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Treatment of sleep apnea in congestive heart

failure with a dental device

The effect on brain natriuretic peptide and quality of life

Abstract The aim of the present
study was to investigate the effect of a
mandibular advancement device
(MAD) for the treatment of sleep
apnea (SA) on plasma brain natriuretic
peptide (BNP), left ventricular
ejection fraction (LVEF), and health-
related qualify of life (HRQL) in
patients with mild to moderate stable
congestive heart failure (CHF).
Seventeen male patients aged 68.4±
5.5 with an apnea–hypopnea index
(AHI) ≥10 were equipped with an
individually fitted MAD. SA was
evaluated using a portable respiratory
multirecording system before and
after the initiation of treatment. Eleven
patients completed follow-up and
were evaluated after 6 months of
treatment. The AHI reduced from
25.4±10.3 to 16.5±10.0 (p=0.033)

compared to baseline and mean
plasma BNP levels decreased from
195.8±180.5 pg/ml to 148.1±139.9
pg/ml (p=0.035). SA-related
symptoms, e.g., excessive daytime
sleepiness, were also reduced
(p=0.003). LVEF and HRQL were
unchanged. We conclude that SA
treatment with a MAD on patients
with mild to moderate stable CHF
appears to result in the reduction of
plasma BNP levels. Further studies to
investigate if the observed reduction
in BNP concentrations also result in
improved prognosis are warranted.

Keywords Congestive heart failure .
Sleep apnea . Mandibular
advancement device . Brain
natriuretic peptide . Quality of life

Introduction

Congestive heart failure (CHF), especially when due to left
ventricular systolic dysfunction, is associated with elevated
levels of circulating plasma brain natriuretic peptide (BNP)
[1]. The stimulus for BNP secretion is cardiac myocyte
stretch and regulation takes place through gene expression
[2]. BNP concentrations are closely related to left ventricular
pressure and volume indices [3, 4]. In patients with CHF,
elevated levels of plasma BNP are associated with an
increased risk for sudden death [5] and are also a strong
predictor of morbidity and mortality [6]. Sleep apnea (SA) is
a common comorbid condition in patients with CHF [7, 8].
Untreated SA is believed to be associated with an increased
risk of death in patients with coronary artery disease [9].

Treatment of SA using continues positive airway pressure
(CPAP) or upper airway surgery in this group of patients
was shown to reduce cardiovascular death, acute coronary
syndromes, and hospitalization for cardiac causes [10]. SA
has also shown to stimulate secretion of BNP. Nocturnal
secretion of BNP increases in association with the elevation
of blood pressure during episodes of apnea and fall when SA
is treated using CPAP [11]. Decrease in cardiac strain due to
reduction of SA-induced hypoxemia, microarousals, and
negative intrathoracic pressure were discussed as possible
mechanisms explaining the effect of CPAP on plasma BNP
levels [11]. Treatment of SA may therefore have a positive
impact on cardiac function and reduce symptoms of heart
failure [12, 13]. Furthermore, treatment may also improve
quality of life [14], that is, of severely impaired patients with
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CHF irrespective of the degree of left ventricular ejection
fraction (LVEF) [15].

A mandibular advancement device (MAD) is a dental
appliance designed to eliminate pharyngeal airway ob-
struction (Fig. 1). MAD was widely recommended for
treatment of obstructive sleep apnea (OSA) over the past
two decades [16–22]. MAD was shown to reduce SA-
induced hypoxemia [16, 18] and arousals [18]. There is
also evidence to suggest that it may be useful for the
treatment of central sleep apnea (CSA) [22]. We have
previously reported that treatment of SA with a MAD
reduces the severity of SA and increases oxygen saturation
in patients with CHF [23]. By preserving free upper
airways, the device is able to reduce repetitive, excessive,
and negative intrathoracic pressure. Therefore, treatment of
SA with a MAD in patients with CHF may be beneficial
and, similar to CPAP, reduces cardiac strain and thereby
levels of circulating BNP.

The aim of the present study was to investigate if the
treatment of SAwith a MAD had an effect on plasma BNP
concentrations, left ventricular systolic function, and
health-related qualify of life (HRQL) in patients with
mild to moderate, stable CHF. The hypothesis was that

treatment of SAwith a MAD would decrease plasma BNP
concentrations, increase LVEF, and improve HRQL.

Materials and methods

Patients

Eligible patients for inclusion in the study were 623 men
and women who were previously hospitalized at the
department of Cardiology, Malmö University Hospital,
Sweden, with diagnosis of stable, mild to moderate CHF,
New York Heart Association (NYHA) functional classes
II–III, and left ventricular systolic dysfunction.

Figure 2 shows the selection of patients is in the study.
Patients were excluded if they were previously treated for
SA, had dental problems preventing the use of a MAD, or
had temporomandibular joint problems. They were also
excluded if they were likely to undergo cardiac surgery
within 1 year, suffered from any other severe disease likely
to interfere with quality of life within the following year or
were diagnosed as having any serious mental condition.
Alcohol or drug abuse or other conditions making it likely
not to comply with the study protocol excluded patients.
Also patients were excluded if they were unable to answer
the study questionnaire for any reason, participated in any
other clinical trial, or if their treating physician deemed
participation inappropriate.

Out of 623 patients, 195 patients fulfilled the inclusion
criteria. These patients were invited to participate in the

Patients, invited to participate in 
the study 

195

Patients included
17

Patients volunteering 
61

Refused, unable, unreachable, 
dental problems, deceased, others 

134 

AHI < 10 and/or LVEF> 40% 
41

Polysomnographic and 
cardiologic examinations

58

Deceased, Withdrew, Moved 
 3 

Patients, previously hospitalised 
with diagnosis CHF 

623

Excluded due to exclusion criteria
428

Fig. 2 The selection of patients in the study
Fig. 1 a The MAD used in the study. b An intraoral view of the
MAD
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study. Sixty-one patients volunteered who underwent new
cardiac examinations and polysomnographic registration.

The study included 17 patients with CHF, NYHA
functional classes II–III, and LVEF ≤40%, who also had
significant SA defined as a nocturnal apnea–hypopnea
index (AHI) ≥10. CHF was considered stable if their heart
failure medication did not change 4 weeks prior to
inclusion or during the study period.

Demographic profile of the study population is shown in
Table 1. The study design is illustrated in Fig. 3. All
patients gave informed consent to participate in the study,
which was approved by the Research Ethics Committee,
Lund University, Sweden.

Echocardiography

Echocardiographic examinations were performed using a
Hewlett-Packard Sonos 2000 (Andover, MA, USA). Para-
sternal and apical views were obtained with the patient in a
left lateral recumbent position. Measurements were acquired

during silent respiration or end-expiratory apnea. Left
ventricular systolic function was assessed by determination
of the mean left atrioventricular plane displacement, global
qualitative assessment, and/or single plane ellipse (modified
Simpson’s rule) [24–26].

Polysomnography

An unattended, portable monitor (EdenTrace II Plus
Multirecording System, EdenTech Corp, Eden Prairie,
MN, USA) was used for nocturnal polysomnography at
baseline before and after treatment with the MAD. The
second registration was performed when the patients
became accustomed to the device. Recordings were made
of oronasal airflow, chest effort, oxyhemoglobin saturation
(SaO2), body position, and snoring (levels ≥90 dB). A
respiratory disturbance (an apnea or hypopnea) was
defined as a decrease in airflow that lasted at least 10 s
with at least a 50% reduction of airflow compared with
baseline amplitude. A respiratory disturbance had to be
associated with oxyhemoglobin desaturation defined as a
reduction of at least 4% compared with the baseline. The
respiratory disturbances are presented as AHI defined as
the mean number of respiratory disturbances per hour.

The study population, echocardiographic and polysomno-
graphic procedures were previously described in detail
elsewhere [23].

Baseline examinations 

Echocardiography 
Polysomnography 

Neurohormonal measurement 
Health-related quality of life questionnaire

Sleep apnoea questionnaire

Intervention

Patients received the MAD 

Polysomnographic examination with MAD

4-6 weeks after use of the MAD 

Follow-up examinations after 6 months 
use of the MAD 

Echocardiography 
Neurohormonal measurement 

Health-related quality of life questionnaires
Sleep apnoea questionnaire

Fig. 3 The study design. The performed examinations at baseline
and follow-upTable 1 Clinical characteristics, cause of CHF, and medication of

patients included in the study (n=17)

Gender (male/female) 17/0
Age 68.4±5.7
BMI 25.3±3.5
AHI 25.1±9.4
CHF duration (years) 3.1±0.5
NYHA class II (%) 71
NYHA class III (%) 29
LVEF (%) 32.0±11.8
Cause of CHF
IHD (%) 76
DCM (%) 12
HT (%) 6
VD (%) 6
Medication
ASA (%) 88
ACE inhibitors (%) 82
Digitalis (%) 65
Diuretics (%) 65
β-blockers (%) 47
Vasodilator (%) 24
Antiarythmica (%) 12
Calcium antagonists (%) 0

The data is presented as mean ±SD
BMI Body mass index, CHF congestive heart failure, NYHA New
York Heart Association, LVEF left ventricular ejection fraction,
IHD ischemic heart disease, DCM dilated cardiomyopathi, HT
hypertoni, VD valvular disease, ASA accetyl salicylic acid, ACE
angiotensin converting enzyme
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Plasma brain natriuretic peptide assay

Venous blood samples were drawn from a cubital vein with
the patient resting in recumbent position for at least 20 min.
The time of blood sampling for all patients was around ten
o’clock in the morning. The blood samples were collected
into 5 ml plastic tubes containing 9 mg of edetic acid as an
anticoagulant. The samples were centrifuged at 3,000 rpm
for 10 min at 4°C and the plasma was immediately frozen
to −70°C until it was assayed. Plasma BNP was measured
using a Shionoria BNP immunoassay kit from CIS Bio
International (Gif-sur-Yvette Cedex, France) following
the instructions of the manufacturer. The detection limit
of the assay was 2 pg/ml. The coefficients of variation at
the levels 15 and 290 pg/ml were 20 and 10%, respectively.
The reference range for adults given by the manufacturer
was 0–18 pg/ml.

Health-related quality of life

HRQL was evaluated by using two self-administered
questionnaires: Nottingham Health Profile (NHP) and
Minnesota Living with Heart Failure Questionnaire
(MLHFQ). NHP is a generic instrument divided in two
parts containing questions for yes or no answers. NHP was
designed to measure the effect of ill health on different
dimensions of the quality of life, regardless of the causal
disease. The Swedish version of NHP was validated and
previously used to assess HRQL in patients with CHF [15].
NHP part one consists of 38 questions reflecting quality of life
in the dimensions emotion, sleep, energy, pain, mobility, and
social isolation. The score in each dimension could vary from
0 to 100. The higher the NHP score, the poorer the HRQL.

MLHFQ is a disease-specific questionnaire consisting of
21 questions focusing on signs and symptoms of heart
failure; physical and emotional impairment; and work,
social, and sexual activities. Each question in the MLHFQ
can be answered according to a 6-point scale from 0 (not a
problem at all) to 5 (a very severe problem). The total score
could range from 0 (no disability) to 105 (severe disability)
[27].

Sleep apnea questionnaire

The purpose of the questionnaire was to study the effect of
the MAD intervention on the symptoms associated to
nocturnal respiratory disorders and SA syndrome such as
snoring, SA, and excessive daytime sleepiness. The
questionnaire was composed of 15 questions each with a
5-point scale from 0 (never) to 4 (always) (Appendix). The
higher the score, the greater the symptoms of the nocturnal
sleep disorder.

Mandibular advancement device

The MAD was made of transparent acrylic (Ortocryl,
Dentaurum, Germany) covering the occlusal surfaces of the
teeth with the exception of the incisors. The splints were
connected by two stainless steel wires, 3.0 mm in diameter,
and were retained on the jaws by using active clasps. The
degree of the mandibular advancement was individually
selected at a level of 50–75% of maximal protrusive
movement of the mandible. The exact degree depended on
the magnitude of maximal protrusive movement, state of
dentition, and degree of comfort for the individual patient
(Fig. 1). The patients were instructed to use the device
every night. A checkup was performed after 7–10 days at
which time, necessary adjustments to the device were
made. When the patients were customized with the MAD at
earliest 4–6 weeks, a second nocturnal respiratory record-
ing with the device was performed to evaluate the effect of
the intervention on the SA.

Statistics

Plasma BNP, LVEF, HRQL, and sleep apnea questionnaire
(SAQ) were measured at baseline before treatment and
6 months after the initiation of treatment. Wilcoxon signed
rank test was used to determine the statistical significance
of changes in continuous variables. P values <0.05 were
considered to indicate statistical significance. Values are
presented as mean±SD.

Baseline

Patient received the MAD 

17 

2 Unable use 
the MAD 

 1 Deceased 

1 Ceased with
the MAD 

1 No regularly use  
of the MAD

1 Withdrew 

6 months follow-up

Patients used the MAD

every night

11 

Drop-out 

Fig. 4 Study flow chart. MAD Mandibular advancement device
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Results

Six patients were excluded from the final analysis due to
failure to use the MAD regularly, withdrawn consent, or
death. Eleven patients completed the 6-month follow-up
and were evaluated (Fig. 4). The patients’ clinical

characteristics and medication at baseline are shown in
Table 1. They remained stable throughout the study. The
mean AHI at baseline was 25.4±10.3 and it decreased to
16.5±10.0 after treatment with MAD (p=0.04). The mean
plasma BNP levels fell from 195.8±180.5 pg/ml at baseline
to 148.1±139.9 pg/ml (p=0.02) (Table 2). The severity of
the SA-related symptoms as measured by SAQ decreased
(Table 3). There was no change in mean LVEF at 6 months
compared to baseline, 31.3±8.0 and 31.1±8.6%, respec-
tively. HRQL, as evaluated using the total mean NHP part
one score and the MLHFQ, were unchanged at 6 months
compared to baseline (Table 3).

Discussion

In the present study we found that in patients with stable,
mild to moderate CHF and SA, the MAD intervention
reduced the severity of the SA as expressed by AHI after
6 months of treatment. Furthermore, we observed a
reduction in circulating plasma BNP concentration and
SA-related symptoms. However, we found no change in
LVEF or HRQL.

Williams et al. [28] investigated the correlation between
aerobic exercise capacity and plasma N-brain natriuretic
peptide (N-BNP), a peptide which is cosecreted with BNP,
compared with LVEF, in patients with CHF. The plasma N-
BNP was found to significantly correlate with aerobic
exercise capacity and duration, whereas LVEF showed
very poor correlations. These results may indicate that BNP
reflects functional cardiac impairment better than LVEF. It
is therefore reasonable to expect that intervention with a
MAD may affect functional impairment and not necessar-
ily the left ventricular systolic function. This may explain
why reduction in BNP was not accompanied with an
improvement in LVEF in the present study. Furthermore,
LVEF is an expression of systolic function whereas BNP
not only reflects the degree of systolic dysfunction but all
also the degree of diastolic dysfunction, which was not
evaluated in the study patients [29].

An improvement in functional capacity should ideally
result in an improvement in HRQL. The patients in our study,
however, appeared to have near normal HRQL, i.e., not very
different fromwhat would be expected in an age- and gender-
matched normal population [15]. Thus, in this situation it
would be unrealistic to expect an improvement of HRQL.

Two previous studies assessed BNP in patients hospital-
ized for CHF and showed an association with prognosis
including the risk for readmission [30, 31]. The patients in
our study were not hospitalized during follow-up suggesting
that heart failure were less severe as illustrated by NYHA-
class and plasma BNP concentrations. Because CHF is a
progressive chronic disease, one would expect a deteriora-
tion in parameters and cardiac function. The cohort in the
present study tended to improve as shown by BNP analysis,
suggesting that the intervention provided may be effective.

Table 3 Self-administered questionnaires including Nottingham
Health Profile (NHP), Minnesota Living with Heart Failure
Questionnaire (MLHFQ), and Sleep Apnea Questionnaire (SAQ)

Baseline At 6 months p value

NHP
Emotion 3.2±5.7 3.3±8.7 ns
Sleep 17.4±16.5 12.2±10.5 ns
Energy 27.0±41.2 25.9±41.1 ns
Pain 9.6±14.0 10.1±16.6 ns
Mobility 13.6±19.2 15.4±25.2 ns
Social isolation 6.4±21.4 5.5±18.3 ns
Total score 12.9±15.8 12.1±16.9 ns
MLHFQ
Physical dimension 11.8±2.1 11.5±11.8 ns
Emotion 3.6±4.5 2.8±4.6 ns
Total score 26.5±23.2 24.9±21.5 ns
SAQ 22.5±5.1 15.5±7.5 0.003

NHP is a generic instrument designed to measure the effect of ill
health on different dimensions of the quality of life regardless of
the causal disease. MLHFQ is a disease-specific questionnaire
focusing on signs and symptoms of heart failure. SAQ was
designed to evaluate symptoms suggestive of sleep apnea
syndrome. The values are presented as mean ±SD. Decrement of
the scores indicating improvement (n=11)

Table 2 Apnea-hypopnea index (AHI) and brain natriuretic peptide
(BNP) at baseline and after treatment with MAD for 11 patients who
completed the 6 months follow-up

Patients AHI BNP (pg/ml)

Baseline With
MAD

Diff Baseline At
6 months

Diff

1 22 12 −10 239 173 −66
2 18 10 −8 76 42 −34
3 29 24 −5 14 14 0
4 39 21 −18 55 55 0
5 11 9 −2 201 152 −49
6 32 3 −29 616 405 −21
7 29 34 5 336 294 −42
8 11 8 −3 21 24 3
9 38 26 −12 329 346 17
10 16 26 10 180 76 −104
11 34 9 −25 87 48 −39
Mean 25.4 16.5 −8.9 195.8 148.1 −47.7
SD 10.3 10.0 180.5 139.9
p value 0.04 0.02

Wilcoxon signed rank test
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In patients with CHF suffering from CSA associated
with Cheyne–Stocks respiration (CSR-CSA), treatment
with CPAP resulted to reduction of atrium natriuretic
peptide (ANP) [32]. ANP is released from the atria of the
heart as a result of similar stimuli that promote the secretion
of BNP [33]. The BNP is derived from the ventricles and is
thought to be more sensitive and specific than ANP as an
indicator for ventricular disorders. At inspiration when the
thoracic cavity expands, patients with OSA express an
exaggerated negative pressure because the airways are still
closed. The negative intrathoracic pressure contributes to
an increased venous filling, increased preload on the heart,
and subsequently increased wall tension. This may be the
trigger for increased secretion of natriuretic peptides, both
ANP and BNP [11]. A previous study demonstrated strong
a correlation between BNP secretion, elevation in systolic
blood pressure, and with duration of OSA. It was also
shown that treatment of OSA by CPAP was associated with
reduction in plasma BNP. The results suggest that both the
elimination of SA and direct effects of positive airway
pressure are the mechanism behind the effect of CPAP on
the BNP [11].

Because a MAD increases and stabilizes the pharyngeal
airway dimension [34], there is excellent possibility to
prevent OSA, which also means prevention of repetitive,
exaggerated, negative intrathoracic pressure and thereby
less cardiac wall tension. This means that the MAD-like
CPAP may also have a direct beneficial effect on the
cardiac load besides its effect to also reduce OSA, SA-
induced hypoxemia, and arousals. However, in CHF, CSR-
CSA and not OSA were shown to be the most common
cause of SA [7]. Previous studies by Nakazawa et al. [22]
indicated a positive effect of MAD on CSA and Farrow
[35] reported two cases of CSA treated with a tongue-
retaining device. The mechanism by which a MAD may
decrease CSR-CSA is unclear; however, other treatments
primarily introduced for the treatment of OSA have proven
effective in CSA. For example CPAP, originally designed
for treatment of OSA [36], also reduces CSA. This may not
be a direct effect but may be due to a potential interaction
between OSA and CSA. It was demonstrated that collapse
of the upper airway space may occur during periods of
CSA leading to OSA [37] and it was also speculated that
OSA may aggravate the instability of the respiratory
control system, increase the intensity of periodic breathing,
and induce CSA [38].

The present study, which to our knowledge is the first to
examine the effect of MAD intervention in patients with
CHF and SA, has some limitations. SA was reduced by

MAD but the methodology used for polysomnographic
registrations could not accurately differentiate between
OSA and CSA. However, the distinction between various
types of SA may be questionable even with more advanced
techniques. Further studies are needed to examine the
effect of MAD on CSA. Also, although MAD is a practical
and less cumbersome device than CPAP, its usage is limited
in elderly patients who have problems with dentition,
which may inhibit the use of the treatment [39]. The small
sample size and absence of control group does not allow
definitive interpretations of the results. The relatively mild
degrees of both SA and CHF also reduced the potential to
show any changes. However, elaborate protocols and
advanced examinations have limited the size of numerous
populations in similar studies.

In conclusion, in patients with mild to moderate, stable
CHF and SA, Treatment of SA with MAD appeared to
reduce plasma BNP and severity of the excessive daytime
sleepiness. The results may indicate a beneficial effect of
MAD treatment for SA in patients with CHF. Further
investigations on the use of a MAD are warranted.
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Appendix

The self-administered Sleep Apnea Questionnaire (SAQ)
used in the study

1. Is your snoring loud and disturbing?
2. Do you sometimes stop breathing when you sleep?
3. Does your snoring disturb other persons?
4. Do you have difficulties falling asleep?
5. Are you sleepy during the day?
6. Do you fall asleep during meetings, when you read, or

when you are doing needlework?
7. Do you fall asleep in front of the TV?
8. Do you fall asleep when you are driving?
9. Do you have difficulties concentrating during the day?
10. Do you wake up at night and have difficulties breathing?
11. Do you wake up with a dry mouth?
12. Do you need to get up and go to the bathroom at night?
13. Do you wake up rested?
14. Do you wake up with a headache?
15. Do you have irresistible attacks of sleep in the

daytime?
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