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Abstract

In recent years, with increasing attention to sleep quality, the market has seen a
surge in supplements claiming to improve sleep. However, consumers often
lack scientific guidance when purchasing these products. This paper aims to
systematically analyze the active ingredients and mechanisms of action in vari-
ous sleep supplements to provide scientific references. Through literature re-
view and experimental research, this study identifies several common ingredi-
ents such as melatonin, valerian root, and schisandra that have shown some ef-
fectiveness in improving sleep quality. Additionally, the paper explores the
mechanisms of these ingredients, including their regulatory effects on the cen-
tral nervous system, influence on neurotransmitters, and antioxidant functions.
The results indicate that different ingredients have varying effects on sleep im-
provement, influenced by factors such as dosage, duration of use, and individual

differences. Finally, the paper suggests that consumers should base their choice
and use of sleep supplements on scientific evidence and their personal condi-
tions to achieve the best results in improving sleep quality.
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Introduction

Humans spend one-third of their lives sleeping, and sleep is crucial for our well-being. According to the 2024 Sleep
Research Blue Book, sample surveys indicate that 33% of people have difficulty falling asleep, 30% have short sleep
durations, 26% of those born in the 1990s, and 22% of those born in the 2000s face difficulty falling asleep. Among
those born in the 1970s, 62% choose to take medication before bed, with 38% using conventional drugs or supple-
ments. Surveys reveal that poor sleep quality in middle-aged and young adults is often due to anxiety, high stress,
and the consumption of strong tea and coffee [1, 2]. According to iiMedia Research, the overall market size of China’s
sleep economy grew from 261.63 billion RMB in 2016 to 456.21 billion RMB in 2022. In 2023, the market size
reached 495.58 billion RMB, a year-on-year increase of 8.6%, and it is expected to reach 658.68 billion RMB by
2027. Over 60% of consumers purchase sleep aids, but about 50% find these products to have weak effects. Approx-
imately 47.3% of Chinese consumers consider buying sleep supplements, yet most sales channels for these products
do not provide scientific guidance. As a result, consumers often misuse products without scientific basis, leading to
unsatisfactory sleep improvement, with only 24.5% of netizens finding the sleep aid effects significant. In this study,
we collected and analyzed popular sleep supplements available on platforms such as Taobao, JD.com, and Amazon.
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We focused on the ingredients that appeared frequently, examining their clinical applications and mechanisms of
action.

1. Oral and Essential Oil Sleep Supplements and Their Mechanisms of Action
1.1 Melatonin

Lemoine et al. conducted a study using 2 mg sustained-release melatonin on 170 patients over the age of 55 with
primary insomnia for three weeks. Compared to the control group, melatonin effectively improved sleep without
adverse reactions [3]. Rondanelli et al. divided 43 elderly patients (average age 78) with primary insomnia into ex-
perimental and control groups. The experimental group took 5 mg of melatonin one hour before bedtime for eight
weeks. The study found that nighttime melatonin intake significantly improved sleep quality in the experimental
group [4]. Rajaratnam SM et al. researched the effects of melatonin on sleep propensity, structure, duration, and EEG
activity. During melatonin treatment, the duration of non-rapid eye movement (NREM) sleep stages 1 and 2 signifi-
cantly increased in the first half of the sleep opportunity, and the duration of rapid eye movement (REM) sleep also
significantly increased [5].

Melatonin is a neurohormone primarily secreted by the pineal gland in the brain, especially at night. The release
of melatonin is regulated by the body's internal biological clock, increasing in darkness and decreasing during the
day. Melatonin receptors are G protein-coupled receptors (GPCR) found in various parts of the body, including the
suprachiasmatic nucleus (SCN) of the hypothalamus. There are two main types of melatonin receptors: MT1 and
MT?2. While melatonin does not have a sedative effect, it acts on these GPCRs to regulate the sleep-wake cycle. By
binding to its receptors, melatonin helps synchronize the body's circadian rhythms and promotes sleep.

1.2 L-Theanine

Hidese et al. reported in an open-label and non-controlled clinical study that the HDRS scores significantly decreased
in 20 patients with the major depressive disorder after taking 250 mg of L-theanine daily. Additionally, a clinical trial
involving 30 participants without major psychiatric illnesses reported that taking 200 mg of L-theanine daily had a
beneficial effect on reducing the Self-Rating Depression Scale (SRDS) compared to a placebo [6, 7]. Jang et al. found
in a rat model that low doses of L-theanine could counteract the effects of caffeine-induced sleep disturbances. Pre-
vious studies have shown that L-theanine exerts its relaxing effects by increasing the levels of GABA, thereby en-
hancing the expression of dopamine and serotonin in the brain [8]. White et al. discovered that oral administration of
200 mg of L-theanine produced alpha waves in the occipital and parietal regions of the brain 40 minutes later. Alpha
waves are generally believed to put individuals in a state of physical and mental relaxation [9]. Kim et al. found that
in a pentobarbital-induced animal model, the sleep latency was significantly reduced, and total sleep time was in-
creased in the L-theanine group compared to the control group. EEG analysis revealed that L-theanine could increase
theta and delta waves. The electroencephalogram (EEG) during non-rapid eye movement (NREM) sleep mainly con-
sists of theta and delta waves [10]. Delta and theta waves appear during deep sleep and the early stages of sleep,
respectively. Due to the structural similarity between L-theanine and glutamate, L-theanine can act on glutamate
GABA receptors, regulating the concentrations of neurotransmitters such as dopamine, serotonin, glycine, and GABA.
Furthermore, L-theanine can inhibit the uptake of glutamate by regulating the glutamate-glutamine cycle, inhibiting
the binding of glutamate receptors in the hippocampus, hypothalamus, and striatum of the brain, thereby increasing
the concentrations of dopamine and GABA while reducing norepinephrine levels [11].

1.3 Valerian

Valerian (Valeriana officinalis), commonly known as valerian root, has traditionally been used for its sedative and
sleep-promoting effects. It is believed to calm the nervous system and promote sleep. Shekhar et al. conducted a
double-blind, placebo-controlled, parallel clinical study with an equal ratio of 1:1 on 80 adult subjects with sleep
issues. They found that on days 14, 28, and 56, the valerian group had significantly lower PSQI scores compared to
the placebo group. Improvements were also noted in sleep latency, actual sleep time on days 3, 14, 28, and 56, and
sleep efficiency on days 14, 28, and 56. Anxiety (BAI) on days 14, 28, and 56, daytime sleepiness on days 28 and 56,
and post-sleep refreshment on days 28 and 56 were all reduced compared to the placebo. PSG results for some sub-
jects showed significant improvements in total sleep time, sleep latency, and sleep efficiency on day 56 in the valerian
group compared to the placebo group. This suggests that valerian supplementation can significantly improve various
subjective and objective sleep parameters in young subjects with mild insomnia symptoms, such as overall sleep
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quality, sleep latency, sleep efficiency, and total sleep time. Reduced anxiety and daytime sleepiness and improved
post-sleep refreshment were also observed with valerian supplementation. Throughout the study, valerian was found
to be safe and well-tolerated [12]. Shinomiya et al. discovered that valerian extract at doses of 1000 and 3000 mg/kg
significantly increased delta activity during non-rapid eye movement sleep in mice. The study found that valerian
root can reduce activity in the brain's motor cortex, thus promoting relaxation and sedation [13]. It is believed to work
by increasing GABA levels in the brain. GABA is an inhibitory neurotransmitter that helps reduce nervous system
activity and promote relaxation. By increasing GABA levels, valerian root can calm the brain, reduce anxiety, and
induce sleep. One of the chemical components of valerian, valepotriate, has been found to have mild sedative effects
that can improve sleep quality and reduce sleep latency.

1.4 Chamomile

Mohsen et al. conducted a study with 60 elderly residents of nursing homes, randomly divided into a control group
and a treatment group. The treatment group received chamomile extract capsules (200 mg), twice daily for 28 days,
while the control group received wheat flour capsules (200 mg) under the same regimen. Sleep quality was assessed
using the Pittsburgh Sleep Quality Index (PSQI) before the intervention, two weeks into the intervention, at the end
of the intervention, and two weeks post-intervention. The average ages of the control and treatment groups were
70.73£6.44 and 69.36+4.99, respectively. Except for habitual sleep efficiency in the PSQI, there were no significant
baseline differences in other indices between the study groups. At baseline, both groups had poor sleep quality, with
no significant differences between them (P = 0.639). However, post-intervention, the treatment group showed signif-
icantly better sleep quality than the control group (P < 0.05). Chamomile extract significantly improved sleep quality
in the elderly [14]. Chamomile contains high levels of apigenin, which has pharmacological activities similar to
apigenin. Apigenin is believed to have multiple benefits for the human body, including antioxidant, anti-inflammatory,
and anticancer effects. Therefore, chamomile is widely used in pharmaceuticals and health products to leverage its
pharmacological effects. Apigenin exhibits GABAergic activity independent of GABA-benzodiazepine receptors,
reduces levels of Tnf-a, 11-6, and iNos1, while maintaining elevated levels of BDNF and glial Gdnf mRNA. These
findings suggest that apigenin improves sleep quality by modulating GABAergic activity and reducing inflammation
[15].

1.5 Passionflower

NGANA et al. conducted a double-blind, placebo-controlled trial on 41 patients aged 18-35 years using Spielberger's
State-Trait Anxiety Inventory and polysomnography (PSG) to measure sleep diaries. The results indicated that con-
suming low doses of pink passionflower in tea form improved sleep quality in healthy adults. Passionflower com-
bined with other drugs can also be used to treat sleep disorders [16]. DIMPFELW et al. conducted a clinical trial on
16 volunteers using NEURAPAS (a combination extract of pink passionflower, valerian, and St. John's wort). EEG
and current source density (CSD) were quantitatively recorded during a 6-minute open-eye experiment, a S-minute
concentration experiment, a math calculation experiment, and a memory experiment. The results showed that spectral
power in the alphal, alpha2, and betal frequency ranges was significantly reduced in the centro-parietal regions,
suggesting that NEURAPAS affects EEG frequencies similarly to anxiolytics [17]. A study by Zou Jiangbing et al.
using RT-PCR molecular methods explored whether purple passionflower leaf extract exerted its anxiolytic effects
via GABAA receptor a2 and a3 subtypes. The results showed that 800 mg/kg/day and 400 mg/kg/day purple pas-
sionflower leaf extract upregulated GABAA receptor 02 and a3 subtype mRNA expression, indicating that the anxi-
olytic effects of purple passionflower extract might be mediated through GABAA receptors [18].

1.6 Ziziphus Jujuba Seed (Suanzaoren)

Chan et al. conducted a double-blind, randomized controlled trial with 90 patients undergoing methadone treatment
for at least one month and reporting sleep disturbances with PSQI scores greater than 5. Compared to placebo treat-
ment, four weeks of Suanzaoren Decoction significantly improved patients' average PSQI total scores (p=0.007) and
average sleep efficiency (p=0.017). All adverse reactions (e.g., drowsiness, diarrhea, and dizziness) were mild.
Suanzaoren Decoction effectively improved sleep quality and sleep efficiency. The main active component of
Suanzaoren, jujuboside A, exerts sedative and hypnotic effects by inhibiting glutamate-mediated excitatory transmis-
sion pathways in the hippocampus, reducing intracellular calcium ion concentration. Its alkaloids can bind to GABA
receptors, increase chloride ion influx, and induce overexpression of GABA receptors and glutamate decarboxylase,
thereby prolonging sleep time [19]. Wang Ying et al. found in an insomnia mouse model that modified Suanzaoren
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Decoction increased 5-HT and 5-HT1A receptor protein levels in the hypothalamus, decreased concentrations of
dopamine, norepinephrine, CRH, ACTH, and cortisol, resulting in shortened sleep latency, prolonged total sleep du-
ration, and improved circadian rhythm disturbances. The hypothalamic-pituitary-adrenal (HPA) axis plays a crucial
role in regulating sleep, where HPA axis activation leads to nighttime awakenings and insomnia, while slow-wave
sleep inhibits the HPA axis. Factors that increase CRH, ACTH, and cortisol concentrations reduce sleep efficiency,
decrease slow-wave sleep, and prolong wakefulness [20].

1.7 Lemon Balm

Haybar et al. conducted a randomized, double-blind, placebo-controlled clinical trial to determine the effect of lemon
balm on chronic mental disorders in patients with chronic stable angina. The study included 73 patients (out of 80)
with chronic stable angina, randomly divided into intervention and control groups. The intervention group received
lemon balm dry powder capsules (1000 mg per dose, three times daily) for 56 days, while the control group received
corn starch as a placebo in the same dosage and schedule. At the end of the RCT, the intervention group showed
significantly lower average scores for depression, anxiety, and stress (p < 0.001), and significantly improved sleep
disorders (p = 0.033) compared to the control group [21]. GABA is a critical target in the pathogenesis of anxiety and
the development of new anxiolytics. Rosmarinic acid (RA) in lemon balm essential oil exhibits bioactive functions
that inhibit GABA transaminase activity, thereby preventing GABA degradation and increasing brain GABA concen-
trations, leading to sedative and anti-anxiety effects.

1.8 Lavender

Yin et al. randomized 40 patients with PSD into an experimental group and a placebo group. The experimental group
inhaled microencapsulated lavender essential oil every night before bed for four weeks. Patients placed a non-woven
fabric bag containing 2.3 grams of microcapsules and about 1.5 grams of lavender essential oil on or under their
pillows. The placebo group used empty non-woven fabric bags during the same period. Outcomes were measured
using the Hamilton Depression Rating Scale (HAMD-17), Zung Self-Rating Depression Scale (SDS), and Pittsburgh
Sleep Quality Index (PSQI). Significant differences in HAMD-17, SDS, and PSQI scores were observed between the
two groups before and after the intervention (P < 0.01), with the experimental group showing more significant im-
provement (P < 0.05). Lavender essential oil inhalation aromatherapy may help alleviate depressive symptoms and
improve sleep quality in PSD patients [22]. Zhou et al. observed behavioral changes in mice after inhaling lavender
volatile oil aromatherapy and conducted evaluations using ELISA to measure neurotransmitter levels in the hippo-
campus, including glutamate (Glu), GABAA, 5-HT, and adenosine (AD). They assessed the GABAA/Glu ratio and
used Western blot to detect the effects of aromatherapy on GluR1 and VGIuT1 expression. Lavender volatile oil
increased the secretion of Glu, GABAA, 5-HT, and AD, while raising the GABAA/Glu balance. Higher doses of
lavender volatile oil increased GluR1 and VGIuT1 levels in brain tissue. 5-HT neurotransmitters regulate sleep, pain,
and other physiological functions, and lower levels can cause varying degrees of insomnia. AD is crucial for cellular
metabolic pathways and sleep homeostasis, involved in sleep-wake cycles, learning, memory, and emotions. Glu
promotes AD secretion by activating neurons, influencing extracellular AD accumulation. VGIuT1 is a major protein
affecting glutamatergic neurotransmitter transport, impacting Glu levels in the body. Lavender volatile oil's sleep-
promoting effects may result from modulating protein expression and Glu neurotransmitter levels, indirectly regulat-
ing the GABAA/Glu balance [23].

2. Physical Therapies and Their Mechanisms of Action
2.1 Cranial Electrotherapy Stimulation (CES)

Rose et al. conducted a study with 38 participants randomly assigned to receive either active CES or sham CES
treatment for four weeks. The PSQI and GSDS were used to measure caregivers' sleep disturbances over the past
month. The results showed significant reductions in PSQI and GSDS scores at both 2 and 4 weeks in the active CES
group, while no significant changes were observed in the sham CES group. This suggests that active CES has a
positive impact on improving sleep quality. The study found that short-term use of CES can improve sleep disturb-
ances in elderly spousal caregivers, reduce depressive symptoms, and enhance caregiving assessments. In the active
CES group, there was a notable improvement in daily interference from sleep disturbances. Sleep latency decreased
by 9 minutes in the active CES group, whereas it increased by 1 minute in the placebo group. Depressive symptoms
were reduced to levels indicating improvement in both intervention groups [24]. Dai Qianyi et al. studied 60 insomnia
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patients, randomly divided into two groups: the treatment group (30 cases, with 4 dropouts, totaling 26) and the
control group (30 cases, with 3 dropouts, totaling 27). The treatment group received CES combined with acupuncture,
administered 5 times a week for 30 minutes each session, over 6 weeks. The control group received acupuncture only,
with the same frequency and duration. Both groups targeted the same acupuncture points: Baihui, Shishencong, Yin-
tang, Neiguan, Hegu, Shenmen, and Taichong. The control group used electroacupuncture for Baihui and Yintang,
while the treatment group did not. The PSQI scores and reduction rates before and after treatment were observed in
both groups. Results showed that CES combined with acupuncture significantly improved symptoms of insomnia
compared to acupuncture alone. CES notably alleviated depressive symptoms and reduced theta, delta, and beta
waves. After CES treatment, pre-sleep cortisol levels increased, and the diurnal slope of cortisol tended to flatten.
Perceived stress improved in the CES group, almost markedly better than the sham treatment group. For non-phar-
macological adjunctive treatment of stress, CES can be considered a safe option that improves mood symptoms [25].

3. Summary

This article primarily introduces the active ingredients commonly found in sleep aids and devices on the market, such
as melatonin, theanine, valerian, chamomile, passionflower, jujube seed, lemon balm, lavender, and the clinical ap-
plication and mechanisms of CES physical therapy. Most of these substances exhibit anti-depressive and anti-anxiety
effects, with mechanisms largely related to neurotransmitters like GABA, 5-HT, and Glu. Most sleep aids on the
market are composed of multiple active ingredients, effectively reducing pre-sleep anxiety, stress, and racing thoughts,
thereby decreasing sleep latency and improving sleep quality.

4. Discussion

This study evaluated the efficacy of various common sleep aids and their components, showing that these products
can improve sleep quality to some extent. Firstly, melatonin significantly improves sleep onset in the short term, but
its long-term safety and effectiveness require further research. Valerian extract shows some efficacy in reducing sleep
onset time and improving sleep quality, though individual responses vary greatly. Herbal components like Schisandra
exhibit the potential to alleviate stress and anxiety, but their complex components and unclear mechanisms require
further research. The study also found that dosage, duration of use, and individual differences are crucial factors
influencing the effectiveness of sleep aids. Appropriate dosage and personalized usage plans are key to ensuring
effectiveness, as overuse may lead to side effects. Overall, this study provides scientific evidence for consumers
choosing and using sleep aids. Future research should further explore the long-term effects and safety of these prod-
ucts and establish industry standards to ensure product quality and consumer safety.
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