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a b  s t  r a  c t

Introduction:  Among  all patients with  hypertension, those  with  resistant  hypertension (RH)  have  the
highest  rates  of subclinical organ  damage  (SOD). The prevalence of obstructive sleep apnea (OSA) is high
in RH patients, and  it could contribute  to SOD. We  aimed  to  investigate  how  OSA and its  treatment  are
related to  SOD in a  large cohort  of RH  patients.
Methods: This is  an ancillary  analysis  to the  SARAH study,  a  multicentre observational  cohort  aiming
to  evaluate  the  impact of OSA  on RH.  Individuals with  RH  who were undergoing  a sleep study and  have
information on at least one  of the  SOD  variables (vascular,  cardiac  or  renal damage) were selected.  Patients
were  followed-up  for  three  years.
Results: In  total,  503  subjects were  included.  The  participants  were  predominantly  male,  obese, and  the
median (IQR) apnea–hypopnea  index  (AHI)  was 15.5  (7.90–31.5)  events/h. No  differences  in the  presence
of vascular  or  cardiac  damage  were  observed  between  OSA and  non-OSA patients. A  lower  estimated
glomerular  filtration  rate  (eGFR)  was observed  in participants  with  OSA than in those  without OSA, with
an adjusted  effect  of −8.69  mL/min/1.73  m2 (−13.59, −3.79; p value  <  0.001).  Kidney  damage  was also
greater  in subjects with  OSA,  with  an adjusted OR  (95% CI)  of 1.77  (1.09, 2.87; p value =  0.02).  The eGFR
showed  a  linear dose–response relationship  with  OSA  severity.  Among patients  treated  with  CPAP,  lower
eGFR  values  were  observed  in  noncompliant subjects.

Abbreviations: ABI, ankle-brachial index; ABPM, ambulatory blood pressure monitoring; AF, atrial fibrillation; AHI, apnea–hypopnea index; BMI, body mass index; BP,
blood  pressure; CPAP, continuous positive airway pressure; CT90, percentage of time with oxygen saturation below 90%; eGFR, estimated glomerular filtration rate; ESS,
Epworth Sleepiness Scale; IMT, intima-media thickness; LAD, left atrial diameter; LAE, left atrial enlargement; LVH, left ventricular hypertrophy; LVM, left ventricular mass;
ODI,  oxygen desaturation index; OSA, obstructive sleep apnea; RH, resistant hypertension; SOD, subclinical organ damage.
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Conclusions: OSA could contribute  to worsening renal function  in patients with  RH.  No compliance  with
CPAP  was associated  with  lower values  of eGFR.

©  2024 SEPAR.  Published  by  Elsevier España, S.L.U.  All  rights  are  reserved,  including those  for text  and
data mining,  AI  training, and  similar  technologies.

Introduction

Resistant hypertension (RH) is  defined as blood pressure (BP)
that remains above the goal despite the use of three different anti-
hypertensive drugs, including a  diuretic, prescribed at the optimal
dose or as those that require four or more drugs to achieve BP
control.1 Among all hypertensive patients, RH patients have the
worst prognosis and have estimated rates of subclinical organ dam-
age (SOD) and cardiovascular events 50% greater than those of
patients with controlled hypertension.2,3

There is a high prevalence of obstructive sleep apnea (OSA) in
patients with RH.4 OSA is associated with daytime symptoms, a
decrease in quality of life and morbidity and mortality, mainly from
cardiovascular alterations.5 It is well known that OSA produces
hemodynamic changes, inflammation, oxidative stress, endothelial
damage and atherosclerosis5,6; therefore, it can potentially produce
SOD. Moreover, a dose–response association between OSA sever-
ity and BP measurements has been described, especially at night,
which could also have an impact on the generation of SOD.7

SOD represents an intermediate stage in  the continuum of car-
diovascular disease, and it is considered a  powerful marker of
increased cardiovascular risk that can even predict the recurrence
of cardiovascular events.8 Early detection of SOD in  patients with
RH who are at high cardiovascular risk is crucial for implement-
ing therapeutic strategies to  stop disease progression and possibly
favor its regression. Therefore, knowing whether other comorbid
conditions frequent in RH patients, such  as OSA, could have a  syn-
ergistic effect on the induction of SOD could be important in the
management of these patients, especially when this condition is
potentially treatable.

Nevertheless, few studies have evaluated the prevalence of SOD
in patients with RH and OSA  and they are  single-center studies with
a cross-sectional design. The aim of this study was to assess the
presence of SOD in a  large cohort of RH patients with and without
OSA, evaluate whether there is a  dose–response association with
OSA severity, identify the OSA profile associated with the presence
of SOD and evaluate the effect of CPAP treatment.

Material and Methods

Study Design and Population

This is an ancillary study to the SARAH study (Long-Term Car-
diovascular Outcomes in  Patients with RH and OSA with or without
Treatment with continuous positive airway pressure (CPAP)), a
multicenter, international, prospective, observational cohort study
(NCT03002558) aimed at evaluating the impact of OSA and CPAP
treatment on cardiovascular outcomes in  patients with RH.

The study included subjects aged 18–75 years diagnosed with
RH based on the American Heart Association guidelines1 and con-
firmed by 24-h ambulatory blood pressure monitoring (ABPM). The
exclusion criteria were RH secondary to other causes (endocrino-
logical, treatment with nonsteroidal anti-inflammatory agents,
immunosuppressants or cortisone, renal artery stenosis, intracra-
nial tumors or aortic coarctation), life expectancy < 1 year and

current treatment with CPAP. The methodology of the SARAH trial
is  published elsewhere.9 The ethics committee of each participat-
ing center approved the study protocol (Ethics Committee number
CEIC-1547), and all participants provided informed consent.

For the current study, we selected 503 participants in the SARAH
study who had information on at least one of the SOD variables. See
the study flow chart in  Fig. 1.  Patients were followed once a  year
for three years.

Procedures

Baseline and Follow-Up Visits

At the initial visit, data regarding sociodemographic character-
istics, habits, comorbidities, medication, anthropometric measures
and self-reported sleepiness (evaluated with the Epworth Sleepi-
ness Scale (ESS)) were collected. Diabetes and dyslipidemia were
determined by self-report, abnormal values in  the blood sample
analysis or medication use and confirmed by a doctor. Chronic
obstructive pulmonary disease, coronary heart disease, heart fail-
ure and cerebrovascular diseases were identified by self-reports or
medication and confirmed by a doctor or a  hospital report. At base-
line, we performed a sleep study, 24-h ABPM and an evaluation of
SOD. At the follow-up visits, anthropometric measurements, 24-h
ABPM and blood samples were collected.

Sleep Evaluation

A sleep test consisting of either respiratory polygraphy or
polysomnography was performed on all included subjects. All
the studies were performed in accredited sleep units with certi-
fied technicians and somnologists. Sleep studies were performed
using different types of devices according to their availability at
each center. The majority of the studies were performed using
Embletta sleep monitor. The rest of the studies were performed
using Compumedics E-Profusion 3.4, Sibelmed Exea Serie 5, Philips
Respironics Alice 6 LDx, Somnomedics Somnoscreen plus Version
2.7.0 or ApneaLink Resmed. Apnea was  defined as an absence or
reduction of airflow ≥90% lasting ≥10 s.  Hypopnea was defined as a
reduction in airflow (30–90%) lasting ≥ 10 s associated with an oxy-
gen desaturation index (ODI) ≥ 4% or arousal. The apnea–hypopnea
index (AHI) was  defined as the number of apnea and hypopnea
events per hour of recording or sleep, depending on the study
(polygraphy or  polysomnography, respectively). CT90 was  defined
as the percentage of time with an oxygen saturation < 90%. Accord-
ing to  the AHI, participants were classified as non-OSA (AHI < 15/h)
or OSA (AHI ≥ 15/h). The OSA diagnosis and treatment recommen-
dations were based on guidelines.10 CPAP titration was conducted
by means of automated equipment following previously described
methods.11 After titration, patients continued treatment with fixed
CPAP. Good compliance with CPAP treatment was defined as the use
of ≥4 h/night.

Blood Pressure Monitoring

Office BP and 24-h ABPM measurements were performed
according to the guidelines.12 Based on the 24-h ABPM results,
those subjects with a 24-h mean BP  that remained above the tar-
get (average SBP ≥ 130 mmHg, average DBP ≥ 80 mmHg or both)
despite the use of three antihypertensive drugs at full dose (one
of which should be  a diuretic) or those patients treated with ≥4
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Fig. 1. Study flow chart.

antihypertensive medications regardless of the BP values obtained
during the 24-h ABPM were included. The devices used to perform
the 24-h ABPM were Spacelabs 90207/90217A devices (Spacelabs
Inc.), Mortara Ambulo 2400, Microlife WatchBP (Microlife AG), and
Dyna-MAPA (Cardios Sistemas Coml. Indl. Ltda.).

All participants maintained their prescribed antihypertensive
treatment during the measurements. Compliance with antihyper-
tensive treatment was considered when subjects retrieved from
the pharmacy > 80% of their prescribed medications.13 In addition,
all patients underwent Morisky–Green and Hayness–Sackect test
at each follow-up visit.

Subclinical Organ Damage Assessment

The evaluation of SOD at baseline was not compulsory in  the
SARAH study; therefore, it was performed at the discretion of the
physician. During the follow-up, only blood analyses were per-
formed; therefore, only data on the estimated glomerular filtration
rate (eGFR) were available. SOD was evaluated as follows:

Cardiac damage: Left ventricular mass (LVM), left atrial diam-
eter (LAD), posterior wall and interventricular septum were
evaluated following the American Society of Echocardiogra-
phy recommendations.14 Left ventricular hypertrophy (LVH) was
defined as an LVM >  115 g/m2 in men  and >95 g/m2 in  women.
Left atrial enlargement (LAE) was considered when the LAD was
>2.3 cm/m2. Atrial fibrillation (AF) was diagnosed when the patient
had a previous history, received antiarrhythmic treatment or was
observed via electrocardiography.
Renal damage: Kidney function was evaluated based on eGFR
and/or albuminuria in accordance with the International Kid-
ney Disease guidelines.15 Microalbuminuria was defined as
albuminuria between 30 and 300 mg/g creatinine, and protein-
uria was defined as albuminuria >  300 mg/g in 24 h. Alterations
should be confirmed in  two blood or urine analyses sep-
arated by at least 6 months. Kidney damage was defined
as an eGFR < 60 mL/min/1.73 m2 and/or an albumin/creatinine
ratio ≥ 3 mg/mmol.
Vascular disease: The intima-media thickness (IMT) was evaluated
by carotid ultrasound following the American Society of Echocar-
diography recommendations.16 An increased IMT  was  defined as
an IMT  > 0.9 mm protuberant in the lumen. Peripheral arterial dis-
ease was defined by an ankle-brachial index (ABI) < 0.9.17

Statistical Analyses

Descriptive statistics were used to  determine the characteris-
tics of the study population. The normality of the distributions
was assessed by  the Shapiro–Wilk test. Normally distributed
continuous data were summarized using the mean (standard devi-

ation), and nonnormally distributed continuous data using the
median (25th percentile; 75th percentile). Categorical data were
summarized using frequencies (percentages). The clinical and
sociodemographic characteristics of the patients were compared
between the OSA  and non-OSA groups using t tests (or equivalent
nonparametric tests) or  Chi-square tests for quantitative and cat-
egorical variables, respectively. SOD parameters were compared
among the OSA and non-OSA groups using linear models for contin-
uous variables, tobit regression for truncated variables and logistic
regression for dichotomous variables. Unadjusted models and
adjusted for confounding factors (age, sex, BMI, alcohol consump-
tion and smoking status) were constructed. The dose–response
relationship between the outcomes and the severity of OSA was
evaluated using generalized additive models for parameters that
showed significant differences between study groups after adjust-
ing for confounding factors. Furthermore, a  linear mixed model
was  fitted to  compare the eGFR during follow-up visits (baseline,
one year and three years) between OSA patients and non-OSA
patients. Patients with OSA who were receiving CPAP treatment
were excluded. Patient status was  included in  the model as a
random effect, and study group, visit and their interaction were
included as fixed effects. Finally, the eGFR during follow-up vis-
its was  assessed according to CPAP adherence (<4 or ≥4 h/day)
in patients receiving CPAP treatment. Patient status was included
in the model as a  random effect, and study group, visit and their
interaction were included as fixed effects. The level of  statistical
significance was  set at 0.05. All  analyses were performed using the
statistical software R-project (version 4.1.1).

Results

Cohort Characteristics

In  total, 503 subjects with RH  were included. The main sociode-
mographic and clinical characteristics of the population are shown
in Table 1. Briefly, the median (IQR) age was 64.0 (57.0–69.0)
years, the participants were predominantly male (67.8%), and the
median body mass index (BMI) was  31.5 kg/m2 (28.4–34.9). The
most prevalent comorbidities were hypercholesterolemia (48.4%)
and diabetes mellitus (45.9%). A  total of 87.6% of the included
subjects took ≥4 antihypertensive drugs. Related to  the type of anti-
hypertensive drugs, 94.4% take thiazides and loop diuretics, 84.5%
calcium channel blockers and 70.6% angiotensin II  receptor block-
ers. No significant differences in antihypertensive treatment were
observed between the groups (Table 1).

Regarding OSA parameters, the median (IQR) AHI was
15.5 (7.90–31.5) events/h, and the median 4%-ODI was 13.0
(6.10–26.8) events/h. The median CT90 was 13.0% (2.20–36.2), and
the median ESS was  6 (4–10). The prevalence of OSA (defined as an
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Table  1

Characteristics of the Cohort Stratified by  Obstructive Sleep Apnea Presence.

Global No OSA  OSA  p-Value N

n  =  503 n = 244 n = 259

Sociodemographic and anthropometric data

Age,  years 64.0 [57.0;69.0] 64.0 [56.0;68.0] 65.0 [58.0;70.0] 0.105 503
Sex,  male 341 (67.8%) 141 (57.8%) 200 (77.2%) <0.001 503
Weight, kg 86.5 [76.0;98.0] 82.6 [73.0;93.9] 90.5 [81.0;101] <0.001 500
Height, m 1.66 (0.09) 1.64 (0.09) 1.67 (0.09) 0.001 494
Body mass index, kg/m2 31.5  [28.4;34.9] 30.4 [27.2;33.5] 32.7 [29.4;35.6] <0.001 494
Neck circumference, cm 41.0 [38.0;43.0] 39.0 [36.0;42.0] 42.0 [39.0;44.0] <0.001 470
Waist circumference, cm 107 [99.0;115] 103 [96.0;111] 109 [102;118] <0.001 478
Hip  circumference, cm 107 [102;115] 106 [101;113] 108 [103;116] 0.006 470
Smoker status 0.002 500

Nonsmoker 225 (45.0%) 121 (49.8%) 104 (40.5%)
Former smoker 203 (40.6%) 80 (32.9%)  123 (47.9%)
Current smoker 72 (14.4%) 42 (17.3%) 30 (11.7%)

Comorbilities

Diabetes  mellitus 228 (45.9%) 100 (41.7%) 128 (49.8%) 0.084 497
Hypercholesterolemia 240 (48.4%) 117 (48.8%) 123 (48.0%) 0.947 496
Hypertriglyceridemia 44 (8.92%) 16  (6.72%) 28  (11.0%) 0.134 493
COPD 36 (7.29%) 20 (8.40%) 16  (6.25%) 0.455 494
Coronary heart disease 69 (13.9%) 31  (13.0%) 38  (14.8%) 0.650 496
Heart failure 58 (11.7%) 25  (10.4%) 33  (12.9%) 0.464 495
Cerebro vascular disease 48 (9.66%) 22  (9.13%) 26  (10.2%) 0.814 497

Anti-hypertensive drugs

Mineralocorticoid’s receptor antagonist 123 (24.5%) 61  (25.0%) 62  (23.9%) 0.863 503
Thiazides and loop diuretics 475 (94.4%) 228 (93.4%) 247 (95.4%) 0.456 503
Beta-blockers 337 (67.0%) 172 (70.5%) 165 (63.7%) 0.128 503
Alpha-blockers 186 (37.0%) 80 (32.8%)  106 (40.9%) 0.072 503
Calcium channel blockers 425 (84.5%) 202 (82.8%) 223 (86.1%) 0.367 503
ACE  inhibitors 166 (33.0%) 84  (34.4%) 82  (31.7%) 0.572 503
Angiotensin II receptor blocker 355 (70.6%) 171 (70.1%) 184 (71.0%) 0.890 503

Polysomnographic parameters

Apnea–hypopnea index, events/h 15.5 [7.90;31.5] 7.60 [4.38;11.2] 31.1 [21.5;47.9] <0.001 503
Apnea index, events/h 4.00 [1.08;12.5] 1.20 [0.40;3.20] 11.7 [5.00;25.3] <0.001 464
Hypopnea index, events/h 8.85 [4.40;17.1] 4.90 [2.30;7.80] 16.7 [10.8;25.9] <0.001 464
CT90, %  13.0 [2.20;36.2] 4.10 [0.90;17.8] 22.0 [7.25;45.3] <0.001 474
ODI 4%, events/h 13.0 [6.10;26.8] 6.30 [3.22;10.1] 26.1 [17.4;41.2] <0.001 456
Mean O2 saturation, % 91.5 [90.0;93.0] 92.0 [91.0;93.3] 91.0 [89.2;92.3] <0.001 495
Min  O2 saturation, %  80.0 [74.0;84.0] 83.0 [79.0;86.0] 77.0 [71.0;82.0] <0.001 492
Arousals indexa 38.6 [27.5;58.5] 17.8 [12.7;29.5] 40.2 [29.5;61.0] 0.027 32

Office blood pressure

Systolic BP 140 [126;154] 139 [125;153] 141 [128;154] 0.121 489
Diastolic BP 83.5 [75.0;92.0] 83.0 [75.4;91.0] 84.0 [75.0;93.0] 0.481 489

ABPM  parameters

Average 24-h BP, mm Hg 92.0 [86.0;99.5] 91.0 [85.0;98.0] 93.0 [86.0;101] 0.129 479
24-h  systolic BP, mm Hg 129 [119;138] 127 [118;136] 129 [120;141] 0.008 485
24-h  diastolic BP, mm Hg 72.9 [66.0;81.0] 72.0 [66.0;81.0] 73.0 [67.0;81.0] 0.439 485
24-h  variability BP, mm  Hg 10.9 [9.19;13.2] 11.1 [9.46;13.4] 10.8 [9.02;13.1] 0.226 399
Daytime average BP, mm Hg 94.0 [88.0;102] 94.0 [88.0;102] 94.0 [88.8;103] 0.319 481
Daytime systolic BP, mm Hg 130 [121;142] 130 [120;138] 131 [122;145] 0.033 484
Daytime diastolic BP, mm Hg 75.0 [68.8;84.0] 74.0 [69.0;84.0] 75.0 [68.0;83.0] 0.994 484
Daytime variability BP, mm Hg 9.66 [8.07;12.6] 9.59 [8.09;12.6] 9.67 [8.08;12.6] 0.997 399
Nighttime average BP, mm Hg 86.0 [79.0;94.0] 85.0 [78.0;92.0] 87.0 [79.5;96.8] 0.008 481
Nighttime systolic BP, mm Hg 121 [110;132] 118 [109;129] 123 [114;136] 0.001 483
Nighttime diastolic BP,  mm  Hg 66.5 [60.0;74.4] 66.0 [59.0;73.0] 67.0 [61.0;75.0] 0.061 484
Nighttime variability BP, mm Hg 9.51 [7.72;12.3] 9.16 [7.59;11.9] 10.0  [7.89;12.6] 0.228 399

a Only for patients diagnosed with PSG.
Abbreviations:  ACE = angiotensin-converting enzyme; AHI  =  apnea–hypopnea index; COPD = chronic obstructive pulmonary disease; CT90 =  percentage of time with oxygen
saturation 90%; ODI = oxygen desaturation index.
Notes: Quantitative variables are  described by median [25th percentile; 75th percentile], and qualitative variables are described by absolute and relative frequencies.

AHI ≥ 15 events/h) was 51.4%. With regard to  OSA severity, 24.2%
had moderate OSA, and 27.2% had severe OSA. CPAP treatment
was indicated in  193 subjects and the mean CPAP compliance at
1-year follow-up was 5.28 (3.95–6.71) h/night, without significant
changes during the follow-up period.

Male sex, BMI  and ABPM parameters, especially nighttime BP
values, were greater in the OSA group than in  the non-OSA group.
Conversely, there were no differences in  the number or type of
drugs used between the groups.

Subclinical Organ Damage at Baseline

The SOD parameters were compared between the OSA and non-
OSA groups. The evaluation of vascular disease (n =  91) revealed
that 47.7% of the participants presented increased IMT in  the carotid
territory, and 15.4% had peripheral arterial disease. There were no
statistically significant differences in vascular diseases (neither in
carotid nor in peripheral arterial territories) between the groups
(Table 2).
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Table  2

Subclinical Organ Parameters in the  OSA and Non-OSA Groups at Baseline.

Global No OSA OSA N  Difference

Unadjusted Adjusted
Mean Difference or
OR  (95%CI)

Mean Difference or
OR (95%CI)

Vascular

Increased intima-media

thicknessa
42 (47.7%) 18  (40.9%) 24 (54.5%) 88 1.73 (0.74 to 4.03;

p value = 0.2018)
1.92 (0.78 to 4.75;
p value =  0.1572)

Ankle-Brachial Index 1.08 (0.22) 1.05 (0.23) 1.12 (0.20) 91 0.07 (−0.02 to 0.16;
p value = 0.1351)

0.05 (−0.04 to  0.15;
p value =  0.2943)

Peripheral arterial diseaseb 14 (15.4%) 10 (19.2%) 4 (10.3%) 91 0.48 (0.14 to  1.66;
p value = 0.2472)

0.52 (0.14 to 1.99;
p  value =  0.3415)

Cardiac

LVM  index 115 (42.2) 110 (35.9) 120 (46.6) 168 10.12 (−2.66 to
22.90; p

value = 0.1226)

3.86 (−10.01 to
17.72; p

value =  0.5864)
LVH (g/m2)c 102 (53.4%) 49  (57.0%) 53 (50.5%) 191 0.77 (0.43 to  1.37;

p value = 0.3706)
0.69 (0.36 to 1.32;
p  value =  0.2646)

PW  (cm) 1.39 (1.27) 1.33 (1.13) 1.44 (1.37) 124 0.11 (−0.34 to  0.56;
p value = 0.6265)

0.10 (−0.38 to 0.58;
p value =  0.6945)

PW  (men: >1 cm,  women:
>0.9 cm)

103 (83.1%) 45 (84.9%) 58 (81.7%) 124 0.79 (0.30 to  2.08;
p value = 0.6372)

0.42 (0.13 to 1.36;
p  value =  0.1463)

Interventricular septum (cm) 1.25 (0.25) 1.23 (0.25) 1.27 (0.25) 178 0.04 (−0.03 to 0.12;
p value = 0.2484)

−0.01 (−0.09 to
0.07; p

value =  0.8077)
Interventricular septum

(men: >1 cm,  women:
>0.9 cm)

153 (86.0%) 68  (84.0%) 85 (87.6%) 178 1.35 (0.58 to 3.16;
p value = 0.4829)

0.72 (0.26 to 2.01;
p  value =  0.5348)

Left  atrial diameter (cm/m2)d 2.23 (0.36) 2.22 (0.34) 2.24 (0.38) 171 0.01 (−0.10 to 0.12;
p value = 0.8570)

0.00 (−0.12 to  0.11;
p value =  0.9324)

Left  atrial enlargement 69 (40.4%) 34  (44.7%) 35 (36.8%) 171 0.72 (0.39 to  1.33;
p value = 0.2963)

0.68 (0.33 to 1.41;
p  value =  0.3008)

Atrial  fibrillation 19 (10.2%) 6 (7.32%) 13 (12.4%) 187 1.79 (0.65 to 4.93;
p value = 0.2605)

1.32 (0.38 to 4.60;
p value =  0.6645)

Kidney

Glomerular filtration rate

(mL/min/1.73 m2)

73.9 (18.2) 77.2 (15.9) 70.7 (19.7) 452 −9.26 (−14.08 to

−4.44; p

value <  0.001)

−8.42 (−13.26 to

−3.57; p

value < 0.001)

Glomerular filtration rate

(<90 mL/min/1.73 m2)

301 (66.6%) 138 (61.1%) 163 (72.1%) 452 1.65 (1.11 to 2.45;

p value = 0.0130)

1.64 (1.02 to 2.62;

p  value = 0.0392)

Albumin/creatinine ratio

(mg/mmol)

3.02 (1.71) 2.79 (1.55) 3.22 (1.81) 396 0.43 (0.09 to 0.76;

p value = 0.0129)

0.35 (0.00 to 0.70;

p  value = 0.0488)

Albumin/creatinine ratio

(≥3 mg/mmol)

172 (43.4%) 70 (38.9%) 102 (47.2%) 396 1.41 (0.94 to 2.10;
p value = 0.0962)

1.38 (0.89 to 2.14;
p value =  0.1502)

Kidney damagee 102 (22.6%) 39  (17.3%) 63 (27.9%) 452 1.85 (1.18 to 2.91;

p value = 0.0074)

1.85 (1.13 to 3.03;

p  value = 0.0148)

Microalbuminuria (mg/g)f 48 (24.6%) 17  (18.7%) 31 (29.8%) 195 1.85 (0.94 to 3.63;
p value = 0.0740)

1.68 (0.79 to 3.54;
p value =  0.1758)

Proteinuria (mg/g) 27 (14.4%) 7 (8.05%) 20 (19.8%) 188 2.82 (1.13 to 7.04;

p value = 0.0262)

1.95 (0.71 to 5.34;
p value =  0.1962)

Notes: Descriptive results are shown as the mean (SD) or n (%)  for quantitative or categorical variables, respectively.
a Increased intima-media thickness (IMT) is  defined as an intima-media thickness greater than 0.9 mm.
b Peripheral arterial disease is  defined by an ankle-brachial index (ABI) <  0.9.
c Left ventricular hypertrophy (LVH) is defined as a  left ventricular mass (LVM) greater than 115 g/m2 in men  and greater than 95 g/m2 in women.
d Left atrial enlargement is  defined as a left atrial diameter greater than 2.3 cm/m2 .
e Kidney damage is defined as an eGFR < 60 mL/min/1.73 m2 and/or an albumin/creatinine ratio ≥ 3  mg/mmol.
f Microalbuminuria was  defined as albuminuria between 30 and 300 mg/g creatinine, and proteinuria was defined as albuminuria greater than 300 mg/g in 24 h.

With regard to cardiac damage (n =  191), the mean (SD) of LVM
was 119.5 (47.7) g/m2 in  men  and 108.4 (30.3) g/m2 in  women, and
LVH was observed in  47.2% of men and 65.2% of women. The mean
LAD was 2.23 (0.36) cm/m2,  and 40.4% of patients presented with
LAE. Moreover, 10% of the participants had AF. There were no sta-
tistically significant differences in cardiac parameters between OSA
and non-OSA patients (Table 2).

Regarding kidney parameters (n = 452), patients had a  mean
(SD) eGFR of 73.9 (18.2) mL/min/1.73 m2. We  observed lower val-
ues of eGFR in  participants with OSA than in  those without OSA,
with an adjusted effect of −8.42 mL/min/1.73 m2 (−13.26, −3.57;
p value < 0.001). The albumin–creatinine ratio was also greater
in participants with OSA than in those without OSA, with an

adjusted OR (95% CI) of 0.35 (0.00, 0.70; p value =  0.05). The pres-
ence of kidney damage was  greater in subjects with OSA than
in those without OSA, with an adjusted OR  (95% CI) of  1.85
(1.13, 3.03; p value =  0.01). Proteinuria was also slightly greater
in  the OSA group, although differences did not reach statistical
significance after adjusting for confounding factors. For microal-
buminuria, no significant differences were detected between the
non-OSA and OSA groups after adjusting for confounding factors
(Table 2).

The eGFR showed a linear dose–response relationship with OSA
severity measured by the AHI (Fig. 2). Specifically, the ODI  was the
respiratory parameter that was  strongly associated with the eGFR
(p value =  0.0026) (Fig. 3).
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Fig. 2. Glomerular filtration according to OSA severity measured by  the AHI. The relationships between the AHI and eGFR were evaluated using generalized additive models
adjusted  for confounding factors (age, sex, BMI, alcohol consumption and smoking status).

Evolution of the Glomerular Filtration Rate

The change in  eGFR over time according to the presence of
OSA was analyzed after excluding patients who underwent CPAP
treatment. A longitudinal model showed that the eGFR decreased
slightly at the three-year follow-up, with a  change (95% CI) from
the baseline of −3.12 (−7.58; 1.33) mL/min/1.73 m2. Compared
with the non-OSA group, the OSA group had a  mean difference
(95% CI) in the eGFR of −7.07 mL/min/1.73 m2 (−11.40, −2.79,
p value = 0.0013) at baseline. These differences were sustained
throughout the follow-up, but there were no differences in the evo-
lution trend (Fig. 4A).  In patients with CPAP, adherence to CPAP
treatment was significantly associated with the eGFR at the one-
year follow-up, which persisted at three years and was  lower in
noncompliers (mean differences of −8.21 mL/min/1.73 m2 [−13.51,
−2.90, p value <  0.01) (Fig. 4B).

Discussion

The study showed that patients with RH and OSA do  not present
differences in vascular or cardiac damage but present worse kid-
ney function than subjects without OSA. Lower eGFR values were
observed in OSA patients, with a  dose–response relationship with
OSA severity. Moreover, the study showed that the ODI is  the
OSA parameter that has a  greater association with the eGFR and
indicated that there is  an association between adherence to CPAP
treatment and kidney function, with lower eGFR in noncompliant
subjects.

These results are in line with studies describing a  decrease
in the eGFR in patients with OSA and an increased risk of kid-
ney disease.18 OSA is  a  risk factor for decreased eGFR in patients
with hypertension, hypertrophic cardiomyopathy, diabetic kid-
ney disease and in patients without comorbidities,19–21 with an
effect similar to simple hypertension and an additive effect in  RH
patients.22 We observed a mild reduction in the eGFR, which is con-
sistent with previous studies demonstrating discrete reductions in
kidney function.23 The eGFR found in our study, even in  the group

without OSA, was slightly lower than that described in  elderly sub-
jects with OSA from the general population,24 suggesting that RH
patients may  be especially vulnerable to renal damage.25 The rela-
tionship between renal damage and OSA could be  bidirectional,
and we cannot exclude that a  decrease in eGFR could produce fluid
overload and favor OSA.26 The albumin–creatinine ratio was  also
greater in subjects with OSA than in those without OSA and pro-
teinuria was slightly greater in the OSA group than in the control
group, but these differences did not reach statistical significance
after adjusting for confounding factors. Our results are in  line with
previous studies describing increases in  albuminuria in  patients
with OSA27 and relating them to OSA severity28 and as far  as we
are concerned, these increases have not been previously described
in subjects with RH.

The ODI was the sleep parameter that  was  strongly associ-
ated with the eGFR in  patients with RH. The kidney medulla is
known to  be particularly sensitive to  hypoxia,29 and OSA-related
hypoxia has been associated with kidney disease30 and glomeru-
lar filtrate loss.31 Hypertension produces renal damage through
glomerular hypertension and hyperfiltration, and hypoxia mainly
affects renal damage at the tubulointerstitial level; therefore, both
diseases could have an additive effect.

The eGFR at baseline was lower in OSA patients than in non-
OSA patients, and if not treated, it decreased slightly throughout
the three-year follow-up, but there were no differences in  the evo-
lution trend between the groups. The decline in the eGFR found in
our study was  greater than previously reported in  a  healthy young
cohort,32 probably related to  the vulnerability of the RH itself to
deterioration of renal function. Our results are in  agreement with
those of Canales et al., who did not observe differences in  kid-
ney function trajectory during follow-up but contradict those of
other studies.33 As the follow-up in our study lasted three years,
we cannot exclude the possibility that differences could be  found
over a  longer follow-up period because our cohort included a  high-
risk group (RH patients with an abnormal eGFR at baseline and
comorbidities). In subjects receiving CPAP treatment, the results
revealed an association between CPAP adherence and the eGFR at
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Fig. 3. Associations between different sleep parameters and the eGFR. The relationships between the OSA parameters and eGFR were evaluated using generalized additive
models adjusted for confounding factors (age, sex, BMI,  alcohol consumption and smoking status).
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Fig. 4. Longitudinal changes in the eGFR during the follow-up period. (A) The values of eGFR at  the follow-up visits in the OSA and non-OSA groups. The OSA patients with
CPAP  were excluded from this analysis. The points represent the estimated marginal means of eGFR per  OSA group derived from the linear mixed-effects model. The model
included confounding factors (age, sex and BMI), OSA group, visit and OSA-visit interaction as fixed effects and patient as a random effect. (B) The values of eGFR at  the
one- and three-year follow-ups in OSA patients receiving CPAP treatment according to  adherence group. Only patients with CPAP were included. Linear mixed-effects model
included confounding factors (AHI, age,  sex, and BMI), adherence group, visit and adherence-visit interaction as fixed effects and patient as a random effect.

the one-year follow-up that persisted at three years, with lower
values in noncompliers. Although the effect of OSA treatment on
kidney function is not completely clear,34 our results are in  accor-
dance with studies showing that CPAP treatment could improve
renal function35,36 and be related to adherence.37

We  did not find differences in cardiac or vascular damage
between OSA and non-OSA groups. LVH and carotid atheroscle-
rosis have been previously described, while findings related to
LAE and arterial stiffness are less conclusive.38 Previous studies
included mainly patients without CV diseases or simple hyperten-
sion; therefore, differences in the results could be explained, at least
in part, by the heterogeneity in  the populations in  terms of hyper-
tension phenotype and blood pressure control and also related to
differences in OSA severity. There are only two studies in RH sub-
jects that reported a  greater incidence of LVH in  individuals with
moderate/severe OSA than in individuals with no/mild OSA.39,40

In contrast with our study, the majority of subjects included were
women, and the differences could be related to a differential effect
depending on sex, as suggested by the greater proportion of LVH
observed in women than in men  in  our  study. Moreover, the inci-
dence of LVH in those studies was slightly greater than in our  study,
even in patients without OSA, probably related to more severe RH
and OSA or longer RH than did patients in our cohort.

The main strength of our study is  that  this is the first multicen-
tric and international study with a longitudinal design evaluating
SOD in different territories in  a  large and well-characterized cohort
of patients with RH and OSA. Second, unlike other studies, OSA
diagnosis was based on sleep studies instead of questionnaires;
therefore, the accuracy of diagnosis and classification is greater.
Third, analyses were adjusted for adequate confounding factors.

This study has some limitations. First, the results should not be
generalized to subjects with less severe hypertension. Second, the
evaluation of SOD was not compulsory, not all patients had all the
parameters available at baseline, and only blood analysis data were
available at follow-up. Therefore the vascular and cardiac evalua-
tion may  have been underpowered to detect differences in SOD.
Third, the assessment of the compliance with the antihypertensive
treatment was based on the retrieval of the prescribed medication
from pharmacy and the Morisky–Green and Hayness–Sackect test,
methods that although being widely accepted, are not so accurate

than counting the number of doses taken by the patient in  each con-
trol visit. Forth, we  cannot exclude a  healthier user bias in  patients
with good adherence to  CPAP treatment. Fifth, for the study design,
cause-effect relationship remains unproven. Sixth, we have no data
on residual AHI in  treated patients.

Conclusions

Our study suggested that OSA may  contribute to worsen kidney
function in  patients with RH, observing a dose–response associ-
ation with OSA severity. Moreover, greater values of eGFR were
detected in  those with good CPAP adherence. Therefore, the results
highlight the importance of assessing OSA in  RH patients with eGFR
reduction, even if the reduction is mild, and indicate that in RH
patients diagnosed with OSA, stricter control of renal function may
be needed. Due to the exploratory nature of the study, future stud-
ies are  needed to determine the effect of CPAP treatment on  the
eGFR in  RH patients.
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