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Can treatment with statins have a negative influence
on the tolerance of mandibular advancement devices?
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Abstract
Background Statins are considered the most effective drugs
used in the treatment of dyslipidemias. Some of their adverse
effects are related to muscle problems. Myalgias produced by
statins appear more often during exercise. Mandibular ad-
vancement devices (MAD) force the propulsory and elevatory
musculature of the mandible to exercise by making the jaw
move forward. The aim of this study is to evaluate the inci-
dence of muscular side effects (referred, spontaneous, or un-
der palpation pain, myofascial pain, mandibular rigidity and
fatigue, tension and sensitivity of the masticatory muscles) in
a group of patients with a diagnosis of obstructive sleep apnea
being treated with MAD.
Methods This was a prospective study, involving consecu-
tively 104 patients with a diagnosis of OSAS, and who had
begun treatment with a custom made oral device. Muscular
side effects were collected by anamnesis (verbal request and
questionnaires), psychological status and clinical assessment
(manual muscle palpation in the masticatory and cervical mus-
cle groups), before and during MAD treatment.

Results Of the total sample, 22.1 % presented muscular side
effects with the oral device. However, in patients taking
statins, this percentage was 57.1 %, as opposed to 16.7 % of
the non-statins patients (p < 0.001). The risk of suffering mus-
cular alterations during oral device treatment is higher in statin
patients (odds ratio 6.67, p = 0.002).
Conclusion Treatment with statins can give rise to the appear-
ance of undesirable side effects among patients being treated
with oral devices.
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Introduction and Objectives

Statins are considered to be safe, well-tolerated medicines and
are the most effective drugs used in the treatment of
dyslipidemias. At present, their role in reducing the risk of
cardiovascular disease is beyond all doubt. Some of their ad-
verse effects are fairly common and relate to muscle problems
which can vary frommyalgia to myositis. In contrast, there are
some (uncommon) serious adverse effects. Of these, rhabdo-
myolysis is the most severe and detrimental disorder. The
general prevalence of these side effects of statins is estimated
at between 3 and 5 % of patients [1]. However, a recently
published position paper from an international lipid expert
panel [2] reaches the conclusion that the frequency of these
effects in patients subjected to high doses of statins has been
underestimated. In clinical terms, mild cases of myalgia are
the most frequent and can reach up to 25 % of the side effects
[3]. Muscle symptoms turn out to be more extensive and in-
tense when associated with exercising muscle [4]. Mandibular
advancement devices (MAD) are a valuable option for the
treatment of obstructive sleep apnea syndrome (OSAS) in
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selected patients. Although any side effects associated with
these devices are usually transitory and of little significance,
they may on occasion result in the cessation of therapy.
Various side effects have also been described as occurring
during treatment with MAD [5]. The most notable include
problematic dental and occlusal changes. In addition, at any
stage of the treatment, muscle symptoms may appear, with
myofascial muscular pain being the most common type of
complaint. These problems are usually self-limiting and are
more frequent in the morning. Although muscular symptoms
do not usually condition treatment withMAD, theymay cause
rejection or intolerance of MAD in some patients [6]. Given
that myalgias produced by statins appear more often during
exercise, and taking into consideration the fact that MAD
force the propulsory and elevatory musculature of the jaw to
exercise by making the jaw move forward, the aim of this
study is to evaluate the incidence of side effects in a group
of OSAS patients being treated with MAD with and without
statins intake. We further aim to evaluate whether such effects
might influence the rejection or acceptance of MAD during
the adaptation period.

Methods

This was a prospective study, designed as a test without a
control, involving consecutively 104 patients who had
been referred to the Sleep and Ventilation Unit of the
Hospital Marqués de Valdecilla (Santander, Spain), with
a diagnosis of OSAS, and who had begun treatment with
a custom made MAD having an adjustable advancement
mechanism (Silensor®). All the patients had the same ti-
tration protocol. Baseline MAD was delivered at 60 to
70 % of the patient’s maximum protrusive capacity.
Further advancements were made (as needed), until im-
provements in the patients’ symptoms and the Epworth
Sleepiness Scale were achieved. MAD therapy was con-
sidered successful if the Respiratory Event Index (REI)
was reduced to <10 and at least 50 % improvement in

the baseline REI. If the REI was <10, no further advance-
ment was made to the MAD. If the REI at target was >10,
the MAD was advanced until the patient’s discomfort
prevented further protrusion. This is referred to as final
adjustment.

The ethics committee of the Marqués de Valdecilla
Hospital approved the study protocol. Written informed con-
sent was obtained from all patients. All data were obtained in
compliance with Spanish Laws and the guidelines of the
Declaration of Helsinki.

Those patients for whom treatment with MAD was
contraindicated were excluded from the study: <8 teeth
per arch or with active periodontal disease, or who pre-
sented with signs or symptoms of temporomandibular pa-
thology or muscle pathology (muscle pain accompanying

Table 1 Age, body mass index
(BMI) and baseline respiratory
polygraphy parameters. Data are
presented as: mean (standard
deviation)

Baseline respiratory polygraphy parameters

Data Total No Statins (NS) Statins (S) p value

Patient’s
number

104 90 (86.5 %9 14 (13.5 %)

Age 46.6 (6.4) 45.5 (9.9) 53.3 (6.4) <0.005

BMI 29.1 (4.07) 29.07 (3.9) 29.5 (5) 0.618

Total
apneas/hypoponeas

206 (121.9) 204 (128.2) 221 (69.3) 0.620

REI 30.5 (15.7) 30.3 (16.2) 32.2 (12.6) 0.678

DI 23.5 (16.9) 23.3 (17.6) 24.7 (12.4) 0.775

REI Respiratory Event Index, DI Desaturation Index

Fig. 1 Box plot showing REI in baseline and MAD respiratory
polygraphy. Middle horizontal line inside box indicates median. Bottom
and top of the box are 25th and 75th percentiles, respectively
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the lowering of the jaw, difficulty opening the jaw, mas-
ticatory or orofacial muscle pain). All the patients who
were included underwent a sleep study (Hospital
Respiratory Polygraphy) at the time of diagnosis and
3 months after beginning to use the device. During the
adaptation period, the side effects produced by the MAD
were analysed in relation to the patients who were taking
statins (labelled BS^ in the present study) in contrast with
those who were not taking statins (labelled BNS^). DAM
side effects were described such as: mucosal dryness, ex-
cess salivation, dental and occlusal changes, pain and den-
tal sensitivity and also the general discomfort associated
with any orthodontic treatment. In addition, at any stage
of the treatment, muscle symptoms may appear: referred,
spontaneous, or under palpation pain, muscle weakness,
mandibular rigidity and fatigue, tension and sensitivity of
the masticatory muscles.

Muscular side effects were collected by anamnesis
(verbal request and questionnaires), psychological status
and clinical assessment (manual muscle palpation in the
masseter, temporalis and cervical muscle groups), before
and during MAD treatment. We also tested MAD subjec-
tive fulfillment from a questionnaire (hours per night).

Statistical analysis

Data were presented as the mean and standard deviation
(SD). To confirm if the samples followed a Gaussian dis-
tribution, we performed the Kolmogorov–Smirnov test.
Samples were adjusted to a non-parametric distribution;
thus, the Mann–Whitney test was used to determinate if
there were any significant differences between the two
groups. Logistic regression analyses were performed to
estimate the association between statin use and side ef-
fects with MAD treatment controlling for age. Statistical
analysis was performed using IBM SPSS Statistics for
Windows version 20 (IBM Corp, Armonk, NY).

Respiratory polygraphical parameters of baseline study and
sample characteristics are described in the Table 1. Figure 1
shows baseline and MAD REI Box-Plot.

Results

A total of 104 patients were studied. Of these, 14 (13.5 %)
were being treated for hypercholesterolemia. Of the total sam-
ple, 22.1 % presented muscular side effects with the MAD:
tension and sensitivity of the masticatory muscles (60 %),
referred, spontaneous, or under palpation pain (25 %), man-
dibular rigidity and fatigue (10 %) and muscle weakness
(5 %). However, in S patients, this percentage was 57.1 %,
as opposed to 16.7 % of the NS patients (p < 0.001) (Table 2)
with a 6.67 times greater level of risk of presenting with side
effects among the S patients (Table 3). This effect held inde-
pendently of variables such as age (Table 3), sex, REI and
Body Mass Index (BMI). 35.7 % of S patients abandoned
the treatment, as opposed to 17.8 % of those who were not
taking statins (p = 0.12) There were no significant differences
between the two groups in relation to the objective efficacy of
the treatment valued according to baseline REI and with
MADs (NS: 10.9 events per hour vs. S: 12.9 events per hour).
Nevertheless, the subjective fulfilment was reduced
(p < 0.001) in the S group (4.5 h per night), as opposed to
the NS group (6.13 h per night).

Discussion

In order for the MAD to be successful, the jaw must
advance. This anteroinferior movement will have an effect
on the masticatory muscles. Due to the proprioception of

Table 2 Respiratory polygraphy
parameters and side effects with
MAD. Data are presented as:
mean (standard deviation)

MAD Sleep Study

Total NO statins (NS) Statins (S) p value

Patient's number 104 90 (86.5 %) 14 (13.5 %)

Total apneas/hypoponeas 82 (79.7) 81 (81.7) 94 (64.3) 0.606

REI 11.2 (9.2) 10.9 (9.3) 12.9 (8.3) 0.482

DI 9.9 (9.3) 10.2 (9.6) 7.5 (6.4) 0.350

SaO2 < 90 % 3.4 (5.6) 3.2 (5.6) 4.7 (5.6) 0.384

Mean oxygen SO2 (%) 94.4 (1.7) 94.4(1.7) 94.7 (2.1) 0.558

Side effects 22.1 % 16.7 % 57.1 % <0.01

REI Respiratory Event Index, DI Desaturation Index

Table 3 Effects of hypolipidemic treatment on side effects when using
MAD

b P OR 95 % CI

M0 Statins 1.89 0.002 6.67 2.01–22.02

M1 Statins 2.38 0.001 10.78 2.72–42.60

Age −0.051 0.094 0.95 0.89–1.00

M0: Model only Statins, M1: Model corrected for age variable

B Beta coefficient, P significance, OR odds ratio, CI confidence interval
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the muscles involved, the symptoms which appear vary
from one individual to another. As a general rule, the
most significant factor when MAD therapy is rejected is
usually the lack of efficacy of the device, rather than the
discomfort it causes. Nevertheless, there are studies in the
literature which describe how MAD treatment was
rejected precisely because of this [7]. The majority of
cases of MAD intolerance usually refer to underlying dis-
comfort or pain from the beginning of therapy. It is spec-
ulated that these patients have a lower pain threshold [7].
Statins could contribute to a lowering of this threshold.
Our sample was taken from a group of patients having a
mean age of 46.6 years, and only 13.5 % of them were
being medicated with hypolipidemic drugs. Despite hav-
ing a moderate to severe REI level, our patients suffered
from low comorbidity. Of the sample, 22.1 % presented
with muscular side effects (mandibular rigidity and fa-
tigue, tension and sensitivity of the masticatory muscles
and painful palpation in the temporal and masseter mus-
cles). This was the case for 57.1 % of the S patients and
for 16.7 % of the NS patients, with a statistical signifi-
cance of (p < 0.01). Of the total sample, 20.2 % aban-
doned the therapy due to muscular discomfort or pain. Of
these, 17.8 % were NS, while 35.7 % were S. The risk of
suffering muscular alterations during MAD treatment is
higher in S patients (odds ratio 6.67). In short, the follow-
ing alterations were clearly seen in the S population: per-
centage of muscular side effects (37.3 %), number of
hours of therapy completed (4.5 h per night) and percent-
age of patients abandoning the therapy (35.7 %). Thus, we
believe that medication with hypolipidemic drugs is
something that should be taken into account when
selecting patients for MAD therapy. The data should be
seen in the context of a young sample, of which only
13.5 % were being given medical treatment for hypercho-
lesterolemia, so it should be expected that more elderly
populations, with a higher intake of statins, will show
greater levels of significance and risk. As far as we are
aware, this is the first time a possible relationship between
medication with statins and the abandonment of therapy
using mandibular advancement devices has been sug-
gested. New studies with larger patient samples will be
needed in order to confirm this hypothesis.

Conclusion

Treatment with statins can give rise to the appearance of un-
desirable side effects among patients being treated withMAD.
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