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eMethods. Polysomnography, CPAP Titration and Treatment Recommendations Details  
 

All studies were performed in-laboratory overnight by a registered polysomnographic 

technologist using standard techniques and criteria for recording, scoring and CPAP titration.  

 

Polysomnography 

Patients underwent an attended, overnight polysomnogram using a 16-channel montage 

(Sensormedics Alpha Somnostar system, Sensormedics, Yorba Linda, CA). Polysomnography 

consisted of continuous recordings of central and occipital electroencephalograms, bilateral 

electrooculograms, submental and bilateral tibial electromyograms, and electrocardiogram. A 

single precordial lead was used to monitor the electrocardiogram (ECG). Nasal and oral airflow 

were measured by pressure transducer airflow monitoring devices. Tracheal sounds were 

monitored using an acoustic microphone. Thoracic and abdominal excursions were measured 

using inductance plethysmography. Arterial oxygen saturation (SaO2) was monitored by pulse 

oximetry. Body position was recorded manually throughout the sleep studies. Studies were 

scheduled to last between 6 and 8 h and were terminated following the final awakening. During 

sleep studies for CPAP titration, flow, pressure, and leak signals from the CPAP device were 

recorded and interface adjusted to ensure the elimination of all respiratory events and to 

maintain patient comfort. CPAP flow signal replaced the nasal pressure on the montage during 

CPAP titration. The remaining channels were unchanged from baseline polysomnography. 

 

Scoring 

Polysomnogram were scored in 30-sec epochs, following criteria of Rechtschaffen and Kales 

for sleep staging.1 All studies were scored by a registered polysomnography technician. In 

addition, all studies were reviewed and interpreted by a physician expert in sleep medicine. 

Sleep studies were manually analyzed using standard criteria.1,2  Apneas and hypopneas were 

defined as a reduction in airflow of at least 90%, or between 50% and 90%, respectively for at 

least 10 sec. Apneas were classified as obstructive if thoraco-abdominal motion was present, 

and central if it was absent. Hypopneas were classified as obstructive if thoraco-abdominal 

motion was out-of phase or if airflow limitation was observed on the nasal pressure signal. 

Central hypopneas were those in which thoraco-abdominal motion was in-phase without 

evidence of airflow limitation on the nasal pressure signal. Mixed apneas were those that 

began as central for a minimum of 10 seconds and ended as obstructive, with a minimum of 3 

obstructive efforts. Respiratory events were quantified as an apnea-hypopnea index (AHI), 

which was defined as the number of apneas and hypopneas per hour of sleep.  
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CPAP Titration 

During an additional night, CPAP titration was performed using the same monitoring devices 

as described in diagnostic studies with the addition of positive air pressure via a nasal or full 

face mask according to patient preference. Patients were fitted for the masks at the beginning 

of the study prior to lights out. During the study, detection of leaks, oral breathing, or patient’s 

complaint of mask discomfort prompted a switch to a full face mask. CPAP pressures were 

incrementally increased from 4 cmH2O to eliminate observed respiratory events and minimize 

respiratory effort-related arousals. For all patients, we sought to determine the lowest pressure 

needed to adequately eliminate these events and promote sleep continuity, preferably in the 

supine position during REM sleep.  

 

Treatment Recommendations Details 

Conservative measures were reinforced in all patients and included weight loss, alcohol and 

sedative avoidance, smoking cessation, avoidance of sleep deprivation and if appropriate, 

sleep position restrictions. The Spanish National Guidelines for the management of OSA 

recommends CPAP treatment to patients with AHI 30 events/hour and to patients with AHI 5-

30 events/hour and coexisting daytime sleepiness that interferes with daily activities.3 A total of 

79 with mild OSA and 262   patients with moderate OSA had daytime sleepiness that 

interfered with their daily activities and were, therefore, eligible for CPAP therapy. Health Care 

Authorities requires a mean daily use of more than 4 hours per day to maintain the CPAP 

prescription with no charge to the patient. If after a reinforcement period of 3 additional months 

the patient still used the CPAP less than 4 hours per night, the treatment was stopped and an 

alternative therapeutic option was offered. 
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eTable 1. Characteristics of the Patients Eligible for CPAP Who Initiated Treatment (Separate in 
Two Subgroups: Adherent or Withdrawn From the Treatment Because of non Adherence) and 
Those Who Decline the Therapy 

Variable 

Patients adherent 
to CPAP 
(N = 824) 

Patients  non-
adherent to 

CPAP 
(N = 98) 

Declined CPAP 
therapy 

(N = 195) 
Age, mean (SD) y 49.6 (9.8) 47.4 (11.2) †  47.1 (10.8) † 

Male sex, no. (%) 683 (83) 88 (89) 171 (88) 

Alcohol use (≥ 3 drinks/wk), no (%) 208 (25.3) 28 (28) 57 (29) 

Current smoker, no (%) 211 (25.6) 28 (29) 57 (29) 

Hyperlipidemia, no (%) 123 (14.9) 13 (13) 23 (12) 

Lowering lipid drugs use, no (%) 98.9 (12) 9 (9) 16 (8) 

Adherence to lowering lipid drugs 
(MPR > 80%), no (%) 

72 (71) 6 (67) 10 (67) 

Adherence to antihypertensives among 
new-onset hypertension (MPR > 80%), no 
(%) 

 
230/282 (81) 

 
50/65 (77) 

 
94/120 (78) 

Characteristics, mean (SD)    

Plasma glucose, mg/dl 96 (11) 94 (15) 95 (13) 

Triglycerides, mg/dl  117 (46) 115 (51) 113 (41) 
Total cholesterol, mg/dl 210 (39) 206 (49) 206 (44) 
HDL cholesterol, mg/dl 52 (11) 53 (16) 54 (14) 
Body-mass index, kg/m2 30.7 (4.0) 30.4 (5.2)  30.1 (5.6) 

Systolic blood pressure, mmHg    123 (8) 121 (13)  122 (11) 

Diastolic blood pressure, mmHg 77 (7) 76 (10)  76 (9) 

Epworth Sleepiness Scale,   
range 0 to 24 

13 (4.1) 12 (6.6) 13 (5.1) 

Apnea-hypopnea index,  events/hr 41 (19) 31 (13)   37 (16) 
 AHI < 5  events/hr, no. (%) 
 AHI  5 – 14.9  events/hr, no. (%) 
 AHI 15 – 29.9  events/hr, no. (%) 
 AHI ≥ 30 events/hr, no. (%) 

0 
57 (7) 

190 (23) 
577 (70) 

0 
11 (9) 
27 (23) 
60 (68) 

0 
11 (6) 

 45 (23) 
139 (71) 

Abbreviations: CPAP denotes continuous positive airway pressure, HDL high-density lipoprotein and AHI apnea-
hypopnea index. Hyperlipidemia refers to measurements of serum total cholesterol or tryglicerides out of the normal 
range. 
P-values for comparison with patients adherent to CPAP group were obtained by t-test: † < 0.01. 
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eTable 2. Surgical Procedures Done During Follow-up in Patients Eligible for CPAP 
Therapy* 

Surgical Procedure 

Patients adherent 
to CPAP  
(N = 824 ) 

Patients  non- 
adherent to CPAP 

(N = 98) 

Declined CPAP 
therapy 

(N = 195) 
    Septoplasty     26 7 7 

    Turbinate reduction 8 4 3 

    Nasal polipectomy 5 2 3 

    Rhinoplasty 6 2 4 

   Uvulopalatopharyngoplasty 3 5 9 

   Tonsilectomy / adenoidectomy 5 4 6 

   Tongue reduction 0 3 2 

    Tongue Advancement 0 2 6 

   Maxillomandibular advancement 0 0 2 
   Bariatric Surgery 2 4 4 
Abbreviations: CPAP denotes continuous positive airway pressure 
*A single patient could have more than one procedure. 
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eTable 3. Baseline Characteristics of the Normotensive Patients Included and Excluded for 
Analysis 

Variable 

Included for 
Analysis 

(N = 1889) 

Excluded 
(Treated with 

surgery or oral 
appliances) 

(N = 264) 

Excluded 
(Treated with other 

non-CPAP NIV) 
(N = 48) 

Age, mean (SD) y 49.4 (10.1) 44.3 (11.2) * 52.3 (12.1) * 

Male sex, no. (%) 1473 (78) 214 (81) 36 (75)  

Alcohol use (≥ 3 drinks/wk), no(%) 510 (27) 76 (29) 17 (35) 

Current smoker, no (%) 491 (26) 71 (27) 14 (29) 

Hyperlipidemia, no (%) 170 (9) 18 (7) 5 (10) 

Lowering lipid drugs use, no (%) 132 (7) 16 (6) 4 (8) 

Pre-hypertensive status, no (%)a 

     Patients with OSA 
    Patients without OSA 

 
813 (51) 
142 (46) 

 
71 (47) 
46 (45) 

 
33 (69)* 

- 
Characteristics, mean (SD)    

Plasma glucose, mg/dl 94.3 (12.3) 90.3 (13.1) * 95.1 (12.6)  

Triglycerides, mg/dl 117.7 (49.3) 114.4 (43.7) * 118.2 (55.2) 

Total cholesterol, mg/dl 209.1 (40.1) 201.9 (42.6)  211.4 (46.1) 

HDL cholesterol, mg/dl   51.8 (12.5) 53.2 (13.6) 50.1 (15.2) 
Body-mass index, kg/m2 29.9 (3.9) 26.1 (5.2) * 31.4 (7.8) * 
Systolic blood pressure, mmHg     121 (9) 118 (10) * 123 (11)  
Diastolic blood pressure, mmHg 76 (8) 74 (9) * 78 (9)  
Epworth Sleepiness Scale,   
range 0 to 24 

10.7 (4.7) 7.1 (4.3) *  12.5 (4.5)* 

Apnea-hypopnea index,  events/hr 27.5 (21.2) 13.6 (8.9) * 34.2 (26.8)* 
Abbreviations: CPAP, continuous positive airway pressure; NIV, non-invasive ventilation; OSA, obstructive sleep 
apnea; HDL, high-density lipoprotein.  
a Pre-hypertensive status refers systolic blood pressure between 120 and 139 mm Hg and or a diastolic blood pressure 
between 80 to 89 mmHg. 
P-values for comparison with the included for analysis group were obtained by Chi2 test or t-test:  
*< 0.05. 
Footnote: Compared with participants included in the analysis, the participants who were excluded from the analysis 
and underwent surgical procedure or oral appliance therapy were younger had lower plasma levels of glucose and 
triglycerides, body mass index, systolic and diastolic blood pressure, Epworth Sleepiness Scale score and apnea-
hypopnea index. Compared with participants included in the analysis, the participants who were excluded from the 
analysis and were treated with non-invasive ventilation procedures other than CPAP were older and had greater 
percentage of pre-hypertensive individuals as well as greater body mass index, Epworth Sleepiness Scale score and 
apnea-hypopnea index. 
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eTable 4. Characteristics of the Patients With Mild to Moderate OSA non Eligible for 
CPAP and Eligible for CPAP But Who Declined the Therapy 

Variable 

Non Eligible for 
CPAP 

(N = 462) 

Declined CPAP 
Therapy 
(N = 56) 

Age, mean (SD) y 49.4 (10.1)  48.4 (12.9) 

Male sex, no. (%) 355 (77) 49 (88) 

Alcohol use (≥ 3 drinks/wk), no (%) 128 (28) 14 (25) 

Current smoker, no (%) 134 (29) 17 (30) 

Hyperlipidemia, no (%) 60 (13) 7 (12) 

Lowering lipid drugs use, no (%) 46 (10) 6 (11) 

Adherence to lowering lipid drugs 
(MPR > 80%), no (%) 

7/10 (70) 3/5 (60) 

Adherence to antihypertensives among new-
onset hypertension (MPR > 80%), no (%) 

138/163 (85) 17/21(81) 

Characteristics, mean (SD)   

Systolic blood pressure, mmHg    119 (7)  121 (10) 

Diastolic blood pressure, mmHg 74 (7)  75 (8) 

Epworth Sleepiness Scale,  range 0 to 24 7.1 (3.9) 14.3(4.6)* 

Apnea-hypopnea index,  events/hr 14.2 (6.6)   20.2 (4.3)* 
AHI <  events/hr, no. (%) 
    AHI  5 – 14.9  events/hr, no. (%) 
    AHI 15 – 29.9  events/hr, no. (%) 

 
276 (60) 
186 (40) 

 
11 (20) 
45 (80) 

Abbreviations: CPAP, continuous positive airway pressure; MPR, medication possession ratio. MPR is an 
expression of medication adherence which is calculated as the proportion of day covered based on the total 
number of days supplied for filled prescriptions between the first and the last dispensing data of the 
observational interval. Hyperlipidemia refers to measurements of serum total cholesterol or triglycerides out of 
the normal range 
* < 0.01 by t-test.  
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eTable 5. Characteristics of the Participants Who Did or Did Not Develop New-Onset 
Hypertension 

Variable 

Patients free of 
hypertension 

(N = 1184) 

Incident 
hypertension 

(N = 705) 
P Value 

 
Age, mean (SD) y 47.9 (10.3) 52.1 (9.6)  <0.001 

Male, no (%) 935 (79.0) 536 (82.2) 0.14 

Apnea-hypopnea index,  mean (SD) 

events/hr 

25.1 (20.1) 30.1 (21.9) <0.001 

Patients treated with CPAP, no (%) 544 (45.9) 280 (33.9) 0.008 

Alcohol use (≥ 3 drinks/wk), no (%) 
   Last follow-up 

284 (24.0) 
254 (21.5) 

187 (26.5) 
158 (22.4) 

0.22 
0.64 

Current smoker, no. (%) 
  Last follow-up 

307 (25.9) 
248 (20.9) 

190 (26.9) 
160 (22.7) 

0.62 
0.38 

Body-mass index, mean (SD) kg/m2 
  Last follow-upa 

29.3 (3.2) 
29.6 (3.0) 

30.5 (3.8)  
31.6 (3.7) 

<0.001 
<0.001 

Systolic blood pressure, mean (SD) mmHg   
  Last follow-up  

119.5 (8.4) 
120.7 (9.1) 

124.1 (8.3) 
122.0 (9.4)  

<0.001 
0.003 

Diastolic blood pressure, mean (SD) mmHg 
  Last follow-up  

74.5 (7.7) 
75.5 (8.0) 

77.1 (7.0) 
76.6 (7.2)  

<0.001 
0.003 

Epworth Sleepiness Scale,  mean (SD) 
  Last follow-up 

10.3  (4.6) 
8.2 (3.5) 

11.6 (4.5)  
10.6 (5.3) 

<0.001 
<0.001 

Abbreviation: CPAP, continuous positive airway pressure.  
P-values for comparison were obtained by Chi2  test or t-test.   
aLast follow-up visit for patients with incident hypertension refers the close visit when the diagnosis of hypertension was 
made. 
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eTable 6. Cox Proportional Models of Incident Hypertension in Obstructive Sleep Apnea 
Without Multiple Imputation 

OSA Patients 

 Controls 
(N = 310) 

Ineligible for 
CPAP  

(N= 462) 

Declined 
CPAP  

(N=195) 

Non-
adherent 

with CPAP 
(N=98) 

CPAP 
Therapy 
(N=824) 

Mean baseline AHI (SD) 2.6 (1.3) 14.3 (6.5) 37.0 (16.6) 31.4 (13.5) 41.6 (19.7) 
 

Hazard Ratio (95% Confidence Interval) 

Model 1 
Adjusted for AHI, age and 
gender 

1.0 
(Reference) 

 
1.58 (1.21 – 

2.07) 

 
3.05 (2.29 – 

4.05) 

 
2.66 (1.87 – 

3.78) 

 
1.37 (1.07 – 

1.76) 
Model 2 
Adjusted for Model 1, and 
SBP and DBP 

 
1.0 

(Reference) 

 
1.56 (1.19 – 

2.04) 

 
2.77 (2.08 – 

3.69) 

 
2.49 (1.74 – 

3.54) 

 
1.16 (0.90 – 

1.50) 
Model 3 
Adjusted for Model 2 and 
BMI 

 
1.0 

(Reference) 

 
1.46 (1.12 – 

1.92) 

 
2.56 (1.92 – 

3.42) 

 
2.21 (1.55 – 

3.16) 

 
1.01 (0.78 – 

1.32) 
Model 4 
Adjusted for Model 3 and 
baseline co-variablesa 

 
1.0 

(Reference) 

 
1.38 (1.05 – 

1.82) 

 
2.23 (1.65 – 

3.03) 

 
1.96 (1.35 – 

2.83) 

 
0.83 (0.63 – 

1.11) 
Model 5 
Adjusted for model 4 and 
change in BMI 

 
1.0 

(Reference) 

 
1.31 (1.00 – 

1.73) 

 
1.93 (1.42 – 

2.63) 

 
1.77 (1.22 – 

2.55) 

 
0.70 (0.52 – 

0.93) 
Abbreviations: CPAP, continuous positive airway pressure; SBP, systolic blood pressure; DPB, diastolic blood pressure 
and BMI, body mass index.  
aBaseline co-variables: alcohol use, smoking status, presence of hyperlipidemia, lipid-lowering agents, glucose, 
triglycerides, total and high density lipoprotein cholesterol and menopausal status. 
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eTable 7. Dynamic Changes in Body Mass Index and Incident Hypertension 
 Controls Ineligible to CPAP Eligible to CPAP 

Apnea-hypopnea index 
< 5 

(n = 306) 
5 – 14.9 
(n = 274) 

15 – 29.9 
(n = 184) 

Declined 
CPAP 

(n = 192) 

CPAP 
therapy 
(n = 816) 

Mean change in BMI,  kg/m2 0.31 ± 2.5 0.21 ± 2.1 0.21 ± 2.4 0.33 ± 2.5 0.31 ± 3.1 
Loss > 1.2 kg/m2,  No (%) 
   Incident hypertension, no 
(%) 
   Person-years 
   Incidence rate, no/100 

person-yr  
   (95% Confidence Interval) 

55 (18) 
9 (16.4) 

660 
1.14 

0.07 – 2.58 

 50 (18.2)  
12 (24.0) 

617 
1.96 

1.02 – 3.43 

40 (22) 
11 (27.5) 

441 
2.49 

1.24 – 4.46 

38 (20) 
 17 (44.7) 

388 
4.38 

2.55 – 7.01 

200 (25) 
48 (24.0) 

2059 
2.37 

1.74 – 3.14 

No change, No, (%) 
   Incident hypertension, no 
(%) 
   Person-years  
   Incidence rate, no/100 

person-yr  
   (95% Confidence Interval) 

194 (63) 
44 (22.6) 

2254 
1.95 

1.42 – 2.62 

136 (49.6) 
40 (28.8) 

1580 
2.53 

1.81 – 3.44 

101 (55) 
42 (41.6) 

1165 
3.61 

2.60 – 4.87 

96 (50) 
62 (64.6) 

1047 
5.92 

4.54 – 7.59 

373 (45) 
 114 (30.6) 

4377 
2.62 

2.16 – 3.15 

Gain > 1.2  Kg/m2, No, (%) 
   Incident hypertension, no 
(%) 
   Person-years  
   Incidence rate, no/100 

person-yr  
   (95% Confidence Interval) 

57 (19) 
26 (42.1) 

638 
4.07 

2.66 – 5.97 

88 (32) 
43 (48.8) 

988 
4.36 

3.15 – 5.86 

43 (23) 
 26 (60.4) 

468 
5.55 

3.63 – 8.14 

58 (30) 
40 (68.9) 

597 
6.70 

4.79 – 9.12 

243 (30) 
 118 (48.5) 

2669 
4.47 

3.37 – 5.35 

P value* .002 .012 .08 .54 < .001 
Abbreviations: BMI, body mass index; CPAP, continuous positive airway pressure. 
*P value is calculated from two-sided log-rank test comparing loss and gain BMI to the group with no change in BMI  
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eTable 8. Adjusted Hazard Ratio (95%CI) for Incident Hypertension Among Studied 
Groups Stratified by Epworth Sleepiness Scale Score 
 ESS < 11 ESS ≥ 11 
Group N HR (95%CI) n HR (95%CI) 
Controls 263 1 (Reference) 47 1 (Reference) 
Ineligible CPAP  
     (AHI 5-14.9) 

218 1.24 (0.89 - 1.73) 58 0.76 (0.39 - 1.56) 

Ineligible CPAP  
    (AHI 15- 29.9) 

139 1.48 (1.01 - 2.18) 47 1.44 (0.88 - 3.15) 

Declined CPAP 
   AHI 5 - 14.9 
   AHI 15 - 29.9 
   AHI ≥ 30 

59 
   2 

     12 
     45 

2.15 (1.34 - 3.50) 
- 

   0.88 (0.27 - 2.81)
2.45 (1.52 - 3.95)

136 
   9 

    33 
    94 

1.75 1.04 -2.94) 
       - 

    1.69 (0.84 - 3.81) 
    1.71 (1.09- 2.88) 

CPAP therapy 417 0.74 (0.56 - 1.04) 407 0.72 (0.45- 1.28) 
Abbreviations: ESS, Epworth Sleepiness Scale; CI, confidence interval; HR, hazard ratio; CPAP, continuous positive 
airway pressure; AHI, apnea plus hypopnea index per hour of sleep. 
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eFigure. Incidence Rates (per 100 Person-Years) of Incident Hypertension by Studied 
Groups and Subsequent Change in Body Mass Index From Baseline to the Last Visit 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Error bars indicate 95% confidence interval.  
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