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Abstract The objective of the study
was to investigate the effects of oral
appliance (OA) therapy on ambulatory
blood pressure in patients with obstructive sleep apnea (OSA). Eleven
OSA patients who received OA therapy were prospectively investigated.
Ambulatory blood pressure was measured for 20 h from 4:00 P.M. to 12:00
noon the next day using an ambulatory
blood pressure monitor. The Respiratory Disturbance Index (RDI) was
measured in the pretreatment and
posttitration periods. The OA was
titrated to reach a therapeutic jaw
position over 2 to 8 months, and

Introduction
Obstructive sleep apnea (OSA) affects approximately 4% of
individuals between the ages of 30 and 60 years in America
[1]. This syndrome may be associated with arterial oxygen
desaturation, sleep disruption, severe snoring, and excessive
daytime sleepiness. Other primary health consequences that
may result from this chronic sleep disruption or recurrent
hypoxemia include neuropsychiatric and cardiovascular

posttitration measurements were repeated. At posttitration, the RDI was
significantly decreased from a mean
(SD) of 24.7 (20.1) to 6.1 (4.5).
Significant reductions in diastolic
blood pressure (DBP) and mean arterial pressure (MAP) were found for the
20-h periods, and systolic blood pressure (SBP), DBP, and MAP while
asleep. The mean values were 79.5
(5.5) to 74.6 (6.0) for DBP and 95.9
(5.4) to 91.2 (5.9) for MAP, for over a
20-h period, and 118.4 (10.0) to 113.7
(9.1) for SBP, 71.6 (8.0) to 67.2 (7.9)
for DBP, and 88.4 (8.0) to 83.9 (7.5)
for MAP, while asleep. This study
suggests that successful OSA treatment with an OA may also be
beneficial to lower blood pressure in
OSA patients, as previously suggested
for nasal continuous positive airway
pressure therapy.
Keywords Blood pressure
monitoring . Ambulatory .
Sleep apnea . Obstructive .
Mandibular advancement

sequelae. Cardiovascular sequelae may include pulmonary
and systemic hypertension, congestive heart failure, arrhythmia, myocardial infarction, and stroke. Although controversy remains as to how much impact OSA has on blood
pressure (BP), independent of other confounding factors
such as obesity and age, evidence exists that the presence
of OSA worsens BP status. A recent extensive study on a
large cohort of middle-aged and older persons, as well as a
large longitudinal study including a 4-year follow-up study,
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Table 1 Demographic data and
obstructive sleep apnea status of
11 patients

BP Med a patient on antihypertensive medication(s), BP blood
pressure, BMI Body Mass
Index, RDI Respiratory Disturbance Index, Pre- pretreatment,
Post- posttitration, SD standard
deviation
a
Remmers sleep recorder
b
Oxygen Desaturation Index

No.

BP Med

Sex

1
2
3
4
5
6
7
8
9
10
11
Mean
SD

No
No
No
No
No
No
No
No
On
On
No

F
M
F
M
M
M
M
M
M
M
F

supported the relationship between hypertension and OSA
[2, 3].
In terms of treatment for OSA, the effects of nasal continuous positive airway pressure (nCPAP) have been
extensively studied, and this therapy significantly decreases
the Respiratory Disturbance Index (RDI) [4]. However,
despite its high effectiveness, nCPAP is not universally
accepted by patients because of its cumbersome nature.
Treatment with oral appliances (OAs) has been suggested as
one alternative [5, 6]. It has been well documented that
anterior displacement of the mandible reduces the severity
of OSA [7–9]. Thus, OA therapy can be an important treatment option, especially in milder cases of sleep apnea and in
patients with moderate to severe OSA who cannot tolerate
or refuse nCPAP use [10].
Recently, Gotsopoulos et al. [11] reported the short-term
effect of OA therapy on BP. They found a significant
Fig. 1 a Individual and mean
changes in respiratory indices in
pretreatment and posttitration.
Each solid line indicates a
change in the RDI, and each
dotted line indicates a change in
the ODI. The thick line with
stars indicates the mean change,
and each thin line with symbols
indicates each individual
change. b Individual and mean
changes in mean O2 saturation.
The thick line with stars indicates the mean change, and each
thin line with symbols indicates
each individual change. *p<0.05

Age
54
46
58
54
70
46
45
43
53
53
54
52.2
7.2

BMI

Pre-RDI

23.6
30.3
35.8
31.7
22.9
26.7
32.6
28.1
25.8
22.9
29.0
28.6
4.0

18.8
87.1
19.5
13.3
21.8
23.4
17.0
11.1
17.9
17.0b
26.2b
24.7
20.1

Post-RDI
1.1
8.9
0.0
13.3
7.0a
6.2a
14.8a
5.4a
4.4a
1.7b
3.8b
6.1
4.5

reduction in BP with an OA when compared to controls.
The association between OSA and hypertension has also
been investigated through an evaluation of the effect of
nCPAP on BP. Previous reports have measured BP using an
invasive or a noninvasive method and in a continuous or an
intermittent manner. Subjects included in these studies
consisted of normotensive and/or hypertensive individuals.
Results varied [12–15], most likely because of differences
in methodology and study design. However, recent studies
have shown that nCPAP may reduce BP in patients with
OSA. An ambulatory BP monitor (ABPM) can provide
noninvasive and intermittent but repeated BP measurements. Using an ABPM, Dimsdale et al. [16] have shown
that therapeutic nCPAP decreased nighttime BP greater
than placebo nCPAP, and Faccenda et al. [17] have shown
that nCPAP decreased the 24-h average diastolic BP,
particularly in patients with nocturnal oxygen desaturation.

Respiratory Indices
(Index / h)

*
90.0

(%)
100.0

Mean O2 Saturation

80.0
98.0

30.0

96.0

25.0
20.0

94.0

15.0
92.0
10.0
90.0
5.0
88.0

0.0

a

Pre-treatment

Post-titration

b

Pre-treatment

Post-titration
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Since OAs also improve OSA symptoms and decrease the
RDI, it is reasonable to postulate that they may have a
similar effect on BP. The aim of this study was to test the
hypothesis that successful OA treatment reduces BP in
patients with OSA.

Methods
Patients
Twenty-two consecutive OSA patients referred to the Dental
Sleep Apnea Clinic at The University of British Columbia or
the orthodontic practice of Dr. Alan A. Lowe to be treated
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Fig. 2 a Time course changes
of systolic and diastolic blood
pressure in pretreatment (black)
and posttitration (white).
Diamond and triangle symbols
indicate SBP and DBP, respectively. Small and large symbols
indicate individual and mean
data, respectively. Black and
white symbols indicate pretreatment and posttitration data,
respectively. b Time course
changes of MAP in pretreatment
(black) and posttitration (white).
Small and large symbols indicate individual and mean
data, respectively. Black and
white symbols indicate pretreatment and posttitration data,
respectively

with a Klearway oral appliance [8] were invited to the study.
Out of 22 patients, 14 patients met the following inclusion
and exclusion criteria and agreed to participate in the study.
The inclusion criteria were as follows: (1) patients who were
diagnosed as having OSA made by a sleep specialist; (2)
patients who had systolic BP (SBP) of at least 120 mmHg
and/or diastolic BP (DBP) of at least 80 mmHg, who were
not categorized as having normal BP [18] at screening:
screening BP measurements were done with the ABPM
(Spacelabs, model number 90207, Redmond, WA) but inflations were started manually [19] (If a patient had been on
medication, he/she and his/her physician were advised to
maintain the antihypertensive medication(s) at the current
dosage for the duration of the study.); and (3) patients who
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(mm Hg)
150

3 Fig. 3 a Systolic blood pressure, diastolic blood pressure, and MAP
changes for 20-h measurement. b Systolic blood pressure, diastolic
blood pressure, and MAP changes while awake. c Systolic blood
pressure, diastolic blood pressure, and MAP changes during sleep.
The thick line with diamond, triangle, and circle symbols indicate
the mean change in systolic blood pressure, diastolic blood pressure,
and MAP, respectively. Each thin line indicates individual changes.
*p<0.05
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met our clinical criteria for treatment with the OA who had
enough teeth to retain the device, no current or history of
severe temporomandibular dysfunction [10]. Patients were
excluded from the study when they (1) were unable to give
informed consent; (2) had SBP below 120 mmHg and DBP
below 80 mmHg at screening and no history of hypertension;
(3) had SBP and/or DBP at least 160 and 100 mmHg, which
is considered stage 2 hypertension, regardless if they were
taking antihypertensive medications; (4) had a high alcohol
intake (>80 g/day); (5) had a major illnesses other than OSA
and hypertension; and (6) were taking medication(s) other
than antihypertensive medication. Patients who changed
antihypertensive medication status and/or had any symptoms
which prevent regular OA use were excluded from the
statistical analysis. This study was approved by the Clinical
Research Ethics Board at The University of British Columbia. All subjects gave written informed consent prior to
the study.
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When patients came to our clinic to have records taken for
their OA construction, they were instructed by one of the
investigators (RO) on how to wear the BP cuff and how to
use the ABPM. The instruction included the position and
tightness of the cuff, how to turn the device on and off, and
telling the patient to relax and rest as much as possible
while the cuff inflates. Each patient was asked to wear the
ABPM by him/herself from 4:00 P.M. 1 day to 12:00 noon
the next day for a total of 20 h, and readings were taken
every 30 min. Patients were also asked to indicate the time
they went to bed and the time they got out of bed. Between
1 day and 2 weeks after the pretreatment BP measurement,
an OA was inserted. Based on our regular clinical protocol
of the OA, we used an acclimatization period of 1 to 3
weeks at the original two-thirds of maximum mandibular
advancement position. The OA was then titrated using an
advancement screw in the appliance to reach the therapeutic mandibular position over 2 to 8 months. When a patient
and/or bed partner noticed subjective symptomatic improvements, we stopped the titration, and a posttitration
ABPM recording was performed while the patient slept
wearing the OA. The posttitration ABPM recording was
scheduled on a similar activity day (e.g., weekday and
weekday, weekend and weekend) to the baseline study.
Posttitration sleep monitoring was also performed within 2
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Table 2 Summary of mean BP values and statistical analysis
Systolic BP
Pre

20-h
Awake
Afternoon
Morning
Sleep

Diastolic BP
Post

p value

Mean

SD

Mean

SD

127.6
133.3
131.1
136.5
118.4

7.8
7.9
7.7
8.2
10.0

123.1
130.2
130.9
130.1
113.7

6.5
6.8
8.2
6.2
9.1

0.067
NS
NS
0.086
0.033*

Pre

MAP
Post

p value

Mean

SD

Mean

SD

79.5
84.4
82.1
87.5
71.6

5.5
4.7
4.7
6.8
8.0

74.6
80.2
79.2
82.6
67.2

6.0
6.0
7.6
5.7
7.9

0.017*
0.076
NS
NS
0.017*

Pre

Post

p value

Mean

SD

Mean

SD

95.9
100.7
98.4
103.6
88.4

5.4
4.8
4.9
6.2
8.0

91.2
96.9
96.4
98.2
83.9

5.9
6.2
7.7
5.9
7.5

0.022*
NS
NS
0.074
0.009*

20-h 20-h measurement, MAP mean arterial pressure, NS not significant
A p value above 0.10
*Significant at 5% level

weeks by either hospital PSG or a home sleep monitoring
system (Remmers sleep recorder, Sagatec, Calgary, Canada) for patients who had pretreatment PSG records, or by
overnight oximetry in two patients who had pretreatment
oximetry records only.
Analysis
The ABPM device stores raw data on SBP, DBP, mean
arterial pressure (MAP), and heart rate (HR) for each time
period. These data were downloaded to a personal computer
and transferred to a software program (Excel 2001, Microsoft) to calculate 20-h, sleep, awake in the morning and in
the afternoon, and awake (total awake) time mean values for
each of SBP, DBP, MAP, and HR based on the patient’s
diary record. For statistical analysis purposes, the Oxygen
Desaturation Index (ODI) was taken as an alternative of
RDI in patients with oximetry records. Pretreatment and
posttitration data regarding each BP variable and RDI were
compared for each recording time period using a two-tailed
paired t test. A p value below 0.05 was taken as statistically
significant. Statistical analysis was done using a statistical
software package (StatView 5.0; SAS Institute Inc., North
Carolina, USA).

Results
Of the 14 patients who started the protocol, 3 patients did
not complete the follow-up recording due to a change in
antihypertensive medication, unwillingness to wear the
ABPM device in the posttitration period, or being uncontactable during the titration period. All results subsequently
shown are data from the 11 patients who completed the
protocol. Demographic and sleep study data in pretreatment
and posttitration are shown in Table 1. The mean (SD) age
was 52.2 (7.2) years. The Body Mass Index (BMI) of the
patients was 28.6 (4.0). No patient demonstrated a signif-

icant change in BMI during the study period, which could
have represented a confound for explaining treatment
outcomes.
Figure 1a shows individual changes in RDI. Figure 1b
shows individual changes in mean O2 saturation. The
average length of time between the pretreatment and
posttitration ABPM was 5.2 months. The RDI decreased
from 24.7 (20.1) to 6.1 (4.5), which was statistically
significant and represents a large effect size of d=−1.51.
The mean O2 saturation increased from 94.1 (2.1) to 95.0
(1.4), although this was not significant (effect size d=−0.5).
In pretreatment, the SBP and DBP were 133.3 (7.9) mmHg
and 84.4 (4.7) mmHg while awake and 118.4 (10.0) mmHg
and 71.6 (8.0) mmHg while asleep, respectively. While not
hypertensive as a whole, 8 out of 11 of our patients would
be classified as hypertensive according to the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure [18], in which normal BP values taken by an ABPM
are SBP and DBP <135 and 85 mmHg while awake and
<120 and 75 mmHg while asleep.
Figure 2a shows the time courses of raw SBP and DBP
readings of each patient and the means plotted from 4:00
P.M. to 12:00 noon the next day in pretreatment and posttitration. A small symbol indicates each individual reading. Large symbols indicate mean values, which were
calculated from available readings for each recording
time. Upper lines (diamonds) indicate SBP and lower lines
(triangles) indicate DBP. Values in black are pretreatment
and values in white are posttitration. Both the SBP and
DBP seem to have decreased especially during the night
after 10:00 P.M. Figure 2b shows time courses of raw MAP
readings of each patient and the averages plotted from
4:00 P.M. to 12:00 noon the next day in pretreatment and
posttitration. MAP showed a clear decrease during the
whole 20-h recording.
Figure 3a–c shows individual and mean changes in SBP,
DBP, and MAP between pretreatment and posttitration. In
these figures, each patient is represented by a thin line and a
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unique symbol. Thick lines with large diamonds, triangles,
and circles indicate the mean values of SBP, DBP, and
MAP, respectively. All BP results show a reduction, although not all reached significance. Figure 3a shows data
collected over 20 h. DBP and MAP for 20-h recording were
significantly reduced from 79.5 to 74.6 mmHg and 95.9 to
91.2 mmHg, respectively (with effects sizes of d=−0.84
and d=−0.84). While awake, there were no significant
changes in SBP, DBP, or MAP (Fig. 3b). Figure 3c shows
significant reductions in SBP, DBP, and MAP during sleep
with changes of 118.4 to 113.7 mmHg, 71.6 to 67.2 mmHg,
and 88.4 to 83.9 mmHg (d=−0.47, d=−0.55, and d=−0.58),
respectively (Table 2).

Discussion
We found a possible effect of a reduction in BP after OA use
in patients with OSA similar to the documented effects of
nCPAP. Although previous results regarding possible effects of nCPAP in lowering BP varied among studies [12–
17], a recently published prospective, randomized study
using a portable instrument with two finger cuffs showed
that SBP and DBP as well as MAP decreased significantly
using therapeutic nCPAP, both during the day and night,
compared to subtherapeutic nCPAP. The decrease in MAP
for the total recording period in the study was 9.9 mmHg
[20]. Compared to the instrument used in that study, an
ABPM may awaken the patient through intermittent inflations of the cuff. Although this characteristic of the
ABPM would be expected to work against the hypothesis
that “nCPAP can reduce BP while asleep,” several controlled studies using an ABPM have successfully demonstrated a reduction in BP with nCPAP therapy. Among
them, one recent study compared the effects of nCPAP on
BP in hypertensive patients with an RDI above 5 and those
with an RDI below 5 [21]. The study demonstrated that
mean nocturnal SBP and DBP changes after nCPAP
treatment in the group with RDI above 5 were significantly
different from those in the group with RDI below 5 by −7.8
vs +0.3 mmHg and −5.3 vs −0.7 mmHg. Another prospective, randomized trial demonstrated that therapeutic
nCPAP reduced mean ambulatory BP by 2.5 mmHg,
whereas subtherapeutic nCPAP increased BP by 0.8 mmHg
[22]. Thus, we consider the ABPM to be a useful method in
detecting the effects of an OA on BP in patients with OSA.
To date, only one published report documents that OAs
also have a beneficial effect on ambulatory BP [11].
Gotsopoulos et al. showed significant 3-mmHg reductions
in 24-h DBP. They also found similar reduction in 24-h SBP
during the early morning. Compared to their study, several
limitations in study design need to be taken into account
when interpreting our data. The patient sample was heter-

ogeneous regarding OSA severity and BP status. The portable sleep monitoring system used in some follow-up
measurements has been shown to be valid for calculating the
RDI using its special algorithm [23]; however, we included
two patients diagnosed by overnight oximetry. In addition,
the design was a simple intervention study without control
subjects, and for that reason, acclimatization to wearing the
ABPM might have contributed to reductions in BP. We
discovered significant reductions in MAP during sleep but
not while awake, which lessens to likelihood that the
changes were due to acclimatization. In addition, the findings were consistent across all time epochs and BP indices,
and a clinical trial reported that untreated patients undergoing 24-h ABPM showed no discernible BP changes for
more than 3 months [24]. We excluded one patient from the
analysis who did change antihypertensive medication, and
consequently, patients on antihypertensive medications included did not change the dose or type of medications
during the study. Our results show significant reductions
in DBP and MAP during the 20-h recording period and SBP,
DBP, and MAP during sleep. Mean changes in our study in
MAP for the whole 20 h and during sleep between pretreatment and posttitration were 4.7 and 4.5 mmHg, which
are comparable to previous nCPAP studies and Gotsopoulos
et al.’s study. The differences between an OA and nCPAP
treatment need to be taken into account. Provided the patient
can tolerate nCPAP, it should be more effective and have a
higher success rate than an OA. On the other hand, the
effectiveness of treatment is compromised with noncompliance which is higher for nCPAP [5, 6, 9]. Compliance and
duration of nCPAP use during the night may affect the
reductions in BP. Every patient in our study reported regular
(7/7) and whole night (entire time in bed) use of the OA. In
their study with the OA, Gotsopoulos et al. found significant
reductions during 24 h and awake, and pointed out that the
BP reduction observed with OA was apparent in the early
morning period. Since our titratable appliance usually took
more than 2 months to achieve therapeutic jaw position and
treatment success (Post-RDI<10) was high in our current
study (9/11), it is possible that these differences may lead
different results. We found significant differences in 20-h
and sleep periods; however, apparent reductions were found
in early morning period, which were shown in Figs. 1 and 2.
Gotsopoulos et al.'s study had strengths in the design, we
believe we also looked at the same changes with OA, and it
also supports the hypothesis that successful OA treatment
reduces BP in patients with OSA.

Conclusion
Comparing pretreatment and posttitration ambulatory BP
in OSA patients, MAP during a 20-h time period and
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during sleep decreased significantly in the posttitration
period. This result suggests that successful OSA treatment
with OA could be beneficial in lowering BP. Although the
requirement for further controlled trials with larger sample
sizes is obvious, this study supports the hypothesis that
successful OA treatment for OSA may reduce BP.
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