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Study Objectives: Respiratory-related leg movements (RRLMs) may contribute to the cardiovascular risk associated with obstructive sleep apnea (OSA).
Selective serotonin reuptake inhibitors (SSRIs), but not bupropion, increase periodic leg movements in sleep. This study examines whether patients with OSA
using SSRIs have more RRLMs than those taking bupropion or no antidepressant.

Methods: Patients with an apnea-hypopnea index (AHI) of at least 10 events/h during a full-night diagnostic study or split-night study, who were taking
bupropion (n = 32), an SSRI (n = 31), or no antidepressant (n = 31), were selected from a database of prestudy questionnaires. RRLMs were scored according

to World Association of Sleep Medicine 2016 standards.

Results: Patients using SSRIs had significantly greater overall RRLM% (defined as the percentage of respiratory events associated with a leg movement,
including apneas, hypopneas, and respiratory effort-related arousals), RRLM index, and periodic limb movement index relative to patients using bupropion
and control patients. The difference between the RRLM% in the SSRI and bupropion groups was limited to patients undergoing split-night studies, and that of
the SSRI and control groups was limited to patients undergoing full-night diagnostic studies.

Conclusions: The greater number of RRLMs and PLMs in the SSRI group may contribute to treatment-emergent insomnia often seen with SSRI use.
Fragmented sleep and elevated autonomic nervous system activation associated with increased RRLMs in patients with OSA taking SSRIs might also limit
the tolerability of antidepressant treatment, as well as increase the risk for cardiovascular disease.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Selective serotonin reuptake inhibitors (SSRIs), but not bupropion, are associated with increased periodic
limb movements. It was not known whether these medications also increase respiratory-related leg movements, which may further increase sleep
fragmentation and cardiovascular risk in patients with obstructive sleep apnea (OSA).

Study Impact: This study demonstrates that leg movements associated with respiratory events occur more frequently in patients with OSA taking
SSRIs relative to bupropion or no antidepressant. These results may aid in guiding selection of a nonserotonergic antidepressant such as bupropion in
this population to minimize treatment-emergent insomnia and elevated sympathetic activity.

INTRODUCTION

Respiratory-related leg movements (RRLMs) are limb move-
ments occurring at the termination of a respiratory event in
patients with obstructive sleep apnea (OSA). In the original
scoring rules of the American Sleep Disorders Association,
RRLMs were scored and counted in relation to obstructive
respiratory events.! Subsequent updates of scoring rules have
specifically excluded RRLMs, on the basis that these events
may have a different underlying etiology than periodic limb
movements of sleep (PLMS) that are not associated with re-
spiratory events.>* Currently, the American Academy of Sleep
Medicine guidelines state that a leg movement should not be
scored if it occurs during a period from 0.5 seconds before
a respiratory event to 0.5 seconds after the event.* However,
this practice has been questioned.* The duration and latency
criteria for excluding these leg movements from scoring was
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largely unsupported by research data and has contributed to
the uncertainty regarding the relationship of PLMS to RRLM.
More recently, systematic evaluations of leg movement tim-
ing demonstrated that they are increased around respiratory
events over a period that is significantly longer than specified
in previous scoring criteria.>® The World Association of Sleep
Medicine (WASM) standards have since recommended scor-
ing and counting leg movements as respiratory related when
they occur within 2 seconds before to 10.25 seconds after the
termination of a respiratory event.”

Some research has suggested that there may be clinical
significance to RRLMs. Individuals without OSA but with
PLMS may have increased risk for incident cardiovascular
events and mortality, with greater risk attributed to PLMS
with arousals.®? OSA also confers significant known risk for
incident hypertension and cardiovascular disease.'™!' RRLMs
have been suggested to be a marker for and/or contribute to this
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Figure 1—Scoring of respiratory-related leg movements
using World Association of Sleep Medicine standards.
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Leg movements were scored as RRLMs if they occurred within 2
seconds before to 10.25 seconds after the termination of a respiratory
event. No events were scored as more than one type of leg movement.

risk.'>!* Respiratory events terminating with a leg movement
were found to produce larger heart rate increases than those
without a leg movement, even after controlling for the length
of, and oxygen desaturation associated with, the event.® An
increased RRLM% (the percent of respiratory events associ-
ated with a leg movement) has been associated with greater
apnea-hypopnea index (AHI), and arousal index (Al), as well
as increased prevalence of chronic obstructive pulmonary dis-
ease and nocturnal hypoxemia.*'?

Multiple classes of antidepressants, including selec-
tive serotonin reuptake inhibitors (SSRIs), are known to in-
crease the number of periodic limb movements (PLMs) and
other forms of electromyogram activity during sleep.”*?' In
contrast, bupropion does not increase PLMS, and may even
reduce them.'“*? However, it is not known whether antide-
pressants affect RRLMs. The goal of this study was to exam-
ine whether patients with OSA taking SSRI antidepressants
have more RRLMs than those taking bupropion or no anti-
depressant. Fragmented sleep and elevated autonomic ner-
vous system activation associated with increased RRLMs
in patients taking SSRIs could limit the tolerability and ef-
fectiveness of antidepressants, as well as increase the risk for
cardiovascular disease.

METHOD

Subjects

Patients were selected from a database containing more than
5,000 questionnaires completed by patients prior to overnight
polysomnography (PSG) studies at Massachusetts General
Hospital (MGH) between 2011 and 2014. From this database,
patients were first identified who reported taking bupropion
without other antidepressants, and who underwent either a di-
agnostic PSG study or a split-night study with an AHI of at least
10 events/h during the diagnostic portion of the study (n = 32).
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Of these patients, 17 underwent a full-night diagnostic study
and 15 underwent a split-night study at the MGH Sleep Center.

Patients taking SSRIs (n =31, 18 diagnostic and 13 split stud-
ies) and control patients not taking any antidepressants (n = 31,
17 diagnostic and 14 split studies) were then matched to the
bupropion group based on AHI, type of sleep study, concurrent
psychotropic medications (specifically benzodiazepines, anti-
convulsants, and antipsychotics), age, and sex. SSRIs included
citalopram (n = 14), escitalopram (n = 2), fluoxetine (n = 7), and
sertraline (n = 8). Dosages and duration of these medications
were not reported. Exclusion criteria included the use of more
than one antidepressant (including those prescribed for sleep),
and use of a dopamine agonist medication. None of the sub-
jects took an antidepressant other than an SSRI (in the SSRI
group) or bupropion (in the bupropion group). There were no
significant differences between groups for self-reported medi-
cal conditions predisposing to PLMs, such as kidney disease
and seizures.

Procedure
Overnight sleep studies were performed according to the
American Academy of Sleep Medicine practice standards.?
Channels included six electroencephalogram leads, two elec-
trooculograms, submentalis electromyogram, nasal thermistor,
nasal pressure transducer, snore vibration sensor, single-lead
electrocardiogram, chest and abdomen respiratory effort belts,
finger pulse oximeter, and bilateral anterior tibialis electromy-
ography. Scoring of sleep staging, respiratory events, arousals,
and periodic limb movements was performed visually accord-
ing to standard criteria by trained technicians.”® RRLMs were
scored by the first author (CM), blind to medication status, ac-
cording to WASM 2016 standards for recording and scoring leg
movements in polysomnograms, which recommends scoring
movements occurring within 2 seconds before to 10.25 seconds
after the termination of a respiratory event’ (Figure 1). No
events were scored as more than one type of movement; that is,
RRLMs also were not scored as PLMs. If an event could have
been scored as both an RRLM and a PLM, the RRLM would
be scored and the PLM ignored. RRLMs were scored during
both diagnostic and treatment portions of split-night studies.
Analyses were performed using SAS JMP software (SAS In-
stitute, Inc., Cary, North Carolina, United States). Our primary
variable of interest was the RRLM percentage (RRLM%), de-
fined as the total number of RRLMs divided by the total num-
ber of respiratory events expressed as a percentage. The total
number of respiratory events includes apneas, hypopneas, and
respiratory effort-related arousals (RERAS). We also exam-
ined the RRLM index (RRLMI), defined as the total number
of RRLMs divided by the total hours of sleep time. Variables
were compared using analysis of variance, Student ¢ tests, y*
tests, and Pearson correlations.

RESULTS

Baseline Demographic and PSG Characteristics
There were no significant differences between groups in
characteristics such as age, sex, body mass index, use of
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Table 1—Demographic characteristics.

Variable SSRI (n=31)
Age (years) 56.7 £2.2
Female, n (%) 12 (38.7)
Body mass index (kg/m?) 316 +14 (n=30)
Benzodiazepines, n (%) 10 (32.3)
Anticonvulsants, n (%) 5(16.1)
Caffeine, n (%)

Rare 4(12.9)

Morning 24 (77.4)

Afternoon 12 (38.7)

Evening 6(19.4)
Epworth Sleepiness Scale score 7.9£0.93 (n =30)
Smoker, n (%) 0(0)

Uses alcohol to sleep, n (%) 1(3.2)
History of substance or alcohol abuse, n (%) 2 (6.5)

Bupropion (n = 32) Control (n = 31) Result

56.8 + 2.2 60.1+2.2 F=0.7749, P= 4637
11 (34.4) 13 (42.0) ¥ =0.384, P= 8252
345413 335+ 14 (n=30) F=1.1506, P=.3211
11 (34.4) 11 (35.5) ¥ =0.074, P = 9636

5 (15.6) 5 (16.1) ¥ =0.004, P = 9980

2 (6.25) 6(19.4) ¥ = 2.429, P = 2969
28 (87.5) 24 (77.4) ¥ = 1.385, P = 5002
11 (34.4) 7(22.6) =1.991, P= 3696

5 (15.6) 2 (6.45) Y2 =2.297, P= 3172
794091 (n=31)  807+094 (n=29) F=0.0107, P=.9894
2(6.3) 1(3.2) =1.991, P= 3695
2(6.3) 3(9.7) ¥ =1.081, P= 5824
2(6.3) 0(0) ¥ = 2.057, P = 3575

All values for one-way analysis of variance are displayed as mean + standard error. Values for chi-square are displayed as mean and percentage. * = values

were omitted due to missing data on the questionnaire. SSRI =

selective serotonin reuptake inhibitor.

Table 2—Medical comorbidities.

Variable, n (%)
Anxiety
Depression
Posttraumatic stress disorder
Bipolar disorder 2
Memory problems 8
Stroke 4
Arrhythmia 6
Heart failure 1
Coronary artery disease 1(3
High blood pressure 13
5
5
3
3
1
3
1

SSRI (n = 31)
16 (51.6)
22(71.0)
7)
5)
25.8)
1.29)
19.4)

.J>
©

Diabetes

Obesity (BMI > 25 kg/m?) 1
Hypothyroidism

Hyperthyroidism

Kidney disease

Fibromyalgia

Seizures

O‘I—\
L=

(
309
6.
(5
(
(
32
(32
(41
(16
(50
©.
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©.
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Values for chi-square are displayed as mean and percentage. BMI

= body mass index, SSRI

Bupropion (n = 32) Control (n = 31) Result

14 (43.8) 6(19.4) Y2 = 7.436, P = 0243

24 (75.0) 4(129) ¥ = 30.256, P < .0001
3(9.4) 2(6.5) ¥ =0.254, P = 8809
4(12.5) 1(3.2) ¥ =2.031, P = 3621
5 (15.6) 2(6.5) ¥ =4.334, P= 1145
2 (6.25) 0(0) ¥ =4.320, P= 1153
5 (15.6) 4(12.9) ¥ = 0.485, P = 7846
2(6.3) 0(0) ¥ =1.991, P= 3695
3(9.4) 3(9.7) ¥ =1.198, P = 5494

12 (37.5) 13 (41.9) ¥ =0.172, P= 9174

5(15.6) 2(6.5) ¥ = 1.660, P = 4361
21(65.6) 17 (56.7) Y2 = 1.564, P = 4575
6 (18.8) 5 (16.1) ¥ =1.078, P = 5833
2(6.3) 2(6.5) ¥ =0.335, P = 8458
2(6.3) 0(0) ¥ =1.991, P= 3695
0(0) 3(9.7) ¥ =3.308, P= 1913
0(0) 2(6.5) ¥ =2.121, P = 3462

= selective serotonin reuptake inhibitor.

pertinent medications or substances, or Epworth Sleepiness
Scale scores. (Table 1) Patients taking SSRIs or bupropion
had significantly greater prevalence of self-reported de-
pression (x> = 30.256, P < .0001) and anxiety (y*> = 7.436,
P =.02) compared to controls. There were no significant dif-
ferences between groups for other medical and neurological
conditions (Table 2).

PSG analysis demonstrated greater rapid eye movement
(REM) sleep latency in the SSRI group (229.7 minutes, ver-
sus 127.4 minutes in the bupropion group and 140.7 min-
utes in the control group, F = 11.1103, P < .0001), which
may be related to the known REM-suppressive effects of
SSRIs (Table 3).
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Primary Outcome

Table 4 shows the mean RRLM%, RRLMI, and periodic
limb movement index (PLMI) values for each group. The
RRLM% was significantly higher in the SSRI group (59.8%),
relative to bupropion (41.9%, P = .01), and to control patients
(39.6%), P = .004). (Figure 2A) Patients using SSRIs also
demonstrated a significantly greater RRLMI (24.1) compared
to control patients (12.5, P = .005) and patients using bupro-
pion (14.7, P = .003). Consistent with other studies, patients
using SSRIs demonstrated a greater PLMI (29.3) compared to
control patients (12.3, P = .02) and patients using bupropion
(15.1, P =.01). Among the different types of respiratory events,
the SSRI group demonstrated a greater RRLM% specifically
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Table 3—Polysomnography and study characteristics.

Variable SSRI (n=31)
Diagnostic study (versus split), n (%) 18 (58.1)
Total sleep time (minutes) 346.7£13.2
Sleep efficiency (%) 785+2.8
Sleep latency (minutes) 1.7+£3.0
REM sleep latency (minutes) 229.7 £16.7*
Arousal index (events/h) 38+28
Stage N1 sleep (minutes) 832+88
Stage N2 sleep (minutes) 167.4 £ 12.0
Stage N3 sleep (minutes) 418+6.4
Stage R sleep (minutes) 543+6.9
Total AHI (events/h) 28127
Diagnostic AHI (events/h) 38.0+5.0
Total RDI (events/h) 36.2+2.7
Total respiratory events (no.) 204.2 +15.0
Average O, saturation (%) 939+0.3

Bupropion (n = 32) Control (n = 31) Result

17 (53.1) 17 (54.8) ¥ =0.160, P = 9232
350.6 + 13.0 3715+ 132 F=1.0220, P= 3640
785+2.8 80.7 +2.8 F=0.1957, P= 8226
104 +2.9 71330 F=0.6294, P= 5352
127.4 + 16.4* 140.7 + 16.7* F = 11.1103, P < .0001
334428 209+28 F=20311,P=.1371
802+ 8.6 80.0+8.8 F=0.0412, P= 9596
165.1+ 11.8 184.4 +12.0 F=0.7815, P = 4608
40963 455+64 F=0.1488, P = 8620
64568 61669 F=0.5885, P= 5573
272427 23127 F=0.9294, P = 3985
426+4.88 36.3 +5.04 F=04422, P= 6440
35827 305+27 F=1.3835, P = 2559
201.2+14.7 183.8 +15.0 F =0.5440, P= 5823
94.8+0.3 943+03 F=1.9313, P= 1508

All values for one-way analysis of variance are displayed as mean + standard error. Values for chi-square are displayed as mean and percentage. * = REM
sleep latency was excluded in patients who did not achieve REM sleep during their study, such that n = 30 in the SSRI group, n = 31 in the bupropion group,
and n = 30 in the control group. AHI = apnea-hypopnea index, RDI = respiratory disturbance index, REM = rapid eye movement, SSRI = selective serotonin

reuptake inhibitor.

Table 4—Comparison of respiratory-related and periodic limb movements.

Variable
RRLM% (total)
Obstructive apnea
Central apnea

SSRI (n = 31)
50.8+4.8

61.6 +6.1 (n =29)
56.3 6.2 (n = 29)

Mixed apnea 585+ 14.1 (n=13)
Hypopnea 555+4.9
RERA 604+58

Total number of RRLMs 133.5+£14.5

Total RRLM index 241+£29

Total PLM index 29.3+3.9

Result
F=5.2731, P=.0068
F=2.7806, P=.0675
F=17.0011, P=.0016
F=0.0163, P =.9839

Bupropion (n = 32)
41947
435+59(n=31)
31.2£6.1(n=30)
55.1+12.7 (n = 16)

Control (n = 31)
396+4.8
44.7+£6.0 (n=30)
25.1+6.5(n=26)
56.6 £ 14.1 (n=13)

39.6+428 36.2+4.9 F=4.4354, P=.0145
43.7+58 (n=31) 420+58 F=3.1361, P=.0482
747 +14.2 772+145 F=5.3445, P = .0064
147+28 125+29 F=4.6056, P=.0124
15.1+3.8 12339 F=5.5841, P=.0052

All values for one-way analysis of variance are displayed as mean + standard error. PLM = periodic limb movement, RERA = respiratory effort-related
arousals, RRLM = respiratory-related leg movement, RRLM% = RRLM percentage (total number of RRLMs / total number of respiratory events),

SSRI = selective serotonin reuptake inhibitor.

for obstructive apneas (61.6%) compared to bupropion (43.5%,
P = .04), and a greater RRLM% than both bupropion and
control groups for central apneas (56.3% versus 31.2% for
bupropion and 25.1% for control patients, P = .005 and .0008
respectively), hypopneas (55.5% for SSRIs versus 39.6% for
bupropion and 36.2% for control patients, P =.03 and P =.007,
respectively), and RERAS (60.4% for SSRIs versus 43.7% for
bupropion and 42% for control patients, P = .043 and P = .03,
respectively).The RRLM% for obstructive apneas was also
greater in the SSRI group (61.6%) relative to the control group
(44.7%); however, this difference did not meet the threshold for
significance (P = .07) (Figure 2B).

Analysis of these variables by the type of study (full-night
diagnostic PSG versus split-night study) demonstrated that the
difference in RRLM% between SSRI and bupropion groups
was limited to the split-night study subgroups. Table 5 shows
summary values for RRLM% by group for each type of study.
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For full-night diagnostic studies, there was no difference
in RRLM% between SSRI (56.8%) and bupropion (49.2%)
groups; however, the RRLM% was significantly higher in
both the SSRI group and bupropion groups relative to control
groups (31.4%, P = .007 and .05, respectively). Conversely,
for split-studies, the RRLM% in the SSRI group (61.9%) was
greater than the bupropion group (35.4%, P = .009) and the
control group (46.4%, P = .1), though the control group did not
reach significance with P = .1. (Figure 2C) The differences
between split-night and full diagnostic studies between groups
appeared to be related to a lower RRLM% in the bupropion
group and a higher RRLM% in the control group in the split-
night condition, compared to the diagnostic study condition.
Within each group, the overall RRLM% was not signifi-
cantly different between the full-night diagnostic study con-
dition and the split-night study condition; however, there
were differences by the type of event. The bupropion group
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Figure 2—Respiratory-related leg movement percentage, respiratory-related leg movement index, and periodic limb movement
index by group.

A B Cc

I RRLM Index
I PLM Index

Full-Night Diagnostic Split-Night

RRLM%
RRLM%
I
5

SSRI Bupropion No SSRI Bupropion None SSRI Bupropion None

ne SSRI Bupropion None
(n=31) (n=32) (n=31) (n=31) (n=32) (n=31) (n=18) (n=17) (n=17) (n=13) (n=15) (n=14)

All values are mean * standard error. (A) A RRLM% comparison by group demonstrates a significantly greater overall RRLM% in the SSRI group relative to
the bupropion and control groups. * = SSRI RRLM% versus bupropion RRLM%, P =.01. £ = SSRI RRLM% versus control RRLM%, P = .004. (B) Similarly,
RRLMI and PLMI group comparisons show a greater overall RRLMI and PLMI in the SSRI group compared to the bupropion and control groups. * = SSRI
RRLM index versus bupropion RRLM index, P = .02. £ = SSRI RRLM index versus control RRLM index, P = .005. ** = SSRI PLM index versus bupropion
PLM index, P = .01. ¥ = SSRI PLM index versus control PLM index, P = .003. (C) When comparing groups for full-night diagnostic studies and split-night
studies separately, the relative differences between groups show consistently high RRLM% for the SSRI group, however the bupropion group demonstrates
elevated RRLM% in diagnostic studies, but low RRLM% in split-night studies. Conversely, the control group demonstrates lower RRLM% in diagnostic
studies and higher RRLM% in split-night studies. * = SSRI RRLM% versus control RRLM% during full-night diagnostic PSG, P = .007. 1 = Bupropion
RRLM% versus control RRLM% during full-night diagnostic PSG, P =.045. ¥ = SSRI RRLM% versus bupropion RRLM% during split-night studies, P =.009.

Table 5—Comparison of respiratory-related leg movement percentage by type of study.

Diagnostic Split
Variable SSRI Bupropion Control SSRI Bupropion Control

RRLM% (total) 56.8 £ 24.0 49.2 + 26.8t 314 +£17.5% 1 61.9 +32.8% 35.4 +26.2% 46.4 £ 274
Obstructive apnea 63.0 + 31.8* 43.7+29.6 31.8 £20.01 60.7 +37.2 434 +34.9 56.0 + 37.3t
Central apnea 58.0 + 39.0 38.6+358 18.6 £22.2* 55.2 + 434t 247 +22.2t 30.0 £ 29.6%
Mixed apnea 50.0 +41.6 79.3 £ 36.6* 61.0+£92.3 62.3 £48.7 36.2+34.8 53.9+484
Hypopnea 51.9 + 26.0* 43.8+24.0 31.9+£22.5% 58.1 £ 32.1t 359 +29.1t 39.8+279
RERA 58.9 £ 19.5% 476+28.9 33.9+20.8" 61.6 £44.0 40.4 + 38.1 48.6 £28.9

Values are displayed as means * standard error. Groups with the same symbols (*,1,1) are significantly different from each other. RERA = respiratory effort-
related arousals, RRLM% = RRLM percentage (total number of RRLMs / total number of respiratory events), SSRI = selective serotonin reuptake inhibitor.

had a greater RRLM% for mixed apneas in the diagnostic
study condition (79.2%) relative to the split-night condition
(36.2%, P = .03). The control group had a significantly greater
RRLMY% for obstructive apneas in the split-night study condi-
tion (56.0%) relative to the diagnostic study condition (31.2%,
P = .04). For the SSRI group, there were no significant dif-
ferences between full-night and split-night conditions for any
type of respiratory event.

To identify potential differences in demographic, medical
conditions, substances, and baseline study characteristics be-
tween patients undergoing full-night diagnostic and split-night
subgroups, these variables were compared for each group us-
ing Student # tests with Bonferroni corrections. There were no
significant differences in patient composition between those
undergoing full-night diagnostic study and split-night stud-
ies, with the exception of the AHI, which was higher in pa-
tients undergoing split studies for all three groups, but did not
meet significance except in the control group, in which the
full-night diagnostic AHI mean was 17.7 + 8.2 and the split-
night study diagnostic AHI was 52.5 + 25.8 (P < .0001). The
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full-night diagnostic AHI for the SSRI and bupropion groups
was 22.2 + 12.5 and 29.4 + 21.0, respectively.

RRLMY% correlated with arousal index (r = .435, P <.0001),
RDI (r=.237, P =.02), diagnostic AHI (» = .204, P = .05), total
AHI (r = .245, P = .02), PLMI (r = .613, P < .001), and REM
sleep latency (» = .367, P = .0004), and correlated negatively
with stage N3 sleep (r =—.253, P = .01) (Figure 3).

DISCUSSION

Our study found that patients with sleep apnea taking SSRIs
had a greater RRLM% and RRLM index than patients taking
bupropion or no antidepressants. This is consistent with prior
studies showing greater PLMS in patients taking serotoner-
gic medications such as SSRIs and serotonin-norepinephrine
reuptake inhibitors."!

In our study, the difference between RRLM% in the SSRI
group and the bupropion group appeared to be limited to pa-
tients undergoing split-night studies, during which positive
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Figure 3—Multivariate analysis of respiratory-related leg
movement percentage with periodic limb movement index
and arousal index.
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Arousal Ind = arousal index, PLMI = periodic limb movement index,

RDI = respiratory disturbance index, RRLM% = RRLM percentage (total

number of RRLMs / total number of respiratory events).

airway pressure (PAP) therapy was initiated for the latter
portion of the study. For patients undergoing full-night diag-
nostic studies, there was no significant difference in RRLM%
between patients taking SSRIs or bupropion. Furthermore,
although the total RRLM% was greater in patients on SSRIs
relative to controls, this difference was nonsignificant in split
studies. This effect appears to be related to a lower RRLM%
in the bupropion group split-night condition relative to the full-
night diagnostic condition, and a lower RRLM% in the control
group diagnostic study condition relative to the split-night con-
dition. In contrast, the RRLM% in the SSRI group was similar
between conditions. Analysis of differences between full-night
studies and split-night studies within groups showed no other
differences except a higher AHI in the split-study control
group relative to the full-night diagnostic study control group,
which may account for the nonsignificant difference between
the SSRI RRLM% and control RRLM% for split studies. This
AHI difference may also explain the seemingly counterin-
tuitive finding of a higher RRLM% in the split-study control
group relative to the diagnostic study control group, which may
be related to continued elevated sympathetic tone that is not yet
normalized after only a few hours of PAP therapy. The overall
RRLMY% was significantly correlated with arousal index.

The pathophysiology of RRLMs is unclear. Some research-
ers have suggested that RRLMs arise from a different etiology
from PLMs. Evidence for this perspective has included studies
showing variable response of PLMs to continuous PAP, and
lack of response of RRLMs to dopamine agonists.?>*” How-
ever, patients with OSA and RRLMs exhibit more PLMs than
those without RRLMs, and PLMS and RRLMs are signifi-
cantly associated even when AHI and restless legs syndrome
(RLS) have been controlled, suggesting some commonality
in these phenomena.*® Individuals with RRLMs also demon-
strate nonrespiratory limb movements that are characteristic
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of PLMS, including a peak in the intermovement interval
distribution histogram at approximately 20-24 seconds, and
gradually decreasing frequency during the night.* The results
of this study show that both RRLMs and PLMs are increased
in the presence of serotonergic medications, further support-
ing the possibility of a shared or overlapping pathophysiol-
ogy. Serotonergic medications are hypothesized to increase
PLMs and other forms of increased muscle activity during
sleep via an interaction between serotonergic and dopami-
nergic neurotransmitter systems that ultimately decrease
dopaminergic transmission.'*'®

In contrast, bupropion is a weak dopamine reuptake inhibi-
tor and a strong norepinephrine reuptake inhibitor.?*3" Ab-
normal dopamine receptor binding and transport have been
demonstrated in patients with periodic limb movement disor-
der, and reductions in dopamine availability coincide with the
timing of both RLS and periodic limb movement disorder.>*
Studies have shown efficacy for dopamine agonist medications
in patients with RLS and PLMs, including arousal-associated
PLMs.** If RRLMs share pathophysiology with PLMs, it may
be that bupropion’s lack of adverse effects on RRLMs, at least
in the context of PAP therapy, may be related to its mechanism
as a weak dopamine reuptake inhibitor. However, in the set-
ting of untreated OSA, in which obstructive respiratory events
increase overall sympathetic tone, one could speculate that in-
creased norepinephrine may contribute to a greater overall pro-
pensity for RRLMs. RRLMs have been found to occur more
frequently at the termination of obstructive apneas compared
to hypopneas, and in the presence of arousals.® PAP therapy is
likely to cause changes in the relative frequency of obstructive
apneas, hypopneas, and arousals that may affect the effects of
these medications on RRLMs. The dual mechanism of action
of bupropion may thus have a different effect on RRLMs in the
presence of PAP therapy than without it.

There was greater consistent elevation of RRLMs in the
SSRI group, where RRLM% was elevated in both the diagnos-
tic and split-night study conditions. The greater overall num-
ber of RRLMs in the SSRI group may contribute to both sleep
disruption and cardiovascular risk associated with increased
sympathetic activation. Subjective complaints of insomnia or
daytime sleepiness are frequent in patients treated with SSRIs,
particularly early in treatment.****3¢ Based on data from the
United States Food and Drug Administration study register,
complaints of treatment-emergent insomnia ranged from 2%
with citalopram to 31.3% with fluvoxamine.*® Frequent arous-
als from sleep can lead to a subjective sense of reduced sleep
quality and excessive daytime fatigue. Sleep disturbance is
also associated with increased risk for depression, poor re-
sponse to antidepressant treatment, depression relapse, and
suicide.’” Given that both PLMs and RRLMs are associated
with increased arousals and thus increased sleep disturbance,
the increased numbers of both types of nocturnal movements
in patients with OSA using SSRIs may compound these effects.
Understanding the adverse effects of serotonergic medica-
tions in this population may guide selection of a nonseroto-
nergic antidepressant such as bupropion in this population to
minimize treatment-emergent sleep disruption and elevated
sympathetic activity.
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It is important to note that RRLM scoring in this study was
performed using relatively new scoring guidelines published
by the WASM in 2016, which recommends scoring movements
occurring beginning 2 seconds before to 10.25 seconds after
the termination of a respiratory event as RRLMs. This stan-
dard undoubtedly led to the inclusion of events as RRLMs that
under other guidelines would be considered isolated or peri-
odic limb movements. The clinical implications of this change
are still being determined.

These findings are limited by the absence of medication dos-
ages and durations in the questionnaires. Although groups were
matched for the use of benzodiazepines, antipsychotics, and an-
ticonvulsants, the timing and dosages of these medications prior
to the studies was unknown and may have influenced RRLMs.
Future research could include investigation of dosage or dura-
tion-dependent effects or the effects of concurrent bupropion
and SSRI administration on RRLMs. Patients in the SSRI group
experienced longer REM sleep latency, but did not have less
REM sleep, compared to bupropion and control groups. This
is consistent with the known effects of SSRIs on REM sleep
latency.?**¥ PLMs are known to have a circadian rhythm, with
higher frequency during the first half of the sleep period.*® A
recent study found that RRLM occurrence decreased through
the sleep period for patients with high PLMs, but did not do
so in patients with low PLMs.® Our study was unable to com-
plete an analysis of time-of-night effects because of limitations
in the study reports; however, this would be helpful to better
characterize whether changes in frequency of RRLMs over the
course of the night influenced our findings. Analysis of changes
in RRLMs occurring before and after PAP therapy would also
be helpful in identifying interactions between PAP therapy and
antidepressant effects. Further research in these arecas may help
to further elucidate the appropriate medical management of co-
morbid sleep-disordered breathing and depression.

ABBREVIATIONS

AHI, apnea-hypopnea index

EMG, electromyography

MGH, Massachusetts General Hospital

OSA, obstructive sleep apnea

PAP, positive airway pressure

PLM, periodic limb movement

PLMS, periodic limb movement of sleep

PLMI, periodic limb movement index (mean number of
periodic limb movements per hour of total sleep time)

PSG, polysomnography

RDI, respiratory disturbance index (mean number of
respiratory events per hour of total sleep time; respiratory
events include apneas, hypopneas, and respiratory effort-
related arousals)

REM, rapid eye movement

RERA, respiratory effort-related arousal

RLS, restless leg syndrome

RRLM, respiratory-related leg movement

RRLMY%, percentage of respiratory events associated with a
limb movement
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RRLM]I, respiratory-related limb movement index (mean
number of respiratory-related limb movements per hour
of total sleep time)

SSRI, selective serotonin reuptake inhibitor

WASM, World Association of Sleep Medicine
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