00 (0.00) -15.20 

Physician/nurse visits
‡
     

< 20% 155.96 (40.73)  239.74 (48.67) -83.77 

> 20%  233.95 (61.10) 359.91 (73.01) -125.96 

Diagnostic test       

PSG     

< 20% 7.70 (43.16)  89.90 (147.81) -82.19 

> 20% 11.56 (64.74) 134.85 (221.71) -123.28 

RP     

< 20% 33.95 (9.34)  297.36 (218.53) -263.77 

> 20% 50.93 (14.01) 446.60 (327.85) -395.66 

CPAP titration study     

< 20% 21.22 (26.79) 42.89 (56.69) -21.66 

> 20% 31.84 (40.18) 64.34 (85.04) -32.50 

Telephone –follow up at 15 days     

< 20% 8.99 (11.01)  10.54 (15.37) -1.55 

> 20% 13.48 (16.52) 15.81 (23.06) -2.32 

.   

 
The principal finding was that PC provides a realistic follow-up alternative for the management 
of patients with suspected OSA. This alternative has a similar effectiveness as the typical SU 
follow up and provides a 67% cost savings in the management of patients with suspected OSA. 
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eTable 9. Within-trial management costs in the Spanish and US contexts 

  Spain cost (€)   United States cost ($) 

  
Primary care  

(n=147) 
Sleep unit  
(n=140) 

  
    

Primary care  
(n=147) 

Sleep unit  
(n=140) 

    

      

  (€/patient) (€/patient)   p value   (€/patient) (€/patient)   p value 

Training course                   

Median (IQR)  12.67 (0.00) 0.00 (0.00)   -   12.67 (0.00) 0.00 (0.00)   <0.001 

Physician/nurse visits
‡
                   

Median (IQR)   164.00 (82) 275.50 (139.23)   < 0.001    174.80 (87.4) 404.44 (108.00)   <0.001 

Diagnostic test                   

Polysomnography                   

Median (IQR) 0.00 (0.00) 0.00 (414)   < 0.001   0.00 (0.00) 0.00 (621.17)   <0.001 

Respiratory polygraphy                   

Median (IQR) 40.0 (0.00) 452.0 (477.96)   < 0.001   110.69 (0.00) 110.69 (238.31)   0,086 

CPAP titration study                   

Median (IQR) 0.00 (47.00) 0.00 (117.3)   < 0.001   0.00 (95.29) 0.00 (95.29)   0,278 

Telephone visit -15 days-                   

Median (IQR) 0.00 (28.00) 0.00 (41.00)   < 0.001   0.00 (43.70) 0.00 (166.22)   <0.001 

Total cost per patient                   

Median (IQR) 286.00 (157.00) 844.14 (289.07) 
 

<0.001   396.18 (226.39) 1002.28 (555.48)   <0.001 
‡
Includes baseline visits, results visits, the CPAP titration visit, and one- month, three-month and six-month follow-up visits. 

Statistically significant p values (p values less than 0.05) are shown in bold.       
Spain costs: The costs were based on the Catalan Institute of Health tables (CVE-DOGC-A-13051031-2013) and the economic information service of the Hospital 
Arnau de Vilanova-Santa María (see eTable 2). 

US costs: The costs were based on the following US Centers for Medicare and Medicaid Services Medicare Fee Schedule (2014) item numbers: CPT 95810 for full-
night diagnostic PSG or respiratory polygraphy ($621.17), CPT 95806 for home respiratory polygraphy ($110.69), CPT 95801 for home titration ($95.29), CPT 99212 
for visit to primary care ($43.70), and CPT 99204 for visit to sleep unit ($158.33). The cost of the training course was converted from EUR to USD using the conversion 
rate of EUR1.00 = USD1.223 (http://www.xe.com, accessed on 09 February 2017). 
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