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Background

The clinical decision-making to insomnia drugs should comprehensively weight its risks.





Objective

To perform a systematic review and network meta-analysis of randomized controlled trials to compare the AEs associated with different insomnia drugs for adults with insomnia.





Methods

We conducted Bayesian network meta-analyses and fixed-effects Mantel-Haenszel network meta-analyses to estimate the relative safety between treatments.





Results

Compared with placebo, zolpidem (somnolence: relative risk [RR] 1.85; dizziness: RR 2.33; headache: RR 1.26), zopiclone (somnolence: RR 2.02; dizziness: RR 2.33; dysgeusia: RR 7.84), indiplon (somnolence: RR 3.46; dizziness: RR 2.30; headache: RR 1.63), gaboxadol (dizziness: RR 3.44), eszopiclone (somnolence: RR 2.00; dizziness: RR 3.18; dysgeusia: RR 10.54), estazolam (somnolence: RR 2.08), flunitrazepam (somnolence: RR 3.04), flurazepam (somnolence: RR 2.52), lemborexant (somnolence: RR 6.57), nitrazepam (somnolence: RR 3.80), Ramelteon (somnolence: RR 2.19), suvorexant (somnolence: RR 3.32), Temazepam (somnolence: RR 3.77), trazodone (somnolence: RR 2.86), triazolam (somnolence: RR 2.35), and esmirtazapine (somnolence: RR 4.63; dizziness: RR 2.87) had the most harmful profile in nervous system disorders. Additionally, compared to placebo, zolpidem was also found to be associated with dry mouth (RR 1.92) and anxiety (RR 3.32); gaboxadol was associated with nausea/vomiting (RR 3.49); and eszopiclone was associated with dry mouth (RR 4.39). Doxepin was associated with lower risk of headache and somnolence than placebo or/and most of other drugs, and had also a lower rate of AEs. We observed no associations between drugs and the risks of serious AEs including nasopharyngitis, respiratory problem, accidental injury, infection, upper respiratory tract infection, sinusitis, or hematuria.





Conclusions

Most drugs were positive associated with nervous system disorders and gastrointestinal disorders. Data on some drugs like flurazepam, nitrazepam, triazolam, and zaleplon in some outcomes were mainly based on limited study with rare event and thus was highly uncertain and do not allow firm conclusions.





Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42022344981.
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Introduction

Insomnia is the most commonly reported sleep problem, affecting 19% to 50% of adults (1–3). Insomnia is often associated with chronic physical and mental health problems (2–4). Evidence demonstrated that pharmacological treatments could be effective for the management of insomnia symptoms (5–7), and meanwhile, the number of prescriptions for insomnia have been skyrocketed from 5.3 million in 1999 to 20.8 million in 2010 (8). However, the risks of insomnia drugs should be comprehensively weighted in clinical decision-making because almost all insomnia drugs are sedating and thus may increase the risk of confusion and falls, especially in elderly patients (9). Previous studies (5–7) have documented that the acceptability and safety of some insomnia drugs may be poor, and patients with insomnia might be hesitant to initiate treatment with insomnia drugs because potential risks of adverse events (AEs) such as anterograde amnesia, somnolence, fatigue, and abnormal dreams. Clinical practice guidelines also suggested that the benefits of insomnia drugs could be likely to outweigh harms (10). Patients might consider specific adverse effects to be important when making decisions about whether to use or not use a drug, particularly in the face of considerable uncertainty regarding their desirable effects. Therefore, it is crucial to better understand the risks of AEs in order to determine the trade-off between the benefits and harms of insomnia drugs in patients with insomnia.

Evidence-based safety concerns and warnings are essential to inform treatment guidelines, clinical care, and to realize an individualized treatment decision (11). Our study aims to perform a systematic review and network meta-analysis of randomized controlled trials to compare the AEs associated with different insomnia drugs for adults with primary insomnia, and to provide evidence for shared decision-making between doctors and patients.





Method




Protocol registration

We registered our systematic review and network meta-analysis on PROSPERO: CRD42022344981. We performed this study in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension statement for network meta-analyses (12) (Appendix 1).





Search strategy and selection criteria

We searched PubMed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and PsycINFO from database inception until Oct 9th 2023. Detailed search strategy including search terms is shown in Appendix 2. We also reviewed the references of relevant reviews and ClinicalTrials.gov to additionally supplement the any potential trials. We made no restrictions on the year of publication, publication language, or publication status.

Randomized controlled trials (RCTs) that met all of the following criteria were eligible: a) they enrolled adults aged >18 years with primary insomnia; b) they compared one insomnia drug with or without placebo or an alternative active drug; c) at least one specific adverse event (i.e. the number of patients with one specific adverse event and the total number of patients) was reported. We made no restrictions on treatment duration. We excluded studies that reported patients with psychiatric, physical, or general medical conditions, cluster-randomized trials, and cross-over trials because of considerably potential sources of heterogeneity. We also excluded non-pharmacological, augmentation (e.g., drug A+ drug B versus drug A), and herbal medicine interventions.

After training and calibration exercises, teams of three reviewers using Rayyan (13) independently screened all titles and abstract according to a structured screening form (see Appendix 3), followed by evaluation of full texts of articles that were identified as potentially eligible. Any conflicts were resolved by discussion.





Outcome measure

We extracted outcomes of interest at any time point during the study follow-up. The primary outcomes were the following common specific AEs that were reported by more than 2% of the participants in recent large trials (14–16): nervous system disorders (somnolence, dizziness, headache, amnesia, dysgeusia, difficulty concentrating, impaired coordination, nervousness, nightmare, and asthenia), gastrointestinal disorders (dyspepsia, diarrhea, dry mouth, nausea/vomiting, constipation, abdominal pain, and increased appetite), general disorders and administration site conditions (fatigue, and pain), respiratory, thoracic and mediastinal disorders (nasopharyngitis, and respiratory problem), psychiatric disorders (anxiety, confusional state, depression, and emotional lability), injury, poisoning and procedural complications (accidental injury), musculoskeletal and connective tissue disorders (arthralgia, back pain, and myalgia), eye disorders (eye pain), infections and infestations (infection, upper respiratory tract infection, urinary tract infection, and sinusitis). Secondary outcomes were nervous system disorders (abnormal dreams, abnormal vision, gait disturbance, hypnagogic hallucinations, tremor, and paresthesia), gastrointestinal disorders (gastroenteritis, decreased appetite, pain gastralgia), sleeping problem (insomnia exacerbated, and sleep paralysis), skin and subcutaneous tissue disorders (peripheral edema, pruritis, sweating, and skin diseases), general disorders and administration site conditions (influenza, common cold, and malaise), respiratory, thoracic and mediastinal disorders (cough), psychiatric disorders (suicidal ideation, hallucinations, and irritability), injury, poisoning and procedural complications (falls, and laceration), eye disorders (dry eyes), investigations (alanine aminotransferase increased, blood creatine phosphokinase increased, weight increased, γ-Glutamyl transferase increased), metabolism and nutrition disorders (hyperglycemia), reproductive system and breast disorders (dysmenorrhea), vascular disorders (hypertension), cardiac disorders (tachycardia), and renal and urinary disorders (hematuria). Adverse events could be assessed by monitoring, clinical and physical examinations, vital signs, routine laboratory parameters, and electrocardiograms. The AEs were classified according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 (17).





Data extraction

After pilot testing of data extraction forms, the articles were divided to two pairs of investigators in Sep 4th 2022. Both investigators independently extracted the following data using a standard data collection form: first author, year of publication, study design, single-center or multicenter study, country of study, inclusion criteria, exclusion criteria, study duration, total sample size, age, gender distribution, insomnia diagnosis, severity of illness, treatment setting, number of patients allocated to each arm, drug name, dose, route or administration, duration of the interventions, follow-up, and outcomes of interests.





Risk of bias assessment

Teams of two reviewers the risk of bias for each included RCTs in duplicate using a modified version of the Cochrane risk of bias tool (18), which includes the following six items: was the allocation sequence adequately generated; was the allocation adequately concealed; blinding of patients and healthcare providers; blinding of outcome assessors; was loss to follow-up (missing outcome data) infrequent; and are reports of the study free of selective outcome reporting. We used response options of “definitely or probably yes” (assigned to be a low risk of bias) and “definitely or probably no” (assigned to be a high risk of bias). Disputes were resolved by discussion or through adjudication by a third reviewer. We classified individual studies as to be low risk of bias if all of six questions were low risk (definitely or probably yes), and otherwise, as having a high risk of bias.





Data synthesis and statistical methods

We used Bayesian pairwise meta-analysis to obtain the pooled direct estimates and assessed heterogeneity using the I2 statistic and visual inspection of forest plots (19). We calculated risk ratios (RRs) with 95% credible intervals (CrIs) for each outcome of interest.

We performed primary network meta-analysis using a Bayesian Markov-chain Monte-Carlo simulation method (20, 21). We simulated each model by using three chains with 100,000 sample iterations with an initial burn­in of 10,000 and a thinning of 10 for all analyses. We assessed the goodness of model fit by the posterior mean of the overall residual deviance (22) for both random effect and fixed effect models, and we chose a well-fitting model with residual deviance close to the number of data points included in the analysis as the final analysis model. We used vague priors for all variance parameter in the primary analysis, and specified priors as sensitivity analysis. We used node splitting method to assess the local inconsistency between direct and indirect estimates for each closed loop and to obtain the effect estimates of indirect evidence (23). We calculated the surface under the cumulative ranking curve (SUCRA) to evaluated the ranking probabilities for all treatments. Bayesian network meta-analysis was conducted using the ‘gemtc’ package under R software version 4.2.1 (R Core Team, Vienna, Austria). The presence of small-study effects bias was assessed by means of funnel plots when more than studies were available for a comparison.

Given the outcomes of interest are expected to be rare, we also performed sensitivity analyses by conducting fixed-effects Mantel-Haenszel network meta-analyses using the ‘netmetabin’ package (24) to assess the robustness of primary results. Although the effect estimates of Mantel-Haenszel network meta-analyses are given as odds ratios (OR), odds and risks are almost identical for rare events. We also compared the distributions of characteristics across study arms grouped by individual agents to assess the transitivity assumption of indirect comparisons by drawing a box plot. We used the function of ‘networkplot’ function of STATA version 15.1 (StataCorp, College Station, TX) to draw network plots to describe and present the geometry of different forms of pharmacologic treatment.






Results

We totally identified 24,704 unique citations through our initial search (Figure 1). After screening the titles and abstracts, we assessed 687 full-text articles, from which 102 trials reported in 100 articles comprising 35,700 participants and 33 insomnia drugs proved eligible (Figure 1). The 102 trials were published between 1977 and 2022, 51 trials (48.6%) were from USA (Appendix 4), with a median mean age of 47.4 years, a median proportion of women of 60.2%, a median treatment duration of 4 weeks (range from 4 days to 48 weeks). About a quarter (26.3) focused on patients aged older than 60 years old, 65.3% used DSM criteria for insomnia diagnosis.


[image: ]

Figure 1 | Study selection process.



Appendix 5 summarizes the details of the drugs. A total of 33 drugs forming 48 pairwise comparisons were included. The most common pairwise comparison was zolpidem versus placebo. The 102 trials reported on 69 AEs, in which the most commonly measured AEs was headache (74 trials), followed by somnolence and dizziness (62 trials). Among insomnia drugs, trazodone showed the highest incidence of headache, alprazolam showed the highest incidence of somnolence, and trimipramine showed the highest incidence of dizziness (Figure 2). The incidence of other AEs was presented in Appendix 6. The direct comparisons are presented in the network diagram (Figure 3).


[image: ]

Figure 2 | The incidence of nervous system disorders.
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Figure 3 | Network plots of available comparisons.



Appendices 7, 8 summarize the guidance for risk of bias assessment and the estimated risk of bias for each trial. The most common limitation was inadequate reporting on methods generated allocation sequence (56%; Figure 4).


[image: ]

Figure 4 | Results of risk of bias.



The network evidence plots for each outcome are presented in Appendix 9. The results of the direct and the network meta-analyses are presented in Appendices 10, 11. We also evaluated heterogeneity (see Appendix 10) and inconsistency (incoherence; see Appendix 12). The sensitivity analyses are presented in Appendix 13. Appendix 14 presents the results of posterior mean of the overall residual deviance for all outcomes and Appendix 15 shows the reference list of included studies. Tables 1–4 present the summary results of the network estimates for all outcomes. Appendix 16 presents the estimated small-study effect bias. Some drugs did not exhibit statistically significant adverse events in our analysis. The full list is available in Tables 1-4.


Table 1 | Summary results of the network meta-analyses for the most common adverse events: nervous system disorders.




Table 2 | Summary results of network meta-analyses for the most common adverse events: gastrointestinal disorders and general disorders.




Table 3 | Summary results of network meta-analyses for the most common adverse events: respiratory disorders, psychiatric disorders, and injury.




Table 4 | Summary results of network meta-analyses for the most common adverse events: musculoskeletal disorders, eye disorders, and infections.






Nervous system disorders

Eighty-seven trials including 30,107 participants and 32 drugs reported nervous system disorders, of which, the most commonly reported AEs were headache (74 trials), followed by somnolence and dizziness (62 trials). Overall, compared with placebo (Table 1), esmirtazapine, estazolam, eszopiclone, flunitrazepam, flurazepam, indiplon, nitrazepam, ramelteon, lemborexant, suvorexant, temazepam, trazodone, triazolam, zolpidem, and zopiclone were associated with an increased risk of somnolence; esmirtazapine, eszopiclone, gaboxadol, indiplon, tiagabine, zolpidem, and zopiclone were associated with an increased risk of dizziness; daridorexant, indiplon, and zolpidem were associated with an increased risk of headache; lemborexant was associated with an increased risk of nightmare; and eszopiclone, flurazepam, and zopiclone were associated with an increased risk of dysgeusia. In contrast, doxepin was associated with lower risk of headache and somnolence than placebo or/and most of other drugs like eszopiclone, gaboxadol, indiplon, lemborexant, ramelteon, suvorexant, tasimelteon, triazolam, and zolpidem. Although higher risk in some outcomes of nervous system disorders were observed for flurazepam, nitrazepam, triazolam, and zaleplon compared with placebo, those estimates were mainly based on one small study with rare events and thus had high uncertainty. Among comparisons across active drugs, risks of AEs were mostly observed in the comparison of a harmful drug with an unharmful drug (Appendix 11). Indiplon, lemborexant, ramelteon, suvorexant, and trazodone showed higher risks of both somnolence and headache than doxepin; eszopiclone and lemborexant showed a higher risk of somnolence than daridorexant; both esmirtazapine, eszopiclone, and gaboxadol showed a higher risk of somnolence than lemborexant and suvorexant. Compared with several other drugs that performed worse than placebo (Appendix 11), esmirtazapine and lemborexant had the highest risk of somnolence, and daridorexant the highest risk of headache. We found no associations between any drugs and other nervous system disorders including amnesia, difficulty concentrating, and nervousness (Table 1, Appendix 11).

For secondary outcomes (Appendix 11), the associations for abnormal dreams, abnormal vision, asthenia, gait disturbance, hypnagogic hallucinations, memory disorders, and tremor for any drug compared with placebo were highly uncertain.





Gastrointestinal disorders

Sixty-eight trials including 24,595 participants and 32 drugs reported gastrointestinal disorders, of which, the most commonly reported AEs were nausea/vomiting (45 studies), followed by dry mouth (30 studies) and diarrhea (23 studies). When compared with placebo (Table 2), eszopiclone and suvorexant were associated with an increased risk of dry mouth; and gaboxadol, midazolam, and zolpidem were associated with an increased risk of nausea/vomiting. Other drugs like alprazolam, esmirtazapine, lemborexant, paroxetine, EVT 201, ramelteon, and lemborexant showed encouraging point estimates in some outcomes of gastrointestinal disorders but with low statistical power because of the rare event and the limited number of studies and participants included. Among comparisons across active drugs (Appendix 11), gaboxadol was associated with a higher risk of nausea/vomiting than ramelteon and suvorexant. We found no associations between drugs and increased appetite (Table 2, Appendix 11).

For secondary outcomes (Appendix 11), because of the limited number of studies with rare event the results for indiplon, doxepin, and triazolam in increased risks of decreased appetite and gastroenteritis were highly uncertain.





General disorders and administration site conditions

Thirty-eight trials including 21,318 participants and 20 drugs reported on general disorders and administration site conditions, of which, the most commonly reported AE was fatigue (25 trials). When compared with placebo (Table 2), lemborexant, loprazolam, and lormetazepam were associated with an increased risk of fatigue, and zaleplon was associated with an increased risk of pain. However, these estimates were based on a limited number of studies that with rare events and small sample size, and thus are highly uncertain.

We found no associations between the drugs and the secondary outcomes belonging to general disorders and administration site conditions, such as common cold, influenza, and malaise.





Respiratory, thoracic and mediastinal disorders

Thirty-one trials including 17,893 participants and 16 drugs reported respiratory, thoracic and mediastinal disorders, of which, the most commonly reported AE was nasopharyngitis (27 trials). We found no associations between any drugs and nasopharyngitis or respiratory problems (Table 3). Although the lowest risk compared with placebo and other drugs was observed for vestipitant in nasopharyngitis, the estimate was based on one small study with 80 participants and thus was highly uncertain.

For secondary outcomes (Appendix 11), the lowest risk and highest risk compared with placebo and other drugs were observed for ramelteon and EVT 201 respectively in cough, but these estimates were also based on one small study, respectively, and thus had high uncertainty.





Psychiatric disorders

Thirty trials including 13,115 participants and 18 drugs reported psychiatric disorders, of which, the most commonly reported AE was anxiety (11 trials). When compared with placebo (Table 3), zolpidem was associated with an increased risk of anxiety. Although esmirtazapine, eszopiclone, indiplon, loprazolam, nitrazepam, and zopiclone were associated with higher risk of anxiety than placebo, these estimates were based on one small study respectively and thus was highly uncertain (Table 3).

For secondary outcomes, we found no associations between drugs and irritability (Appendix 11). The highest risk compared with placebo was observed for daridorexant in suicidal ideation, however the results were uncertain with wide CrIs. We did not find an association between daridorexant and hallucinations in the pairwise meta-analysis.





Injury, poisoning and procedural complications

Ten trials including 7,442 participants and six drugs reported injury, poisoning and procedural complications. We found no associations between any drugs and accidental injury (Table 3). For secondary outcomes (Appendix 11), although doxepin was associated with a higher risk than placebo, suvorexant, and melatonin with doxepin in falls and laceration, that estimate was based on one small study with rare event and thus comes with high uncertainty.





Musculoskeletal and connective tissue disorders

Eighteen trials including 13,912 participants and 12 drugs reported musculoskeletal and connective tissue disorders. The most commonly reported AE was back pain (13 trials). We found no association between the drugs and arthralgia, back pain, or myalgia (Table 4). Although temazepam showed the lowest risk compared to other drugs in arthralgia, this estimate was based on one small study with a sample size of 84, thus having high uncertainty.





Eye disorders

Five trials including 1,770 participants and five drugs reported on eye disorders, of which, the most commonly reported AE was eye pain (three trials). We found no associations between drugs and eye pain or dry eyes (Table 4).





Infections and infestations

Thirty-two trials including 23,366 participants and 16 drugs reported infections and infestations, of which, the most commonly reported AE was upper respiratory tract infection (22 trials). When compared with placebo (Table 4), there were no associations between drug and infection, upper respiratory tract infection, and sinusitis. Zaleplon and triazolam showed the highest and lowest risk, respectively, compared to placebo in urinary tract infection, but those results were mainly from one small study, respectively, and thus highly uncertain. Compared to triazolam, ramelteon and suvorexant could significantly increase the risk of upper respiratory tract infection (Appendix 11).





Other disorders

For other secondary outcomes, we found no association between the drugs and the risk of insomnia exacerbated, dysmenorrhea, or tachycardia (Appendix 11). Hematuria was specific to melatonin, and paired meta-analysis showed that there was no association between melatonin and risk of hematuria when compared to placebo. Although some drugs showed higher risk of sleep paralysis, pruritis, skin diseases, sweating, peripheral edema, alanine aminotransferase increased, blood creatine phosphokinase increased, γ-Glutamyl transferase increased, hyperglycemia, and hypertension, these results were based on a limited number of studies with rare events and thus had high uncertainty (Appendix 11). Meanwhile, we found that esmirtazapine was associated with a weight increase (Appendix 11).





Sensitivity analysis

The sensitivity analysis using Mantel-Haenszel network meta-analysis suggested that most results were similar to the primary analysis (Appendix 13). However, in the Mantel-Haenszel network meta-analysis, when compared with placebo, eszopiclone was associated with increased risks of nausea/vomiting, nasopharyngitis, and infection; esmirtazapine was associated with an increased risk of increased appetite; suvorexant and temazepam with an increased risk of fatigue; and ramelteon with an increased risk of depression (Appendix 13). Suvorexant and seltorexant showed lower risks of urinary tract infection and myalgia (Appendix 13) when compared with placebo.






Discussion

This is the first largest systematic review with network analysis included 102 randomized trials involving 35,700 participants to examine the association between 33 insomnia drugs and the risks of adverse events in patients with primary insomnia. Zolpidem significantly increased the risks of nervous system disorders (somnolence, dizziness, and headache), gastrointestinal disorders (nausea/vomiting), and psychiatric disorders (anxiety), however, no increased risks of other AEs was found. Zopiclone was mainly associated with nervous system disorders such as somnolence, dizziness, and dysgeusia. Indiplon was also associated with elevated risk of somnolence, dizziness, and headache. Gaboxadol significantly increased the risks of nervous system disorders and gastrointestinal disorders (dizziness and nausea/vomiting). Eszopiclone was associated with nervous system disorders and gastrointestinal disorders (somnolence, dizziness, and dry mouth). Esmirtazapine could also increase the risk of nervous system disorders (somnolence and dizziness). Estazolam, flunitrazepam, flurazepam, nitrazepam, ramelteon, suvorexant, trazodone, and Triazolam were found to increase the risk of somnolence, tiagabine was also found to be associated with the increased risk of dizziness. Doxepin was associated with lower risk of headache and somnolence than placebo and most of other drugs. We observed no associations between any drugs and the risks of nasopharyngitis, respiratory problems, accidental injury, infection, upper respiratory tract infection, sinusitis, and hematuria. For outcomes for abnormal dreams, abnormal vision, asthenia, gait disturbance, hypnagogic hallucinations, memory disorders, decreased appetite, cough, and suicidal ideation, the risks were still highly uncertain. In terms of flurazepam, nitrazepam, triazolam, and zaleplon, although higher risks compared with placebo were observed for in some outcomes, those estimates were based on a limited number of studies with rare events. The data from the included trials also emphasized that certain adverse events might be specific to certain drugs (e.g., common cold to doxepin and zolpidem; hallucinations to daridorexant; laceration to doxepin and melatonin; and hematuria to melatonin).




Strengths and limitations of this study

This systematic review had several strengths. This is to our knowledge the first network meta-analysis to comprehensively investigate the safety of a large number of drugs for patients with primary insomnia. We used a sensitive and systematic search strategy to identify eligible trials, and conducted the assessment of risk of bias and data extraction in duplicate. We conducted this systematic review and meta-analysis according to the PRISMA Extension Statement for Reporting of Systematic Reviews Incorporating Network Meta-analyses of Health Care Interventions (12).

Despite the above strengths, this review also had some limitations. First, the results regarding some drugs were underpowered because of the limited sample sizes and generally low incidence of AEs in included studies. Second, the primary purpose for most of reviews and all of included trials was to assess the efficacy of insomnia drugs, and data on AEs was not always well-documented. Third, the results had a serious risk of bias because of inadequate information about randomization. Fourth, one notable limitation of our study is the insufficient phenotyping of patients in the included trials. Many studies did not provide detailed information regarding insomnia subtype, duration, severity, or relevant demographic and clinical characteristics. These factors could influence adverse event profiles and treatment responses. Future research should prioritize more comprehensive patient characterization to enhance the clinical applicability of safety assessments. Finally, although our review systematically evaluates adverse events associated with pharmacological treatments for insomnia, its immediate applicability to clinical practice may be influenced by real-world prescribing and patient experiences. For instance, in everyday clinical settings, the most common reason for discontinuing Zopiclone or Eszopiclone is the presence of an unpleasant bitter taste, which was not a primary focus in the included studies. This highlights the need for future studies to consider patient-reported experiences and real-world medication adherence factors.





Comparison with other studies

Previously published systematic reviews and meta-analyses have generally focused on the efficacy as their primary outcome as well as tolerability and overall risk of AEs (7, 25). Individual AEs have usually not been assessed in the currently available systematic reviews. To our knowledge, this systematic review is the first to compare all reported specific AEs on 33 individual drugs for primary insomnia. In contrast with previous systematic reviews, this study also indirect in addition to direct evidence, which can increase the amount evidence regarding the safety of primary insomnia drugs. In addition, this review included substantially more trials - including very recently published trials and unpublished trials - and patients than previous meta-analyses. Previous systematic reviews found that ramelteon, lemborexant, eszopiclone, and suvorexant were associated with increased risks of somnolence (8, 25, 26), which was similar with our findings. Xue and collogues (6) conducted a network meta-analysis to compare the efficacy and safety of dual orexin receptor antagonists in primary insomnia, they found that dual orexin receptor antagonists (include suvorexant, almorexant, filorexant, Lemborexant, and daridorexant) were associated with higher risks of somnolence, abnormal dreams, fatigue, and dry mouth when compared to placebo. However, our network meta-analysis only supported the association between lemborexant and suvorexant and the risk of somnolence; suvorexant and the risk of dry mouth; and lemborexant and the risk of fatigue. We did not find any associations between dual orexin receptor antagonists and the risk of abnormal dreams. The AASM guideline 10 concluded that the side effects of benzodiazepines outweigh the treatment effects. Results from meta-analyses also showed that benzodiazepine treatment had a higher risk of AEs (27, 28), and the side effects of benzodiazepines were more common relative to benzodiazepines receptor agonistic modulators (BzRAs) (28). However, a recent network meta-analysis (7) found that eszopiclone, zolpidem, and zopiclone had more side-effects reported. These findings were consistent with ours, according to which zolpidem, zopiclone, and eszopiclone significantly increased the risks of nervous system disorders, gastrointestinal disorders, and psychiatric disorders.






Conclusion

Overall, zolpidem, zopiclone, indiplon, gaboxadol, eszopiclone, and esmirtazapine were associated with a higher risk of adverse events, especially in somnolence, dizziness, headache, dysgeusia, and nausea/vomiting. The number of studies was limited for some drugs like flurazepam, nitrazepam, triazolam, and zaleplon in some outcomes and thus did not allow to draw firm conclusions. Doxepin was associated with a lower risk of headache and somnolence than placebo or/and most of other drugs. We observed no associations between drugs and the risk of serious AEs including nasopharyngitis, respiratory problem, accidental injury, infection, upper respiratory tract infection, sinusitis, and hematuria. In terms of outcomes for abnormal dreams, abnormal vision, asthenia, gait disturbance, hypnagogic hallucinations, memory disorders, decreased appetite, cough, and suicidal ideation, the risk association was still highly uncertain. In conclusion, the findings of this network meta-analysis can present the best evidence basis that is currently available to determine the trade-off between the benefits and harms of hypnotic medications in patients with primary insomnia, and to inform treatment guidelines and clinical care. Ultimately, while meta-analyses provide essential insights into the safety profile of pharmacological interventions, clinical decision-making must remain individualized. Clinicians should carefully balance the therapeutic benefits of insomnia medications with potential adverse effects, tailoring treatment decisions based on patient-specific factors and real-world tolerability.
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195
(025,20.94)

376
(0.65,39.51)

Nervous system disorders

Difficult X
Y Nightmare
concentrating
/ /
/ /
/ /
/ /
/ /
/ !
/ /
/ /
/ 036 (0,19.75)
129 (0.02, 53.28) /
/ /
/ /
i 13.94
(143, 496.72)
/ /
/ /
/ /
i /
/ /
/ /
/ /
0.33 (0,01, 591) /
/ /
/ /
/ 0.19 (0, 3.33)
/ /
/ /
0(0,1.43) 0.24 (0, 6.18)
/ /
/ /
/ sv

0.94 (0.08, 529) 022 (0.01, 4.42)

Impaired
coordination

9381.88
(024, 1985168036512689)

sv

sv

0.64 (0.02, 1895)

sv

sV

Dysgeusia

0(0,032)

1054
(4.4, 38.85)

6.81
(1,55, 50.97)

0(0,052)

0(0,027)

122
(0.09, 6.96)

0.29 (0, 1083)

165
(0.17,17.19)

039
(005, 2.14)

7.84
(2.29, 55.11)

Nervousness

07 (007, 627)

038 (0.04, 2.88)

186 (0.36, 10.74)

05 (0.09, 24)

0(0,027)

/

0.67 (001, 15.98)

105 (0.13, 9.28)

258 (0.74, 12.57)

0(0,0.17)

078 (0.06, 894)

127 (0.3, 7.48)

sv

Asthenia

155
(0.05,50.73)

052
002, 10.99)

08
(004, 15.28)

141
007,27.32)

sv

038 (0, 159)

0(0,0.08)

099
(0.03,33.88)

084
(0.04,11.57)

026
(0.02,1.78)





