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Purpose: Studies of Lemborexant (LEM) treatment for patients with insomnia in China in real-world setting have been limited. This 
study assessed efficacy and safety of LEM in treating Chinese patients with insomnia.
Patients and Methods: In this 12-week, multicenter, prospective, observational study, 205 adult patients diagnosed with insomnia with 
an Insomnia Severity Index (ISI) score of ≥10 were enrolled and treated with LEM in China. The primary endpoint was remission rate (the 
proportion of patients with an ISI<8) after 4 weeks of LEM treatment. Treatment-emergent adverse events (TEAEs) were recorded.
Results: The full analysis set included 200 patients with a mean baseline ISI of 17.44±4.45. Remission rate and responder (≥6-point 
reduction in ISI) rate after 4 weeks of LEM treatment was 30.5% (61/200) and 55.0% (110/200), respectively. ISI scores decreased 
significantly from baseline after 1 weeks of treatment and kept decreasing. LEM treatment also improved symptoms of depression and 
anxiety. Compared with patients with mild insomnia, patients with severe baseline insomnia were less likely to be insomnia remitters 
and more likely to be LEM responders and to have greater ISI decrease after 4 weeks of treatment. Additionally, patients who switched 
to LEM from other hypnotics were less likely to be LEM responders than patient receiving initial LEM monotherapy. 21.0% (43/205) 
of the patients reported at least one mild or moderate TEAE, and none reported serious TEAEs. Ten (4.9%) patients withdrew from the 
study due to TEAEs. The most common TEAEs were somnolence, dizziness and nightmare.
Conclusion: Lemborexant was effective and safe in treating Chinese adult patients with insomnia.
Clinicaltrials.gov Registration Number: NCT06225947 (Date of registration: January 17, 2024).
Keywords: lemborexant, insomnia, Chinese, the insomnia severity index, the patient health questionnaire-9, the general anxiety 
disorder-7

Introduction
Chronic insomnia, a common sleep disorder, has a prevalence of 15.0% in China.1–3 Although cognitive behavioral 
therapy (CBT) is a first-line treatment for insomnia, pharmacotherapy is commonly used in many patients.4 The most 
commonly prescribed insomnia medications are benzodiazepines (BZDs) and non-BZDs (also called Z drugs).2,4 

However, as both BZDs and Z drugs are positive allosteric modulators of gamma-aminobutyric acid type A (GABA- 
A) subunit alpha 1 receptor, they induce sleep by inhibiting central nervous system (CNS) activity broadly.4 As a result, 
they could cause side effects such as next-day residual effects, dependence, increased risk of car accidents and/or fall, 
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cognitive impairment and withdrawal symptoms.4 Therefore, BZDs and Z drugs should only be used for short-term (no 
more than 4 weeks) treatment of insomnia and their long-term use is not recommended.3,5

Lemborexant (LEM) is a dual orexin receptor antagonist (DORA) approved to treat insomnia in the United States, 
Canada, Australia, Japan and several other countries.2 As a DORA, LEM binds rapidly and reversibly to orexin receptor 
type 1 (OX1R) and type 2 (OX2R) and targets the orexin signal pathway involved in regulating sleep/wake signals.2,3 

Unlike BZDs and Z drugs that broadly inhibit CNS activities and alter sleep stages, LEM reduces wakefulness and 
facilitates sleep consistent with normal sleep pattern by suppressing orexin mediated wake drive.1–4 Two pivotal Phase III, 
randomized controlled trials (RCTs) investigated efficacy and safety of LEM in treating adult patients with insomnia and 
found that both LEM 5mg and 10mg per night (qn) were effective in improving sleep onset and maintenance (including in 
the second half of the night) and were safe and tolerable.4,6 LEM had little next-day residual effects and little impact on 
daily functioning such as cognition and driving, and did not lead to rebound insomnia or withdrawal symptoms.3,7

In May 2025, LEM was approved for the treatment of adults with insomnia in China, and Mi et al, in a Phase III RCT, 
demonstrated that LEM 10mg qn was effective and safe in treating Chinese patients with chronic insomnia8 However, the 
real-world effectiveness and safety of LEM 5mg and 10mg qn in Chinese patients remain to be fully investigated Real- 
world patients are more clinically complex, with diverse treatment patterns, compared to the patients in clinical trials 
Most patients enrolled in clinical trials of LEM treatment were patients with primary insomnia who were generally 
physically and mentally healthy, as phase III regulatory trials of hypnotics in recent years generally have very strict 
inclusion / exclusion criteria and only a small percentage of real-world patients were eligible.9 The most common reasons 
for exclusion from these trials were comorbidities, daytime napping and sleep.9 Both the pivotal SUNRISE 1 and 2 
studies excluded patients who had a history of medical or psychiatric condition(s) deemed to be unsuitable for the 
trials.4,6 In addition, patients who had recently received insomnia treatment in the SUNRISE 1 and 2 studies had to have 
a sufficient wash-out of the previously taken hypnotics.4,6 In real-world practice, many patients with insomnia have 
various comorbidities such as psychiatric disorder(s) and have been receiving insomnia treatment. As a result, efficacy 
and safety of LEM add-on therapy and switch to LEM, both of which were common in daily practice in China, remain to 
be elucidated. In addition, patients seeking insomnia treatment in real-life practice vary widely in insomnia severity, age 
and use of benzodiazepine receptor (BZDR) agonist(s) (BZRAs). Therefore, investigating efficacy of LEM across 
different treatment patterns, age groups, insomnia severities and concomitant use of BZRAs, along with its effects on 
mood disorders such as depression and anxiety, in a real-world setting is important for clinical practice. The findings 
could guide treatment decisions. Consistent efficacy observed across different subgroups could provide additional 
evidence that LEM is broadly applicable to the overall population, reflecting the extent to which the efficacy observed 
in the overall population applies to a target subgroup of patients. On the other hand, if inconsistent efficacy is observed 
among different subgroups of patients, proper interpretation of the inconsistency could also inform clinical practice and 
provide insights for further analyses and research. Furthermore, exploring efficacy differences across various patient 
populations is also an essential component of benefit–risk assessment. To date, only one case report and one retrospective 
study from a single center have explored the efficacy and safety of LEM in treating Chinese insomnia patients in real- 
world settings.10,11 Studies that performed comprehensive subgroup efficacy analyses of LEM have also been lacking. 
The current multicenter, prospective, real-world observational study assessed efficacy and safety of LEM treatment for 
patients with insomnia in routine clinical practice in China, with pre-specified subgroup efficacy analyses across different 
treatment patterns, age groups, insomnia severities as well as concomitant use of BZRAs. Such a comprehensive study 
could provide useful information to clinicians in China who wish to consider LEM as a treatment option for their patients 
with insomnia. This study was conducted under the Hong Kong and Macao Medicine and Equipment Connect policy that 
allows designated hospitals in the Greater Bay Area (GBA) to utilize drugs and medical devices that are already 
approved in Hong Kong or Macao but have not yet received formal approval from the National Medical Products 
Administration (NMPA) in mainland China. Under this policy, LEM was approved for the treatment of insomnia in 
designated hospitals in the GBA by the Guangdong Provincial Food and Drug Administration on January 16, 2023.
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Materials and Methods
Patients and Study Design
This multicenter, prospective, real-world observational study was carried out at the following five hospitals in China: 1) 
Guangdong Provincial People’s Hospital, 2) Nanfang Hospital, 3) Guangzhou United Family Hospital, 4) Sun Yat-sen 
Memorial Hospital, and 5) Clifford Hospital. This study was conducted in designated hospitals in the GBA, leveraging the 
Hong Kong and Macao Medicine and Equipment Connect policy that allows early access to drugs not yet fully approved by 
NMPA. The study was conducted in accordance with the principle of the Declaration of Helsinki. All procedures were 
performed in compliance with relevant laws and institutional guidelines and have been approved by the Institutional 
Review Board of Guangdong Provincial People’s Hospital (approval number: KY2023-1072-02). The privacy rights of 
human subjects have been observed, and written informed consent to be part of the study was obtained from all participating 
patients. The study was registered prospectively at clinicaltrials.gov (NCT06225947) on January 17, 2024. The reporting of 
this study adheres to the Consolidated Standards of Reporting Trials (CONSORT) guidelines.

This is a 12-week study consisting of a core 4-week treatment period followed by an exploratory 8-week treatment 
period, with follow-up visits after 1, 2, 4 and 12 weeks of LEM treatment.

The inclusion criteria were as follows: 1) Adult patients diagnosed with insomnia according to the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), and patients with acute or subacute insomnia (symptoms 
lasting <3 months) were also eligible, 2) had a baseline Insomnia Severity Index (ISI) score of ≥10, and 3) were in need 
of pharmacotherapy for insomnia as determined by their physicians.

Exclusion criteria: 1) Severe depression and/or anxiety disorder (the Patient Health Questionnaire-9 [PHQ-9] ≥20 
and/or the General Anxiety Disorder-7 [GAD-7] ≥15), 2) any suicidal ideation or a history of suicide, 3) history of 
serious medical conditions, psychiatric disorders, taking medication(s) that might cause insomnia or excitement, and 
uncontrolled poor sleep habits that may interfere with the study assessment or participant safety, as judged by the 
physicians, 4) narcolepsy, or 5) females who were breastfeeding or pregnant.

The patient enrolment started on February 22, 2024 and was completed on February 28, 2025. The last patient out 
was on May 28, 2025.

Treatment
All of the enrolled patients took LEM (DAYVIGO, Eisai, Tokyo, Japan) orally at bedtime qn. The physicians determined 
the dose of LEM for their patients according to the Food and Drug Administration approved package insert of LEM and 
their routine clinical practice.12 Generally, the initial daily LEM dose was 5mg and could be up-titrated to 10mg after 
seven days if the efficacy was unsatisfactory, as reported by the patients. The maximum permissible dose was 10mg/day. 
LEM monotherapy was prescribed for hypnotics-naïve patients. In the case of patients who had been taking other 
hypnotics before their enrollment, switch to LEM was the top choice. For those patients who could not tolerate the 
switch, LEM add-on (adding LEM to the existing treatment regimen) was used. The switch to LEM could be direct, in 
which patients discontinued prior hypnotics on the same night they began LEM treatment, or managed with a gradual 
taper of the concomitant hypnotics. In patients who started LEM as an add-on therapy, the dose of concomitant hypnotics 
could be reduced later during the 12-week treatment if the patient tolerated the reduction. Though not mandatory, all 
patients were educated at the beginning and during the study about the importance of maintaining a regular daily routine.

Dose increase of hypnotics other than LEM or taking sedating medications or non-pharmacological treatment in 
addition to those taken since the beginning of the study was not allowed during the first four weeks of the study. 
Hypnotics other than LEM and sedating medications included BZRAs (BZDs and Z drugs), melatonin agonists such as 
ramelteon, sedative antidepressants such as trazodone, antipsychotics such as quetiapine and H1-antihistamine drugs such 
as diphenhydramine. Non-pharmacological treatment consisted of CBT for insomnia.

Finally, patients who wished to withdraw from the study before completing 4 weeks of LEM treatment were required 
to provide a reason, whereas after 4 weeks of treatment, they could stop at any time without providing a reason.
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Data Collection
During the baseline visit, the following information was collected: age, gender, weight, height, duration of insomnia, use 
of hypnotics and/or psychotropic medications, presence or absence of depression and/or anxiety. Patients were asked to 
complete the ISI, PHQ-9 and GAD-7 and their baseline ISI, PHQ-9 and GAD-7 scores were determined.

During each follow-up visit, patients completed the ISI, PHQ-9 and GAD-7 and their ISI, PHQ-9 and GAD-7 scores 
were determined. In addition, treatment-emergent adverse events (TEAEs) were recorded.

Efficacy Outcome Measures
The primary endpoint was remission rate (the proportion of patients with an ISI<8 [no clinically significant insomnia]) 
after 4 weeks of LEM treatment. The ISI is a validated, self-report questionnaire that assesses insomnia severity and it 
consists of seven items: 1) Difficulties in sleep onset; 2) difficulties in sleep maintenance; 3) early morning awakening; 4) 
dissatisfaction with sleep; 5) interference with daytime functioning; 6) noticeability of sleep difficulties by others; and 7) 
distress caused by difficulty in sleep.2,11 Each item is scored by a patient on a scale of 0 (no problem) to 4 (very severe 
problem) and the ISI total score is the sum of the seven scores. An ISI total score of 0–7, 8–14, 15–21 and 22–28 
indicates no clinically significant insomnia, subthreshold (mild) insomnia, moderate insomnia and severe insomnia, 
respectively.2,13 In addition, responders were those patients who had a ≥6-point reduction in their ISI total scores from 
baseline. The ≥6-point reduction was set as the criterion for LEM responders because it has been reported that a 6-point 
reduction in ISI represented clinically meaningful improvement in insomnia.14

Secondary endpoint included: 1) Remission rate after 1 and 2 weeks of LEM treatment; 2) responder rate after 1, 2 
and 4 weeks of treatment, 3) changes in the ISI, PHQ-9 and GAD-7 scores from baseline after 1, 2 and 4 weeks of 
treatment, and 4) changes in the ISI nighttime sub-score (sum of the scores of items 1–3) and daytime impact sub-score 
(sum of the scores of items 4–7) from baseline after 1, 2 and 4 weeks of treatment.

Exploratory endpoints were remission rate, responder rate, and the ISI, PHQ-9 and GAD-7 changes from baseline 
after 12 weeks of LEM treatment.

In addition, subgroup analyses of remission rates, responder rates and ISI changes from baseline based on treatment 
pattern, baseline insomnia severity, age and concomitant use of BZRAs were performed.

Furthermore, factors associated with insomnia remitters, LEM responders and ISI changes from baseline after 
4 weeks of LEM treatment were identified.

Safety
Safety assessments were conducted at every follow-up visit throughout the study and at the end of study. These 
assessments consisted of monitoring and recording all adverse events (AEs). TEAEs and treatment-related TEAEs 
were recorded using the Medical Dictionary for Regulatory Activities (MedDRA) version 26.0, and their severities were 
graded according to the Common Terminology Criteria for Adverse Events (CTCAE).15

Sample Size
According to the post hoc analysis of the SUNRISE 2 study, the percentage of subjects with an ISI total score below 8 for 
LEM 5 mg was 21.8% at month 1, compared to 11.3% for placebo.13 As every patient enrolled in our study had 
a baseline ISI score of ≥10, lower than the ≥15 points required for the patients enrolled in the SUNRISE 2 study, a higher 
placebo remission rate than that reported in the SUNRISE 2 study was expected. Assuming a target remission rate of 
14% after 4 weeks of treatment (2.7% higher than that in the SUNRISE 2 study), and setting the expected remission rate 
after 4 weeks of LEM treatment at 22%, which was 8% higher than the target remission rate, at least 166 patients were 
needed to have a statistical power of 80% for a one-sided test at a significance level of 0.025.16 Assuming a dropout rate 
of 20%, it was planned that 200 patients would be enrolled.

To test the robustness of the sample size, a sensitivity analysis was conducted. Assuming a placebo remission rate 
between 14%-18%, a sample size of 200 provided a >80% power to detect a treatment difference of ≥8% between LEM 
and placebo. Specifically, a single-group design was used to test whether the proportion was greater than x=0.11–0.18 
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(H0: P ≤ x versus H1: P >x). The comparison was made using a one-sided, one-sample exact test, with a Type I error rate 
(α) of 0.025. To detect a difference (P1 - P0) of 0.08 with a sample size of 200, the power was 0.9067–0.8058.

Statistical Analysis
Patient demographics and baseline clinical characteristics were analyzed in the full analysis set (FAS) (all patients who 
received ≥1 dose of LEM and had at least one post-dosing efficacy assessment). Efficacy analyses were performed in the 
FAS and the per-protocol set (PPS) (all patients who completed the study without major protocol deviations, in this case, 
all patients who complete the core 4-week treatment without increasing dose of hypnotics other than LEM or taking 
sedating medications in addition to those taken since the beginning of the study). Safety analyses were performed in the 
safety set (SS) (all patients who received ≥1 dose of LEM and had at least one post-dosing safety assessment). Missing 
data for remission rate and responder rate after 4 weeks of treatment in the FAS population were imputed using last 
observation carried forward (LOCF), and other missing data were not imputed. For those patients who stopped taking 
LEM before the end of the study, efficacy data recorded after their treatment discontinuation were not imputed. In 
addition, sensitivity analyses of the remission rates and responder rates were conducted wherein missing data were 
imputed using multiple imputation.

Descriptive analysis was used. Quantitative variables with normal distribution and with non-normal distribution were 
expressed as mean±standard deviations (SD) and median (interquartile range [IQR] or range), respectively. Qualitative 
variables were expressed as n (%). Between-group comparisons of continuous variables were performed using group 
t test or Wilcoxon rank sum test. Comparisons among ≥3 groups of continuous variables were performed using analysis 
of variance (ANOVA) or Kruskal–Wallis rank sum test. Paired t test or Wilcoxon signed-rank test was used for 
intragroup comparisons of continuous variables, chi-square test or Fisher’s exact test was used for intragroup compar
isons of categorical variables, and Wilcoxon rank sum test or Cochran–Mantel–Haenszel test was used for intragroup 
comparisons of ranked variables.

Multivariate logistic regression analyses were conducted to identify factors associated with insomnia remitters and 
LEM responders after 4 weeks of LEM treatment. Multivariate linear regression analysis was conducted to identify 
factors associated with changes in ISI total scores from baseline after 4 weeks of treatment. All of the regression analyses 
included gender, age, body mass index (BMI), duration of insomnia, treatment pattern, severities of insomnia, depression 
and anxiety, and concomitant use of BZRA(s) as independent variables.

Kaplan-Meier curves were plotted to analyze the occurrence of somnolence, nightmare and headache.
If and only if the lower limit of the 95% CI for the primary endpoint (remission rate after 4 weeks of LEM treatment) 

is above the target value of 14%, achieving statistical significance, can the study be considered to have met its primary 
endpoint goal. The P values from statistical analyses of other endpoints were regarded as descriptive analyses only.

SAS 9.4 (SAS Institute, Cary, NC, United States) was used for the statistical analyses in the study. Statistical 
significance was achieved with a P value of 0.05.

Results
Demographic and Baseline Characteristics of Patients
Study flow chart was depicted in Figure 1. A total of 205 patients were enrolled. The FAS included 200 patients and the 
SS included 205 patients. One hundred and sixty patients completed the core 4-week LEM treatment and did the 
subsequent follow-up visit. The PPS included 135 patients. Thirty-six patients completed the subsequent exploratory 
8-week treatment and did the subsequent follow-up visit (Figure 1).

Patient demographics and baseline characteristics were reported in Table 1. The FAS had a mean age of 46.08±14.56 
years and 124 (62.0%) of them were female. They had a mean duration of insomnia of 7.55±8.66 years and a mean 
baseline ISI score of 17.44±4.45. Among them 180 (90.91%) patient had chronic insomnia and 18 (9.09%) patients had 
acute or subacute insomnia. The most common symptoms of insomnia were difficulties in sleep initiation, sleep 
maintenance and falling back asleep after waking up (97.0%, 84.5% and 59.0% respectively), and being easily awakened 
(62.0%). Seventy-five (37.5%) patients used concomitant BZDs and 44 (22.0%) patients used concomitant Z drugs. 
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Forty-two (21.0%), 33 (16.5%) and 125 (62.5%) patients received LEM monotherapy, switched to LEM and received 
LEM add-on therapy, respectively (Table 1). One hundred and ninety-four (97.0%) patients started with LEM 5mg qn, 
One hundred and fifty-three (76.5%) and 15 (7.5%) patients had a final LEM daily dose of 5mg and 10mg, respectively. 
Sixty-eight (34.0%) patients have comorbid depression and 109 (54.5%) patients had comorbid anxiety (Table 1).

Figure 1 Study flow chart. 
Abbreviation: V, Visit.

Table 1 Demographics and Baseline Clinical Characteristics

Characteristics FAS 
(N=200)

Age, years, x� s 46.08±14.56

<60 years old, n (%) 163 (81.5%)
≥60 years old, n (%) 37 (18.5%)

Gender, n (%)

Female 124 (62.0%)
Male 76 (38.0%)

(Continued)
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Table 1 (Continued). 

Characteristics FAS 
(N=200)

BMI, kg/m2,, x� s 22.22±3.37
Education level, n (%)

College and above 98 (54.8%)

Marital status, n (%)
Unmarried 38 (19.8%)

Married 146 (76.0%)

Divorced or separated 3 (1.6%)
Widow or widower 5 (2.6%)

Living arrangement, n (%)

Alone 30 (16.4%)
With parent(s) 14 (7.7%)

With children 99 (54.1%)

With others 16 (8.7%)
Employment, n (%)

Student 16 (8.6%)

Full time 85 (45.7%)
Part time 4 (2.2%)

Unemployed 19 (10.2%)

Retired 53 (28.5%)
Monthly income, n (%)

<¥3000 32 (25.0%)
¥3000-5000 22 (17.2%)

¥5000-10,000 25 (19.5%)

>¥10,000 49 (38.3%)
Type of insomnia, n (%)

Chronic (symptoms lasting ≥3 months) 180 (90.9%)

Acute or subacute (symptoms lasting <3 months) 18 (9.1%)

Duration of insomnia, years, x� s 7.55±8.66

≤1 year, n (%) 38 (19.2%)

>1 to ≤5 years, n (%) 71 (35.9%)
>5 to ≤10 years, n (%) 30 (15.2%)

>10 years, n (%) 59 (29.8%)

Common insomnia symptoms
Difficulties in sleep onset 194 (97.0%)

Difficulties in sleep maintenance 169 (84.5%)

Difficulties in falling back asleep after waking up 118 (59.0%)
Being Easily awakened 124 (62.0%)

ISI score, x� s 17.44±4.45

Nighttime sub-scorea 6.89±2.34
Daytime impact sub-scoreb 10.55±2.84

Severity of insomniac, n (%)

Mild 57 (28.5%)
Moderate 105 (52.5%)

Severe 38 (19.0%)

PHQ-9 score, x� s 7.08±4.37

(Continued)
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Ninety-six (48.0%) patients took concomitant BZRA(s) with a median baseline daily diazepam equivalence dose of 
8.00mg (IQR 5.00mg, 20.00mg). After 4 weeks of LEM treatment, their daily diazepam equivalence dose was 
significantly reduced (median 8.00mg [IQR 4.00mg,16.00mg], P=0.009), and 52 (55.3%) of the patients took concomi
tant BZRAs at a reduced dose.

Table 1 (Continued). 

Characteristics FAS 
(N=200)

Depressiond, n (%)
No 68 (34.0%)

Mild 84 (42.0%)

Moderate 29 (14.5%)
Moderately severe 19 (9.5%)

Severe 0 (0.0%)

GAD-7 score, x� s 4.93±4.27
Anxietye, n (%)

No 109 (54.5%)

Mild 55 (27.5%)
Moderate 36 (18.0%)

Severe 0 (0.0%)

Use of concomitant hypnotics and psychotropic medications, n (%)
BZDs 75 (37.5%)

Z drugsf 44 (22.0%)

Other hypnotics 11 (5.5%)
Sedating antidepressants and anxiolytics 32 (16.0%)

Other antidepressants and anxiolytics 41 (20.5%)

Other psychotropic medications 40 (20.0%)
Concomitant CBT-I 0

Physical disease(s), n (%)
Yes 116 (58.0%)

No 84 (42.0%)

LEM starting dose, mg/day, n (%)
5 194 (97.0%)

10 3 (1.5%)

Othersg 3 (1.5%)
LEM final dose, mg/day, n (%)

5 153 (76.5%)

10 15 (7.5%)
Othersg 32 (16.0%)

LEM treatment regimen, n (%)

Initial monotherapy 42 (21.0%)
Switched to LEM 33 (16.5%)

Add-on therapy 125 (62.5%)

Notes: Missing data were not imputed. aNighttime sub-score was sum of the scores of the ISI items 
1–3. bDaytime impact sub-score was sum of the scores of the ISI items 4–7. cAn ISI score of 8–14, 
15–21 and 22–28 indicated mild, moderate and severe insomnia, respectively. dA PHQ-9 score of 
<5, 5–9, 10–14, 15–19 and ≥20 indicated no depression, mild, moderate, moderate severe and 
severe depression, respectively. eA GAD-7 score of <5, 5–9, 10–14 and 15–21 indicated no anxiety, 
mild, moderate and severe anxiety, respectively. fZ drugs included zolpidem, zopiclone, zaleplon and 
eszopiclone. gOthers referred to a daily dose of >5mg and <10mg. 
Abbreviations: FAS, full analysis set; x� s, mean ± standard deviation (SD); BMI, body mass index; 
¥, Chinese Yuan; ISI, Insomnia Severity Index, PHQ-9, Patient Health Questionnaire-9; GAD-7, 
General Anxiety Disorder-7; CBT-I, Cognitive Behavioral Therapy for Insomnia; BZDs, 
Benzodiazepines, LEM, Lemborexant.
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Among the 33 patients who switched to LEM, 23 (69.7%) patients switched to LEM directly, discontinuing their prior 
hypnotics on the same night they started taking LEM, and 10 (30.3%) patients initiated LEM treatment while gradually 
tapering off their concomitant hypnotics. After 4 weeks of LEM treatment, 30 (90.9%) of the 33 patients discontinued 
their previous hypnotics and took LEM only (Supplementary Table S1).

Remission Rates, Responder Rates and Changes in the ISI Scores from Baseline
In the FAS, remission rate after 4 weeks of LEM treatment was 30.5% (61/200) (95% CI: 24.2%, 37.39%). Responder 
rate after 4 weeks of treatment was 55.0% (110/200) (95% CI: 47.82%, 62.02%). Additionally, remission rates after 1 and 
2 weeks of treatment were 16.0% (32/200) and 26.4% (47/178), respectively, and the respective responder rates after 1 
and 2 weeks of treatment were 36.0% (72/200) and 56.2% (100/178). The PPS showed a similar trend to the FAS in 
remission rates and responder rates across the treatment period (Table 2). Sensitivity analyses using multiple imputation 
for missing data produced similar results (Supplementary Table S2).

In both the FAS and the PPS, the ISI scores decreased significantly from baseline after 1 week of LEM treatment 
(FAS: −4.27±5.45, P<0.001) and kept decreasing (FAS: −6.12±5.53 and −7.18±5.81 after 2 and 4 weeks of treatment, 
respectively, both P<0.001) (Table 2). In addition, significant decreases in both the ISI nighttime sub-score and daytime 
impact sub-score were observed after 1 weeks of treatment, and both sub-scores continued to decrease during the next 
3 weeks of treatment (Table 2).

Subgroup Analyses of Remission Rates, Responder Rates and Changes in the ISI 
Scores
Treatment regimen-based subgroup analyses of the FAS revealed significant differences in remission rates and responder rates 
after 4 weeks of LEM treatment among patients who received initial LEM monotherapy, who switched to LEM and who had 
LEM add-on therapy (P=0.021 and 0.040, respectively). Patients on initial monotherapy had the highest remission rate and 
responder rate (54.1% [20/37] and 78.4% [29/37], respectively) (Figure 2A and B). In addition, patients on initial monotherapy 
had an insignificant trend of greater ISI decrease than patients who switched to LEM and those who received LEM add-on 
therapy after 4 weeks of treatment (−9.03±4.87, −6.86±4.79 and −6.56±6.30, P=0.085), The PPS results were consistent with the 
FAS results (Supplementary Figure S1A and B).

Subgroup analyses of the FAS based on baseline insomnia severity revealed significant difference in remission rates 
among patients with mild, moderate and severe baseline insomnia after 2 weeks of treatment (P=0.005), with remission 

Table 2 Remission Rates, Responder Rates and Changes in the ISI, PHQ-9 and GAD-7 Scores from Baseline After LEM Treatment

FAS PPS

1 Week 2 Weeks 4 Weeks 1 Week 2 Weeks 4 Weeks

Remission rate, % (n/n) 16.0% (32/200) 26.4% (47/178) 30.5% (61/200) 17.8% (24/135) 28.6% (38/133) 37.4% (49/131)

Responder rate, % (n/n) 36.0% (72/200) 56.2% (100/178) 55.0% (110/200) 41.5% (56/135) 57.9% (77/133) 61.8% (81/131)

Changes from baseline
N 200 178 160 135 133 131

ISI −4.27±5.45*** −6.12±5.53*** −7.18±5.81*** −4.84±5.33*** −6.44±5.53*** −7.38±5.67***

Nighttime sub-scorea −2.09±2.79*** −2.67±2.55*** −2.99±2.80*** −2.43±2.83*** −2.80±2.59*** −3.07±2.79***

Daytime impact sub- 
scoreb

−2.18±3.26*** −3.44±3.60*** −4.19±3.87*** −2.41±3.20*** −3.64±3.64*** −4.31±3.82***

PHQ-9 −1.04±4.08*** −2.10±4.13*** −2.63±4.02*** −1.28±3.72*** −2.30±4.07*** −2.73±4.02***

GAD-7 −0.66±4.02* −1.55±4.17*** −1.81±3.80*** −0.74±3.68 −1.53±3.95*** −1.78±3.71***

Notes: *P<0.05, ***P<0.001. Values were expressed as % (n/n) or mean±standard deviation. Missing data for remission rate and responder rate after 4 weeks of 
treatment in the FAS population were imputed using LOCF, and other missing data were not imputed. aNighttime sub-score was sum of the scores of the ISI items 1–3. 
bDaytime impact sub-score was sum of the scores of the ISI items 4–7. 
Abbreviations: FAS, full analysis set; PPS, per protocol set; ISI, Insomnia Severity Index; PHQ-9, Patient Health Questionnaire-9; GAD-7, General Anxiety Disorder-7; 
LEM, Lemborexant; LOCF, Last Observation Carried Forward.

Nature and Science of Sleep 2026:18                                                                                               https://doi.org/10.2147/NSS.S596731                                                                                                                                                                                                                                                                                                                                                                                                       9

Zheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/596731/596731%20Revised%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/596731/596731%20Revised%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/596731/596731%20Revised%20Supplementary%20material.docx
https://www.dovepress.com/article/supplementary_file/596731/596731%20Revised%20Supplementary%20material.docx


rate being the highest in patients with mild baseline insomnia (38.8% [19/49]). Similar insignificant differences were 
observed among the three groups of patients after 1 and 4 weeks of treatment (P=0.066 and 0.075, respectively) 
(Figure 3A). Results from the PPS were consistent with the FAS results (Supplementary Figure S2A).

Responder rates after 1, 2 and 4 weeks of treatment were also significantly different among patients with mild, 
moderate and severe baseline insomnia (P=0.011, <0.001 and <0.001, respectively), and so were ISI decreases from 
baseline (all P<0.001). Responder rates and ISI decreases were the highest in patients with severe baseline insomnia and 
the lowest in patients with mild baseline insomnia (87.5% [28/32] vs 35.6% [16/45], and −11.28±5.46 vs −3.76±5.04 
after 4 weeks of treatment, respectively) (Figure 3B and C, Supplementary Table S3). The PPS produce the same results 
as the FAS (Supplementary Figure S2B and C and Table S3).

Figure 2 Treatment regimen-based subgroup analyses in the FAS population. (A) Remission rates and (B) Responder rates after 1, 2 and 4 weeks of LEM treatment in 
patients receiving initial LEM monotherapy, those who switched to LEM and those receiving LEM add-on. 
Abbreviations: FAS, full analysis set; LEM, Lemborexant.
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Figure 3 Baseline insomnia severity-based subgroup analyses in the FAS population. (A) Remission rates, (B) Responder rates and (C) ISI changes from baseline after 1, 2 
and 4 weeks of LEM treatment in patients with mild, moderate and severe baseline insomnia. An ISI score of 8–14, 15–21 and 22–28 indicated mild, moderate and severe 
insomnia, respectively. 
Abbreviations: FAS, full analysis set; ISI, Insomnia Severity Index; LEM, Lemborexant.
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Patients <60 years old and those ≥60 years old in the FAS and the PPS had comparable remission rates, responder 
rates and ISI changes from baseline after 1, 2 and 4 weeks of LEM treatment (P all >0.05), Additionally, in both the FAS 
and the PPS, patients receiving concomitant BZRA(s) and those not taking concomitant BZRA(s) had comparable 
remission rates, responder rates and ISI changes after 1, 2 and 4 weeks of treatment (P all >0.05).

Factors Associated with Insomnia Remitters, LEM Responders and Change in the ISI 
Score After 4 Weeks of Treatment
Multivariate logistic regression analyses revealed that compared with patients with mild insomnia, patients with severe 
baseline insomnia were less likely to be insomnia remitters (odd ratio [OR] 0.211, 95% CI: 0.06–0.76, P=0.018) and 
were more likely to be LEM responders (OR 31.192, 95% CI: 6.59. 147.74, P<0.001) after 4 weeks of treatment. Patients 
with moderately severe baseline insomnia were also more likely than those with mild insomnia to be LEM responders 
(OR 4.464, 1.81, 11.02, P=0.001). In addition, compared with patients who received LEM initial monotherapy, patients 
who received LEM add-on were less likely to be insomnia remitters (OR 0.331, 95% CI: 0.12, 0.94, P=0.038) and LEM 
responders (OR 0.175, 95% CI: 0.05, 0.61, P=0,007). Finally, patients who switched to LEM was less likely to be LEM 
responders than patients who received initial LEM monotherapy (OR 0.131, 95% CI: 0.03–0.50, P=0.003) (Table 3).

Multivariate linear regression analysis revealed that moderate or severe baseline insomnia was significantly associated 
with greater decrease in ISI score from baseline compared with mild insomnia (Standardized coefficient −3.69 and −7.99, 

Table 3 Regression Analyses of Factors Associated with Remitters, LEM Responders and ISI Change from Baseline After 4 Weeks of 
LEM Treatment

Variables Remission Rate Responder Rate ISI Change from Baseline

OR (95% CI) P value OR (95% CI) P value Standardized 
Coefficient

P value

Male vs female 0.828 (0.39, 1.77) 0.627 0.835 (0.37, 1.88) 0.662 0.37 0.673

LEM add-on vs initial LEM monotherapy 0.331 (0.12, 0.94) 0.038 0.175 (0.05, 0.61) 0.007 2.24 0.068

Switch to LEM vs initial LEM monotherapy 0.367 (0.12, 1.14) 0.083 0.131 (0.03, 0.50) 0.003 2.92 0.030

Insomnia: severe vs milda 0.211 (0.06, 0.76) 0.018 31.192 (6.59. 147.74) <0.001 −7.99 <0.001

Insomnia: moderate vs milda 0.468 (0.20, 1.10) 0.081 4.464 (1.81, 11.02) 0.001 −3.69 <0.001

Depression: moderate severe vs normalb 2.573 (0.46, 14.33) 0.281 0.180 (0.02, 1.30) 0.090 1.15 0.570

Depression: moderate vs normalb 0.849 (0.20, 3.59) 0.824 0.957 (0.22, 4.09) 0.952 0.80 0.606

Depression: mild vs normalb 2.043 (0.78, 5.34) 0.145 1.350 (0.50, 3.66) 0.556 −1.01 0.358

Anxiety: moderate vs normalc 1.375 (0.41, 4.57) 0.603 2.161 (0.56, 8.40) 0.266 −1.90 0.178

Anxiety: mild vs normalc 0.405 (0.15, 1.08) 0.072 0.450 (0.16, 1.23) 0.121 1.68 0.117

Concomitant use of BZDs and/or Z drugsd:  

both vs neither

0.242 (0.02, 2.44) 0.229 0.492 (0.09, 2.77) 0.421 2.63 0.177

Concomitant use of BZDs and/or Z drugsd:  

only BZDs vs neither

0.814 (0.28, 2.34) 0.702 1.485 (0.50, 4.42) 0.478 0.85 0.478

Concomitant use of BZDs and/or Z drugsd:  

only Z drugsd vs neither

2.006 (0.60, 6.68) 0.257 1.782 (0.46, 6.87) 0.402 −0.62 0.649

Age 1.006 (0.98, 1.04) 0.693 0.999 (0.97, 1.03) 0.935 0.01 0.722

(Continued)
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respectively, both P<0.001). In addition, switch to LEM was significantly associated with less decrease in ISI score from 
baseline compared with initial LEM primary monotherapy (Standardized coefficient 2.92, P=0.030) (Table 3).

Changes in the PHQ-9 and GAD-7 Scores After LEM Treatment
The patients had a mean baseline PHQ-9 and GAD-7 scores of 7.08±4.37 and 4.93±4.27, respectively. In both the FAS 
and the PPS, there was significant decrease in the PHQ-9 score after 1 week of treatment (FAS: −1.04±4.08, P<0.001) 
and the decrease continued (FAS: −2.63±4.02 after 4 weeks, P<0.001) (Table 2).

LEM treatment led to significant decrease in the GAD-7 score in the FAS after 1 week of treatment (−0.66±4.02, 
P=0.016) and the decrease continued (−1.81±3.80 after 4 weeks of treatment, P<0.001). While in the PPS, although the 
decrease was not significant after 1 week of treatment, it became significant after 2 weeks of treatment and was 
maintained over the next 2 weeks (Table 2).

Efficacy After 12 Weeks of Treatment
Thirty-six patients in the FAS completed the 12-week treatment as well as the end-of study follow-up visit. Twenty-nine 
(80.6%) of the patients stopped taking concomitant hypnotics and received LEM only, and the remaining seven patients 
took still took concomitant hypnotics in combination with LEM. The remission rate and responder rate after 12 weeks of 
treatment were 27.8% (10/36) and 69.4% (25/36), respectively, and their mean ISI scores decreased significantly from 
baseline (−7.72±6.31, P<0.001). In addition, after 12 weeks of treatment, significant decreases were observed in their 
PHQ-9 and GAD-7 scores as well (−3.36±5.44, P<0.001; −2.81±5.23, P=0.002, respectively). The PPS results were 
consistent with the FAS results.

Safety
The SS included 205 patients. Forty-three (21.0%) patients reported at least one TEAE and 37 (18.1%) of them had 
treatment-related TEAEs. Forty-one (20.0%) patients had CTCAE grade 1 TEAEs and 5 (2.4%) patients had grade 2 
TEAEs. None of the patients had any grade ≥3 TEAEs (Table 4). Ten (4.9%) patients withdrew from the study due to 
TEAEs and the most common TEAEs leading to withdrawal were somnolence (5 [2.4%]), dizziness (4 [2.0%] and 
nightmare (2 [1.0%]). Overall, the most common TEAEs were somnolence (14 [6.8%]), dizziness (11 [5.4%]), nightmare 
(8 [3.9%]), fatigue (6 [2.9%]) and headache (5 [2.4%]) (Table 4).

Most incidents of somnolence, nightmare and headache started during the first 20 days of the treatment and lasted 
10.64±7.32 days, 12.00±14.94 days and 13.67±7.51 days, respectively (Figure 4).

Discussion
In this first prospective study of LEM treatment in Chinese patients with insomnia in real-world setting, LEM was 
effective and safe in treating insomnia. The patient population in this observational study included a higher percentage of 
patients with psychiatric comorbidities than the SUNRISE 1 and 2 studies.4,6 The remission rate and responder rate after 
4 weeks of LEM treatment was 30.5% and 55.0%, respectively. Additionally, LEM treatment led to significantly 

Table 3 (Continued). 

Variables Remission Rate Responder Rate ISI Change from Baseline

OR (95% CI) P value OR (95% CI) P value Standardized 
Coefficient

P value

BMI 1.051 (0.94, 1.18) 0.402 0.998 (0.88, 1.13) 0.977 −0.08 0.530

Duration of insomnia 1.000 (0.95, 1.05) 0.987 0.970 (0.92, 1.02) 0.264 0.02 0.654

Notes: Bold values denoted statistical significance. aMild, moderate and severe insomnia were indicated by an ISI score of 8–14, 15–21 and 22–28, respectively. bNo 
depression, mild, moderate, moderate severe and severe depression were indicated by a PHQ-9 score of <5, 5–9, 10–14, 15–19 and ≥20, respectively. cNo anxiety, mild, 
moderate and severe anxiety were indicated by a GAD-7 score of <5, 5–9, 10–14 and 15–21, respectively. dZ drugs included zolpidem, zopiclone, zaleplon and eszopiclone. 
Abbreviations: ISI, Insomnia Severity Index; LEM, Lemborexant; PHQ-9, Patient Health Questionnaire-9; GAD-7, General Anxiety Disorder-7; BMI, body mass index.
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decreased ISI, PHQ-9 and GAD-7 scores. We also found that compared with patients with mild baseline insomnia, 
patients with severe baseline insomnia were less likely to be insomnia remitters but more likely to be LEM responders 
and to have greater ISI decreases. Furthermore, compared with patients who received initial LEM monotherapy, patients 
who switched to LEM were less likely to be LEM responders and to have greater ISI decrease. Additionally, patients who 
received LEM add-on were less likely to be insomnia remitters and LEM responders than patients who received initial 
LEM monotherapy. Finally, LEM treatment was well-tolerated in our study and all of the TEAEs were mild or moderate. 
The most common TEAEs were somnolence, dizziness and nightmare.

Our findings on the remission rates, responder rates and significantly decreased ISI scores were consistent with previous 
studies.13,17 Roth et al, a post-hoc analyses of the global, double-blinded Phase 3 RCT SUNRISE 2, found that the remission rates 
for LEM 5mg qn and LEM 10mg qn after 1 month of treatment were 21.8% and 22.2%, respectively, and were 25.9% and 29.2% 
after 3 months of treatment, respectively.1,6,13 In addition, it reported that the responder rates for LEM 5mg and 10mg qn were 
44.0% and 44.4% after 1 months of treatment, respectively, and were 53.5% and 52.1% after 3 months of treatment, 
respectively.1,6,13 Finally, it also reported significant decreases in ISI score from baseline after 1 months of treatment (−7.1 
±5.9 and −7.2±6.4 for LEM 5mg and 10mg qn, respectively) and after 3 months of treatment (−8.6±6.3 and −8.9±6.4 for LEM 
5mg and 10mg qn, respectively).13 Ozone et al, an open-label, multicenter trial, reported that remission rates for patients who 
transitioned to LEM increased from 13.3% at baseline to 28.7% after 2 weeks of treatment, to 45.1% after 6 weeks of treatment 
and to 49.3% after 14 weeks of treatment.17 Their observations were similar to our findings that the remission rates increased 
from week 1 to week 2 and from week 2 to week 4. Remission rates in our study were very similar to the increase of remission 
rates from baseline in Ozone et al, and ISI decreases in our study were similar to those reported by Roth et al13,17 The higher 
responder rates in our study compared with Roth et al were probably due to the stricter criterion for LEM responders (≥7-point 
reduction in ISI) adopted by Roth et al than ours (≥6-point reduction). In addition, consistent with Jian et al that observed 
significantly decreased scores of all of the seven items of ISI after 4 weeks of LEM treatment in Chinese patients,11 our study 

Table 4 Treatment-Emergent Adverse Events (SS)

Events, n (%) SS (N=205)

Any TEAEs 43 (21.0%)
Grade 1a 41 (20.0%)

Grade 2a 5 (2.4%)

Grade 3a 0 (0.0%)
Grade 4a 0 (0.0%)

Grade 5a 0 (0.0%)

Serious TEAEs 0 (0.0%)
Treatment-related TEAEs 37 (18.1%)

TEAEs leading to withdrawal from the study 10 (4.9%)
Somnolence 5 (2.4%)

Dizziness 4 (2.0%)

Nightmare 2 (1.0%)
Headache 1 (0.5%)

Sleep disorders 1 (0.5%)

Fatigue 1 (0.5%)
Gastrointestinal diseases 1 (0.5%)

TEAE reported in >2% of patients

Somnolence 14 (6.8%)
Dizziness 11 (5.4%)

Nightmare 8 (3.9%)

Fatigue 6 (2.9%)
Headache 5 (2.4%)

Notes: aSeverity of TEAEs was graded according to the Common 
Terminology Criteria for Adverse Events (CTCAE). 
Abbreviations: SS, safety set, TEAEs, treatment-emergent adverse events.
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found that both the ISI nighttime sub-scores and daytime impact sub-score decreased significantly after 1 week of LEM treatment 
and continued to decrease. Overall, like previous studies, our study demonstrated that LEM were effective in treating adult 
Chinese patients with insomnia, and its effectiveness applied to both the nighttime symptoms and daytime impact of insomnia.

Unlike RCTs, our observational study did not include a placebo group. However, placebo effect was included in the 
sample size calculation in our study. In addition, a post-hoc analysis of the SUNRISE 2 study, one of the two pivotal 
studies that established the effectiveness and safety of LEM in treating insomnia and led to its FDA approval, found that 
placebo remission rate after 1 month of treatment was 11.3%, compared with the 21.8% and 22.2% remission rates 
associated with LEM 5 mg and 10 mg per night, respectively.13 Adopting this placebo remission rate, the 30.5% 
remission rate in our study suggested that the net remission rate was approximately 19.2%, Therefore, the effectiveness 
of LEM was indicated. Furthermore, in a RCT of sequential therapy for insomnia, patients treated with 6 weeks of 
zolpidem, a commonly prescribed Z drug, had a remission rate (ISI<8) of 30.3%,18 very similar to the remission rate 
associated with LEM in our study.

The exploratory endpoint, remission rate after 12 weeks of LEM treatment was 27.8%, numerically lower than the 
remission rate after 4 weeks of treatment (30.5%). The SUNRISE 2 study have demonstrated sustained efficacy of LEM 
over 12 months.1,6 In addition, a post hoc analysis of the SUNRISE 2 study reported higher remission rate after 3 months 
than after 1 months of LEM treatment (25.9% vs 21.8% for LEM 5mg qn, and 29.2% vs 22.2% for LEM 10mg qn), and 
even higher remission rate after 12 months of treatment (36.1% for LEM 5mg qn and 34.6% for LEM 10mg qn).13 In our 
study, only 36 patients completed 12 weeks of LEM treatment and 103 patients chose to discontinue the study. Therefore, 
the observed decline in the remission rate here was most likely due to its small sample.

Our study further found that among patients with mild, moderate and severe baseline insomnia, patients with severe 
insomnia had the highest responder rate and the greatest ISI decrease, while patients with mild insomnia had the lowest 
responder rate and the smallest ISI decrease. On the other hand, patients with mild insomnia tended to have a lower 
remission rate than those with moderate insomnia, who tended to have a lower remission rate than those with severe 
insomnia. This finding was corroborated by our multivariate regression analyses, as it revealed that compared with 
patients with mild baseline insomnia, patients with severe baseline insomnia were less likely to be insomnia remitters but 

Figure 4 Kaplan-Meier curves for the occurrence of somnolence, nightmare and headache.
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more likely to be LEM responders and to have greater ISI decreases. The FLUID study is a single-arm trial that assessed 
LEM treatment in adult patients with insomnia using sleep electroencephalogram (EEG) monitor.7 Its relationship 
analysis between baseline and post-LEM treatment improvement revealed that poor sleep at baseline was associated 
with greater improvement in latency to persistent sleep, wake after sleep onset, total sleep time and sleep efficiency, and 
it concluded that patients with mild insomnia benefited modestly from LEM treatment while patients with severe 
insomnia benefited significantly from LEM.7 It further suggested that LEM could effectively remediate insomnia in 
severe cases without leading to unnecessarily prolonged sleep in mild cases, making it effective as well as well- 
tolerated.7 Our observations seemed to support their results. A seeming contradiction in our findings was the lowest 
remission rate and the highest responder rate associated with severe baseline insomnia as well as the highest remission 
rate and the lowest responder rate associated with mild insomnia. However, this observation makes sense as compared 
with patients with severe insomnia (baseline ISI 24.18±2.15), considerably less ISI decrease was needed for patients with 
mild insomnia (baseline ISI 12.30±1.13) to achieve remission (ISI<8). In addition, patients with higher ISI baseline 
scores (severe insomnia) had more room for ISI reduction upon treatment and thus were more likely to have a greater 
treatment response than patients with lower ISI baseline scores.19 Therefore it was much easier for patients with mild 
insomnia to achieve remission although they had smaller ISI decrease and lower responder rates.

As patients with mild insomnia in our study achieved the highest remission rates with the smallest absolute ISI 
changes, some may wonder whether these patients could have experienced spontaneous fluctuation comparable to the ISI 
changes associated with LEM and recovered without pharmacological treatment and whether pharmacotherapy was 
justified. Indeed, some patients with mild insomnia in real life may recover without pharmacological intervention. For 
those individuals, the decision to prescribe sleep medication should be made on a case-by-case basis. However, in our 
study, most patients had chronic insomnia and many had been taking sleep medication(s) long term. In addition, all of the 
patients in our study expressed a preference for long-term pharmacotherapy. Because LEM had a good safety profile and 
did not lead to rebound insomnia or withdrawal symptoms,3,7 they wished to try it as a treatment for insomnia.

In our study, patients receiving initial LEM monotherapy had significantly higher responder rate, remission rate as 
well as an insignificant trend of greater ISI decrease than those who switched to LEM and who received LEM add-on 
therapy. Our multivariate regression analyses had similar findings. Compared with patients who received initial LEM 
monotherapy, patients who switched to LEM were less likely to be LEM responders and to have greater ISI decrease. In 
addition, patients who received LEM add-on were less likely to be insomnia remitters and LEM responders than patients 
who received initial LEM monotherapy. Our observation was in line with Tanaka-Mizuno et al, a nationwide claims 
database study of switch to and add-on LEM in Japan.19 It found that hypnotics-naïve patients had higher success rate 
than patients who switched to LEM and those who received LEM add-on, wherein success was defined as when a patient 
was prescribed LEM monotherapy or when no hypnotics was prescribed during days 180–210 after LEM was initially 
prescribed (day 0).20 As patients who received initial LEM monotherapy were hypnotics-naïve, with no prior hypnotic 
exposure and thus no tolerance to any sleep medications, they would have responded better to any sleep medication(s) 
than patients who had prior exposure, particularly those who switched to LEM, many of whom had to contend with 
withdrawal reactions. As expected, findings from our study as well as from Tanaka-Mizuno et al suggested that LEM 
performed best in hypnotics-naïve patients. Finally, we acknowledge that a limitation of our treatment regimen-based 
efficacy analyses was that the multivariate regression models did not account for duration of prior insomnia pharma
cotherapy, the specific sleep medications involved, or the history and degree of prior treatment failure.

Age did not affect LEM efficacy in our study, and LEM were equally effective in patients <60 years old and those ≥60 
years old, making it potentially suitable for adult patients of all ages. This was consistent with Mishima et al that observed 
that age was not a factor affecting overall improvement in patients receiving LEM treatment5 In addition, the presence or 
absence of concomitant BZDs and/or Z drugs did not significantly affect efficacy of LEM in our study, again making LEM 
potentially suitable for a wide range of patients, including those patients who, because of serious withdrawal symptoms, 
receive LEM as an add-on therapy for a period of time before gradually transitioning to LEM monotherapy.

Among the 33 patients who switched to LEM, 30 patients discontinued their previous hypnotics and took LEM only 
4 weeks of LEM treatment, and only three patients took concomitant hypnotics with LEM. Many long term users of 
BZRAs experience withdrawal reactions when they attempt to discontinue the treatment, which makes it difficult for 
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them to stop.4,20 Our study suggested that LEM could help suppress withdrawal symptoms, thereby making it easier for 
patients to discontinue prior hypnotic treatment. Consistent with our findings, numerous real-world studies conducted in 
Japan demonstrated high success rate of switching to LEM from BZRAs.17,20,21 Furthermore, the Japanese expert 
consensus recommend LEM and suvorexant as first options for discontinuing or reduced BZRAs by switching to other 
hypnotics, a position shared by Canadian experts.22,23 Therefore, switching to LEM represents a new viable approach for 
patients who have difficulty discontinuing BZRAs. Moreover, also consistent with prior real-world studies,17,20,21,24 more 
than half of the patients who took concomitant BZRA(s) in our study had BZRA(s) dose reduction. Thus, in patients who 
still have insomnia while taking BZRAs and who could not tolerate switching to LEM, LEM add-on followed by dose 
reduction of BZRAs later could be tried as a strategy for later complete transition to LEM monotherapy.

Patients with insomnia in real life often have symptoms of depression and/or anxiety, and insomnia is a common 
comorbidity of both depression and anxiety,25 In order to provide some guidance for neurologists treating patients with 
insomnia accompanied by symptoms of depression and/or anxiety, we investigated changes in their PHQ-9 and GAD-7 
scores after LEM treatment, because the PHQ-9 is a questionnaire designed to assess severity of depression and the GAD-7 is 
a tool for anxiety assessment.26 In our study, LEM treatment significantly decreased the patients’ PHQ-9 and GAD-7 scores, 
suggesting that LEM treatment could improve symptoms of depression and anxiety of our patients and this was consistent 
with previous studies.10,11 Insomnia increases the risk of psychiatric conditions such as depression and anxiety, and at the 
same time, depression and anxiety are contributing factors for insomnia.27,28 It is possible that LEM improved these patients’ 
symptoms of depression and anxiety by improving their sleep. However, it is also possible that the observed changes in PHQ- 
9 and GAD-7 were the result of spontaneous fluctuation or regression to the mean as the mean baseline PHQ-9 and GAD-7 
scores in our study were relatively low (7.08 and 4.93, respectively), and their changes following 4 weeks of LEM treatment 
were small in magnitude (approximately 2–3 points) though statistically significant. As our study does not have a control 
group, a causal relationship between these changes and LEM treatment could not be established.

LEM treatment was well-tolerated in our study and all of the TEAEs were mild or moderate. As previously 
reported,1,4,6,7,17 the most common TEAEs were somnolence, dizziness, nightmare, fatigue and headache. All of 
the TEAEs in our study have been reported before and no new safety concern has been raised.1,4,6,7,13,17 The 
incidence of TEAEs (21.0%) and TEAEs leading to withdrawal from the study (4.9%) were close to Dash et al, 
a prespecified analysis of Asian patients in the SUNRISE 2 study, in which the incidence of TEAEs and TEAEs 
leading to withdrawal were 27.9% and 3.3% in patients receiving LEM 5mg qn during the first 6 months of 
treatment.2 Our observation that most incidents of somnolence, nightmare and headache started during the first 20 
days of the treatment and lasted less than two weeks also suggested these TEAEs became tolerable over time.

This study has several limitations. First, as it is a 12-week study consisting of a core 4-week treatment followed by an 
exploratory 8-week treatment, efficacy and safety of LEM treatment beyond 4 weeks could not be determine from our 
study. Second, after completing the core 4-week treatment, 103 (50.2%) patients chose to discontinue the treatment and 
their data during weeks 5–12 were not collected, and the number of patients who completed the 12-week treatment and 
the subsequent follow-up visit was modest (36 patients). The Chinese guideline recommends that patients with insomnia 
be treated with hypnotics for no more than four weeks, after which monthly evaluations should be conducted to 
determine whether further treatment is needed.29 Therefore, patients who completed four weeks of LEM treatment in 
our study could choose not to enter the subsequent 8-week exploratory phase. As this study was conducted under the 
Hong Kong and Macao Medicine and Equipment Connect policy before LEM was approved by NMPA, LEM was 
unavailable in most of the local hospitals and its expense (about $100 per month) was not covered by insurance. As 
a result, many patients opted to discontinue the treatment after 4 weeks as expected. Because of the sharply decreased 
sample size, there was potential selection bias during Weeks 5–12 of the study and findings from this period should be 
viewed with this potential bias in mind. Third, as this study does not include a placebo group, the possibility of placebo 
effects could not be excluded considering only subjective outcome measures were adopted in our study. This real-world 
observational study aimed to assess the efficacy and safety of LEM in a broader patient population than the populations 
studied in RCTs such as the SUNRISE 1 and 2 studies,4,6 While a placebo group is routinely included in phase 3 RCTs 
for drug approval and registration, it is rarely included in real-world observational studies out of ethical considerations. 
Despite the absence of a placebo group, placebo effect was quantified based on the SUNRISE 2 study13 and included in 
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the sample size calculation in our study. Fourth, as patients with severe anxiety and/or depression were excluded from our 
study, the effect of LEM on improving symptoms of anxiety and depression observed in our study should be interpreted 
with this limitation in mind. The study has the following strength: First, this is a large-scale, multicenter, prospective, 
observational study that obtained treatment data from a heterogeneous Chinese patient population. Second, both the FAS 
and PPS were analyzed and they produced consistent results, ensuring the reliability of our results. Third, this study was 
conducted in designated hospitals in the GBA area, taking advantage of the Hong Kong and Macao Medicine and 
Equipment Connect policy that allows early access to drugs not yet fully approved by NMPA, and thus was able to 
collect prospective, real-world data on Chinese patients early in the drug’s lifecycle.

Conclusions
LEM was effective and safe in treating Chinese adult patients with insomnia in real-life clinical practice. It was effective 
regardless the insomnia treatment regimen, although it appeared that LEM as initial monotherapy was the most effective. 
In addition, patients with severe insomnia had the greatest improvement, while patients with mild severe had modest 
improvement. Age did not affect LEM efficacy. Therefore, LEM treatment could provide relief to a wide range of 
patients with insomnia. As LEM was recently approved as a treatment of insomnia in China, our study could provide 
timely guidance for clinicians in China who wish to consider LEM as a treatment option for their patients.
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