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ORIGINAL RESEARCH
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ABSTRACT
Background: When considering changing hypnotic pharmacotherapy, lemborexant has attracted 
attention as a candidate due to its effectiveness and safety profile. However, few studies have 
investigated switching patterns in clinical practice.
Research design and methods: We conducted a retrospective cohort study using a nationwide claims 
database. Patients prescribed a single hypnotic who either subsequently switched to (switching cohort) 
or were additionally prescribed (add-on cohort) lemborexant between July 2020 and December 2021 
were identified. Proportion of successful switching was defined as remaining on lemborexant alone or 
without any hypnotic at 6 months after lemborexant initiation.
Results: The success proportion was 70.1% in the switching cohort (n = 4,861) and 38.6% in the add-on 
cohort (n = 9,423). In the add-on cohort, the success proportion was lower in patients with a hypnotic 
history of ≥180 days (31.4%) and in patients whose prescribed hypnotic was a benzodiazepine or non- 
benzodiazepine (31.5% and 37.6%, respectively).
Conclusion: The proportion of successful switching was higher in patients who switched to lemborex
ant than in those who added lemborexant as a concomitant treatment. The lower success proportion in 
the add-on cohort might be related to clinically more severe insomnia, and/or a concomitant prescrip
tion of benzodiazepine or non-benzodiazepine, from which discontinuation may be challenging.
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1. Introduction

Insomnia is a common sleep disorder that reportedly affects 
around 20% of the general population [1,2]. The prevalence of 
insomnia in Japan is estimated to 13.5% [3]. In Japan, pharma
cotherapy is the primary choice of treatment for insomnia [4]. 
Benzodiazepines (BZDs) and non-benzodiazepine hypnotics, 
also known as Z-drugs (non-BZDs), have long been used as 
mainstream drugs. In recent years, however, several new drug 
classes have been launched, including melatonin receptor 
agonists (MRA) such as ramelteon (2000), and dual orexin 
receptor antagonists (DORAs) such as suvorexant (2014) and 
lemborexant (LEM) (2020). In clinical practice in Japan, 
although BZDs remain the most prescribed drugs among 
hypnotics [5], several adverse consequences of BZD use have 
been reported, including cognitive dysfunction, bone fracture, 
and overprescription or drug dependence [6–8]. Non-BZDs, 
which are the second-most prescribed hypnotics [5], have 
also been associated with disadvantages such as bone 

fracture, drug dependence, and mortality [9,10]. Therefore, 
guidance from insomnia experts recommends that BZDs and 
non-BZDs should be used for short periods, either by switch
ing to other hypnotics or substituting them in place of other 
hypnotics [4].

Insomnia is defined by the presence of nocturnal insomnia 
symptoms and associated daytime impairment [11,12]. The 
goal in the pharmacological treatment of insomnia is the 
improvement of these nocturnal and daytime complaints, 
followed by an exit strategy that should include dose reduc
tion, discontinuation, or safe long-term maintenance therapy. 
Two network meta-analyses comparing all hypnotics sug
gested that LEM was the most effective, especially for long- 
term treatment, and had a similar safety profile to other 
hypnotics [13,14]. In addition, a cost-effectiveness analysis 
that compared zolpidem, a common non-BZD, suvorexant, 
and LEM reported that LEM was the more cost-effective drug 
[15]. Against this background, LEM has become a first-line 
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drug in pharmacotherapy with guidance from insomnia 
experts in Japan [4]. Additionally, for patients treated with 
BZDs, it is recommended that BZDs be reduced or discontin
ued while switching to LEM.

Although several studies have examined patients who 
switched from BZDs to LEM [16–19], these were small-scale, 
and no study has yet examined long-term treatment patterns 
after switching to LEM. Additionally, little attention has been 
given to the difference in prescription patterns between 
switching and add-on strategies. The disadvantages and cost- 
ineffectiveness of long-term use of drugs with a lesser safety 
profile warrant evaluation of the actual status of treatment 
with switching to or adding on LEM in clinical practice.

Here, using a nationwide large-scale claims database, we 
evaluated prescription patterns among patients treated with 
other hypnotics who were switched to LEM. Specifically, we 
sought to describe prescription patterns when LEM was 
initiated by either switching from or adding to the existing 
hypnotic. We also evaluated the proportion of patients who 
had successfully switched to LEM at 6 months after LEM 
initiation.

2. Patients and methods

2.1. Data source and setting

We used a large-scale nationwide claims database provided by 
JMDC Inc. (Tokyo, Japan). This database includes information 
on demographics, hospitalization, inpatient and outpatient 
treatment, disease diagnosis, procedure treatments, drug pre
scription, and health checkup results sourced from multiple 
health insurance societies in Japan [20,21]. The information is 
based on the membership records of health insurance, making 
it possible to track enrollees across hospital transfers and visits 
to multiple medical institutions. Data have been collected 
since 2005 and as of the end of 2023, the total number of 
participants was approximately 16 million. The database has 
been used in multiple epidemiological studies in Japan 
[22,23]. This study protocol was approved by the Ethics 
Committees of Kyoto University Graduate School and Faculty 
of Medicine (No. R3713).

2.2. Study design and patients

We conducted a retrospective cohort study using an existing 
claims database. Patients satisfying the following criteria were 
extracted: (a) at least one prescription date for LEM 
(Anatomical Therapeutic Chemical [ATC] code: N05CM21) 
between 6 July 2020, the date of launch of LEM, and 
31 December 2021, with the date of first prescription during 
this period regarded as the index date [Day 0]; (b) continuous 
enrollment in the database for 180 days prior to Day 0; and (c) 
able to be followed-up for 180 days after Day 0.

From the above patient population, three patient 
cohorts were further classified by the prescription pattern 
of hypnotic drugs other than LEM at Day 0. First, patients 
who switched to LEM from another hypnotic drug were 
defined as the ‘switching cohort.’ This cohort included 
patients who 1) were confirmed to have been prescribed 

a single hypnotic drug between Day −30 and Day −1; 
and 2) discontinued the preceding hypnotic drug when 
LEM was initially prescribed at Day 0. Second, patients 
who were prescribed LEM in addition to the existing hyp
notic drug were defined as the ‘add-on cohort.’ This cohort 
included patients who 1) were confirmed to have been 
prescribed a single hypnotic drug between Day −30 and 
Day −1, and 2) continued using that preceding hypnotic 
drug even after LEM prescription was initiated at Day 0. 
Third, as a reference, patients who were not prescribed any 
hypnotic drug other than LEM between Day −180 and Day 
0 were defined as the ‘naive cohort.’ In this study, the 
switching and add-on cohorts were defined only when the 
preceding hypnotic drug was a single drug; patients who 
used two or more concomitant hypnotics between Day −30 
and Day −1 were excluded.

2.3. Outcome

The primary endpoint was the proportion of patients who 
successfully switched to LEM at Day 180, defined as follows. 
The follow-up period was defined as the period from Day 0 to 
Day 180; if LEM was prescribed as monotherapy or no hypno
tic was prescribed during days Day 180–210, the case was 
defined as successful switching; otherwise, if any other hypno
tic drug was prescribed, either in place of or in addition to 
LEM, the case was defined as unsuccessful (failed) switching. If 
the prescription of LEM was discontinued before Day 180, that 
date of discontinuation was considered the final date of LEM 
prescription, and successful switching was determined to be 
on the final date of LEM prescription as an alternative to Day 
180. Continuation of LEM prescription was specified when no 
gap lasting more than 30 days was present (Supplementary 
materials 1).

Secondary endpoints were the success proportions of 
switching at Day 30 and Day 60, and prescription patterns of 
hypnotics during the follow-up period, including discontinua
tion/addition, dose, period, and potency.

2.4. Measurements

Collected background factors were age, sex, comorbidities 
(depression, schizophrenia spectrum disorders, hypertension, 
diabetes, chronic liver disease, asthma, obstructive sleep 
apnea syndrome, and Charlson Comorbidity Index [24]), pre
vious medical history (antidepressants, anxiolytics, antipsycho
tics, analgesics, antihypertensive drugs, antiepileptic drugs, 
and opioids), prescription history of hypnotics other than 
LEM, and prescription history of psychotropic drugs. The hyp
notic drug used between Day −30 and Day −1 in the switching 
cohort and the concomitant hypnotic drug used at Day 0 in 
the add-on cohort were collectively termed ‘the pre-index 
hypnotic.’ These pre-index hypnotics comprised 15 drugs: 10 
BZDs, 3 non-BZDs, ramelteon (MRA), and suvorexant (DORA) 
(Supplementary materials 2). Concomitant drugs other than 
hypnotics on Day 0, namely antihypertensive and psychotro
pic drugs and psychotropic drugs that affect insomnia, were 
separately investigated. Disease information was extracted 
based on the International Classification of Diseases, Tenth 
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Revision (ICD-10) codes, and drug information based on ATC 
codes.

We evaluated the prescription patterns of LEM and other 
hypnotics at Day 0 and during the follow-up period. Based on 
the prescription duration and dose of each dispensing, the 
total period of prescription without discontinuation, flunitra
zepam-equivalent daily dose, and potency for 30 days were 
calculated. Potency was defined as the value calculated by 
multiplying the flunitrazepam-equivalent dose and the num
ber of days for 30 days, divided by 30. To evaluate regular use, 
potency >0.8 was defined as regular, and potency ≤ 0.8 was 
defined as as-needed, respectively.

2.5. Statistical analysis

In this study, patients were classified into three cohorts 
according to the other hypnotic drug at Day 0 – a switching, 
add-on, and naive cohort – and statistical analysis was con
ducted for each cohort separately. Demographics, clinical 
characteristics, comorbidities, and concomitant drugs were 
described using summary statistics. The class of the pre- 
index hypnotic drug between Day −30 and Day −1 was also 
described. Continuous variables were described as means and 
standard deviations, and categorical variables were described 
as numbers and proportions. The prescription patterns of LEM 
including initial dose and total prescribed duration were also 
summarized. For the add-on cohort, the tapering period of 
dose reduction until LEM single use was described. The suc
cess proportion of switching at Day 180 was evaluated for 
each cohort. The patterns of success and failure to switching 

at Day 30, Day 90, and Day 180 were illustrated using Sankey 
diagram. Subgroup analysis was conducted for the four pre- 
index hypnotic categories (BZDs, non-BZDs, MRA, and DORA), 
hypnotic potency (regular and as-needed), psychotropic use, 
sex, and age groups. As the explanatory analysis, logistic 
regression was conducted to evaluate the relationship 
between the successful switching and background factors. 
Univariable analysis was first performed with one covariate, 
and multivariable analysis was subsequently performed with 
all variables whose confidence intervals did not include one in 
univariate analysis. R version 4.3.1 (R Foundation) was used for 
drawing Sankey diagram and SAS version 9.4 (SAS Institute 
Inc.) was used for all other analyses.

3. Results

3.1. Baseline characteristics

We identified 38,022 patients who met the inclusion criteria 
(Figure 1). The number in the switching, add-on, and naive 
cohorts was 4,861, 9,423, and 23,738, respectively. Table 1 
describes summary statistics for baseline and clinical charac
teristics. Mean ± SD of age was 41.8 ± 14.7, 43.8 ± 13.7, and 
40.6 ± 14.2 years, and the proportions of males were 48.4%, 
49.8%, and 51.0% for the switching cohort, add-on cohort, and 
naive cohorts, respectively. For the pre-index hypnotic drug, 
the proportion of BZDs was 23.0% in the switching cohort and 
35.1% in the add-on cohort, while that of non-BZDs was 36.3% 
in the switching cohort and 47.3% in the add-on cohort. 
Regarding prescription history of the hypnotic drug, the 

Figure 1. Flow diagram for the study cohorts of lemborexant initiators between 2019 and 2022 according to the other hypnotic drugs.
Abbreviation: LEM, lemborexant.
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proportion with ≥180 days was 57.6% in the switching cohort 
and 69.4% in the add-on cohort. The other baseline and 
clinical characteristics were well balanced across the cohorts. 
The description of baseline characteristics by subgroup with 
the hypnotic class is shown in Supplementary materials 3. The 
overall trend was not different from those of the overall 
cohort.

3.2. Prescription patterns of LEM

Table 2 describes the prescription pattern of LEM. The mean ± SD 
of the initial dose of LEM were 4.74 ± 1.45, 4.60 ± 1.36, and 4.43 ±  
1.21 for the switching cohort, add-on, cohort, and naive cohort, 
respectively. The usual starting dose of LEM in the package insert 
is 5 mg, but the initial LEM dose was mainly less than 5 mg for all 

Table 1. Baseline and clinical characteristics.

　 　
Switching cohort 

N = 4861
Add-on cohort 

N = 9423
Naive cohort 

N = 23,738

Age (years), mean (SD) 41.8 14.7 43.8 13.7 40.6 14.2
Age group, n (%) ≤19 years 316 6.5% 352 3.7% 1393 5.9%

20–29 years 857 17.6% 1308 13.9% 4774 20.1%
30–39 years 877 18.0% 1720 18.3% 4749 20.0%

　 40–49 years 1045 21.5% 2327 24.7% 5284 22.3%
　 50–59 years 1182 24.3% 2504 26.6% 5219 22.0%
　 ≥60 years 520 10.7% 1039 11.0% 1983 8.4%
Male, n (%) 2352 48.4% 4695 49.8% 12118 51.0%
Comorbidities, n (%)† Depression 3176 65.3% 5945 63.1% 12287 51.8%

Schizophrenia spectrum disorders 1014 20.9% 2005 21.3% 2409 10.1%
　 Hypertension 927 19.1% 1887 20.0% 3884 16.4%
　 Diabetes 565 11.6% 1194 12.7% 2354 9.9%
　 Chronic liver disease 555 11.4% 1155 12.3% 2154 9.1%
　 Asthma 540 11.1% 1023 10.9% 2015 8.5%
　 Obstructive sleep apnea syndrome 5 0.1% 19 0.2% 56 0.2%
　 Charlson Comorbidity Index
　 0 3644 75.4% 7098 75.3% 19135 80.6%

1–2 944 19.4% 1792 19.0% 3784 15.9%
≥3 253 5.2% 533 5.7% 819 3.5%

Medication use, n (%)‡ Antidepressants 2151 44.2% 4010 42.5% 7945 33.4%
Anxiolytics 1386 28.5% 3121 33.1% 6355 26.7%
Antipsychotics 1411 29.0% 2602 27.6% 4579 19.2%
Analgesics 1176 24.2% 2272 24.1% 4854 20.4%
Antihypertensive drugs 809 16.6% 1618 17.2% 3400 14.3%
Antiepileptic drugs 586 12.1% 1152 12.2% 1519 6.4%
Opioids 174 3.6% 292 3.1% 607 2.6%

Pre-index hypnotic use, n (%)
Prescription period† 0–<30 days 931 19.2% 1721 18.2% – –

30–<180 days 1131 23.2% 1166 12.4% – –
≥180 days 2799 57.6% 6536 69.4% – –

Pre-index hypnotic class‡ BZD 1116 23.0% 3312 35.1% – –
Non-BZD 1765 36.3% 4455 47.3% – –
MRA 511 10.5% 890 9.4% – –
DORA 1469 30.2% 766 8.1% – –

Abbreviation: BZD, Benzodiazepines; DORA; Dual orexin receptor antagonists; Non-BZD, Non-benzodiazepines; MRA, Melatonin receptor agonists; SD, standard 
deviation. 

†Measured for 180 days before the index date (Days [−180, −1]). 
‡Measured for 30 days before the index date (Days [−30, −1]). 

Table 2. Prescription pattern of lemborexant (LEM).

Switching cohort Add-on cohort Naive cohort
N = 4861 N = 9423 N = 23,738

Initial dose (mg/day), mean (SD) 4.74 (1.45) 4.60 (1.36) 4.43 (1.21)
Initial dose pattern, n (%)

≤2.5 mg 907 18.7% 2019 21.4% 5862 24.7%
2.5 mg<-5 mg 3757 77.3% 7148 75.9% 17636 74.3%
5 mg<-10 mg 197 4.1% 256 2.7% 240 1.0%

Number of prescribed days of LEM (days), median [IQR] 64 [21, 180] 57 [15, 180] 29 [15, 87]
Number of patients who continued prescription of LEM, n (%)

at Day 30 3247 66.8% 5991 63.6% 11343 47.8%
at Day 90 2134 43.9% 3927 41.7% 5839 24.6%
at Day 180 1545 31.8% 2843 30.2% 3522 14.8%

Pre-index hypnotic use between Day −30 and Day −1
Potency, mean (SD) † 0.56 (0.39) 0.67 (0.61) – –
Regular use with potency, n (%)‡ 1350 27.8% 3969 42.1% – –
As-needed use with potency, n (%)‡ 3511 72.2% 5454 57.9% – –

Abbreviations: IQR, interquartile range; LEM, lemborexant; SD, standard deviation. 
†Potency was defined as a value calculated by multiplying the flunitrazepam-equivalent dose and number of days for 30 days divided by 30. 
‡Regular use was defined by potency > 0.8, and as-needed use was defined by potency ≤ 0.8. 
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cohorts. The initial LEM dose in the naive cohort was lower than in 
the other two cohorts, and the initial LEM dose in the switching 
and add-on cohorts showed a similar tendency. The median 
number of prescribed days was 29 days in the naive cohort, 
which was also lower than the 64 days in the switching cohort 
and 57 days in the add-on cohort. Although there were no marked 
differences in the LEM prescription pattern between the switching 
and add-on cohort, there was a different trend in the potency and 
class of pre-index hypnotics: potency and the proportion of reg
ular use of pre-index hypnotics showed relatively higher values in 
the add-on cohort (42.1%) than in the switching cohort (27.8%).

3.3. Proportion of successful switching during the 
follow-up period

Table 3 shows the proportion of successful switching to LEM 
stratified by the three cohorts. For the switching cohort, the suc
cess proportion at Day 180 was 70.1%, broken down into no 
hypnotic and LEM monotherapy treatment proportions of 41.9% 
and 28.2%, respectively. For the add-on cohort, the success pro
portion at Day 180 was 38.6%, broken down into no hypnotic and 

LEM monotherapy treatment proportions of 26.6% and 12.0%, 
respectively. The success proportion at Day 180 for the naive 
cohort was 86.6%. To summarize the results, the proportion of 
successful switching in the switching cohort was slightly lower, 
and that in the add-on cohort was considerably lower than in the 
naive cohort. Approximately two-thirds of successfully switching 
patients had discontinued both LEM and other hypnotics at 
Day 180.

Table 4 shows a subgroup analysis of the success proportions 
at Day 180. In the add-on cohort, the success proportions with the 
previously prescribed duration of hypnotics of <30 days, 30-<180  
days, and ≥180 days were 61.4%, 44.9%, and 31.4%, respectively. 
Additionally, the success proportions in patients with pre- 
prescribed BZDs and non-BZDs were 31.5% and 37.6%, while 
proportions in those with MRA and DORA were 50.1% and 
61.0%, or in other words relatively higher than those with BZDs 
or non-BZDs. Regarding the subgroups by potency of prescribed 
hypnotics before Day 0, the success proportion of regular use was 
25.8%, and that of as-needed use was 47.8%. These results in the 
add-on cohort showed that the proportion of successful switching 
was lower in patients with long-term hypnotic use, higher 
potency, or prescription of BZDs or non-BZDs. Although success 

Table 3. Analytical results for the proportion of successful switching at day 180.

　
Switching cohort　 

N = 4861
Add-on cohort 

N = 9423
Naive cohort 

N = 23,738

Evaluation of switching at follow-up period n % n % n %

Success of switching to LEM 3407 70.1% 3633 38.6% 20555 86.6%
No prescription of LEM or other hypnotics 2035 41.9% 2505 26.6% 17424 73.4%
Prescription of LEM alone 1372 28.2% 1128 12.0% 3131 13.2%
Failure of switching to LEM 1454 29.9% 5790 61.4% 3183 13.4%

Abbreviations: LEM, lemborexant. 

Table 4. Subgroup analysis: results for the proportion of successful switching at day 180.

　 　 Switching cohort Add-on cohort Naive cohort

Total
Successful switched 

patients Total
Successful switched 

patients Total
Successful switched 

patients

　 N n % N n % N n %

Age ≦ 19 years 316 252 79.7% 352 171 48.6% 1393 1199 86.1%
　 20-29 years 857 608 70.9% 1308 613 46.9% 4774 4048 84.8%
　 30-39 years 877 629 71.7% 1720 676 39.3% 4749 4032 84.9%
　 40-49 years 1045 725 69.4% 2327 857 36.8% 5284 4581 86.7%
　 

　
50-59 years 1182 794 67.2% 2504 853 34.1% 5219 4597 88.1%
≥60 years 520 357 68.7% 1039 408 39.3% 1983 1791 90.3%

Sex Male 2352 1664 70.7% 4695 1843 39.3% 12118 10488 86.5%
　 Female 2509 1743 69.5% 4728 1790 37.9% 11620 10067 86.6%
Prescription duration of hypnotics prior to index date † 0-<30 days 931 701 75.3% 1721 1056 61.4%

30-<180 days 1131 803 71.0% 1166 523 44.9%
≥180 days 2799 1903 68.0% 6536 2054 31.4%

Pre-index hypnotics ‡ BZD 1116 708 63.4% 3312 1043 31.5%
Non-BZD 1765 1156 65.5% 4455 1677 37.6%
MRA 511 404 79.1% 890 446 50.1%

　 DORA 1469 1139 77.5% 766 467 61.0%
Potency of pre-index hypnotics ‡, § Regular use 1350 876 64.9% 3969 1024 25.8%

As needed use 3511 2531 72.1% 5454 2609 47.8%
Pre-index antipsychotics ‡ Prescribed 1411 979 69.4% 2602 886 34.1% 4579 3892 85.0%

None 3450 2428 70.4% 6821 2747 40.3% 19159 16663 87.0%
Pre-index antidepressants ‡ Prescribed 2151 1442 67.0% 4010 1379 34.4% 7945 6656 83.8%

None 2710 1965 72.5% 5413 2254 41.6% 15793 13899 88.0%
Pre-index anxiolytics ‡ Prescribed 1386 928 67.0% 3121 1114 35.7% 6355 5376 84.6%

None 3475 2479 71.3% 6302 2519 40.0% 17383 15179 87.3%

Abbreviation: BZD, Benzodiazepines; DORA; Dual orexin receptor antagonists; Non-BZD, Non-benzodiazepines; MRA, Melatonin receptor agonists. 
†Measured for 180 days before the index date (Days [−180, −1]). 
‡Measured for 30 days before the index date (Days [−30, −1]). 
§Potency was defined as the value calculated by multiplying the flunitrazepam-equivalent dose and number of days for 30 days, divided by 30. 
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proportion was higher in the switching cohort than in the add-on 
cohort, tendencies among subgroups were similar in the two 
cohorts. The naive group had greater than 80% success propor
tions in all subgroups.

The results of logistic regression analysis show the associa
tion between background factors and success proportion, with 
odds ratios (ORs) greater than one indicating greater switch
ing success, and the opposite for ORs less than one 
(Supplementary materials 4). Similar to the results from the 
subgroup analysis in Table 4, ORs were lower with a hypnotic 

history of ≥180 days, pre-prescribed with benzodiazepine or 
non-benzodiazepine, and higher potency with regular use.

The Sankey diagram shows a shift in prescribing patterns 
for Day 30, Day 90, and Day 180. In the switching cohort, 
17.5% of patients had discontinued and 57.2% had switched 
to LEM monotherapy at Day 30. About half of those with LEM 
monotherapy at Day 30 moved to no hypnotics by Day 180, 
suggesting that a certain number of patients go through LEM 
monotherapy before moving to hypnotic discontinuation 
(Figure 2(a)). In the add-on cohort, sum of the success 

Figure 2. Sankey diagram for switching patterns of lemborexant and other hypnotics after lemborexant initiation. a) Switching cohort, b) Add-on cohort, c) Naive 
cohort.
Abbreviations: LEM, lemborexant
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proportions at Day 30 was 27.3%, and increased to 38.6% on 
Day 180. These success proportions were lower than those of 
the switching cohort at all time points (Figure 2(b)). In the 
naive cohort, 88.1% of patients had switched to LEM mono
therapy (43.5%) or no hypnotic (44.6%) at Day 30, and more 
than half of those with LEM monotherapy at Day 30 moved to 
no hypnotics by Day 180, as also seen in the switching cohort 
(Figure 2(c)).

3.4. Distribution of baseline and clinical factors between 
the failure group and the success group in the add-on 
cohort

Table 5 shows the distribution of baseline and clinical factors 
between the failure group and success group in the add-on 
cohort. The mean tapering period in the success group was 
46.1 days. Although the mean ± SD (flunitrazepam-equivalent 
dose mg/day) of the total dose per day of hypnotics (including 
LEM) decreased from 1.37 ± 0.45 to 0.55 ± 0.24 in the success 
group, it remained unchanged from 1.51 ± 0.53 to 1.43 ± 0.68 
in the failure group. In the failure group, the pre-index hypno
tic dose was initially high, and no decrease was observed on 
Day 0 (mean: 1.01) or Day 180 (mean: 1.04). LEM dose 
increased slightly from Day 0 (mean: 0.50) to Day 180 (mean: 
0.59). In contrast, in the success group, LEM dose remained 
unchanged, but the use of pre-index hypnotics was discon
tinued, following which all hypnotic doses decreased. This 
indicates that tapering of the dose of other hypnotics was 
not shown in the failure group. The proportion of prescrip
tions for psychotropics (antipsychotics, antidepressants, 

anxiolytics) was higher in the failure group than in the success 
group at both Day 0 and Day 180, and prescription history 
tended to be longer. In the success group, the proportion of 
as-needed use was higher than in the failure group (71.8% and 
49.1%, respectively). Consistent with this, the proportion of 
prescription duration of hypnotics before Day 0 with less 
than 30 days was higher than in the failure group (29.1% 
and 11.5%, respectively).

4. Discussion

This study is the first to investigate the actual state of switch
ing to and add-on of LEM using a large-scale nationwide 
claims database. Among patients who were prescribed 
a single hypnotic drug and prescribed LEM initially, 34% ( =  
4861/14284) of patients stopped taking the existing hypnotic 
drug when starting LEM (switching cohort), while 66% ( =  
9423/14284) of patients added LEM in combination of the 
existing hypnotic drug (add-on cohort). In both cohorts, the 
most common hypnotic drugs prescribed before the start of 
LEM were non-BZDs and BZDs. For the follow-up period of 6 
months after starting LEM, 70.1% of patients in the switching 
cohort had successfully switched, as had 38.6% of patients in 
the add-on cohort. Furthermore, in the add-on cohort, the 
potency of the previously prescribed hypnotic drug before 
the start of LEM in the failure group was higher than in the 
success group; moreover, dose of the other hypnotics did not 
decrease for 6 months after the start of LEM in the failure 
group.

Table 5. Distributions of baseline and clinical factors between the failure group and success group in add-on cohort patients.

Success group Failure group
N = 3633 N = 5790

Clinical factors N mean SD N mean SD

Tapering period of hypnotics (days), mean (SD) 3633 46.1 54.3 – – –
Total duration of LEM prescription (days), mean (SD) 3633 144.7 150.4 5790 128.1 160.2
Flunitrazepam-equivalent dose per day†, mean (SD)
Overall hypnotics (LEM + the other hypnotics) at Day 0 3633 1.37 0.45 5790 1.51 0.53

at Day180‡ 1000 0.55 0.24 1592 1.43 0.68
Other hypnotics at Day 0 3633 0.87 0.38 5790 1.01 0.48

at Day180‡ 0 – – 1326 1.04 0.53
LEM at Day 0 3633 0.50 0.19 5790 0.50 0.20

at Day180‡ 1000 0.55 0.24 1517 0.59 0.26

N n % N n %

Prescription of antipsychotics, n (%) at Day 0 3633 1341 36.9% 5790 1716 29.6%
at Day180‡ 1123 298 26.5% 1715 683 39.8%

Prescription of antidepressants, n (%) at Day0 3633 1379 37.9% 5790 2631 45.4%
at Day180‡ 1123 527 46.9% 1715 897 52.3%

Prescription of anxiolytics, n (%) at Day0 3633 1114 30.3% 5790 2007 34.6%
at Day180‡ 1123 293 26.0% 1715 567 33.0%

Class of the hypnotic drug at pre-index period, n (%) BZD 3633 1043 28.7% 5790 2269 39.2%
Non-BZD 3633 1677 46.2% 5790 2778 48.0%
MRA 3633 446 12.3% 5790 444 7.7%
DORA 3633 467 12.9% 5790 299 5.2%

Potency of the hypnotic drug at pre-index period, n (%) As-needed use 3633 2609 71.8% 5790 2845 49.1%
Regular use 3633 1024 28.2% 5790 2945 50.9%

Prescription duration of hypnotics prior to Day 0, n (%) 0-<30 days 3633 1056 29.1% 5790 665 11.5%
30-<180 days 3633 523 14.4% 5790 643 11.1%
≥180 days 3633 2054 56.5% 5790 4482 77.4%

Abbreviation: BZD, Benzodiazepines; DORA; Dual orexin receptor antagonists; LEM, lemborexant; Non-BZD, Non-benzodiazepines; MRA, Melatonin receptor agonists; 
SD, standard deviation. 

†Daily doses of all hypnotics were transformed by flunitrazepam-equivalent conversion. 
‡Patients without a prescription for any hypnotic, including LEM, on Day 180 were excluded from this row (at Day 180). 
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Successful switching was evaluated as LEM alone or no 
hypnotic at 6 months after starting LEM separately. In the 
switching cohort, the overall success proportion was 70.1%, 
of which 28.2% continued LEM alone and 41.9% discontinued 
all hypnotics (Table 3). The success proportion of the switch
ing cohort was relatively close to that of the naive cohort. This 
result indicates that the therapeutic strategy based on starting 
LEM while discontinuing the existing hypnotic is being used 
clinically to attempt to induce discontinuation of all hypno
tics [4,25].

In contrast, the success proportion in the add-on cohort 
was low, at 38.6% (Table 3). Table 1 shows a tendency for 
more patients in the add-on cohort than in the switching 
cohort to have a long history of prescription of hypnotics, to 
use BZDs or non-BZDs, and to experience a high potency of 
hypnotics. Furthermore, Table 4 shows that the success pro
portion tended to be low in patients having a long history of 
hypnotics, use of BZDs or non-BZDs, and high potency. The 
previous research showed that patients treated continuously 
for less than 8 months with sedative-benzodiazepines had an 
incidence of withdrawal of 5%, whereas 43% of patients trea
ted for 8 months or more demonstrated clear withdrawal 
reactions [26]. The findings in our study are consistent with 
previous reports that BZDs and non-BZDs are highly addictive 
and that it is difficult to switch to other treatments or to 
reduce or stop taking them [26,27]. The higher proportion of 
BZDs and non-BZDs may suggest that the higher baseline 
severity of insomnia in the add-on cohort has prevented the 
transition to LEM monotherapy and discontinuation of hypno
tics. Since long-term BZD or non-BZD prescription is a safety 
concern [26–29], a treatment strategy to switch to LEM earlier 
may be considered in discussion with the patient during 
insomnia treatment.

Subgroup analysis of clinical and baseline factors between 
the success and failure groups in the add-on cohort (Table 5) 
showed that the tapering of pre-index hypnotics was not 
achieved in the failure group. This may have been related to 
the failure of tapering or discontinuing the hypnotics. Previous 
studies reported that patients prescribed higher doses of BZDs 
or longer administration of BZDs before switching to LEM 
tended to fail tapering or discontinuation of BZDs [16,18], 
and similar trends were confirmed in our present study.

According to expert consensus on insomnia treatment in 
Japan, if the effect of BZDs is insufficient with drug therapy, 
the recommended order is switching to LEM, combination 
therapy with LEM, switching to suvorexant, and combination 
therapy with suvorexant [4]. One previous study reported that 
scores on the Athens Insomnia Scale improved significantly in 
patients who switched from BZDs to LEM [17], suggesting an 
improvement in insomnia severity. This may be the reason 
why the switching cohort in our present study showed 
a high switching success proportion. Furthermore, that study 
also found that patients who switched to LEM had a shorter 
duration of insomnia, a lower BZD dose, and a shorter treat
ment period than those who continued BZDs [16]. Therefore, it 
is possible that patients with severe insomnia and related 
comorbidities may be more likely to change their hypnotic 
treatment pattern by adding LEM to treated hypnotics rather 
than discontinuing hypnotics for switching to LEM.

In the switching cohort, the proportion of switching from 
the DORA (suvorexant) was 30.2%, which was higher than in 
the add-on group (8.1%) (Table 1). The results of a network 
meta-analysis also revealed that LEM showed improvement in 
subjective time to sleep onset (sTSO), subjective total sleep 
time (sTST) and subjective wake after sleep onset (sWASO) 
compared to suvorexant [30,31]. The reason for this high 
proportion is that switching between DORAs is highly safe 
with few side effects [32]. Furthermore, it has been reported 
that sleep onset difficulties were significantly improved when 
switching from suvorexant to LEM [32]. These results suggest 
that patients switched to LEM with the hope of improving 
sleep onset problems and insomnia severity.

Table 3 shows that the naive cohort set up as a control had 
86.6% of patients on LEM alone or without any hypnotic at 
Day 180. Figure 2 shows the prescription pattern on Day 30, 
Day 90, and Day 180. The proportion of LEM monotherapy 
prescriptions in the naive cohort at Day 30 was 43.5%, versus 
57.2% in the switching cohort and a low 17.3% in the add-on 
cohort. In addition, the proportion of patients who discontin
ued all hypnotics (including LEM) in the naive cohort at Day 30 
was 44.6%, versus 17.5% in the switching cohort and 10.0% in 
the add-on cohort. These results are similar to a previous 
report which showed that approximately 60% of patients 
who were prescribed hypnotics for the first time discontinued 
the prescription after only 1 month [33]. One explanation for 
the high proportion of discontinuation of all hypnotics in the 
naive cohort was that there were fewer patients with comor
bidities, and many patients did not receive insomnia treat
ment for a long period.

Several limitations of our study warrant mention. First, we 
defined the discontinuation of LEM as no prescription for 31  
days or more after the end date of the previous prescription. 
Accordingly, successful switching in this study did not con
sider recurrent insomnia within 31 days after the end of the 
LEM prescription period. However, it is not possible to deter
mine from the claims database whether the patient’s insomnia 
had remitted after discontinuation of the LEM and the severity 
of insomnia at baseline is also unknown, so verification 
through future research is required. Second, this study con
sidered switching to another hypnotic drug at Day 180 or at 
the end of the LEM prescription period. In actual clinical 
practice, however, switching from LEM to psychotropics 
other than hypnotics may be considered, and this possibility 
was not considered in this study. Third, the previous study has 
reported an increase in prevalence of insomnia from the age 
of 50 years and above [3] and these patients were included in 
the present study. However, elderly patients aged ≥65 years, 
who account for a large proportion of prevalent patients with 
insomnia, were not included in this study. Therefore, the 
actual status of switching pattern of hypnotics in the elderly 
patients is a future issue. Fourth, the add-on cohort in this 
study was defined as patients in whom the prescription period 
of the pretreatment hypnotic overlapped with Day 0. When 
switching from a pretreatment hypnotic to LEM, it is also 
possible that the pretreatment drug may be discontinued 
after a short period of concomitant use, but this study did 
not consider these conditions. However, it is possible that 
there were many patients in the success group who 
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completed the previous treatment within a short period of 
time. Fifth, in the add-on cohort, some patients may have 
originally had difficult-to-treat refractory cases of insomnia. 
These patients might not have had the opportunity to switch. 
Further research that takes account of patient characteristics is 
necessary to solve this question. Sixth, our research does not 
consider over-the-counter drugs or medical expenses not cov
ered by insurance. However, the effectiveness of these drugs 
might be considered mild, and we consider that they likely 
had no significant impact on the results of the present study. 
Lastly, analysis of prescription patterns coincided with the 
Coronavirus disease 2019 (COVID-19) pandemic period. The 
impact of hypnotic treatment during the COVID-19 pandemic 
period has been inconsistent, with some reporting an increase 
in sleep disorders [34] and others a possible decrease in out
patient visits. Therefore, it may be necessary to evaluate the 
generalizability of the present study with data from the post- 
COVID-19 pandemic period.

5. Conclusion

This study investigated the treatment patterns of switching from 
other hypnotics to LEM using a large-scale claims database. In the 
switching cohort, 70.1% of patients had successfully switched at 6 
months after LEM initiation, close to 86.6% in the naive cohort, 
while 38.6% switched successfully in the add-on cohort. The success 
proportion tended to be lower in patients who had a long history of 
treatment with hypnotics, had a high prescription dose of hypno
tics, or were using BZDs or non-BZDs. The lower success proportion 
in the add-on cohort might be related to clinically more severe 
insomnia or a concomitant prescription of BZDs or non-BZDs, from 
which discontinuation may be challenging. Since long-term BZD or 
non-BZD prescription is a safety concern, a treatment strategy to 
switch to LEM earlier may be considered in discussion with the 
patient during insomnia treatment. Further research that takes 
account of patient characteristics is also necessary.
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