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To Sofia, the love of my life

           and 

to Iris, Axel and Hannes, the meaning of it

“Now, blessings light on him that fi rst invented this same sleep! It cov-
ers a man all over, thoughts and all, like a cloak; it is meat for the hungry, 
drink for the thirsty, heat for the cold, and cold for the hot. It is the current 
coin that purchases all the pleasures of the world cheap, and the balance 
that sets the king and the shepherd, the fool and the wise man, even.”

                                                             - Miguel de Cervantes, Don Quixote, 1605
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ABSTRACT

Background: Scientifi c understanding of obstructive sleep apnea (OSA) has increased 
exponentially during recent decades, suggesting a link between OSA and cardiovas-
cular disease. Few randomized controlled trials exist within the fi eld. 

Aim: To study the effect of continuous positive airway pressure (CPAP) on mecha-
nisms contributing to cardiovascular disease deterioration. 

Methods and Results: Paper I is a cross-sectional analysis of revascularized patients 
with coronary artery disease (CAD). Patients with concomitant OSA had higher lev-
els of infl ammatory markers, independent of obesity. In paper II, the effect of losar-
tan on blood pressure (BP) was investigated in patients with new-onset hyperten-
sion and OSA compared to patients with hypertension only. In addition, the effect on 
blood pressure of CPAP treatment in addition to losartan was investigated. Losartan 
reduced BP signifi cantly in OSA but the reductions were less than in patients without 
OSA. Add-on CPAP treatment reduced night-time blood pressure in OSA patients in 
the intention-to-treat population, and all 24-h measurements in those compliant with 
CPAP. Paper III demonstrates that infl ammatory markers decreases after one year in 
all CAD patients, and this was independent of CPAP in OSA. In paper IV, hyperten-
sive patients with OSA responded with smaller reductions in aldosterone than patients 
without OSA after losartan. Add-on CPAP treatment tended to lower aldosterone, but 
the reductions were more robust in the sympathetic activity. No effect was seen on the 
infl ammatory markers. 

Conclusions: Infl ammatory markers are high in newly revascularized CAD patients 
with OSA, but the levels decrease over time independent of CPAP treatment, suggest-
ing that the initial increase in infl ammatory activity in CAD with concomitant OSA 
is most probably driven by other factors. Blood pressure in new-onset hypertension 
seems to be reduced by CPAP as add-on treatment to losartan; this may be attributed 
mainly to sympathetic activity and, to a lesser extent, to RAAS activity, whereas in-
fl ammation seems to be of minor importance.                                       

Keywords: Obstructive sleep apnea, coronary artery disease, hypertension, infl am-
mation, RAAS activity, sympathetic activity 

ISBN: 978-91-628-9595-2           http://hdl.handle.net/2077/39560

15



LIST OF PAPERS

This thesis is based on the following studies, referred to in the text by their Roman 
numerals.

I  Thunström, E, Glantz, H, Fu M, Yucel-Lindberg, T, Petzold M, Lindberg K, 
Peker, Y. Increased Infl ammatory Activity in Nonobese Patients with Coro-
nary Artery Disease and Obstructive Sleep Apnea. 

 Sleep 2015 Mar 1;38 (3) 463-71.

II  Thunström, E, Manhem, K, Rosengren, A, Peker, Y. Blood Pressure Response 
to Losartan and CPAP in Hypertension and Obstructive Sleep Apnea.

 Am J Respir Crit Care Med 2015 Sep 28. [Epub ahead of print]

III  Thunström, E, Glantz, H, Yucel-Lindberg, T, Lindberg, K, Saygin, M, Peker 
Y. Effect of CPAP on Infl ammatory Biomarkers in Non-Sleepy Patients with 
Coronary Artery Disease and Obstructive Sleep Apnea: A Randomized Con-
trolled Trial. 

 In manuscript

IV  Thunström, E, Manhem, K, Yucel-Lindberg, T, Rosengren, A, Peker, Y.     
Neuroendocrine and Infl amatory Responses to CPAP in Hypertension with 
Obstructive Sleep Apnea: A Randomized Controlled Trial. 

 In manuscript



CONTENTS

ABSTRACT           5
LIST OF PAPERS          6
ABBREVIATIONS        10
DEFINITIONS IN SHORT       12
INTRODUCTION        15
       Obstructive sleep apnea        16
        Historical perspective       16
        Defi nition of OSA and OSAS       18
        Severity of OSA       19
        Sleep scoring        20
        Pathogenesis of OSA       22
             Obstructive sleep apnea      22
        Epidemiology of OSA       23
              Prevalence        23
             Incidence        24
        Treatment of OSA       24
       Obstructive sleep apnea and comorbidities     25
        OSA and hypertension       25
        OSA and coronary artery disease     26
        Infl ammation        26
              Hs-CRP        26
              Interleukin-6       27
              Tumor necrosis factor alpha (TNFα)     28
       Interleukin-8       28
 Renin-Angiotensin-Aldosterone System     28
 Sympathetic activity       28
       Gaps in knowledge        29
 LosartanPAP - research questions     29
 RICCADSA - research questeions     30
       
AIMS          31
      Specifi c aims        31
      Study overview (what it adds to the fi eld)     31
 Paper I         31
 Paper II         32
 Paper III        32
 Paper IV        32

PATIENTS AND METHODS       33
       Evaluation of litterature       33
       Study design        33
 RICCADSA (paper I)       33



 LosartanPAP (paper II)       33
        RICCADSA (paper III)       33
        LosartanPAP (paper IV)       34
       Participants and settings       34
        RICCADSA         34
        LosartanPAP        36
       Changes to methods after trial commencement    36
        LosartanPAP        36
        RICCADSA        37
       Interventions        38
        RICCADSA baseline (paper I)      38
        RICCADSA follow-up (paper III)     38
        LosartanPAP (papers II and IV)      38
       Outcomes         38
 RICCADSA baseline (paper I)      38
 LosartanPAP (paper II)       38
 RICCADSA follow-up (paper III)     38
 LosartanPAP (paper IV)       38
       Adjustments for potential confounders     39
       Potential effect medifi ers       39
       Diagnostic criteria        39
 Sample size        40
       RICCADSA (paper I and paper III)     40
       LosartanPAP (paper II)      40
       LosartanPAP (paper IV)      40
 Randomization        40
       RICCADSA (paper I)      40
       LosartanPAP (paper II and IV)     40
       RICCADSA (paper III)      41
 Data sources        41
       Ambulatory blood pressure measurements    41
       Polygraphy        41
       Blood samples       42
       Epworth sleepiness scale      43
       Echocardiography       43
 Statistical methods       43
       Quality control       43
       Baseline characteristics      44
       Differences between groups      44
   Ethical considerations       44

SUMMARY OF RESULTS       45
       LosartanPAP        45
        Paper II         45



       Blood pressure response to losartan and CPAP in hypertension 45
       and obstructive sleep apnea     
        Paper IV        48
       Neuroendocrine and infl ammatory responses to CPAP in hyper- 48
       tension with obstructive sleep apnea: A randomized controlled trial
       RICCADSA        50
        Paper I         50
        Paper III        51

DISCUSSION         53
       Discussion of methods       53
       Sample size considerations      53
        Potential sources of random error     54
 Potential sources of systemic error     55
       Self-selection bias       55
       Investigator selection bias      55
 External validity       56
       Applicability       56
       Generalizability       56
       Discussion of results       57
 Effect of losartan on blood pressure in OSA and new-onset hypertension 57
 Effect of add-on CPAP treatment on blood pressure in novel   58
 hypertension
 Effect of losartan and CPAP on mechanisms that could induce   59
 hypertension
 Differences in infl ammatory activity in patients with CAD depending 61
 on OSA and CPAP treatment

CONCLUSION        62
       Main conclusion        62
       Scientifi c relevance of this thesis      62
       Clinical relevance of this thesis      63
       Public health relevance of this thesis     63
       Limitations         63

FUTURE PERSPECTIVES       65
SAMMANFATTNING PÅ SVENSKA      66
ACKNOWLEDGEMENTS       68
REFERENCES        71
APPENDIX          
     
PAPER I-IV



ABBREVIATIONS

AASM   American Academy of Sleep Medicine
ABPM   Ambulatory blood pressure monitoring
AHI   Apnea–hypopnea index
AI   Apnea index
ARB   Angiotensin receptor blocker
BMI   Body mass index
CHF   Congestive heart failure
CABG   coronary artery bypass graft
CAD   Coronary artery disease
CPAP   Continuous positive airway pressure
CVD   Cardiovascular disease
DBP   Diastolic blood pressure
EEG   Electroencephalography 
ESC   European Society of Cardiology
ESH   European Society of Hypertension
Hs-CRP  High-sensitivity C-reactive protein
IL-6   Interleukin-6
IL-8   Interleukin-8
MAP   Mean arterial pressure
MESAM  A digital recording device developed to monitor heart rate 
   and breathing sounds (snoring)   
MSLT   Multiple Sleep Latency Test
MWT   Maintenance of Wakefulness Test
ODI   Oxygen desaturation index
OSA   Obstructive sleep apnea
OSAS   Obstructive sleep apnea syndrome
OR   Odds ratio
PCI   Percutaneous coronary intervention
PG   Polygraphy
PSG   Polysomnography
RAAS   Renin-angiotensin-aldosterone system 



RICCADSA  Randomized Intervention with CPAP in Coronary Artery 
   Disease and Sleep Apnea
RCT   Randomized controlled trial 
RDI   Respiratory disturbance index
RERA   Respiratory effort-related arousal
SBP   Systolic blood pressure
SD   Standard deviation
TNFα   Tumor necrosis factor alpha 
UARS   Upper airway resistance syndrome
WHO   World Health Organization
 



Two criteria must be fulfi lled: 
(1) amplitude reduction: there is a drop 
in the peak thermal sensor excursion by 
≥90% of baseline
(2) the duration of the event is at least 10 
seconds

Criterion (1) or (2) must be fulfi lled in 
combination with criterion (3):
(1) a clear decrease (≥50%) from base-
line in the amplitude of a valid measure 
of breathing during sleep 
(2) a clear amplitude reduction on a vali-
dated measure of breathing during sleep 
that does not reach criterion but is associ-
ated with either an oxygen desaturation 
of ≥4% and/or an arousal
(3) the event lasts 10 seconds or longer

The apnea–hypopnea index is based on 
the number of apneas and/or hypopneas 
per hour of registered sleep.

The oxygen desaturation index is based 
on the number of desaturations (≥4%) per 
hour of sleep time. 

Obstructive sleep apnea is a laboratory 
diagnosis with three levels: mild (AHI 
5-14.9/h), moderate (AHI 15-29.9/h), and 
severe (AHI ≥30/h).

Obstructive sleep apnea syndrome is a 
clinical diagnosis of OSA with symtoms, 
mainly excessive daytime sleepiness.

An index created by adding RERA to the 
AHI. 

Apnea 

Hypopnea
(based on the American Academy 
of Sleep Medicine guidelines from 
1999)

AHI

ODI

OSA

OSAS

RDI

DEFINITIONS IN SHORT



RERA

Hypertension

Optimally treated 24-h blood pressure 

Dipping blood pressure pattern

A sequence of breaths characterized by 
increasing respiratory effort leading to an 
arousal from sleep, but which does not 
meet criteria for an apnea or hypopnea.
RERA events must fulfi ll both of the fol-
lowing criteria:
(1) a pattern of progressively lower 
esophageal pressure, terminated by a 
sudden change in pressure to a higher 
level and an arousal
(2) a duration of 10 seconds or longer

Having systolic blood pressure ≥140 
mmHg, and/or diastolic blood pressure 
≥90 mmHg

Mean 24-h ABPM of a systolic blood 
pressure ≥130 mmHg and diastolic blood 
pressure ≥80 mmHg1

A difference of ≥10% between day and 
night blood pressure.
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INTRODUCTION

“The amount of sleep required by the average person is fi ve minutes more.”
                                                                                                           - Wilson Mizener

S leep is defi ned as follows: “Sleep is a recurring, reversible neurobehavioral state 
of relative perceptual disengagement from and unresponsiveness to the environ-

ment. Sleep is typically accompanied (in humans) by postural recumbence, behavioral 
quiescence, and closed eyes”2.

To sleep is of vital importance to maintaining existence3, as well as to keeping a lucid 
mind4,5. The human species sleeps on average less than seven hour per night and stud-
ies in adults have not been able to show any substantial or consistent change in this 
over the last 50 years6,7. There is overwhelming evidence that short sleep duration or 
poor sleep quality is associated not only with a risk of increased pain, impaired per-
formance, increased errors, greater risk of accidents, and increased risk of depression, 
but also with cardiovascular morbidity and mortality, such as obesity, diabetes, hyper-
tension, heart disease, stroke, and increased risk of death, as well as impairment of the 
immune system 8-1 0. As everyone who has ever missed a good night’s sleep intuitively 
perceives, sleep is essential for health.   
      
Accordingly, any conditions that alter sleep duration as well as sleep quality could be 
supposed to increase vascular morbidity, and treating them might be benefi cial from 
a cardiovascular perspective.    

Obstructive sleep apnea (OSA) is a common sleep impairment which, apart from 
sleep fragmentation, produces oscillations in intra-thoracic pressure, increases in the 
transmural pressure on the heart and the aorta , and leads to intermittent desatura-
tio ns11. All these are factors that give rise to an endocrine, paracrine, and autocrine 
hormonal upregulation, as well as a change in genetic and infl ammatory activ ity12 
and a change in the coagulations system response13. This can result in cardiovascular 
remodeling, endothelial dysfunction and metabolic impairm ent 14-16, thus  increasing 
the risk of developing hypertension17, dia betes18, coronary artery disease (CAD)19,20, 
atrial fi bril lation21, stroke22,23, renal disease24, pulmonary hyper tension25, and conges-
tive heart  failure26. An association between OSA and this condition has been shown 
in cohort studies in sleep clinics as well as in cohorts from the general population 
and sub-cohorts from each of the different diagnoses. This has been done both cross-
sectionally and longitudinally9,25,27,28. 

The growing body of evidence showing an association between OSA and cardiovas-
cular disease (CVD) has led to physicians starting to search for signs and/or symp-
toms of OSA in patients with CVD. Moreover, OSA is now addressed in international 
guidelin es on CVD29. 
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However, more needs to be done to establish a causal relation between OSA and 
CVD. Randomized controlled trials (RCTs) need to be conducted to investigate 
whether treatment of OSA reduces the incidence of hard endpoints, such as death and 
new cardiovascular events. It is also important to investigate softer endpoints such as 
infl ammatory activity, endocrine activity, and blood pressure responses. This will con-
tribute to the identifi cation of the mechanism that mediates the relationship between 
OSA and CVD. Given that many of the existing RCTs have been conducted in sleep 
clinic cohorts, less is known regarding the effect of OSA treatment in other clinical 
populations, where the diagnosis is common, but where physicians until recently have 
not been aware of it. 

This thesis explores the effect of OSA treatment in two different clinical populations 
with different degrees of CVD: patients with newly diagnosed hypertension (new-
onset CVD), and revascularized patients with CAD (established CVD). The thesis 
addresses what effect OSA treatment has on the mechanisms which have previously 
been shown to be linked with CVD.   
          
Obstructive sleep apnea

Historical perspective
OSA is defi ned as a condition characterized by repetitive episodes of complete or 
partial collapse of the upper airway (mainly the oropharyngeal tract) during sleep, 
with a consequent cessation or reduction of t he airfl ow30. The progressive asphyxia 
induced by apneas or hypopneas causes an increased stimulation to breathe against 
the collapsed airway, typically until the person is awakened. OSA is a diagnosis which 
has gained interest in the medical community over the last four decades. However, 
according to Lavie31 the fi rst descriptions in the medical literature are from the late 
19th century; these are case reports of obese patients with daytime sleepiness and a 
particular breathing pattern when asleep, presented by WH Broadbent and entitled 
On Cheyne-Stokes’ respiration in cerebral haemorrhage32 and the case report Case 
of narcolepsy by R Caton in 188933. Sleep hypersomnolence was nicely described 
by Charles Dickens in The Pickwick Papers from 1836, in which the fat boy Joe is 
depicted as follows:

“The object that presented itself to the eyes of the astonished clerk, was a boy 
– a wonderfully fat boy – habited as a serving lad, standing upright on the mat, 
with his eyes closed as if in sleep… ‘Sleep!’ said the old gentleman, ‘he’s always 
asleep. Goes on errands fast asleep, and snores as he waits at table’.”

In even earlier literature a condition similar to what we now know as OSA was de-
scribed by Aelinaus (1666)34. However, Kryger claims in a historical overview pub-
lished in 1983 that the fi rst to touch on the subject were the ancient Greeks, who 
described Dionysius of Heraclia as an epicurean who “increased to an extraordinary 
degree of corpulence and fatness” so that he had “much ado to take breath”34. 

This indicates that OSA, stimulated by the weight gain we associate with our modern 
lifestyle of overindulgent eating in combination with decreased exercise, has in fact 
existed since ancient times.

16



Erik Thunström

In the early 20th century, apneas were thought to be directly linked to obesity, and in 
1956 the term Pickwickian syndrome was coined in an article by Burwell35. However, 
the fi rst use of this term has been contested, because other researchers had described 
patients with obesity, hypersomnolence and breathing disturbances previously31. Hith-
erto, the hypersomnolence observed in the Pickwickian syndrome was considered to 
be due to carbon dioxide poisoning and not due to obstruction of the upper airways. 
In parallel with these clinical observations, other landmarks in the development to-
wards modern sleep medicine were the performance of the fi rst EEG by Berger et al. 
in 192936 (publication in German), and during the years just after the discovery that 
brain activity during sleep showed a different electrical wave pattern compared to 
that in subjects who  wer e awake37-39. However, the fi rst real step in a new era of sleep 
medicine was taken by Gerardy in Germany (1959 published 1960)40 and one year 
later by Druchman and Gummit41 in the USA. Both groups conducted an EEG on a 
patient with Pickwickian syndrome in daytime, which showed repeated fl uctuation 
from sleep to awakening during the EEG recording. Gerardy modifi ed the EEG so that 
it also measured breathing and pulse rate at the same time as brain activity. By doing 
so, he found that the patient, at the time of falling asleep, suffered from an apnea and 
bradycardia followed by tachycardia when the breathing started again. Similar results 
were seen in the American patient. However, both groups still attributed the daytime 
sleepiness to carbon dioxide poisoning rather than poor sleep quality.

It was not until after Gerardy et al. and Druchman et al. had published their work in 
1960 when Kuhl et al. performed a full-night EEG recording on a Pickwickian patient 
that they realized that it was sleep fragmentation rather than carbon dioxide poisoning 
that caused the daytime sleepiness. The results were only published at a conference in 
1964, but were replicated and published soon after by others42. This paper also showed 
that it was obstruction of the upper airways that triggered the apneas. Since then, re-
search in the fi eld has started to pick up pace. In 1972 Coccagna et al. showed that the 
apneas in the Pickwickian patients were associated with severe blood pressure swings 
in both pulmonary and systemic b lood pressure43, which further stressed the impor-
tance of treating the condition. Weight reduction had been the only treatment option 
up until then, but Kuhl had published a case report (in German) three years earlier in 
which a tracheostomy was used to cure the condition; this was now replicated by Coc-
cagna44,45, but  the procedure could only be used on those with severe complications 
to their Pickwickian syndrome. 

In 1976 Guilleminault et al. published a paper showing that non-obese as well as 
obese individuals could suffer from apneas during sleep caused by obstruction of the 
upper airway. In the same paper, they used the term obstructive sleep apnea syndrome 
(OSAS) for the fi rst time and defi ned it based on their sleep registration fi ndings. The 
criterion was at least 30 apneas of minimum duration of 10 seconds each, detected 
during sleep, in combination with hypersomnolence. They found that a high propor-
tion of their patients with OSAS were men (34 of 35) and that fi fty percent had hy-
pertension46.    
         
When the pathophysiology behind the collapse of the upper airways was understood47, 
followed by the discovery of new treatment options for OSAS, such as continuous 
positive airway pressure treatment (CPAP)48 and surgery49, the research around OSA 
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intensifi ed, and during the following decades there has been an exponential growth 
of publications in the fi eld (Figure 1). The most important paper on the subject was 
without a doubt the publication by Young et al. in 1993 showing how common OSA 
was in the gene ral population50. This led to a paradigm shift in how the health care 
profession addressed OSAS, since it might have a direct impact on public health. 
These breakthroughs have shaped modern sleep medicine.   

Figure 1. Number of published articles on the search” Obstructive Sleep Apnea” and on 
the search “Obstructive Sleep Apnea and Coronary Artery Disease”  showing  articles 
tagged in Pubmed for each year. The exponential increase during the last 20 years, 
refl ects the increased interest in the fi eld.

Defi nition of OSA and OSAS
Obstructive sleep apnea syndrome (OSAS) was fi rst introduced by Guilleminault et 
al. in 1976. They defi ned it as the combination of daytime sleepiness and a minimum 
of 30 polysomnographically verifi ed obstructive apneas per nights each lasing at l east 
10 seconds30. However, to adjust for sleep duration, the apnea index (AI), apneas per 
hour of sleep, was soon adopted instead of apneas per night. The AI cutoff for OSA 
was set to fi ve apneas per hour. The concept of hypopneas, defi ned as reduced ventila-
tion but not complete cession of airfl ow, was also introduced a few years after OSAS 
was fi rst defi ned51, which soon led to the use of the apnea–hypopnea index (AHI) 
instead of AI; however the cutoff for abnormal breathing was kept at fi ve apneas and 
or hypopneas  per hour.

During the 15 years that followed, many groups conducted research using sleep re-
cordings and several different scoring defi nitions came to be used, making it diffi cult 
to make comparisons of the absolute values of the results from different studies. Some 
studies used the oxygen desaturation index (ODI), which was defi ned as the number 
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of desaturations per hour of sleep, instead of AHI. Others used respiratory disturbance 
indices (RDI) which were different from study to study, though many used the same 
defi nition: the sum of apneas, hypopneas and the respiratory effort-related arousals 
(RERAs) per hour of sleep; RERA was defi ned as a pattern of progressively more 
negative esophageal pressure, terminated by a sudden change in pressure to a less neg-
ative level and an arousal, and the event lasts 10 seconds or longer. RERA was usually 
applied when a patient had desaturations but no hypopnea or apnea that could ex-
plain them, indicating that the patient had upper airway resistance syndrome (UARS). 
Moreover, there was a problem defi ning overlapping conditions such as OSAS, Pick-
wickian syndrome (apneas, under-ventilation, and daytime sleepiness), central sleep 
apnea (CSA), and UARS52. Therefore the American Academy of Sleep Medicine es-
tablished a task force to describe and defi ne the key features and specifi c events of 
four separate syndromes associated with abnormal breathing events during sleep pre-
viously described in the literature: the OSA–hypopnea syndrome, CSA, UARS, and 
the sleep hypoventilation syndrome (including the Pickwickian syndrome). The task 
force made recommendations for methods of measuring the key features of these four 
syndromes, and developed a standard system for rating their severity. In 1999 they 
published their fi rst report53 which provided the defi nitions used for the work of this 
thesis, since it was these defi nitions and scoring methods that were in clinical use at 
the time of the design of the studies (2005–2007). 

In accordance with the report of 1999 by the American Association of Sleep Medi-
cine, the diagnostic criteria for a diagnosis of OSAS are listed below. Either (a) or (b) 
in combination with (c) must be fulfi lled: 

(a) excessive daytime sleepiness that is not better explained by other factors;

(b) two or more of the following that are not better explained by other factors:
 - choking or gasping during sleep
 - recurrent awakenings from sleep
 - unrefreshing sleep
 - daytime fatigue
 - impaired concentration
 - obstructive central and mixed sleep apnea;

(c) fi ve or more obstructed breathing events per hour during sleep, demonstrated by 
overnight monitoring. These events may include any combination of obstructive ap-
neas, hypopneas or RERAs53,54. 

An apnea is defi ned as an almost complete (at least 90%) cessation of airfl ow, and 
hypopnea is defi ned as a reduction in nasal pressure amplitude of at least 50% and/
or a reduction in thoracoabdominal movement of 50% or more for a minimum of 10 
seconds53. 

Severity of OSA
Just as OSAS is composed of two components, daytime sleepiness and number of 
night-time apneas and hypopneas, the defi nitions of severity can also be divided in 
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these two categories. Whereas the AASM uses the reports from the Wisconsin cohort, 
which show a higher risk of hypertension in individuals with an AHI >3055, to defi ne 
severe OSA as AHI >30, the cut-off point between mild and moderate OSA is set at 
15, which is an arbitrary defi nition by the task force.

Severity of sleep-related obstructive breathing events 
    • Mild: 5 to 15 events per hour
    • Moderate: 15 to 30 events per hour
    • Severe: greater than 30 events per hour

The defi nitions of daytime sleepiness outlined in the report from 1999 are completely 
arbitrary and they are diffi cult to apply because they are formulated vaguely. Instead, 
it has been customary to objectively assess sleepiness either with sleep-or-awake tests 
such as MSLT (multiple sleep latency test) or with MWT (maintenance of wakeful-
ness test) or by using sleep questionnaires such as Epworth Sleepiness Scale (ESS) 
or Berlin Questionnaire53. A simple defi nition used in many sleep clinics is to defi ne 
daytime sleepiness as an ESS score above 10 (on a scale from 0-24, see appendix).       
    
Sleep scoring
The fi rst defi nition of apnea and hypopneas was provided by Guilleminault et al. in 
1976 (see the section Historical pe rspective above)30. During the fi rst two decades of 
sleep scoring, there was no true consensus about the defi nitions of the variables that 
were scored when analyzing a sleep recording. The AASM task force recommenda-
tions published 1999 provided standard defi nitions, criteria and severity ratings for 
abnormal breathing events during sleep, but the purpose of these defi nitions was “to 
facilitate comparability of studies for research purposes and their associated clinical 
syndromes”. Thus, the sleep clinicians were not bound to apply the recommendations 
in their clinical work. They could continue to apply their clinical judgment for each 
patient they saw. The recommendations did however become guidelines for how to 
score sleep recordings in many studies53. 

The defi nition for hypopnea was not very precise in the 1999 defi nition, and in 2007 
AASM published their guidelines for sleep scoring. In that document the authors sug-
gested two different defi nitions of hypopnea, one recommended and one alternative 
defi nition (Table 1). When comparing the 2007 guidelines with the 1999 defi nition 
of hypopnea there were vast differences in AHI. Many patients with clinical symp-
toms of OSA would not get the diagnosis if the 2007 recommended guidelines were 
applied. Ruehland et al. compared the 1999 guidelines and the recommended and 
alternative guidelines of 2007 and found that approximately 40% of those who had 
OSA according to the 1999 guidelines would not get a diagnosis of OSA if the recom-
mended defi nition of hypopnea in the 2007 guidelines was used; even if the alterna-
tive defi nition of hypopnea in the 2007 guidelines was used, 25% of the patients who 
had OSA according to the 1999 criteria would not get the diagnosis56. The AASM 
sleep apnea task force reviewed the guideline again in 2012, partly because there was 
such a vivid discussion regarding whether the defi nitions of 2007 were too harsh56. 
After a literature review, the task force concluded that, even if the cardiovascular risk 
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was mainly associated with desaturation, frequent arousal from sleep could lead to 
reduced quality of life, possibly associated with cardiovascular events. The task force 
concluded that it was more important to relax the inclusion threshold, and the defi ni-
tion of hypopnea in use after 2012 was a 30% drop in the nasal pressure excursion 
for 10 seconds or more, associated with at least 3% oxygen desaturation or an arousal 
(Table 1).

This problem with defi ning hypopneas bears great signifi cance, since it makes it vital 
in all studies conducted on OSA to clearly state which guidelines were used when 
scoring a sleep recoding in a study, since this might infl uet AASM guidelines.

Table 1. Defi nitions of hypopnea according to different AASM guidelines

Hypopnea
1999 guidelines 

1 or 2 in combination with 3 
1. A clear decrease (more than 50%) from 
baseline in the amplitude of a valid measure of 
breathing during sleep. Baseline is defined as the 
mean amplitude of stable breathing and 
oxygenation in the two minutes preceding onset 
of the event (in individuals who have a stable 
breathing pattern during sleep), or the mean 
amplitude of the three largest breaths in the two 
minutes preceding onset of the event (in 
individuals without a stable breathing pattern).
2. A clear amplitude reduction of a validated 
measure of breathing during sleep that does not 
reach the above criterion but is associated with 
either an oxygen desaturation of at least 4% or 
an arousal. 
3. The event lasts 10 seconds or longer. 

Hypopnea
(recommended)
2007 guidelines 

A 30% or greater drop in flow for 10 seconds or 
longer, associated with at least 4% oxygen 
desaturation

Hypopnea
(alternative) 
2007 guidelines 

At least 50% decreased flow for 10 seconds or 
longer, associated with at least 3% oxygen 
desaturation or an arousal. 

Hypopnea
2012 guidelines 

A 30% drop in the nasal pressure excursion for 
10 seconds or longer, associated with at least 3% 
oxygen desaturation or an arousal. 
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Pathogenesis of OSA
Obstructive sleep apnea
OSA is generally defi ned as having sleep apnea independent of coexisting daytime 
sleepiness, in contrast to the syndrome OSAS, in which daytime sleepiness is pres-
ent53. OSA is considered to be caused by pharyngeal collapse of the upper airways. 
This is thought to be due to craniofacial differences or higher body fat causing a de-
crease in the air fl ow lumen and increasing the likelihood of a pharyngeal collapse 57. 
However other factors might also infl uence the risk of developing OSA (Figure 2). 

Figure 2. Risk factors, pathophysiological mechanism inducing OSA, and the pathophysiological 
mechanism induced by OSA that causes CVD.

Maintaining stability in the respiratory control system is essential to preventing the 
development of OSA. The upper airway dilatory muscle activity varies in accordance 
with the respiratory control system. Thus, low respiratory central drive is associated 
with low upper air dilatory muscle activity, high airway resistance and predisposition 
for collapse of the airways. Poor precision in respiratory control could therefore be the 
cause of OSA in some patient s58. 

The susceptibility to arousals from sleep is another important factor in the pathophysi-
ology of sleep apnea. Since most people hyperventilate after an arousal, the CO2 in 
blood might decrease below the chemoreceptor threshold for central apneas in some 
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individuals. The dilatory muscles of the upper airways also receive respiratory input 
as a response to chemoreceptors. Therefore, hypercapnia (excessive carbon dioxide 
in the bloodstream) could lead to collapse of the upper airways, mediated through 
decreased upper airway dilatory muscle activity secondary to hypercapn ia59, leading 
to obstructive sleep apneas. 

It has been proposed that small lung volumes are associated with a high risk of OSA, 
since lung volumes are correlated with the cross-sectional area of the upper airways. 
An increase in lung volume pulls the mediastinum forward and thereby increases 
the area of the upper airways60. Moreover, a recently presented theory is that greater 
lung volume stabilizes the respiratory control system by increasing the concentra-
tions of O2 and CO2, thereby buffering the system and diminishing the destabilizing 
effect on breath ing61. Because the functional residual capacity decreases during sleep, 
the pharyngeal airways are more prone to collapse than when awake62. Likewise, a 
neuromuscular dysfunction in the muscles controlling the tonus in the upper airways 
can also induce apneas. The most important muscle for this is the genioglossus, and 
adequate contraction in this muscle seems to be crucial to avoid apneas during s leep63. 
Finally, direct surface force applied by tissue or fl uid surrounding the airway could 
increase the risk of a collapse. In obese individuals, adipose tissue could operate such 
force on the airways, and in patients with edemas, redistributed fl uid due to horizontal 
positioning could induce the apneas64,65.                                      

Epidemiology of OSA
Prevalence 
The prevalence of OSAS is approximately 3-7% for men and 2-5% for women in 
the general adult population66. This is supported by several cross-sectional studies in 
USA, China, Australia and Korea50,67-73. The difference in prevalence seen in between 
different studies could be attributed to differences in the defi nitions of apneas and hy-
popneas used, and other confounding factors in the different studies (Table 2).

The highest prevalence was reported in the Indian study, but a selection bias could be 
suspected in this group because they report that screening for eligible study partici-
pants was conducted among patients that come for a routine general medical exam, 
whereas in all the other studies shown in Table 2, the subjects were contacted and 
asked for participation independent of a visit to a physician. Thus, one could suspect 
that in the Udawadia cohort the participants might not refl ect the general population 
but rather a somewhat sicker group of indivi duals74. 

At the other end of the spectrum, the Australian cohort, which shows the lowest preva-
lence, had a different registration device (MESAM) compared to the other studies 
which could possibly underestimate the prevalence since they did not measure actual 
sleep duration with EEG, and thus could not know whether the patients were awake 
during parts of the night. Usually a registration with polygraphy instead of polysom-
nography underestimates the numbers of apneas and hypopneas75. 

Interestingly, the remaining studies, which were conducted in different parts of the 
world but with similar inclusion criteria, showed comparable prevalence values for 
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    OSAS Prevalence
Country Author Nr Screening device Men Women 

USA Young 602 Polysomnography 4.0% 2.0% 
 Bixler 1,741 Polysomnography 3.9% 1.2% 
   Polysomnography   
Australia Bearpark 485 Polygraphy (MESAM)  3.1% - 
India Udwadia 250 Polysomnography 7.5% 4.5% 
China Ip 258 Polysomnography 4.1% - 
 Ip  Polysomnography - 2.1% 
Korea Kim  457 Polysomnography 4.5% 2.3% 

Abbreviations: MESAM = a sleep recording device.   

Table 2. Prevalence of OSAS according to different studies

both men and women. There is very little data on prevalence of OSAS among Afri-
cans, but there is (albeit contradictory) data on African Americans suggesting a higher 
prevalence of OSAS than among Cauc asians76; this stresses the importance of con-
ducting prevalence studies in Africa.

The prevalence of OSA independent of daytime sleepiness is much higher. However, 
due to variability in measurements, defi nitions, sample construction, and statistical 
techniques used for analyses, it is diffi cult to establish the prevalence of OSA from the 
studies that have measured it. Prevalence for moderate or severe OSA (AHI ≥15) has 
been reported as 9-14% for men and 4-7% for women, increasing with age for both 
genders50,67,68,73,77.  In the sleep heart health study, which is the largest cohort study on 
patients from the general population (n=6,294), the prevalence of moderate or severe 
OSA was even higher: 24% of all men and 9% of all women in the study had AHI 
≥15 9. 

Incidence
The risk of developing OSA is associated with body mass index (BMI)50,78,79 and 
age73,79,80. In a large cross-sectional analysis of the sleep heart health study, the as-
sociation between BMI and OSA seemed to decrease with increasing ag e81. Longitu-
dinal studies have also found an independent association between OSA and BMI, as 
well as between age and OSA and between sex and O SA82, where the effect of age and 
BMI was attenuated with increasing age. The large increase in sleep apnea in older 
individuals appears to be driven by two different phenomena: an increase in mild and 
moderate OSA but a rather consistent prevalence of severe OSA in combination with 
an increase in CSA, where the majority of cases have a high  AHI73. 

The incidence of OSAS also increases with age but seems to reach a plateau at around 
65 years of age, mimicking the incidence curve for severe OSA without daytime 
sleepi ness73.

Treatment of OSA
The fi rst line treatment of OSA is continuous positive airway pressure (CPAP), ap-
plied via an external air pump. By mechanically stretching out the upper airways, 
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CPAP, as long as applied, essentially abolishes obstructive events in a majority of 
patients48. Other treatment modalities include active weight loss for obese individuals, 
intraoral devices (enlarging the pharyngeal airway by moving tongue or mandible an-
teriorly61) and surgical approaches (uvulopalatopharyngoplasty49, and in severe cases, 
tracheostomy45). 

Obstructive sleep apnea and comorbidities

OSA has been associated with several CVDs11,83, such as atrial fi brillation21,84,85, 
s troke27, heart failure28,86,87, pulmonary hypert ension25, aortic disease88,89, the metabolic 
s yndrome90, diabetes18,91, a nd death9. The studies addressed within the scope of this 
thesis analyze the relationship between OSA and hypertension as well as between 
OSA and CAD and therefore the thesis will focus on the relationship of those two 
diagnoses to OSA, and the pathophysiological mechanism caused by OSA that could 
induce them.        

OSA and hypertension 
A direct link between OSA and hypertension is well documented both through cross-
sectional55,92,93 and longitudinal studies94 in the general population. However, the as-
sociation is more pronounced in younger individuals. Moreover, in the young and 
middle-aged patients with OSA, increased BMI seems to play a minor role in the 
increased risk of having hypertension93,95,96, though there are longitudinal studies that 
could not confi rm this. Thus, the data for the general population is inconclusive97,98.

In a cross-sectional analysis of a sleep clinic cohort, the odds ratio (OR) of having 
hypertension increased by 1% for each unit increase in AHI, independent of other risk 
factors99. Grote et al. showed in another cross-sectional study on sleep clinic patients 
that the risk of uncontrolled hypertension increases by 2% for each unit increase in 
the respiratory disturbance index (RDI) which was used in this study in a similar way 
as other studies have used AHI. A good quality longitudinal cohort study by Marin et 
al. followed 1,889 patients from a sleep clinic cohort for 12.2 years to detect whether 
treatment of OSA with CPAP reduced the incidence of hypertension. The results of 
this study showed that OSA patients had higher relative risk of hypertension, but 
treatment of OSA with CPAP removed  this risk100. Finally Barbé et al. studied 725 
patients from a sleep clinic who had OSA but not daytime sleepiness, and randomized 
them to CPAP or no CPAP for 4.5 years to study whether CPAP decreased the risk 
of developing hypertension or cardiovascular events. This study could not confi rm 
the result Marin showed, although the authors argued that their study may have been 
underpowered. 

Several RCTs have been conducted addressing the effect of CPAP on hypertension. 
In a meta-analysis of 30 RCTs from 2013, Fave et al. concluded that a modest but 
signifi cant effect of CPAP on blood pressure could be expected (2.6 ± 0.5 for systolic 
blood pressure and 2.0 ± 0.5 for diastolic blood pressure)101. However, there were very 
few trials that had hypertension among the inclusion criteria, which might bias the 
result towards non-signifi cance. Only one study, conducted by Duran Cantolla et al., 
was based on a cohort of patients with newly diagnosed hypertension, where the par-
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ticipants were recruited from primary care facilities and not from a sleep clinic cohort 
or from a resistant hypertens ion cohort102. In this study they found a slight reduction 
of blood pressure: 3 mmHg in main ambulatory blood pressure in response to CPAP 
treatment.

There are however, reports, on subgroups with high OSA prevalence who might ben-
efi t more from CPAP treatment e.g. resistant hypertension103,104, those with high blood 
pressure  at baseline101, those with OSA and daytime sleepiness105 , and those without 
blood pressur e treatment106.

A dipping blood pressure pattern is defi ned as a 10% decrease in mean night-time 
blood pressure compared to daytime blood pressure1. Patients with OSA have to a 
greater degree a non-dipping blood pressure pattern during night-time107. Not having 
this decrease has been shown to predict a poor outcome. In patients from a sleep clinic 
cohort, treatment with CPAP can eliminate the non-dipping pattern. Other factors that 
predict a poor outcome in patients with hypertension are increased night-time blood 
pressure and increased blood pressure rise in the morning1.  

OSA and coronary artery disease
Most of the early studies of a possible correlation between OSA and CAD report 
some type of association, but the results are inconsistent, hampered by small sample 
size or have problems adjusting for confounding factors such as age, comorbid ity, 
and BMI108-110. However, later studies have shown an association between OSA and 
increased CAD in both sleep lab cohort studies and in case-co ntrol studies111-115.

Longitudinal cohort studies of the general population have shown an association be-
tween OSA and CAD events, especially in men with severe OSA who are below 7 0 
years of age9. 

In cohort studies of patients with CAD, the risk of new cardiovascular event s was 
increased116-118. However, there is a lack of RCTs addressing this issue.  
 
Infl ammation
Low-grade infl ammation has been defi ned as “a complex set of interactions among 
soluble factors, and cells that can arise in any tissue in response to traumatic, infec-
tious, post-ischemic, toxic or autoimmune injury”119. It is one of at least three essential 
factors involved in the development of an arteriosclerotic plaque. In addition to in-
fl ammation, oxidized low density lipoprotein (LDL) and hemodynamic strain are also 
 vital  components120-123. Circulating infl ammatory markers have lately been proposed 
as a factor to evaluate the risk of CVD in several disease cohorts. An association be-
tween low-grade infl ammatory markers in blood and CAD, as well as with hyperten-
sion,  has been suggested124-128. Four markers were studied in the scope of this thesis, 
as outlined below.     

Hs-CRP
The most studied marker of low-grade infl ammation is high sensitive C-reactive pro-
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tein (hs-CRP). The fi rst acute-phase marker to be discovered, it is mainly produced 
in the liver, primarily under the transcriptional control of interleukin-6 (IL-6). It has 
a fast production onset with concentrations rising above 5mg/L in only six hours and 
peaks after approximately 48 hours. The half-life is 19 h and it remains unchanging 
through health or disease. Thus, the only factor infl uencing its concentrations is the 
production rate. It is therefore a good predictor of the intensity in the pathophysiologi-
cal process stimulati ng this production129.The concentrations of hs-CRP in the general 
population are low and increases somewhat with age, from 1mg/L in the youngest age 
to 2 mg/L in the oldest, with women tending to have higher values than men130. The 
values seen in a healthy blood-donor cohort were somewhat lower131 than what had 
been reported in the general population130,  refl ecting a higher level of subclinical dis-
ease. This is also thought to account for the increase in hs-CRP with age130. Moreover, 
Pepys et al. report that an individual’s hs-CRP concentrations are very stable over 
time with little variability other than occasional spikes induced by minor or subclini-
cal infecti ons or infl ammations129.

Hs-CRP increase, already at very low levels, has been associated with increased risk 
of having both hypertension128 and CAD, both in the general population and in sub-
cohorts with ischemic heart disease132,133. Furthermore, using hs-CRP to identify pa-
tients at high risk and then treating them with statins has been shown to reduce the 
incidence of major cardiovascular events134,135. 

Patients with OSA have increased con centrations of hs-CRP136. Treatment of OSA 
with CPAP seems to reduc e these concentrations137, even though there are studies that 
failed to show this e ffect of CPAP treatment137. 

Little is known about hs-CRP concentrations in patients from a CAD cohort screened 
for OSA, or whether OSA infl uences the increased hs-CRP levels seen in CAD pa-
tients.   
                    
Interleukin-6
Interleukin-6 (IL-6) is a cytokine secreted by several cells (macrophages, smooth 
muscle cells, T-cells, adipose tissue, and endothelial cells). It induces differentiation 
of myeloid cells, proliferation of smooth muscle cells and secretion of acute-phase 
proteins. In animal models a dual function has been observed: on the one hand, treat-
ment of mice with IL-6 showed increased fatty streak size, and on the other hand, IL-6 
knockout mice suffered from more atherosclerotic plaque at one year of age138.

A recent meta-analysis by Danesh et al. showed a 1.61 OR for developing myocardial 
infarct or death for each 2 SD increase in I L-6 compared to baseline125. Moreover, 
IL-6 is higher in patients with unstable angina compared to those with stable angina139. 
Furthermore, in patients treated for acute coronary syndrome in the FRISC II trial, in-
creased levels of IL-6 predicted death independently of  whether CPR was elevated140.
A meta-analysis by Nadeem et al. showed that in many case-control and cross-sec-
tional studies, IL-6 levels are ele vated in patients with OSA136. However, not all stud-
ies could replicate this correlation, and the most important confounding factor for this 
is probably obesity, because it also correlates wit h OSA and with IL-6141,142.  
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Interestingly, IL-6 inversely correlates with cognitive performance in subjects  from 
the general population143. Something that is seen in OSA patients as well144, opening 
for a possible mechanism through which OSA infl uences the brain.      
      
Tumor necrosis factor alpha (TNFα)
Tumor necrosis factor alpha (TNFα) is a cytokine that among other things induces 
the NFκB genetic infl ammatory pathway, which leads to increased infl ammatory ac-
tivity138. Even though less studied than hsCRP and IL-6, TNFα has been shown to 
b e associated with risk of CVD145. In OSA patients, CPAP treatme nt reduces TNFα 
concentrations137.   

Interleukin-8
Of the four cytokines studied in this thesis, interleukin-8 (IL-8) is the least well docu-
mented. However there are reports indicating an association with CAD i n otherwise 
healthy individuals146. In sleep lab cohorts, the concentration of IL-8 seems to be in-
creased and declines after CPAP treatment; however, the number of studies co nducted 
on this marker is sparse136.  

Renin-Angiotensin-Aldosterone System
The renin-angiotensin-aldosterone System (RAAS) is vital for salt regulation as well 
as hemodynamic control in the body. A dysregulation of the system causes stimulation 
and perpetuation of arterio scl erotic plaque and hypertension147,148. The system is not 
as fully studied as the sympathetic system is in the context of OSA, but OSA is espe-
cially prevalent in resistant hypertension. A study by Gonzaga et al. found high levels 
of plasma aldosterone levels in the patients with OSA and resistant hypertension, and 
the aldosterone levels were correlated with AHI among those who had elevated aldo-
sterone levels but not in the group wit h normal aldosterone concentrations149. 

In another study by Gaddam et al. on patients with resistant hypertension and OSA, 
treatment with aldosterone antagonists improved not only hypertensio n but also OSA 
with decreases in AHI150. This has also been observed i n patients with OSA and heart 
failure64. In this study, the observed improvement of OSA after treatment with spi-
ronolactone in heart failure patients was explained by decreased fl uid volumes rather 
than decreased aldosterone levels per se. If the aldosterone or renin levels are not 
increased, the treatment of OSA with CPAP does not reduce the concentrations of any 
of the hormones151. However, in a study on patients with resistant hypertension, the 
aldosterone levels were elevated, and in that cohort the co ncentrations were associ-
ated with OSA152, indicating that it is in those with resistant hypertension that the link 
between RAAS and OSA exists. However, in a recently published study by Nicholl et 
al.153 on normotensive patients with OSA showed that CPAP treatment reduces RAAS 
activity in normotensives as well. Albeit the data is sparse and inconclusive it indi-
cates a possible link between OSA and hypertension in some individuals. 

Sympathetic activity
Obstructive apneas often end with an arousal accompanied by an increase in the sym-
pathetic activity154. Repetitive hypoxia and large oscillations in intrathoracic pressure 
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due to collapse of the upper airways in OSA patients may cause an overactive sympa-
thetic system155. Strikingly, OSA patients continue to have repetitive bursts of sympa-
thetic activity and increased sympathetic activity even during the day155, demonstrated 
by microneurography, and increased catecholamine levels both in plasma and urine. 
Indeed, increased and variable heart rate and blood pressure have been observed in 
OSA patients compared to normal subjects during wakefulness156. As the altered car-
diovascular variability due to the dysfunction of autonomic cardiovascular regulation 
predicts morbidity and mortality in patients with hypertension, diabetes, heart failure, 
and CAD; this may be the case even for OSA patients who experience CVD. Obesity 
can, in this context, be considered the main confounding factor. However, it has been 
shown that obesity in the absence of OSA is not accompanied by increased sympa-
thetic activity157. 

Sympathetic overactivity can be diminished, and impaired autonomic dysfunction re-
versed, by effective CPAP therapy158. Moreover, CPAP withdrawal even for one week 
has been found to be associated with a marked increase in sympathetic activity154.  On 
the other hand, CPAP leads to signifi cant reductions in plasma norepinephrine levels 
both by increases in norepinephrine clearance and decreases in diurnal and nocturnal 
excretion compared with placebo or oxygen therapy155. CPAP has been shown to be 
effective in lowering of daytime muscle sympathetic nerve activity and reducing sen-
sitivity of the arterial barorefl ex both during wakefulness and sleep159,160. The increase 
in barorefl ex control of heart rate during sleep may be of clinical relevance since it is 
accompanied by reduced cardiovascular variability which is an independent cardio-
vascular risk factor.

Gaps in knowledge 

In spite of the growing evidence regarding the independent relationship between OSA 
and CVD, the cardiovascular mechanisms and impact of CPAP treatment are poor-
ly understood. Moreover, a causal relation between OSA and CVD is not defi nitely 
established. To date, few well-designed clinical trials have addressed this subject. 
Therefore the research programme of this thesis focuses on prospective, randomized, 
controlled trials studying interventions with CPAP. The research was conducted with 
two specifi c cohorts of patients: one with newly diagnosed, untreated hypertension, 
and the other, consisting of newly revascularized patients with established CAD. 

LosartanPAP – research questions
There is, as previously described, a well-established association between hyperten-
sion and OSA. However, whether the increase in blood pressure during the whole 
24-hour period, and not just in association with the apneas, is a direct cause of OSA 
is currently debated. Several mechanisms have been proposed to support a causal 
association. However, this is poorly studied, especially in cohorts of untreated hy-
pertensive patients who have never attended a sleep clinic. Both infl ammation, and 
sympathetic activity have been found to be pathologically infl uenced by OSA. How 
much the RAAS activity, and the medication that affects RAAS activity, is infl uenced 
by OSA and treatment of OSA is poorly understood. 
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RICCADSA – research questions
There are no previous RCTs which address whether OSA in CAD patients increases 
the risk of new cardiovascular events or death. Moreover, most studies of the mecha-
nisms that could be involved in the link between OSA and CVD have been carried 
out on patients from a sleep lab cohort. Information about how the pathophysiologi-
cal mechanisms induced by OSA are manifested in patients with already established 
severe CAD is sparsely described.   
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AIM

“Sleep is the interest we have to pay on the capital which is called in at death; and the 
higher the rate of interest and the more regularly it is paid, the further the date of redemp-
tion is postponed.”       - Arthur Schopenhauer

The overall aim of this study was to explore the association between OSA and CVD, 
with special focus on hormonal and infl ammatory mechanisms that could mediate 
this linkage. A further aim was to investigate the impact of  CPAP treatment on these 
mechanisms. 

Specifi c aims

Paper I   To study whether circulating infl ammatory markers are elevated in 
subjects with OSA and stable newly revascularized CAD, compared 
with similar subjects without OSA.  

Paper II  A: To study whether patients with new-onset hypertension and con-
comitant OSA respond differently to blood pressure treatment with 
the angiotensin receptor blocker (ARB) losartan, compared to the hy-
pertensive patients without OSA. 

   B: To study the  impact of add-on CPAP treatment on blood pressure  
in patients with new-onset hypertension and concomitant OSA.

Paper III  A: To study whether CPAP treatment of OSA in patients with revas-
cularized CAD decreases levels of circulating infl ammatory markers.

   B: To study whether sleepy and non-sleepy patients with OSA and 
revascularized CAD differ with regard to circulating infl ammatory 
markers at baseline and after CPAP treatment.  

Paper IV  A: To study whether levels of circulating neurohormonal and infl am-
matory markers differ between patients with new-onset hypertension 
depending on whether they have concomitant OSA.

   B: To study whether CPAP treatment of OSA reduces circulating neu-
rohormonal and infl ammatory markers in patients with new-onset hy-
pertension.

Study overview (what it adds to the fi eld)

Paper I
The fi rst paper is a cross-sectional analysis in which we compared levels of circulat-
ing infl ammatory markers (IL-6, IL-8, TNFα, and hs-CRP) in patients from the RIC-
CADSA trial with revascularized CAD with and without OSA. It gives new insight 
into the association between OSA and CAD infl ammation, because to date, very few 
studies have been conducted on how these three entities  are associated  in a cohort 
where all patients had CAD.  
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Paper II
The second paper is an RCT which investigating how well ARB works on patients 
with hypertension and OSA, and whether add-on treatment with CPAP loweres blood 
pressure further. It is the fi rst RCT in the fi eld that investigates the effect of CPAP as 
an add-on treatment in patients with new-onset hypertension, and one of very few 
RCTs that investigates the effect of CPAP on blood pressure in a cohort of patients 
with newly discovered hypertension.    

Paper III  
In the third paper we have focused on how CPAP affects circulating infl ammatory 
markers in revascularized patients with CAD and OSA. It is to date, one of the largest 
RCTs addressing the effect of CPAP on circulating infl ammatory markers, and the fi rst 
conducted in a CAD cohort.    

Paper IV
In the fourth paper, we studied the same cohort as in paper II but now addressed how 
neurohormonal and infl ammatory activity was infl uenced by CPAP treatment. This 
RCT adds new information to the fi eld of OSA and hypertension regarding these car-
diovascular mechanisms involved in a cohort of new-onset CVD.       
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PATIENTS AND METHODS

“Sleep: a poor substitute for caffeine!”
                       - Wally Shawn

Evaluation of literature

Systemic searches of literature were performed before and during the period of the 
studies. The following search terms were used: “hypertension and OSA”, “Coronary 
artery disease and OSA”, “Cardiovascular disease and OSA, infl ammation and OSA”, 
“Renin-Angiotensin-Aldosterone System and OSA”, and “Sympathetic activity and 
OSA”. Searches were restricted to English literature and for some of the topics limited 
to core clinical journals. Literature not directly linked to the research questions of this 
thesis were searched in a more general manner. The main database used was PubMed. 
However, occasionally Scopus, Cochrane, and Google Scholar were used.   

Study design

The results of the four papers in this thesis originate from two different RCTs: the 
RICCADSA trial (paper I and paper III) and the LosartanPAP trial (paper II and paper 
IV). Thus, unless otherwise specifi ed, references to the RICCADSA trial relate to 
paper I and paper III, and references to the LosartanPAP trial relate to paper II and 
paper IV. 

RICCADSA (paper I)
This was a cross-sectional, case-control study on a subsample of the baseline popula-
tion of the RICCADSA trial. It investigated differences in circulating infl ammation in 
a revascularized cohort of patients with CAD, comparing patients with concomitant 
OSA to those without. The endpoints of this study were pre-specifi ed in  the protocol 
of the main RICCADSA trial161.

LosartanPAP (paper II)
Phase 1: This was a 2:1 multicenter case-control (OSA vs non-OSA) trial, investi-
gating the difference in blood pressure response after 50mg losartan treatment for 
six weeks in patients with newly diagnosed hypertension, comparing patients with 
concomitant OSA to those without. Phase 2: This was a 1:1 randomized, open, multi-
center case-control (CPAP treatment versus no CPAP) trial with an additional follow-
up arm, investigating the difference in blood pressure response to CPAP treatment for 
six weeks on top of losartan in patients with newly diagnosed hypertension and with 
concomitant OSA.  

RICCADSA (paper III)
This was a 1:1 randomized, open, multicenter case-control trial with additional pas-
sive non randomized control arms. The study duration was one year follow-up from 
inclusion. It is a substudy pre-specifi ed in  the protocol of the main RICCADSA trial161. 
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LosartanPAP (paper IV)
Phase 1: This was a 2:1 multicenter case-control (OSA vs non-OSA) trial, investigat-
ing the response in RAAS activity, sympathetic activity, and circulating infl ammatory 
markers in response to 50mg losartan treatment for six weeks in patients with newly 
diagnosed hypertension comparing patients with concomitant OSA to those without. 

Phase 2: This was a 1:1 randomized, open, multicenter case-control (CPAP treatment 
versus no CPAP) trial with an additional follow-up arm, investigating the RAAS ac-
tivity, sympathetic activity and circulating infl ammatory markers in response to CPAP 
treatment for six weeks on top of losartan in patients with newly diagnosed hyperten-
sion and with concomitant OSA.  

The rationale and design of the RICCADSA trial has been published as well as the 
baseline characteristics of the whole RICCADSA populations161,162. The design of the 
LosartanPAP study has not been published in a peer-reviewed article. 

Both studies are registered with ClinicalTrials.gov (NCT 00519597 and NCT 
00701428, respectively), as well as with the national researchweb.org (FoU i Sverige 
– Research and development in Sweden; nr VGSKAS-4731; 04.29.2005, and nr VG-
SKAS-10375; 04.27.2007, respectively).          

Participants and settings

RICCADSA
The target population of the main RICCADSA study comprised adult patients with 
angiography-verifi ed CAD who had undergone percutaneous coronary intervention 
(PCI) or coronary artery bypass graft (CABG) in Skaraborg County, West Sweden, 
in the previous six months, and had an AHI <5 or AHI ≥15 during a sleep study. 
Patients with existing OSA, an AHI of 5.0-14.9/h, and predominantly central apneas 
with Cheyne-Stokes respiration were excluded (Figure 3). 

Patients were included in the study between December 2005 and November 2010, and 
follow-up was completed in May 2013. Patients were recruited from two hospitals 
with training and research facilities serving a population of approximately 250,000 
living in the Skaraborg county of Västra Götaland, Sweden. PCI was performed either 
as an elective or acute/subacute procedure at the hospital in Skövde or at the Sahl-
grenska University Hospital in Gothenburg, which is the regional hospital. CABG 
was performed in Gothenburg, and all patients were moved to the study hospitals in 
Skövde or Lidköping when clinically stable after revascularization. Eligible patients 
who gave informed consent to participate in the study were referred to the Sleep 
Medicine Unit in Skövde for a sleep studies. Fasting blood samples were collected in 
the morning at time of study inclusion. The procedure was repeated after three months 
and after one year (only the one-year repetition has been used in the article IV). 

Patients for whom the blood pressure could not be analyzed, (e.g. hemolysis in the 
blood sample) were excluded from the sub-analyses presented in this thesis (paper I 
and paper III).    
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Patients with obesity (BMI ≥30 kg/m2) and systolic heart failure (LVEF <50%) were 
excluded from the analysis conducted in Paper I because these are both major con-
founders which could induce low-grade infl ammation. Since the main analysis in 
paper III is based on a comparison of randomized groups, the randomization was 
expected to adjust for these factors, and therefore patients with systolic heart failure 
and patients with obesity were included in the cohort of this paper.   

1291 Patients with CAD were assessed for eligibility 
between December 2005 and November 2010 

  

662 Underwent cardio-respiratory polygraphy at home and  
answered the ESS questionnaire 

  

629 Were excluded 
          32 Had known OSA 

597 Were not interested in the    
study 

151 Were excluded 
101 Had borderline OSA  (AHI 5.0-

14.9 h
-1

) 
21 Had dominantly CSA/CSR           
29 Declined further investigations 

511 Met the inclusion criteria for the main RICCADSA trial 
  

No-sleepy OSA 
(AHI 15; ESS<10) 

Randomized 

 Sleepy OSA 
  (AHI 15; 
ESS 10)     

Received CPAP 
(n=134)

  
Assigned to 

CPAP (n=104) 

 
Assigned to  
nonCPAP  
(n=108) 

 nonOSA 
  (AHI<5)     

 Followed-up  
(n=100) 

  
126 used CPAP 

at 3 months 
116 used CPAP 

        at 1 year 

  
82 used CPAP at 

3 months 
73 used CPAP 

        at 1 year 

     
5 used CPAP 

       at 3 months      
6 used CPAP 

       at 1 year         

   
100 Followed the 

         protocol  
  

446 Had blood samples that could be analysed both at baseline and 1 year visit 
  

Figure 3. Flow chart of the patients included in the RCT of the RICCADSA trial (paper III).
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LosartanPAP
Subjects were recruited from the participants in the Prospective Urban Rural Epide-
miology (PURE) study (an epidemiologic multinational study of cardiovascula r risk 
factors in the general population)163 and through newspaper advertisements, as well as 
through referrals to the study from general or private practitioners. Two centers from 
the west region of Sweden were involved in the recruitment: Skaraborg hospital, with 
a catchment area of 250 000 individuals from a mixed rural and urban population of 
mainly Caucasian inhabitants, and Sahlgrenska University hospital, with a catchment 
area of 250 000 individuals from an urban population of mainly Caucasian inhabit-
ants. 

The subjects with newly diagnosed and never-treated hypertension (offi ce-based SBP 
≥140 mm Hg, DBP ≥90 mm Hg, or both) were invited to participate. After the initial 
screening, patients were excluded if they had normal blood pressure at study entry, 
uncontrolled malignant hypertension, borderline OSA, e.g. an AHI between 5 and 
14.9, morbid obesity (BMI ≥35), or other serious disease (e.g. cancer, cardiac disease, 
manifest diabetes, or pulmonary embolism). Patients were also excluded if they were 
unable to give informed consent or if they had received any medical treatment for 
hypertension for more than six months. Subjects who were hypertensive and had been 
on a single antihypertensive agent for less than six months were allowed to participate 
if they stopped the treatment two weeks prior to entering the study. The hypertension 
diagnosis was established by the patient’s general practitioner or independently by 
another study physician. The diagnosis of hypertension was based on the defi nition i n 
the 2007 ESH/ESC hypertension guidelines164 (Figure 4).

In paper IV, if a patient had insuffi cient blood samples that subject were excluded 
from the analysis where that variable we evaluated. 

Changes to methods after trial commencement

LosartanPAP
The original research plan was to conduct two studies with 90 participants (60 with 
OSA and 30 without OSA) in each study. Since we did not want to adjust for gender, 
we planned fi rst a study on 90 men followed by the same study on women. We started 
with the male subjects since OSA is more common among men and we therefore 
thought that the inclusion rate would be higher. Moreover, published studies at the 
time indicated that hypertension might be more strongly associated with OSA among 
men than among women. We planned to then compare the two study results from a 
gender perspective (which could have been post-doctoral research). 

However the inclusion rate was low in the fi rst (male) LosartanPAP study, and we 
realized in 2010, that it would not be possible to include 90+90 individuals as we ini-
tially hoped. We therefore amended the protocol including women in the same study. 
By doing so, the inclusion rate was increased to address the primary research question 
but the sample size was not suffi cient to address the possible gender differences in 
that context. 
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Assessed for eligibility (n = 134) 

Included in the open-labelled study with losartan 50 mg daily
(n = 91) 

OSA
(n = 55) 

Non-OSA
(n = 36) 

Analyzed after the first period 
(n = 35) 

Completed trial 
Non-OSA
(n = 34) 
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Included in the second period 
(n = 34) 

Excluded (n = 43) 
   Not meeting inclusion criteria (n = 24) 
   Declined to participate (n = 16) 
   Other reasons (n = 3) 

Excluded due to pulmonary 
embolism( n=1) 

Analyzed after the first period 
(n = 54) 

Excluded due to alcohol  
abuse (n = 1) 
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Protocol violation  
(n = 1) 

Randomised
(n = 48) 

Excluded n= 6) 
   Malignant hypertension (N=1) 
  Declined to participate (N=5)

Allocated to CPAP 
(n = 25) 

Allocated to non-CPAP 
(n = 23) 

Completed trial
OSA on CPAP 

(n = 24) 

Completed trial
OSA non-CPAP 

(n = 23) 

Excluded (n = 1) 
   Malignant hypertension (N=1) 

Figure 4. Flow chart of the patients included in the RCT of the RICCADSA trial (paper II 
and paper IV).

RICCADSA
In the main RICCADSA trial, an interim analysis blinded to randomization group in 
non-sleepy OSA patients that was performed in February 2010 revealed an incident 
rate of 21%, and a CPAP adherence rate of 60% at one year, resulting in a protocol 
amendment. With an enlarged sample size of 242 patients (121 in each of the random-
ization arms) and an extended follow-up period for the main study of between two 
years and seven years, a signifi cant risk reduction for the primary endpoint from 25% 
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to 12% was hypothesized (instead of the 10% initially assumed). Since the current 
thesis addresses secondary endpoints of the RICCADSA trial, this change directly 
infl uences the sample size of the two papers in this thesis  (paper I and paper III). 

Interventions

RICCADSA baseline (paper I)
No intervention.

RICCADSA follow-up (paper III)
Randomized to intervention with CPAP for one year.

LosartanPAP (papers II and IV)
Phase 1: Intervention with 50 mg losartan for six weeks.

Phase 2: Randomized to intervention with CPAP in addition to 50 mg losartan for six 
weeks.

Outcomes

RICCADSA baseline (paper I)
Cross-sectional difference in concentrations of circulating infl ammatory markers (hs-
CRP, IL-6, TNFα, and IL-8) at baseline.

LosartanPAP (paper II)
Difference in  24-h mean systolic blood pressure (SBP), mean diastolic blood pres-
sure (DBP) and mean atrial blood pressure (MAP); mean night-time (22:00–07:00) 
SBP, DBP, and MAP; mean daytime (07:00–22:00) SBP, DBP, MAP; difference in the 
proportion of patients who had dipping blood pressure pattern; and the proportion of 
patients with optimally treated 24-h blood pressure.   

RICCADSA follow-up (paper III)
Difference in circulating infl ammatory markers (hs-CRP, IL-6, TNFα and IL-8) after 
one year of CPAP treatment.

LosartanPAP (paper IV)
Difference in RAAS activity: renin and aldosterone concentrations in blood (baseline, 
after six weeks, and after 12 weeks) as well as difference in change after six weeks 
and after 12 weeks.

Difference in sympathetic activity: adrenaline and noradrenaline concentrations in 
blood (baseline, after six weeks and after 12 weeks) as well as difference after six 
weeks and after 12 weeks.
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Difference in circulating infl ammatory activity: hs-CRP, IL-6, TNFα and IL-8, con-
centrations in blood (baseline, after six weeks, and after 12 weeks) as well as differ-
ence after six weeks and after 12 weeks.

Adjustments for potential confounders

A confounder is a factor which is associated both with the effect variable and the out-
come variable, thus it is diffi cult to conclude which of two variables could cause an 
effect on the outcome variable. Furthermore, the confounding variable should not be 
an effect of the effect variable.

To avoid confounders we used several methods:
        •  We stratifi ed the randomization (for gender in LosartanPAP and for gender and 

type of intervention in RICCADSA).
        • We excluded patients with major confounders in the cross-sectional study.
        •  We adjusted for variables associated with the outcome variable in the multivari-

ate analysis.

Potential effect modifi ers

The link between OSA and CVD has in some studies been reported to differ with age, 
gender, and BMI. Thus, these three variables could possibly be effect modifi ers. How-
ever, when trying to do subgroup analyses stratifi ed for these variables, the subgroups 
became very small. In the RICCADSA population with obesity, only 8 out of 140 did 
not have OSA. In the LosartanPAP trial, the cohort was even smaller, which made it 
even more diffi cult to do subgroup analyses. We therefore refrained from doing such 
analyses.

Diagnostic criteria

In all four papers, OSA was defi ned as having an AHI ≥15/h. However, in Paper I 
an additional parallel defi nition was used for OSA based on ODI ≥5/h to investigate 
whether desaturation per se or hypopneas with or without desaturations is the most 
important link in the association between OSA and infl ammation.

Hypertension diagnosis as an inclusion criterion in the LosartanPAP trial was based 
on a systolic blood pressure above 140 mmHg and/or a diastolic blood pressure above 
90 mmHg on three or more different occasions, or a documented hypertension diagno-
sis set by a study-independent physician. Moreover, no patients were included in the 
study if they did not have hypertension (a mean blood pressure above 130/80 mmHg) 
at the baseline 24-hour ABPM1. 

In the RICCADSA trial, the hypertension diagnosis was less rigorously controlled 
since it was not an outcome variable but only included in the study as comorbidity. A 
patient was defi ned as hypertensive if it was documented in the medical records that 
they suffered from hypertension.   
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Sample size
RICCADSA (paper I and paper III)
The sample size was calculated for the power of the main RICCADSA trial. No power 
calculation was conducted to verify the numbers needed to detect a certain difference 
in infl ammatory markers. The sample size was thus defi ned by the number in the main 
RICCADSA trial (n=511) and excluding those without analyzable blood samples.

LosartanPAP (paper II)
In a substudy of the LIFE trial on otherwise healthy individuals, losartan, 100 mg by 
mouth daily, redu ced SBP by 30.2 mmHg and DBP by 16.7 mmHg16 5. In another study 
by Minami and colleagues166, losartan, 50 mg by mouth daily, reduced the mean SBP 
and DBP by 11 mmHg and 10 mmHg, respectively, in patients with hypertension. 
Based on these fi ndings, our initial sample size was calculated on an assumption that 
losartan would reduce mean 24-h SBP and DBP, each by approximately 10 mmHg. 
Based on this assumption, the study was designed to detect whether CPAP treatment 
as add-on therapy to losartan would further reduce SBP and DBP by at least 5 mmHg 
(±5 mmHg), compared with patients treated for the second six weeks with only losar-
tan. 

Our initial calculation was based on a power of 90% (with a two-sided signifi cance 
level of 0.05), which required at least 22 patients in each arm to detect the above-
mentioned levels of blood pressure changes. After accounting for the probability of 
dropout, we initially planned to include 30 patients in each arm. However, due to the 
slow recruitment rate, we had to make a new calculation based on 80% power with the 
same signifi cance level, which required at least 16 patients in each arm. Adding eight 
dropout and/or noncompliant subjects resulted in at least 24 patients in each group. 
With this sample size we would be able to detect a difference in reduction of a mean 
of 5 mmHg with a SD of 5 mmHg in the fi rst phase of the study as well.   

LosartanPAP (paper VI)
No power calculation was conducted for this study. The sample size was defi ned by 
the number in the main LosartanPAP trial (paper II).

Randomization

RICCADSA (paper I)
In this cross-sectional study, no randomization was conducted.

LosartanPAP (paper II and IV)
During the second part of the trial, the cohort was stratifi ed according to sex. After six 
weeks of treatment with losartan, patients with OSA continued treatment with losartan 
and were randomly assigned 1:1 to treatment either with or without CPAP. The CPAP 
allocation sequence was manually generated by the senior physician responsible for 
the trial (YP), who was not involved in the recruitment or randomization procedure. 
Participants were randomly assigned in order of appearance (random number table: 
CPAP versus a control group with no CPAP). 
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RICCADSA (paper III)
The 1:1 random assignment of patients with CAD and non-sleepy OSA was sched-
uled by the sealed envelope system with a block size of eight patients (four CPAP, 
four controls) stratifi ed by gender and revascularization type (PCI/CABG). Thus, four 
groups of sealed envelopes (eight in each group: PCI men, PCI women, CABG men, 
and CABG women) were prepared in advance by the senior physician responsible for 
the trial (YP) and the study nurse. The patients were enrolled in the randomization 
procedure in the morning after overnight PSG, scheduled by the study nurse with 
no knowledge about the details of the patient characteristics and comorbidity data. 
Non-sleepy OSA patients randomized to treatment, and CAD patients with sleepy 
OSA phenotype (ESS score ≥10) who were offered CPAP treatment were informed 
about the technical procedure in the morning after overnight PSG and provided with 
an automatic (self-titrating) CPAP device (S8®, or S9®; ResMed, San Diego CA, 
USA) plus a nasal or full-face mask and humidifi er by trained staff at the study center. 
All patients assigned to CPAP treatment were instructed to use the device at home 
every night for at least four hours, contacted by telephone after one week, and given 
a check-up in the clinic after one month, three months, six months, one year, and then 
yearly until the end of the main study. Non-sleepy OSA patients who were random-
ized to the control group and who were obese were given advice about weight reduc-
tion, and all OSA patients randomized to the control group were informed about the 
tennis ball technique to avoid the supine position during sleep.

Data sources
Ambulatory blood pressure measurements

The 24-h ABPM was conducted using Spacelabs 90217 (Spacelabs Medical, Sno-
qualmie, WA). The fi rst ABPM was conducted on a separate day after the sleep 
recording. The 24-h ABPM levels were recorded every 15 minutes during the day 
(07:00-22:00) and every 20 minutes during the night (22:00-07:00). The average 24-h 
blood pressure was calculated from the average blood pressure each hour divided by 
24. The following parameters were studied: the mean systolic blood pressure (SBP), 
the mean diastolic blood pressure (DBP), and the mean arterial pressure (MAP) over 
24 hours as well as during the day (07:00-22:00) and during the night (22:00-07:00). 
In addition, morning blood pressure (06:00-08:00), dipping versus non-dipping pat-
terns (with subjects labeled as dippers if their blood pressure declined by more than 
10% during the night [22:00-07:00] compared with during the day [07:00-22:00]), 
and hour-to-hour blood pressure variability were recorded. Dipping pattern is a well-
established concept used in many previous studies167,168. Patients’ hypertension was 
considered to be optimally treated if the patient had an average SBP of less than 130 
and an average DBP of less than 80 on 24-h ABPM1. Patients who worked shifts (n=9) 
were working the day shift during the time of inclusion in the study as well as at ran-
domization and at the fi nal 24-h ABPM. 

Polygraphy
The sleep study was performed in subjects’ homes using the Embletta Portable Digital 
System (Embla, Broomfi eld, CO, USA) at baseline. The portable, limited-channel, 
sleep recording device consisted of a nasal pressure detector using a nasal cannula/
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pressure transducer system, thoracoabdominal movement detection through two re-
spiratory inductance plethysmography belts, and a fi nger pulse oximeter detecting 
heart rate and oxyhemoglobin saturation (SpO2), as well as body position and move-
ment detection. 

Blood samples
In both the LosartanPAP and RICCADSA trials, all blood samples were collected in 
the morning after the patients had been fasting. Clinical routine blood test such as 
blood glucose, hemoglobin (Hb), creatinine, sodium, and potassium (LosartanPAP 
only), lipids, white and red blood count, thrombocytes, mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), N-terminal prohormone of brain natriuretic peptide (nt proBNP) 
Alkaline phosphatase (ALP), alanine aminotransferase (ALAT), aspartate amino-
transferase (ASAT) (liver status was not included in RICCADSA). In addition, blood 
and plasma were collected, centrifuged and frozen to -70° Celsius and stored for later 
analysis. For analysis of infl ammatory markers, blood samples were sent to Stock-
holm for analysis at the Karolinska Institutet, Huddinge. 

In Stockholm, serum levels of hs-CRP were measured by immunoturbidimetry using 
the infrared immunoassay rate method and the near-infrared particle immunoassay at 
the Karolinska University Laboratory (Solna, Sweden) in a routine clinical analysis. 
The detection limit for hs-CRP was 0.20 mg/L with a measuring range of 0.20–380 
mg/L. The levels of the proinfl ammatory biomarkers IL-6, IL-8, and TNFα were 
analyzed in undiluted plasma samples using commercially available Milliplex MAP 
(based on Luminex technology) human serum adipokine assay kits in accordance with 
the manufacturer’s instructions (Merck Millipore, Billerica, MA). Minimum detect-
able concentrations (the assay sensitivities) for IL-6, IL-8, and TNFα were 0.6, 0.2, 
and 0.14 pg/mL, respectively. 

The concentrations of all samples (undiluted) were observed within the standard 
curve, ranging from 0 to 10,000 pg/mL for the biomarkers IL-6, IL-8, and TNFα. 
The intra-assay and interassay variability (generated from the mean of the percentage 
coeffi cient of variability from multiple reportable results across two different con-
centrations of analytes in one experiment, or from two results each for two different 
concentrations of analytes across several different experiments) were 1.4-7.9% and 
<21%, respectively. Other markers which were beyond the scope of this thesis were 
analyzed in parallel.

In the LosartanPAP study the hormones renin, aldosterone, adrenalin, and noradrena-
lin were analyzed as well. This was done at Sahlgrenska University Hospital in Go-
thenburg. Serum levels of renin, aldosterone, adrenaline, and noradrenaline were 
measured. 

For renin a chemiluminescence immunoassay of sandwich type method was applied 
to do the analysis using the LIAISON® analysis instrument SN 2229002564, Dia-
Sorin. The detection limit for renin was 2.0mIU/L with a measuring range of 2.0–46 
mIU/L where the blood sample will be diluted to values within the range.
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For Aldosterone, a Coat-A-Count procedure was used, which is a fast-phase radioim-
munoassay, based on an aldosterone specifi c antibody attached to the wall of a poly-
propylene tube. Concentration calculations were made using a gamma counter linked 
to MultiCalc calculation program. The detection limit for aldosterone was <30 pmol/L 
with a measuring range of 30–3000 pmol/L.

The catecholamines, adrenaline, and noradrenaline were extracted and concentrated 
from the plasma through absorption, adding aluminum oxide. Unwanted integrations 
such as phosphor lipids were washed off using a diluted base solution. The catechol-
amines was desorbed from the aluminum oxide powder by adding a diluted acid water 
solution. The elute was analyzed using a high pressure chromatographic system with 
reversed phase column (C18) and electronic detection linked to the Chromeleon data 
system.  The detection limit for adrenaline was 0.002 nmol/L with a measuring range 
of 0.02-500 nmol/L. The detection limitation for noradrenaline was 0.18 nmol/L with 
a measuring range of 0.18-500 nmol. The intra-assay variables were 6-11% for renin, 
10% for aldosterone, 8.2%  for adrenaline, and 11.6% for noradrenaline169-171.

Epworth sleepiness scale
Epworth sleepiness scale (ESS) was used to defi ne subjective sleepiness. ESS consists 
of eight questions concerning the propensity to fall asleep during the day. Respon-
dents have to rate their risk from 0 (not at all) to 3 (high risk) of falling asleep under 
different circumstances described by each question. The maximum combined score is 
thus 24. The instrument has been validated as a measure of the risk of falling asleep 
during the day172,173.The cut-off defi ning daytime sleepiness (ESS ≥10) was the cut-off 
used in clinical practice at Skaraborg sleep clinic at the time for the design of both the 
RICCADSA and LosartanPAP study (see appendix for the scale). 

Echocardiography
Echocardiography was conducted at baseline, after three months, and after one year 
in all RICCADSA participants. All investigations were scored by the same physician 
with echocardiography experience (HG). The LVEF which was used to defi ne systolic 
heart failure in paper I was derived from the baseline examinations. All other date 
from these examinations is not the scope of this article.  

Statistical methods
IBM Statistical Package for Social Sciences verison 20.0 (SPSS Inc., Chicago, IL, 
USA) was used to perform all statistical analyses. 

Quality control
All data was extensively checked for data entry errors when they were manually im-
puted in to the SPSS. In RICCADSA, 10% of all the data was re-evaluated to fi nd 
errors by an external monitor which rendered a few errors, but the numbers were 
very low. For LosartanPAP, an external monitor form Gothia Forum manually double-
checked all endpoint values (over 7000 independent values) and found a very low 
number of errors; he also did a random spot-check in the other variables in the SPSS 
fi le with equally low rate of errors. All monitor fi ndings in RICCADSA as well as 
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in LosartanPAP were corrected before analysis of the data started. To fi nd data entry 
errors not found by the monitors, all analyzed variables were checked for minimum 
and maximum values, and all values that could suggest an error were checked against 
the raw data if possible; if this was not possible, they were omitted from the analysis. 
Analyzed variables were also checked for normal distribution and, if not normally dis-
tributed, data transformation was considered; where appropriate, it was transformed 
to the natural logarithm of the original variable.          

Baseline characteristics
The baseline characteristics of the studies in all four papers were presented as mean ± 
SD (standard deviation), for continuous variable or as percent of the total number of 
the categorical variables. 

Differences between groups

Independent sample T-tests were used for comparison of continuous variables between 
two groups (paper I, II, III, and IV), and Mann-Whitney U-test was used for variables 
with non-normal distribution (paper I). For comparison of dichotomous variables, 
Chi-squared test or Fisher’s exact test (two-tailed) was used, depending on group 
sizes in the analysis. For analysis of change in one variable in the same individual on 
two different occasions, paired T-test was used. Comparison of continuous variables 
between more than two groups was carried out with one-way analysis of variance 
(ANOVA) with post hoc Bonferroni correction if equal variance was assumed and 
with Gammes-Howell if unequal variance was assumed.   

Multivariate models were constructed by fi rst doing univariate analysis with all vari-
ables considered as clinically relevant prior to conducting the statistical analysis. Mul-
tivariate models were than created from those variables that were signifi cant in the 
univariate analysis (paper I).  

Ethical considerations
The main protocols of the RICCADSA trial and the LosartanPAP trial were originally 
approved by the ethical committee of Västra Götaland the 15th of August 2005 and 
26th of March 2008 respectively. Several minor amendments were submitted over the 
course of the study. The LosartanPAP study was also approved by the European Medi-
cines Agency and the Medical Products Agency (Sweden) since a drug (losartan) was 
used. Both studies comply with the Declaration of Helsinki174. 

At the fi rst contact with the study staff, all participants in both the RICCADSA and 
the LosartanPAP trial received both oral and written information about the study they 
were to participate in. They all gave written informed consent before inclusion in 
the study. Pathological fi ndings discovered in any patient eligible for RICCADSA or 
LosartanPAP were addressed as soon as they were discovered; if necessary, a referral 
was made to a subspecialist. After the end of the trial, all patients were referred to their 
general practitioner for further assistance regarding blood pressure control and sec-
ondary prevention after revascularization, and to their sleep lab if they were interested 
in treatment for their OSA.   
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SUMMARY OF RESULTS

“Sleep is not on good terms with broken hearts. It will have nothing to do with them.” 
                                                                    -  Christopher Pike

LosartanPAP

Figure 4 (page 37) shows the fl ow chart of the LosartanPAP study, both the fi rst non-
randomized phase, in which patients with newly discovered hypertension and OSA 
were compared to patients with newly discovered hypertension without concomitant 
OSA, and the second phase where OSA patients with and without CPAP treatment 
were compared.  

Paper II
Blood pressure response to losartan and CPAP in hypertension and obstructive sleep 
apnea
In paper II, 24-h ABPM included an assessment every 15 minutes during daytime 
hours and every 20 minutes during the night. Of the 91 patients eligible for the trial, 
two patients were excluded before the fi rst analysis was conducted; thus, 89 patients 
(54 with OSA and 35 without OSA) took part in the analysis. Baseline characteristis 
of the study population is shown in Table 3. 

Abbreviations: OSA refers to obstructive sleep apnea; SpO2, peripheral oxygen saturation; HDL, high-density lipoprotein; LDL; 
low-density lipoprotein. *Continuous variables are expressed as mean ± SD. Means between groups were compared with 
independent sample student t tests, and categorical variables were compared using 2-tailed Pearson 2 tests.  

Characteristic All patients

(n = 89)

Hypertension 

(n = 35)

Hypertension 
+ OSA 
(n = 54)

p
Value*

Age, y 58.6 ± 5.3 58.2 ± 5.6 58.9 ± 4.8 0.558 
Male sex, % 67.4 65.7 68.5 0.783 
Body mass index, kg/m2 27.1 ± 3.5 26.2 ± 3.3 27.8 ± 3.4 0.034 
Waist circumference, cm 97.4 ± 12.6 95.0 ± 14.0 98.9 ± 11.6 0.240 
Abdominal obesity, % 75.4 63.6 82.9 0.100 
Current smoker, % 9.3 6.1 11.5 0.610 
Consumes 14 U alcohol/week, % 10.3 11.4 9.6 0.785 
Shift worker, % 10.1 8.6 11.1 0.930 
Epworth Sleepiness Scale, score 7.9 ± 4.7 5.9 ± 3.1 9.1 ± 4.7 <0.001 
Apnea Hypopnea Index, events/h 18.4 ± 16.5 3.0 ± 1.5 28.3 ± 12.4 NA 
Oxygen Desaturation Index, events/h 8.5 ± 9.6 1.8 ± 1.3 12.9 ± 10.2 NA 
Nocturnal SpO2, %     

Mean  94.0 ± 1.2 94.3 ± 1.1 93.8 ± 1.2 NA 
Time <90 % saturation  2.3 ± 5.5 0.4 ± 1.1 3.7 ± 6.8 NA 
Nadir 85.4 ± 5.0 88.7 ± 3.0 83.4 ± 4.7 NA 

Office-based blood pressure reading, mm Hg 
Systolic  162.0 ± 15.4 157.8 ± 11.8 164.9 ± 16.2 0.035 
Diastolic 95.6 ± 10.4 94.1 ± 9.5 96.5 ± 10.9 0.317 

Laboratory values, mmol/L     
Fasting blood glucose 5.4 ± 0.8 5.2 ± 0.5 5.4 ± 1.0 0.420 
HDL cholesterol  1.6 ± 0.5 1.6 ± 0.5 1.5 ± 0.5 0.599 
LDL-cholesterol  3.6 ± 0.9 3.6 ± 0.8 3.7 ± 1.0 0.616 
Triglycerides  1.2 ± 0.6 1.1 ± 0.5 1.2 ± 0.7 0.616 

Table 3. Baseline characteristics of the LosartanPAP study
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As shown in Table 4, at baseline, patients with OSA, compared with those without 
OSA, had higher 24-h ABPM values, and the differences were most pronounced dur-
ing the night. Moreover, the proportion of patients with a non-dipping BP pattern was 
higher in the OSA group than in the no-OSA group.

Variable, mm Hg No-OSA

(n = 35)

OSA

(n = 54)

p Value* BP change 
difference†

(p value)

Mean 24-h BP      

Systolic      
Baseline 142.2 ± 10.3 146.9 ± 11.9 0.058  
After 6 weeks of treatment 129.6 ± 10.5 137.1 ± 14.3 0.009 2.8 (0.230) 

Diastolic     
Baseline 87.6 ± 7.8 90.2 ± 7.8 0.140  
After 6 weeks of treatment 80.4 ± 7.2 84.5 ± 7.1 0.014 1.5 (0.270) 

Mean arterial     
Baseline 105.8 ± 6.9 108.0 ± 8.0 0.199  
After 6 weeks of treatment 96.8 ± 6.8 101.9 ± 8.7 0.004 2.8 (0.052) 

Mean daytime BP     
Systolic      

Baseline 151.3 ± 11.0 154.8 ± 12.7 0.172  
After 6 weeks of treatment 137.1 ± 10.8 145.2 ± 15.6 0.005 4.6 (0.064) 

Diastolic     
Baseline 94.0 ± 7.1 96.1 ± 7.9 0.145  
After 6 weeks of treatment 85.9 ± 7.0 90.1 ± 7.9 0.016 2.3 (0.097) 

Mean arterial     
Baseline 112.3 ± 7.0 115.0 ± 7.9 0.111  
After 6 weeks of treatment 102.6 ± 7.0 107.9 ± 9.2 0.001 2.6 (0.107) 

Mean nighttime BP     
Systolic     

Baseline 127.7 ± 12.1 134.8 ± 12.9 0.012  
After 6 weeks of treatment 116.8 ± 12.8 123.7 ± 14.2 0.022 0.0 (0.996) 

Diastolic      
Baseline 77.9 ± 9.7 81.3 ± 8.7 0.098  
After 6 weeks of treatment 71.2 ± 8.8 74.8 ± 8.5 0.064 0.2 (0.891) 

Mean arterial     
Baseline 95.1 ± 8.9 99.2 ± 8.9 0.037  
After 6 weeks of treatment 87.3 ± 9.1 91.7 ± 9.6 0.033 0.4 (0.750) 

Mean morning BP     
Systolic      

Baseline 143.4 ± 15.3 145.9 ± 15.8 0.341  
After 6 weeks of treatment 127.3 ± 16.9 137.6 ± 17.1 0.007 7.4 (0.015)

Diastolic      
Baseline 89.6 ± 10.7 91.8 ± 10.4 0.341  
After 6 weeks of treatment 79.7 ± 10.5 86.1 ± 9.8 0.006 3.9 (0.052) 

Mean arterial     
Baseline 107.6 ± 11.2 109.6 ± 11.3 0.437  
After 6 weeks of treatment 96.1 ± 11.5 103.0 ± 11.0 0.006 4.8 (0.030)

Nondippers†, %     
Baseline 14.7 32.7 0.062  
After 6 weeks of treatment 17.4 20.4 0.753 (0.778) § 

Optimally treated, % of all     
Baseline 0 0 N/A  
After 6 weeks of treatment 28.6 13.0 0.067 (0.067) § 

Abbreviations: BP refers to blood pressure; MAB, mean arterial pressure. Continuous variables are expressed as 
mean ± SD. Means between groups were compared with independent sample student t tests, and categorical variables 
were compared using 2-tailed Pearson 2 tests. *P value for differences in mean between subjects with and without 
OSA. †P value for the difference in change in blood pressure between baseline and final visit in subjects in the 
obstructive sleep apnea (OSA) vs no-OSA groups. §P value for the difference in change in the ratio: baseline visit/6 
week visit, between the OSA and no-OSA groups  

Table 4. Blood pressure results in the fi rst part of the study in response to losartan treat-
ment
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Losartan signifi cantly reduced SBP, DBP, and MAP in both groups, but the reduction 
was less in the OSA group (without OSA: 12.6, 7.2, and 9.0 mmHg, respectively; with 
OSA: 9.8, 5.7, and 6.1 mmHg, respectively). This difference in response to losartan 
was especially pronounced during the early morning hours (Figure 5). 
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Figure 5. Ambulatory blood pressure (BP) profi le of hypertensive patients with 
or without obstructive sleep apnea (OSA) at baseline and after 6 weeks of 
losartan treatment.

Add-on CPAP treatment in the patients with OSA led to no signifi cant changes in 24-h 
blood pressure values except for in their night-time SBP (4.7 mmHg) (Figure 6). 

However, all 24-hour blood pressure values were reduced signifi cantly in the 13 pa-
tients with OSA who used CPAP at least four hours per night. 

If the cut-off level for CPAP compliance instead was set to a CPAP use of at least three 
hours per night, the reduction in blood pressure was only signifi cant in 24-h SBP and 
at a lower level of signifi cance, indicating a dose–response effect of CPAP treatment 
on blood pressure.
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Figure 6. Ambulatory systolic and diastolic blood pressure profi le of the subgroups (no-OSA, 
OSA-CPAP OSA-no-CPAP) at baseline, after 6 weeks of losartan treatment, and after 12 weeks 
of losartan treatment.

Paper IV
Neuroendocrine and infl ammatory responses to CPAP in hypertension with obstruc-
tive sleep apnea: A randomized controlled trial 
Blood samples were collected from all participants at baseline, after six weeks, and af-
ter 12 weeks for analysis of renin, aldosterone, noradrenaline, adrenaline, and infl am-
matory markers. Fifty-four patients with OSA and 35 without OSA who had analyz-
able blood samples were included in the analysis. Losartan signifi cantly increased the 
renin and reduced the aldosterone levels in the non-OSA group with newly diagnosed 
hypertension, whereas there was no signifi cant decrease in aldosterone among OSA 
patients with newly diagnosed hypertension. A trend towards a signifi cant reduction 
was seen in adrenaline as well.  

Add-on CPAP treatment tended to lower both aldosterone (p=0.080) and noradrena-
line (p=0.053). No signifi cant changes in infl ammatory markers were observed fol-
lowing treatment with losartan and CPAP (Figures 7 and 8). 
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Figure 7. Effect of 6 weeks of losartan treatment on noradrenaline, adrenaline, aldosterone 
and renin in OSA and no-OSA patients.

Figure 8. Effect on noradrenaline, adrenaline, aldosterone and renin add-on treatment of 
CPAP on top off losartan treatment for 6 weeks.
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RICCADSA

Paper I
As shown in Table 5, the nonobese CAD group with OSA was older, consisted of 
more men, had higher BMI and waist circumference, and the proportion of subjects 
with abdominal obesity, hypertension and CABG at baseline was higher whereas 
concomitant lung disease was less common compared with nonobese CAD patients 
without OSA. The proportion of lean patients was also lower in the nonobese OSA 
group. When comparing obese OSA patients with the nonobese OSA group, the obese 
subjects were slightly younger, and had higher AHI, ODI and ESS. The proportion of 
women and patients with diabetes mellitus as well as lung disease were also higher in 
the obese group.

*p <0.05; **p <0.01; ***p <0.001 (for comparisons within the nonobese group). †p<0.05; ††p<0.01; †††p<0.001 
(comparing nonobese OSA and obese OSA patients). Continuous variables are expressed as mean  Standard 
deviation, and dichotomic variables as numbers. One way analysis of variance (ANOVA) for continuous 
variables with post hoc analyzes with Bonferroni if equal variance and with Games Howell if no equal variance 
was found.  Pearson chi-square test was used for variables in percentage. Definition of the abbreviations: 
CAD=Coronary Artery Disease; OSA=Obstructive Sleep Apnea; BMI=Body Mass Index; AHI=Apnea 
Hypopnea Index;  ODI=Oxygen Desaturation Index; ESS=Epworth Sleepiness Scale; CABG=Coronary Artery 
Bypass Grafting. 

Nonobese     Obese  
Non-OSA 
(AHI<5) 
(N=95) 

OSA 
(AHI 15) 
(N=234) 

OSA 
(AHI 15) 
(N=110) 

P-value 
(ANOVA  

or x2) 

Male sex (%) 74.7 87.2** 78.2† 0.012 
Age (years) 61.4 ± 9.5 65.3 ± 7.1*** 62.9 ± 8.6† <0.001 
BMI (kg/m2)  25.2 ± 2.5 26.8 ± 2.1*** 33.5 ± 3.3††† <0.001 
Lean/ BMI<25 (%) 44.2  18.8*** 0.0††† <0.001 
Waist-Hip-Ratio 1.10 ± 0.98 0.95 ± 0.06 1.01 ± 0.08††† 0.151 
Abdominal obesity (%) 78.9 91.6** 100†† <0.001 
Waist Circumference 91.5±8.5 98.1±8.0*** 113.2±9.8††† <0.001 
AHI (n/h) 3.1 ± 1.3 28.9 ±13.7*** 31.5 ± 16.2 <0.001 
ODI (n/h)  1.6 ± 1.3 16.9 ±12.3*** 19.9  ± 16.9 <0.001 
ESS score  5.8 ± 3.0 7.8 ± 3.9*** 8.8 ± 4.2† <0.001 
Current smokers (%) 22.1 15.0 15.5 0.268 
Prior revascularization (%)  15.8 19.0 21.3 0.605 
CABG intervention (%) 16.8 28.2* 20.0 0.052 
Hypertension (%) 45.3 59.4* 69.1 0.002 
Diabetes mellitus (%) 12.6 15.4 40.9††† <0.001 
Atrial fibrillation (%) 1.1 2.2 3.7 0.458 
Lung disease (%) 12.6 5.2* 13.6†† 0.013 
Stroke (%) 3.2 7.3 2.8 0.125 
Depression (%) 3.3 6.2 2.9 0.316 
Lipid lowering treatment 94.4 94.3 96.4 0.707 

Table 5. Demographic and clinical characteristics of the revascularized CAD patients
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Circulating levels of hs-CRP, IL-6, IL-8, and TNFα were assessed in relation to the 
OSA diagnosis-based ODI ≥5 events/h. Non-obese patients with OSA had signifi -
cantly higher levels of hs-CRP and IL-6 than non-obese patients without OSA. The 
values did not differ signifi cantly between obese and non-obese patients with OSA. In 
bivariate regression analysis, AHI ≥15 events/h was associated with all four biomark-
ers but not so in the multivariate model after adjustment for confounders (Table 6).  

 Multivariate odds ratios with 95% CI 
 AHI  15 events/h 

(95 % CI) 
   ODI  5 events/h 

(95 % CI) 
   ODI  15 events/h 

(95 % CI) 

LnHs-CRP  1.20 (0.91;1.57) 1.49 (1.13;1.99)**  1.38 (1.07;1.78)* 
LnIL-6 1.27 (1.00;1.55) 1.30(1.05;1.60)* 1.12 (0.92;1.36) 
LnIL-8 1.29 (0.88;1.90) 1.32 (0.91;1.90) 1.09 (0.78 ;1.52) 
LnTNF  1.22 (0.77;1.93) 1.19 (0.77;1.84) 0.90 (0.60;1.36) 
*p <0.05; **p<0.01.  Variables used in the model: age, gender, body mass index, waist circumference, 
abdominal obesity, hypertension, and lung disease. (OSA=obstructive sleep apnea; AHI=apnea-
hypopnea index; ODI=oxygen desaturation index; CI=confidence interval; Ln=natural logarithm; Hs-
CRP=high sensitivity C-reactive protein; IL-6=interleukin-6; IL-8=interleukin-8; TNF =tumor necrosis 
factor alpha). 

Table 6. Association between OSA, based on AHI and ODI cut-off values, and the 
infl ammatory biomarkers adjusted for the confounding variables in the non-obese CAD 
cohort

Paper III
Circulating levels of hs-CRP, IL-6, IL-8, and tumor necrosis factor-α were assessed at 
baseline and after one year in 446 patients. CPAP treatment had no signifi cant impact 
on levels of the infl ammatory biomarkers in non-sleepy OSA patients in intention-to-
treat or per-protocol analysis. Signifi cantly higher mean levels of IL-6 were found at 
baseline in OSA patients with daytime sleepiness (18.5 pmol/L) compared to levels 
in non-sleepy OSA patients (5.6 pmol/L in the CPAP group vs 10.0 pmol/L in the no-
CPAP group), and in the non-OSA group (6.8 pmol/L; p=0.011). Corresponding val-
ues after one year were 4.3, 2.8, 4.4, and 4.3 pmol/L, respectively (p=0.010 for change 
from baseline between groups). No linear association was observed between changes 
in the infl ammatory biomarkers and CPAP hours in patients with OSA (Table 7).  

When only comparing sleepy and non-sleepy patients with OSA without any adjust-
ments, there was a difference in the decrease of IL-6 at the 1 year follow-up, however 
the difference were not statistically signifi cant. Furthermore, the patients with no-
OSA had a lower decrease in IL6 compared to those with OSA and daytime sleepiness 
both in absolute values and in percent of baseline values for percentile change in IL-6 
(Figure 9). 
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 Positive
controls 

RCT 
group

Negative
controls 

p-value p-value p -value 

Variable* Sleepy 
OSA 

on CPAP

Nonsleepy 
OSA 

on CPAP 

Nonsleepy 
OSA no-

CPAP 

No-OSA Nonsleepy OSA 
on CPAP vs 

no-CPAP 

Sleepy vs 
Nonsleepy OSA 

on CPAP 

All 
groups 

 (n = 134) (n =104) (n =108) (n =100)   (n =446) 

Age (y) 62.6±7 65.4±8 66.6±8 61.5±10 1.0 0.081 <0.001
AHI, events/h 32.7±16 28.0±12 29.2±14 3.0±1 1.0 0.033 <0.001
ODI events/h 21.6±16 16.2±10 16.4±11 1.5±1 1.0 0.006 <0.001
ESS score 12.2±2.4 5.6±2.3 5.5±2.2 5.73.0 1.0 <0.001 <0.001
BMI, kg/m2 29.6±4.5 28.3±3.7 28.5±3.5 25.6±3.0 1.0 0.019 <0.001
Obesity (%) 39.6 26.9 27.8 7.0 0.889 0.041 <0.001
Female sex (%) 9.7 17.3 13.9 25.0 0.492 0.084 0.015 
Current smoker (%) 15.4 17.5 14.3 24.2 0.529 0.679 0.256 
Pulmonary disease (%) 8.2 9.3 3.9 13.0 0.117 0.175 0.139 
Hypertension (%) 56.5 57.9 70.9 48.0 0.051 0.024 0.10
Prior myocardial infarction (%) 61.9 67.0 69.2 65.0 0.736 0.422 0.683 
CABG before inclusion (%)         23.9 25.0 26.9 17.0 0.758 0.842 0.365 
Diabetes mellitus (%) 23.9 28.2 18.5 13.8 0.097 0.456 0.045
p-NT-proBNP, ng/L                      353 462 622 321 0.561 0.475 0.004

Medication use        
-blocker (%)            91.0 90.9 84.9 80.2 0.189 0.986 0.056 

ASA 86.6 93.9 85.8 96.9 0.056 0.067 0.013 
Clopidogrel 60.4 63.0 50.0 67.4 0.691 0.060 0.073 
Diuretic (%) 21.8 21.2 22.9 9.5 0.777 1.0 0.057 
CCB (%) 21.1 21.2 15.1 10.4 0.255 0.977 0.116 
ACE inhibitor (%) 34.6 43.4 48.1 38.5 0.502 0.170 0.175 
ARB (%) 17.2 14.1 16.0 4.2 0.705 0.517 0.023 
Lipid-lowering agent (%) 94.8 97.0 92.5 89.5 0.152 0.414 0.166 
*Continuous variables are expressed as mean  SD, and comparison of means between groups was done by one-way analysis of variance with post hoc Bonferroni 
if equal variance was assumed and with Gammes-Howell if unequal variance was assumed. Categorical variables are expressed as percent of the total and 
comparsion between the groups were done by chi-squared test or Fisher’s exact test (two tailed). Abbreviations: RCT refers to randomized controlled trial; OSA, 
obstructive sleep apnea; CPAP, continuous positive airway pressure; AHI, apnea hypopnea index; ODI, oxygen desaturation index; ESS, Epworth Sleepiness Scale; 
BMI, body-mass-index; MI, myocardial infarction; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; LVEF, left ventricular 
ejection fraction; CCB, calcium channel blocker; ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker. †Anticoagulant use refers to aspirin 
and/or clopidogrel and/or warfarin use. 

Table 7. Demographic and clinical characteristics of the revascularized patients in paper IV
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Figure 9. Difference in natural logarithm of IL-6 between baseline and one year visit in all three 
groups measured with paired T-test. Difference in change in natural logarithm of IL-6 between the 
sleepy OSA, no sleepy OSA, and noOSA independent of CPAP treatment or not, measured with 
ANOVA and adjusted for multiple comparisons with Games-Howell due to skewed distribution. 
Abbreviations: OSA; obstructive sleep apnea, ln_IL-6; natural logarithm of interleukin 6.
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DISCUSSION

“I’m not a very good sleeper. But you know what? I’m willing to put in a few extra hours 
every day to get better. That’s just the kind of hard worker I am.”   
          - Jarod Kintz 

Discussion of methods

When designing a study there are several factors that need to be considered:   
     • What type of study is best suited to answerer the research question?
     • Do we have the experience and capability to complete the study?
     • Does one specifi c study design add something novel to the fi eld?  

In the research fi eld of OSA and CVD and the interactions between the two conditions, 
many mechanistical studies both on animals and humans (recruited from a sleep clinic 
cohort) have been conducted to establish whether OSA could induce CVD. Epidemio-
logical observational studies, both cross-sectional and longitudinal, have established 
the prevalence of OSA in the general population50,67,73,81,175 as well as in subgroups with 
different comorbidities, e.g. hypertension and CAD among others117,176. Furthermore 
some longitudinal cohort studies have investigated the effect of CPAP on the risk of 
developing CVD mainly in longitudinal follow-up of sleep clinical cohorts. There are 
a few studies that have screened for OSA in hypertensive and CAD cohorts and then 
observed what happened with those who were treated for their OSA with CPAP in a 
observational design 19. However, in 2005 (at the time of the start of the RICCADSA 
trial) there were no RCTs which had studied the effect of CPAP on hard endpoints 
such as death, new cardiovascular events or new revascularization in patients with 
severe CAD. Although CPAP seemed to reduce circulating infl ammatory markers (as 
a marker for increased risk of CAD )137 in subjects from a sleep lab cohort, nothing had 
been done to study whether this was true for a cohort where all patients already had 
established CAD. For hypertension, CPAP treatment had been shown to have a mod-
est effect in several case-control studies101, even though some studies showed greater 
effect . There were however many limitations to these studies, the greatest being that 
hypertension was not present at baseline in most of them. This will be discussed in 
more detail later.

We thought RCTs would be the best way to answer our research questions, mainly 
because it is generally considered to have the highest research validity when study-
ing effi cacy of treatment. Moreover since it had not been done previously, our studies 
would fi ll a gap in scientifi c understanding in the research fi eld. 

Sample size considerations
The major concern when designing an RCT is that it easily could be underpowered, 
which we were aware of, especially for the RICCADSA trial. Since the paper III 
investigated secondary outcomes, and the sample size was decided from the power 
calculation for the primary endpoints, this might be a limitation. However, this is 
a relatively large trial, and in sleep clinic cohorts, signifi cant differences in change 
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between a group on CPAP treatment and a group without CPAP treatment has been 
observed in studies with smaller sample sizes177. Thus, we consider that a type II error 
is less likely to be present in paper III (where negative results were observed). For 
LosartanPAP, the fi rst power calculation applied a power of 90%. However, due to 
feasibility problems (hard to recruit the pre-specifi ed number of patients with OSA), 
a reduced power of 80% was accepted. This lower power led to an increased risk of 
missing a true difference between the groups. However, the fact that we found differ-
ences between the groups in paper II further strengthens our study results even though 
we had less power than originally planned. For paper IV, no power calculation was 
performed, and we cannot exclude the possibility of a type II error, since the confi -
dence intervals are rather wide, especially for aldosterone.           

Potential sources of random error
There are some sources for potential random error in the variable used to defi ne which 
group an individual belonged to; the OSA variable, both in the RICCADSA and the 
LosartanPAP study. This was based on AHI manually scored after one night of poly-
graph recording. Since there is some night-to-night variability in sleep recordings, a 
patient could have AHI >5 one night and AHI <5 another night. Such an error would 
have most grave consciences for those patients with borderline OSA (with an AHI 
around 5). To avoid patients without OSA being assigned to the OSA group and vice 
versa, all patients with mild OSA (those with AHI 5-14.9) were excluded from both 
LosartanPAP and the RICCADSA study. By doing so, the probability of having pa-
tients with moderate OSA in the non-OSA group was also reduced.     

In paper II, the outcome variable, hypertension, was based on 24-h ABPM, which 
could be infl uenced by shift work, high alcohol consumption, salt intake, as well as 
other medications. To avoid any effect of varying work hours, patients on shift work 
ensured that they worked day shifts in association with the study check-ups. Patients 
were asked about their alcohol consumption, eight of those who completed the Losar-
tanPAP trial had a risk-level consumption of alcohol (more than 14 units of alcohol per 
week), but there was no signifi cant difference in how they were distributed between 
the groups (four in the non-OSA group, one in the group without CPAP treatment, and 
three in the CPAP group). It was not possible to require restrained salt intake since this 
would make it hard to recruit patients to the study. However, the randomization might 
in part level off these errors by distributing these subjects equally in both groups.

In papers I, III, and IV, temporary infection or infl ammations could led to a random er-
ror, but in the RICCADSA study the sample size was so large that temporary changes 
in a few patients would probably not infl uence the results, especially since all infl am-
matory variables were converted to the natural logarithm of the original variable. 
In LosartanPAP, occasional high values could infl uence the results, but specifi cally 
excluding extreme values that were 10 times higher than all others did not result in a 
different outcome. Therefore, we do not think that this should be considered a major 
source of random error.

In paper IV, differences in aldosterone and renin might be caused by changes in salt 
intake and body position when the blood samples were collected. We strived to collect 
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the blood samples from the patients by having them in a horizontal position to mini-
mize errors secondary to position changes. However, we could not limit salt intake .      
 
Potential sources of systemic error
We used the scoring criteria from AASM published in 199953, because that was what 
was clinically in use in the sleep unit when the RICCADSA study started. Since we 
wanted to be able to compare the sleep recordings from LosartanPAP study and the 
sleep recordings from RICCADSA study the same scoring criteria was used in the 
LosartanPAP study, even though new guideline had just been published when this 
study was designed178. The 1999 defi nitions of hypopneas were less strict, and thus 
more episodes with disturbed breathing could be scored as hypopneas, resulting in a 
higher AHI score compared to the later guidelines. As previously described, all patients 
with mild OSA (AHI 5-14.9) were excluded and for this reason a possible systemic 
overestimation of OSA patients in the study would be much less likely. Furthermore, 
in RICCADSA, polysomnography was conducted in all patients who had AHI ≥15 on 
their polygraph. Only fi ve out of 399 had AHI <5, which was attributed to night-time 
variability since most of these fi ve had moderate or severe OSA and thus could have 
lower AHI if they did not sleep in supine position on the  tpolysomnography-night.  

For the 24-h ABPM, the registration of all data values was double-checked by a moni-
tor blinded to which group the participants were in. Given that the blood samples 
were objective measurements that were analyzed by study-independent labs with long 
clinical experience, we therefore think there is a low probability for type I error or 
systematic errors in any of the studies.

Self-selection bias
In the RICCADSA trial, we found that patients who did not participate in the study 
were slightly older, had more comorbidity, and more were women compared to those 
who did not participate but went through a mechanical revascularization in Skaraborg 
county during 2005 until 2010. This has already been published and does not make 
this RCT different from other RCTs which show similar resul ts162. In the LosartanPAP 
study there could have been some self-selection since we advertised in newspapers for 
patients with hypertension and thus we might get patients with greater health aware-
ness than the average hypertensive individual. 

Investigator selection bias
Because of the strict inclusion criteria there is same degree of investigatory selection 
bias in the LosartanPAP study since we only recruited patients between 50-69 years 
of age, without medication or comorbidities. The rational for this was clear: since we 
had a small sample size, we did not include too much potential confounders and, so 
long as the results are not extrapolated to other groups, we do not think this would be 
a problem.

The RICCADSA trial had very loose inclusion criteria, making it relatively represen-
tative of the typical revascularized population, but it does introduce other potential 
confounding factors because the cohort was so heterogeneous. 
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The risk of statistical bias
Statistical bias is often caused when random statistical analyses are conducted and a 
hypothesis is produced based on the statistical results. We tried to avoid this bias by 
formulating clear research questions, and one or two hypotheses for each paper in 
advance of the analyses. We therefore think there is very little chance of type I error 
and statistical bias in our papers.   

External validity
Applicability  
Extrapolating results derived from soft endpoints (infl ammatory markers and neuro-
endocrine hormones) to hard endpoints such as death or new cardiovascular events 
should be treated with great caution. However, the results can be used to draw conclu-
sions regarding the possible mechanisms in which OSA escalates the development of 
hypertension and CAD. Since we used very strict inclusion criteria for the patients 
with early CVD (newly discovered, untreated hypertension), we think that the study 
was well designed to examine the effect of both losartan and CPAP on hypertension 
and the mechanisms that could mediate the effect. Since the group studied was uni-
form the risk of biased results due to comorbidity are low. The RICCADSA popula-
tion might have the problem of comorbidity, but on the other hand it very well rep-
resents a revascularized population, which makes the study clinically very relevant.

Generalizability       
We compared the patients in the RICCADSA study with all patients revascularized 
in Skaraborg during the same per iod161 without fi nding any signifi cant differences 
except what was previously shown to be typical for comparison of individuals who 
participate in studies and those who chose not to. We therefore think that our results 
are generalizable to a revascularized cohort. However, since most participants were of 
Caucasians origin, the results may not be applicable to other ethnicities.

The recruitment period of the LosartanPAP study was much longer than expected 
when the study was designed. It could be argued that the cohort therefore might not 
be truly representative, since it should not take that long to fi nd individuals with hy-
pertension. This could indicate that those we found constitute a population that is 
particularly willing to participate in studies. 

However, we consider the long recruitment period a logistical problem rather than 
a problem with representativeness. Most patients with newly discovered, untreated 
hypertension are found by the general practitioners and we had not established a good 
enough contact with these physicians before the start of the study, which resulted in 
a long inclusion period. Nonetheless, we do think that the results can be applied to 
most patients with newly discovered, untreated hypertension that meet the rather strict 
inclusion criteria of this study. 

Finally, the LosartanPAP population were also mainly of Caucasian origin and there-
fore other ethnicities might react differently to both losartan and CPAP treatment.
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Discussion of results

Effect of losartan on blood pressure in OSA and new-onset hypertension
In one small study comparing the effect of different types of antihypertensive medica-
tion on patients with OSA, Kraiczi et al. showed that beta-blockers (atenolol) had the 
best effect, and that ARB blocker (losartan) had the least effect, on blood pressure. 
The study should be regarded with caution, since the subgroups were very small, but 
the fi nding is interesting in terms of generating new hypoth eses179. This difference in 
effect of two types of blood pressure medication in patients with OSA might either be 
due to the increased sympathetic activity seen in patients with OSA154, 155 or due to an 
alteration in the RAAS activity149,180, making the patient partly resistant to medication 
that affects RAAS activity. 

Several studies have shown that sympathetic activity is upregulated in patients wit h 
OSA154-156. However, studies on RAAS activity and OSA, as well as on RAAS activ-
ity, OSA, and hypertension, are scarce and the results presented are disparate. Some 
found no difference in RAAS activity in patients with OSA and some found an asso-
ciation between RAAS activity and OSA severity, while other studies could only fi nd 
this in patients with OSA and hypertension149,151,152,153,180. 

We found that low-dose losartan (50 mg) reduces blood pressure signifi cantly in both 
OSA and non-OSA patients, but those with OSA had higher blood pressure already 
at baseline and this difference between the groups was enhanced after six weeks of 
losartan treatment. Thus, losartan might be slightly less effective in individuals with 
OSA. This is further supported by the aldosterone response to losartan treatment seen 
in the fi rst phase of paper IV (see below). 

Interestingly, patients with OSA did not have the same positive effect of losartan on 
morning blood pressure. This morning surge in blood pressure has previously been 
shown to increase risk of CVD, so it is important to treat it effec tively181. Recently, 
Cho et al. showed that morning rise in blood pressure was higher in patients with OSA 
and untreated hypertension compared those with untreated hypertension only, which 
supports our results of the association between morning blood pressure and OSA182. 
How much of these morning surges in blood pressure is driven by dysregulation of 
the RAAS activity, and how much can be attributed to increased sympathetic activity, 
is an open question. However, losartan did not have much effect on morning blood 
pressure in the OSA group, which indicates that OSA could play an important role in 
inducing these surges. The fact that CPAP treatment seemed to reduce morning blood 
pressure and noradrenaline concentrations further strengthens a link between morning 
surges and OSA, possibly though increased sympathetic activity. Our data on morning 
surge is rather speculative, especially since we only looked at the mean blood pressure 
two hours after awakening and did not subtract the mean blood pressure two hours 
before awakening, as would normally be the case when taking these measu rements181.          
It has been proposed that the non-dipping pattern in some patients with hypertension 
is driven by excessive aldosterone concentrations, and Satoh et al. indirectly showed 
that a dysfunction in the RAAS system could be involved in driv ing this183. Our results 
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further support this, even  though the signifi cance was borderline: we found almost 
twice as many OSA patients with hypertension (one in three) with a non-dipping pat-
tern compared to patients with hypertension only (one in six). This difference was 
attenuated after six weeks of losartan treatment, indicating that it could be excessive 
aldosterone production that causes the non-dipping pattern. Nonetheless, the fact that 
we did not see any decrease in the aldosterone levels in the patients with OSA during 
the fi rst six weeks on losartan treatment contradicts this.                        

Effect of add-on CPAP treatment on blood pressure in novel hypertension
Previous studies investigating the effect of CPAP on hypertension have shown dispa-
rate results, ranging from no effect at all to relatively good reductio n177,184. In a recent 
meta-analysis of 30 RCTs conducted up to 2013 addressing the effect of CPAP on 
blood pressure in a total of 1,906 subject, Fava et al. showed that CPAP seemed on av-
erage to give a modest reduction in blood pressure, reducing SBP by 2.6 ±0.5 and DBP 
by 2.0 ± 0.4 (p<0.001)101. However, there are major limitations to many of the studies. 
Only 16 studies had blood pressure as an endpoint. Of these, only 11 used 24-h ABPM 
which is an important tool for comparing differences in night and day blood pres-
sure1. Moreover, there were only four studies in which hypertension at baseline was 
an inclusion criterion102,184-186. Two of these studies could not fi nd any signifi cant effect 
of CAP on hypertension. Robinson et al. included patients who were referred to the 
sleep clinic for OSA assessment and who did not have daytime sleepiness. They could 
not fi nd any effect of CPAP on blood pressure after four weeks of CPAP treatment; 
however, in this study the placebo group also received sub-therapeutic treatment with 
CPAP and their blood pressure decreased by 3 mmHg. Sub-therapeutic CPAP treat-
ment has been criticized for not being a suitable placebo treatment because it partly 
reduces AHI, which could give a blood pressure reduction in the control group as 
well. In the other study that could not show a blood pressure decrease after CPAP 
treatment, by Campos-Rodriguez et al., patients with hypertension from a sleep clinic 
were treated with CPAP for four weeks. There are several possible explanations for 
the lack of effect on blood pressure, in particular that all patients were taking at least 
one hypertensive drug and were already almost optimally treated at the start of the 
study; thus, they did not have high blood pressure in the sense that it was uncontrolled. 

Among the two studies that did show signifi cant results, one was conducted on pa-
tients with resistant hypertension, and in that Lozano et al. observed a reduction in 
DBP of 4.9 ± 6.4 in intention-to-treat (ITT) analysis of those randomized to CPAP, 
and those who followed their CPAP treatment had an even greater reduction (9.7 for 
SBP and 7.0 for DBP) compared to the con trol group186. Finally, the largest study on 
patients with hypertension and OSA where 24-h ABPM was used was conducted by 
Durán-Cantolla et al. They studied 340 patients who had recently been diagnosed with 
hypertension by a general practitioner and they found CPAP to reduce SBP by 2.1 
and DBP by 1.3. It was statistically signifi cant but was considered to have uncertain 
clinical relevance. Interestingly, even though these were newly diagnosed hyperten-
sive individuals, they had almost normal blood pressure  at baseline102. This indicates 
that different subgroups of hypertensive individuals (well-controlled vs uncontrolled) 
could responded very different to CPAP treatment, possibly due to different mecha-
nisms involved at difference stages in the development of high blood pressure. 
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The greater effect seen in patients with resistant hypertension is supported by a more 
recently published meta-analysis of studies (observational and RCT) investigating 
resistant hypertension. Iftikar et al. found an SBP reduction of 7.2 mmHg 95% confi -
dence interval (CI): 9.0 to 5.4; p<0.001) and 5.0 mmHg (95% CI: 6.0 to 4.0; p<0.001) 
for DBP. Thus, the benefi t of CPAP on blood pressure reduction seems to be much 
greater for patients with resistant blood pressure than for subjects with well-controlled 
blood pressure. 

Only one study has so far been conducted in which CPAP treatment was compared to 
a hypertensive medication. Pepin et al. showed that valsartan (160 mg) was superior 
to CPAP treatment in individuals with hypertension and OSA where everyone was na-
tive to any treatment for their blood pressure or their OSA. Interestingly in the same 
trial, they studied the effect of the combination of CPAP and valsartan in an open sub-
study in some patients after the RCT and found an additive effect of combining the 
tw o treatments187, with net reduction in SBP of approximately 4 mmHg in 24-h SBP, 
1.5 mmHg in 24-h DBP, and 2.5 in 24-h MAP. However, they report that these trends 
toward reduction were only signifi cant in offi ce blood pressure, and not for the 24-h 
ABPMs. A possible explanation for this could be that offi ce blood pressures are usu-
ally taken in the morning, and the results of the LosartanPAP study would confi rm the 
fi gures published in the paper by Pepin et al. that the effect of CPAP on blood pressure 
seem to be greatest in the  morning hours187.   

The LosartanPAP study is the fi rst RCT in which all patients were recruited from a 
primary care cohort and all had uncontrolled high blood pressure. Our results indicate 
a slightly weaker blood pressure effect of CPAP on newly diagnosed untreated hyper-
tension compared with the CPAP effect on resistan t hypertension104. Interestingly, we 
found a greater effect of CPAP than was seen in well-treated hypert ensive patients102, 
further supporting the hypothesis that the response to CPAP can be dependent on mul-
tiple factors, such as other medication and the fact that patients who are in different 
stages of the hypertension disease progress when CPAP treatment is applied could 
respond very differently.

Moreover, the fact that our result is similar to the results seen in the open study by Pe-
pin et al. on the combination of valsartan and CPAP further supports an additive effect 
of the combination of a RAAS-blocking agent and CPAP. This possible additive effect 
indirectly supports the idea of some type of infl uence of OSA on the RAAS system.      

Effect of losartan and CPAP on mechanisms that could induce hypertension
Several mechanisms have been proposed to play a vital role in the development of 
hypertension mediated or enhanced by concomitant OSA. We considered upregulated 
sympathetic activity, increased low-grade infl ammation, and dysfunctional RAAS ac-
tivity to be the three major systems that were most likely to be involved in a possible 
relationship between OSA and hypertension.

Sympathetic activity has been shown to be upregulated in OSA both when studying 
neural burst and circulating catecholamines, as well as urine catecholamines154,155,188,189. 
It is increased in patients with OSA independently of possible major confounder such 
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as obesity157. Treatment of OSA with CPAP has been shown to decrease sympathetic 
activity158. In animal models, losartan has also been reported to reduce stress-induced 
catechol amines in plasma190.

When treating patients with hypertension and OSA with losartan, there was only a 
reduction of borderline signifi cance in both noradrenaline and adrenaline in the non-
OSA group. The adrenaline concentrations in the OSA group were unchanged and an 
increase in noradrenaline was observed. This indicates that if losartan has a reducing 
effect on stress hormones, concomitant untreated OSA might obliterate this effect.        

A reduction in aldosterone concentrations after losartan treatment has been observed 
in hypertensive individuals191. However, it seems to be attenuated by factors that up-
regulate the RAAS system, such as  high salt intake192. Very interestingly, we found 
a signifi cant reduction of aldosterone concentrations only in those hypertensive in-
dividuals who did not have concomitant OSA. This might suggest that OSA induces 
a subclinical resistance in the RAAS. This is further supported by the correlation 
observed between increase in aldosterone levels and severity of OSA in patients with 
resi stant hypertension152. 

Treatment with CPAP has been shown to reduce sympathetic activity in patients with 
OSA158. Moreover, in a recent analysis, Nicholl et al. showed a reduction of plasma 
aldosterone after CPAP treatment in normotensive OSA subjects193. Thus, in normo-
tensive OSA patients, both sympathetic and RAAS activity is reduced after CPAP 
treatment. Our fi ndings that there was a tendency towards reduction both in aldoste-
rone concentrations and in noradrenaline concentrations after CPAP treatment were 
therefore in line with these previous fi ndings in non-hypertensive subjects. We at-
tribute the fact that it did not reach signifi cance to small sample size in combination 
with the lack of salt restrictions, which probably explains the rather wide confi dence 
intervals observed in the aldosterone concentrations at baseline, after six weeks, and 
after 12 weeks in the LosartanPAP study.

A recently published article demonstrated a less pronounced effect of losartan in com-
bination with a thiazide diuretic in patients who had higher levels of infl ammation at 
baseline. This implies that it could be an association between low-grade infl am mation 
and the RAAS194. This is further supported by the fact that angiotensin receptor block-
ers have been shown to reduce hs-CRP levels in patients with hypertension. However, 
this could not be shown in patients from the LosartanPAP cohort independently of 
whether OSA was present or not. Furthermore, even though hs-CRP, IL-6, TNFα, and 
IL-8 all have been shown to decrease in some studies after CPAP treatment in patients 
with OSA from a  sleep clinic cohort137 . We could not fi nd such an effect on the Losar-
tanPAP cohort. This is possibly due to a selection bias, given that we had selected 
rather healthy hypertensive individuals without other comorbidities or medications. 
This is speculative and against this hypothesis is the fact that no reduction was seen in 
the RICCADSA cohort in response to CPAP either. Moreover, a recent meta-analysis 
of the effect of CPAP on infl ammatory markers actually questions whether there is 
an effect of CPAP on infl ammatory markers, even in subjects from  a sleep clinic co-
hort195.       
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Differences in infl ammatory activity in patients with CAD depending on OSA 
and CPAP treatment
Low-grade infl ammation is an essential part of the development of CAD121,196. An 
elevation of circulating infl ammatory markers as a sign of low-grade infl ammation is 
associated with increased risk of developing cardiovascular events. This association 
is seen both in the general population133,197 and in patients with already established 
CAD145,198. Nevertheless, it is not yet recommended to screen for low-grade infl amma-
tion in order to reclassify patients at low CAD risk to higher CAD risk135,199, partly be-
cause the number of patients who would have to be screened to stop one ev ent would 
be very high133. In secondary risk management, however, hs-CRP has been proposed 
in addition to lipid screening so that statin treatment could be intensifi ed based on the 
degree of low-grade infl ammation135,200.   

Patients with OSA from sleep clinical cohorts have been reported to have elevat ed in-
fl ammatory markers201 which can be r educed by CPAP treatment202. However, obesity 
is a major confounder when studying infl ammation and OSA, due to the over lap of the 
two conditions203,204 and it is thus important to adequately adjust for that. Furthermore, 
in a recent meta-analysis, Jullian-Desayes et al. concluded that, to date, no RCTs have 
been able to show reduction of infl ammatory markers (IL-6, IL-8, TNFα or hs-CRP). 
To the knowledge of the author there are no RCTs on patients with OSA and CAD 
investigating the effect of CPAP on infl ammatory markers.

From a Chinese cohort with both OSA and CAD, Zhao et al. showed that in 151 con-
secutive patients with optimally treated CAD there was an increase in hs-CRP with 
increasing severity of OSA. Moreover, those patients who were treated for their OSA 
with CPAP showed a signifi cant decline in their hs-CRP. A weakness of this study was 
that they did not have any control group to describe the natural progress of hs-CRP in 
patients who have had instable CAD, and thus the study could not show whether the 
decline was du e to CPAP treatment or not205. Our results from the baseline data of the 
RICCADSA trial support the results of Zhao et al., indicating that there seems to be an 
association between prevalence of OSA and increased infl ammatory markers. We also 
saw a reduction in infl ammatory markers in the patients with revascularized CAD and 
OSA treated with CPAP. However, this decline was seen in all patients who partici-
pated in the study, independent of whether they were treated with CPAP or not. Thus, 
we concluded that the decline is probably the natural development of the concentra-
tions of infl ammatory markers after a revascularization, rather than a consequence of 
CPAP treatment. 

An interesting result of the study was that IL-6 was signifi cantly higher at baseline in 
patients with OSA and daytime sleepiness compared those who had OSA but no day-
time sleepiness. This is an exciting fi nding that needs to be further explored in studies 
addressing this specifi c research question.               
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CONCLUSION

“There is life, and there is death, and in between there is me. Please don’t wake me up.” 
                                                                  - Jarod Kintz

Main conclusion

In patients with recently discovered untreated hypertension, losartan lowers blood 
pressure both in patients with and without OSA. However, the effect seems to be less 
pronounced in those with OSA. When CPAP was added to losartan, blood pressure 
was reduced further, especially in those who used their CPAP device regularly for 
more than four hours (paper II). The less prominent effect of losartan on blood pres-
sure in patients with OSA could hypothetically be explained by a subclinical upregu-
lation of RAAS activity resulting in no decline in aldosterone after losartan treatment 
(paper IV). We propose that the reducing effect of CPAP on blood pressure could in 
part be explained by removing this upregulation of the RAAS activity, and in part by 
decreasing the sympathetic activity (paper IV).

Circulating markers of infl ammation do not seem to be infl uenced by CPAP treatment 
in patients with newly discovered untreated hypertension (paper IV). Moreover, in 
patients who were newly revascularized, the concentrations of infl ammatory markers 
were higher in those with OSA compared to those without OSA (paper I). The infl am-
matory markers were reduced after CPAP treatment, but this could not be attributed to 
the treatment because a similar decline was observed in the control groups (paper III). 
Thus, although infl ammation has been shown to be reduced by CPAP in open cohort 
studies of patients from sleep clinic cohorts as well as from CAD cohorts, this RCT 
on the RICCADSA population could not fi nd an effect, and thus, any effect in patients 
with different degrees of CVD seems to be modest at most.       

Scientifi c relevance of this thesis

In this thesis we add several important pieces of evidence to the ongoing research into 
OSA and how it is related to CVD. The LosartanPAP trial is the fi rst study to inves-
tigate the add-on effect of CPAP in addition to losartan on blood pressure in newly 
discovered, previously untreated hypertensive individuals. Though the difference was 
not statistically signifi cant, the initial response to losartan was less in the OSA group,  
and CPAP treatment had an additive effect. This is further supported by the lack  of 
decline in aldosterone levels in the OSA patients after losartan treatment, and the trend 
towards a reduction in aldosterone after add-on CPAP therapy. Finally, it may indicate 
that individuals with new-onset CVD have more benefi ts of CPAP treatment, before 
irreversible organ damages develop, compared to the benefi ts in patients with estab-
lished CVD. Further studies on the topic are, thus, warranted.

We could not confi rm our hypothesis that low-grade infl ammation is reduced by 
CPAP treatment in patients with OSA and CVD. However, this does not mean that 
CPAP treatment has no effect on infl ammation. There is a risk that the LosartanPAP 
study sample would have been too small to detect a possible difference in change 
between those who used their CPAP and those who had conventional treatment. The 
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RICCADSA trial would probably not miss an effect due to samples size, however, 
the greatest difference between OSA and non-OSA patients was seen where ODI ≥5 
was used as cut-off for OSA diagnosis. In future RCTs, ODI rather than AHI, may be 
preferable to defi ne OSA when studying the association with infl ammation.           

Clinical relevance of this thesis

The high prevalence of OSA in both hypertensive patients and CAD indicates that cli-
nicians should be aware of the condition when evaluating these patients and actively 
ask about symptoms of OSA. The effect of CPAP on blood pressure underscores this 
further. A possible interaction between lower effi cacies of losartan on blood pressure 
in combination with a poor reduction in aldosterone implies an interesting explanation 
to recent data suggesting good effect of aldosterone antagonist s in resistant hyperten-
sion206. 

Public health relevance of this thesis

In epidemiologic studies, OSA has been associated with an increased health burden 
for society. In the near future we aim to look at the health burden of OSA in a CAD 
cohort (RICCADSA), but that is beyond the scope of this thesis. To date, we see no 
justifi cation for screening for OSA to reduce infl ammatory activity and thus reduce 
risk of new cardiovascular events. Nonetheless, there might be other public health 
reasons to screen for OSA among ischemic patients. To be able to answer whether 
it would be warranted, the main, primary results of the RICCADSA trial need to be 
published. However, it can be argued that at least the major research trials that study 
CVD patients should do some simple screening for OSA to be able to adjust for this 
factor, given that it is so common in CVD and seems to interact on many different 
levels.  Researchers need to know how prevalent it is in their cohorts so that they can 
adjust for OSA in the same way that they adjust for other potential risk factors that 
could bias the results.

Hypertension is one of the leading causes of death worldwide207. Reducing DBP by 2 
mmHg would result in a reduction of the yearly incidence of stroke or transient isch-
emic attack (TIA) by 13%, and the incidence of CAD events by  6% in an American 
population208. The observation of increased effect on blood pressure in the morning 
could indicate that treating OSA with CPAP in patients with newly discovered hy-
pertension is especially effective in treating morning rise - an effect that we know is 
associate d with increased risk of CVD181.   

Limitations

There are some limitations to the studies presented in this thesis. Due to the composi-
tion of the population in the area where the studies were conducted, the large majority 
of participants both in LosartanPAP and in RICCADSA were of Caucasian origin, 
making it diffi cult to apply our results to populations with other ethnicities. Further-
more, no people over 70 year of age or older were included in the in the LosartanPAP 
study. This was due to the reports that in older individuals the association between 
OSA and hypertension might be questioned93. Our results from the LosartanPAP study 
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could thus only be applied to hypertensive individuals under 70 years of age. Since 
the size of the RICCADSA population was reached by doing a power calculation for 
the endpoints of death or new cardiovascular events, there could be some uncertainty 
about whether the study was adequately powered for answering the research question: 
whether CPAP reduces infl ammatory markers in patients with CAD. However, we 
were bound by the size of the main study and, as this is still one of the largest cohort 
studies measuring circulating infl ammatory markers, we think that if the effect had 
been great we would have detected it.

The fact that we used polygraphy instead of polysomnography to diagnose OSA in 
both studies could be seen as a limitation. However, polysomnography is diffi cult to 
manage in a home sleep recording and it is also time-consuming to analyze the re-
cordings. In the diagnosis of moderate and severe OSA, polygraphy has been shown 
to a good alternative75. Moreover, another argument for using polygraphy instead of 
polysomnography recordings is the feasibility. If future screening for OSA in patients 
with CVD are to be conducted outside a sleep clinic, less advanced devices would 
be used for sleep recordings, because general practitioners and cardiologists would 
probably not have access to, or be interested in, handling the more sophisticated poly-
somnography recorders.     

A minor limitation is the fact that we used blood samples instead of sympathetic neu-
ral activity to measure sympathetic activity. Even though sympathetic neural activity 
would be preferable, it was not feasible to do that in the LosartanPAP study.
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FUTURE PERSPECTIVES

“Of all the things a man may do, sleep probably contributes most to keeping him sane. It 
puts brackets about each day. If you do something foolish or painful today, you get irritated 
if somebody mentions it, today. If it happened yesterday, though, you can nod or chuckle, as 
the case may be. You’ve crossed through nothingness or dream to another island in Time.” 
                                                                          - Roger Zelazny, Isle of the Dead

In the fi eld of OSA and CVD there is much left to do. Up until now much work has 
been done to study patients from sleep clinic cohorts, but we do think that OSA should 
be considered a possible confounding factor in most studies that investigate CVD, in 
the same manner that hypertension, diabetes, hyperlipidemia, and smoking are.

Moreover, more RCTs need to be conducted to study the effect of CPAP on CVD, as 
well as on specifi c mechanisms inducing CVD. They should be carried out in sev-
eral different populations, both the general population, especially with different age 
groups and both sexes, and in subgroups with specifi c diseases. It would be of great 
interest to study whether patients with resistant hypertension show similar results to 
the patients with newly discovered untreated hypertension in the research reported 
here, concerning hypertension, RAAS and sympathetic activity, as well as infl amma-
tion in response to CPAP treatment.      

Much research is yet to be done in the RICCADSA trial, beyond the results already 
published or presented in this thesis. We aim to investigate the effect of CPAP on 
cardiovascular morbidity and mortality. (The primary outcomes of the RICCADSA 
trial have been submitted for publication at the time of the preparation of the current 
thesis).  We will also study the following issues in the RICCADSA trial: the effect of 
CPAP treatment on echocardiographic variables, exercise testing, quality of life as 
well as on the health economy. The natural process of OSA over time in CAD patients 
not randomized to CPAP as well as and polysomnographic features associated with 
poorer outcome in any of the variables measured in RICCADSA trial are among the 
further analyses to work on for our research group.    

Finally, it would be of interest to match patients with different degrees of OSA from 
different cohorts (general population, CAD population, and sleep clinic population) to 
see how IL-6 correlates with excessive daytime sleepiness in these cohorts.

In memory of Jan Östgärd (1952–2014):
 the best dad there ever was.   
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SAMMANFATTNING PÅ SVENSKA

”Folk som säger att de sover som ett barn är i regel barnlösa”
               Leo J Burke

Obstruktiv sömnapné (OSA) är ett tillstånd med upprepade andningsuppehåll under 
sömn sekundärt till att övre luftvägarna obstrueras när man slappnar av i muskulatu-
ren runt dem. Epidemiologiska studier har visat att detta tillstånd är associerat med 
ökad risk för kardivaskulär sjukdom. Flera fysiologiska mekanismer har visat sig vara 
påverkade hos individer med OSA. Vad som har bedömts som viktigt och som stu-
deras extra i denna avhandling är det låggradiga infl ammatoriska påslag som setts 
hos patienter med sömnapné samt om detta bidrar till kranskärlssjukdom och högt 
blodtryck. Även ökade nivåer av stresshormon (adrenalin och noradrenalin) som ett  
tecken på en kronisk stressbelastning har noterats hos individer med OSA. Huruvida 
även den mineralkortikoida hormon-axeln (RAAS) är påverkad vid OSA är mindre 
känt. Dock skull en eventuell påverkan kunna ha stor effekt på utveckling av högt 
blodtryck, men även på effekten av blodtrycksbehandling. Med anledning av detta  
studeras om behandling av OSA har effekt på dessa system. 

Denna avhandling berör två studier RICCADSA och LosartanPAP. I RICCADSA stu-
dien, vilken är en randomiserad kontrollerad studie vars huvudsyfte är att svara på 
om CPAP-behandling av OSA påverkar kardiovaskulära händelser. Vi fann en ökad 
nivå av infl ammatorisk aktivitet bland kranskärlsjuka individer med OSA som nyligen 
revaskulariserats jämfört med patienter från samma grupp som inte hade OSA (artikel 
I). Ett år efter revaskularisering var det inte längre någon skillnad mellan grupperna 
avseende infl ammatoriska parametrar. Bland individerna med OSA fi ck hälften be-
handling för sin OSA med kontinuerlig positiv övertryck andning på mask så kallad 
CPAP varje natt när de sov. Detta hade dock ingen betydelse för hur mycket de sjönk 
i infl ammatoriska markörer (artikel III).

I LosartanPAP studien är en randomiserad kontrollerad studie, vars syfte var (1) att 
undersöka om blodtrycket hos individer med nyupptäck högt blodtryck sjönk mind-
re efter behandling med blodtrycksläkemedlet losartan om man samtidig hade OSA 
jämför med om man bara hade högt blodtryck, samt (2) att undersöka om tillägg med 
CPAP till losartan kunde bidra till ytterligare blodtrycksänkning och slutligen (3)  att 
studera om svaret på losartan och CPAP skiljer sig mellan grupperna (ej OSA, OSA 
med CPAP och OSA utan CPAP) avseende infl ammatorisk aktivitet, stresshormon-
nivåer (adrenalin och noradrenalin) eller förändringar på den mineralkortikoida axeln 
(renin och aldosteron). 

Individer med OSA visade sig ha en tendens  till mindre blodtryckssänkning vid be-
handling med Losartan. Om man behandlade dessa personer  med CPAP sjönk blod-
trycket dock ytterligare (artikel II). Den infl ammatoriska aktiviteten påverkades inte 
av losartan eller av CPAP däremot sjönk aldosteron som en effekt av losartanbehand-
ling detta skedde dock bara hos dem utan OSA. Behandlade man OSA gruppen med 
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CPAP sågs en tendens till att aldosteron började sjunka även i denna grupp. Stresshor-
monet norandrenalin hade också en tendens att sjunka efter CPAP behandling (artikel 
IV).

Infl ammatorisk aktivitet är ökad bland individer som nyligen revaskulariserat och som 
samtidig har OSA jämfört med de som inte har OSA. Behandling av OSA påverkar 
inte den naturliga minskningen av infl ammatorisk aktivitet över tid. Minskad kardio-
vaskulär risk i denna grupp är sannolikt inte medierad via sänkning av infl ammatorisk 
aktivitet i någon större utsträckning. Den blodtryckessänkande effekten av losartan 
bland patienter med nyupptäck högt blodtryck är något sämre hos individer med OSA 
jämför med dem som inte har det. Behandling med CPAP hos individer som redan står 
på losartan får en ytterligare blodtrycketsänkande effekt av denna behandling. Detta 
sker sannolikt mer genom förändringar i sympatikusaktivitet och genom förändringar 
i det mineralkortikoida svaret än genom en minskad infl ammation. 
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“There is a time for many words, and there is also a time for sleep.”
                                                                                                     - Homer, The Odyssey
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APPENDIX

ESS
Namn:

Dagens datum:

Hur troligt är det att du skulle slumra till eller somna i följande situationer, till
skillnad från att bara känna dig trött? Det avser ditt vanliga levnadssätt på
senaste tiden. Även om du inte gjort allt detta nyligen, så försök att komma på
hur det skulle ha påverkat dig. Använd följande skala för att välja den
lämpligaste siffran för varje situation. 

0 = skulle aldrig slumra
1 = liten risk att slumra
2 = måttlig risk att slumra
3 = stor risk att slumra

Situation Risk att slumra

Sitter och läser 

Tittar på TV

Sitter overksam på allmän plats (t ex teater eller ett möte) 

Som passagerare i en bil i en timme utan paus

Ligger ner och vilar på eftermiddagen om omständigheterna tillåter

Sitter och pratar med någon

Sitter stilla efter att ha ätit lunch (utan alkohol)

I en bil som stannat några minuter i trafiken

Tack för din medverkan

Ref.: Johns MW. A new method for measuring daytime sleepiness: the Epworth Sleepiness Scale. Sleep 1991;14:540-545.
Svensk översättning gjord av Jan-Erik Broman, Uppsala 2000 och antagen av Svensk förening för sömnforskning, 2001.
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