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CHAPTER 6

Cardiovascular and metabolic effects of
a mandibular advancement device and
continuous positive airway pressure in
moderate obstructive sleep apnea: a
randomized controlled trial

This chapter is based on the following
publication:
Uniken Venema JAM, Knol - de Vries
GE, van Goor H, Westra J, Hoekema
A, Wijkstra PJ. Cardiovascular and
metabolic effects of a mandibular
advancement device and continuous
positive airway pressure in moderate
obstructive sleep apnea: a randomized
controlled trial. J Clin sleep Med , 2022
Jan 31; 10.5664/jcsm.9908.

ABSTRACT
OBJECTIVES
It has been suggested that treatment for obstructive sleep apnea (OSA)
reduces cardiovascular risk. So far, knowledge is limited about the
difference in the reduction of this risk between mandibular advancement
device (MAD) and continuous positive airway pressure (CPAP) therapy.
The aim of this study was to compare the cardiovascular effects of MAD
versus CPAP therapy in patients with moderate OSA.
MATERIALS AND METHODS
Patients with an apnea-hypopnea index (AHI) of 15-30 were randomized
to either MAD or CPAP therapy. At baseline and after 12-months follow-up,
24-hour ambulant blood pressure measurements (ABPM) and laboratory
measurements were performed. ABPM consisted of 24-hour, daytime
and night-time systolic (SBP) and diastolic blood pressure (DBP), and
heart rate (HR) measurements. Laboratory measurements consisted of
serum lipid values, creatinine, high-sensitivity c-reactive protein, plasma
glucose, hemoglobin A1c (HbA1c), proinflammatory cytokines, soluble
receptor for advanced glycation end products (sRAGE), chemokines and
adhesion molecules.
RESULTS
Of the 85 randomized patients with moderate OSA, data were available for
54 patients (n=24 MAD, n=30 CPAP) at 12-month follow-up and showed
that AHI significantly decreased with either therapy. In the MAD group,
sRAGE and HbA1c were significantly higher after 12 months follow-up
compared to baseline. No significant changes were found between MAD
and CPAP treatment for all outcomes.
CONCLUSION
Treatment of patients with moderate OSA with either MAD or CPAP
therapy had no profound effects on major cardiovascular risk factors
after 12-months.
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INTRODUCTION
Obstructive sleep apnea (OSA) is characterized by repetitive upper
airway collapse during sleep, resulting in a complete (apnea) or partial
(hypopnea) obstruction in airflow and reduced oxygen saturation levels
(hypoxia). (1) The increased respiratory effort to restore oxygen levels
(reoxygenation) results in activation of the sympathetic nervous system
and brief awakenings from sleep (arousals). (2,3) The sympathetic
nervous system activation contributes to peripheral vasoconstriction and
increases heart rate and arterial blood pressure. OSA is independently
associated with an increased risk of developing sustained periods of
hypertension, arrhythmias, and cardiovascular disease. (4–7)
The underlying mechanisms explaining the association between OSA and
cardiovascular disease are not completely understood. (4,5,8,9) It has
been suggested that intermittent hypoxia leads to enhanced oxidative
stress due to increased formation of reactive oxygen species (ROS),
decreased nitric oxide (NO) levels and lipid peroxidation, subsequent
release of proinflammatory cytokines, chemokines and adhesion
molecules. (10) Besides, the activation of the sympathetic nervous
system can also result in hypertension. (6,7) These events eventually
promote endothelial dysfunction and atherosclerosis. (11,12)
In addition, OSA is strongly associated with metabolic diseases,
including obesity, insulin resistance, and type 2 diabetes mellitus (DM).
The incidence of these metabolic diseases increases each year. (13) A
large proportion of OSA patients fulfill the criteria of metabolic syndrome
(MetS). This condition is a diagnosis of a combination of metabolic and
cardiovascular abnormalities and includes measurements of fasting
glucose, blood pressure, triglycerides, high density lipid (HDL) cholesterol,
and waist circumference. (14,15)
It has been suggested that OSA treatment lowers cardiovascular risks,
by reducing blood pressure and inflammation, and improving the patients
lipid profile. (4,16) However, to date not many clinical studies have been
performed evaluating these specific treatment outcomes. It has been
shown that continuous positive airway pressure (CPAP) reduces systolic
(SBP) and diastolic (DBP) blood pressure, and has a positive effect on
high sensitive C-reactive protein (hsCRP), inflammation, improvement in
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endothelial function, and a reduction in arterial stiffness. (17–20) Therapy
with mandibular advancement devices (MAD) shows comparable effects
to CPAP on SBP and DBP. (8) However, to date, there remains a paucity of
studies assessing the effect of MAD therapy on other cardiovascular and
metabolic outcomes. Especially, clinical studies directly comparing MAD
and CPAP therapy in moderate OSA on cardiovascular and metabolic
biomarkers are scarce.
Therefore, the aim of this study was to compare the cardiovascular and
metabolic effects of MAD versus CPAP therapy in patients with moderate
OSA. We hypothesise there is a comparable effect between MAD and
CPAP therapy on these outcome measures.
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MATERIALS AND METHODS
The measurements of the cardiovascular and metabolic effects were part
of a randomized controlled trial. The primary outcome measure was AHI
reduction of MAD versus CPAP therapy in moderate OSA patients. (21)
Cardiovascular and metabolic effects were secondary outcomes in this
trial. (8)
SUBJECTS
Adult subjects, who were diagnosed with moderate OSA (apnea hypopnea
index (AHI) 15-30 event/h), based on a single night polysomnography,
were included. Subjects were excluded when diagnosed with reported
or documented unstable endocrine dysfunction, or clinically concurrent
severe cardiovascular- and/or pulmonary co-morbidity. Subjects were
scheduled for a baseline visit, where physical examination (measurements
of weight, waist-and neck circumference, fat percentage, and skin AF with
the AGE-reader), 24-hour blood pressure assessment and fasting bloodand urine sampling, were performed. After the baseline visit, patients
were randomized to either MAD or CPAP therapy. Randomization was
performed using a computer program. Thereby considering baseline
hypercholesterolemia, diabetes and hypertension status to minimize
the imbalance between the number of patients in each treatment group.
Consequently, the effect of a priori cardiovascular differences between
patients receiving MAD therapy and CPAP therapy was minimized. After
12-months a full examination including all the measurements determined
at the baseline visit was performed.
The study was approved by the ethical committee University Medical
Center Groningen (number NL34138.042.10). Furthermore, the study
was registered at ClinicalTrials.gov (number NCT01588275). All patients
provided written informed consent before inclusion in the study.
INTERVENTION THERAPY
MAD therapy: Patients randomized to MAD therapy were treated with a
titratable bibloc MAD (SomnoDent® MAS, SomnoMed Australia/Europe
AG), customized by dental-specialists experienced in the field of dental
sleep medicine. At baseline, the mandible was set at 60-70% of the
patient’s maximum advancement. During follow-up, the mandible was
further advanced until symptoms abated or until further protrusion of the
mandible resulted in discomfort.
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CPAP therapy: Patients randomized to CPAP therapy were treated with
fixed pressure CPAP. The proper pressure for each patient was set using
a predefined protocol. (22) Patients were fitted with a comfortable CPAP
mask before the titration procedure started. Patients were allowed to
change masks and to use chinstraps or a humidifier, if necessary.
CARDIOVASCULAR RISK OUTCOMES
AMBULATORY BLOOD PRESSURE MONITORING
Systolic and diastolic blood pressure and heart rate were measured
every 30 minutes during a 24-hour period (Spacelab 90207; SpaceLabs
Inc, Redmond, WA). Hypertension was defined as the usage of antihypertensive medication or SBP>140 mmHg and/or DBP>90 mmHg.
Dipping was calculated by subtracting mean blood pressure at night from
mean blood pressure during the day and dividing this outcome by the
mean blood pressure during the day. (23)
BLOOD- AND URINE SAMPLE ASSESSMENT
Venous blood samples and urine samples were collected in the morning
after polysomnography testing. During venous blood sampling patients
remained in a sitting position. Samples were directly frozen after collection.
When all samples were collected, they were analyzed at the same time in
the same laboratory. Fasting concentrations of creatinine, triglycerides,
total cholesterol, low-density lipoprotein (LDL)-cholesterol and HDLcholesterol, hsCRP and plasma glucose, were analyzed following the
Roche Cobas C module. Fasting concentrations of Hemoglobin A1c
(HbA1c) were analyzed following the Tosoh G8 (Tosoh, Tessenderlo,
Belgium) module. Fasting concentrations of N-Terminal pro Hormone
B-type Natriuretic peptide (NTproBNP), were analyzed following the
Roche Cobas E-module. Finally, fasting concentrations of Interleukin-6
(IL-6), Interleukin-18 (IL-18), Tumor Necrosis Factor α (TNFα) and soluble
Receptor for Advanced Glycation End products (sRAGE) were analyzed
following the R&D Systems Elisa module.
ASSESSMENT OF ADVANCED GLYCATION ENDPRODUCTS
Advanced glycation endproducts (AGEs) are considered to be markers
of oxidative and glycemic stress and to be involved in the atherosclerotic
process. Tissue accumulation of AGEs in the skin tissue was measured
non-invasively using the AGE-Reader (DiagnOptics BV, Groningen, the
Netherlands). This device assesses skin autofluorescence (skin AF),
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expressed in arbitrary units (AU) of AGEs on the volar side of the forearm,
using the fluorescent properties of the AGEs. More detailed information
about this protocol has previously been described by Koetsier et al. (24)
OTHER ASSESSMENTS
For each individual patient, presence of MetS was assessed, based on
fasting glucose, systolic blood pressure, triglycerides, HDL, and waist
circumference at baseline and after 12 months follow-up according to the
ATP III criteria. (25,26)
Furthermore, an estimation of 10-year risk of fatal cardiovascular disease
was assessed with the SCORE (Systematic Coronary Risk Evaluation)
scale for each individual patient using age, sex, smoking status, systolic
blood pressure, and total cholesterol. The risk score was obtained using
the SCORE chart for populations at low cardiovascular disease risk.
According to the ESC guidelines a SCORE risk score of 5% or higher
was considered as high risk. (27)
Smoking status was divided into current smokers, ex-smokers and never
smokers.
STATISTICAL ANALYSIS
Descriptive statistics for continuous variables are presented as means
and standard deviations (normal distribution) or medians and interquartile
ranges (skewed distribution). Categorical variables are presented in
terms of proportions.
Differences between baseline and follow-up variables within the groups
were compared using the paired Student’s t-test for normal distributions
or Wilcoxon’s signed rank test for variables with skewed distributions.
Differences between groups were compared using the independent
Student’s t-test for normal distributions or Mann–Whitney U test for
variables with skewed distributions.
‘Intention-to-treat’ and ‘per protocol’ analyses were performed. Since both
analyses yielded comparable results, only the ‘per protocol’ analysis was
reported in case of similar outcomes. Correlations between inflammatory
markers and AHI (at baseline, at follow-up and the difference between
baseline and follow-up) were performed with Pearson’s correlation
coefficient. Differences were considered to be statistically significant
when p<0.05. Statistical analyses are performed using IBM SPSS
Statistics 23 (IBM, New York, USA).
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RESULTS
Between June 2012 and September 2016, 118 patients were screened. A
total of 32 patients were excluded after the screening visit (figure 1). 86
patients were randomized (n=44 MAD; n=42 CPAP), of which one patient
(randomized to MAD) was excluded after unjustified randomization due
to having mild OSA at baseline, yielding 85 study participants (50.7±9.7
years, BMI 30.2±4.9 kg/m2, men/women 70/15) with AHI 15-30 (mean
AHI 20.9±4.5 events/hr). In total, 54 patients (n=24 MAD; n=30 CPAP)
completed the study period receiving the therapy to which they were
initially randomized (per protocol group) (figure 1).
There were no significant baseline differences in patient characteristics
between subjects randomized to MAD therapy or CPAP therapy (table 1).

Figure 1: Flowchart showing allocation, and dropout of patients
Abbreviations:

AHI=apnea-hypopnea

index;

CPAP=continuous

positive

airway

pressure;

MAD=mandibular advancement device; OSA=obstructive sleep apnea; SAS=sleep apnea syndrome
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Table 1: Baseline characteristics of patients randomized to MAD (n=43) and CPAP
(n=42)
MAD n=43

CPAP n=42

age (years)

50 ± 9.7

51 ± 9.8

sex (n male, %)

37, 86%

33, 79%

AHI (events/hr)

20.9 ± 4.4

21.0 ± 4.7

minimal oxygen saturation (%)

83.6 ± 4.4

82.3 ± 4.2

DM (n, %)

4, 9%

4, 10%

1/3

0/4

never-smoker

18, 42%

17, 40%

ex-smoker

10, 23%

8, 19%

current smoker

15, 35%

16, 38%

antihypertensive medication

10, 23%

16, 38%

cholesterol lowering medication

7, 16%

5, 12%

anti-coagulation

4, 9%

4, 10%

arrhythmias

1, 2%

1, 2%

14, 33%

20, 48%

type 1/type 2
smoking status (n, %)

medication use

hypertension (n, %)
140/90 and/or medication

6

Data presented as mean ± standard deviation or number, percentage
Differences between the MAD and CPAP group were not statistically significant
Abbreviations: MAD=mandibular advancement design, CPAP=continuous positive airway pressure,
AHI=apnea hypopnea index, DM=diabetes mellitus

Of the 85 randomized patients, data on cardiovascular outcomes were
available for 65 patients (n=29 MAD; n=36 CPAP) after 12-months.
However, a total of n=24 MAD and n=30 CPAP randomized patients
fulfilled the study according to protocol. In addition, two patients of the perprotocol analyses had no fasting lipid profile and glucose at baseline, and
were excluded from analysis with respect to these outcome parameters.
AHI significantly reduced with both MAD and CPAP therapy after
12-months follow-up (table 2). The reduction in AHI was significantly
greater (p<0.01) with CPAP (mean reduction AHI 19.1 ± 4.3 events/hr)
compared to MAD therapy (mean reduction AHI 10.3 ± 12.0 events/hr
after 12-months) (table 2).
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ESS was significantly reduced in both MAD and CPAP from baseline to
follow-up. Besides, both therapies improve health related quality of life.
Further analyses of ESS and quality of life scores in this cohort were
published by GE de Vries et al. (21,28)
BLOOD PRESSURE MEASUREMENT
24-hour, daytime and night-time SBP, DBP and heart rate (HR) showed
no changes after 12-months with either MAD or CPAP therapy (table 2).
Besides, when comparing percentages of dipping during the night, 24hour HR, daytime HR and night-time HR, no significant differences were
found with the intention-to-treat nor with the per protocol analysis.
BLOOD- AND URINE SAMPLE ASSESSMENT
HbA1c increased significantly in the MAD group from baseline (37.4 ±
4.3) to follow-up (38.3±4.3) (p=0.02). In the intention-to-treat analysis this
significant difference was not observed. In addition, sRAGE significantly
increased in the MAD group from baseline (235.1 ± 92.7) to follow-up
(248.8 ± 102.3) (p=0.049). Otherwise, there were no significant effects of
both MAD and CPAP therapy on laboratory outcomes (table 2). Baseline
values for total cholesterol and LDL-cholesterol were significantly higher
in the MAD group (5.8 ± 1.0 and 3.9 ± 0.9) when compared with CPAP (5.0
± 1.0 and 3.3 ± 0.9) (p=0.007 and p=0.014 respectively). This resulted in
a significant difference in total cholesterol and LDL-cholesterol reduction
between MAD and CPAP after 12 months (p=0.03).
When performing a Pearson correlation with delta AHI, a significant
negative correlation was found with sRAGE in MAD group. Delta AHI
correlated negatively with sRAGE at baseline r(21)=-0.519 (p=0.016)
and at follow-up r(20)=-0.499 (p=0.025) in MAD group.
ASSESSMENT OF SKIN AUTOFLURESCENCE AS MEASURE
OF ADVANCED GLYCATION ENDPRODUCTS
No significant differences were found between baseline and followup measurements. However, in the per protocol analysis a significant
difference between the delta AU between MAD and CPAP was observed
(resp. 0.144 ± 0.21 and -0.058 ± 0.25, p=0.038), favouring MAD therapy.
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OTHER ASSESSMENTS
Medication use did change in seven patients, four out of CPAP group and
three out of MAD group. In the CPAP group, n=1 had a higher dosage
of arrhythmic medication (Verapamil), n=1 started anti-coagulation
medication after six months (Acetylsalicylic acid), n=1 had a higher
dosage of blood pressure lowering medication (Perindopril), n=1 started
with cholesterol lowering medication (Simvastatin). In the MAD group, n=1
had a lower dosage of anti-coagulation medication (Acetylsalicylic acid),
n=1 had a lower dosage of cholesterol lowering medication (Simvastatin),
n=1 started blood pressure lowering medication (Enalapril).
41% (n=22) of all patients were diagnosed with Metabolic Syndrome
(MetS) with three out of five criteria at baseline. 38% (n=20) of patients
were diagnosed with MetS at follow-up whereby MetS data of two patients
were missing. In MAD group 11 out of 24 patients fulfilled the criteria for
MetS at baseline, at follow-up this was the case for nine patients. In
CPAP group 11 out of 30 patients fulfilled the criteria for MetS at baseline
and at follow-up. Three MAD patients switched from MetS at baseline to
no MetS at follow-up, One patient switched from no MetS at baseline to
MetS at follow-up. Two CPAP patients switched from no MetS at baseline
to MetS at follow-up, two patients switched from MetS at baseline to no
MetS at follow-up.
In patients with MetS at baseline, a significant difference between MAD
and CPAP therapy was calculated for AHI at follow-up (p=0.013) and for
minimal oxygen saturation (p=0.009), these differences were in favour
of CPAP therapy. SCORE risk score at baseline was 5% for only one
patient in CPAP group (73-year-old man). Finally, in the MAD group DBP
at night significantly reduced in the MetS group (p=0.028).
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Table 2: Cardiovascular- and metabolic effects in patients fulfilling the study (per
protocol)
baseline

12 months

MAD n=24

CPAP n=30

MAD n=24

CPAP n=30

AHI (events/hr)

21.1 ± 4.6

20.4 ± 4.3

10.8 ± 11.9*#^

1.5 ± 1.6*#^

BMI (kg/m )

28.9 ± 4.5

30.7 ± 5.3

29.2 ± 4.2

31.7 ± 5.1^

waist circumference (cm)

104.1 ± 7.8

106.5 ± 13.1

105.7 ± 8.2

108.4 ± 12.58^

neck circumference (cm)

40.7 ± 3.4

41.3 ± 3.6

40.5 ± 3.1

41.3 ± 3.4

minimal oxygen
saturation (%)

83.6 ± 4.4

82.3 ± 4.2

86.0 (84.3-89.8)
*

92.0 (90.2-93.0)
*

hsCRP

2.1 (0.9–5.0)

1.5 (0.9-4.3)

1.5 (0.9–6.3)

2.4 (1.0–3.7)

triglycerides (mmol/l)

1.45 (1.09–2.06)

1.22 (1.09–1.68)

1.32 (0.98–2.36)

1.33 (1.03–1.77)

creatinine (mmol/l)

83.3 ± 13.1

80.6 ± 15.8

84.0 ± 15.2

82.1 ± 17.2

eGFR (mmol/l)

86.6 ± 15.1

86.2 ± 12.5

85.0 ± 15.6

84.3 ± 16.0

total cholesterol (mmol/l)

5.8 ± 1.0*

5.0 ± 1.0*

5.6 ± 1.1

5.1 ± 1.1

HDL-cholesterol (mmol/l)

1.4 ± 0.4

1.3 ± 0.4

1.4 ± 0.3

1.2 ± 0.4

LDL-cholesterol (mmol/l)

3.9 ± 0.9*

3.3 ± 0.9*

3.7 ± 1.0*

3.3 ± 1.0*

glucose (mmol/l)

5.7 ± 0.7

5.8 ± 1.0

5.9 ± 0.6

5.7 ± 0.8

HbA1c (mmol/mol)

37.4 ± 4.3

37.5 ± 6.5

38.3 ± 4.3^

37.6 ± 6.5

skin AF (AU)

2.06 ± 0.54

2.25 ± 0.55

2.19 ± 0.50

2.21 ± 0.58

NTproBNP (pg/mL)

24.2 (12.3-57.8)

39.3 (17.3-61.3)

26.0 (11.3-52.0)

31.4 (12.2-56.8)

IL-6 (pg/mL)

1.3 (0.8-2.8)

1.4 (1.0-2.5)

1.4 (0.7-2.3)

1.5 (1.2-2.7)

IL-18 (pg/mL)

7.2 (6.3-8.5)

7.4 (5.8-9.2)

7.1 (6.2-7.9)

7.9 (5.7-9.6)

TNFα (pg/mL)

1.1 (1.0-1.3)

1.3 (1.1-1.5)

1.2 (1.2-1.4)

1.3 (1.1-1.5)

sRAGE (pg/mL)

235.1 ± 92.7

223.2 ±92.7

248.8 ± 102.3^

224.0 ± 90.0

24-h SBP (mmHg)

125.6 ± 14.2

129.2 ± 10.9

125.5 ± 13.2

129.9 ± 12.6

24-h DBP (mmHg)

77.5 ± 9.8

79.9 ± 7.7

77.0 ± 8.9

79.3 ± 8.8

24-h HR (bpm)

71.1 ± 10.6

70.0 ± 9.1

71.1 ± 8.3

70.7 ± 11.2

daytime SBP (mmHg)

131.7 ± 13.8

134.6 ± 11.2

131.4 ± 13.3

135.7 ± 13.7

daytime DBP (mmHg)

81.7 ± 9.9

84.1 ± 8.1

81.8 ± 9.2

83.4 ± 9.3

daytime HR (bpm)

76.1 ± 11.3

73.6 ± 10.4

74.9 ± 9.2

73.4 ± 10.0

nighttime SBP (mmHg)

113.3 ± 14.7

118.1 ± 10.2

113.7 ± 13.5

118.3 ± 12.8

nighttime DBP (mmHg)

68.4 ± 10.3

70.8 ± 7.8

67.1 ± 8.7

71.1 ± 8.9

nighttime HR (bpm)

62.2 ± 9.7

62.9 ± 8.7

63.4 ± 8.0

61.3 ± 8.4

dipping % SBP (%)

14.6 ± 5.0

12.1 ± 4.8

13.5 ± 5.2

12.7 ± 6.3

dipping % DBP (%)

17.1 ± 7.2

15.8 ± 5.7

17.9 ± 5.8

14.5 ± 6.7

dipping % HR (%)

17,5 ± 7,6

13,8 ± 10,4

15,1 ± 7,0

16,1 ± 6,1

MetS (n, %)

11, 45.8%

11, 36.7%

9, 37.5%

11, 36.7%

SCORE (n)

1 (0-2)

1 (0-1)

1 (0-1)

1 (0-1)

SCORE ≥5% (n, %)

0, 0%

1, 2.4%

0, 0%

0, 0%

2
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Data presented as mean ± standard deviation or median (interquartile range).
* significant difference between MAD and CPAP at baseline or follow-up (independent samples t-test
or Mann–Whitney U test)
# significant difference in delta change from baseline to 12-months between MAD and CPAP
(independent samples t-test or Mann–Whitney U test)
^ significant difference between baseline and follow-up (paired students t-test or Wilcoxon’s signed
rank test)
Abbreviations: MAD=mandibular advancement design, CPAP=continuous positive airway pressure,
AHI= apnea hypopnea index, BMI= body mass index, hsCRP= high sensitive C reactive protein,
eGFR= estimated glomerular filtration rate, HDL= high density lipids, LDL= low density lipids,
HbA1c= hemoglobin A1c, skin AF= skin autofluorescence, NTproBNP= N-terminal pro hormone
B-type natriuretic peptide, IL-6= interleukin-6, IL-18= interleukin-18, TNFα = tumor necrosis factor α,
sRAGE= soluble receptor for advanced glycation end products, SBP= systolic blood pressure, DBP=
diastolic blood pressure, HR= heart rate, MetS=Metabolic syndrome, SCORE=systematic coronary
risk evaluation

6
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DISCUSSION
This paper showed that treatment of patients with moderate OSA with either
MAD or CPAP therapy had no profound effect on major cardiovascular
risk factors after 12-months of therapy. While cardiovascular treatment
outcome was similar between both therapies, AHI and minimal oxygen
saturation differed significantly between both groups at follow-up favoring
CPAP therapy.
The mean age in this cohort was 50 ± 9.7 in MAD group and 51 ± 9.8
in CPAP group. This is relatively young, compared to other studies on
OSA treatment, mostly with a mean age around 60-years. (29–31) This
could explain the relatively normal baseline cardiovascular and metabolic
values of the study participants, and the fact that no major improvements
in the outcomes and cardiovascular risk, such as HR, SBP and DBP,
were seen.
Comparing this trial with previous studies, generally less profound effects
on cardiovascular outcomes are observed. Khan at al. suggested in a
meta-analysis that, in subjects with moderate-to-severe OSA, sufficient
CPAP compliance (≥4 hours per night) reduces the risk of major adverse
cardiovascular events, primarily driven by a reduction in the risk of stroke.
(32) It has been shown that CPAP and MAD reduce SBP and DBP,
and that CPAP has a positive effect on hsCRP. (8,17–20) In our study
however, similar results were not observed. This could be explained by
the relatively short-term follow-up of 12-month in our study. In the metaanalysis of Khan et al. the mean follow-up was 39-months.
Abuzaid and colleagues suggested, in a meta-analysis with 3780 patients,
that in subjects with OSA, sufficient CPAP compliance (≥4 hours per
night) is also associated with an improved cardiac outcome. (33) Dipping
of HR is important in reducing cardiovascular risk. In patients where the
heart rate did not exhibit the nocturnal decline, the risk of future CVD
was 2.4 times greater, independent of non-dipping of SBP or diabetes
status or BP level. (34) In a general population a 10-20% nighttime dip
of BP is normal. (35) In our study population this dip was 12.1-17.9%,
which is in line with a normal BP dip. The HR dip in our study population
was 13.8-17.5%, also in line with a normal HR dip which is 10-20%. (36)
The absence of significant differences in most cardiovascular outcomes
148

could be explained by the relative healthy and young study population in
the present study. Therefore, an improved cardiac outcome is difficult to
reach.
Polysomnographic outcomes differed significantly between both
therapies. AHI and minimal oxygen saturation dropped significantly more
in the CPAP group compared to the MAD group. From literature it is
known that patients with moderate to severe OSA, generally perform
better with CPAP therapy compared to MAD therapy in terms of AHI
reduction. (37,38) Since, in this study, all patients were diagnosed with
moderate OSA and were randomly allocated to MAD or CPAP therapy,
this could explain the significant difference in AHI outcome in favor of the
CPAP group. Striking is that, the difference in AHI outcome, did not result
in differences in cardiovascular outcomes.
In this trial we focused on cardiac biomarkers in blood and plasma such
as NTproBNP, IL-6, IL-18, TNFα and sRAGE. Only sRAGE and HbA1c
were significantly increased following therapy in the MAD group, no other
significant differences were found. NTproBNP values provide information
about the heart filling and cardiac dysfunction, the main stimulus
for synthesis and secretion is myocardial wall stress. (39) It may be
elevated due to sympathetic activity, rise in blood pressure and apneainduced wall stress. Tasci et al. investigated the level of NTproBNP in
60 OSA patients and concluded that CPAP lowers the concentration of
NTproBNP. (40) However, Hubner et al. did not found a relation between
concentration of NTproBNP and AHI, or an elevated level of NTproBNP
in OSA patients compared to patients suspected with sleep apnea. (41)
In our trial, no relation was found between NTproBNP and AHI neither in
the MAD nor the CPAP group, independent of AHI reductions. This could
again be explained by the relative healthy and young study population.
In the study by Tasci et al. the amount of NTproBNP was 60.8±9.9 pg/ml
in hypertensive subjects, 43.2±6.8 pg/ml in normotensive OSA patients
and 36.5±8.5 pg/ml in subjects without OSA. In our study population the
amount of NTproBNP was even lower. Furthermore, IL-6 and TNFα have
a role in promoting vascular inflammation. Especially IL-6 is elevated
as an early biomarker in patients with moderate to severe OSA. (42)
When comparing the results of our study with the moderate to severe
OSA patients in the study by Motamedi et al, we observed lower levels of
IL-6 at baseline. However, in the CPAP group, IL-6 follow-up correlates
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negatively (p=0.036) with AHI at baseline. In patients with a high AHI, a
larger difference in IL-6 is seen. This could possibly be explained by the
fact that patients with a higher baseline AHI may have been affected with
OSA for a longer period of time and therefore have more pronounced
IL-6 levels. IL-18 is a risk factor for coronary events and was significantly
reduced by CPAP therapy in the study of Jin et al. (43) However, in our
population a similar reduction following CPAP or MAD therapy is not
observed. HbA1c is a predictor for DM but also for heart failure. (44) In a
study by Monneret et al. HbA1c is correlated with SaO2. (45) In the study
by Labarca et al. CPAP therapy did not change HbA1c levels after 12 or
24 week follow-up. (46) It is expected that after a long period of time the
level of HbA1c would decrease due to treatment and reduction of AHI.
However, in our study HbA1c did increase after MAD therapy, as well
as glucose levels. This could be explained by the short follow-up period
and the smaller reduction of AHI in the MAD group. In the CPAP group
the AHI reduction was more pronounced, however no correlation with
HbA1c was observed. The concentration sRAGE is low in patients with
hypertension, such as in many OSA patients. sRAGE predicts oxidative
stress and correlates negative with AHI and BMI. (47) In our study sRAGE
levels significantly increased in MAD but not CPAP group at 12-month
follow-up. This could partly be explained by the significant difference in
BMI in our group between MAD and CPAP therapy at follow-up. In our
study baseline and follow-up sRAGE correlates positively with followup AHI in MAD group and in the total group, while delta AHI correlates
negatively with baseline and follow-up sRAGE in the MAD group and
in the total group. Cai et al. also showed a strong negative correlation
between sRAGE and AHI. (48) As sRAGE levels are associated with a
decline in AHI, it might be used as a biomarker in this group of patients.
A well-known issue in prospective randomized controlled trials is the dropout
rate. In this study 24 out of 43 MAD and 30 out of 42 CPAP completed
follow-up. This paper was written to compare the cardiovascular and
metabolic effects of MAD versus CPAP therapy in patients with moderate
OSA, however the study was powered on differences in AHI reduction
between MAD and CPAP therapy. When the study would have been
powered on differences in cardiovascular outcomes, a larger treatment
group would have been needed, and possibly more significant differences
would have been seen. Especially, the subgroup of hypertensive patients
at baseline, is small and lacks power.
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A weakness of the study is the follow-up period. One-year follow-up under
treatment might be too short to observe any effects on cardiovascular
biomarkers. Furthermore, long-term outcomes on cardiovascular events
and death were not assessed. In a future study, other biomarkers such
as Coronary artery calcium (CAC) and carotid ultrasound of the intima –
media thick-ness (IMT) could be added. Also aortic pulse wave velocity
(PWV), ankle – brachial index (ABI) and Echocardiography could be used
to measure preclinical vascular damage. (49)
In general, comorbidities such as obesity, gastroesophageal reflux disease
and DM II play an important role in OSA. (50) This is why interpretations
of studies on cardiovascular outcomes are difficult to make. Confounders
such as weight, BMI, neck circumference and cholesterol, interplay with
both development of OSA and cardiovascular diseases. The relationship
between specific biomarkers and OSA is often influenced by comorbidities
but also by age, gender and ethnicity. This is why a single biomarker
suitable for the assessment of cardiovascular risk in OSA has not yet
been identified. (51) However, there is increasing evidence that CPAP
therapy could lead to a significant reduction in cardiovascular diseases.
(52) Still more research is needed to address these elements of the
cardiovascular effects of both MAD and CPAP therapy on the long-term.
CONCLUSION
Treatment of patients with moderate OSA with either MAD or CPAP
therapy had no major effect on major cardiovascular risk factors after 12
months. Further research is suggested in patients with more severe OSA
and cardiac stress outcomes with a longer-term follow-up.
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