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METHODS 

Sleep study 

Polysomnographies were performed in 41 patients in the sleep unit and included continuous 

recordings of neurological variables through electroencephalogram (C3/A2 and C4/A1), 

electrooculogram, and electromyogram. Breathing variables were scored according to flow 

tracing provided by a nasal cannula and thermistor. The thoracoabdominal motion was 

measured with thoracic and abdominal bands. Oxygen saturation was recorded with a finger-

pulse oximeter. The cardiorespiratory studies were performed in 47 patients and included 

continuous recordings from the nasal cannula, thoracic-abdominal motion, oxygen saturation, 

and body position. A trained physician analyzed the results of the sleep studies using standard 

criteria. Apnea was defined as an absence of airflow for 10 seconds or longer, and hypopnea 

was defined as an airflow reduction (>50%) lasting 10 seconds or longer with an oxygen 

desaturation of at least 4%. Obstructive apnea was defined as the absence of airflow in the 

presence of chest or abdominal wall motion.  

CPAP titration 

CPAP titration was performed with an auto-CPAP device or by conventional polysomnography 

in accordance with a protocol that was previously published [1]. Briefly, the patients slept one 

night with the auto-CPAP device, and the pressure was set to start automatically after 20 



minutes of adaptation (from 4 cm H2O to a maximum of 16 cm H2O). The following morning, 

the patient answered a simple questionnaire with the following questions: (1) At what time did 

you fall asleep? and (2) At what time did you wake up? The automatic pressure profile was 

reviewed in the sleep laboratory. The recording was considered acceptable if all the following 

criteria were met: (1) the total sleep time, as subjectively appreciated by the patient, was at least 

5 hours; (2) the recording period in the auto-CPAP device was at least 6 hours; and (3) the mean 

leak was lower than 0.4 L per second in the statistics obtained from the auto-CPAP machine or 

the leak was lower than 0.4 L per second for at least 5 hours, as determined by visual 

examination of the raw data. The recording was repeated for two additional nights when the 

original was unacceptable. The optimal pressure was determined visually from the raw data of 

the auto-CPAP device by analyzing the pressure curve that included the periods with a leak 

lower than 0.4 L per second (90th percentile). A titration failure was defined when none of the 

three recordings obtained were acceptable. These patients were titrated by in-hospital 

polysomnography. Once the optimal pressure was achieved, treatment was initiated with a fixed 

level of CPAP at home.  

Biochemical measurements 

Blood and 24-h urine samples were collected at baseline and after 6 months of treatment. 

Fasting venous blood samples were collected immediately after awakening in the morning. 

Patients received the appropriate 24-h urine collection kit and were instructed to collect samples 

for 24 h. Containers for urine collection were acidified with 6 mol/L hydrochloric acid. Aliquots 

of blood and 24-h urine samples were stored at -80°C until analysis.  

Hematological and biochemistry analyses were performed with blood samples, and biomarker 

levels, specifically the levels of leptin, adiponectin (SPI-BIO, Montigny, France) and high-

sensitivity C-reactive protein (Inmunolite 2000 High-Sensitivity CRP), were measured using 

commercially available kits. The quantification of 24-h urinary free catecholamines (dopamine, 

epinephrine and norepinephrine) was performed using a validated high-performance liquid 

chromatographic method with electrochemical detection. 

24-h ABPM 

In the 24-h ambulatory blood pressure monitoring (ABPM), blood pressure (BP) levels and 

heart rate (RT) were measured every 20 and 30 minutes during the daytime and nighttime 

periods, respectively. The 24-h ABPM recordings were considered optimal when the percentage 

of the measurements was higher than 70%, with at least one measurement every hour. Patients 

recorded their sleeping and awaking periods and were questioned regarding their sleep duration 

and quality. The 24-h ABPM variables included the mean daytime and nighttime of systolic BP 



(SBP), diastolic BP (DBP), median BP ([⅔ DBP] + [⅓ SBP]), and daytime, nighttime and 24-h 

heart rate (HR). Based on the 24-h ABPM data, the circadian BP patterns were determined 

according to standard criteria using the nighttime/daytime BP ratio [2]. Hypertension was 

defined as SBP ≥135 mmHg, DBP ≥85 mm Hg, or both during the daytime, and SBP ≥120 

mmHg and DBP ≥70 mmHg defined nocturnal hypertension. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RESULTS 

Table S1. Characteristics of subjects with and without nocturnal hypertension. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The qualitative variables are described by frequencies (percentages). Quantitative variables with a normal distribution 

are presented as the means (standard deviations), and those without a normal distribution are presented as the 

medians [interquartile intervals]. BMI: body mass index; DR: dipping ratio; TSat90: time overnight spent with an 

oxygen saturation below 90%; 24-Hour ABPM: ambulatory blood pressure monitoring; ESS: Epworth Sleepiness 

    Patients without 

nocturnal 

hypertension 

Patients with 

nocturnal 

hypertension 

p-value 

Patients, n   43 42           

Demographic & clinical characteristics         

Age, years   51.1 (10.2) 51.4 (10.5) 0.90 

Sex, male   32 (74.4%) 37 (88.1%) 0.18 

Hypertension   10 (23.3%) 14 (33.3%) 0.43 

Diabetes mellitus   4 (9.3%) 4 (9.5%) 1.00 

Dyslipidemia   3 (7%) 5 (11.9%) 0.48 

Ischemic heart disease   3 (7%) 1 (2.4%) 0.62 

Arrhythmia   0 (0%) 3 (7.1%) 0.11 

Tobacco use   14 (32.6%) 18 (42.9%) 0.45 

Alcohol use   7 (16.3%) 7 (16.7%) 1.00 

Anthropometric characteristics      

BMI, kg/m2   29.8 [27.4;33.1] 30.4 [28.0;33.6] 0.54 

Neck circumference, cm   41.2 (3.5) 41.9 (3.1) 0.38 

OSA characteristics      

ESS score, range (0-24)   10.8 (4.9) 10.5 (5.3) 0.79 

AHI, events/h   40.5 [32.1;61.0] 44.6 [28.1;56.4] 0.66 

Min O2 saturation, %   82.0 [72;87] 81.0 [77;84] 0.93 

Mean O2 saturation, %   94 [92;96] 93 [92;95] 0.67 

TSat90, %   3.30 [0.20;12.5] 5 [1.50;9.6] 0.41 

Central apnea, events/h   3 [0;15] 1 [0;3] 0.25 

Blood cells      

Lymphocytes, n109L   2.3 [2.12;2.6] 2.4 [1.95;3.03] 0.79 

RBCs, 1012L   5 [4.7;5.3] 5 [4.76;5.4] 0.58 

Hemoglobin, g/dl   15.5 [14.4;16.4] 15.5 [14.9;16.5] 0.70 

Platelets, 109L   211 [194;252] 216 [185;233] 0.47 

Catecholamines and CV risk biomarkers      

Dopamine, nmol/day   1256 [914;1737] 1358 [999;2084] 0.40 

Epinephrine, nmol/day   24.6 [16.4;42.4] 21.8 [16.4;32.9] 0.57 

Norepinephrine, nmol/day   313 [236;456] 361 [254;502] 0.44 

hsCRP, mg/L   2 [1;4.3] 2.2 [1.28;5.4] 0.26 

VEGF, pg/mL   109 [5;270] 123 [38.1;205] 0.65 

Leptin, ng/mL   7.17 [4.2;10.1] 8.74 [5.6;11] 0.23 

Adiponectin, ug/mL   6.1 [4.5;8.2] 4.18 [2.8;6] 0.01 

L/A ratio   1 [0.7;2.1] 2 [1.3;2.9] 0.01 

24-h ABPM      

24-h mean BP, mmHg   87 (5.5) 98.1 (6.8) <0.001 

24-h SBP, mmHg   117 [108;122] 128 [124;133] <0.001 

24-h DBP, mmHg   72 (5.6) 82 (6.8) <0.001 

24-h HR, bpm   72.5 (9.2) 76.4 (11.8) 0.09 

Daytime mean BP, mmHg   91.2 (6.54) 101 (7.5) <0.001 

Daytime SBP, mmHg   122 [111;128] 132 [126;138] <0.001 

Daytime DBP, mmHg   76.2 (7) 85.5 (7.6) <0.001 

Daytime HR, bpm 

 

  75.4 (10.2) 79 (12) 0.13 

Nighttime median BP, mmHg   80 [75.5;82] 89.5 [86;93.8] <0.001 

Nighttime SBP, mmHg   108 [99.5;113] 120 [115;129] <0.001 

Nighttime DBP, mmHg   64 [59.5;67] 73 [71;77] <0.001 

Nighttime HR, bpm   66 [61;71] 67.5 [61.2;78.2] 0.13 

Dipping pattern, DR<0.9   36 (83.7%) 20 (47.6%) 0.001 



Scale; AHI: apnea-hypopnea index; RBCs: red blood cells; hsCRP: high-sensitivity C-reactive protein; SBP: systolic 

blood pressure; DBP: diastolic blood pressure. p≤0.1, *p≤0.05, **p≤0.01, ***p≤0.001. 

 

Table S2. Post-CPAP treatment changes in all subjects and in subjects with and without nocturnal 

hypertension at baseline. 

  

 

 

All patients   Patients without 

nocturnal 

hypertension 

 

 hhhh 

 

 

 

Patients with 

nocturnal 

hypertension 

 

 

 

 

 

p-value 

Patients, n 
60  

  

29 

           

Anthropometric characteristics 60   29 31  

BMI, kg/m2    0 [-0.7;0.6]         0.4 [0.0;0.7]       -0.4 [-1.1;0.2]     0.09 

ESS score, range (0-24)   -6.5 [-11;-3.2]***    -6.5 [-11;-3.0]    -6 [-9.5;-4]     0.93 

Blood cells        

Lymphocytes, n109L    -0.03 [-0.3;0.2]        -0.2 [-0.4;0.2]      0.04 [-0.2;0.2]      0.26 

RBCs, 1012L    -0.1 [-0.2;0.1]*     -0.1 [-0.2;0.1]      -0.1 [-0.2;0.1]     0.44 

Hemoglobin, g/dl    -0.3 [-0.7;0.2]**       -0.3 [-0.5;0.3]      -0.5 [-0.7;0.2]     0.35 

Platelets, 109L   -9 [-18.8;11.5]       -13 [-21.8;7.8]    -0.5 [-12;13.8]    0.07 

Catecholamines and CV 

biomarkers 

      

Dopamine, nmol/day    --35.7 [-578.8;209.0]     22.9 [-508;199] -179.6 [-645.7;277.9]  0.66 

Epinephrine, nmol/day   -5.5 [-16.4;0]       -5.8 [-17.7;-5.3]    0 [-10.9;21.8]     0.21  

Norepinephrine, nmol/day  -109.5 [-192.2; -4.4]***   -79.8 [-181;20.2] -130 [-217.2;-75.4]  0.42 

hsCRP, mg/L                                       0.2 [-0.5;0.6]         0.3 [-0.4;0.4]       0.1 [-0.5;1.2]      0.97 

Leptin, ng/mL     0.03 [-2.1;3.1]        0.6 [-1.5;3.9]       -1.0 [-2.5;2.0]     0.28 

Adiponectin, ug/mL     -0.2 [-0.8;0.1]        -0.6 [-1.0;0.4]      -0.2 [-0.7;0.1]     0.39 

L/A ratio     0.2 [-0.4;0.7]         0.2 [-0.3;0.8]       +0.2 [-0.4;0.7]     0.85 

24-h ABPM 

  

  

  

  

  

    24 h-Mean BP, mmHg    -1 [-4;2.2]        1 [-3;3]       -3 [-6;0.5]*  0.007 

    24 h-SBP, mmHg    -1 [-6;.4.2]        1 [-1;8]       -4 [-8.5;2]*   0.004   

    24 h-DBP, mmHg    0 [-5;2]         0 [-3;2]       -2 [-6;0.5]*  0.026 

    24 h-HR, bpm    -1 [-4.8;3]        -1 [-3.2;3]      -1.5 [-5;1.8]     0.64 

    Daytime mean BP, mmHg    -2 [-6;2.2].     -1 [-5;4]      -3 [-7.5;1.5]**  0.067 

    Daytime SBP, mmHg    -1 [-8;4]        1 [-5;6]      -2 [-11.5;1.5]*  0.055 

    Daytime DBP, mmHg    -2 [-5.2;2]*     -2 [-5;2]      -2 [-7.5;0]     0.30   

    Daytime HR, bpm    -1 [-5;2]        -2 [-5.5;2]      -1 [-5.0;2.8]     0.83 

    Nighttime mean BP, mmHg     1 [-5;6.2]         4 [-1;8]**    -5 [-8.5;3.5]     0.005 

    Nighttime SBP, mmHg    1 [-7.2;8]         5 [-3;10]*   -4 [-10.5;6]     0.008   

    Nighttime DBP, mmHg    0 [-4.2;6]         3 [-1;8]**    -4 [-7;3]     0.004 

    Nighttime HR, bpm    -0.5 [-4.8;4]        1.5 [-3.2;5]       -1.5 [-5.8;2.8]     0.16 

 

The changes are the pre-post differences expressed as the medians [interquartiles]. BMI: body mass index; ESS: 

Epworth Sleepiness Scale; AHI: apnea-hypopnea index; RBCs: red blood cells; hsCRP: high-sensitivity C-reactive 

protein; 24-Hour ABPM: ambulatory blood pressure monitoring; SBP: systolic blood pressure; DBP: diastolic blood 

pressure; HR: heart rate. p≤0.1, *p≤0.05, **p≤0.01, ***p≤0.001. 24-h ABPM was measured in 61 patients before and 

after CPAP treatment.  

 

 

 



 

Table S3. Post-CPAP treatment changes according to CPAP compliance. 

  Non-compliers patients Compliers  p-value 

  CPAP <4 h/Night CPAP >4 h/Night 

Patients, n 9 51   

Anthropometric characteristics       

BMI, kg/m2                -0.2 [-0.5;0]      0.2 [-0.7;0.7]          0.21 

ESS score, range (0-24)                              -7.0 [-10;-4.0]   -6.0 [-10.8;-3.0] 0.95   

Blood cells        
Lymphocytes, n109L          -0.03 [-0.5;0.1]        -0.1 [-0.3;0.2]      0.71    

RBCs, 1012L                              0.1 [-0,02;0.2].       -0.1 [-0.2;0.1]** 0.005    

Hemoglobin, g/dl                                 0.4 [0.3;0.7]*          -0.5 [-0.7;0.1]**         <0.001    

Platelets, 109L                      -1 [-5;10]       -11 [-19;10] 0.34    

Catecholamines and CV biomarkers     
Dopamine, nmol/day                       6.5 [-486.5;22.9]      -78 [-587.7;338.1]      0.53    

Epinephrine, nmol/day                      -5.5 [-5.5;0]       -5.7 [-19.1;0]       0.41   

Norepinephrine, nmol/day            -94.6 [-148.0;-38.4]  -135.9 [-242.3;-53]    0.35   

hsCRP, mg/L                                       0.1 [-0.9;0.2]       0.3 [-0.4;0.7]     0.28 

Leptin, ng/mL                                    0.8 [-1.6;2.3]       -0.1 [-2.3;2.8]    0.83    

Adiponectin, ug/mL                              -0.2 [-2.0;0.3]       -0.2 [-0.8;0.1]    0.81 

24-h ABPM       
  24-h mean BP, mmHg    2 [-1;3]       -1 [-5;2]    0.05  

  24-h SBP, mmHg    5 [-1;9]       -2 [-6;3]    0.08   

  24-h DBP, mmHg    2 [-1;2]       -2 [-5;1.5]*         0.05   

  24-h HR, bpm   -2 [-3;1]       -1 [-5;3]    0.93   

  Daytime mean BP, mmHg   -2 [-5;-1]      -1 [-6;2]    0.67 

  Daytime SBP, mmHg    4 [0;8]        -2 [-8;2]*       0.03 

  Daytime DBP, mmHg    2 [-2;4]       -2 [-6;1]**         0.02   

  Daytime HR, bpm    2 [-1;5]       -3 [-6;2]* 0.03 

  Nighttime SBP, mmHg   6 [-1;10]       0 [-8;7.5]     0.34  

  Nighttime DBP, mmHg   0 [-3;11]       0.5 [-5.0;5]     0.41 

  Nighttime, mmHg     1 [0;11]       1.0 [-5.0;5]     0.34 

  Nighttime HR, bpm    -1 [-4;3]       -1 [-5;4]    0.80   

 

CPAP treatment compliance was determined in 60 patients. The changes are the pre-post differences. BMI: body 

mass index, calculated as weight in kilograms divided by height in meters squared; 24-Hour ABPM: ambulatory 

blood pressure monitoring; ESS: Epworth Sleepiness Scale; AHI: apnea-hypopnea index; RBCs: red blood cells; L/A 

ratio: leptin/adiponectin ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate. p≤0.1, 

*p≤0.05, **p≤0.01, ***p≤0.001. 

 

 

 

 

 

 



Table S4. Baseline characteristics of patient groups stratified by HR and nighttime HT. 

 Dipper/Low HR Dipper/High HR Non-dipper/Low HR Non-dipper/High HR p value 

Patients, n 29 27 17 12  

Nighttime mean HR, bpm 61 [57;65] 73 [70;78] 62 [59;64] 79.5 [71.8;91.5]  

Demographic & clinical characteristics     

Age, years 52.2 (9.5) 48.7 (10) 54.1 (10.6) 50.7 (12.2) 0.37 

Sex, male 23 (79.3%) 23 (85.2%) 13 (76.5%) 10 (83.3%) 0.92 

Hypertension 7 (24.1%) 7 (25.9%) 5 (29.4%) 5 (41.7%) 0.69 

Diabetes mellitus 1 (3.45%) 3 (11.1%) 2 (11.8%) 2 (16.7%) 0.43 

Dyslipidemia 2 (6.9%) 2 (7.41%) 2 (11.8%) 2 (16.7%) 0.72 

Ischemic heart disease 2 (6.9%) 0 (0%) 0 (0%) 2 (16.7%) 0.08 

Arrhythmia 0 (0%) 1 (3.7%) 2 (11.8%) 0 (0%) 0.18 

Tobacco use 7 (24.1%) 10 (37%) 7 (41.2%) 8 (66.7%) 0.09 

Alcohol use 6 (20.7%) 4 (14.8%) 3 (17.6%) 1 (8.33%) 0.89 

Anthropometric characteristics      

BMI, kg/m2 30.7 [28.0;33.8] 30.4 [28.4;33.1] 29.1 [27.5;31.0] 30.9 [27.5;36.1] 0.77 

Neck circumference, cm 41.1 (3.5) 42.2 (3) 40.8 (3) 42.2 (4) 0.42 

OSA characteristics      

ESS score, range (0-24) 10.9 (5) 10.3 (5.7) 10.1 (4) 11.3 (5.57) 0.89 

AHI, events/h 46 [29;64.3] 46.1 [32.4;59.4] 38.6 [28.5;44.5] 46.5 [28.6;56.5] 0.24 

Arousal index 48.1 (19.1) 41.1 (15.1) 39.3 (16.1) 41 (2.1) 0.63 

Min O2 saturation, % 81 [76.8;84.5] 80 [75;84] 85.0 [81.0;90.0] 80.5 [75;82.5] 0.03 

Mean O2 saturation, % 95 [92.1;96] 92 [92;94] 93.6 [92.3;95] 91 [90.5;91.5] 0.10 

TSat90, % 1.8 [0.6;15.4] 5 [2.4;10] 2.4 [0.1;6.1] 9.1 [1.8;12.5] 0.27 

Central apneas 1 [0;17.2] 2 [0;9.5] 3 [0.3;4] 0 [0;1] 0.34 

Blood cells and biochemistry      

Lymphocytes, n109L 2.2 [1.86;2.6] 2.46 [2.2;2.7] 2.2 [1.85;3] 2.8 [2.5;3.5] 0.06 

RBCs, 1012L 5.1 [4.74;5.3] 5.13 [4.93;5.4] 4.8 [4.5;5.4] 4.7 [4.42;5.3] 0.26 

Hemoglobin, g/dl 15.6 [14.9;16.4] 15.6 [15;16.4] 15.2 [13.6;15.8] 15.3 [14.1;16.8] 0.36 

Platelets, 109 L 213 [189;253] 218 [200;241] 214 [187;248] 192 [168;237] 0.59 

Catecholamines and CV biomarkers      

Dopamine, nmol/day 1256 [851;2005] 1636 [1244;1966] 909 [833;1081] 1848 [1091;2090] 0.009 

Epinephrine, nmol/day 27.3 [16.4;43.7] 21.8 [21.8;38.2] 16.4 [16.2;24.6] 24.6 [16.4;27.3] 0.21 

Norepinephrine, nmol/day 390 [284;497] 361 [269;482] 225 [177;275] 384 [230;502] 0.048 

hsCRP, mg/L 1.6 [1.1;2.8] 1.9 [1.1;3.8] 3.5 [1.3;5.4] 6.22 [2.68;8.40] 0.08 

Leptin, ng/mL 7.7 [4.6;11.8] 6.8 [4.41;9.79] 8.7 [6.63;10.4] 8.97 [4.03;15.1] 0.71 

Adiponectin, ug/mL 6.7 [5.25;8.4] 5 [3.5;6] 5.4 [3.1;7.1] 4.06 [2.81;4.21] 0.006 

24-h ABPM      

24-h mean BP, mmHg 89.6 (6.8) 94.6 (7.2) 94 (10.6) 92.7 (9.3) 0.12 

24-h SBP, mmHg 120 [114;125] 125 [122;129] 126 [116;137] 123 [116;128] 0.06 

24-h DBP, mmHg 75.1 (6.9) 79.5 (7.2) 76.0 (8.5) 77.1 (10.6) 0.20 

24-h HR, bpm 68 (8.2) 81.3 (6.4) 67.4 (4.7) 84.4 (12.4) <0.001 

Daytime BP mmHg 94.5 (7.1) 99.1 (7.6) 96 (11.1) 94.2 (9.8) 0.19 

Daytime SBP, mmHg 125 [119;130] 130 [125;136] 127 [118;139] 124 [116;132] 0.16 

Daytime DBP, mmHg 79.9 (7.6) 84.2 (7.8) 78.1 (8.9) 79.1 (10.7) 0.08 

Daytime HR, bpm 71.5 (9.7) 84.2 (7.4) 70.1 (5.6) 85.3 (13.6) <0.001 

Nighttime BP, mmHg 80 [75;83] 85 [79.5;87] 92 [83.0;94] 87.5 [82.8;94.5] <0.001 

Nighttime SBP, mmHg 109 [101;114] 114 [108;118] 124 [118;130] 120 [115;125] <0.001 

Nighttime DBP, mmHg 65 [59;69] 69 [64.5;73.5] 73 [67;77] 71 [66.8;80] 0.004 

 

24-h ABPM was measured in 85 patients at baseline. The qualitative variables are described by frequencies and 

percentages. The quantitative variables with a normal distribution are shown as the means and standard deviations, 

and the quantitative variables without a normal distribution are presented as the medians and interquartile intervals. 

BMI: body mass index, calculated as weight in kilograms divided by height in meters squared; TSat90: Time 

overnight spent with an oxygen saturation below 90%; 24-Hour ABPM: ambulatory blood pressure monitoring; ESS: 

Epworth Sleepiness Scale; AHI: apnea-hypopnea index; RBCs: red blood cells; SBP: systolic blood pressure; DBP: 

diastolic blood pressure; HR: heart rate. p≤0.1, *p≤0.05, **p≤0.01, ***p≤0.001. 
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