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Abstract

Given the high rate of depression associated with narcolepsy or obstructive sleep apnea (OSA), 

this analysis compared effects of solriamfetol treatment of excessive daytime sleepiness (EDS) 

in participants with/without a history of depression (DHx+/DHx−). This secondary analysis 

included data from two randomized, controlled trials in which participants were randomized to 

12 weeks placebo or solriamfetol 37.5 (OSA only), 75, 150, or 300 mg/day. Efficacy/safety 

(combined solriamfetol doses) was summarized for DHx+/DHx−subgroups. 27.5% (65/236) with 

narcolepsy and 23.4% (111/474) with OSA were DHx+. In narcolepsy (DHx+ and DHx−), 

40-min Maintenance of Wakefulness Test (MWT40) mean sleep latency increased (5.4 and 7.0 

min), Epworth Sleepiness Scale (ESS) score decreased (3.8 and 3.5 points), and percentage of 

participants improved on Patient Global Impression of Change (PGI-C) was higher (31.7% and 

39.4%) relative to placebo. In OSA (DHx+ and DHx−), MWT40 mean sleep latency increased 

(7.7 and 10.7 min), ESS decreased (3.5 and 3.7 points), and percentage of participants improved 

on PGI-C was higher (41.1% and 29.4%) relative to placebo. Common treatment-emergent 
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adverse events (headache, decreased appetite, nausea, anxiety) were similar in DHx+/DHx−. This 

study suggests that safety and efficacy of solriamfetol for treating EDS in narcolepsy and OSA 

are not affected by depression history. Moreover, the findings emphasize the high prevalence of 

depression in people with sleep disorders and suggest that increased awareness of this association 

may have clinical significance.
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1. Introduction

Excessive daytime sleepiness (EDS) can have many etiologies, including lack of sleep, 

medications, substance abuse, psychiatric disorders, medical disorders, or sleep disorders. 

EDS is a fundamental symptom of narcolepsy and is required for its diagnosis. Long-term 

management generally includes symptomatic treatment, including pharmacotherapy for EDS 

(Thorpy, 2020). In patients with obstructive sleep apnea (OSA), EDS can persist despite 

primary therapy for the underlying airway obstruction, thus adjunctive pharmacotherapy 

may be useful. Population-based studies have estimated that 9%–22% of patients with OSA 

continue to experience EDS despite normalization of breathing, oxygenation, and sleep 

quality with continuous positive airway pressure (CPAP) (the gold standard treatment for 

OSA) (Gasa et al., 2013; Patil et al., 2019; Pepin et al., 2009).

Depression commonly co-occurs with both narcolepsy and OSA. The prevalence of 

depression is estimated to be 32% in narcolepsy and 22% in untreated OSA (Acker et 

al., 2017; Jackson et al., 2019; Li et al., 2021). In patients with narcolepsy, risk factors 

for comorbid depression have not been well established, although studies have shown that 

prevalence is higher in adults than children and adolescents (Li et al., 2021). It has been 

postulated that worsening of narcolepsy symptoms (eg, deterioration in functioning and poor 

quality of life) may lead to depressive symptoms. In patients with OSA, population-based, 

longitudinal studies have shown that the severity of OSA significantly predicts the odds of 

developing depression (Peppard et al., 2006). Specifically, patients who have even minimal 

(apnea-hypopnea index [AHI] >0 to <5/h) or mild (AHI 5–14/h) OSA are twice as likely to 

have depression than those who do not have OSA; those who have moderate to severe (AHI 

≥15/h) OSA are nearly three times as likely to have depression (Peppard et al., 2006).

Given these rates of depression in the narcolepsy and OSA populations (Acker et al., 2017; 

Jackson et al., 2019; Li et al., 2021), some patients with either current depression, a history 

of depression, or taking antidepressants will be administered treatments for EDS associated 

with narcolepsy or OSA. Solriamfetol is a dopamine and norepinephrine re-uptake inhibitor 

(DNRI) indicated for the treatment of adults with EDS associated with narcolepsy (75–150 

mg/day) or OSA (37.5–150 mg/day) (Sunosi, 2021; Schweitzer et al., 2019; Thorpy et 

al., 2019). Notably, there is overlap in the mechanisms of action between solriamfetol 

and some antidepressant medications (eg, serotonin and norepinephrine reuptake inhibitors 

[SNRIs] and DNRIs), and individuals prone to depression may have a heightened risk for 
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experiencing suicidal ideation, anxiety, or triggering of depressive or manic episodes in 

response to medication for EDS associated with narcolepsy or OSA (Nuvigil 2018; Provigil 

2018; Sunosi 2021; Wakix 2021).

As such, this analysis was undertaken to explore whether the therapeutic and adverse effects 

of solriamfetol treatment are affected by the presence of depression, having a history of 

depression (depression is an episodic phenomenon and a patient may not be symptomatic 

when assessed at a particular point in time), and/or the concomitant use of antidepressant 

medications (American Psychiatric Association, 2013). Specifically, these post hoc analyses 

examined the efficacy and safety of solriamfetol compared with placebo for the treatment 

of EDS associated with narcolepsy or OSA in subgroups of participants with or without 

a history of depression, as well as in subgroups of participants who were or were not on 

concomitant antidepressants.

2. Methods

2.1. Study Design

This post hoc analysis included data from two 12-week, randomized, placebo-controlled, 

parallel-group studies (TONES 2, TONES 3) that evaluated the safety and efficacy of 

solriamfetol in treating EDS in adults with narcolepsy (Thorpy et al., 2019) or OSA 

(Schweitzer et al., 2019). Both were approved by institutional review boards or ethics 

committees at each institution and were conducted in accordance with the Declaration 

of Helsinki. All participants provided written informed consent. Detailed methods were 

published with the primary results (Schweitzer et al., 2019; Thorpy et al., 2019) and are 

summarized here.

2.2. Participants

Eligible participants in TONES 2 were adults (aged 18–75 years) with narcolepsy 

(diagnosed with International Classification of Sleep Disorders – Third Edition [ICSD-3] or 

Diagnostic and Statistical Manual of Mental Disorders, 5th ed [DSM-5] criteria)(American 

Academy of Sleep Medicine, 2014; American Psychiatric Association, 2013) and EDS 

(baseline Epworth Sleepiness Scale [ESS] scores ≥10) (Johns, 1991). Eligible participants 

in TONES 3 were adults (aged 18–75 years) with OSA (diagnosed with ICSD-3) and EDS 

(baseline ESS scores ≥10) (Johns, 1991). Additional key inclusion criteria were baseline 

mean sleep latency <25 min (narcolepsy) or <30 min (OSA) on the Maintenance of 

Wakefulness Test (MWT) (Littner et al., 2005), usual nightly total sleep duration ≥6 h, 

and, for participants with OSA, current or prior use of a primary OSA therapy (CPAP, oral 

appliance, or surgical intervention).

Key exclusion criteria included usual bedtime later than 1:00 A.M.; occupations requiring 

nighttime or variable shift work; any other clinically relevant medical, behavioral, or 

psychiatric disorder associated with EDS; history or presence of bipolar disorder, bipolar-

related disorders, schizophrenia, or schizophrenia spectrum disorders; and moderate or 

severe substance use disorders (current or within past 2 years). Participants with current 

depression were excluded if the depression was acutely unstable, associated with EDS, 
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and/or if active suicidal ideation or behavior was present (history of suicidal ideation/

behavior was not specifically exclusionary); suicidal ideation (lifetime and over the past 

12 months) and behavior (lifetime and over the past 5 years) were assessed with the 

Columbia-Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2011) at the screening 

visit. Excessive caffeine use (>600 mg/day) 1 week prior to and during the study was also 

exclusionary, as was use of medication that could affect EDS evaluation, such as sleep 

aids or stimulants (eg, amphetamines), wake-promoting agents (eg, modafinil, armodafinil), 

pemoline, trazodone, hypnotics, benzodiazepines, barbiturates, and opioids. The TONES 2 

study excluded use of medication that could affect the evaluation of cataplexy (eg, selective 

serotonin reuptake inhibitors [SSRIs], SNRIs, tricyclic antidepressants, monoamine oxidase 

inhibitors, anticonvulsant agents, sodium oxybate). As such, SSRIs and SNRIs being used 

for the management of cataplexy were excluded or washed out if deemed appropriate by the 

investigator. SSRIs and SNRIs were not exclusionary in TONES 3, and other antidepressants 

(eg, bupropion, mirtazapine) were not exclusionary in either study. Participants with urine 

drug screen positive for illicit drugs of abuse, with the exception of prescribed drugs, at 

screening or at any point throughout the duration of the study were excluded.

2.3. Treatment

Participants were randomly assigned to receive placebo or solriamfetol 37.5 mg (OSA only), 

75 mg, 150 mg, or 300 mg once daily for 12 weeks.

2.4. Assessments

EDS was assessed objectively with the 40-min MWT (Littner et al., 2005) and by self-report 

with the ESS (Johns, 1991). Change in overall condition was assessed with the Patient 

Global Impression of Change (PGI-C) (Guy, 1976). Safety and tolerability assessments 

included treatment-emergent adverse events (TEAEs) and the C-SSRS (Posner et al., 2011) 

(using the Since Last Visit version at post-screening visits, including the baseline visit). 

Concomitant medication use was summarized.

2.5. Statistical analysis

This analysis evaluated efficacy and safety outcomes in groups of participants with or 

without a history of depression. History of depression was identified by the presence of 

the terms affective disorder, depression, depressed mood, major depression, postpartum 
depression, and seasonal affective disorder in the complete medical history taken at 

screening. Sensitivity analyses were performed in which participants who were taking 

antidepressants but had no noted history of depression were excluded from the data set. 

To determine the impact of concomitant antidepressant use, efficacy and safety outcomes 

were also analyzed in groups of participants who were or were not taking concomitant 

antidepressant medications, regardless of history of depression.

Efficacy endpoints included change from baseline to week 12 in mean sleep latency on 

the MWT, change from baseline to week 12 in ESS score, and percentage of participants 

reported as improved (defined as minimally, much, or very much improved) on the PGI-C at 

week 12. Safety and tolerability were assessed throughout each study.
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MWT, ESS, and PGI-C analyses were based on the modified intent-to-treat (mITT) 

populations, defined as participants who received ≥1 dose of study drug and had ≥1 

post-baseline MWT or ESS assessment. Differences from placebo were analyzed with 

mixed-model repeated measures for the MWT and ESS or with χ2 tests for the PGI-C. 

Comparisons were not prespecified and did not control for multiplicity; therefore, P values 

presented are nominal. Safety endpoints were summarized descriptively for the safety 

populations, defined as participants who received ≥1 dose of study drug. Data from the 

two trials were analyzed separately.

3. Results

3.1. Participant population

A total of 236 participants with narcolepsy were included in the safety population, of whom 

120 (50.8%) had cataplexy. A total of 474 participants with OSA were included in the safety 

population, of whom 344 (72.6%) used a primary OSA therapy (318 [92.4%] used PAP, 5 

[1.5%] used another type of primary OSA therapy device, and 21 [6.1%] did not specify the 

type of device they used). A history of surgical intervention for OSA was reported in 14.6% 

of participants.

In the safety populations (narcolepsy, n = 236; OSA, n = 474), 27.5% (65/236) of 

participants with narcolepsy and 23.4% (111/474) of those with OSA had a history of 

depression (Supplemental Table 1). In the mITT populations (narcolepsy, n = 231; OSA, n 
= 459), 28.1% (65/231) of participants with narcolepsy and 23.5% (108/459) of those with 

OSA had a history of depression.

In the safety populations, 2 participants with narcolepsy (placebo, n = 1; solriamfetol 150 

mg, n = 1) and 2 participants with OSA (placebo, n = 1; solriamfetol 300 mg, n = 1) had a 

history of suicide attempt.

At baseline, mean MWT sleep latency and mean ESS score were similar for participants 

with or without a history of depression within each study population (Table 1). Baseline 

mean MWT sleep latency was numerically shorter (more impaired) and baseline mean ESS 

score was numerically higher (more impaired) in participants with narcolepsy compared 

with participants with OSA, regardless of depression history (Table 1).

3.2. Concomitant use of medications

Concomitant medication use varied with indication and depression history (Table 2). As 

expected, use of antidepressants was considerably higher in participants with a history of 

depression than in those without a history of depression. Use of antihistamines, nonsteroidal 

anti-inflammatory drugs, drugs for peptic ulcer and gastroesophageal reflux, and thyroid 

preparations was somewhat higher in some groups of participants with a history of 

depression (Table 2).

3.3. Efficacy

3.3.1. Efficacy in participants with or without a medical history of depression
—Mean MWT sleep latency increased (improved) from baseline to week 12 with 
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solriamfetol in participants with narcolepsy or OSA, regardless of depression history (Fig. 

1A). In solriamfetol-treated participants with narcolepsy, least squares (LS) mean changes 

from baseline to week 12 in mean MWT sleep latency ranged from 4.38 to 12.13 min 

in participants with a history of depression and from 5.14 to 12.44 min in participants 

without a history of depression. For the combined solriamfetol group in participants with 

narcolepsy, LS mean difference from placebo (95% confidence interval [CI]) in mean MWT 

sleep latency was 5.4 min (−0.2, 11.1) in those with a history of depression and 7.0 min 

(3.3, 10.7) in those without a history of depression. Results generally were dose-dependent, 

with greater improvements observed with higher doses of solriamfetol, relative to placebo, 

regardless of whether participants had a history of depression (LS mean difference from 

placebo [95% CI]: 75 mg, 2.25 min [−4.53, 9.04]; 150 mg, 5.78 min [−0.61, 12.17]; 300 mg, 

10.00 min [2.24, 17.75]) or no history of depression (LS mean difference from placebo [95% 

CI]: 75 mg, 2.73 [−1.71, 7.17]; 150 mg, 8.43 [3.83, 13.03]; 300 mg, 10.02 [5.59, 14.46]). In 

solriamfetol-treated participants with OSA, LS mean changes in mean MWT sleep latency 

from baseline to week 12 ranged from 3.24 to 14.04 min in participants with a history 

of depression and from 5.05 to 12.88 min in participants without a history of depression. 

For the combined solriamfetol group in participants with OSA, LS mean difference from 

placebo (95% CI) in mean MWT sleep latency was 7.7 min (3.2, 12.3) in those with a 

history of depression and 10.7 min (8.0, 13.3) in those without a history of depression. 

Results generally were dose-dependent, with greater improvements observed with higher 

doses of solriamfetol, relative to placebo, regardless of whether participants had a history of 

depression (LS mean difference from placebo [95% CI]: 37.5 mg, 1.39 min [−6.22, 9.00]; 

75 mg, 5.26 min [−0.54, 11.06]; 150 mg, 9.15 min [3.99, 14.32]; 300 mg, 12.19 min [5.75, 

18.63]) or no history of depression (LS mean difference from placebo [95% CI]: 37.5 mg, 

5.29 min [1.48, 9.10]; 75 mg, 10.33 min [6.30, 14.36]; 150 mg, 11.03 min [7.83, 14.23]; 

300 mg, 13.12 min [9.99, 16.26]) (Fig. 1A). Results were similar when participants without 

a history of depression who were taking antidepressants were excluded (Supplemental Fig. 

1A).

ESS scores decreased (improved) from baseline to week 12 with solriamfetol in participants 

with narcolepsy or OSA, regardless of depression history (Fig. 1B). In solriamfetol-treated 

participants with narcolepsy, LS mean changes from baseline to week 12 in ESS score 

ranged from −1.76 to −5.44 in participants with a history of depression and from −4.61 

to −6.65 in participants without a history of depression. For the combined solriamfetol 

group in participants with narcolepsy, LS mean difference from placebo (95% CI) in ESS 

score was −3.8 (−6.3, −1.2) in those with a history of depression and −3.5 ( −5.3, −1.6) in 

those without a history of depression. Results generally were dose-dependent, with greater 

improvements observed with higher doses of solriamfetol, relative to placebo, regardless 

of whether participants had a history of depression (LS mean difference from placebo 

[95% CI]: 75 mg, −1.47 [−4.50, 1.57]; 150 mg, −4.90 [−7.76, −2.03]; 300 mg, −5.15 

[−8.50, −1.79]) or no history of depression (LS mean difference from placebo [95% CI]: 

75 mg, −2.45 [−4.75, −0.16]; 150 mg, −3.37 [−5.72, −1.01]; 300 mg, 4.50 [ 6.76, 2.23]). 

In solriamfetol-treated participants with OSA, LS mean changes from baseline to week 

12 in ESS score ranged from 6.01 to 7.22 in participants with a history of depression 

and from 4.36 to 8.19 in participants without a history of depression. For the combined 
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solriamfetol group in participants with OSA, LS mean difference from placebo (95% CI) 

in ESS score was 3.5 ( 5.4, 1.6) in those with a history of depression and −3.7 (−4.9, 

−2.5) in those without a history of depression. Solriamfetol-treated participants with OSA 

showed improvements relative to placebo whether they had a history of depression (LS mean 

difference from placebo [95% CI]: 37.5 mg, −3.28 [−6.51, −0.05]; 75 mg, −2.95 [−5.41, 

−0.48]; 150 mg, −3.50 [−5.68, −1.32]; 300 mg, −4.16 [−6.79, −1.53]) or had no history of 

depression (LS mean difference from placebo [95% CI]: 37.5 mg, −1.62 [−3.37, 0.12]; 75 

mg, −1.05 [−2.90, 0.79]; 150 mg, −4.88 [−6.34, −3.43]; 300 mg, −4.72 [−6.14, −3.30]) (Fig. 

1B). Results were similar when participants without a history of depression who were taking 

antidepressants were excluded from the analysis (Supplemental Fig. 1B).

Solriamfetol-treated participants with narcolepsy or OSA reported improvement in their 

overall condition on the PGI-C at week 12, regardless of depression history (Fig. 1C). Of 

solriamfetol-treated participants with narcolepsy, 62.5%–83.3% with a history of depression 

and 69.8%–85.1% without a history of depression reported improvement on the PGI-C 

compared with 41.2% and 39.0%, respectively, of those receiving placebo. For the combined 

solriamfetol group in participants with narcolepsy, the mean percentage difference from 

placebo (95% CI) in percentage of participants improved on PGI-C was 31.7% (5.2, 58.3) 

in those with a history of depression and 39.4% (22.8, 56.0) in those without a history of 

depression. Of solriamfetol-treated participants with OSA, 65.0%–85.7% with a history of 

depression and 52.2%– 91.4% without a history of depression reported improvement on the 

PGI-C compared with 37.5% and 52.2%, respectively, of those receiving placebo (Fig. 1C). 

For the combined solriamfetol group in participants with narcolepsy, the mean percentage 

difference from placebo (95% CI) in percentage of participants improved on PGI-C was 

41.1% (19.8, 62.3) in those with a history of depression and 29.4% (18.1, 40.7) in those 

without a history of depression. Results were similar when participants without a history of 

depression who were taking antidepressants were excluded (Supplemental Fig. 1C).

3.3.2. Efficacy in participants with or without concomitant antidepressant 
use—Results were similar when efficacy was analyzed in subgroups of participants 

who were or were not using concomitant antidepressants. Mean MWT sleep latency 

increased (improved) and ESS scores decreased (improved) from baseline to week 12 

with solriamfetol in participants with narcolepsy or OSA, regardless of concomitant 

antidepressant use (Fig. 2A; Fig. 2B). Additionally, solriamfetol-treated participants with 

narcolepsy or OSA reported improvement in their overall condition on the PGI-C at week 

12, regardless of concomitant antidepressant use (Fig. 2C). An interaction analysis indicated 

that the interaction between antidepressant use and the effect of solriamfetol was not 

significant for the MWT (narcolepsy, F1,211 = 1.54; P = 0.2167; OSA, F1,425 = 2.36; P 
= 0.1254) or ESS (narcolepsy, F1,225 = 0.64; P = 0.4238; OSA, F1,453 = 0.27; P = 0.6048).

3.4. Safety/tolerability

The most common TEAEs across both studies were headache, decreased appetite, nausea, 

and anxiety (Table 3). In participants with OSA, the frequency and type of common TEAEs 

generally were similar in those with or without a history of depression. In participants with 

solriamfetol-treated participants with narcolepsy, TEAEs occurred more frequently among 
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those with a history of depression (75 mg, n = 11 [69%]; 150 mg, n = 18 [90%]; 300 mg, 

n = 11 [92%]; combined solriamfetol, n = 40 [83%]) than among those without a history 

of depression (75 mg, n = 23 [54%]; 150 mg, n = 29 [74%]; 300 mg, n = 29 [62%]; 

combined solriamfetol, n = 81 [63%]). Results were similar when participants without a 

history of depression who were taking antidepressants were excluded (Supplemental Table 

2). In participants with narcolepsy or OSA, frequency and type of TEAEs were generally 

similar between those using or not using concomitant antidepressants (Table 4).

Few participants reported depression or a similar TEAE, regardless of depression history. In 

participants with narcolepsy, among those with a history of depression, AEs of depression 

(placebo, n = 1 [5.9%]; solriamfetol, n = 1 [2.1%]) and depressed mood (placebo, n = 0; 

solriamfetol, n = 1 [2.1%]) were reported. Among those without a history of depression, 

depressive symptoms (placebo, n = 0; solriamfetol, n = 1 [0.8%]) and dysthymic disorder 

(placebo, n = 0; solriamfetol n = 1 [0.8%]) were reported. In participants with OSA, among 

those with a history of depression, depressed mood (placebo, n = 0; solriamfetol, n = 1 

[1.2%]) was reported. In those without a history of depression, depressed mood (placebo, n 
= 1 [1.1%]; solriamfetol, n = 1 [0.4%]), depression (placebo, n = 2 [2.2%]; solriamfetol, n = 
0), and suicidal ideation (placebo, n = 2 [2.2%]; solriamfetol, n = 0) were reported. A total 

of 5 participants with narcolepsy and 6 participants with OSA experienced other psychiatric 

events (3 of these participants [narcolepsy, n = 2; OSA, n = 1] had a history of depression, 

as noted below): altered mood (narcolepsy: solriamfetol 75 mg, n = 1), mood swings 

(narcolepsy: solriamfetol 75 mg, n = 1), affect lability (narcolepsy: placebo, n = 1 [history 

of depression]; solriamfetol 150 mg, n = 1; OSA: solriamfetol 150 mg, n = 1), pressure of 

speech (narcolepsy: solriamfetol 150 mg, n = 1 [history of depression]), disinhibition (OSA: 

solriamfetol 75 mg, n = 1), euphoric mood (OSA: solriamfetol 300 mg, n = 1), tachyphrenia 

(OSA: solriamfetol 300 mg, n = 1), emotional disorder (OSA: solriamfetol 150 mg, n = 1 

[history of depression]), and hypervigilance (OSA: solriamfetol 300 mg, n = 1). None of the 

events were considered acute manic or psychotic behavior or suggested abuse potential.

Reports of suicidal ideation or behavior, as assessed with the C-SSRS, were uncommon, 

regardless of depression history. Transient shifts from baseline in suicidal ideation on the 

C-SSRS were recorded for three participants with narcolepsy who received solriamfetol 

(1.7%; a history of depression was noted for one of these participants), and three participants 

with OSA (n = 2 [1.7%] receiving placebo, n = 1 [0.3%] receiving solriamfetol; none had 

a recorded history of depression). All three of the solriamfetol-treated participants with 

narcolepsy had shifts from 0 (“no suicidal ideation/behavior”) at baseline to 1 (“wish to be 

dead”) post-baseline (weeks 4, 8, or 12). The solriamfetol-treated participant with OSA had 

a shift from 0 at baseline to 1 at week 8. Of the two placebo-treated participants with OSA, 

one had a shift from 0 at baseline to 1 at week 4 and a shift to 3 (“active suicidal ideation 

without intent”) at weeks 8 and 12; the other participant had a shift from 0 at baseline to 

2 (“non-specific active suicidal thoughts”) at week 8. No shifts from baseline in suicidal 

behavior were observed in either study. Among all participants who experienced a shift from 

baseline in suicidal ideation on the C-SSRS, the following TEAEs related to depression/

suicidal ideation were reported: worsening of depression (n = 1; narcolepsy, solriamfetol 75 

mg), depressive symptoms (n = 1; narcolepsy, solriamfetol 300 mg), situational depression 

(n = 1; OSA, placebo), suicidal ideation (n = 2; OSA, placebo), depressed mood (n = 1; 
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OSA, solriamfetol 300 mg). Suicidal behavior was not reported for any participants during 

either study.

4. Discussion

In this secondary analysis, the prevalence of a history of depression in the narcolepsy 

(28.1%) and OSA (23.5%) study populations was consistent with prevalence rates reported 

in prior clinic-based studies (Acker et al., 2017; Jackson et al., 2019; Li et al., 2021). Results 

demonstrated the therapeutic effects of solriamfetol compared with placebo in subgroups of 

participants with or without a history of depression, leading to a conclusion that solriamfetol 

was effective in treating EDS in participants with narcolepsy or OSA regardless of medical 

history of depression. Results were similar when outcomes were examined in subgroups of 

participants who were or were not using antidepressants, regardless of depression history, 

indicating that antidepressant use did not affect the efficacy of solriamfetol. Findings were 

consistent across efficacy measures examined, including the MWT, the ESS, and the PGI-C. 

Rates of common TEAEs were generally similar in participants with or without a history of 

depression and in participants who were or were not using concomitant antidepressants in 

both the narcolepsy and OSA populations.

Given the likelihood of differential use of concomitant medications in participants with 

a history of depression compared with participants without a history of depression and 

the potential impact of concomitant medication use on sleep-related symptoms (Doghramji 

and Jangro, 2016; Wichniak et al., 2017) and, thereby, the therapeutic and adverse effects 

of solriamfetol treatment, concomitant medication use was analyzed. As expected, use of 

antidepressants was more common in those with a history of depression than those without 

a history of depression. However, the same was true for use of antihistamines, nonsteroidal 

anti-inflammatory drugs, drugs for peptic ulcer and gastroesophageal reflux, and thyroid 

preparations. Importantly, TEAEs were similar in those taking concomitant antidepressants 

and those who were not, suggesting concomitant use of antidepressants did not impact the 

tolerability of solriamfetol treatment.

4.1. Limitations

There were several limitations to the current analyses. First, these were secondary analyses 

of primary data from studies that evaluated the safety and efficacy of solriamfetol in 

participants with EDS associated with narcolepsy or OSA (Schweitzer et al., 2019; 

Thorpy et al., 2019). As participants were not assessed for depression during the studies, 

conclusions cannot be drawn regarding the effect of solriamfetol on current depressive 

symptoms. Second, the presence or absence of a history of depression was determined 

with an unstructured history taken at screening rather than with a structured diagnostic 

tool or structured interview. Importantly, the relationship between sleep disorders and 

psychiatric disorders, particularly depression, is complex. Sleep disorders, especially when 

untreated, can negatively impact mental and physical health (eg, mood, quality of life, 

and daily functioning), thereby contributing to or masquerading as depression. Further, 

narcolepsy and OSA share many symptoms with depression, such as EDS, disturbed sleep, 

impaired cognition, irritability, weight changes, mood changes, and decreased motivation, 
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complicating recognition of depression in these patients (American Academy of Sleep 

Medicine, 2014; American Psychiatric Association, 2013). Thus, some misclassification in 

the current study was possible if not likely. Another possible downstream effect of reliance 

on medical history is the potential for racial bias. For instance, few African American 

participants with OSA were identified as having a history of depression, potentially limiting 

generalizability of findings to this population. Third, use of antidepressants was not used to 

differentiate subgroups of participants with or without a history of depression, as many 

of these agents are used for treatment of other conditions. As a result, the subgroup 

without a history of depression included individuals who were taking antidepressants, 

which could have included some with current or past depression. However, results from 

the sensitivity analysis that excluded participants without a history of depression who were 

taking antidepressants were similar to the main analysis for safety and efficacy outcomes. 

Finally, participants were not stratified by concomitant medication use, and concomitant 

medication use was not standardized in a way that would allow analyses of the impact of 

specific medications on the safety/efficacy of solriamfetol treatment. Instead, analyses were 

performed at the medication-group level (eg, antidepressants, antihistamines), which may 

not have detected effects of specific medications. Additionally, these analyses may have 

been underpowered to detect an effect of antidepressant use on response to solriamfetol 

treatment, as the power analyses for the original studies did not account for an interaction 

term.

5. Conclusions

These analyses confirmed earlier findings of a high prevalence (20%– 35%) of a clinical 

history of depression in participants with narcolepsy or OSA and suggested that its 

appearance in the clinical record does not affect the response to solriamfetol treatment, 

relative to placebo, in these populations. These findings also suggest that solriamfetol has a 

similar safety profile in those with and without a history of depression.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Efficacy of Solriamfetol in Participants With or Without a History of Depression

(A) Mean Sleep Latency on Maintenance of Wakefulness Test

(B) Epworth Sleepiness Scale Scores

(C) Improvement on Patient Global Impression of Changea

aImprovement defined as minimally, much, or very much improved. *P < 0.05 vs placebo. 

**P < 0.01 vs placebo. ***P < 0.0001 vs placebo. P values are nominal. Note: Higher 

mean sleep latency on the MWT indicates greater ability to stay awake and less severe 

EDS, whereas higher scores on the ESS represent more severe EDS (Johns, 1991; Littner 

et al., 2005). ESS, Epworth Sleepiness Scale; LS, least squares; MWT, Maintenance of 

Wakefulness Test; n/a, not applicable; OSA, obstructive sleep apnea; PGI-C, Patient Global 

Impression of Change; SE, standard error.
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Fig. 2. 
Efficacy of Solriamfetol in Participants With or Without Concomitant Antidepressant Use

(A) Mean Sleep Latency on Maintenance of Wakefulness Test

(B)Epworth Sleepiness Scale Scores

(C) Improvement on Patient Global Impression of Changea

aImprovement defined as minimally, much, or very much improved. *P < 0.05 vs placebo. 

**P < 0.01 vs placebo. ***P < 0.0001 vs placebo. P values are nominal. Note: Higher 

mean sleep latency on the MWT indicates greater ability to stay awake and less severe 

EDS, whereas higher scores on the ESS represent more severe EDS (Johns, 1991; Littner 

et al., 2005). ESS, Epworth Sleepiness Scale; LS, least squares; MWT, Maintenance of 

Wakefulness Test; n/a, not applicable; OSA, obstructive sleep apnea; PGI-C, Patient Global 

Impression of Change; SE, standard error.
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