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Abstract

Purpose To establish the efficacy of oral antidepressants compared to placebo in improving obstructive sleep apnea (OSA) as
measured on a polysomnography study. Secondary outcomes included self-reported sleepiness.

Methods Authors identified prospective randomized placebo-controlled studies from MEDLINE through PubMed, Web
of Science, the Cochrane Library and EMBASE up to February 2019 in English language. Antidepressants included
tricyclic antidepressants (TCA), tetracyclic antidepressants (TeCA), selective serotonin reuptake inhibitors (SSRI), and
serotonin receptor modulators (SRM). Studies were assessed for inclusion and exclusion criteria, as well as risk of bias
based on the Cochrane handbook.

Results The initial search yielded 254 unduplicated references ultimately reduced to 8 relevant studies, in which 198 OSA
participants were included. Patients with an average baseline AHI of 26.7 events/hour taking 15-45mg mirtazapine had a
statistically significant reduction in apnea-hypopnea index compared to placebo by -10.5 events/hour (p<0.001), apnea index
by -3.6 events/hour (p=0.001) and hypopnea index by -5.9 events/hour (»p=0.037). In one study, patients taking 100mg trazodone
1 night improved significantly in AHI compared to placebo group (p<0.001). Arousal index, sleepiness, and sleep efficiency were
not statistically significantly reduced with any antidepressant medication compared to placebo (»p>0.05).

Conclusions Of the five antidepressant medications studied, only mirtazapine and trazadone showed a statistically significant
reduction in AHI in the treated groups but not in sleepiness scale nor an increase in sleep efficiency. In this review, the total
sample sizes were small, adverse side effects of some of the antidepressant medications were clinically significant, overall risk of
bias of the studies was high or unclear, and overall quality of the evidence was low. Based on the evidence available at this time,
we cannot recommend the antidepressants studied in the treatment of OSA.

Keywords Obstructive sleep apnea - Antidepressants - Mirtazapine - Trazodone - Polysomnography - Apnea Hypopnea Index -
apnea index - sleepiness
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Introduction

Treatment modalities of obstructive sleep apnea (OSA) in-
clude Continuous positive airway pressure (CPAP) and oral
appliances. CPAP is the gold standard treatment for patients
with OSA [1]; however, the effectiveness of CPAP is limited
due to lack of compliance [2, 3]. Meta-analyses have shown
that oral appliances, specifically mandibular advancement de-
vices (MAD), are an effective alternative treatment modality
to CPAP for the treatment of OSA and daytime sleepiness [1].
MADs generally fit to the teeth in each arch and mechanically
protrude the mandible, bringing the tongue forward and
therefore opening the airway. Historically, CPAP compli-
ance was typically lowered due to nasal stuffiness, the
sensation of cold air, noise from the machine and pressure
from the mask [4]. It should be noted that latest genera-
tion machines are smaller and quieter with a variety of
nasal cones and pillows available. Other alternative treat-
ments include supine position avoidance, behavioral mod-
ifications including weight loss, surgery and nerve electri-
cal stimulation for appropriately selected patients.

Alternative treatments to CPAP and MAD — such as phar-
maceutical interventions — have been explored, by taking ad-
vantage of the effect that serotonin-promoting drugs have on
the airway. Through 5-HT, 4 receptors, serotonin provides a
tonic excitatory input to hypoglossal motor neurons innervat-
ing the genioglossus and other upper airway dilating muscles
[5]. By using drugs such as tricyclic antidepressants (TCAs),
selective serotonin reuptake inhibitors (SSRIs), selective
serotonin-norepinephrine reuptake inhibitors (SNRIs) and
monoamine oxidase inhibitors (MAOQISs), serotonin’s break-
down or reuptake is inhibited, depending on the drug of
choice. Specifically, SSRIs (i.e. paroxetine, citalopram,
escitalopram, fluoxetine, sertraline, and vilazodone) cause a
negative allosteric modulation of the presynaptic serotonin
transporter, therefore inhibiting the reuptake of serotonin, as
their name indicates [6]. Serotonin receptor modulators
(SRMs) [trazodone, nefazodone, vilazodone or vortioxetine]
also work via blockade of serotonin reuptake; however, SRMs
directly modulate various serotonin receptors [7]. TCAs (i.e.
desipramine, protriptyline, amitriptyline, amoxapine) work by
blocking the uptake of monoamines into cerebral neurons [8],
whereas tetracyclic antidepressants (TeCAs) [mirtazapine,
mianserin and setiptiline] work by increasing noradrenergic
and serotonergic neurotransmission via blockade of central
«2-adrenergic auto- and heteroreceptors [9].

Excessive daytime sleepiness can be a symptom of OSA in
some patients. However, sleepiness is not necessarily specific
to OSA; sleepiness may be due to another sleep disorder, such
as insomnia. It has been reported that some antidepressants
may actually worsen or induce primary sleep disorders, such
as restless legs syndrome, sleep bruxism, REM sleep behavior
disorder, and nightmares [10]. Therefore, the effects of anti-
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depressants on sleepiness may not necessarily be limited to the
disease of interest (OSA).

Researchers have found that serotonin-enhancing drugs in
the brain may be able to offset the apnea-promoting effect of
serotonin in the peripheral nervous system [5], and that may
be a mechanism to improve OSA. As per motor neurons spe-
cifically, certain studies [11, 12] have shown that serotonin has
the capability to provide a tonic excitatory input to hypoglos-
sal motor neurons innervating the genioglossus and other up-
per airway-dilating muscles; in fact, animal models have
shown that withdrawal of serotonin can predispose to airway
obstruction, leading to possible apneas [13]. Therefore, the
objective of this review was to analyze the efficacy of antide-
pressant medications in improving OSA.

Methods
Research question

This systematic review adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
statement [14]. The PICOS (Patient, Intervention,
Comparison, Outcome, Setting) question was, “In patients
with OSA, what is the efficacy of antidepressants in improv-
ing AHI and sleepiness compared to placebo?”’

* Population: Patients with mild, moderate or severe OSA.
* Intervention: Antidepressants (TCA, SSRI, SRM, TeCA).
* Comparison: Placebo intervention.

*  Outcomes: Primary: AHI; secondary: other polysomno-
graphic measurements (apnea index, hypopnea index,
AHI REM, AHI NREM)), sleepiness (Epworth sleepiness
scale, sleep efficiency).

»  Setting: Sleep laboratories, university/hospital sleep centers.

Inclusion and exclusion criteria

Studies were limited to prospective randomized placebo-
controlled clinical trials or crossover studies in the English
language with human subjects. Studies without PSG were
excluded. Systematic reviews and literature reviews were ex-
cluded, as were editorials, letters to the editor, case studies,
animal studies, cost-effectiveness studies, pharmacokinetic
studies and clinical guidelines.

Search methods for identification of studies

The MEDLINE via PubMed search was limited to English
language and Humans: (Antidepressant OR Tricyclic
Antidepressant OR Selective Serotonin Reuptake Inhibitor
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OR SSRI OR Selective Serotonin Norepinephrine Inhibitor
OR SNRI) AND (Obstructive Sleep Apnea OR OSA).

Three other electronic databases were searched
(EMBASE, Cochrane Library, Web of Science). After
our original search on 2/8/2018 documented on Online
Resource 1, we re-ran the searches on 2/10/2019 with
no further relevant references found.

Selection of studies, data extraction
and management

The titles, abstracts and reports that resulted from our
search strategy were independently evaluated by three re-
view authors (M.R.A., M.A.G., S.W.J.). Disagreements
were resolved by discussion with a fourth senior author
(R.E.). Full manuscripts were reviewed where trials met
our inclusion criteria or when the title or abstract did not
allow for a clear inclusion or exclusion decision to be
made. Studies rejected at this or later stages were recorded
along with reasons for exclusion. Reviews, systematic re-
views and all included studies were evaluated for relevant
trials. Data were extracted independently and in triplicate
using a previously prepared data extraction form. The form
included the characteristics of trial subjects, interventions,
control groups if appropriate and outcome measures.

Assessment of risk of bias in included studies

A risk of bias table was completed for each included study.
The assessment of risk of bias in the included randomized
controlled trials is consistent with the approach described in
the Cochrane Handbook [15] and was undertaken indepen-
dently and in triplicate as part of the data extraction process
as described previously.

Meta-analyses

Randomized controlled trials comparing an antidepressant to a
placebo intervention, reporting similar outcomes, were pooled
into a paired meta-analysis. The analyses included only the
available data (ignoring missing data). For one study [16],
standard deviation (SD) was calculated from the standard er-
ror of the mean (SEM) and sample size (n) as SD = SEM *
sqrt(n). For another study [17], we approximated mean = me-
dian and calculated SD from median and interquartile range
(IQR) as follows: SD = IQR/ 1.35.

Clinical heterogeneity was assessed by examining the
participants, interventions, and outcomes measures includ-
ed in the trials. Estimates of effect were combined using a
random effects model. All the outcomes reported in this
review were continuous variables. Review authors calcu-
lated estimates of effect as mean differences of post-
treatment data for all outcomes with 95% Confidence

Intervals (CI) except for sleepiness scales. Review authors
used the ‘standardized difference in means’ to compare the
sleepiness scales as different scales were used by different
authors. Subgroup analyses are presented in this review
according to pharmacologic categories. Statistical analyses
were conducted with Comprehensive Meta-analysis soft-
ware version 3 (Biostat, Englewood, NJ, USA).

Levels of evidence and summary of the review
findings

Quality of evidence assessment and summary of the review
findings were conducted with the software GRADE profiler©
(Grader©), following the Cochrane Collaboration and
GRADE Working Group recommendations [15]. In this sys-
tematic review we considered the sample size of the meta-
analysis as insufficient (small sample size) if less than 400
participants were included in the meta-analysis [18],
downgrading the quality of the evidence.

Results
Search results

The initial search strategy yielded 247 unduplicated refer-
ences, plus 7 records obtained by cross-referencing the
bibliography sections of the included studies and reviews.
254 records were assessed independently by three review
authors, and based on the abstracts and titles, these were
reduced to 43 relevant manuscripts. All of the 43 manu-
scripts identified were searched for full-text and analyzed
for inclusion independently by three review authors. 8
manuscripts were relevant for inclusion. The main reason
for exclusions were that the reference was a literature re-
view or systematic review (n=17), the intervention was not
an antidepressant (n=7), the reference was a case report or
a case series (n=6), the patients used were not OSA pa-
tients (n=7) and the reference was a duplicate (n=2). The
PRISMA flowchart shows a summary of our results (Fig.
1). Table 1 shows a list of our included studies.

Summary of included studies

Eight crossover placebo-controlled studies were eligible for
qualitative analysis, one single-blinded[19] and seven
double-blinded [5, 16, 17, 20-25], (Table 1).

Population A total of 163 patients were included in this re-
view. Patients had OSA as diagnosed by PSG. The minimum
AHI used as inclusion criteria varied from study to study, but
the minimum included AHI was 10 events/hour [16, 19, 24,
25]. In one study patients had to be naive to any form of OSA
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treatment to be included [5]; in another, the patients either
never had used CPAP or had used it for less than 4 days within
the past year [16]. Patients were excluded from the studies for
various other reasons, including taking a tricyclic antidepres-
sant or SSRI during the study [20], clinically significant med-
ical problems [5, 16], known psychiatric disease [19],
smoking habits [24], and taking any current sleep medications
or medications that affect sleep [16, 17, 24]. Four articles only
included men [19-21, 25], and the other included both men
and women; there were more males than females in all includ-
ed studies. The number of participants ranged from 5 subjects
[21] to 65 participants [16]. The ages of the patients ranged
from 18 years old in two studies [5, 17], to 74 in another study
[16]. The trials were conducted in four countries including
Australia [16], Canada [27], Sweden [19], the United States
[5, 17,20, 24, 25]. The inclusion and exclusion criteria among
the studies as well as the average age and gender distribution
are presented in Table 1.

Interventions Antidepressants and placebo were used in a
crossover manner in all trials and treatment duration
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ranged from 1 night to 6 weeks for each intervention. In
two of the reviewed articles, doses of paroxetine of either
20 mg or 40 mg were used [19, 20]; mirtazapine of vary-
ing doses — 4.5 mg compared to 15 mg in one study and
7.5 mg, 15 mg, 30 mg, and 45 mg in another study [5,
16], as well as protriptyline in 10 mg or 20 mg doses in
two different crossover trials [21, 25]. The remaining in-
vestigations used trazadone 100 mg [24] and desipramine
200 mg [17]. The patients were placed into two [17,
19-25] or three [5, 16] randomized groups in each study.
The protocol entailed administering the placebo or antide-
pressant first in a randomized manner, evaluating the pa-
tient via PSG, and then giving an alternative intervention
(placebo or antidepressant) and evaluating via PSG for a
second or third night. One included paper [16] used a 3-
way crossover with mirtazapine, placebo, and mirtazapine
in combination with another compound CD0012, a dopa-
minergic and serotonergic agent. The other article that
used mirtazapine was a 3-way crossover design with two
different doses of the drug [5]. In one of the trials, there
was no washout period used [5].
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Table 2  Adverse effects reported by the studies

Study

Intervention group(s)

Adverse Events in Intervention Groups

Adverse Events in
Placebo groups

Berry et al. 1999 [19]
Brownell et al. 1982 [20]

Carley et al. 2007 [5]

Kraiczi et al. 1999 [18]

Marshall et al. 2008 [15]

Smales et al. 2015 [21]
Stepanski et al. 1988 [24]

Taranto-Montemurro
etal. 2016 [16]

N=8
Paroxetine 40mg
N=35

Protriptyline 20 mg to >30mg

N=12

Mirtazapine 4.5mg
Mirtazapine 15mg

N=20

Paroxetine 20 mg

Study 1: Crossover

-Mirtazapine 7.5 mg or

15 mg or 30 mg or 45 mg

Study 2: N=65

- Mirtazapine 15 mg +
placebo (n=26)

- Mirtazapine 15mg +
CDO0012 (n=25)

N=13

Trazadone 100mg

N=8

Protriptyline 10mg-20mg

N=14

Desipramine 200mg

None Reported

Short-term study (Protriptyline 20 mg): No adverse events reported
Long-term (6 months, >30mg dose+-): urinary retention, dry mouth
None reported for either dosing group

n=2 fatigue, n=3 ejaculation disturbances, n=2 decreased libido,
n=1 nervousness, n=1 constipation, n=1 headache, n=1,
dizziness, n=1 somnolence, n=1 infectious pneumonia, n=1,
Lyme disease, n=1 sweating

Study 1 (7.5-45mg x 2 weeks):

n=2 withdrew due to excessive lethargy and resultant difficulty
driving.

Study 2 (15mg x 4 weeks):

n=6 withdrew due to complaints of lethargy, difficulty driving
or other side-effects

1.4 kg (~ 3 pounds) average weight gain in 4 weeks

None reported
None reported

n=3, Worsening of AHI, worsening of collapsibility

None reported
None reported
None reported
n=1 dizziness,
n=1 fatigue and

somnolence,
n=1 dry mouth

None reported

None reported
None Reported

None reported

Comparison groups Patients served as their own controls, as
all studies included in this analysis followed a crossover de-
sign. Each used a placebo, although none of the included
studies specified what was used as the placebo.

Outcomes The primary outcome measurement reported by
the reviewed articles was comparison of AHI (Apnea
Hypopnea Index) between antidepressants and placebo in
patients with OSA. One study however, reported apneic
events with measurements such as Total Number of
Apneas/Total Sleep Time; it should be noted that
“hypopneas” were not defined and measured at the time
Brownell et al. published their results [21]. Secondary out-
comes included Apnea Index (AI) [5, 16, 19, 21, 25],
hypopnea index [5, 16, 19, 21], REM AHI [5, 16, 19],
NREM AHI [5, 16, 19], sleep efficiency defined as “total
sleep time divided by time in bed (%)” [5, 16, 19, 21-25]
and sleepiness scales (ESS -Epworth Sleep Scale [16],
Stanford Sleepiness Scale [5] and daytime sleepiness [19]).

Risk of bias in included studies
The assessment of risk of bias for each domain is presented in
Online Resource 2 & Online Resource 3. In conclusion, an

unclear overall risk of bias was assigned to four studies [17,
20, 24, 25], a high overall risk of bias was assigned to four
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studies [5, 16, 19, 21]. A low overall risk was assigned to none
of the studies (Fig. 2).

Meta-analyses

Our initial search strategy yielded 247 references, and 8 RCT
studies were included in the meta-analyses which fulfilled the
inclusion criteria for our systematic review on OSA patients
comparing similar outcomes with the same interventions (an-
tidepressants vs. placebo). Subgroup analyses are presented in
this review according to pharmacologic categories.

Overall results

Antidepressants improved AHI significantly by -8.4 events/
hour on average compared to placebo (95% Cl=-10.8 to -6.0;
p<0.001; Fig. 3a). The baseline and post-treatment AHI re-
ported by the original studies are shown in Online Resource 5.
Baseline AHI was only reported in two RCTs [5, 16] with an
average of 26.7 events/hour; one RCT only reported inclusion
criteria as baseline AHI>10 [24] and another included partic-
ipants with an AHI>60 [20]. Because AHI was unknown in
some studies, it is unclear if the -8.4 events/hour of improve-
ment compared to placebo is clinically significant. Though
overall AHI improved significantly compared to placebo, the
average post-treatment AHI in the intervention groups was
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Fig. 2 Summary of risk of bias of
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<15 events/hour in only one crossover trial [5], between 15-30
events/hour in three studies [16, 19, 24] and above 75 events/
hour in Berry et al. 1999 [20] where the patients received
40mg paroxetine (Online Resource 5).

Antidepressants also improved NREM AHI (p<0.001;
Online Resource 4), REM AHI (p<0.001; Online Resource
4) and apnea index (p<0.001; Fig. 3b). Again, the baseline
REM, NREM AHI, and arousal index for these studies are
unknown. Our meta-analyses did not show a significant im-
provement (p>0.05) compared to placebo on arousal index,
hypopnea index, sleep efficiency (Online Resource 4) nor
sleepiness (Fig. 3c).

Sensitivity analyses.: Of the included RCTs, three studies
had a length of antidepressant intervention of only one
night [17, 20, 24]. Therefore, authors performed a second
meta-analysis excluding these particular studies. These
meta-analyses show similar results to the meta-analyses
including the single-night intervention studies.
Antidepressants improved overall AHI significantly by -
10.5 events/hour on average compared to placebo
(p<0.001; Online Resource 6) and did not show a signif-
icant improvement (p>0.05) compared to placebo on
arousal index nor sleep efficiency (Online Resource 6).

Subgroup analyses by class of antidepressant

TeCAs Patients taking 15mg-45mg of mirtazapine, a
tetracyclic antidepressant, had a significant improvement
compared to controls receiving placebo in AHI by -10.5
events/hour (p<0.001; Fig. 3a) [5, 16]. These two studies re-
ported an average baseline AHI of 26.7 events/hour [5, 16].
TeCAs also showed significant efficacy by decreasing REM
AHI by -11.2 events/hour [5] (p<0.001) and NREM AHI by -

9.9 events/hour [16] (p=0.001; Online Resource 4).
Mirtazapine 15mg [5, 16] also significantly improved apnea
index by -3.6 events/hour (p=0.001; Fig. 3b). Hypopnea index
was also improved significantly by -5.9 events/hour [16]
(p=0.037 ; Online Resource 4). However, TeCAs did not sig-
nificantly improve sleepiness [5, 16], arousal index nor sleep
efficiency (p>0.05; Online Resource 4).

SRMs Our meta-analyses indicated that trazodone (SRM) was
significantly effective in reducing AHI by -10.2 events/hour
compared to placebo in one study [24](p<0.001; Fig. 3a).
However, trazodone did not significantly improve arousal in-
dex nor sleep efficiency (total sleep time divided by time in
bed (%))[24] (Online Resource 4).

Sensitivity analyses: Smales et al. [24] reported results on
trazodone where the authors employed only a 1-night trial
using this medication; therefore, it is believed that the results
should be taken with caution.

SSRIs Paroxetine 20mg or 40mg [19] did not significantly
improve AHI, apnea index or sleepiness (Fig. 3), hypopnea
index, arousal nor sleep efficiency according to our random-
effects models (Online Resource 4).

Sensitivity analyses: Similar results were found after ex-
cluding the study by Berry et al. [20] (Online Resource 6);
this study was excluded due to the fact that it only used 1 night
of paroxetine to determine their results.

TCAs (protriptyline 10-20mg and desipramine 200mg) Our
subgroup analyses indicated that TCAs did not significantly
improve apnea index in two studies [21, 25], nor arousal index
[21], hypopnea index [25] nor sleep efficiency [17, 25]
(Online Resource 4).
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Fig.3 Effect of antidepressants in a AHI (events/hour)
AHI (A), apnea index (B) and
sleepiness © glr:susp by Study name Statistics for each study Difference in means and 95% ClI
Difference Lower Upper
in means limit limit p-Value
SRM Smales et al. 2015 -10.200 -14.742 -5.658 0.000
SRM -10.200 -14.742 -5.658 0.000
SSRI Berry et al. 1999 1.500 -4614 7614 0.631
SSRI Kraiczi et al. 1999 -6.100 -20.356 8.156 0.402
SSRI 0.319 -5.300 5.939 0.911
TeCA Carley et al. 2007 -10.900 -14.295 -7.505 0.000
TeCA Marshall et al. 2008 -5200 -17.495 7.095 0.407 —
TeCA -10.496  -13.769 -7.224 0.000
Overall -8.440 -10.840 -6.039 0.000

-25.00 -12.50 0.00 1250 25.00

Favors Antidepressant  Favors Placebo

Random-effects model

b Apnea index (events/hour)
Group by Study name Statistics for each study Difference in means and 95% CI
Class Difference Lower  Upper

in means limit limit p-Value
SSRI Kraiczi et al. 1999 -5.800 -18.338 6.738 0.365
SSRI -5.800 -18.338 6.738 0.365 1|_
TCA Brownell et al. 1982 -4800 -13.390 3.790 0.273 —.-—
TCA Stepanski et al. 1988 7.700 -18.624 34.024 0.566
TCA -3.597 -11.764 4570 0.388 ﬁ
TeCA Carley et al. 2007 -3.600 -5.724 -1.476 0.001 .
TeCA Marshall et al. 2008 -3.800 -11.406 3.806 0.327 —_—
TeCA -3.614 -5.660 -1.569 0.001 ‘
Overall -3667 -5627 -1.707 0.000

-35.00 -17.50 0.00 17.50 35.00

Favors Antidepressant Favors Placebo

Random-effects model

c Sleepiness (various scales)
Group by Study name Statistics for each study Std diff in means and 95% CI
s Std diff Lower Upper
in means limit limit p-Value
SSRI Kraiczi et al. 1999 0.172 -0.482 0.827 0.606
SSRI 0.172 -0.482 0.827 0.606
TeCA Carley et al. 2007 -1.134 -1.996 -0.272 0.010
TeCA Marshall et al. 2008 -0.112 -0.456 0.232 0.523
TeCA -0.544 -1.533 0.446 0.282
Overall -0.046 -0.592 0.500 0.870 ’

-4.00 -200 0.00 2.00 4.00

Favors Antidepressant  Favors Placebo

Random-effects model

Sensitivity analyses: Similar results were found after ex-
cluding the Taranto-Montemurro et al. study [17] (Online
Resource 6) as it only employed 1-night intervention.

Adverse effects reported by the authors One study reported

patients taking TeCA’s (mirtazapine) presented with weight
gain (1.4 kg or 3 pounds average weight gain in 4 weeks) as

@ Springer

a side effect (p<0.01) as well as unacceptable lethargy while
taking medication for study [5]. Treatment with SSRI present-
ed adverse events during active treatment including fatigue,
ejaculation disturbances, decreased libido, nervousness, con-
stipation, headache, dizziness, somnolence, infectious pneu-
monia, Lyme disease, and sweating [19]. The crossover trial
also presented adverse effects with placebo treatment which
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included one patient reporting dizziness, one reporting fatigue
and somnolence, and one reporting dryness of the mouth [19].
One patient experienced mild dizziness in the moming after de-
sipramine administration (TCA). The symptom lasted for a few
hours and the patient spontaneously recovered [17] (Table 2).

Summary of the evidence and quality of the findings (GRADE)
The quality of the evidence was very low for arousal in-
dex due to high risk of bias, inconsistency in reporting
and imprecision of measurements in the included studies.
The quality of evidence was low for all other outcomes
due to risk of bias and inconsistency of reported outcomes
in the included studies (Online Resource 7); low evidence
grading indicates that further research is very likely to
have an important impact on our confidence in the esti-
mate of effect and it is likely to change the estimate.

Discussion
Primary outcome

The primary outcome measurement reported by the original
studies was overall AHI in events/hours. According to our
meta-analyses, AHI improved in average —8.4 events/hour
after interventional antidepressants compared to placebo.
One limitation of this systematic review is the lack of a clear
baseline AHI reported in the original RCTs. Only two studies
provided a baseline mean and SD for AHI [5, 16], with a wide
variability of inclusion criteria from OSA patients AHI>10
[24] to severe OSA patients (AHI>60) [20]. The average
post-treatment AHI was between 11 and 75 events/hour in
the included studies. Sensitivity analyses excluding three stud-
ies with only 1 night treatment showed similar results.

Our subgroup analyses showed that only 15-45mg
mirtazapine, a tetracyclic antidepressant (TeCA) was effective
in improving AHI, NREM AHI, REM AHI, apnea index and
hypopnea index but not sleepiness, arousal index nor sleep
efficiency. AHI improved in average by -10.5 events/hour
(p<0.001) in two studies with a baseline AHI of 26.7 events/
hour with patients taking 15-45mg of mirtazapine [5, 16] com-
pared to placebo, further research is needed to confirm these
results, as well as the optimal dosage. Though statistically
significant, these outcomes may not be clinically significant.

Agreements and disagreements with other studies
or reviews

Our review of the evidence has shown that 15-45mg
mirtazapine improved AHI, NREM AHI, REM AHI and ap-
nea Index but did not show improvement in clinical OSA
findings such as sleepiness or sleep efficiency. This review
is in partial disagreement with Rosenberg et al. [28] who in

a review in 2008 of mirtazapine and its impact on AHI sum-
marized Marshall et al. 2008 [16] as follows, “No measure-
ment of OSA severity was improved by mirtazapine”; how-
ever, our meta-analysis did not only include Marshall et al.
[16] but also Carley et al. 2007 [5] showing overall significant
improvement on AHI, NREM AHI, REM AHI, apnea Index
and hypopnea index with mirtazapine [5, 16].

This study finds a general agreement with other review’s
conclusions that antidepressants may have a slightly beneficial
effect on one or more parameters of measuring OSA [29-37].
While reviewing 33 trials covering 27 different drugs, Kohler
et al. 2009 [37] found the mechanisms by which antidepres-
sants are supposed to improve OSA include, among others, an
increase in tone of the upper airways, an increase in ventilatory
drive, a reduction in airway resistance, and alterations in sur-
face tension forces in the upper airway; however, Kohler et al.
2009 [37] found that in most of these studies, there was no
statistically significant effect on OSA observed. Additionally,
in a review by Grunstein et al. 2001 [31], authors concluded
that TCAs showed a beneficial effect on sleep apnea as well as
improved daytime somnolence. Abad and Guilleminault 2006
[36] concluded that, in a review of the pharmacological man-
agement of sleep apnea including serotonergic drugs, that
SSRIs do not have a role in the treatment of OSA; however,
this paper does report that mirtazapine was found to reduce
AHI by ~50%, with an increase in subjective perception of
sleepiness and weight gain while using the drug [36]. It is
important to note that overall positive clinical findings were
minimal if at all reported, daytime sleepiness was not im-
proved and potential adverse side effects may outweigh the
small positive impact on reduction of NREM and REM AHI.

Overall completeness and applicability of evidence

Crossover placebo-controlled studies were identified from
four electronic data bases including MEDLINE through
PubMed, Web of Science, the Cochrane Library and
EMBASE limited to English language. Oral antidepressants
included TCAs, SSRIs, SRM, and TeCAs. The results of this
systematic review apply to mild to severe OSA patients with
an AHI>10 between the ages of 18 to 74 years old both female
and male. The trials were conducted in four countries only
(Australia, Canada, Sweden and USA) and may not reflect
or apply to other countries.

Quality of the evidence

Only randomized placebo-controlled trials were included in
this systematic review by choice of the authors, as high-
quality RCTs can provide the best evidence in comparing
the effects of oral antidepressants in the treatment of OSA.
However, of the 8 RCTs included in the quantitative analysis,
four of the studies were at overall unclear risk of bias and four
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were at high risk. The quality of the evidence was low to very
low due to risk of bias, inconsistency, and imprecision (a small
total sample size below 400 participants [18]), with a small
number of eligible studies in each meta-analysis due to het-
erogeneity of the outcomes reported and in some cases, wide
variance of point estimates and statistical heterogeneity
(Online Resource 7).

Heterogeneity of the review

This systematic review included only RCTs comparing anti-
depressants with placebo with similar reported outcomes. The
main outcomes were AHI, NREM AHI, REM AHI, Apnea
index, Sleepiness, Arousal index, Hypopnea index, and Sleep
efficiency. These outcomes were mainly measured with PSG
(objective outcomes) and questionnaires (subjective out-
comes) before and at the end of each treatment. The patients’
severity of OSA ranged from mild to severe. Some degree of
clinical heterogeneity was found in terms of numerous factors.
The studies included in this review were all crossover trials
and treatment duration ranged from 1 night to 6 weeks for
each intervention. Different types of antidepressants were uti-
lized in the included studies with varied mechanisms of action,
dosages and schedules.

Future research

The results of our study of eight randomized controlled clin-
ical trials indicate that although there was statistical signifi-
cance of the studied antidepressants to have a slightly benefi-
cial effect on one or more parameters of measuring OSA, the
clinical significance of these medications is still in question.

Further research is needed to understand why mirtazapine
was effective in reducing AHI compared to placebo. It is sug-
gested to include RCTs with larger subject sample sizes and
longer study periods. It would be beneficial to include newer
medications that may have specific profiles that show im-
provement of the deep sleep and REM sleep stages. Ideally,
pharmaceutical interventions should be targeted to a “person-
al” therapeutic approach.

Conclusions

The use of antidepressants as an option in treating patients
suffering with mild to severe obstructive sleep apnea is a subject
of interest to providers of care and to patients who have failed
assistive devices such as CPAP and MADs. This review of five
different antidepressant medications shows a statistically signif-
icant difference, though there might not be a clinical signifi-
cance. This review found favorable effect of 15mg-45mg
mirtazapine, a tetracyclic antidepressant, compared to placebo
in two studies including OSA patients with an average of 26.7
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events/hour. The uality of the evidence was low due to high risk
of bias, small sample size and heterogeneity. Mirtazapine re-
duced some of the measured parameters of OSA (AHI, REM
AHI, NREM AHI, apnea index and hypopnea index) but no
reduction in daytime sleepiness nor sleep efficiency was found.
Adverse effects of TeCAs in one study included weight gain
and sedation. This indicates caution for practitioners in use of
TeCAs as weight gain could be a contributing factor for OSA.
Therefore, close weight monitoring is highly recommended
while using TeCA. Trazodone, a Serotonin Receptor
Modulator, showed a statistically significant effect in reducing
AHI compared to placebo in one study with one night of treat-
ment, with no improvement in arousal index or sleep efficiency,
s0 no strong recommendation can be made at this point.

This study finds a general agreement with other re-
views’ conclusions that antidepressants may have a slight-
ly beneficial effect on one or more parameters of measur-
ing OSA, albeit at a low quality of evidence. However,
daytime sleepiness was not improved and potential adverse
side effects including daytime sedation and weight gain
may outweigh the statistically significant positive impact
on reduction of NREM and REM AHI. Therefore, at this
time we cannot support the use of the studied antidepres-
sant medications as an intervention for patients who have
tried and failed with CPAP and or MADs.
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