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Background: Systematic comparisons of the doses of the Food and Drug Administration (FDA)-approved dual orexin receptor antagonists (DORAs) for people with insomnia are limited.
Methods: PubMed, Embase, Cochrane Library, and Clinicaltrials. gov were systematically searched to identify relevant studies published before 31 October 2022. We assessed the certainty of evidence using the confidence in network meta-analysis (CINeMA) framework.
Results: We pooled 7257 participants from 9 randomized controlled trials (RCTs). Moderate to high certainty evidence demonstrated suvorexant (20 and 40 mg) and daridorexant (10 and 50 mg) as the most effective in latency to persistent sleep (LPS) reduction. Lemborexant at 5 and 10 mg was the most effective in subjective sleep onset time (sTSO) reduction. For wake time after sleep onset (WASO), all drugs except daridorexant 5 mg were more effective than placebo. Lemborexant 5 mg was among the best in subjective WASO (sWASO) (moderate to high certainty) and had the highest surface under the curve ranking area (SUCRA) values for sWASO (100%). For total sleep time (TST), suvorexant and daridorexant, except the respective minimum doses, were more effective than placebo, while suvorexant 40 mg and lemborexant 10 mg may have been the most effective for subjective TST (sTST) (low to very low certainty). Suvorexant 40 mg (RR 1.09), suvorexant 80 mg (RR 1.65), and daridorexant 25 mg (RR 1.16) showed a higher safety risk than placebo.
Conclusion: Suvorexant 20 mg, lemborexant 5 mg, lemborexant 10 mg, and daridorexant 50 mg represent suitable approaches for insomnia.
Clinical Trial Registration: clinicaltrials.gov, PROSPERO (CRD42022362655).
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1 INTRODUCTION
Insomnia is a common psychological and physiological disease. It is defined as an impairment of sleep continuity associated with difficulty in initiating sleep, having more frequent awakenings during sleep, or waking up earlier than intended (Sutton, 2021; Perlis et al., 2022). According to various criteria, the prevalence of insomnia ranges from 3.9% to 23.6% (Roth et al., 2011), and in primary care patients, the rate can reach 50% (Perlis et al., 2021). The most significant risk factor for insomnia is age, with up to 50% of older people complaining about difficulty initiating or maintaining sleep (Foley et al., 2004; Crowley, 2011). Insomnia disorder is a considerable risk factor for gastroesophageal reflux disease, cardiovascular disease, type 2 diabetes, hypertension, anxiety, and depression (Barbar et al., 2000; Javaheri and Redline, 2017; Bollu and Kaur, 2019). In addition, inadequate sleep is associated with increased mortality among elderly adults (Crowley, 2011). Insomnia is a major public issue and imposes a significant economic burden on the healthcare system (Morin and Jarrin, 2022).
According to the American College of Physicians (ACP) recommendation, insomnia can be treated with pharmacologic therapy, nonpharmacologic therapy, or a combination of both (Qaseem et al., 2016). Nonpharmacologic therapy consists of cognitive behavioral therapy for insomnia (CBT-I), multicomponent behavioral therapy, brief behavioral therapy (BBT), and interventions such as relaxation strategies, sleep restriction, and stimulus control (Qaseem et al., 2016). Current insomnia pharmacologic therapy can be classified as gamma-aminobutyric acid (GABA) modulators (including benzodiazepines and benzodiazepine receptor agonists), melatonin agonists, sedative antidepressants, and orexin receptor antagonists (ORAs) (Bollu and Kaur, 2019; Perlis et al., 2022). The orexin signaling system includes orexin A and B, as well as its G-protein-coupled receptors (GPCRs), orexin receptor 1 (OX1R), and orexin receptor 2 (OX2R) (Yin et al., 2015). The combination of orexins and their corresponding receptors can regulate sleep; therefore, inhibiting orexin receptors is an essential therapy for insomnia (Yin et al., 2015). Dual orexin receptor antagonists (DORAs) inhibit the wakefulness driven by the orexin system and promote sleep through a competitive inhibitory effect with OX1R and OX2R (Sun et al., 2021).
Currently, six DORAs have been included in clinical trials for insomnia: suvorexant (MK-4305), lemborexant (E2006), daridorexant (ACT-541468), almorexant (ACT-078573), filorexant (MK-6096), and TS-142. Suvorexant, lemborexant, and daridorexant have been approved by the Food and Drug Administration (FDA) for the treatment of primary insomnia (Yang, 2014; Scott, 2020; Markham, 2022). Due to safety issues, the clinical development of almorexant was suspended in 2011, and the drug is now mainly used in animal studies (Roecker et al., 2016; Wu et al., 2022). Although filorexant had some positive effects in the treatment of insomnia, only one randomized controlled trial (RCT) was published in recent years (Wu et al., 2022). TS-142 is a new DORA, with only one Phase 2 trial with a small sample size (Uchiyama et al., 2022). Although our previous studies have compared the safety and efficacy of DORAs in the treatment of insomnia (Xue et al., 2022), evidence about the dosage of DORAs is limited to date (Perlis et al., 2022). We included both approved and non-approved doses since some unconventional doses in clinical treatment may be used in patients who do not respond to conventional doses. Therefore, the purpose of our study is to provide additional evidence for the clinical treatment of these patients. We pooled data from previous RCTs and conducted a systematic review and network meta-analysis (NMA) to investigate the efficacy and safety of different doses of FDA-approved DORAs for the treatment of primary insomnia.
2 METHODS
2.1 Study protocol
We initially drafted a research protocol according to the Cochrane collaboration format before the project started (Liberati et al., 2009). The protocol for this systematic review was prospectively registered in PROSPERO (CRD42022362655).
2.2 Eligibility criteria
The inclusion criteria were set as follows: 1) study type: RCT; 2) language restriction: only in English; 3) participants: adult patients diagnosed with primary insomnia according to the Diagnostic and Statistical Manual of Mental Disorders, IVth edition, text revision (DSM-IV-TR) or Diagnostic and Statistical Manual of Mental Disorders, Vth edition (DSM-V) criteria; 4) intervention: FDA-approved DORAs including suvorexant, lemborexant and daridorexant; 5) control: placebo; and 6) outcomes: outcomes including in this meta-analysis were objective and subjective sleep maintenance and onset outcomes, patients-evaluated outcomes, adverse effects (AEs), and serious adverse effects (SAEs). Objective sleep related outcomes were measured by polysomnography (PSG), which included latency to persistent sleep (LPS), wake time after sleep onset (WASO), and total sleep time (TST). Subjective sleep related outcomes were measured by patient-reported electronic morning sleep diaries, which included subjective time to sleep onset (sTSO), subjective WASO (sWASO) and subjective TST (sTST). The patients-evaluated outcome was the insomnia severity index (ISI) score, which is a reliable and valid instrument to quantify perceived insomnia severity, with a higher score representing a more serious degree of insomnia (Bastien et al., 2001). The included RCTs were not required to supply all the outcomes mentioned above.
The exclusion criteria were set as follows: 1) study type: retrospective and cohort studies, reviews, conferences, protocols and case reports; 2) participants: insomnia patients with specific physical and psychiatric comorbidities such as Alzheimer’s disease, trauma-related insomnia and major depressive disorder; 3) intervention: DORAs not approved by the FDA, such as almorexant, filorexant, TS-142 and selective orexin receptor antagonists (SORAs), such as seltorexant (JNJ-42847922); and 4) control: active control.
2.3 Search strategy
To find pertinent papers published until 31 October 2022, two independent researchers (TX and XW) conducted a thorough search of PubMed, Embase, the Cochrane Library, and Clinicaltrials.gov. The electronic Supplementary Material S1 contains a complete description of the search approach (Supplementary Table S1). To guarantee a more thorough search, the reference lists of RCTs, pertinent systematic reviews, and meta-analyses were also independently and manually examined.
2.4 Study selection and data collection
Two authors (TX and XW) independently reviewed all records searched from the electronic database, including the reference lists of RCTs and relevant systematic reviews or meta-analyses, based on the eligibility criteria described above. Duplicates and research articles with only abstracts were eliminated. Disagreements between the two writers were resolved by discussion or, if necessary, by a third author (JXL) who was not involved in data gathering. We thoroughly examined and vetted the papers included in the full-text screening according to the inclusion and exclusion criteria established above. The articles excluded in the full-text screening stage are shown in Supplementary Table S2. Following selection and evaluation, the following information was retrieved from the included RCTs: basic information, specific outcome events for each RCT, inclusion and exclusion criteria, and study design. The online Supplemental Material S1 display all efficacy and safety outcomes (Supplementary Table S3).
2.5 Risk of bias and quality of evidence
Review Manager 5.3 was used to assess a risk of bias plot. The risk of bias for RCTs was evaluated using the standard Cochrane collaboration criteria (Higgins et al., 2011), which took into account selection bias, performance bias, detection bias, attrition bias, reporting bias, and other potential biases. Each bias criterion was assigned one of three levels: "low," "high," or "unclear." TX and XW conducted the evaluation individually. An independent third author was consulted to resolve disagreements (JXL). We also checked for publication bias by determining whether the funnel plots were symmetric.
Using the guidelines provided by the Grading of Recommendations, Assessment, Development, and Evaluation (i.e., "GRADE") Working Group, the degree of certainty of both direct and indirect evidence of NMAs was evaluated using the Confidence in Network Meta-Analysis framework (CINeMA) (Atkins et al., 2004; Nikolakopoulou et al., 2020). TX and XW independently rated the overall quality of evidence as high, moderate, low, or very low based on an assessment of the overall risk of bias (randomization, blinding, allocation concealment, selective reporting), imprecision (95% confidence interval and sample size), inconsistency and indirectness (study population), and risk of publication bias (funding sources). Assist from a third author also helped to settle disagreements (JXL).
2.6 Summary measures and synthesis of results
NMA was performed by using the “gemtc” package in R 3.5.2 software within a Bayesian framework. The Markov chain Monte Carlo methods involved four chains with overdispersed initial values and Gibbs sampling based on 50,000 iterations after a burn-in phase of 20,000 iterations. The convergence of the model was evaluated by the track and density plot and the Brooks-Gelman-Rubin diagnosis plot. Fluctuation could not be recognized; the density graph was normally distributed and all potential scale reduction factor values of the various parameters that were restricted to 1 indicate an excellent convergence. We employed the best-matched model according to the deviance information criteria (DIC), which reflected the goodness-of-fit of the network results. Specifically, we chose the model with a smaller DIC between the fixed-effect model and the random-effect model, which means that it could better fit the results of the network model (Supplementary Table S4). We estimated the summary mean differences (MDs) for continuous outcomes and risk ratio (RR) for dichotomous outcomes with their 95% credible intervals (CrIs) (CrI for the Bayesian framework and confidence interval [CI] for the frequentist setting). To rank the performance of different dosages of FDA-approved DORAs and placebo in each efficacy and safety outcome, we created the surface under the curve ranking area (SUCRA). A higher SUCRA rating suggested that the intervention had performed better. Each intervention was ranked, and the ranking probabilities were computed as cumulative probabilities. We presented the findings from the NMA using league tables and Vitruvian plots. Vitruvian plots use radial bar visualization tools that synthesize the results of multiple outcomes.
We evaluated the transitivity assumption by comparing the distribution of key study characteristics across studies grouped by comparison. As NMA is based on the consistency between direct and indirect evidence, we assessed global inconsistency by comparing the DIC of the employed consistent model (fixed/random-effect model) with the corresponding inconsistent model (unrelated means model), and a difference in DIC less than 11 indicated good global consistency (Spiegelhalter et al., 2002). In addition, we used the node-splitting model to assess the differences between direct and indirect comparisons to determine the local consistency of the networks (Dias et al., 2010).
We assessed the characteristics of the included studies and discovered significant differences in their duration of follow-up, age of the participants, and study design. The time of follow-up for included studies ranged from 2 days to 12 months, with four studies with a follow-up period greater than or equal to 3 months and five studies with a follow-up period less than or equal to 1 month. The majority of the studies included participants over the age of 18, and some only included elderly individuals. The study designs included crossover RCTs and parallel-group RCTs, and only two of the nine studies were crossover RCTs. Thus, we evaluated the possible heterogeneity of treatment effects and the robustness of our findings with subgroup network meta-analyses using time of follow-up (≤1 month and ≥3 months), study design (parallel-group trials), and age (elderly individuals [≥55 for females and ≥65 for males]) as covariates. We performed sensitivity analyses including only trials at an overall low risk of bias and compared these results with the primary analysis.
The GRADE approach was also used to determine the magnitude of efficacy and safety based on the minimally contextualized framework (Brignardello-Petersen et al., 2020). For details, please see the Supplementary Materials S1.
3 RESULTS
There were 800 titles and abstracts altogether from PubMed, Embase, Cochrane Library, and Clinicaltrials.gov. Following a short examination, 652 articles were eliminated due to duplication and/or relevance, and 148 full-text articles had their eligibility evaluated. Due to participants or publication kinds that were not eligible, 139 of them, including the following articles, were excluded: 82 conference abstracts, 26 post hoc analyses, nine protocols, seven reviews, five unfinished RCTs, four meta-analyses, three non-RCTs and three RCTs that did not meet our inclusion criteria. The selection process was summarized in the flow diagram showed in Figure 1. The details of study exclusion are shown in Supplementary Table S1. Finally, a total of nine studies containing 11 RCTs were included in the present NMA. The main characteristics of the nine included studies are listed in Table 1. The network relationships between the various interventions are shown in Figure 2. The size of each circle represents the number of participants for each intervention, and the width of each line represents the number of trials compared between treatments.
[image: Figure 1]FIGURE 1 | The study search, selection, and inclusion process.
TABLE 1 | Characteristics of the included studies and outcome events.
[image: Table 1][image: Figure 2]FIGURE 2 | Network of randomized controlled trials (RCTs) comparing different approved dual orexin receptor antagonists (DORAs) of insomnia treatments. The size of circles represented the number of participants for each intervention and the width of lines represented the number of trials compared between treatments. Green colors represent efficacy outcomes and red colors represent safety outcomes. (A) latency to persistent sleep (LPS). (B) subjective time to sleep onset (sTSO). (C) wake time after sleep onset (WASO). (D) subjective wake time after sleep onset (sWASO). (E) total sleep time (TST). (F) subjective total sleep time (sTST). (G) insomnia severity index (ISI). (H) adverse effects (AEs). (I) serious adverse effects (SAEs).
The risks of bias for all enrolled studies are shown in Supplementary Figure S1. Only one clinical trial showed unclear risks of bias in allocation concealment, blinding of participants and personnel and blinding of outcome assessments. For incomplete outcome data, the risk of bias was also unclear in one trial. For selective reporting, the risk of bias was unclear in one study and high in another study. In addition to these items, unclear risks of bias were also observed in two RCTs. According to the symmetry of the funnel plots, no obvious publication bias was found among the included trials (Supplementary Table S5).
3.1 The efficacy and safety of different doses of FDA-approved DORAs compared with placebo
Our efficacy outcomes included objective and subjective sleep maintenance and onset outcomes, as well as the patient-evaluated outcome ISI. For the sleep onset outcomes LPS and sTSO, suvorexant 20 and 40 mg, lemborexant 5 and 10 mg, and daridorexant 10 and 50 mg were more effective than placebo, with MDs (95% CrI) ranging between −7.31 (95% CrI −10.93 to −3.68) for daridorexant 10 mg and −13.60 (95% CrI −21.47 to −5.73) for lemborexant 10 mg in terms of LPS, and MDs (95% CrI) ranging between −2.64 (95% CrI −3.73 to −1.54) for daridorexant 10 mg and −16.55 (95% CrI −21.89 to −11.20) for lemborexant 10 mg in terms of sTSO. For WASO and sWASO, most interventions were more effective than placebo, except that patients in the daridorexant 5 mg group did not show significantly shorter WASO (MD -2.96 95% CrI −10.59 to 4.66), and patients in the daridorexant 10 mg group even showed a worse sWASO (MD 1.84, 95% CrI 0.29–3.39) than those in the placebo group. For the sleep maintenance outcomes TST and sTST, suvorexant 10 mg and daridorexant 5 mg, as respective minimum doses, were “as effective as placebo”. Other interventions might have been superior to placebo with low to very low certainty. For ISI, suvorexant 20 and 40 mg and lemborexant 5 and 10 mg were more effective than placebo, with MDs ranging between −1.20 (95% CrI: -1.66 to −0.74) for suvorexant 20 mg and −1.80 (95% CrI: -3.01 to −0.58) for lemborexant 10 mg.
For safety, we combined the data collected from the 11 included trials and found that only suvorexant 40 mg (RR: 1.09, 95% CrI: 1.01–1.17), suvorexant 80 mg (RR: 1.65, 95% CrI: 1.12–2.44) and daridorexant 25 mg (RR: 1.16, 95% CrI: 1.01–1.34) showed a significantly higher risk of AEs than placebo. No significant differences were found between any dose of FDA-approved DORAs and placebo in terms of SAEs. The detailed results are also presented in Figure 3.
[image: Figure 3]FIGURE 3 | Summary of effect sizes of different approved dual orexin receptor antagonists (DORAs) on efficacy and safety outcomes against placebo. The certainty of evidence was rated by the Grading of Recommendations Assessment, Development, and Evaluation criteria. The clinical importance was classified according to the minimally contextualised framework. The different categories show how clinically important the effect is, whereas the certainty of evidence shows whether the effect is trustworthy or not. For efficacy, data are in mean difference (95% credible interval [CrI]). For latency to persistent sleep (LPS), subjective time to sleep onset (sTSO), wake time after sleep onset (WASO), subjective wake time after sleep onset (sWASO) and insomnia severity index (ISI), data below 0 favour the DORAs treatment. For total sleep time (TST) and subjective total sleep time (sTST), data above 0 favour the DORAs treatment. For safety, data are risk ratio (95% CrI), and data above 1 favour the placebo treatment. Bold and underlined text represents statistical significance.
3.2 The efficacy and safety of different doses of each FDA-approved DORA
The network estimates of all comparisons are illustrated in Figure 4. The color of each cell indicates the certainty of evidence according to the GRADE. Further details of the GRADE evaluation can be found in eTable 6. The results indicated that lemborexant 5 mg and 10 mg was more effective than any other approved DORA for sTSO (MDs ranging between −5.95 and 20.32, moderate to high certainty), while daridorexant 5 mg was less effective than all DORAs except suvorexant 10 mg for both sTSO and LPS (Figure 4A). For sWASO, lemborexant 5 mg was more effective than any other approved DORA, including lemborexant 10 mg (MDs ranging between −11.57 and 19.28, low to high certainty). For WASO, suvorexant 20 and 40 mg and lemborexant 5 and 10 mg were significantly more effective than daridorexant 5, 10 and 25 mg (Figure 4B). Similarly, lemborexant 5 and 10 mg was also significantly more effective than daridorexant 5, 10 and 25 mg for sTST (MDs ranging between −27.95 and −4.37, moderate certainty, Figure 4C). No significant differences were found between any of the two DORAs in terms of ISI (Figure 4D). As suggested in Figure 4E, suvorexant 80 mg resulted in more AEs than many other interventions and lemborexant 1 mg might have caused fewer AEs than lemborexant 25 mg. Except for these, there was no other significant difference between any DORA comparisons in terms of AEs and SAEs from the collected data.
[image: Figure 4]FIGURE 4 | League tables of outcome analyses. Comparisons should be read from left to right. Efficacy and safety estimates are located at the intersection between the column-defining treatment and the row-defining treatment. (A) latency to persistent sleep (LPS) and subjective time to sleep onset (sTSO). (B) wake time after sleep onset (WASO) and subjective wake time after sleep onset (sWASO). (C) total sleep time (TST) and subjective total sleep time (sTST). (D) insomnia severity index (ISI). (E) adverse effects (AEs) and serious adverse effects (SAEs). For efficacy (A–D), data are in mean difference (95% credible interval [CrI]). For A, B and D, data above 0 favour the column-defining treatment. For C, data above 0 favour the row-defining treatment. For safety (E), data are risk ratio (95% CrI), and data above 1 favour the column-defining treatment. Bold and underlined text represents statistical significance.
3.3 SUCRAs of FDA-approved DORAs and placebo
As shown in Figure 5, the SUCRA values of the seven efficacy and two safety outcomes of the three drugs with specific different doses and placebo demonstrated that lemborexant 10 mg had the highest SUCRA values in terms of LPS (87%), sTSO (95%) and ISI (80%); lemborexant 5 mg had the highest SUCRA values for sWASO (100%); suvorexant 40 mg had the highest SUCRA values for WASO (84%); suvorexant 20 mg had the highest SUCRA values for TST (87%); and daridorexant 50 mg had the highest SUCRA value for sTST (87%). Regarding safety, the SUCRA value of the placebo for AEs was higher than that of any of the DORAs (75%), and suvorexant 40 mg yielded the highest SUCRA value for SAEs (77%).
[image: Figure 5]FIGURE 5 | Rankings of the effects of different approved dual orexin receptor antagonists (DORAs) and placebo on efficacy and safety outcomes measured with surfaces under the curve ranking areas (SUCRAs). SUCRAs for each outcome are shown in Vitruvian (radar) graphs. The SUCRA value indicates the probability of being in the highest rank for an intervention. Consistent colored dash lines indicate interventions with significant better effect sizes (more effective/safe) compared with placebo and opposite colored dash lines indicate worse effect sizes. Blank circular sectors represent interventions of a single trial.
3.4 Subgroup analysis
To assess the influence of different times of follow-up (≤1 month and ≥3 months), study design (parallel-group trials), and age (elderly individuals [≥55 for females and ≥65 for males]), we implemented subgroup analyses at baseline (Figure 6). The results indicated that for efficacy, the comparisons in each subgroup were similar to the primary analysis. However, for safety, if the follow-up time was shortened to ≤1 month, the risk of AEs of suvorexant 40 mg would not be significantly different from that of placebo (RR: 1.51, 95% CrI: 0.96 to 2.40, moderate certainty). In the subgroup analysis of age, we found that suvorexant 40 mg (RR: 1.01, 95% CrI: 0.90 to 1.14, low certainty) and daridorexant 25 mg (RR: 1.07, 95% CrI: 0.75 to 1.48, low certainty), which were associated with a higher risk of AEs in the primary analysis, were generally well tolerated in elderly individuals. The detailed results of the subgroup analyses are shown in Supplementary Tables S7–44.
[image: Figure 6]FIGURE 6 | Summary of subgroup analysis of different approved dual orexin receptor antagonists (DORAs) on efficacy and safety outcomes against placebo. The certainty of evidence was rated by the Grading of Recommendations Assessment, Development, and Evaluation criteria. Bold and underlined text represents statistical significance. For efficacy, data are in mean difference (95% credible interval [CrI]). For latency to persistent sleep (LPS), subjective time to sleep onset (sTSO), wake time after sleep onset (WASO), subjective wake time after sleep onset (sWASO) and insomnia severity index (ISI), data below 0 favour the DORAs treatment. For total sleep time (TST) and subjective total sleep time (sTST), data above 0 favour the DORAs treatment. For safety, data are risk ratio (95% CrI), and data above 1 favour the placebo treatment. Bold and underlined text represents statistical significance.
3.5 Convergence, heterogeneity, consistency, and sensitivity analysis of all outcomes
All potential scale reduction factor values of the various parameters that were restricted to 1 demonstrated good convergence efficiency (Supplementary Figure S2–10). In addition, the trace and density of Markov chains also showed that the establishment of the Bayesian network model was successful (Supplementary Figure S11–19).
To analyze the heterogeneity among the selected studies in the NMA, we performed a heterogeneity analysis on each outcome. Supplementary Figures S20–27 depict the pairwise network heterogeneity and exhibited acceptable I2 in most comparisons. Substantial heterogeneity was consistently present in the study carried out by Zammit et al., which was a crossover study with a two-day follow-up duration that might have caused problems.
Global inconsistency was assessed by the construction of the consistency model and the inconsistency model, which found that the DIC difference between the two models was less than 11 (Supplementary Table S4) and verified that the consistency models were reliable. In addition, node-splitting analysis demonstrated that the comparison in LPS showed some inconsistency but there were no other evident anomalies in the network model with indirect sources, as illustrated in Supplementary Figures S28–32. Overall, the consistency model’s results were reliable.
For sensitivity analysis, two studies with moderate risk of biases were excluded, and the results seemed similar to the primary network analysis except that lemborexant 5 mg was not superior to placebo in terms of sWASO (Supplementary Table S45–49). Besides, given that the substantial heterogeneity was consistently present in the study carried out by Zammit et al., we also perform a sensitivity analysis to see the effect of excluding this study. The results seemed similar to the primary network analysis as well (Supplementary Table S50–55). There was no difference between results in FDA-approved doses and the primary analysis (Supplementary Table 56–64). This might indicate that the results of the main analysis were robust.
4 DISCUSSION
The present study included 9 RCTs with 7257 individuals randomly assigned to different doses of suvorexant, lemborexant, daridorexant, or placebo. Our results showed that compared to placebo, suvorexant, lemborexant, and daridorexant were generally more effective with respect to LPS, sTSO, WASO, sWASO, TST, sTST, and ISI, and higher doses appeared more effective than lower doses. The safety of FDA-approved DORAs at different doses was not inferior to that of placebo, except for suvorexant 40 mg, suvorexant 80 mg, and daridorexant 25 mg. Additionally, even with high doses, suvorexant, lemborexant, and daridorexant were not associated with a higher risk of SAEs compared with the placebo. Therefore, we found that suvorexant 20 mg, lemborexant 5 mg, lemborexant 10 mg, and daridorexant 50 mg might be good choices because they improved most of the efficacy without increasing the safety risk compared with placebo.
Suvorexant was the first DORA approved for the treatment of primary insomnia (Coleman et al., 2017). The current study indicated that suvorexant, particularly at doses of 20 mg and 40 mg, showed better results than the placebo in all efficacy measures. In addition, 20 mg and 40 mg of suvorexant were among the most effective treatments for decreasing LPS, WASO, and ISI and possibly the most effective treatment for increasing TST. Moreover, no significant differences in efficacy were found between 20 mg suvorexant and 40 mg suvorexant, except for sTSO and sTST. However, compared with the placebo, a greater incidence of AEs was seen with increasing doses of suvorexant (Herring et al., 2012; Herring et al., 2016a); the differences were statistically significant when the doses were greater than or equal to 40 mg. Thus, due to safety concerns (Sutton, 2015; Atkin et al., 2018), only doses of 5 mg, 10 mg, 15 mg, and 20 mg were approved in the United States, and doses of 15 mg and 20 mg were approved in Japan in 2014 (Coleman et al., 2017).
Lemborexant received approval in the United States and Japan as the treatment for patients with insomnia in 2019 and 2020, respectively (Scott, 2020). In the present study, 5 mg and 10 mg lemborexant were more effective than placebo in all efficacy categories, and these doses were among the most effective treatments for sTSO, sWASO, and ISI. In addition, lemborexant 5 mg ranked first in sWASO, and lemborexant 10 mg possibly ranked first in sTST. This finding was consistent with the previous conclusion that lemborexant, particularly at a dose of 10 mg/d, produced better improvement in sTSO, sWASO, and sTST than low-dose suvorexant (Kishi et al., 2020). This result also agreed with our previous meta-analysis showing that lemborexant had greater effect sizes for sTSO and sWASO than suvorexant (Wu et al., 2022; Xue et al., 2022). Although subjectively perceived sleep improvement is essential for patients, we could still not draw a firm conclusion that lemborexant was superior to any doses of suvorexant or daridorexant because there was no evidence that lemborexant was superior to other drugs in objective measures (PSG). This inconsistency may be due to a mismatch of subjective-objective measures in sleep perception among people with insomnia (Silva et al., 2007; Bianchi et al., 2013). Compared with placebo, the changes in endpoints of subjective measures tended to be less than those of objective measures for suvorexant (Herring et al., 2016b). Our results on the safety of lemborexant demonstrated that different doses of lemborexant were not associated with a higher risk of AEs and SAEs than the placebo. Additionally, there was no difference in safety among different doses of lemborexant, except that lemborexant 1 mg was safer than lemborexant 25 mg. However, we were unable to compare the efficacy data of patients who received doses of lemborexant other than 5 mg and 10 mg due to the lack of information (Murphy et al., 2017).
Daridorexant, the latest FDA-approved DORA, received approval in 2022 at doses of 25 mg and 50 mg for the treatment of patients with insomnia (Markham, 2022). In the current study, daridorexant 5 mg was not superior to placebo except for sWASO. Daridorexant 10 mg demonstrated greater efficacy than the placebo in LPS and TST. However, daridorexant 10 mg was associated with even worse efficacy in sWASO than lemborexant, suvorexant, and placebo. Daridorexant, at doses of 25 mg and 50 mg, was more effective than placebo in all efficacy outcomes except ISI. From the SUCRA data, daridorexant 50 mg had better results in increasing sTST than any other DORA or the placebo. However, it is interesting to note that daridorexant 25 mg was inferior to the placebo in terms of AEs, whereas the differences between daridorexant 50 mg and the placebo were not statistically significant. This may be attributed to the incidence of fatigue and somnolence from the daridorexant 50 mg treatment being lower than that from the daridorexant 25 mg treatment in several included studies (Dauvilliers et al., 2020; Mignot et al., 2022). However, daytime impairments, such as fatigue and somnolence, can be caused by insomnia (Buysse, 2013). Therefore, this finding may be due to daridorexant 50 mg yielding better sleep during the night, which helps reduce somnolence and fatigue (Mignot et al., 2022). Although daridorexant 50 mg showed better efficacy and safety than daridorexant 25 mg in our results, this did not mean that daridorexant 25 mg was not recommended.
Further subgroup analysis showed that suvorexant at doses of 20mg and 40 mg have excellent efficacy and safety in the short follow-up. However, suvorexant 40 mg was associated with a higher risk of AEs compared to the placebo in studies with a long-term follow-up. This might indicate that the risk of 40 mg suvorexant may differ over time (Michelson et al., 2014; Herring et al., 2016b) and explain why the FDA had approved suvorexant only at a dose below 20 mg for the treatment of primary insomnia (Coleman et al., 2017). The efficacy and safety of lemborexant differed between short- and long-term follow-ups, possibly because only one RCT was included in the short-term and long-term subgroup analyses, respectively. We found that in elderly patients, suvorexant 40 mg, lemborexant 10 mg, and daridorexant 25 mg and 50 mg had remarkable efficacy and safety. In addition, suvorexant 40 mg and daridorexant 25 mg, associated with a higher risk of AEs in primary outcomes, were generally well tolerated in elderly individuals. This conclusion is consistent with that of Fietze et al., who reported that the clinical benefit of daridorexant 50 mg was greater than that of daridorexant 25 mg in elderly patients (Fietze et al., 2022). In several included RCTs (Michelson et al., 2014; Herring et al., 2016a; Herring et al., 2016b), the suvorexant dose in the elderly group was adjusted to 30 mg (40 mg for nonelderly individuals) and 15 mg (20 mg for nonelderly individuals) while taking into account tolerance and pharmacokinetics (Herring et al., 2017). This may explain why suvorexant 40 mg is better tolerated in elderly individuals. However, based on the FDA’s view that the lowest effective dose of treatment should be used, the recommended dose for elderly people in the United States followed those for nonelderly people (the recommended dose is 10 mg to a maximum of 20 mg) (Herring et al., 2017).
Compared to our previous study (Xue et al., 2022), the current research conducts a comprehensive comparison between different doses of FDA-approved DORAs and includes two more large RCTs on daridorexant with approximately 2,000 participants, which increases the credibility of the evidence on daridorexant. Subgroup analyses are also conducted, and the GRADE approach is used to determine the certainty of evidence. The results revealed that lemborexant were more effective than daridorexant 25 mg while remaining equally safe. This finding indicates that lemborexant may be a better candidate for recommendation than daridorexant 25 mg. Contrary to the FDA recommendation (suvorexant 10 mg as the best-recommended dose), our study shows that suvorexant 10 mg has poor efficacy despite a high safety profile. In addition, we discovered that increasing lemborexant has diminishing returns, yet doubling suvorexant (20 mg) and daridorexant (50 mg) may be more meaningful. However, the pharmacokinetics of the drugs should also be considered. The times to peak concentration of the three drugs were similar and all had a 1–2 h delay in the time to peak concentration after eating high-fat, high-calorie meals. The half-life of daridorexant was shorter than lemborexant and suvorexant (Preskorn, 2022). Thus, particular prescription choices for individual patients should be considered on a case-by-case basis. Based on the findings of our subgroup analysis, an increase in the maximum therapeutic dose of suvorexant to 30 mg for elderly patients could be considered. More RCTs should be available in the future to evaluate the efficacy of suvorexant 30 mg in the nonelderly.
Inevitably, there were several limitations of the present meta-analysis. First, our NMA was based on limited data. Despite a comprehensive literature search, only nine published RCTs with eleven trials were pooled to evaluate the efficacy and safety of FDA-approved DORAs at different doses. Second, although we performed subgroup analyses based on the time of follow-up, the study design, age, variation in the inclusion and exclusion criteria, and baseline characteristics (e.g., sex, study region, race) may have also caused discrepancies. At the same time, the different variables the treatment was randomised for (e.g., the randomization of some studies was stratified by age while some were stratified by geographical region or both) may impact the bias in the meta-analysis in non-obvious ways. Third, due to the local inconsistency between direct and indirect evidence, the comparisons between suvorexant 20 mg vs. 10mg and daridorexant 50 mg vs. 10mg in LPS must be interpreted cautiously. We also performed sensitivity analyses, including trials with a low risk of bias. The sensitivity analyses for sTSO, sTST, AEs, and SAEs demonstrated that all the statistics were robust. However, when studies at moderate to high risk of bias were excluded from the primary outcomes, lemborexant 5 mg was not superior to placebo for sWASO. Finally, the limitations inherent to the meta-analysis methodology need to be emphasized; more trials are still needed to compare the efficacy and safety of FDA-approved DORAs.
5 CONCLUSION
In conclusion, we found that the FDA-approved doses of DORAs currently exhibit strong efficacy and safety, except suvorexant 10 mg, which was found to be safe but not as effective as others. Furthermore, FDA-approved doses of DORAs and suvorexant 30 mg are well tolerated in elderly individuals. Our findings suggest that suvorexant 20 mg, lemborexant 5 mg, lemborexant 10 mg, and daridorexant 50 mg represent suitable approaches for insomnia.
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