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Abstract

Background

Insomnia is a major public health problem affecting an estimated 852 million adults worldwide.
Current pharmacological treatments, including benzodiazepines and Z-drugs, carry serious risks
of dependency, cognitive impairment, and adverse events. These limitations have driven growing
interest in complementary and alternative therapies, particularly herbal sedatives, which are
perceived as natural and safer. However, evidence on their safety and efficacy remains

insufficient and patchy.

Objective: This review evaluated the effectiveness of lesser known herbal sedatives for

insomnia.

Methods

The protocol was registered with PROSPERO (CRD420251101795). Eligibility was defined
using the PICO framework: Population: adults aged >18 years with insomnia; Interventions:
Passiflora incarnata, Hawthorn, Melissa officinalis, Chamomile, Viola odorata, Nelumbo
nucifera, Rhodiola rosea, and Eschscholtzia californica. Comparators: placebo or usual care;
Primary and Secondary Outcomes: sleep quality (Pittsburgh Sleep Quality Index, Insomnia

2


https://doi.org/10.64898/2026.03.23.26349099

medRxiv preprint doi: https://doi.org/10.64898/2026.03.23.26349099; this version posted March 25, 2026. The copyright holder has placed this
preprint (which was not certified by peer review) in the Public Domain. It is no longer restricted by copyright. Anyone can legally share, reuse,
remix, or adapt this material for any purpose without crediting the original authors.

Severity Index, Epworth Sleepiness Scale), sleep duration, and sleep latency. Databases and
registers were searched from January 2005 to July 2025. Randomized controlled trials,
nonrandomized controlled trials, clinical trials, and observational studies were included. Five
reviewers independently screened studies. Data extraction used a structured Excel spreadsheet.
Risk of bias was assessed using RoB 2.0 for randomized trials and ROBINS-I V2 for
nonrandomized studies. Random-effects meta-analyses (DerSimonian and Laird) were conducted

in RevMan. Narrative synthesis followed SWiM guidelines.

Results

From 1,294 records, 32 studies met eligibility criteria. Meta-analysis of 23 RCTs demonstrated a
statistically significant pooled effect favouring herbal sedatives (SMD -0.77, 95% CI -1.14 to -
0.40, p=0.0001), with substantial heterogeneity (12=92%). Subgroup analysis showed larger
effects for chamomile (SMD -1.06) and Melissa officinalis (SMD -0.66). Most RCTs had high

overall risk of bias; nonrandomized studies predominantly had critical risk of bias.

Conclusions

This systematic review provides preliminary evidence that several herbal sedatives, particularly
chamomile and Melissa officinalis, may improve insomnia-related outcomes. However,
methodological weaknesses, high risk of bias, and substantial heterogeneity limit evidence
strength. Future research requires standardized extracts, large multicentre RCTs, and extended

follow-up.
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Article Summary

Strengths and limitations of this study

e This systematic review followed a pre-registered protocol (PROSPERO
CRD420251101795) and adhered to PRISMA 2020 guidance, with comprehensive

searches of multiple databases and trial registers without language restrictions.

o Six reviewers independently performed study selection, data extraction, and risk of bias
assessment using Cochrane RoB 2.0 for randomised trials and ROBINS-I for non-

randomised studies, with disagreements resolved through discussion or arbitration.

e The review included both meta-analysis of randomised controlled trials and narrative
synthesis of non-randomised studies following Synthesis Without Meta-analysis (SWiM)

guidelines, providing a comprehensive evaluation of the available evidence.

» Despite extensive searches, identifying single herbal interventions for several botanicals
proved challenging, with some herbs appearing only in non-randomised trials or

combination products, preventing definitive conclusions about their individual efficacy.

e The evidence is limited by substantial statistical heterogeneity (12 = 92%), high or critical
risk of bias in most included studies, and statistically significant publication bias detected
by Egger's test (p = 0.0217), which limits confidence in the pooled effect estimates.

Using the GRADE framework, the overall certainty of evidence was rated as moderate

Background

Insomnia is widely recognized as a major public health problem that is associated with serious
health consequences, such as cardiovascular morbidity, mood disorders, cognitive impairment,
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and lower quality of life, if left untreated for a long period of time [1, 2] According to recent
estimates, approximately 16.2% of the adult population, i.e., 852.3 million people, experience
insomnia worldwide, and nearly 415 million have severe symptoms [1]. Prevalence rates are
higher in females of all age groups [1]. In recent years, modern lifestyle habits, specifically the
excessive use of digital media, have become increasingly associated with sleep disorders,
increasing the relevance of insomnia and current issues for investigation. Growing evidence
suggests that the excessive use of smartphones, tablets, and other digital devices, particularly
during evening hours, is linked to delayed bedtime, a lack of total sleep, poor sleep quality, and
daytime sleepiness [3, 4, 5]. Exposure to bright screen light in the evening may postpone
endogenous melatonin release and disrupt circadian rhythms, which leads to sleep latency [6.7].
Electronic devices further suppress the production of melatonin, which is an important hormone
that facilitates sleep onset and maintenance due to the emission of light of short wavelengths [8,
9]. In addition, physiological arousal due to the use of social media or engaging in interactive
online entertainment at night may lead to problems falling or staying asleep [10]. These
interrelated physiological and behavioural mechanisms have substantially contributed to

contemporary trends in insomnia research.

The current approaches for treating insomnia involve both pharmacological and
nonpharmacological methods. The American Academy of Sleep Medicine (AASM) suggested
that Cognitive Behavioral Therapy for Insomnia (CBT-I) should be used as the first-line
treatment because of its effectiveness in increasing sleep initiation, maintenance and long-term
sleep outcomes [11]. However, the use of CBT-1 is limited by its low availability, high cost and
lack of trained therapists. Benzodiazepines and nonbenzodiazepine hypnotics (Z-drugs) are
widely prescribed pharmacological treatments for insomnia; have serious side effects, such as
dependency, addiction drug tolerance, cognitive impairment, daytime sedation and poor long-
term health outcomes; and, in severe cases, fatal events (e.g., carbon monoxide poisoning,
drowning, falls, hypothermia, motor vehicle collisions, and apparent suicide), as well as nonfatal
injuries, such as accidental overdoses, gunshot wounds, burns, and self-inflicted harm [12,13]. Z-
drugs also have boxed warnings issued by the U.S. Food and Drug Administration (FDA)
because they have potentially harmful sleep-related behaviours such as sleep walking and sleep
driving [14]. Melatonin, melatonin receptor agonists, and sedating antidepressants (e.g.,

Trazodone) are also used in clinical practice, even though their effectiveness as agents in treating
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chronic insomnia is inconclusive [15, 16]. These limitations of contemporary pharmacological
and nonpharmacological treatments have led to a growing interest in complementary and

alternative therapies (CAMs) for insomnia [17].

Among the widely used CAM therapies are herbal sedatives, which are perceived as natural and
safer, leading many individuals to use them as independent agents or alongside other
conventional therapies; however, the evidence on their safety is insufficient [18]. The use of
herbal supplements in Ayurveda and traditional Chinese medicine has a long history and remains
popular even today [19]. Similarly, the worldwide market of herbal sedatives has grown
significantly over the past few years [20]. Despite their widespread use, herbal preparations do
not have a standardized dosage, and their regulation, particularly in some parts of the world, such
as the United States and Europe, is less stringent than that of pharmaceutical drugs [21, 22].
Although research interest in herbal sedatives has recently increased, interest in this topic
remains patchy in the scientific literature. A systematic review and meta-analysis of randomized
controlled trials revealed moderate effects of valerian on sleep latency and sleep quality [23].

Similarly, chamomile has shown potential benefits in improving sleep quality [24].

In contrast, other commonly used herbal sedatives, such as Passion flower (Passiflora incarnata),
Lemon balm (Melissa officinalis), Hawthorn (Crataegus oxyacantha), Sweet violet (Viola
odorata), Lotus (Nelumbo nucifera), California poppy (Eschscholtzia californica) and Rhodiola
(Rhodiola rosea), have received little coverage in the literature [25, 26, 27, 28, 29, 30, 31, 32].
The existing studies on these lesser known herbal sedatives are limited, methodologically
inconsistent and have small sample size [33, 34, 35]. Moreover, some herbs have dose- and
formulation-dependent effects; for example, R. rosea can be stimulating rather than having
sedative effects. Likewise, safety data for many other herbs, particularly alkaloid-containing
herbs such as Eschscholtzia californica, are limited, with significant gaps in our knowledge of
long-term effects, combinatory risks, and use in vulnerable populations such as pregnant or
breastfeeding individual [36,37]. These gaps in the literature emphasize the need for a systematic
evaluation of these lesser-known herbal sedatives used for insomnia and highlight the necessity
of a rigorous systematic review to identify the efficacy and safety of these herbs used to treat
sleep disorders. Therefore, this study aims to evaluate the effectiveness of these lesser known

herbal sedatives for the treatment of insomnia and sleep disorders.
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M ethods

Registration and Protocol

The protocol was registered with the PROSPERO (International Prospective Register of
Systematic Reviews) (registration number CRD420251101795). Available from:
https://www.crd.york.ac.uk/PROSPERO/view/CRD420251101795.

Eligibility criteria
The eligibility criteria were based on the Population, Intervention, Comparator, Outcome (PICO)

framework, as suggested in the PRISMA 2020 expanded checklist [38]. The inclusion and
exclusion criteria were developed to include relevant and high-quality studies.

Population

Primary research studies on adults aged 18 years or above who experienced insomnia or sleep
disorders were included. Studies with populations younger than 18 years, i.e., adolescents and

children, were excluded to ensure consistency.

| ntervention

Eligible interventions consisted of herbal interventions of a prespecified group: passionflower
(Passiflora incarnata), hawthorn (Crataegus spp.), lemon balm (Melissa officinalis), chamomile
(Matricaria chamomilla), sweet violet (Viola odorata), lotus (Nelumbo nucifera), Rhodiola
(Rhodiola rosea), and California poppy (Eschscholtzia californica) or a combination of these
interventions. Interventions using homeopathic or allopathic agents or herbal agents not specified

above were excluded.

Compar ator

Studies with the following comparators were eligible: placebo, usual care, cognitive behavioural
therapy (CBT), or pharmacotherapy. This ensured that the estimated effects of the herbal

interventions could be meaningfully interpreted relative to both active and inactive controls.
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Outcomes

The primary outcomes were sleep quality measured through validated tools such as the
Pittsburgh Sleep Quality Index (PSQI), the Insomnia Severity Index (ISI) or the Epworth
Sleepiness Scale (ESS), sleep duration in minutes or hours, and sleep latency, which were
assessed from baseline to the final follow-up. The secondary outcomes included the frequency of

night-time awakenings and quality of life.
Study Design

Randomized controlled trials (RCTs), nonrandomized controlled trials, clinical trials,
observational studies, and quasi-experimental studies were included if full-text articles with
institutional access were available. Studies published only as conference abstracts or nonindexed
articles without accessible full texts were excluded. Studies conducted in both clinical and
community-based settings were eligible, and inclusion was not restricted by language, provided
that an English translation was available utilizing language translation tools.

I nfor mation Sour ces

A comprehensive search strategy was implemented to identify relevant studies. The following
databases and sources were systematically searched until July 2025: the Cochrane Library via the
official Cochrane platform, PubMed via the NCBI interface, EuroPMC, EBSCO host databases,
Google Scholar, and Trial Registers (including ClinicalTrials.gov and the WHO ICTRP).

No restrictions were placed on publication language or status, although only studies published in
the last twenty years, i.e., January 2005 to July 2025, were considered. Unpublished studies and
gray literature were also searched in Open Thesis and Dissertations (OTAD). Additional sources
included manual reference list searches of relevant included studies.

Sear ch strategy

The review team developed the search strategy using relevant keywords and was peer-reviewed
by an experienced systematic reviewer to ensure its accuracy and completeness. The strategy was
customized for each database and trial registries with their relevant search terms. To ensure
transparency and reproducibility, the full line-by-line search string for each database is available

in Appendix I. The search strategy
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The following keywords were searched:

Insomnia, “sleep initiation and maintenance disorders,” “sleep wake disorders,” “sleep quality,”

L I 11 L I 11 L A 11

“sleep latency,” “passiflora incarnate or passionflower,” “crataegus or hawthorn,” “melissa
officinalis or lemon balm,” “matricaria chamomilla or chamomile,” “viola odorata or sweet
violet,” “nelumbo nucifera or lotus,” “rhodiola rosea or rhodiola,” “eschscholtzia californica or

california poppy.”

Selection process

The selection process adhered to the PRISMA 2020 guidance, with a two-stage screening

approach:

1. Title and Abstract Screening: Five reviewers (MAP, RZ, SAJK, MDK and MA)
independently screened the titles and abstracts of all retrieved records against the
prespecified inclusion and exclusion criteria in a double-blinded manner. Studies that
clearly did not meet the criteria were excluded at this stage for various reasons. Any
disagreements among the reviewers were discussed until a consensus was reached. The
sixth reviewer (FF) was consulted if consensus was not achieved, and the majority’s
decision was considered final.

2. Full-Text Screening: Full-text articles of potentially eligible studies were retrieved and
independently assessed in a double-blinded manner by three reviewers (MAP, RZ and
SAJ). Each article was evaluated against the eligibility criteria. For all studies excluded at
this stage, the reasons for exclusion were also recorded for transparency and eventual
inclusion in the Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram [38].

3. Rayyan Al was used without enabling Al-assisted ranking of articles during the screening
process [39]. The authors of the studies were contacted for clarification or for additional
information if needed. Articles requiring translation were translated with the assistance of
tools such as Google Translate (https://translate.google.com) and EZ Al Translate
(https://ezaitranslate.com/#document-translate). Translation was performed twice to

ensure accuracy. The authors of the review have some basic proficiency in the Persian
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language, especially numerals, and the translated data were duly verified for articles

translated from persion.

Data collection process

Data extraction was conducted via a structured Microsoft Excel spreadsheet developed and pilot
tested by the review team, adapted from the Cochrane data collection form to capture all relevant
study characteristics and variables [40]. This approach ensured consistency and
comprehensiveness across the included studies.

Six reviewers (MAP, RZ, SAJ, FF, MDK and MA) independently extracted data from the full-

text articles meeting the eligibility criteria.
Data Items

Thefollowing data items wer e extracted:
*  Study characteristics. Author(s), year, country, study design, setting, sample size.
» Participant characteristics. Inclusion/exclusion criteria, age, sex, and baseline sleep
characteristics.
* Intervention details. Herbal agent, dosage, route of administration, duration, and
frequency.
*  Comparator details: Type of control (placebo, usual care, CBT, pharmacotherapy).

* Primary outcomes: Sleep quality (PSQI global score), insomnia severity (ISI), sleep
quality, sleep duration, and sleep latency at all available follow-up time points.

*  Secondary outcomes: Frequency of night-time awakening and quality of life.

For each outcome reported in the study, data were collected. If multiple time points were
reported, data were extracted from baseline until the last follow-up. Assumptions regarding

missing or unclear data were made conservatively.

Risk of Bias Assessment

The methodological quality of the included studies was assessed via the Cochrane risk of bias
tools appropriate for study design. For randomized controlled trials, we utilized the revised
Cochrane Risk of Bias tool 2.0 for randomized trials (RoB 2.0) [41]. Four reviewers (MAP, RZ,

SAJ and FF) independently performed risk of bias assessments twice, with disagreements
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resolved through discussion or arbitration. We recorded all judgments and supporting statements
verbatim from the included studies via the official Microsoft Excel-based RoB 2.0 tool available
from the Cochrane risk of bias website (https://www.riskofbias.info/welcome/rob-2-0-
tool/current-version-of-rob-2. Overall risk of bias judgments were made according to the RoB 2
decision algorithm, categorizing studies as low, some concerns, or high risk of bias.

We also performed a thorough risk of bias assessment for nonrandomized control trials utilizing
the ROBINS-I V2 instrument [42]. Two independent assessors (MAP, MDK) employed the
ROBINS-I V2 tool and recorded direct quotations from the studies to rationalize each evaluation.
The risk of bias levels for individual domains, i.e., low, moderate, serious, and critical, were
assigned according to the ROBINS-I signalling questions. Any disagreements between reviewers
were resolved through discussion or by involving a third arbitrator (MA). All outputs were
captured via a macroenabled Microsoft Excel tool developed by Huang (2025) [43]. For a clear
summary, the distribution of bias was visualized with robvis, creating standard traffic-light plots
and summary plots for each domain [44].

Effect Measures

For continuous outcomes (e.g., sleep quality, sleep duration, and sleep latency), the standardized
mean difference (SMD) was used, depending on the consistency of measurement scales across
studies. The SMD was preferred for outcomes measured with different validated scales (e.g., the
PSQI vs. the ISI). Thresholds for interpreting the magnitude of effect were based on established
guidelines (e.g., SMDs of 0.2, 0.5, and 0.8 interpreted as small, moderate, and large effects,
respectively [45]).

Synthesis methods
Eligibility for Synthesis

Studies were grouped for synthesis by study type (i.e., randomized vs. nonrandomized trials),
intervention type, and outcome measures. Randomized controlled trials (RCTs) sufficiently
similar in terms of PICO components were included in the meta-analyses. For nonrandomized

controlled studies, narrative synthesis was performed.
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Tabulation and Graphical Methods

The data are summarized in structured tables that display the study and participant
characteristics, interventions, comparators, outcomes, and risk of bias. Forest plots were used to
visually display the meta-analytic results, funnel plots were used to depict publication bias, and
risk of bias summary figures were generated via the robvis app [44].

Satistical Synthesis

Random-effects meta-analyses were conducted via the DerSimonian and Laird method
implemented in RevMan software. Confidence intervals for summary effects were calculated via
Wald-type intervals. Narrative synthesis was conducted for nonrandomized controlled trials via
the Synthesis without Meta-analysis (SWiM) guidelines [46].

Grouping studiesfor synthesis

Studies were grouped to directly address the review's objective to synthesize evidence for
prespecified herbal interventions: Passionflower, Hawthorn, Lemon Balm, Chamomile, Sweet
Violet, Lotus, Rhodiola, and California Poppy.

e Group 1: Single herbs: Studies evaluating a single botanical from the protocol list.

e Group 2: Multiple Herb: Combinations with Confounding Interventions. Studies where a
prespecified herb was combined with an intervention not on the protocol list (e.g.,
valerian or melatonin). These studies are acknowledged but not synthesized to avoid

confounding.
Standardized Metric and Synthesis Method

The primary synthesis method was vote counting on the basis of the direction of effect. For all
outcomes except Lemoine et al., 2019 “Sleep Quality” (0-10 scale), a positive change, i.e., (pre
minus post scores), indicates improvement. For Lemoine et al., 2019, a negative change indicates
improvement. The effects were categorized as follows:

e Beneficial (B): Statistically significant improvement (p < 0.05) and/or a change meeting
the minimal clinically important difference (MCID; e.g., a 6-8 point reduction on the
ISI).
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e Likely Beneficial (LB): A clear improvement in means that does not meet the full criteria

for “Beneficial.”

e No change/unclear (NC/U): Insufficient data, minimal change, or findings of ambiguous

clinical relevance
Heter ogeneity

Heterogeneity among the included RCTs was assessed via the I? statistic, with 12 > 50%

indicating substantial heterogeneity.

Subgroup analysis

To explore potential sources of the anticipated heterogeneity and to investigate whether
particular herbal preparations or modes of delivery might exert differential effects, we conducted
prespecified subgroup analyses. Subgrouping was performed according to (1) type of herbal
sedative (chamomile, Melissa officinalis, Passiflora, combination remedies, and sweet violet)
and (2) mode of administration (oral versus intranasal). These subgroups were selected a priori
on the basis of clinical relevance and the anticipated variation in pharmacological profiles across

different botanicals.

For subgroup analyses by type of herbal sedative, studies were grouped according to the primary
active botanical intervention. Studies evaluating chamomile in any form (capsule, tea, essential
oil aromatherapy, or inhalation) were aggregated into a single chamomile subgroup. Similarly,
studies reporting Melissa officinalis as the sole botanical intervention were grouped together,
irrespective of formulation or dosage. Combination remedies were defined as any intervention
containing two or more herbal constituents, regardless of whether they included prespecified
botanicals. The sweet violet subgroup comprised studies evaluating Viola odorata as a
standalone intervention. For subgroup analysis by mode of administration, studies were
dichotomized into oral administration (including capsules, tablets, teas, and liquid extracts taken
by mouth) and intranasal administration (including essential oil inhalation and aromatherapy).
Statistical heterogeneity within each subgroup was assessed using the |2 statistic. Between-
subgroup differences were evaluated using a chi-squared test, with a significance threshold of p
< 0.10, as recommended for subgroup analyses in systematic reviews. All subgroup analyses
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were conducted within the random-effects model framework using RevMan, with the
DerSimonian and Laird method applied to each subgroup independently.

Sensitivity analysis

We conducted a series of sensitivity analyses to assess the robustness and stability of the pooled
effect estimates and to investigate the influence of methodological decisions on the overall
findings. These analyses were prespecified to evaluate whether the observed treatment effect was
driven by specific study characteristics or by the inclusion of studies at a high risk of bias.

First, to assess the influence of combination remedies on the overall effect estimate, we
performed a sensitivity analysis restricting the meta-analysis to studies evaluating single-herb
interventions only. Studies that administered two or more herbal constituents concurrently were
excluded from this analysis, and the pooled effect size was recalculated using the same random-
effects model. This approach allowed us to determine whether the inclusion of multi-herb
formulations, which may involve complex pharmacokinetic interactions, diluted or amplified the

overall treatment effect.

Second, to investigate the impact of the mode of administration on the pooled effect size and the
degree of between-study heterogeneity, we conducted a sensitivity analysis excluding studies
that employed intranasal administration (aromatherapy or inhalation). The rationale for this
exclusion was the substantial difference in bioavailability and pharmacological exposure
between oral and intranasal routes, which could contribute to the high heterogeneity observed in
the primary analysis. The pooled effect size and I? statistic were recalculated after the exclusion

of intranasal studies, and the results were compared with those of the primary analysis.

All sensitivity analyses were conducted using the same random-effects model (DerSimonian and
Laird method) implemented in RevMan, and the results were compared with the primary analysis
with respect to both the magnitude and the statistical significance of the pooled effect, as well as
the degree of statistical heterogeneity (I12). The findings of these analyses were interpreted to

inform the overall robustness of the review's conclusions.
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Reporting Bias

The risk of reporting bias for publication was calculated via R funnel plots. Egger’s test was
performed for the formal assessment of small study effects. Selective outcome reporting within

studies was evaluated as part of the risk of bias assessment.
Certainty assessment

The overall certainty of the body of evidence was judged by two reviewers (MAP and MDK)
working separately. To perform this evaluation, we used the GRADE (Grading of
Recommendations, Assessment, Development, and Evaluations) system as implemented in the
GRADEpro Guideline Development Tool, which adheres to the methodological standards set by
Cochrane [47, 48, 49]. The step-by-step assessment was performed for all five core domains, i.e.,
risk of bias in the included studies, the consistency of findings across studies, the precision of the
effect estimates, the directness of the evidence to the research question, and the likelihood of
publication bias that can impact confidence in the results for each of our primary outcomes. On
the basis of this assessment, each major outcome was assigned a certainty rating of high,
moderate, low, or very low. Ratings were adjusted upwards or downwards where justified, with

changes documented in the evidence summary table footnotes.

Results

Study Selection

A systematic search of databases and registries between June and July 2025 yielded 1,294
records. After removing 75 duplicates, we screened the titles and abstracts of the remaining
1,219 records, which led to the exclusion of 1,177 articles. The full texts of the remaining 42
studies were assessed for eligibility, resulting in the exclusion of 10 articles because of the
following: wrong population (n=4), wrong outcome (n=1), wrong intervention (n=1), wrong
study design (n=1), and wrong publication type (n=3). Consequently, 32 studies satisfied all
eligibility criteria and were included in the final synthesis. The study selection process, which
followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
methodology [38], is illustrated in Figure 1.
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Figure 1: Preferred Reporting Items for Systematic Reviews and M eta-Analyses (PRISMA)
flow diagram
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Study characteristics

The general characteristics of the 23 RCTs are presented in Table 1: Appendix Il Study
characteristics of the RCTs. These studies were conducted in India, Iran, Indonesia, the United
States of America, Thailand, Peru, Taiwan, Korea, Australia, Spain, Italy, Colombia and
Germany between 2010 and 2025 and included 1541 participants. The participants’ ages ranged
from 18--80 years, with sample sizes varying from 30--132 participants. The sleep-related
outcomes were assessed via validated tools such as the Pittsburgh Sleep Quality Index (PSQI),
the Insomnia Severity Index (ISI), sleep diaries, and additional stress, anxiety, or quality-of-life
measures. Nineteen studies (82.6%) used the PSQI, followed by the ISI, which was used in 4
studies (17.4%). Subjective sleep quality (SQ) and the modified Athens Insomnia Scale (MAIS)
were each used in one study, accounting for 4.3% of the RCTs. Depending on the intervention,
the follow-up duration varied from 1 week to 12 weeks. The chamomile (Matricaria chamomilla
L.) was evaluated in 10 RCTs in different modes of administration. These include chamomile
extract capsules, chamomile high-grade extracts, chamomile essential oil aromatherapy,
chamomile tea, chamomile oil inhalation, and combined interventions such as bergamot plus
chamomile tea. The intervention duration varied from 2 to 8 weeks. Four RCTs utilized
Passiflora incarnate, passion flower in oral capsules and herbal tea, with treatment durations
ranging from 1--6 weeks. A total of 4 RCTs used Melissa officinalis, commonly known as lemon
balm, in different modes, sometimes alone or in combination. The treatment durations ranged
from 2 to 4 weeks. Five RCTs utilized combinations of Melissa officinalis, sweet violet, and
lemon balm along with other multiple botanical agents. The treatment durations ranged from 2--6
weeks, and different trials were performed.

Table 1. Appendix I1: Study characteristicsof the RCTs

The study characteristics of the 9 non-randomized controlled trials as presented in Table 2:
Appendix II: Study characteristics of nonrandomized studies. These studies were conducted in
France, India, Iran, Italy, the Republic of Korea, Poland, and Thailand and included 369
participants in total. The sample size varied from 20 to 100 individuals aged between 16 and 90
years. Across trials, treatment durations ranged from 2--8 weeks, with outcomes commonly
assessed via tools such as the Insomnia Severity Index (ISI), Pittsburgh Sleep Quality Index

(PSQI), sleep diaries, and measures of depressive and anxiety symptoms, as well as quality of
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life. Five out of the 9 non-RCTS focused on single-herb interventions (e.g., chamomile, lemon
balm, sweet violet, Melissa officinalis), whereas 4 out of the 9 evaluated multiherbal
combinations that included botanical/non-botanical blends.

Table2: Appendix I1: Study characteristics of nonrandomized studies
Risk of bias assessment

We used the Cochrane risk of bias tool (RoB 2.0) to determine the risk of bias of the 21 parallel-
arm randomized controlled trials. Most studies reported a high overall risk of bias. This group
comprises Abdullahzadeh et al. (2017) [50], Abdollahzadeh and Naji (2014) [52], Abbasinia et
al. (2016) [53], Alvarado-Garcia et al. (2024) [55], Chang and Chen (2016) [56], Adib
Hajbaghery et al. (2017) [57], Deepa et al. (2024) [58], Renosih et al. (2025) [59], Harit et al.
(2024) [60], and Lee et al. (2019) [61]. In these trials, Domain 2 (deviations of the intended
interventions) and Domain 4 (measures the outcome) were the main sources of bias. A high
rating in Domain 2 usually means that the participants and personnel were not blinded and that
the analysis did not consider the possibility of this bias. A high rating of Domain 4 indicated that
the outcome was not blinded and that assessment of the outcome could be influenced by
familiarity with the intervention. Domain 3 (missing outcome data) was also an issue that was
frequently expressed, and it also posed some concerns with respect to dropouts and the

completeness of the data.

The second group of studies was rated as having ‘some concerns’ regarding the overall risk of
bias. Examples of this category are Jarukitsakul et al. (2025) [54]; Ranjbar et al. (2018a) [67];
Taherzadeh et al. (2021) [69]; and Gutierrez -Romero et al. (2024) [71]. Problems were common
in Domain 1 (randomization process), in which the method or allocation concealment might not
have been sufficient, and in Domain 5 (selection of the reported result), in which it was possible
to selectively report the outcomes.

Zick et al. (2011) [51] was the only study that was rated as having a low risk of bias in all
domains, which made their overall assessment low. The trial involved sound procedures, such as
adequate randomization, a low risk of bias due to missing data, blind estimation of outcomes,
and a preplanned, nonselective analysis strategy. Figure 2 shows risk of bias assessment parallel
arm trials

18


https://doi.org/10.64898/2026.03.23.26349099

medRxiv preprint doi: https://doi.org/10.64898/2026.03.23.26349099; this version posted March 25, 2026. The copyright holder has placed this
preprint (which was not certified by peer review) in the Public Domain. It is no longer restricted by copyright. Anyone can legally share, reuse,
remix, or adapt this material for any purpose without crediting the original authors.

Figure 2: Risk of bias assessment parallel arm trials
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Risk of Bias Assessment Crossover Trials

The risks of bias assessment of two crossover trials, i.e., Ngan and Conduit (2011) [62] and
Pierre et al. (2024) [65], were rated as having a high overall risk of bias, mainly because Domain
4 (measurement of the outcome) had a high risk associated with the absence of blinding in the
outcome assessment. In both, certain issues were observed in Domain 5 (selection of reported

results). Figure 3 shows risk of bias assessment crossover trial

Figure 3: Risk of bias assessment crossover trial
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Risk of Bias Assessment in Nonrandomized Controlled Trials

The risk of bias of nine included nonrandomized studies was evaluated and rated as the overall
critical risk of bias in the majority of the studies. The overall ratings demonstrate that seven out
of nine studies have a critical risk of bias: Catherine et al. (2021) [74]; Feyzabadi et al. (2014)
[75]; Cases et al. (2011) [76]; Kim et al. (2024) [77]; Kimtata et al. (2023) [79]; Lemoine et al.
(2019) [80] and Jaroenngarmsamer et al. (2021) [81]. The other two studies, Abdellah et al.
(2020) [73] and Simone et al. (2024) [78], were rated as having a high risk of bias. No low or
moderate overall risk of bias studies were found. The major reason for critical or serious risk of
bias was due to Domain 1 (confounding), where eight studies were rated as a serious risk and

Cases et al. (2011) [76] as a critical risk. Domain 6 (selection of participants) was also a
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problem, with eight out of nine studies rated as serious due to the selection of participants. Figure

4 shows risk of bias assessment for nonrandomized controlled trials

Figure4: Risk of bias assessment for nonrandomized controlled trials
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RESULTSOF INDIVIDUAL STUDIES

Table 3 presents the results of the continuous outcomes of all individual RCTs.

Table 3: Results of continuous outcomes of individual RCTs
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Study ID Outcome Timing Intervention | Intervention | Intervention | Control | Control | Control
of N Mean SD N Mean SD
Outcome
Abdullahzadeh | PSQI before 40 5.05 +3.76 37 8.24 +4.7
et al., 2017[50] and 4
weeks
after
interventi
on
Zick et al., PSQI Week 4 17 7.5 +33 17 7.1 +27
2011 [51]
Abdollahzadeh | PSQI after 8 40 4.3 +3.7 37 8.2 +4
and Naji, 2014 weeks
[52]
Abbasinia et al, | PSQI 8 weeks 55 10.1 +1.53 55 11.02 +2.45
2016 [53]
Jarukitsakul et | PSQI 21 days 15 4.93 3.15 15 5.93 3.63
al,2025 [54]
Alvarado- PSQI 8 weeks 56 3.96 +3.35 58 8.06 +5.60
Garcia et al,
2024 [55]
Chang and PSQI 2 weeks 35 6.11 2.867 37 8.08 3.787
Chen, 2016
[56]
Adib- PSQI 6 weeks 30 9.13 +244 30 11.4 +2.94
Hajbaghery et
al, 2017 [57]
Deepa et al., PSQI 2 weeks 40 6.45 +1.65 40 15.98 +2.15
2024 [58]
Renosih et al, PSQI 4 weeks 30 7.8 2.5 30 11.2 +2.7
2025 [59]
Harit et al., PSQI Week 4 32 9 +5.1188 33 13.15 +4.15
2024 [60] (Day 30)
Lee et al., 2019 | PSQI 2 weeks 45 6.91 +1.61 39 7.05 +1.521
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[61]
Ngan and SQ 1 week 41 3.83 0.61 41 3.57 0.56
Conduit, 2011
[62]
Marcos et al, PSQI 3 months | 36 8.8 2.5 35 9.4 2.7
2020 [63]
Taavoni et al, PSQI after 4 50 8.36 +4.46 50 10.52 +2.89
2013 [64] weeks
Pierro et al., ISI after 14 14 6.8 +4.1 16 9.7 +3.7
2024 [65] days of

first

suppleme

nt
Ranjbar et al, PSQI 4 weeks 34 7.55 +3.79 33 10.66 +3.55
2018a [66]
Ranjbar et al, ISI 4 weeks 23 11.3 +5.24 22 14.31 +5.60
2018b [67]
Feyzabadi et PSQI 4 weeks 22 6.45 +2.30 19 10.21 +2.93
al., 2017 [68]
Taherzadeh et 1SI 8 weeks 25 13 2.2 25 14.9 2.2
al., 2020 [69]
Maroo et al., ISI 2 weeks 39 8.5 +4.64 39 7.9 +4.03
2013 [70]
Gutiérrez- PSQI 6 weeks 35 6.49 +25 29 6 +1.7
Romero et al,
2024 [71]
Bongartz et mAIS 6 Weeks 25 11.76 6.85 25 4 4.8
al., 2019 [72]

Table 4: Results of the continuous outcomes of individual non-RCTs

Study & Intervention Herbal Intervention Outcome Measure Pre-Post Change | Interpretation
Single Herbs
Catherin, 2021 [74] Chamomile (Matricaria | Pittsburgh Sleep | 10.35-5.55=4.8 LB (Improvement)

recutita) Quality Index (PSQI)
Feyzabadi et al, 2014 | Sweet Violet (Viola | Insomnia  Severity | 16.32-6.48 =9.84 | B (Large improvement,
[75] odorata) Index (ISI) meets MCID)
Cases et al., 2011 [76] Lemon Balm (Melissa | Hamilton Rating | 1.13-0.3 =0.83 B (Large, stat. significant

officinalis)

Scale for Depression

improvement)
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(HRSD)
Kim et al., 2024 [77] Lotus & Rhodiola | Insomnia  Severity | 12.80 - 100 = | LB (Modest
(Nelumbo nucifera & | Index (ISI) 2.80 improvement)
Rhodiola rosea) Pittsburgh Sleep | 10.25-8.40 =1.85 | LB (Modest
Quality Index (PSQI) improvement)

Jaroenngarmsamer Chamomile (Matricaria | Sleep Quality Score 80.20- 55.65 = | B (Large, stat. significant
etal., 2021 [81] recutita) 24.55 improvement)
Multi-Herb Combinations with Confounding I nterventions
Abdellah et al., 2019 [73] | California Poppy (with | Insomnia ~ Severity | 16.09 -11.32 = | Not Synthesized
Valerian) Index (ISI) 4.77 (Confounded by
Valerian)
Simone et al., 2023 [78] Hawthorn, Linden Insomnia  Severity | 12.7-6.4=6.3 Not Synthesized
(with Melatonin) Index (ISI) (Confounded by
Melatonin)
Pittsburgh Sleep | 8.2-6.4=138 Not Synthesized
Quality Index (PSQI) (Confounded by
Melatonin)
Kimtata et al., 2023 [79] Passiflora (with | Insomnia  Severity | 15.1-5.5=9.6 Not Synthesized
Valerain) Index (ISI) (Confounded by
Valerian)
Lemoine et al., 2019 [80] | California Poppy, | Sleep Quality (0-10) 54-7=-16 Not Synthesized
Passionflower, Lemon (Confounded by
Balm (with Melatonin) Melatonin)

Legend: B=Beneficial,

LB=Likely Beneficial,

NC/U=No Change/Unclear.

=Statistically

significant (p<0.05) and/or meets the minimal clinically important difference MCID. e.g., a 6-8

point reduction on the ISI).

Results of Syntheses

Narrative Synthess

Nine studies with participants (n=369) were considered for narrative synthesis. The results are

synthesized below, with a focus on prespecified single herb or multiple herb combination

interventions.
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Synthesis by Intervention Group

1. Single herbs

Chamomile (Matricaria recutita): Evidence from two studies (n=80) indicates that chamomile
essential oil aromatherapy is beneficial for improving sleep quality. Jaroenngarmsamer et al.
(2021) [74] reported a large, statistically significant improvement (p=0.022), and Catherin et al.
(2021) [81] reported a clear positive change in the PSQI.

Sweet Violet (Viola odorata): One study (Feyzabadi et al., 2014 [75], n=50) provided evidence
that intranasal sweet Violet oil is beneficial, demonstrating a large, clinically important reduction

in ISI scores (-9.84 points).

Lemon Balm (Melissa officinalis): The evidence from Cases et al. (2011) [76] (n=20) is

significant clinical improvement from the baseline score on the HRSD.

Lotus & Rhodiola (Nelumbo nucifera & Rhodiola rosea): One study (Kim et al., 2024 [77],
n=20) reported beneficial but modest improvements in both the 1SI (2.80) and PSQI (1.85). The
high attrition rate (35%) in this study lowers the confidence in this finding.

2. Multi-Herb Combinationswith Confounding I nter ventions

Two studies (Abdellah et al., 2019 [73] and Kimtata et al., 2023 [77], total n=136) investigated
combinations that included a prespecified herb (California Poppy and Passionflower,
respectively) but also included Valerian, which was not a prespecified intervention. While both
studies reported positive outcomes, the effect of the prespecified herb cannot be isolated from
that of Valerian. Therefore, these studies are notable but do not contribute to the synthesis of

evidence for any single prespecified herb, as their results are confounded.

Two studies (Lemoine et al., 2019 [78] and Simone et al., 2023 [80]) (n=62) investigated
combinations of prespecified herbs. Lemoine et al. (2019) [78], using a combination of
California Poppy, Passionflower, and Lemon Balm, reported a statistically significant
improvement in subjective sleep quality (p<0.001). Simone et al. (2023) [80], using a

combination of Hawthorn and Linden, reported a clinically important reduction in ISI scores (-
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6.3 points). However, it is not possible to attribute the effects to any single herb within these
combinations, and they do not contribute to the synthesis of evidence, and their results are
confounded by melatonin.

Meta-Analysis

We performed a meta-analysis of 23 randomized controlled trials (RCTs) that compared herbal
sedatives with a placebo or control group. Three out of five outcomes were measured on reverse
scales, and their effect sizes were inverted accordingly to ensure that a consistent movement of
the effects was measured. A random-effects meta-analysis combining all 23 studies produced a
standardized mean difference of -0.77 (95% CI [-1.14, - 0.40]), which was statistically
significant (p=0.0001) and reflected the large pooled effects of herbal sedatives on sleep
outcomes. Substantial and statistically significant heterogeneity was found among the studies (Q
[df=22] = 149.17, p < 0.00001; I> = 92%). Figure 5 shows Meta-Analysis of the effects of Herbal
Sedatives on Sleep Outcomes

Figure 5. Meta-Analysis of the effects of Herbal Sedativeson Sleep Outcomes

Herbal Sedatives Control Std. mean difference Std. mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95%Cl IV, Random, 95%CI
Abbasinia et al. 2016 101 1.53 55 11.02 245 a5 4.6% -0.45[-0.83 ,-0.07]
Abdollahzadeh and Naji. 2014 43 37 40 82 4 37 4.5% -1.00[-1.48 ,-0.53]
Abdullahzadeh et al. 2017 5.05 3.76 40 824 47 kg 4.5% -0.75[-1.21 ,-0.28]
Adib Hajbaghery et al. 2017 9.13 2.44 30 11.4 294 30 4.4% -0.83[-1.36 ,-0.30]
Alvarado Garcia et al. 2024 3.96 3.356 56 8.06 56 58 4.6% -0.88[-1.26 ,-0.49]
Bongartz et al. 2019 -11.76 6.85 25 -4 48 25 4.2% -1.29[-1.91, -0.68]
Chang and Chen. 2016 611 2867 35 808 3787 37 4.5% -0.58 [-1.05,-0.11]
Deepa et al. 2024 6.45 1.65 40 1598 215 40 37% -492[-5.82 ,-4.03]
Feyzabadi et al. 2017 6.45 23 22 1021 293 19 4.1% -1.41[-2.11,-072]
Gutierrez Romero et al. 2024 6.49 25 35 6 17 29 4.4% 022[-027,072]
Harit et al. 2024 9 5.1188 32 13158 415 a3 4.4% -0.88[-1.29,-0.37]
Jarukitsakul et al. 2025 493 315 15 593 363 15 41% -0.29[-1.01,0.43]
Lee et al 2019 691 1.61 45 705 1.521 39 4.5% -0.09[-0.52,0.34]
Marcos et al. 2020 8.8 25 36 9.4 27 35 4.5% -0.23[-0.70,0.24]
Maroo et al. 2013 85 464 39 79 403 39 4.5% 0.14[-0.31,058]
Ngan and Conduit. 2011 -3.83 0.61 41 -3.857 0.56 41 4.5% -0.44[-0.88 , -0.00]
Pierro et al. 2024 6.8 41 14 9.7 37 16 4.0% -0.73[-1.47 ,0.02]
Ranjbar et al. 2018a 7.65 3.79 34 1066 3.55 33 4.4% -0.84[-1.34 . -034]
Ranjbar et al. 2018b 1.3 5.24 23 1421 5.6 22 4.3% -0.55[-1.14,0.05]
Renosih et al. 2025 78 25 30 1.2 27 30 4.3% -1.29[-1.85 ,-0.73]
Taavoni et al. 2013 8.36 4.46 50 1052 289 a0 4.6% -0.57 [[0.97 . -0.17]
Taherzadeh et al. 2020 13 22 25 14.9 22 25 4.3% -0.85[-1.43,-0.27]
Zick et al. 2011 75 33 17 71 27 17 41% 013 [-0.54 ,0.80]
Total (Walda) 779 762 100.0% -0.77 [-1.14, -0.40]
95% prediction interval [-2.49,095]

Test for overall effect: Z = 4.10 (P < 0.0001) 100 50 0 100
Favours [Herbal Sedatives] Favours [control]

Heterogeneity: Tau* (REMLP, 95% CI) = 0.73 [0.43 , 1.85]; Chi* = 149.17, df = 22 (P < 0.00001); B = 92%
Footnotes

acl calculated by Wald-type method.
bTau® calculated by Restricted Maximum-Likelihood method.
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This forest plot illustrates the effect sizes of individual studies and the overall results of the meta-
analysis. Each study is represented by a square (the standardized mean difference, SMD) and a
horizontal line (the 95% confidence interval, Cl). The size of each square reflects its contribution
to the pooled result. The pooled SMD, calculated via a random-effects model, is shown as a
diamond at the bottom. An SMD below zero favours the intervention, resulting in a reduction in

outcome scores.
Subgroup analysis
1. Typesof herbal sedatives

Subgroup analyses were conducted by type of herbal sedative in an attempt to investigate the
potential sources of heterogeneity and to investigate whether particular herbal preparations might

have differential effects.

For the 10 studies of chamomile, a significant improvement in sleep outcomes was found
compared with the control (SMD= -1.06, 95% CI [-1.88, -0.24]; p= 0.01), even though
significant heterogeneity was present (12 = 96%, y2 = 98.37, p < 0.00001).

For the four studies on Melissa' |officinalis, a significant beneficial effect was observed (SMD =
-0.66, 95% CI -0.92 to -0.40; p < 0.00001), with no evidence of heterogeneity (12 = 0%, y2 =
0.84, p = 0.84).

For the four studies evaluating Passiflora, a small but statistically significant difference in favour
of Passiflora was found (SMD (-0.39, 95% CI [ -0.72, -0.07]; p = 0.02), with moderate
heterogeneity (12 = 49%, 2 =5.95, p = 0.11).

For the four studies in which herbal remedies were given in combination, the pooled effect was
nonsignificant (SMD-0.42, 95% CI [-1.15, 0.30], p=0.25), and high heterogeneity predominated
(12=87%, y2 = 21.47, p < 0.0001)).

The single study that assessed sweet violet extract revealed a large and statistically significant
effect in favour of the intervention (SMD=-1.41 (95% CI [ -2.11, -0.72]; p<0.0001).
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A test for subgroup differences revealed no significant differences between groups of herbs (y2 =
8.38, df = 4, p = 0.08; 12 = 52.2%), indicating that possible differences in the effect sizes of the
different herbal types were not statistically significant. Figure 6 presents Subgroup analysis by

type of intervention

Figure 6: Subgroup analysis by type of intervention

Herbal Sedatives Control $td. mean difference Std. mean difference

Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95%Cl IV, Random, 95%CI
1.2.1 Chamomile

Abbasinia et al. 2016 101 1.53 95 11.02 2.45 25 4.6% -0.45 [-0.83 , -0.07]

Abdollahzadeh and Naji. 2014 4.3 37 40 8.2 4 37 45% -1.00 [-1.48 . -0.53]

Abdullahzadeh et al. 2017 5.05 3.76 40 8.24 47 a7 45% -0.75[1.21 ,-0.28]

Adib Hajbaghery et al. 2017 913 244 30 11.4 294 30 4.4% -0.83 [-1.36 , -0.30]

Alvarado Garcia et al. 2024 3.96 3.35 56 5.06 56 58 46% -0.88 [-1.26,-0.49]

Chang and Chen. 2016 6.11 2.867 35 8.08 3.787 a7 4.5% -0.58 [-1.05, -0.11]

Deepa et al. 2024 6.45 1.65 40 15.98 215 40 3.7% -4.92 [-5.82 , -4.03]

Jarukitsakul et al. 2025 493 3.15 15 593 3.63 15 41% -0.29[-1.01 . 0.43]

Renosih et al. 2025 7.8 25 30 11.2 27 a0 43% -1.29[-1.85,-0.73]

Zick et al. 2011 7.5 33 17 71 27 17 41% 0.13[-0.54, 0.80]

Subtotal (Walda) 358 356 43.2% -1.06 [-1.88 , -0.24]

Test for overall effect: Z = 2.53 (P = 0.01)
Heterogeneity: Tau® (REMLb, 95% CI) = 1.68 [0.75

1.2.2 Passiflora

Harit et al. 2024 9 51188
Lee etal 2019 6.91 1.61
Marcos et al. 2020 8.8 25
Mgan and Conduit. 2011 -3.83 0.61

Subtotal {Walda)
Test for overall effect: 2= 2.35 (P =0.02)
Heterogeneity: Tau® (REMLP, 95% CI) = 0.05 [0.00

1.2.3 Melissa officinalis

Pierro et al. 2024 6.8 4.1
Ranjbar et al. 2018a 7.55 3.79
Ranjbar et al. 2018b 11.3 5.24
Taavoni et al. 2013 8.36 4.46

Subtotal (Walda)
Test for overall effect: Z = 4.96 (P < 0.00001)
Heterogeneity: Tau® (REMLb, 95% CI) = 0.00 [0.00

1.2.4 Combination Remedies

,6.40]; Chi*=98.37,df =9 (P < 0.00001); F = 96%

32 1315 415 33 4.4%
45 705 1521 39 4.5%
36 9.4 27 35 4.5%
41 -3.57 0.56 41 4.5%
154 148 17.9%

,1.61), Chi* =595, df =3 (P=0.11). F=49%

14 97 37 16 4.0%
34 1066 3.85 33 4.4%
23 143 5.6 22 4.3%
50 1052 2.89 50 46%
121 121 17.3%

L0119 Chi*r=084,df=3 (P=0.84); F=0%

Bongariz et al. 2019 -11.76 6.85 25 -4 4.8 25 42%
Gutierrez Romero et al. 2024 649 25 35 6 17 29 4.4%
Maroo et al. 2013 8.9 4.64 39 7.9 4.03 39 4.5%
Taherzadeh et al. 2020 13 22 25 14.9 22 25 4.3%
Subtotal (Walda) 124 118  17.5%

Test for overall effect: Z=1.15 (P=0.25)
Heterogeneity: Tau? (REMLD, 95% CI) = 0.47 [0.10

1.2.5 Sweet Violet
Feyzabadi et al. 2017
Subtotal

Test for overall effect: Z=4.00 (P < 0.0001)
Heterogeneity: Not applicable

6.45 23

Total (Walda)
95% prediction interval

Test for overall effect: Z=4.10 (P < 0.0001)

, 763]; Chi*=21.47 df=3 (P <0.0001); F=87%

22 1021 293 19 41%
22 19 4.1%
779 762 100.0%

Test for subgroup differences: Chz = 8.38, df = 4 (P = 0.08), = 52.2%
Heterogeneity: Tau® (REMLb, 95% CIy = 0.73 [0.43 , 1.85]; Chi# = 149.17, df = 22 (P < 0.00001); F = 92%

Footnotes
acl calculated by Wald-type method.

bTau? calculated by Restricted Maximum-Likelinood method.
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2. Mode of administration

Subgroup analysis was also conducted for mode of administration to determine whether there
was any difference in effectiveness between oral and intranasal delivery. For 19 RCTs that used
oral administration, we found a statistically significant improvement in sleep outcomes compared
with the control (SMD than -0.53, 95% CI [-0.73--0.34]; p < 0.00001), with a moderate pooled
effect but substantial heterogeneity (1> = 65%, y? = 50.12, p < 0.0001).

For the 4 studies that used intranasal administration, a greater overall effect was observed in
favour of the intervention (SMD = -1.99, 95% CI [-3.88, -0.10]; p = 0.04), although very high
heterogeneity was observed (12 = 97%, ¥? = 69.64, p < 0.00001).

A test for subgroup differences revealed no statistically significant difference between the oral
and intranasal routes (y2 = 2.26, df =1, p = 0.13; 12 = 55.8%). Figure 7 depicts subgroup analysis

by mode of intervention.

Figure 7: Subgroup analysis by mode of intervention

Herbal Sedatives Control Std. mean difference Std. mean difference

Study or Subgroup Mean sSD Total Mean SD Total Weight IV, Random, 95%CI IV, Random, 95%CI
1.3.1 Oral

Abbasinia et al. 2016 10.1 1.53 55 11.02 245 55 46% -0.451-0.83,-0.07]
Abdollahzadeh and Naji. 2014 43 37 40 8.2 4 v 4.5% -1.00[-1.48 , -0.53]
Abdullahzadeh et al. 2017 5.05 376 40 824 47 a7 4.5% -0.75[-1.21,-0.28]
Adib Hajbaghery et al. 2017 9.13 244 30 1.4 294 30 4.4% -0.83 [-1.36 ,-0.30]
Bongariz etal. 2019 -11.76 6.85 25 -4 48 25 42% -1.29 [-1.91 ,-0.68]
Chang and Chen. 2016 6.11 2.867 35 8.08 3787 37 4.5% -0.58[-1.05,-0.11]
Gutierrez Romero et al. 2024 6.49 25 35 6 17 29 4.4% 0.221-027.072]
Harit et al. 2024 9 5.1188 32 1315 415 33 4.4% -0.88 [-1.39, -0.37]
Jarukitsakul et al. 2025 493 315 15 593 363 15 41% -0.29 [-1.01,0.43]
Lee et al 2019 6.91 161 45 705 1.521 39 4.5% -0.09 [-0.52,0.34]
Marcos et al. 2020 88 25 36 94 27 35 4.5% -0.23[-0.70,0.24]
Maroo etal. 2013 85 464 39 79 403 39 4.5% 0.14[-0.31,0.58]
Ngan and Conduit. 2011 -3.83 0.61 41 -3.57 0.56 a1 4.5% -0.441-0.88 , -0.00]
Pierro et al. 2024 6.8 4.1 14 9.7 3T 16 4.0% -0.73[-1.47 ,0.02]
Ranjbar et al. 2018a 7.55 379 34 1066 3.55 33 4.4% -0.84 [-1.34 . -0.34]
Ranjbar et al. 2018b 1.3 524 23 143 56 22 4.3% -0.55[-1.14 ,0.05]
Renosih et al. 2025 78 25 30 1.2 27 30 4.3% -1.29[-1.85 ,-0.73]
Taavoni et al. 2013 8.36 4.46 50 1052 2289 50 4.6% -0.57 [-0.97 ,-017]
Zick et al. 2011 75 33 17 71 27 17 41% 0.13[-0.54, 0.80]
Subtotal (Walda) 636 620 83.3% -0.53 [-0.73, -0.34]

Test for overall effect: Z = 5.34 (P < 0.00001)
Heterogeneity: Tau* (REMLD, 95% CI) = 0.12 [0.04 , 0.36]; Chi* = 50.12, df = 18 (P < 0.0001); P = 65%

1.3.2 Intranasal
Alvarado Garcia et al. 2024 3.96 3.35 56 8.06 56 58 4.6% -0.88 [-1.26 , -0.49]

Deepa et al. 2024 6.45 1.65 40 1598 215 40 3T7% -4.921-5.82,-4.09]
Feyzabadi et al. 2017 6.45 23 22 1021 293 19 41% 141 [-2.11,-0.72]
Taherzadeh et al. 2020 13 22 25 149 22 25 4.3% -0.85[-1.43,-0.27]
Subtotal (Walda) 143 142 16.7% -1.99 [-3.88 , -0.10]

Test for overall effect: Z=2.07 (P =0.04)
Heterogeneity: Tau® (REMLP, 95% CI) = 3.59 [1.06 , 53.02]; Chi* = 69.64, df = 3 (P < 0.00001); F=97%

Total (Walda) 779 762 100.0% -0.77 [-1.14, -0.40]
95% prediction interval [-2.49 ,0.95]

Test for overall effect: Z=4.10 (P < 0.0001) -100 50 100
Test for subgroup differences: Ch? = 2.26, df =1 (P = 0.13), F=55.8% Favours Herbal Sedatives Favours control
Heterogeneity: Tau* (REMLP, 95% Cl) = 0.73 [0.43 , 1.85]; Chi® = 149.17, df = 22 (P < 0.00001); P = 92%

Footnotes

aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.
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Sensitivity analysis

Sensitivity analyses were conducted to test the robustness and stability of the pooled effect
estimate. The overall effect was statistically significant across a range of different analysis
scenarios, suggesting that the beneficial effect was not caused by a single influential study. The
pooled SMD was relatively stable and was uniformly in favour of intervention when individual

studies were reviewed.

A sensitivity analysis was conducted to investigate the effects of combination remedies on the
overall results. The overall standardized mean difference (SMD) was -0.77 (95% ClI -1.14 to -
0.40) before the analysis. The exclusion of RCTs that used combination remedies and the
restriction of study analysis to single herb interventions led to a larger effect size, SMD = -0.84
(95% ClI -1.27, -0.42), suggesting a slightly greater degree of treatment effect at the same level of
heterogeneity, i.e., 1°’=92%. The direction of the effect was consistent, indicating that the
underlying beneficial effect of the outcomes in the primary meta-analysis was robust. Figure 8
shows sensitivity analysis for single herb versus combination remedies
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Figure 8: Sensitivity analysisfor single herb ver sus combination remedies

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias

Study or Subgroup Mean SD Total Mean sSD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDETF
1.2.1 Chamomile

v Abbasinia et al. 2016 10.1 153 56 1102 245 55  5.5% -0.45 [-0.83 , -0.07] X ] 7@
v Abdollahzadeh and Naji. 2014 43 3.7 40 8.2 4 37 54% -1.00 [-1.48 , -0.53] 2 ® 2@
v Abdullahzadeh et al. 2017 505 376 40 824 47 37 54% 0.75[-1.21,-0.28] CY ) ®e
v Adib Hajbaghery et al. 2017 9.13 244 30 1.4 2.94 30 5.3% -0.83 [-1.36 , -0.30] @ @ 7@
¥ Alvarado Garcia et al. 2024 3.96 335 56 8.06 58 58 5.5% -0.88 [-1.26 , -0.49] @ @ 7@
v Chang and Chen. 2016 6.11 2867 35 808 3787 37 5.4% -0.58 [-1.05 , -0.11] 7 ® 7 ®
« Deepa et al. 2024 6.45 1.65 40 15.98 215 40 4.6% -4.92 [-5.82 , -4.03] . (N ] N ]
v Jarukitsakul et al. 2025 493 3.15 15 593 3.63 15 5.0% -0.29[-1.01, 0.43] @ ® @
¥ Renosih et al. 2025 78 25 30 1.2 27 30 5.3% -1.29[-1.85,-0.73] N ] N ]
v Zick et al. 2011 75 33 17 74 27 17  50% 0.13[-0.54 , 0.80] CX ) @
Subtotal (Wald.) 358 356 52.4% -1.06 [-1.88 , -0.24]

Test for overall effect: Z = 2.53 (P = 0.01)
Heterogeneity: Tau? (REMLs, 95% Cl) = 1.68 [0.75 , 6.40]; Chi? = 98.37, df = 9 (P < 0.00001); I* = 96%

1.2.2 Melissa officinalis

¥ Pierro et al. 2024 6.8 4.1 14 9.7 37 16 4.9% -0.73[-1.47,0.02] ? ‘N
v Ranjbar et al. 2018a 7.55 379 34 1066 3.55 33 5.4% -0.84 [-1.34 , -0.34] ® N
¥ Ranjbar et al. 2018b 1.3 5.24 23 1431 5.6 22 5.2% -0.55 [-1.14, 0.05] * (N
v Taavoni et al. 2013 8.36 4.46 50 1052 289 50 5.5% -0.57 [-0.97 ,-0.17] & 7@
Subtotal (Walda) 121 121 20.9% -0.66 [-0.92 , -0.40]

Test for overall effect: Z = 4.96 (P < 0.00001)
Heterogeneity: Tau? (REMLs, 95% CI) = 0.00 [0.00 , 0.19]; Chi* = 0.84, df = 3 (P = 0.84); P = 0%

1.2.3 Passiflora

¥ Harit et al. 2024 9 51188 32 1315 4.15 33 5.3% -0.88 [-1.39,-0.37] [ ]
v Lee etal. 2019 691 1.61 45 705 1521 39 5.5% -0.09 [-0.52 , 0.34] &
¥ Marcos et al. 2020 8.8 2.5 36 9.4 27 35 5.4% -0.23[-0.70, 0.24] [ )
v Ngan and Conduit. 2011 -3.83 0.61 41 -3.57 0.56 41 5.4% -0.44 [-0.88 , -0.00] @
Subtotal (Wald.) 154 148 21.6% -0.39 [-0.72, -0.07]

Test for overall effect: Z = 2.38 (P = 0.02)
Heterogeneity: Tau®* (REMLs, 95% CI) = 0.05 [0.00, 1.61]; Chi* = 5.95,df =3 (P=0.11); P =49%

1.2.4 Combination Herbal Remedies

x Bongartz et al. 2019 -11.76 6.85 25 -4 4.8 25 0.0% -1.29 [-1.91 , -0.68] "N NN BN ]
* Gutierrez Romero et al. 2024 6.49 25 35 6 1.7 29 0.0% 0.22[-0.27 ,0.72] 7900 7 7
x Maroo et al. 2013 85 4.64 39 79 4.03 39 0.0% 0.14 [-0.31, 0.58] 90070
% Taherzadeh et al. 2020 13 22 25 149 22 25 0.0% -0.85 [-1.43 ,-0.27] N N N R
Subtotal 0 0 Not estimable

Test for overall effect: Not applicable

Heterogeneity: Not applicable

1.2.5 Sweet Violet (Viola odorata)

v Feyzabadi etal. 2017 6.45 23 22 1021 2.93 19 50% 141211 ,-0.72) 79008720

Subtotal 22 19 5.0% -1.41[-2.11,-0.72]
Test for overall effect: Z = 4.00 (P < 0.0001)
Heterogeneity: Not applicable

Total (Walds) 655 644 100.0% -0.84 [1.27 , -0.42]
95% prediction interval [-2.66 ,0.97]

_
Test for overall effect: Z = 3.90 (P < 0.0001) -100 50 0 50 100
Test for subgroup differences: Chi* = 8.05, df = 3 (P = 0.05), I’ =62.7% Favours Herbal Sedatives Favours control

Heterogeneity: Tau* (REMLs, 95% CI) = 0.81 [0.45 , 2.24]; Chi* = 119.81, df = 18 (P < 0.00001); I* = 92%
Footnotes

«Cl calculated by Wald-type method.

wTau® calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions

(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result
(F) Overall bias

To further explore the high degree of heterogeneity found in the primary analysis (I* = 92%), a
sensitivity analysis was also conducted for the intervention mode of administration. Exclusion of
studies using intranasal administration led to a decreased pooled effect size (SMD = -0.53; 95%
Cl -0.73--0.34) and reduced heterogeneity to 1> = 65%. These results indicate that intranasal

interventions were responsible for the greater overall effect size and greater between-study
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heterogeneity; however, the direction and statistical significance of the effect were the same
across the studies. Figure 9 presents sensitivity analysis for mode of administration

Figure9: Sensitivity analysisfor mode of administration

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias

Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A B CDEF
1.3.1 Oral

v Abbasinia et al. 2016 10.1 153 55  11.02 245 55 6.3% -0.45[-0.83 ,-0.07] [ ] 2720
v Abdollahzadeh and Naji. 2014 4.3 3.7 40 8.2 4 37 5.6% -1.00[-1.48 , -0.53] ? ® 720
v Abdullahzadeh et al. 2017 5.05 3.76 40 8.24 4.7 37 5.7% -0.75[-1.21,-0.28] ® [ X X ]
v Adib Hajbaghery et al. 2017 913 244 30 114 294 30 52% -0.83[-1.36 , -0.30] ? [ BN ]
v Bongartz et al. 2019 -11.76 6.85 25 -4 4.8 25 46% -1.29[-1.91,-0.68] @ [ BN ]
v Chang and Chen. 2016 6.11  2.867 35 8.08 3.787 37 5.6% -0.68 [-1.05, -0.11] ? [ N ]
v Gutierrez Romero et al. 2024 6.49 25 35 6 17 29 5.4% 0.22[-0.27,0.72] ? ® 22
¥ Harit et al. 2024 9 5.1188 32 13.15 4.15 33 5.3% -0.88 [-1.39, -0.37] @® 2720
v Jarukitsakul et al. 2025 4.93 3.15 15 5.93 3.63 15 3.9% -0.29 [-1.01, 0.43] ? ® 2?22
v Lee et al. 2019 6.91 161 45 705 1521 38 59% -0.09[-0.52, 0.34] ® ®?®
v Marcos et al. 2020 8.8 25 36 9.4 27 35 5.6% -0.23[-0.70, 0.24] ? [ BN ]
v Maroo et al. 2013 85 464 39 7.8 4.03 39 5.8% 0.14[-0.31, 0.58] ® [ N ]
# Ngan and Conduit. 2011 -3.83 061 41 357 056 4 59% -0.44 [-0.88 , -0.00] @® ®20
v Pierro et al. 2024 6.8 4.1 14 97 3.7 16 3.8% -0.73 [-1.47 , 0.02] ? ® 720
v Ranijbar et al. 2018a 7.55 3.79 34 10.66 3.55 33 5.4% -0.84 [-1.34 , -0.34] @ ® 7?2
v Ranijbar et al. 2018b 1.3 524 23 1431 56 22 47% -0.55[-1.14 , 0.05] ® ®72 0
v Renosih et al. 2025 7.8 25 30 1.2 27 30 4.9% -1.29[-1.85, -0.73] ? 20
v Taavoni et al. 2013 8.36 4.46 50 1052 2.89 50 6.2% -0.57 [-0.97 ,-0.17] ? [ BN ]
v Zick et al. 2011 7.5 3.3 17 7.1 27 17 42% 0.13 [-0.54 , 0.80] + XX ]
Subtotal (Wald.) 636 620 100.0% -0.53 [-0.73, -0.34]

Test for overall effect: Z = 5.34 (P < 0.00001)
Heterogeneity: Tau? (REMLs, 95% CI) = 0.12 [0.04 , 0.36]; Chi? = 50.12, df = 18 (P < 0.0001); |12 = 65%

1.3.2 Intranasal (aromatherapy)

% Alvarado Garcia et al. 2024 3.96 3.35 56 8.06 5.6 58 0.0% -0.88 [-1.26 , -0.49] 2200720
% Deepa et al. 2024 6.45 1.65 40 15.98 215 40 0.0% -4.92[-5.82 , -4.03] 7000720
% Feyzabadi et al. 2017 6.45 23 22 1021 293 19  0.0% -1.41[-2.11,-0.72] 700® 728
% Taherzadeh et al. 2020 13 2.2 25 14.9 22 25 0.0% -0.85[-1.43 ,-0.27] PPeS®? 7
Subtotal 0 0 Not estimable

Test for overall effect: Not applicable
Heterogeneity: Not applicable

Total (Wald.) 636 620 100.0% -0.53 [-0.73, -0.34]
95% prediction interval [-1.24,0.17]
Test for overall effect: Z = 5.34 (P < 0.00001) -100 50 0 50 100
Test for subgroup differences: Not applicable Favours Herbal Sedatives Favours control

Heterogeneity: Tau? (REMLs, 95% CI) = 0.12 [0.04 , 0.36]; Chi? = 50.12, df = 18 (P < 0.0001); I* = 65%

Footnotes
aCl calculated by Wald-type method.
»Tau® calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F) Overall bias

Overall, the findings from sensitivity analyses suggest that the observed beneficial effect of
herbal sedatives on sleep outcomes is relatively robust, although the magnitude of the effect may
depend on the type of intervention and mode of administration.
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Publication Bias

Publication bias was measured via Egger's regression test for funnel plot asymmetry, which
suggested a statistically significant existence of bias (t = 2.4796, df = 21, p = 0.0217). The
asymmetry observed in the funnel plot (Figure 10) provides visual confirmation of potential

publication bias.

Figure 10: Funnd plot for publication bias assessment

Funnel Plot for Publication Bias Assessment

0
|

Standard Error

0449 0337 0224 0112
L ]

Standardized Mean Difference

Figure 10 Funnel plot assessing the risk of publication bias by plotting each study's effect (SMD)
against its precision (standard error). The vertical dashed line represents the overall pooled
effect, whereas the diagonal dashed lines represent the expected 95% confidence interval for a
given standard error in the absence of bias. The observed asymmetry in the plot suggests that

smaller studies with null or negative results may be missing from the analysis.

Certainty of Evidence

The overall certainty of the body of evidence was judged by two reviewers (MAP and MDK)
working separately. To perform this evaluation, we used the GRADE system implemented in the
GRADEpro Guideline Development Tool [49]. The step-by-step assessment was performed for
all five core domains for two major outcome measures, i.e., the Pittsburgh Sleep Quality Index
(PSQI) and the Insomnia Severity Index (ISI).
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Sixteen randomized controlled trials including 1134 participants reported sleep quality measured
by the Pittsburgh Sleep Quality Index. Compared with placebo, herbal sedatives resulted in a
large reduction in the Pittsburgh Sleep Quality Index (SMD -0.85" SD lower, 95% CI 1.38 lower
to 0.32), but the evidence has a moderate level of certainty. The evidence was downgraded from
high to moderate certainty, as most of the RCTs had a high risk of bias and potential publication
bias. Four randomized controlled trials including 203 participants whose sleep outcomes were
measured by the Insomnia Severity Index (ISI) revealed that, compared with placebo, herbal
sedatives slightly reduced the insomnia severity index (SMD -0.46 SD lower, 95% CI 0.93
lower to 0.02 higher), but the certainty of evidence was rated as moderate due to a high risk of

bias and potential publication bias across the broader body of evidence.

*The forest plots for these SVID scores are attached as supplementary files.
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Table5:GRADE Summary of findings:

Herbal Sedatives compared to Placebo for Insomnia

Patient or population: Insomnia
Setting:
Intervention: Herbal Sedatives

Comparison: Placebo

Anticipa*ted absolute
effects (95% CI)

Risk with Relative Ne of Certainty of
Risk with Herbal effect participants | the evidence
Outcomes Placebo Sedatives (95% CI) (studies) (GRADE) Comments
Pittsburgh Sleep SMD 0.85 SD
Quality Index lower
(PSQI) (1.38 lower to . .
Herbal Sedatives results in large

Scale from: 3.96 0.32 lower 1134 M SR

10 10.1 - ) - (16 RCTS) M(Jc?gigtea"’ reduction m_Plttsburgh Sleep
follow-up: range Quality Index.

1 weeks to 8
weeks
Insomnia SMD 0.46 SD
Severity Index lower
@asn (0.93 lower to :

Scale from: 6.8 0.02 higher) 203 Cleleln H(;rbal Sedatlve§ probaply

t0 13 - - (4RCTS) Moderate®? reduces Insomnia Severity
follow-up: range Index slightly.

2 weeks to 8
weeks

*Therisk in theintervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and
the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; SM D: standardized mean difference

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

M oder ate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of
the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different
from the estimate of effect.

Explanations
a. Most of the RCTs have a high risk of bias

b. Publication bias was measured by applying Egger's regression test for funnel plot asymmetry, which suggested a statistically significant existence of bias (t =
24796, df = 21, p = 0.0217).
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Discussion

This systematic review and meta-analysis synthesized evidence from 23 randomized controlled
trials evaluating herbal interventions for insomnia. The pooled analysis demonstrated a moderate
overall treatment effect (SMD = -0.77) favouring herbal interventions compared with placebo or
the control. Sensitivity analysis further indicated that single-herb interventions produced a
slightly greater pooled effect (SMD = -0.84) than combination herbal remedies did (SMD = -
0.77). Chamomile and Melissa officinalis (lemon balm) are the most frequently investigated
botanicals and have consistently improved sleep quality across several trials. This review
provides a more detailed synthesis of the therapeutic potential of botanical sleep aids than
previous narrative or condition-specific reviews do by quantitatively comparing individual and
combined herbal preparations. The present meta-analysis extends this literature by synthesizing
evidence across a broader range of herbal interventions and exploring differences between

single-herb formulations and combination formulations through subgroup analysis.

The strongest pooled effect in our analysis was observed for chamomile, which confirmed a
large effect size relative to other herbal interventions. This finding is broadly consistent with the
emerging clinical literature. For example, a recent randomized controlled trial compared the
effects of chamomile and Passiflora on sleep quality among 90 insomnia patients aged 25--45
years and reported that chamomile significantly improved insomnia and daytime functioning
compared with Passiflora [82]. Similarly, a systematic review and meta-analysis of clinical trials
examined the effects of chamomile on sleep outcomes and reported a significant reduction in the
Pittsburgh Sleep Quality Index (PSQI) score (WMD: -1.88, 95% CI) [83]. Chamomile, a
member of the Asteraceae family, has long been used in traditional medicine for insomnia, fever,
muscular spasms, menstrual problems, ulcers, gastrointestinal issues and rheumatic pain [84]. Its
therapeutic effects are thought to be mediated primarily through bioactive compounds such as
apigenin, which acts as an antagonist of gamma aminobutyric acid (GABA) receptors and
exhibits anxiolytic and sedative properties [85]. Despite its widespread traditional use,
authoritative reviews, such as those by the National Centre for Complementary and Integrative
Health (NCCIH), highlight that robust clinical evidence supporting chamomile efficacy for
insomnia remains limited [86, 87]. Experimental studies have provided mixed support for the

hypnotic properties of chamomile. For example, an earlier in vivo study investigating the
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hypnotic effects of chamomile and Passiflora extracts in animal models revealed significant
shortening of sleep latency in chamomile but no effects on sleep latency or delta activity during
non—REM (rapid eye movement) with Passiflora [88]. Similarly, a systematic review examining
the therapeutic effects of chamomile, which included 69 studies from 1990--2016, revealed its
beneficial effects as an antioxidant and antidepressant and was helpful in treating osteoarthritis
and ulcerative colitis but did not report its benefits for insomnia [89]. Compared with those of
conventional pharmacological treatments, the magnitude of chamomile effects is notable.
Benzodiazepine receptor agonists and z-drugs have an SMD between 0.57 and 0.78 and are
related to well-documented profiles of adverse effects (dependency and next-day sedation) [90].
The similar effect size compared with that of chamomile, combined with a positive safety
profile, therefore represents a clinically useful signal; however, this finding needs to be

confirmed by greater certainty before it can be implemented in clinical practice.

Our subgroup analysis by intervention type revealed that Melissa officinalis (lemon balm) had
the second largest effect size, i.e., -0.66. This finding aligns with contemporary clinical evidence
suggesting beneficial effects of lemon balm on sleep and anxiety. A narrative review investigated
the effects of Melissa officinalis on sleep quality and reported that lemon balm extracts reduce
sleep disorders in cardiac patients [91]. In addition, a double-blind randomized placebo-
controlled trial examining the efficacy of lemon balm for anxiety and insomnia in coronary
artery bypass surgery patients reported a reduction in anxiety scores, i.e., 10.18 in the control
group and 7.15 in the lemon balm group, p = 0.001, and substantial improvements in sleep
quality score, i.e., 14.40, compared with the control, 'i.e., 7.52 1, p < 0.001, in the lemon balm
[92]. The pharmacological basis for this moderate effect size is biologically plausible, as the
lemon balm contains several active compounds, such as rosmarinic acid, which inhibits gamma
aminbutyric acid transaminase (GABA-T) [93]. This inhibition results in increased synaptic
availability of neurotransmitters. Gabapentin mimics the anxiolytic effect instead of the direct
hypnotic action to promote sleep [93]. This distinction is clinically important because, unlike
direct hypnotic agents that activate gamma-aminobutyric acid (GABA-A) receptors, this
mechanism likely produces a milder sedative profile and may therefore reduce the risks
associated with stronger sedative medications.
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In contrast, for chamomile and lemon balm, the subgroup analysis of Passiflora yielded a small
pooled effect of 0.39. However, both experimental and clinical evidence suggests that Passiflora
may still exert beneficial effects on sleep physiology. Animal studies provide some support for
this hypothesis. For example, Guerrero and Medina (2017) examined the effect of Passiflora
incarnata on Wistar rats via electroencephalography (EEG) recordings and reported a significant
improvement in total sleep time (p<0.05) [94]. Similarly, Kim et al. (2019) investigated the
sleep-inducing effect of Passiflora incarnata in rodents and reported that Passiflora extracts
influenced GABA receptor activity and significantly increased the resting time following the oral
administration of 250-500 mg of Passiflora [95]. Recent human studies also support our
findings. A double-blind randomized controlled trial investigated the effects of Passiflora on
polysomnographic sleep parameters. A total of 110 adult participants received Passiflora for
20weeks, and the total sleep time (TST) was significantly greater in the Passiflora group
(23.0577+7154.26) than in the placebo group (-0.167+(153.12 [96]. A retrospective
observational study by La Tempa et al. (2025) explored the use of Passiflora incarnata for
insomnia among children and adolescents and recruited 94 patients with anorexia nervosa who
were administered 200 mg of Passiflora incarnate with selective serotonin reuptake inhibitors
(SSRIs) and reported that 45.4% of patients reported improvements in insomnia [97]. Although
these findings are encouraging, further high-quality trials are needed to clarify the magnitude and

consistency of the therapeutic effects of Passiflora.

Our meta-analysis included a single RCT by Feyzabadi et al. (2017) [68] examining violet oil,
which reported a relatively large effect size (SMD = -1.41). However, because this estimate was
derived from a single study with a high risk of bias, its reliability is limited. Another trial by
Taherzadeh et al. (2020) [69] evaluating violet oil in combination with saffron and lettuce seeds
reported a somewhat smaller effect size, i.e., an SMD of 0.85, indicating its beneficial effects
both as a stand-alone intervention and as part of multicomponent formulations. Nonetheless, the
available evidence remains sparse. A previous systematic review and meta-analysis assessing the
effect of Violet extract on insomnia included five clinical trials that reported improvements in
total PSQI scores (MD, —4.67; P = 0.0002), sleep duration scores (MD, —0.77; P < 0.00001), and
ISI scores (MD, —6.30; P = 0.009) in the Violet extract group compared with the placebo group
[98]. These findings suggest promising effects, but additional high-quality RCTs are needed to

confirm their efficacy.
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In addition to the meta-analysis of randomized trials, our review also examined evidence from
nonrandomized studies through narrative synthesis. This included Rhodiola rosea and Nelumbo
nucifera, both of which demonstrated moderate improvements in sleep-related outcomes in
preliminary research. Experimental studies indicate that Nelumbo nucifera (lotus) extract may
possess sleep-promoting properties; for example, a recent study in an animal model investigated
the sleep-promoting activity of Nelumbo nucifera (lotus) in mice and reported that 500 /mg of
lotus extract improved sleep duration by 24% compared with that of the control when it was
orally administered [99]. Similarly, a study in humans investigated the effects of Rhodiola rosea
on stress among ninety patients with obstructive sleep apnea and revealed that Rhodiola may
reduce stress by inhibiting oxygen free radicals [100]. Traditionally, R. rosea has been used to
treat depression, anxiety, and fatigue and to improve the ability to concentrate [101, 102]. Its
adaptogenic properties are believed to involve modulation of the hypothalamic pituitary adrenal
(HPA) axis, and cortisol regulation is a logical yet unconfirmed mechanism for improving sleep
as well in stress-related insomnia [103]. However, clinical evidence evaluating Rhodiola

specifically for insomnia remains extremely limited, highlighting an important research gap.

Our narrative synthesis also included one nonrandomized control trial of Eschscholtzia
californica, which was administered in combination with Chamomile and Valeriana officinalis.
This herb contains alkaloids with documented sedative, anxiolytic, and analgesic effects [104].
Eschscholtzia californica is also utilized as a homeopathic remedy for insomnia in its crude form.
A small comparative study with 30 insomnia patients revealed that Eschscholtzia californica
mother tinctures produced greater improvements in sleep symptoms than did Passiflora mother
tinctures [105]. While these findings suggest possible therapeutic potential, the limited number

of trials and methodological weaknesses prevent definitive conclusions regarding efficacy.

Another botanical of interest was Crataegus (Hawthorn), which appeared only in combination
formulations with Linden, vitamin B1, and melatonin. Because of these confounding ingredients,
it was not included in the narrative synthesis. A recent randomized double-blind controlled trial
examining the efficacy of Hawthorn fruit extract on blood pressure and quality of sleep among
60 patients with hypertension and sleep disorders reported significant improvements in the
Hawthorn group compared with the control group (P = 0.001) [106], but our review remains
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inconclusive with regard to this remedy owing to the coadministration of other sleep-modulating

agents.

Several RCTs and non-RCTs included in the meta-analysis investigated combination herbal
remedies. These formulations produced a pooled effect size of -0.42, which was smaller than the
overall pooled estimate. When combination interventions were excluded from the sensitivity
analyses, the pooled effect increased from 0.77 to 0.84, suggesting that single-herb formulations
may produce more consistent therapeutic effects. This finding challenges the common
assumption within phytotherapy that multiherb formulations necessarily produce synergistic
benefits. One plausible explanation may involve pharmacokinetic interactions or receptor-level
competition among bioactive constituents, although this hypothesis requires further
pharmacological investigation; concurrent administration of multiple acts of both the
GABAergic and serotonergic families may lead to receptor saturation, metabolic competition at
CYP450 family pathways, or partial antagonism at shared receptor locations [107]. Another
possibility is that combining multiple botanical ingredients may dilute the concentration of key
bioactive compounds from individual plants, potentially reducing the effective pharmacological
dose delivered by each component. Because the included combination trials differed
substantially in composition, dosage, and standardization, definitive conclusions about
synergistic interactions remain difficult.

Limitations of Evidence

The clinical implications of the pooled SMD of 0.77 to 0.84 need to be viewed in light of the
significant statistical and clinical heterogeneity across the included trials. Differences in
participant populations, intervention formulations, outcome measures, and study designs likely
contributed to variability in treatment effects. Moderate-to-high heterogeneity (1?) suggests that
the pooled estimate may reflect substantial underlying differences among studies, potentially
limiting generalizability [108].

Using the GRADE framework, the overall certainty of evidence was rated as moderate, primarily
because of methodological weaknesses, high risk of bias in most included RCTs, significant

clinical heterogeneity, and the lack of large-sized, preregistered, multicenter trials [45, 48]. The
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evidence should be interpreted with the consideration that most of the included RCTs (except
four) were at high risk of bias, which severely limits confidence in the pooled effect estimate.

A further challenge in phytomedicine research involves the translational gap between preclinical
and clinical evidence. Animal studies often employ nonstandardized extract concentrations and
drug-induced sleep models that may not accurately reflect human insomnia physiology.
Differences in sleep architecture between rodents and humans make cross-species extrapolation
methodologically unreliable [109]. Despite the widespread use of these complementary therapies
for insomnia, there is an absence of clinical practice guidelines [110, 111]. The lack of these
guidelines is a systemic failure to invest in rigorous clinical research on low-cost and low-risk
interventions. This evidence practice gap is especially significant in low-resource settings where

herbal sedatives are easily available options [112].

There are limitations at the level of individual herbs. For example, observational studies
evaluating Nelumbo nucifera and Rhodiola rosea are the most important limitations. They
provide only preliminary evidence and cannot establish causal relationships because of potential
confounding factors and a lack of control groups [113]. The evidence base for Eschscholzia
californica is similarly limited owing to evidence from a nonrandomized controlled trial that
corresponds to the Oxford CEBM Level 3 evidence, which is susceptible to allocation bias,
performance bias and confounding factors [114]. Evidence limitations also exist at the level of
combination remedies where the observed therapeutic effect cannot be disaggregated for any
single constituent, thus making the results noninterpretable. For hawthorn (Crataegus), the
absence of standalone RCTs for insomnia prevents any definitive conclusions regarding efficacy,

and it cannot be recommended as a hypnotic agent.
Limitations of the review process

This systematic review also has several methodological limitations. First, combination remedies
were excluded from the sensitivity analysis, which may have inadvertently removed trials with a
higher risk of bias, potentially influencing the observed pooled effect size. Second, identifying
certain single herbal interventions, such as sweet violet, Rhodiola rosea, Eschscholtzia
californica and Crataegus, has proven challenging. Despite extensive database and trial register
searches, we only found one RCT by Feyzabadi et al., 2017 [68] examining the use of Violet oil
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for insomnia that met the inclusion criteria; therefore, it could not be included in subgroup
analyses. Similarly, Eschscholtzia californica appeared only in nonrandomized trials or
combination products. We conducted a single observational study by Kim et al. (2024) [77] on
Rhodiola rosea and Nelumbo nucifera and a single nonrandomized control trial by Abdellah et
al. (2019) [73], examining Eschscholtzia californica in combination with chamomile and
Valeriana officinalis or melatonin, vitamin B6, passionflower extract (150 mg), and lemon balm
extract (240 mg) by Lemoine et al. (2019) [80]. We included Lemoine et al.'s (2019) [80] study
in the narrative synthesis, as it contained three of our required interventions, i.e., Eschscholtzia
californica, Passiflora and Lemon balm. Similarly, we could not find a single RCT or non-RCT
for Hawthorn (Crataegus). The only study involving Crataegus, i.e., Simone et al. (2023) [78],
used a multiingredient formulation including melatonin and vitamin B1, which was not included
in the narrative synthesis because it prevents reliable interpretation of Hawthorn’s independent

effects.

The narrative synthesis is limited by the primary studies available. The reliance on vote counting
does not provide a pooled effect size. The most significant limitation is the paucity of studies
providing direct, unconfounded evidence for each individual herb. For several herbs
(Passionflower, Hawthorn, California Poppy), the only available evidence comes from multiple
herb combinations, preventing definitive conclusions about their individual efficacy. The
positive findings from confounded studies (involving Valerian) highlight a gap in the literature
for pure investigations of prespecified herbs.

Implicationsfor Practice, Policy and Future Research

Despite these limitations, the relatively large pooled effect size observed in this review highlights
the potential therapeutic relevance of certain herbal sedatives, particularly chamomile and lemon
balm. The large effect size of chamomile and favourable safety profile are clinically meaningful
signals for addressing critical issues in acute care and require further investigation [90]. These
interventions may represent accessible and low-risk alternatives for individuals seeking
nonpharmacological approaches to insomnia management. However, clinicians should interpret

these findings cautiously until they are supported by larger, high-quality trials.
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Future trials are needed to establish the efficacy of Melissa officinalis in primary and secondary
insomnia subtypes. Additional research is also needed to clarify potential herb—drug interactions,
particularly those involving serotonergic pathways. The interaction of herbal products with
serotonergic pathways should receive pharmacovigilance attention because the risk posed by
serotonin syndrome in combination with selective serotonin-uptake inhibitors (SSRIs) has not
been systematically investigated [115]. Pharmacovigilance studies will therefore be essential to

ensure safe clinical implementation.

Major evidence gaps remain for several commonly used botanicals. For example, the complete
paucity of RCT evidence on the efficacy of Rhodiola rosea, Eschscholtzia Californica and
Hawthorn for insomnia highlights the urgent need for future research. In particular, these sleep
formulations are widely available worldwide. A substantial evidence gap is noted for Crataegus,
and future studies are obligated to fill this gap through studies on diverse patient populations for
primary insomnia as defined via validated diagnostic criteria (e.g., DSM-5).

The nonanticipated result of individual interventions being superior to combination remedies has
significant clinical implications: clinicians should not assume that products with combinations of
herbal constituents are better than single herb preparations in the absence of direct, randomized
controlled trial (RCT) evidence; regulatory authorities may require that products with multiple
ingredients be tested before they are allowed to bring multiple-ingredient sleep formulations to
market [116]. Future research should prioritize comparisons of standardized single herb and

combination preparations to elucidate optimal formulation strategies.

Future trials must conform to the CONSORT 2010 extension for herbal medicines, include
detailed reporting of extract standardization, dosage, and treatment duration and be registered on
ClinicalTrials.gov, including both objective sleep results (polysomnography) and validated
subjective instruments (e.g., PSQI, ISI), and the use of active comparators as well as placebo as
an option for establishing clinical equivalence thresholds. [117]. Without these advances in
methodology, even a large pooled effect size should not be considered definitive enough

evidence on which to base clinical guidelines or recommendations for prescribing regimens.
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Conclusion

In conclusion, this systematic review and meta-analysis provides preliminary evidence that
several herbal sedatives may improve insomnia-related outcomes, with chamomile and Melissa
officinalis demonstrating the most consistent therapeutic signals. However, the strength of this
evidence remains limited by methodological weaknesses, a high risk of bias, and substantial
heterogeneity across studies. Nevertheless, the biological plausibility of these herbal sedatives
cannot be ruled out through mechanisms such as GABAergic modulation, anti-inflammatory
activity, oxidative stress reduction, and circadian regulation [118]. These mechanisms must be
confirmed through rigorous clinical research. Future studies demand standardized extracts, larger
multicentre RCTs, and extended follow-up periods to establish their safety and efficacy. The
statistically large pooled effect of the herbal sedatives must be interpreted with caution due to the
overall low certainty and heterogeneity of evidence. The current evidence is not convincing
enough to support whether these herbal sedatives are effective interventions for insomnia. Until
such evidence becomes available, the use of herbal sedatives for insomnia should be considered

prudently.
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Appendix I11: Figures

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
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Figure 2: Risk of bias assessment parallel arm trials
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Figure 3: Risk of bias assessment crossover trial
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Figure 4: Risk of bias assessment for nonrandomized controlled trials
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Figure 5: Meta-Analysis of the effects of Herbal Sedatives on Sleep Outcomes

Herbal Sedatives Control Std. mean difference Std. mean difference

Study or Subgroup Mean sD Total Mean sD Total Weight [V, Random, 85%Cl IV, Random, 95%Cl
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Abdullahzadeh et al. 2017 5.05 3.76 40 §.24 4.7 a7 4.5% -0.75[-1.21, -0.28]

Adib Hajbaghery et al. 2017 9.13 2.44 30 1.4 294 30 4.4% -0.83[-1.36 , -0.30]

Alvarado Garcia et al. 2024 3.96 3.35 56 8.06 56 58 46% -0.88 [-1.26 , -0.49]

Bongartz et al. 2019 -11.76 6.85 25 -4 4.8 25 4.2% -1.29 [-1.91, -0.68]

Chang and Chen. 2016 6.11  2.867 35 8.08 3.787 37 4.5% -0.58 [-1.05 . -0.11]

Deepa €t al. 2024 6.45 1.65 40 15.98 215 40 37% -4.92 [-5.82 , -4.03]

Feyzabadi et al. 2017 6.45 23 22 1021 293 19 41% 141211, -0.72]

Gutierrez Romero et al. 2024 6.49 25 35 6 17 29 4 4% 022[-027,072]

Harit et al. 2024 9 51188 32 1315 415 33 4.4% -0.88 [-1.39 , -0.37]

Jarukitsakul et al. 2025 4.93 3.15 15 593 3.63 15 4.1% -0.29 [-1.01, 0.43]

Lee et al. 2019 6.91 1.61 45 T.05 1.521 39 4.5% -0.09[-0.52, 0.34]

Marcos et al. 2020 8.8 25 36 9.4 27 35 4.5% -0.23 [-0.70, 0.24]

Maroo et al. 2013 8.5 4.64 39 7.9 4.03 39 4.5% 0.14 [-0.31, 0.58]

Ngan and Conduit. 2011 -3.83 0.61 4 -3.57 0.56 4 4.5% -0.44 [-0.88 , -0.00]

Pierro et al. 2024 6.8 4.1 14 97 3T 16 4 0% -0.73 [-1.47 ,0.02]

Ranjbar et al. 2018a 7.55 3.79 34 1066 3.55 33 4.4% -0.84 [-1.34 , -0.34]
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Renosin et al. 2025 7.8 25 30 11.2 27 30 4.3% -1.29 [-1.85, -0.73]

Taavoni et al. 2013 8.36 4.46 50 10.52 2.89 50 4.6% -0.57 [-0.97 , -0.17]

Taherzadeh et al. 2020 13 22 25 14.9 22 25 4.3% -0.85[-1.43,-0.27]

Zick et al. 2011 75 33 17 71 27 17 41% 0.13[-0.54 , 0.80]

Total (Walda) 779 762 100.0% -0.77 [-1.14 , -0.40]

95% prediction interval [-2.49, 0.95]

Test for overall effect: Z=4.10 (P < 0.0001) 100 -50 0 50 100
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Heterogeneity: Tau® (REMLDP, 95% CI) = 0.73 [0.43 , 1.85]; Chi* = 149.17, df = 22 (P < 0.00001); F = 92%

Footnotes
aCl calculated by Wald-type method.
bTau® calculated by Restricted Maximum-Likelihood method.
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Figure 6: Subgroup analysis by type of intervention

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95%Cl IV, Random, 95%CI A BCDEF
1.2.1 Chamomile
Abbasinia et al. 2016 10.1 1.53 55 1102 245 55 46%  -045[-0.83,-0.07] [ N N BN
Abdollahzadeh and Naji. 2014 43 37 40 8.2 4 37 45%  -1.00[-1.48,-053] 790909020
Abdullahzadeh et al 2017 505 376 40 824 47 37 45%  -075[121,-028] P00 ®e
Adib Hajbaghery et al 2017 913 244 30 114 294 30 44%  -083[136,-030] 2729007280
Alvarado Garcia et al 2024 396 335 56 .06 56 58 46%  -088[126 -049] 2720020
Chang and Chen. 2016 611  2.867 35 808 3.787 37 45% -0.58 [-1.05 , -0.11] 7000720
Deepa et al. 2024 6.45 165 40 1598 215 40 37%  -4.92[-5.82,-4.03] 79929 70
Jarukitsakul et al. 2025 493 315 15 593 363 15 41% -0.29[-1.01, 0.43] 2?2 @® 2 2
Renosih et al. 2025 7.8 25 30 1.2 27 30 43%  -1.289[1.85,-073] 70909920
Zick et al. 2011 75 3.3 17 71 27 17 41% 0.13 [-0.54 , 0.80] Peeeee
Subtotal (Walda) 358 356 43.2%  -1.06 [-1.88 , -0.24]
Test for overall effect Z=253 (P=001)
Heterogeneity” Tau? (REMLD, 95% CI) =1 68 [0 75 , 6.40]; Chi2 = 98 37, df = 9 (P < 0.00001); B = 96%
1.2.2 Melissa officinalis
Pierro et al. 2024 X 4.1 14 97 37 16 4.0% -0.73 [-1.47 , 0.02] ? L ]
Ranjbar et al. 2018a 7.55 3.79 34 1066 3.55 33 44%  -084[-1.34,-0.34] @20 @ 2 2
Ranjbar et al. 2018b 1.3 524 23 1431 56 22 43% -0.55 [-1.14 , 0.05] [ N N BN |
Taavoni et al. 2013 836 446 50 1052 2.89 50 46%  -0.57[0.97,-0.17] 790020
Subtotal (Walda) 121 121 17.3%  -0.66 [-0.92, -0.40]
Test for overall effect: Z = 4 96 (P < 0.00001)
Heterogeneity: Tau? (REMLD 95% CI) =000 [0.00 . D19]; Che =084, df=3 (P=084) F=0%
1.2.3 Passiflora
Harit et al. 2024 9 51188 32 1315 415 33 44%  -088[1.39,-0.37] 2?28
Lee et al. 2019 6.91 161 45 705 1.521 39 45% -0.09 [-0.52 , 0.34] [ BN ]
Marcos et al. 2020 8.8 25 36 9.4 27 35 45% -0.23 [-0.70 , 0.24] [ BN ]
Mgan and Conduit 2011 -3.83 061 41 357 0.56 41 45%  -044[-0.88  -0.00] | I
Subtotal (Walda) 154 148 17.9%  -0.39[-0.72, -0.07]
Test for overall effect Z =238 (P=002)
Heterogeneity: Tau? (REMLD, 95% CI) = 0.05 [0.00 , 1.61]; Ch2 = 5.95, df =3 (P =0.11); F = 49%
1.2.4 Combination Herbal Remedies
Bongariz et al. 2019 1176 6.85 25 -4 4.8 25  42%  -1.29[-1.91,-0.68] 2 ®
Gutierrez Romero et al. 2024 6.49 25 35 6 17 29 4.4% 0.22 [-0.27, 0.72] ? 2
Maroo et al. 2013 85 464 39 79 403 39 45% 0.14 [-0.31 , 0.58] 2 ®
Taherzadeh et al 2020 13 22 25 149 22 25 43%  -085[-143 -027] ? 2
Subtotal (Walda) 124 18 17.5% -0.42 [-1.15 , 0.30]
Test for overall effect Z=115 (P =025)
Heterogeneity: Tau? (REMLD, 95% CI) = 0.47 [0.10 , 7.63]; Chi2 = 21.47, df = 3 (P = 0.0001); F = 87%
1.2.5 Sweet Violet (Viola odorata)
Feyzabadi et al. 2017 6.45 23 22 1021 2.93 19 41%  -1.41[-211,-072) 2 0900@® 20
Subtotal 22 19 41%  -1.41[-2.11,-0.72]
Test for overall effect: Z=4.00 (P < 0.0001)
Heterogeneity: Not applicable
Total (Walda) 778 762 100.0%  -0.77 [-1.14, -0.40]
95% prediction interval [-2.49, 0.95]
Test for overall effect: Z=4.10 (P < 0.0001) -100 _50 0 50 100
Test for subgroup differences: Chi* = 8.38, di=4 (P=0.08), F=52.2% Favours Herbal Sedatives Favours control

Heterogeneity: Tau® (REMLb, 95% CI) = 0.73 [0.43 , 1.85]; Chi2 = 149.17, df = 22 (P < 0.00001); F = 92%

Footnotes
aCl calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F)

F) Overall bias
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Figure 7: Subgroup analysis by mode of intervention

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias

Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95%CI IV, Random, 95%CI ABGCDEF
1.3.1 Oral

Abbasinia et al. 2016 10.1 1.53 55  11.02 245 55  46%  -0.45[-0.83,-0.07] o9e®=2720
Abdollahzadeh and Naji. 2014 43 37 40 8.2 4 37 45%  -1.00[-1.48,-0.53] 29@®0 780
Abdullahzadeh et al 2017 505 376 40 824 47 37 45%  -075[121,-028] [E XX KX]
Adib Hajbaghery et al. 2017 913 244 30 14 294 30 44%  -083[1.36,-030] 2720020
Bongartz et al 2019 1176 685 25 -4 48 25  42%  -129[-191,-068] eeoe020
Chang and Chen. 2016 611  2.867 35 808 3787 37 45%  -0.58[-1.05,-0.11] 2000720
Gutierrez Romero et al. 2024 6.49 25 35 [ 17 23 44% 0.22 [-0.27 , 0.72] ?7@@®® 2 2
Harit et al. 2024 9 51188 32 1315 415 33 44%  -0.88[-1.39,-0.37] LN N N
Jarukitsakul et al. 2025 493 315 15 593 363 15 41% -0.29[-1.01, 0.43] 22 @® 2 2
Lee et al. 2019 6.91 1.61 45 7.05  1.521 39 45% -0.09 [-0.52, 0.34] #9090
Marcos et al 2020 88 25 36 94 27 35 45% -0.23[-0.70 , 0.24] 799900
Maroo et al 2013 85 464 39 79 403 39 45% 0.14 [-0.31 , 0.58] [ EX X EX ]
Ngan and Conduit 2011 -383 061 41 357 056 41 45%  -044[-088,-000] eeoe0 20
Pierro et al. 2024 638 4.1 14 97 3.7 16 4.0% -0.73[-1.47 ,0.02] @@ e
Ranjbar et al. 2018a 755 379 34 1066 355 33 44%  -0.84[-1.34,-0.34] @20@® 2 2
Ranjbar et al. 2018b 13 524 23 1431 56 22 43% -0.55[-1.14 , 0.05] [ X R EX )
Renosih et al. 2025 738 25 30 1.2 27 30 43%  -1.29[-1.85,-0.73] 209092920
Taavoni et al. 2013 836  4.46 50 1052  2.89 50 46%  -0.57 [[0.97,-0.17] 2909070
Zick et al. 2011 75 3.3 17 71 27 17 41% 0.13 [-0.54 , 0.80] [ E XN NN
Subtotal (Walda) 636 620 83.3%  -0.53[-0.73,-0.34]

Test for overall effect: Z=5.34 (P < 0.00001)
Heterogeneity: Tau? (REMLD, 95% CI) = 0.12 [0.04 , 0.36]; Chi* = 50.12, df = 18 (P < 0.0001); P = 65%

1.3.2 Intranasal (aromatherapy)

Alvarado Garcia et al. 2024 3.96 3.35 56 5.06 56 58 4.6% -0.88 [-1.26 , -0.49] ? ® 28
Deepa et al. 2024 6.45 1.65 40 1598 215 40 37% -4.92 [-5.82 , -4.03] ? ® 28
Feyzabadi et al. 2017 6.45 2.3 22 1021 2.93 19 41% -1.41[-211,-072] ? ®-28
Taherzadeh et al. 2020 13 22 25 149 22 25 4.3% -0.85[-1.43 ,-0.27] ® ® 7 2
Subtotal (Walda) 143 142 16.7% -1.99 [-3.88, -0.10]

Test for overall effect: Z=2.07 (P=0.04)
Heterogeneity: Tau? (REMLD, 95% CI) = 3.59 [1.06 , 53.02]; Chi* = 69.64, df = 3 (P < 0.00001); F = 97%

Total (Walda) 779 762 100.0% -0.77 [-1.14, -0.40]
95% prediction interval [-2.49,0.95]

Test for overall effect: Z=4.10 (P < 0.0001) 100 80 0 50 100
Test for subgroup differences: Chi* =226, df=1 (P=0.13), P = 55.8% Favours Herbal Sedatives Favours control
Heterogeneity: Tau® (REMLP, 95% CI) = 0.73 [0.43 | 1.85]; Chi* = 149 17, df = 22 (P < 0.00001); F = 92%

Footnotes
AC| calculated by Wald-type method.
bTau? calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F)

F) Overall bias
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Figure 8: Sensitivity analysis for single herb versus combination remedies

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDEF
1.3.1 Oral
v Abbasinia et al. 2016 10.1 1.53 55  11.02 245 55  6.3% -0.45[-0.83 , -0.07] 00®?2 720
v Abdollahzadeh and Naji. 2014 43 3.7 40 8.2 4 37  56% -1.00 [-1.48 , -0.53] ? ®070
v Abdullahzadeh et al. 2017 5.05 3.76 40 8.24 47 37  57% -0.75[-1.21,-0.28] 0000
v Adib Hajbaghery et al. 2017 9.13 244 30 1.4 2.94 30 52% -0.83 [-1.36 , -0.30] @@ 20
v Bongartz et al. 2019 -11.76 6.85 25 -4 4.8 25 4.6% -1.29 [-1.91, -0.68] Pe®0 0
v Chang and Chen. 2016 6.11 2867 35 8.08 3.787 37  56% -0.58 [-1.05 , -0.11] @ [ N ]
v Gutierrez Romero et al. 2024 6.49 25 35 6 1.7 29 54% 0.22[-0.27,0.72] 2000 2 ?
v Harit et al. 2024 9 5.1188 32  13.15 4.15 33  53% -0.88 [-1.39, -0.37] ®0 2?20
v Jarukitsakul et al. 2025 4.93 3.15 15 5.93 3.63 15 3.9% -0.29 [-1.01, 0.43] 220072 2
v Leeetal. 2019 6.91 1.61 45 7.05 1.521 39  59% -0.09 [-0.52, 0.34] ®0720720
v Marcos et al. 2020 8.8 25 36 9.4 27 35 56% -0.23[-0.70, 0.24] 27080720
v Maroo et al. 2013 85 4.64 39 79 4.03 39 58% 0.14[-0.31, 0.58] ® 00?0
v Ngan and Conduit. 2011 -3.83 0.61 41 -3.57 0.56 41 5.9% -0.44 [-0.88 , -0.00] P90 0
v Pierro et al. 2024 6.8 4.1 14 9.7 3.7 16 3.8% -0.73 [-1.47 ,0.02] ? [ X BN ]
v Ranjbar et al. 2018a 7.55 3.79 34 10.66 3.55 33  54% -0.84 [-1.34 ,-0.34] ®208 7 2
v Ranjbar et al. 2018b 1.3 5.24 23 1431 5.6 22 47% -0.55[-1.14, 0.05] 200620
v Renosih et al. 2025 7.8 25 30 11.2 27 30  4.9% -1.29 [-1.85,-0.73] 27000720
v Taavoni et al. 2013 8.36 4.46 50 10.52 2.89 50 6.2% -0.57 [-0.97 , -0.17] 2000720
v Zick et al. 2011 75 33 17 71 27 17 42% 0.13[-0.54 , 0.80] (XX N N
Subtotal (Wald.) 636 620 100.0% -0.53 [-0.73 , -0.34]
Test for overall effect: Z = 5.34 (P < 0.00001)
Heterogeneity: Tau? (REMLs, 95% Cl) = 0.12 [0.04 , 0.36]; Chi? = 50.12, df = 18 (P < 0.0001); I = 65%
1.3.2 Intranasal (aromatherapy)
% Alvarado Garcia et al. 2024 3.96 3.35 56 8.06 5.6 58  0.0% -0.88[-1.26 , -0.49] 2200 20
% Deepa et al. 2024 6.45 1.65 40 15.98 2.15 40 0.0% -4.92 [-5.82 , -4.03] 2090720
X Feyzabadi et al. 2017 6.45 23 22 10.21 293 19 0.0% -1.41[-2.11,-0.72] 2700® 720
% Taherzadeh et al. 2020 13 2:2 25 14.9 22 25 0.0% -0.85[-1.43 , -0.27] (N X N B
Subtotal 0 0 Not estimable
Test for overall effect: Not applicable
Heterogeneity: Not applicable
Total (Walda) 636 620 100.0% -0.53 [-0.73 , -0.34]
95% prediction interval [-1.24,0.17]
Test for overall effect: Z = 5.34 (P < 0.00001) 100 -50 0 50 100
Test for subgroup differences: Not applicable Favours Herbal Sedatives Favours control

Heterogeneity: Tau? (REMLs, 95% CI) = 0.12 [0.04 , 0.36]; Chi = 50.12, df = 18 (P < 0.0001); I* = 65%

Footnotes
aCl calculated by Wald-type method.
sTau? calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F) Overall bias
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Figure 9: Sensitivity analysis for mode of administration

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDEF
1.3.1 Oral
v Abbasinia et al. 2016 10.1 1.53 55  11.02 245 55  6.3% -0.45[-0.83 , -0.07] 00®?2 720
v Abdollahzadeh and Naji. 2014 43 3.7 40 8.2 4 37  56% -1.00 [-1.48 , -0.53] ? ®070
v Abdullahzadeh et al. 2017 5.05 3.76 40 8.24 47 37  57% -0.75[-1.21,-0.28] 0000
v Adib Hajbaghery et al. 2017 9.13 244 30 1.4 2.94 30 52% -0.83 [-1.36 , -0.30] @@ 20
v Bongartz et al. 2019 -11.76 6.85 25 -4 4.8 25 4.6% -1.29 [-1.91, -0.68] Pe®0 0
v Chang and Chen. 2016 6.11 2867 35 8.08 3.787 37  56% -0.58 [-1.05 , -0.11] @ [ N ]
v Gutierrez Romero et al. 2024 6.49 25 35 6 1.7 29 54% 0.22[-0.27,0.72] 2000 2 ?
v Harit et al. 2024 9 5.1188 32 13.15 4.15 33 53% -0.88 [-1.39, -0.37] ®0 2?20
v Jarukitsakul et al. 2025 4.93 3.15 15 5.93 3.63 15 3.9% -0.29 [-1.01, 0.43] 220072 2
v Leeetal. 2019 6.91 1.61 45 7.05 1.521 39  59% -0.09 [-0.52, 0.34] ®0720720
v Marcos et al. 2020 8.8 25 36 9.4 27 35 56% -0.23[-0.70, 0.24] 27080720
v Maroo et al. 2013 85 4.64 39 79 4.03 39 58% 0.14[-0.31, 0.58] ® 00720
v Ngan and Conduit. 2011 -3.83 0.61 41 -3.57 0.56 41 5.9% -0.44 [-0.88 , -0.00] P90 0
v Pierro et al. 2024 6.8 4.1 14 9.7 3.7 16 3.8% -0.73 [-1.47 ,0.02] ? [ X BN ]
v Ranjbar et al. 2018a 7.55 3.79 34 10.66 3.55 33  54% -0.84 [-1.34 ,-0.34] ®208 7 2
v Ranjbar et al. 2018b 1.3 5.24 23 1431 5.6 22 47% -0.55[-1.14, 0.05] 200620
v Renosih et al. 2025 7.8 25 30 11.2 27 30  4.9% -1.29 [-1.85,-0.73] 27000720
v Taavoni et al. 2013 8.36 4.46 50 10.52 2.89 50 6.2% -0.57 [-0.97 , -0.17] 2000720
v Zick et al. 2011 75 33 17 71 27 17 42% 0.13[-0.54 , 0.80] (XX N N
Subtotal (Wald.) 636 620 100.0% -0.53 [-0.73 , -0.34]
Test for overall effect: Z = 5.34 (P < 0.00001)
Heterogeneity: Tau? (REMLs, 95% Cl) = 0.12 [0.04 , 0.36]; Chi? = 50.12, df = 18 (P < 0.0001); I = 65%
1.3.2 Intranasal (aromatherapy)
% Alvarado Garcia et al. 2024 3.96 3.35 56 8.06 5.6 58  0.0% -0.88[-1.26 , -0.49] 2720072 @
% Deepa et al. 2024 6.45 1.65 40 15.98 2.15 40 0.0% -4.92 [-5.82 , -4.03] 2090720
% Feyzabadi et al. 2017 6.45 23 22 1021 2.93 19  0.0% -1.41[-2.11,-0.72] 2700® 20
% Taherzadeh et al. 2020 13 2:2 25 14.9 22 25 0.0% -0.85[-1.43 , -0.27] (N X N B
Subtotal 0 0 Not estimable
Test for overall effect: Not applicable
Heterogeneity: Not applicable
Total (Walda) 636 620 100.0% -0.53 [-0.73 , -0.34]
95% prediction interval [-1.24,0.17]
Test for overall effect: Z = 5.34 (P < 0.00001) 100 -50 0 50 100
Test for subgroup differences: Not applicable Favours Herbal Sedatives Favours control

Heterogeneity: Tau? (REMLs, 95% CI) = 0.12 [0.04 , 0.36]; Chi = 50.12, df = 18 (P < 0.0001); I* = 65%

Footnotes
aCl calculated by Wald-type method.
sTau? calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F) Overall bias
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Figure 10: Funnel plot for publication bias assessment
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Figure 11: Forest Plot based on studies utilizing ISI Outcome Measures as cited Certainty
of Evidence Table

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDTETF
% Abbasinia et al. 2016 10.1 1.53 55  11.02 2.45 55 0.0% -0.45[-0.83,-0.07] (X X BN ]
% Abdollahzadeh and Naji. 2014 43 37 40 8.2 4 37 0.0% -1.00[-1.48,-0.53] ? [ BN ]
% Abdullahzadeh et al. 2017 5.05 3.76 40 8.24 47 37 00% -0.75[-1.21,-0.28] (F XXX N]
% Adib Hajbaghery et al. 2017 9.13 244 30 11.4 2.94 30 00% -0.83[-1.36,-0.30] 27200720
x Alvarado Garcia et al. 2024 3.96 3.35 56 8.06 56 58 0.0% -0.88 [-1.26 , -0.49] 2700760
% Bongartz et al. 2019 -11.76 6.85 25 -4 48 25  00% -1.29[-1.91,-0.68) 200”20
% Chang and Chen. 2016 611  2.867 35 8.08 3.787 37 00% -058[-1.05,-0.11] 270900070
% Deepa et al. 2024 6.45 1.65 40 15.98 215 40 0.0% -4.92[-5.82 , -4.03] 20000
% Feyzabadi et al. 2017 6.45 23 22 10.21 2.93 19 0.0%  -1.41[211,-0.72] ? @720
% Gutierrez Romero et al. 2024 6.49 25 35 6 1.7 29 0.0% 0.22 [-0.27, 0.72] 20002 2
% Harit et al. 2024 9 51188 32 1315 4.15 33 00% -0.88[-1.39,-0.37] 00?720
% Jarukitsakul et al. 2025 4.93 3.15 15 5.93 3.63 15 0.0% -0.29[-1.01, 0.43] 2200 2 2
% Lee etal. 2019 6.91 1.61 45 7.05 1521 39 0.0% -0.09 [-0.52 , 0.34] 02070
% Marcos et al. 2020 8.8 25 36 9.4 27 35  0.0% -0.23 [-0.70, 0.24] ? [ BN ]
v Maroo et al. 2013 85 4.64 39 79 4.03 39 29.8% 0.14 [-0.31, 0.58] NN N R ]
% Ngan and Conduit. 2011 -3.83 0.61 41 357 0.56 41 0.0% -0.44[-0.88,-0.00] (X X N BN ]
v Pierro et al. 2024 6.8 4.1 14 9.7 37 16 20.4% -0.73[-1.47,0.02] r90®” @
% Ranjbar et al. 2018a 7.56 3.79 34  10.66 3.556 33 0.0% -0.84 [-1.34 , -0.34] @208 7 2
v Ranjbar et al. 2018b 1.3 5.24 23 14.31 56 22 24.7% -0.55[-1.14 , 0.05) (X X K BN ]
% Renosih et al. 2025 7.8 25 30 1.2 27 30 00% -1.29[-1.85,-0.73] 2000?20
x Taavoni et al. 2013 8.36 4.46 50 10.52 2.89 50 0.0% -057[-0.97,-0.17] 2 [ N ]
v Taherzadeh et al. 2020 13 22 25 14.9 22 25 252%  -0.85[-1.43,-0.27) Pee®? 2
% Zick et al. 2011 7.5 33 17 7.1 27 17 0.0% 0.13 [-0.54 , 0.80] (XXX XK]
Total (Wald,) 101 102 100.0%  -0.46[-0.93 , 0.02]

95% prediction interval [-1.35, 0.44]

Test for overall effect: Z = 1.87 (P = 0.06) 400 %0 0 50 100

Favours [Herbal Sedatives] Favours [control]

Heterogeneity: Tau? (REMLs, 95% CI) = 0.15 [0.00 , 2.62]; Chi? = 8.83, df = 3 (P = 0.03); P = 63%

Footnotes
aCl calculated by Wald-type method.
wTau? calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

A) Bias arising from the randomization process

B) Bias due to deviations from intended interventions
) Bias due to missing outcome data
) Bias in measurement of the outcome

E) Bias in selection of the reported result
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(F) Overall bias
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Figure 12: Forest Plot based on studies utilizing PSQI Outcome Measures Certainty of
Evidence Table

Herbal Sedatives Control Std. mean difference Std. mean difference Risk of Bias

Study or Subgroup Mean SD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI A BCDEF
v Abbasinia et al. 2016 101 1.53 55 1102 245 55  61%  -0.45[-0.83,-0.07] e0e® 2720
v Abdollahzadeh and Naji. 2014 4.3 37 40 8.2 4 37 6.0% -1.00[-1.48 , -0.53] 700070
v Abdullahzadeh et al. 2017 5.05 3.76 40 8.24 47 37 6.0% -0.75[-1.21,-0.28] LN KN KN ]
v Adib Hajbaghery et al. 2017 913 244 30 1.4 294 30 59% -083[-1.36,-0.30] 2200720
v Alvarado Garcia et al. 2024 3.96 3.35 56 8.06 56 58 6.1% -0.88 [-1.26 , -0.49] 2720070
x Bongartz et al. 2019 -11.76 6.85 25 -4 4.8 25 0.0% -1.291-1.91, -0.68] P0020°70
% Chang and Chen. 2016 6.11 2.867 35 8.08 3.787 37 0.0% -0.58 [-1.05 , -0.11] 7000 e
v Deepa et al. 2024 6.45 1.65 40 1598 2.15 40 53%  -492[-5.82,-4.03] . 2096070
v Feyzabadi et al. 2017 6.45 23 22 1021 293 19 5.6% -1.41[-211,-0.72] 4 200072 0
v Gutierrez Romero et al. 2024 6.49 25 35 6 1.7 29 6.0% 0.22[-0.27, 0.72] 2@00@ 2 2
v Harit et al. 2024 9 51188 32 13.15 4.15 33 5.9% -0.88 [-1.39 , -0.37] Y X BN ]
v Jarukitsakul et al. 2025 4.93 3.15 15 5.93 3.63 15 5.6% -0.29[-1.01, 0.43] 2720@ 72 2
v Lee et al. 2019 6.91 1.61 45 7.05  1.521 39 6.1% -0.09 [-0.52, 0.34] 02070
v Marcos et al. 2020 8.8 25 36 9.4 2.7 35 6.0% -0.23[-0.70, 0.24] 2090070
% Maroo et al. 2013 8.5 4.64 39 79 4.03 39 0.0% 0.14[-0.31, 0.58] P9200 0
% Ngan and Conduit. 2011 -3.83 0.61 41 -3.57 0.56 4 0.0% -0.44 [-0.88 , -0.00] P00 O
% Pierro et al. 2024 6.8 4.1 14 97 3.7 16 0.0% -0.73 [-1.47 , 0.02] T PP T E
v Ranjbar et al. 2018a 7.55 3.79 34 10.66 3.55 33 6.0% -0.84 [-1.34 , -0.34] ®?20@ 7 ?
% Ranjbar et al. 2018b 1.3 5.24 23 1431 5.6 22 0.0% -0.55[-1.14 , 0.05] + @ ® 7”0
v Renosih et al. 2025 7.8 25 30 11.2 27 30 59% -1.29[-1.85,-0.73] 700070
v Taavoni etal. 2013 8.36 4.46 50 10.52 2.89 50 6.1% -0.57 [-0.97 , -0.17] 7906 e
v Taherzadeh et al. 2020 13 22 25 14.9 22 25  58%  -0.85[-1.43,-0.27] 00O
v Zick et al. 2011 75 33 17 71 2.7 17 57% 0.13[-0.54 , 0.80] [ F X XN X]
Total (Walda) 602 582 100.0%  -0.85[-1.35,-0.35]

95% prediction interval [-2.88,1.18]

Test for overall effect: Z = 3.36 (P = 0.0008) 100 50 50 100
Favours [Herbal Sedatives] Favours [control]
Heterogeneity: Tau? (REMLs, 95% Cl) = 1.01 [0.54 , 2.83]; Chi? = 131.55, df = 16 (P < 0.00001); I? = 94%

Footnotes
2Cl calculated by Wald-type method.
»Tau? calculated by Restricted Maximum-Likelihood method.

Risk of bias legend

A) Bias arising from the randomization process

B) Bias due to deviations from intended interventions
C) Bias due to missing outcome data

D) Bias in measurement of the outcome

E) Bias in selection of the reported result
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(
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(F) Overall bias
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