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Purpose: To evaluate the relationship of sleep disturbance to the antidepressant effects of 
esketamine.
Materials and Methods: Two double-blind, 4-week studies randomized adults with treat-
ment-resistant depression (TRD) to placebo or esketamine nasal spray, each with newly 
initiated antidepressant. Sleep was assessed using Montgomery–Åsberg Depression Rating 
Scale (MADRS) item 4. Change in response (≥50% decrease in MADRS total score) and 
remission (total MADRS score ≤12) at day 28 was examined by presence/absence of baseline 
sleep disturbance using logistic regression models. Impact on reported sleep disturbance 
(MADRS item 4 score) was examined using ANCOVA models.
Results: At baseline, most patients reported disturbed sleep – moderate/severe (65.3%, 369/ 
565), mild (25.3%, 143/565), or none/slightly (9.4%, 53/565) – with similar distribution 
between treatment groups. A higher proportion of esketamine-treated patients achieved 
response (OR = 2.05; 95% CI: 1.40–3.02; P < 0.001) and remission (OR = 1.81; 95% CI: 
1.23–2.66; P = 0.003) at day 28 compared to antidepressant plus placebo, regardless of 
presence/severity of sleep disturbance. Consistent with this, sleep (MADRS item 4 score) 
improved in both groups after the first dose, more so with esketamine by day 8 (between- 
group difference: P ≤ 0.02 at all time points). Across both treatment groups, 1-point 
improvement in sleep at day 8 increased the probability of antidepressant response on day 
28 by 26% (OR = 1.26, 95% CI: 1.12–1.42; P < 0.001), and remission by 28% (OR = 1.28, 
95% CI: 1.14–1.43; P < 0.001).
Conclusion: Antidepressant efficacy of esketamine was demonstrated in patients with TRD, 
regardless of the presence of sleep disturbance. After 8 days of treatment and thereafter, 
significantly more esketamine-treated patients reported improvement in sleep versus anti-
depressant plus placebo.
Keywords: esketamine, treatment-resistant depression, sleep disturbance, insomnia

Introduction
The majority of patients with non-psychotic major depressive disorder (MDD) have 
symptoms of insomnia.1 In fact, sleep disturbance is a criterion for a DSM-5 
diagnosis of MDD.2 Insomnia symptoms increase the risk for both new-onset and 
recurrent depression.3,4 Additionally, insomnia symptoms concurrent with MDD 
has been associated with prolonged duration of depressive episodes, greater symp-
tom severity, treatment resistance, higher prevalence of other psychiatric disorders 
(eg, anxiety), increased rate of suicidal ideation/behavior, and impaired daytime 
functioning, work performance, and long-term absenteeism, leading to deterioration 
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in quality-of-life.5–11 Correspondingly, resolution of sleep 
disturbance in MDD is associated with improvement in 
patient-reported quality of life,12 reduction in suicidal 
ideation,13 and improvement of depressive symptoms.14

Sleep disturbance has been reported to portend poorer 
efficacy with standard antidepressants and, when 
untreated, adversely affects long-term treatment outcomes 
in depressed patients.15–18 Severity of symptoms may also 
be a factor: Mason et al,19 using data from the Sequenced 
Treatment Alternatives to Relieve Depression (STAR*D) 
trial, reported that those patients with MDD who have 
more severe insomnia at baseline are less likely to achieve 
remission of depressive symptoms. Others have reported 
that baseline level of insomnia does not impact acute 
treatment (paroxetine, sertraline or fluoxetine) efficacy in 
MDD patients.20 In contrast to the findings from studies of 
standard antidepressants, Liu et al21 reported that patients 
with a high level of insomnia who received six intravenous 
infusions of ketamine over 12 days for depression were 
more likely to respond and to remit than those with 
a lower level of insomnia. Taken together, the varying 
relationships between sleep disturbance and antidepressant 
efficacy might depend on the mechanism of action of the 
antidepressant.

Esketamine, the S-enantiomer of ketamine, is approved 
by the US Food and Drug Administration,22 European 
Medicines Agency,23 and other health authorities, in com-
bination with an oral antidepressant, for treatment-resistant 
depression (TRD) in adults. These approvals were based, 
in large measure, upon the pivotal TRANSFORM-2 study 
and the supportive TRANSFORM-1 study,24,25 in which 
greater improvement in depressive symptoms was 
observed among patients randomized to esketamine plus 
an antidepressant, compared to antidepressant plus pla-
cebo, after a month of treatment (LS mean change in 
Montgomery–Åsberg Depression Rating Scale [MADRS] 
[95% confidence interval [CI]: −4.4 [−6.6, −2.1]).

To evaluate the relationship of sleep disturbance to the 
antidepressant effects of esketamine, and vice versa, we 
conducted post-hoc analyses of pooled data from these two 
similarly designed TRANSFORM studies of TRD.24,25 

The aims of these post-hoc analyses were to determine: 1) 
if baseline severity of reported sleep disturbance moder-
ates antidepressant response; 2) if the presence and sever-
ity of reported sleep disturbance change as a function of 
treatment over the first month; and, 3) if early change in 
reported sleep disturbance severity is related to likelihood 

of response or remission of depressive symptoms 
at day 28.

Materials and Methods
Study Design
TRANSFORM-1 and TRANSFORM-2 were similarly 
designed, 4-week, double-blind, randomized, active- 
controlled, multicenter trials of esketamine nasal spray in 
outpatients with TRD.24,25 The trials comprised a 4-week 
screening phase during which treatment response to the 
current antidepressant(s) was prospectively assessed, 
a 4-week double-blind treatment phase, and a (up to 24- 
weeks) post-treatment follow-up phase assessing safety.

Both studies were approved by independent review 
boards/ethics committees (names provided in Table S1), 
both studies were conducted in accordance with the ethical 
principles that have their origin in the Declaration of 
Helsinki, and written informed consent was obtained 
from all patients before their study participation (clinical 
trials.gov identifiers: NCT02417064; NCT02418585).

Patients
Both TRANSFORM studies enrolled adults (18–64 years) 
with recurrent MDD (per Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition [DSM-5] 
criteria2), without psychotic features, and a total score 
≥34 on the clinician-rated Inventory of Depressive 
Symptomatology.26 At randomization, eligible participants 
had TRD defined as non-response to an adequate (dose 
and duration) course of at least two oral antidepressants 
during the current depressive episode. Key exclusion cri-
teria included moderate-to-severe substance or alcohol use 
disorder within the prior 6 months, positive test result(s) 
for specified drugs of abuse, and use of high-dose benzo-
diazepines (ie, total daily dose equivalent >6 mg of lor-
azepam). Full lists of the inclusion and exclusion criteria 
for each study are published.24,25

At the end of the screening phase, nonresponders to 
their ongoing oral antidepressant discontinued all current 
antidepressant treatment(s) and were randomized to dou-
ble-blind treatment with twice-weekly esketamine nasal 
spray or matching placebo nasal spray for 4 weeks, each 
in combination with a newly initiated, open-label oral 
antidepressant taken daily. Patients received either a 56 
or 84 mg dose of esketamine nasal spray – fixed dose in 
TRANSFORM-1 and flexible dose in TRANSFORM-2 
(ie, 56 mg on day 1, then either 56 mg or 84 mg on days 
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4, 8, 11, or 15 based on efficacy and tolerability, after 
which the dose remained stable).

The investigator selected the oral antidepressant from 
two different drug classes: a selective serotonin reuptake 
inhibitor (SSRI; escitalopram or sertraline) or a serotonin- 
norepinephrine reuptake inhibitor (SNRI; duloxetine or 
venlafaxine extended release). Benzodiazepines (at dose 
equivalent ≤6 mg lorazepam) and non-benzodiazepine 
sleep medications (eg, zolpidem, zaleplon, eszopiclone, 
ramelteon) taken prior to study enrollment could be con-
tinued during double-blind treatment, except in the 12 
hours prior to dosing of study drug. Concomitant use of 
lithium or antipsychotic medications was prohibited.

Assessments
Independent, blinded, remote raters performed MADRS 
assessments, via structured interview,27,28 at baseline 
(7-day recall period) and all post-baseline visits during 
the double-blind treatment phase (24-hour recall period 
at day 2; 7-day recall period at all subsequent visits). If 
performed on the day of the scheduled clinic visit for an 
intranasal treatment session, the MADRS assessment was 
performed prior to the intranasal treatment session.

Treatment-emergent adverse events were appraised 
throughout the study.

Statistical Analyses
Data from both studies were pooled and analyses included 
all randomized patients who received at least 1 dose of 
intranasal study drug and 1 dose of oral antidepressant. 
Analyses of efficacy and safety endpoints were evaluated 
in groups of patients according to the level of sleep dis-
turbance at baseline. Sleep disturbance was evaluated 
using MADRS item 4, assessing perceived reduction in 
duration or depth of sleep versus patient’s normal pattern 
when well. In the analyses, we defined sleep disturbance 
as absent/slight (scores of 0–1), mild (scores of 2–3), or 
moderate/severe (scores of 4–6; sleep reduced or broken 
by ≥2 hours to <2–3 hours of sleep).29,30

Between-group differences for baseline demographics 
and disease characteristics were analyzed by t-test for 
continuous variables and by chi-square test for categorical 
variables.

Utilizing the approach taken by other research groups 
to evaluate the impact of antidepressant on sleep 
disturbance,31–33 the between-group difference on change 
from baseline for reported sleep disturbance (ie, MADRS 
item 4 score) was examined using an analysis of 

covariance (ANCOVA) models with fixed effects for treat-
ment, study, region, class of oral antidepressant (SNRI or 
SSRI), and baseline value as a covariate. We defined 
clinically meaningful improvement in sleep disturbance 
as ≥2-point decrease in MADRS item 4 score from 
baseline,29,30 and compared this variable between treat-
ment groups using the Cochran-Mantel-Haenszel (CMH) 
test controlling for region, class of oral antidepressant, and 
study.

Multiple logistic regression models were used to exam-
ine whether observed treatment difference at day 28 for 
antidepressant response (defined as ≥50% decrease in 
MADRS total score from baseline) and for remission 
(defined as MADRS total score ≤12)32,34 were dependent 
on baseline sleep disturbance. The probability of response 
and probability of remission were computed between treat-
ment groups by 1-point increase in baseline MADRS item 
4 score, and odds ratios (OR) and 95% CIs were calcu-
lated. Sleep disturbance changes by week 1 (day 8) were 
also quantified and regressed against the mean MADRS 
total score changes, and separately on response and remis-
sion rates at day 28. Separate models included interaction 
term between treatment and change in sleep disturbance 
level at day 8.

Adverse events were summarized descriptively.

Results
Overall, 573 patients were randomized to double-blind 
treatment (Figure 1); of these, 8 patients did not receive 
any study drug. Thus, the data set for the analyses included 
565 patients (343 in the esketamine plus antidepressant 
group and 222 in the antidepressant plus placebo group). 
The discontinuation rate was low across all the baseline 
sleep disturbance status and treatment subgroups: 1 
(3.1%), 11 (13.8%), and 25 (10.8%) esketamine-treated 
patients and 2 (9.5%), 5 (7.9%), and 9 (6.5%) placebo- 
treated patients with absent/slight, mild, and moderate/ 
severe sleep disturbance at baseline, respectively, with-
drew from the study prematurely.

At baseline, most patients reported disturbed sleep, 
approximately two-thirds (369, 65.3%) having moderate/ 
severe disturbance, with distributions similar between 
treatment groups within each sleep disturbance subgroup 
(Table 1). The sleep disturbance subgroups were similar 
with respect to demographic and most disease character-
istics (Table 1). Mean duration of the current depressive 
episode ranged from 147.2 to 192.3 weeks across the 
subgroups by sleep disturbance status and treatment 
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group. Baseline depression severity (as quantified by 
MADRS total score, excluding item 4) was consistent 
between groups within each stratum of sleep disturbance; 
however, at baseline, patients with more severe depression 
also had more severe reported sleep disturbance: mean 
MADRS total – excluding item 4 – score was higher in 
the subgroups with greater sleep disturbance (32.0 for 
patients with MADRS item 4 score of 2 or 3 [P = 0.488] 
and 34.0 for patients with MADRS item 4 score of 4, 5, or 
6 [P < 0.001] versus 31.0 for patients with MADRS item 4 
score of 0 or 1). Within each stratum of sleep disturbance, 
the distribution of oral antidepressant used was similar 
between treatment groups, whereas stable benzodiazepine 
usage at randomization was more common among patients 
in the esketamine plus antidepressant group versus the 
antidepressant plus placebo group.

Impact of Baseline Reported Sleep 
Disturbance
The more severe sleep disturbance was reported to be at 
baseline, the greater the likelihood that depressive symp-
toms would respond or remit by day 28, as indicated by 

the results of both univariate and multiple logistic regres-
sion analyses. Across treatment groups, a 1-point 
increase (ie, more severe) in reported sleep disturbance 
at baseline was associated with a 23% greater probability 
of antidepressant response (OR = 1.23, 95% CI: 1.08, 
1.40; P = 0.001) and 5.0% greater probability of remis-
sion (OR = 1.05, 95% CI: 0.93, 1.20; P = 0.437).

A higher proportion of esketamine-treated patients 
achieved response at day 28 compared to antidepressant 
plus placebo (OR = 2.05; 95% CI: 1.40, 3.02; P < 0.001), 
regardless of presence/severity of sleep disturbance 
(Figure 2A). A similar trend was observed for remission 
rate (OR = 1.81; 95% CI: 1.23, 2.66; P = 0.003) (Figure 2B).

Does the presence and severity of 
reported sleep disturbance change as 
a function of treatment?
Sleep improved in both treatment groups, beginning 24 
hours after the first dose (ie, day 2; Figure 3). The sleep 
of patients treated with esketamine plus antidepressant 
improved more than that of patients treated with anti-
depressant plus placebo on day 8 (between-group mean 

Figure 1 Disposition of Patients. 
Notes: One (3.1%), 11 (13.8%), and 25 (10.8%) esketamine-treated patients and 2 (9.5%), 5 (7.9%), and 9 (6.5%) placebo-treated patients with absent/slight, mild, and 
moderate/severe sleep disturbance at baseline, respectively, withdrew from the study prematurely. 
Abbreviations: AE, adverse event; LOE, lack of efficacy; LTFU, lost to follow-up; N, number of patients; OTH, other reason for withdrawal; PV, protocol violation; TRD, 
treatment-resistant depression; WBP, withdrawal by patient; WDDB, withdrawal from double-blind phase.
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(SE) difference in MADRS item 4 score: −0.4 (0.12), 
P = 0.001) and at all subsequent evaluation timepoints 
through day 28 (mean (SE) between-group difference in 
MADRS item 4 score: −0.3 (0.15), P = 0.020). In line 
with these findings, more patients in the esketamine plus 

antidepressant group achieved clinically meaningful 
improvement in sleep (which we defined as ≥2-point 
decrease in MADRS item 4 score from baseline) than 
patients in the antidepressant plus placebo group at day 
8 (26.1% [86/330] and 15.7%, [34/216], respectively, 

Table 1 Baseline Demographics and Disease Characteristics by Status of Sleep Disturbance Among Patients with Treatment-Resistant 
Depression

Parameter Baseline MADRS Item 4 Sleep Score

0 or 1 2 or 3 4, 5, or 6

Esketamine + 

Antidepressant

Antidepressant 

+ Placebo

Esketamine + 

Antidepressant

Antidepressant 

+ Placebo

Esketamine + 

Antidepressant

Antidepressant 

+ Placebo

n = 32 n = 21 n = 80a n = 63b n = 231c n = 138d

Mean age, years (SD) 46.7 (11.63) 48.2 (12.93) 44.4 (12.79) 47.5 (11.78) 46.0 (11.20) 46.0 (10.73)

Sex, n (%)

Male 13 (40.6) 7 (33.3) 24 (30.0) 29 (46.0) 71 (30.7) 42 (30.4)

Female 19 (59.4) 14 (66.7) 56 (70.0) 34 (54.0) 160 (69.3) 96 (69.6)

Race, n (%)

White 27 (84.4) 20 (95.2) 70 (93.3) 55 (88.7) 185 (84.1) 113 (86.9)

Black/African American 1 (3.1) 0 2 (2.7) 1 (1.6) 17 (7.7) 9 (6.9)

Other 4 (12.5) 1 (4.8) 3 (4.0) 6 (9.7) 18 (8.2) 8 (6.2)

Region, n (%)

Europe 15 (46.9) 9 (42.9) 29 (36.3) 25 (39.7) 81 (35.1) 60 (43.5)

North America 11 (34.4) 7 (33.3) 37 (46.3) 31 (49.2) 101 (43.7) 57 (41.3)

Other 6 (18.8) 5 (23.8) 14 (17.5) 7 (11.1) 49 (21.2) 21 (15.2)

Mean duration of current episode, weeks 

(SD)

147.2 (248.6) 192.3 (367.9) 159.2 (267.0) 164.0 (243.0) 185.4 (261.5) 147.2 (200.5)

No. of previous antidepressants, n (%)e

1 or 2 19 (61.3) 14 (66.7) 54 (67.5) 35 (55.6) 143 (62.2) 90 (65.2)

≥3 12 (38.7) 7 (33.3) 26 (32.5) 28 (44.4) 87 (37.8) 48 (34.8)

Oral antidepressant, n (%)

Duloxetine 14 (43.8) 10 (47.6) 28 (35.0) 31 (49.2) 110 (47.6) 64 (46.4)

Escitalopram 8 (25.0) 3 (14.3) 12 (15.0) 9 (14.3) 50 (21.7) 29 (21.0)

Sertraline 4 (12.5) 4 (19.1) 20 (25.0) 15 (23.8) 40 (17.3) 22 (15.9)

Venlafaxine XR 6 (18.8) 4 (19.1) 20 (25.0) 8 (12.7) 31 (13.4) 23 (16.7)

Mean MADRS total score minus item 4 

(SD)

32.0 (4.98) 31.4 (4.82) 32.5 (4.91) 32.0 (4.70) 34.4 (4.73) 34.8 (5.43)

Comorbid anxiety disorderf, n (%) 20 (64.5) 12 (57.1) 54 (67.5) 42 (66.7) 172 (74.8) 102 (74.5)

MADRS item 4 score, mean (SD) 0.5 (0.51) 0.7 (0.48) 2.6 (0.48) 2.6 (0.50) 4.6 (0.58) 4.6 (0.58)

Benzodiazepine use, n (%)g,h 13 (40.6) 6 (28.6) 27 (33.8) 15 (23.8) 74 (32.0) 40 (29.0)

Non-benzodiazepine sedative/hypnotic 

useh,i, n (%)

2 (6.3) 1 (4.8) 5 (6.3) 5 (7.9) 14 (6.1) 10 (7.3)

Notes: P > 0.05 for all comparisons between treatment groups within each sleep disturbance sub-group; between treatment group comparisons were based on t-test for 
continuous variables or Chi-square test for categorical variables. a5 missing for race. b1 missing for race. c11 missing for race; 1 missing for number of previous 
antidepressants. d8 missing for race. eNumber of antidepressant medications with non-response (defined as ≤25% improvement) taken for at least 6 weeks during the 
current episode as obtained at screening from MGH-ATRQ. fComorbid anxiety disorder was determined if the patient had one of generalized anxiety disorder current, panic 
disorder current, social anxiety disorder current, posttraumatic stress disorder current or obsessive-compulsive disorder current by MINI or GAD-7 total score ≥ 10 at 
screening and baseline. gSleep disturbance severity subgroup comparison within the same treatment group (esketamine [in bold], placebo) by Chi-square test: P value for 
0 or 1 vs 2 or 3 (0.493, 0.663); 0 or 1 vs 4–6 (0.333, 0.969). hExcluding use on an as needed (prn) basis. iZaleplon, zolpidem, zolpidem tartrate, zopiclone. 
Abbreviations: GAD-7, generalized anxiety disorder 7-item scale; MADRS, Montgomery-Asberg Depression Rating Scale; MGH-ATRQ, Massachusetts General Hospital 
Antidepressant Treatment Response Questionnaire; MINI, Mini-International Neuropsychiatric Interview; SD, standard deviation.
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P = 0.004); this improvement increased over the double- 
blind treatment period (49.0% [152/310] and 41.4%, 
[86/208], respectively, P = 0.038, at day 28).

Among the patients with the most severe sleep distur-
bance at baseline (scores of 4, 5, or 6), 42.5% (91/214) of 
patients in the esketamine plus antidepressant group and 
28.7% (37/129) patients in the antidepressant plus placebo 
group reported less sleep disturbance (score of 0, 1, 2, 
or 3) at 24 hours-post first dose. The improvement seen 
after a single night of sleep was sustained over the course 
of the 4 weeks of treatment, with 62.4% (131/210) and 
57.7% (75/130) of patients in the respective treatment 
groups reporting amelioration of sleep disturbance from 
moderate-to-severe at baseline to a lower level at day 28. 
At day 28, less than a third of esketamine-treated remitters 
(32.8%, 43/131) and placebo-treated remitters (32.8%, 21/ 
64) had a MADRS item 4 score >1 at day 28.

Is early change in reported sleep 
disturbance severity related to likelihood 
of response or remission of depressive 
symptoms at day 28?
The more sleep improved over the first week of treatment, 
the higher the likelihood of antidepressant response or 
remission at day 28: across both the esketamine and pla-
cebo groups, a 1-point improvement in sleep at day 8 was 
associated with a 26% increased probability of antidepres-
sant response (OR = 1.26, 95% CI: 1.12, 1.42; P < 0.001) 
and a 28% increased probability of remission (OR = 1.28, 
95% CI: 1.14, 1.43; P < 0.001). The association between 
early improvement in sleep disturbance and response 
at day 28 (interaction P = 0.530) and remission at day 28 
(interaction P = 0.292) did not differ between the treat-
ment groups. Among patients in the esketamine plus 

All

2 or 3

4, 5, or 6

0 or 1

140.5 15131211104321

Esketamine Plus
Antidepressant

N

16/31

42/69

124/210

182/310

Proportion

51.6%

60.9%

59.1%

58.7%

Antidepressant Plus
Placebo

N

6/20

18/58

70/130

94/208

Proportion

30.0%

31.0%

53.9%

45.2%

Odds Ratio (95% CI)
Favors Esketamine Plus 

Antidepressant

Baseline
MADRS Item
4 Score

Favors
Antidepressant
Plus Placebo

A Response

All

2 or 3

4, 5, or 6

0 or 1

0.5 4 65 10 45987321

Esketamine Plus
Antidepressant

N

14/31

33/69

84/210

131/310

Proportion

45.2%

47.8%

40.0%

42.3%

Antidepressant Plus
Placebo

N

3/20

15/58

46/130

64/208

Proportion

15.0%

25.9%

35.4%

30.8%

Odds Ratio (95% CI)
Favors Esketamine Plus 

Antidepressant

Baseline
MADRS Item
4 Score

Favors
Antidepressant
Plus Placebo

B Remission

Figure 2 Response (A) and Remission (B) Rates at Day 28 Based on Montgomery–Åsberg Depression Rating Scale Total Score. 
Notes: Response was defined as a ≥50% improvement in MADRS total score from baseline. Remission was defined as MADRS total score ≤12. 
Abbreviations: CI, confidence interval; MADRS, Montgomery–Åsberg Depression Rating Scale.
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antidepressant group, early improvement in sleep was 
associated with a 20% increased probability of antidepres-
sant response (OR = 1.20, 95% CI: 1.05, 1.39; P = 0.009) 
and of remission (OR = 1.20, 95% CI: 1.04, 1.37; 
P = 0.011). Among patients in the antidepressant plus 
placebo group, early improvement in sleep was associated 
with a 30% increased probability of antidepressant 
response (OR = 1.30, 95% CI: 1.06, 1.61; P = 0.011) 
and a 37% increased probability of remission 
(OR = 1.37, 95% CI: 1.10, 1.72; P = 0.006).

Safety Findings
Adverse events are summarized by severity of sleep distur-
bance at baseline in Table 2. The most common adverse 
events reported for esketamine-treated patients (>10% of all 
patients) were dissociation, dizziness, dysgeusia, headache, 
hypoesthesia, hypoesthesia oral, nausea, paresthesia, somno-
lence, and vertigo (Table 2). The discontinuation rate due to 
adverse events was low (1.4% to 6.3%) across all the baseline 
sleep disturbance status and treatment subgroups (Table 2).

Discussion
Given that disturbed sleep is one of nine diagnostic criteria 
for MDD, it stands to reason that sleep disturbance is 

a commonly occurring condition in MDD.35 In a US epi-
demiological study of patients with MDD, most reported 
at least one type of sleep complaint.36 In the 
TRANSFORM studies, approximately two-thirds of the 
patients with TRD presented with moderate or severe 
sleep disturbance (defined by item 4 of the MADRS 
score ≥4), in line with results from other studies measuring 
sleep disturbance via the sleep item of a depression sever-
ity rating scale.37

Severity of patient-reported sleep disturbance has been 
correlated with overall depression severity and poorer 
quality of life.38 In our sample of patients with TRD, 
mean MADRS total– excluding item 4 – score was higher 
in the subgroups with greater sleep disturbance at baseline. 
Insomnia and poor sleep have been associated with 
increased risk for depression,39 depression severity, risk 
of relapse, as well as increased risk for suicidal ideation 
and attempt,10,40 raising the question of the importance of 
treating sleep disturbance during MDD treatment.14,41

Persistently disturbed sleep after successful treatment 
of depression increases the risk of depression recurrence.42 

Even after achieving remission of their depression, 
a substantial percentage of patients treated with standard 
oral antidepressants continue to have residual sleep 
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disturbance43 (eg, >40% with fluoxetine44), suggesting that 
the management of depression can be improved by speci-
fically targeting sleep disturbance in addition to the overall 
depression. In the TRANSFORM studies, sleep improved 
after the first dose of study drug, with between-group 
separation favoring esketamine beginning after 1 week of 
treatment and persisting thereafter through the entire 
month of double-blind treatment. Less than a third of 
esketamine-treated patients continued to have some degree 
of sleep disturbance after achieving remission at day 28 in 
the TRANSFORM studies. Sleep score improved by 30% 
with antidepressant (SSRI/SNRI) plus placebo and by 38% 
with esketamine plus antidepressant after 4 weeks of treat-
ment in our analysis. By way of comparison, assessing 
2788 adults with MDD and insomnia who participated in 
the STAR*D trial, Mason et al found that insomnia symp-
toms improved by 29% during the acute phase (up to 14 
weeks) of antidepressant treatment.19

Sleep disturbance has been associated with poor response 
to psychotherapy and pharmacologic treatment of depression 
in some studies, while other studies did not demonstrate that 
baseline insomnia severity impacts monoaminergic antide-
pressant efficacy.43 On the basis of these divergent findings, 
we investigated whether baseline sleep disturbance influ-
ences overall antidepressant efficacy in patients with TRD. 
Overall, the greater the severity of sleep disturbance at base-
line, the greater the likelihood that depressive symptoms 
would respond or remit by day 28, similar to an observation 
made by another research group following intravenous keta-
mine treatment of patients with unipolar and bipolar 
depression.21 In a comparison of treatment groups, we 
observed a higher antidepressant response rate (OR = 2.05) 
and remission rate (OR = 1.81) with esketamine plus anti-
depressant than with antidepressant plus placebo, regardless 
of the presence of sleep disturbance at baseline. A definitive 
explanation for this finding remains to be determined. In our 
study, a relationship between early improvement in sleep and 
increased probability of response and remission of depressive 
symptoms was observed in both treatment groups.

Several studies of patients with MDD and sleep dis-
turbance found that concomitant treatment of sleep distur-
bance and depression enhances depression outcome 
compared with treatment of only the depressive 
disorder.45,46 Confirming this association, we observed 
that the more sleep improved over the first week of treat-
ment, the greater the likelihood of response and of remis-
sion at day 28. Early improvement in sleep with 
esketamine, leading to improved depression outcomes, 

may encourage patients with TRD to complete at least 4 
weeks of treatment to determine efficacy.

The safety of esketamine nasal spray for patients with 
TRD was rigorously evaluated in the TRANSFORM studies 
and reported in detail elsewhere.24,25 In this work, the adverse 
event profile of esketamine, based on sleep disturbance cate-
gory, was generally similar to that observed overall in the 
primary studies. Few esketamine-treated patients discontin-
ued prematurely, irrespective of sleep disturbance severity.

The impact that sleep disturbance has on depression, 
and vice versa, underscores the need for optimal treatment 
of both. Depression accompanied by sleep disturbance are 
oftentimes simultaneously treated, with one or both too 
frequently inadequately treated. The beneficial effect of 
esketamine on sleep disturbance is a clinical advantage 
not always seen with SSRIs and SNRIs.

Study Limitations
Our results are based on exploratory, post-hoc analyses of 
MADRS item 4 score, with the limitations of post hoc 
analyses acknowledged.47 Other standard clinician-reported 
instruments to assess sleep disturbance and patient-reported 
assessment of sleep were not performed in the 
TRANSFORM studies, which could have added to the inter-
pretation of our findings. Moreover, the generalizability of 
our analyses must consider the exclusion of patients ≥65 
years old, those with moderate-to-severe substance and alco-
hol use disorder, and those taking high-dose benzodiaze-
pines. Finally, this study did not include objective 
indicators of sleep such as actigraphy and polysomnography. 
In this regard, favorable antidepressant response is accom-
panied by improvement in slow wave sleep in both acute and 
maintenance trials.48,49 And, in MDD, ketamine’s rapid anti-
depressant effects have been linked to increased total sleep, 
slow wave sleep, slow wave activity and rapid eye movement 
sleep as well as to decreased waking.50

Conclusions
Exploratory, post-hoc analyses support the antidepressant 
efficacy of esketamine nasal spray in patients with TRD, 
regardless of the presence or absence of sleep disturbance. 
One week after the initiation of treatment, more esketa-
mine-treated patients reported clinically meaningful 
improvement in sleep than those taking oral antidepressant 
plus placebo. Additional research, using objective markers 
of sleep and established clinical assessment tools of 
insomnia, will expand upon these findings.
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