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Acupuncture in circadian rhythm
sleep—wake disorders and its
potential neurochemical
mechanisms

Junmei Wu and Zhengyu Zhao®*

Acupuncture and Tuina School, Chengdu University of Traditional Chinese Medicine, Chengdu, China

Circadian rhythm sleep—wake disorders (CRSWDs) are becoming increasingly
common in modern societies due to lifestyle changes. The detrimental effects
of CRSWDs on sleep and psychological health have attracted considerable
attention recently. Alternative remedies for the treatment of CRSWDs have also
gained attention in recent years owing to the limitations of medications. Several
in vivo and clinical investigations have shown that acupuncture, one of the most
important components of traditional Chinese medicine (TCM), has been shown
to modulate sleep-related circadian rhythms. Owing to the lack of research on
the mechanism and effectiveness of acupuncture in treating CRSWDs, clinical
applications of acupuncture have not gained popularity. This paper reviews the
acupuncture methods, acupoint selection, and biochemical indicators supplied
by in vivo and clinical studies to explore the effectiveness of acupuncture,
and summarizes the circadian rhythm mechanisms and the acupuncture
characteristics on circadian rhythm. The neurochemical mechanisms linked
to acupuncture in treating CRSWDs are also outlined from the perspective of
the central and peripheral biological clocks. Lastly, the inadequacy of previous
studies on CRSWDs and conflicting results regarding acupuncture are explored
and future research directions are envisioned.
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1 Introduction

Circadian rhythm refers to the autonomous regulation of the organism’s periodic
oscillation of the cycle for approximately 24 h. One of the most noticeable circadian rhythms
in the human body is the sleep-wake cycle. In recent years, research on insomnia has focused
mostly on circadian rhythm sleep-wake disorders (CRSWDs). The precise prevalence of
CRSWDs is unknown since it varies depending on the type of population being assessed. An
early study that included 10,000 Norwegian people aged between 18 and 67 years discovered
that the prevalence was 0.17%, with an average age at onset of 15.4 years (Schrader et al., 1993).
A recent population study conducted on adults in New Zealand found that the prevalence of
sleep delay types ranges from 1.5 to 8.9% (Paine et al., 2014). However, the actual prevalence
of CRSWDs is underestimated because CRSWDs are frequently mistaken for other sleep
disorders. According to some estimations, up to 10% of individuals with sleep disturbances
are thought to have CRSWDs (Barion and Zee, 2007).
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CRSWDs are most frequently characterized by difficulties in
initiating and maintaining sleep and excessive sleepiness. Based on the
standards provided by the International Classification of Sleep
Disorders (ICSD-III) (Sateia, 2014), CRSWDs can be generally
divided into two types: sleep disorders caused by endogenous
circadian rhythm system changes, such as delayed sleep-phase
disorder (DSPD), advanced sleep-phase disorder (ASPD), non-24-h
sleep-wake syndrome, and irregular sleep-wake rhythm; or sleep
disorders caused by social/work schedules, such as jetlag and
shiftwork. Current medical interventions for CRSWDs are mainly
focused on pharmacologics, including benzodiazepines (BZDs),
melatonin (MT) receptor agonists, and antidepressants (Atkin et al.,
2018; Everitt et al., 2018). However, some of these interventions are
not well tolerated or safe, and their prolonged use can result in mental
and physical dependence (De Crescenzo et al., 2022). Therefore, safe
and reliable non-pharmacological treatments are needed.

One of the major non-pharmacological treatments for people with
sleep disorders is acupuncture, which has been extensively used to
treat CRSWDs. Acupuncture is a method of manipulating the gi and
blood, balancing yin and yang, and regulating the disharmony of zang
and fu organs, by inserting thin metal needles into specific acupoints
on the body (Kaptchuk, 2002; Ernst, 2006). Alhough, many clinical
trials or mechanistic studies on acupuncture treatment for CRSWDs
have been published, evidence of the effectiveness of acupuncture has
not been thoroughly compiled. Therefore, this article reviews the
acupuncture method, acupoint selection, and biochemical indicators
to investigate the effectiveness of acupuncture based on clinical trials
and in vivo studies and summarizes the mechanisms underlying the
circadian rhythm and the effects of acupuncture characteristics on
circadian rhythm. It also describes the neurochemical mechanisms
associated with acupuncture treatment of CRSWDs from the
standpoint of the central and peripheral biological clocks. Finally, the
shortcomings of earlier research on CRSWDs are examined, and
contradictory findings about acupuncture are reviewed, and potential
further study directions are suggested.

2 The mechanism of circadian
rhythms

The biological clock, which comprises a central and peripheral
biological clock, autonomously regulates the organism’s periodic
oscillation of the cycle for approximately 24 h. Circadian clock genes
and the proteins they express constitute the core of the circadian
rhythm, which is an autonomous transcription-translation oscillation
circuit. External stimuli, such as light, temperature, and food, can
advance or delay circadian rhythms by aligning with the phase of the
endogenous rhythmic oscillation system. These stimuli are referred to
as zeitgebers, and the process is known as entrainment.

Light, which is the most important zeitgeber, projects external
light-dark information onto the retina. Intrinsically photosensitive
retinal ganglion cells then transmit this photic information via the
retinohypothalamic tract (RHT) to the suprachiasmatic nucleus
(SCN), which acts as the biorhythm’s pacemaker, and subsequently
coordinates the other central and peripheral biological clocks through
neuro-humoral signals.

The SCN, the key brain region in the regulation of circadian
rhythms, is composed of a cell-autonomous transcription-translation
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negative feedback loop along with Clock, Bmall, Per (Perl and Per2),
Cry (Cryl and Cry2), other circadian clock genes, and their
transcription protein products (Takahashi et al., 2008). By
phosphorylating proteins implicated in the biological clock, such as
Per, Cry, and Bmall, and controlling protein activity and nuclear
localization, casein kinase 1 delta/epsilon (CK1 &/¢) plays a significant
role in the transcriptional-translational feedback loop of the biological
clock (Laothamatas et al., 2023). The heterodimer complexes formed
by Bmall and Clock interact with the promoter region of the E-box to
activate the transcription of Per and Cry into Perl, Per2, Cryl, and
Cry2 proteins. Consequently, Per and Cry proteins, in turn, form
Per-Cry heterodimers and translocate to the nucleus, where they can
inhibit the activity of Clock-Bmall heterodimer complexes, thereby
suppressing gene transcription. This inhibition progressively subsides
as the Per-Cry heterodimers decompose, and a new cycle of
transcription, approximately 24h, is re-initiated by Clock-Bmall at
approximately 24 h (Figure 1; Takahashi et al., 2008; Mohawk et al.,
2012; Lande-Diner et al., 2013; Takahashi, 2015).

3 Analysis of RCTs and in vivo studies
on acupuncture for CRSWDs

3.1 Search strategy

Relevant randomized controlled trials (RCTSs) or in vivo studies
were included if they met the inclusion criteria of CRSWDs
standardized by ICSD-III, and references such as reviews, case reports,
and conference papers were excluded. Intervention methods are
constrained to simple acupuncture treatment (needles, acupoint
selection, manipulations, retention time, and course of treatment are
not limited).

We searched Pubmed and Web of Science from database inception
through November 2023. For Chinese articles, we searched the China
National Knowledge Infrastructure (CNKI) and Wanfang. The
keywords used for the search were “circadian rhythm OR circadian
rhythm sleep-wake disorders OR CRSWDs” AND “acupuncture” in
each database language. The search strategy was adjusted for each
database. The flow chart of study searching and screening is shown in
Figure 2.

3.2 Evidence on the effectiveness of
acupuncture in the treatment of CRSWDs

Tables 1, 2 summarize the evidence supporting the effectiveness
of acupuncture for treating CRSWDs regarding acupuncture methods,
acupoint selection, and physiological mechanisms from in vivo and
clinical trials.

4 Acupoint selection in the treatment
of CRSWDs

Syndrome differentiation and treatment are among the most
important components of the basic theory of TCM. Even though
patients’ symptoms may be similar, acupuncturists choose different
acupoints in accordance with patients” individual differences under
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FIGURE 1
This figure illustrates the way the regulation of circadian clock genes in the SCN and peripheral tissues provides the basis for the formation of circadian
rhythms. The biological clock is made up of several clock genes and pertaining proteins. Molecular transcription and translation accurately regulate
these genes’ expression, resulting in oscillations of circadian rhythms. This process mainly involves heterodimeric transcriptional activator complex
Clock-Bmall and the restrictive complex CK1 8/e-Cry-Per. Acupuncture can regulate circadian clock genes and improve sleep related symptoms. CK1
/¢, casein kinase 1 delta/epsilon; SCN, suprachiasmatic nucleus; RHT, retinohypothalamic tract; 5-HT, serotonin; NE, norepinephrine; DA, dopamine;
GABA, y-aminobutyric acid; MT, melatonin. Created with MedPeer (www.medpeer.cn).
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FIGURE 2
Flow chart of the literature screening process.

the guidance of TCM theory. HT7, PC6, and SP6 are often used as
the main acupoints for insomnia treatment. The effectiveness of the
three acupoints alone or in combination in the treatment of CRSWDs
has been verified.

Wu et al. found that acupuncture at PC6 affects circadian rhythms
in night shift workers by modulating the autonomic nervous system,
increasing vagal activity and inhibiting of cardiac sympathetic nerves
(Wu et al,, 2009). In an RCT, acupuncture at HT7 or SP6 led to
significant reductions in Pittsburgh Sleep Quality Interview (PSQI)
as well as in serum levels of cortisol (CS) and
(ACTH),
pre-treatment levels. However, these two acupoints had varying

scores,
adrenocorticotrophic  hormone compared  with
degrees of effects on different aspects of sleep. The HT7 group
exhibited improved scores for daytime dysfunction, sleep disturbance,
sleep quality, sleep duration, and sleep efficiency compared to those
before treatment. The SP6 group showed improved sleep quality, sleep
onset time, sleep duration, sleep efliciency, sleep disturbances, and
daytime dysfunction after treatment. In addition, this group
outperformed the HT7 group in terms of sleep efficacy and quality.
This study also found that the ST7-SP6 combination was more
advantageous in the synergistic improvement of daytime sleepiness
and fatigue in patients with insomnia. The PSQI and Epworth
Sleepiness Scale (ESS) scores, as well as the levels of ACTH, CS, and
MT were more favorable than those acquired in the ST7 or SP6 groups
alone (Song et al., 2022). However, there is no direct evidence of the
underlying mechanism of acupuncture with a single acupoint or
acupoint combination in CRSWDs. Further research on the
mechanisms of acupuncture in treating CRSWDs is needed.
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5 The characteristics of acupuncture
regulating circadian rhythm

Several functions of organisms are characterized by periodic
rhythms to adapt to changes in the external environment. According
to TCM theory, qi and blood in the human body undergo periodic
variation following the four seasons and 24 h daily. Arnold’s biological
tide theory states that changes in people’s emotions and behaviors are
correlated with the synodic cycle of the moon. Acupuncture has a
benign and bi-directional regulatory effect, and its effect largely
depends on the functional state of the body. Additionally, the rhythmic
changes in the physiological and pathological state are the foundation
for the variations in the acupuncture effect. The characteristics of
acupuncture in regulating circadian rhythm are mainly reflected in
restoring disturbed circadian rhythms and their temporal features.

Studies have shown that acupuncture can regulate disturbed
biological circadian rhythms. Hong et al. (2018) found that
acupuncture of ST36, SP6, and GV20 on diabetic rats with
depression resulted in a significant down-regulation of Per2 gene
expression and a decrease in cortisol (CORT) secretion. The
amplitude of CORT activity increased and the peak time shifted
forward after acupuncture treatment, restoring approximately
normal circadian rhythmic changes (Hong et al., 2018). Chen et al.
(2017) investigated how electroacupuncture affected the circadian
rhythm of morphine-tolerant mice and discovered that this
procedure on BL23 increased the amplitude of rhythms in these
mice, facilitated the restoration of disrupted amplitude rhythms, and
increased the relative expression of Per1 and Per2.
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TABLE 1 Evidence on the effectiveness of acupuncture for treatment of crswds from in vivo studies.

10.3389/fnins.2024.1346635

Model Model Protocol of Major findings Interpretation
EHTEE CIE =Ll Insomnia Other Biochemical
symptoms indicators
Huang et al. (2023) | adult male | induced by PCPA | Acupuncture Isleep latency lthe daily activity | |TNF-« N/A
SD rats (Ziwuliuzhu Najia the time to fall ljumping and |the damage of neurons in
method): KI10, LR3, | asleep impact movements | the hypothalamic area
PC7, SP1,LUS8,KI2, | fsleep time lhyperactivity and | tMT
and LR3 mania Tthe mRNA expression of
-reinforcing- Tthe sensitivity of | Clock and Bmall
reducing method responses
-15min x 7 days
-najia group began at
9:00a.m., nazi group
bagan at 11:00a.m.
Lu et al. (2021) male Balb/c | kept in constant | EA (sparse-dense phase shift N/A revealed a complete profile | EA treatment elicits
mice DD for 10 days wave, 2/15Hz, -advanced at CT4 of phosphorylation partial reparation of
0.5mA): GV1, GV20 | and CT8 modification in response | circadian rhythm
-15min -delayed at CT16 to EA exposed to constant
-treated at CTO0, CT4, darkness.
CT8, CT12, CT1e,
CT20 respectively
Guo et al. (2017) male SD induced by PCPA | acupuncture: BL62 N/A lactivity in the rest | Tthe mRNA expression of | N/A
rats and KI6 period Perl and Per2
-deqi, reinforcing
KI6 and reducing
BL62
-15min x 7 days
Wei et al. (2017) male SD induced by PCPA | acupuncture: GV20- | |sleep latency N/A Tthe mRNA expression of | the effect of
rats HT7, GV20-SP6, and | 1sleep time Clock and Bmall in the acupuncture on
GV20-nonacupoint area of VLPO and SCN GV20-HT7 was
-even reinforcing better than the other
and reducing two acupuncture
-30min x 7 days groups.
Liuetal. (2002b) | Wistar inverting the L-D | acupuncture: parietal | N/A N/A Tplasma NE and DA the effects on changes
adultrats | rhythm: sculp acupuncture rhythmic phases in plasma NE and DA
transforming -at 7a.m. Trestoration of brainstem | levels are not
L/D-12h into —10min 5-HT and 5-HIAA statistically
D/L-12h significant.
Caietal. (2011) Syrian turn on the lights | EA (sparse-dense N/A N/A -acupuncture at ZT16 and | acupuncture could
hamsters 8h in advance wave, 15~15Hz, ZTO0, the time of promote circadian
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every 2 daysx5 1~3V):GV1,GV20 resynchronization was less | rhythm
times (10days in | —15min x 3 days than the natural recovery  resynchronization,
total): to create | -treated at ZT0, ZT4, group (with no difference | and the effective of
advanced light- | ZT8, ZT12, ZT16, in statistics) acupuncture on
dark cycle ZT20 respectively -acupuncture at ZT4, ZT8 | resynchronization

and ZT12 greatly was circadian-

promotes circadian dependent effects.

rhythm resynchronization

-acupuncture at ZT20, the

time of resynchronization

in the acupuncture group

was longer than that in the

natural recovery group

(with no difference in

statistics)

(Continued)
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TABLE 1 (Continued)

Protocol of Interpretation

Major findings

acupuncture Insomnia Other Biochemical
symptoms indicators
Wang et al. (2016) | male SD induced by PCPA | acupuncture: BL62 L-D cycle ldaily spontaneous | N/A N/A
rats and KI6 resynchronization of | activities
-deqi, reinforcing spontaneous activity
KI6 and reducing circadian rhythms
BL62
—20min x 7 days
-between 8 and
10a.m.
Xiu et al. (2021) C57BL/6] | perform light EA (sparse-dense N/A Tspontaneous restore the circadian N/A
male rats stimulation every | wave, 4/15Hz): BL18 activities and rhythm of Cryl mRNA
2hx5days —15min x 5days standing and Cry2 mRNA gene
-between 3 and expression in the live
5p.m. Tcontents of Cryl and
Cry2 protein in the liver
Xu et al. (2023) male SD induced by PCPA | acupuncture: BL62 EEG and EMG N/A TAANAT mRNA EEG and ECG
rats and KI6 -OREM sleep expression in PG at ZT16 | suggested a trend
—20min x 5days -tNREM sleep and ZT20 toward higher
mesor amplitude and a
-l W mesor forward shift
acrophase, but there
was no statistically
significant difference.
Xue et al. (2010) Wistar invert the L-D EA (sparse-dense N/A inverted-phase HR | N/A N/A
adult rats rhythm: wave, 10/20 Hz, rhythms return to
transform L/D- 1~3V): GV1, GV20 normal circadian
12h into D/L- —15minx 1 day rhythms
12h
(Tao et al.,, 2014b) | SD rats turn on the lights | EA (sparse-dense N/A N/A IMT N/A
8h in advance wave, 15~20Hz,
every 2 daysx5 1~3V): PC6 and
times (10daysin | ST36
total): to create —15min x 3 days
advanced light- | -treated at ZT4
dark cycle (11a.m.)
Tao etal. (2014a) | SD rats turn on the lights | EA (sparse-dense N/A N/A 1the expression level of N/A
8h in advance wave, 15~20Hz, PK2 in SCN
every 2 daysx5 1~3V): PC6 and
times (10daysin | ST36
total): to create —15min x 3 days
advanced light- | -treated at ZT4
dark cycle (11a.m.)
Wang et al. (2023) | C57BL/6] | alternate light EA (sparse-dense N/A N/A lexpression level of Clock | N/A
male rats and dark every wave, 2/20 Hz, mRNA and Bmall mRNA
2h 0.2mA): BL18 (restoring to normal
—20min x 5days circadian rhythm)
Kimura and Hara | male alternate light EA (restangular N/A advancing and N/A N/A
(2008) beagles and dark every wave, 2Hz, 5mV, activating rhythm
2h 250 psec): GV5 and of sympathetic
GV20 nervous activities
—15minx 1 day -THR
-lCVRR
-|HF
-JLF:HF ratios
(Continued)
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TABLE 1 (Continued)

Protocol of
acupuncture

Major findings

Insomnia

10.3389/fnins.2024.1346635

Interpretation

Other
symptoms

Biochemical
indicators

Gao et al. (2007) Kunming | induced by acupuncture: EX- Ispontaneous N/A TNOS activity and NO results in EX-HN1
white mice | caffeine HNI or ST36 activities during content in the brain group were all better
-even reinforcing sleep than those in ST36
and reducing group.
-without
retianingx7 days
Liuetal (2002a) | Wistar inverting the L-D | acupuncture: parietal | N/A N/A restoration of NE and DA | N/A
adultrats | rhythm: sculp acupuncture rhythmic phases in the
transforming -at 7a.m. diencephalon
L/D-12h into —10min -tNE amplitude
D/L-12h -1DA mesor
restoration of 5-HT and
5-HIAA in the
diencephalon
-15-HT amplitude
-15-HIAA mesor
Xie et al. (2018) male SD induced by PCPA | acupuncture: GV20- | |sleep latency tdietary intake TMT level in VLPO results in GV20-HT7
rats HT7, GV20-SP6, or | Tsleep time |water intake Texpression level of MT1 | group were all better
GV20-nonacupoint feces: restoring to mRNA and MT2 mRNA | than those in the
—30min (rotating normal color with | in VLPO other two group.
every 10 min for hardening texture
1 min) x 7 days

Symbols: |: decreasing; 1: increasing; O: no significant statistically difference. SD, Sprague Dawley; PCPA, 4-Chloro-DL-phenylalanin; TNF-a, tumor necrosis factor-oa; MT, melatonin; EA,
electroacupuncture; CT, circadian time; CTO0, 07:00; CT4, 1:00; CT8, 15:00; CT12, 19:00; CT16, 23:00; CT20, 03:00; VLPO, ventrolateral preoptic nucleus; SCN, suprachiasmatic nucleus; L,
light; D, dark; NE, norepinephrine; DA, dopamine; 5-HT, serotonin; 5-HIAA, 5-hydroxyindoleacetic acid; REM sleep, rapid eye movement sleep; NREM sleep, none rapid eye movement sleep;
W, wake; AANAT, arylalkylamine N-acetyltransferase; PG, pineal body; PK2, prokineticin 2; HR, heart rate; CVRR, coefficient of variation in the R-R intervals; HE, high frequency; LE, low

frequency; NOS, nitric oxide synthase; NO, nitric oxide.

Acupuncture also has a distinct temporal feature. As a
non-photogenic zeitgeber, acupuncture has a modulating effect
on photogenic zeitgeber. Recently, several studies have explored
the intervention effect of different-timing acupuncture by
observing spontaneous activity rhythms. This method of selecting
different times for acupuncture according to natural and
organism rhythms is known as timing acupuncture. Timing
acupuncture falls under the category of TCM time medicine, with
a rich theoretical foundation. Ancient Chinese have summarized
numerous timing acupuncture methods, including the Ziwu
Liuzhu Najia method, eight intelligent turtle methods, and eight
flight methods, all of which are still widely used to treat various
illnesses (Liu and Huang, 2022).

After electroacupuncture was used to treat insomnia rats at
circadian time (CT) 0 (07:00), CT4 (11:00), CT8 (15:00), CT12
(19:00), CT16 (23:00), and CT20 (03,00) under dark-dark (DD)
conditions, Lu et al. discovered that electroacupuncture could
cause a phase shift, which was manifested by large phase advances
at CT4 and CT8. At CT16, phase delays were observed; however,
there was no difference in the phase data between the other
groups. Electroacupuncture has a bidirectional effect in mice
with DD-induced insomnia. This suggests that electroacupuncture
can partially repair circadian rhythms in patients exposed to
constant darkness (Lu et al., 2021). As a non-photic zeitgeber,
electroacupuncture modulates photic zeitgebers. Following

Frontiers in Neuroscience

electroacupuncture at GV20 and GV1, there was a noticeable
shift in the spontaneous behavior of the hamster’s circadian
rhythm. This shift indicated an advancement in the subjective
daytime rhythm phase and a delay in the subjective nocturnal
phase. The amplitude induced by electroacupuncture with photic
pulse stimulation was significantly lower than that induced by
photic pulse stimulation alone, indicating that electroacupuncture
attenuates the entrainment of photic stimuli in the spontaneous
behavior of hamsters (Cai et al., 2006). In another study, both
healthy volunteers and post-stroke patients received acupuncture
stimulation at ST36 from 7:00 a.m. to 9:00 a.m. and from 3:00 p.m.
to 5:00 p.m. Functional magnetic resonance imaging (fMRI)
revealed that brain activation in the two groups was stronger in
the morning than that in the afternoon, and that the regions of
their activation areas varied between groups. Therefore, the
timing may influence the impact of acupuncture in both healthy
individuals and post-stroke patients (Gao et al., 2015).

6 Acu
CRS

uncture in the treatment of
Ds comorbid disorders

Patients with CRSWDs commonly have fatigue, anxiety,
depression, and pain in addition to symptoms of sleep disorders
(Wang et al., 2022). Studies suggest that acupuncture is an
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TABLE 2 Evidence on the effectiveness of acupuncture for treatment of CRSWDs from clinical studies.

and reducing

—20min x 3 days/week in
the 1st to 4th weeks;
20min x 2 days/week in

the 5th to 8th weeks

-Isleep efficiency
score

-Isleep disturbance
score

-l the time to fall

asleep score

Study design Major findings Interpretation
Country Study Protocol of Control group Insomnia Other Biochemical
design acupuncture symptoms indicators
Hwang et al. Night-shift Korea pilot study: Saam acupuncture: GB43, | sham acupuncture N/A HRV Isympathetic activity N/A
(2011) nurses crossover design | BL66, GB44, and LI4 THF activity Tparasympathetic
-manual tonification |LF activity activity
technique |LF:HF ratios
—15min/session
—1month in total
Hong et al. Patients with China RCT acupuncture: SP6, HT7, tranquilizing oral ISRSS N/A N/A N/A
(2015) CRSWDs and EX-HN1 decoction
-deqi, even reinforcing
and reducing
—30min x 7 days/course
—1 courses
Songetal. (2022) | Patients with China RCT EA (sparse-dense wave, those three groups 1PSQI |daytime fatigue and |ACTH the compatibility of HT7
insomnia 5/25Hz): HT7, SP6, and serve as control -1sleep quality sleepiness 1CS and SP6 has a synergism
HT7-SP6 groups for each other | -fsleep time T™MT effect on the daytime
-deqi, even reinforcing -1sleep efficiency fatigue and sleepiness of
and reducing -Isleep disturbance insomnia patients, and SP6
—30min x 5days/course -the time to fall has a better effect than
—2 courses asleep HT7.
1ESS
Yang et al. (2023) | Mobile phone China RCT acupuncture: GV20, healthy volunteers 1PSQI IMPATS salivary metabolites in N/A
addiction GV24, GV29, EX-HN22, with no treatment - |sleep quality Iwithdrawal dysrhythmic were
patients with Li4, PC6, HT7, and SP6 scores symptoms restored (including
sleep disorders -deqi, rotating, or lifting -|sleep latency melatonin, thymidine,
manipulation scores 2-deoxyuridine, et al.)
—30min x 7 days -|daytime
dysfunction scores
Mou etal. (2023) | Patients with China RCT acupuncture: BL62, KI6, sham acupuncture 1PSQI JHAMA Tplasma MT N/A
DSWPD LI4, LR3, ST36, and SP6 (without penetrating | -|sleep quality score = |HAMA-17
-deqi, even reinforcing through skin) -|sleep time score
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TABLE 2 (Continued)

Country

Study design
Study

Protocol of

Control group

Major findings

Insomnia

Other

Biochemical

Interpretation

and reducing

—20min x 3 days/week in
the 1st to 4th weeks;
20min x 2 days/week in
the 5th to 8th weeks

—8weeks in total

-Tsleep time
-Tsleep efficiency
-|the number of
awakenings and the
wake time after
falling asleep
indexes/scores of
subjective sleep
-TMEQ

-|ISI

-|ESS

design acupuncture symptoms indicators
Spence et al. adults with Toronto an open pre- acupuncture N/A PSG tests of mood and the level of aMT6s SSS and fatigue scale scores
(2004) insomnia and post clinical trial | -deqj, even reinforcing - sleep onset cognitive efficiency tat night before sleep did not show
anxiety study and reducing latency -Othe Toronto |during the morning any significant differences,
—60min x 2 days/week -1sleep efficiency Alexithymia Scale and afternoon but scores indicated a
—5weeks in total -Tthe total sleep -1SSS significant improvement
time -| Fatigue Scale after 5 weeks of
-|the arousal index anxiety acupuncture;
-Othe percentage of | -|the State-Trait alertness decreased
REM sleep and Anxiety Inventory following acupuncture may
REM latency depression imply the substitution of
Ithe Alpha rating -|CESD one type of alertness for
18SS alertness another rather than
-1ZOGIM-A representing a decrement
OThe composite in cognitive efficiency.
fatigue scores
(comfatigue)
-ESS
“TWHEFQ
-ESS
-the Fatigue Scale
-the FaST Adjective
Checklist
Yu et al. (2023b) patients with China RCT: single acupuncture: BL62, KI6, sham acupuncture indexes of objective | |FSS Iplasma CORT level the effect of acupuncture
DSWPD blind LI4, LR3, ST 36, and SP6 (without penetrating | sleep collected by was still obvious in the
-deqi, even reinforcing through skin) ACT follow-up of 1, 3 months.
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TABLE 2 (Continued)

Liand
You (2023)

patients with
post-stroke

CRSWDs

China

Study design

Study
design

RCT

Protocol of
acupuncture
acupuncture (HE’s
SanTong acupuncture
method):

-GV20, GV24, EX-HNI,
LI4, PC6, and SP6: deqj,
even reinforcing and
reducing, 30 min x 3 days/
week

-BL15, BL13, BL20, BL18,
BL23, and BL17: fire
needling, x2 days/week
-ear apex

bloodlettingx3 days/week

Control group

oral administration

of Estazolam tablets

Major findings

Insomnia

IPSQI

PSG

-Tsleep time
-1REM latency
-1SWS
-larousal times

-1sleep efficiency

Other
symptoms

|HAMA

Biochemical
indicators

N/A

Interpretation

N/A

Lietal. (2022)

patients with
ischemic stroke

CRSWDs

China

RCT

acupnucture (Heart-Brain
co-therapy acupunctur
method): GV20, EX-HNI,
EX-HN3, HT7, PC6, and
Anmian acupoint

-deqi, even reinforcing
and reducing,

—30min x 5days/week

—3weeks in total

oral administration

of Estazolam tablets

1AIS
1ESS

N/A

N/A

N/A

‘Wau et al. (2009)

night-shift male

workers

China

RCT: double-
blind

laser acupuncture (low-
energy laser device, in a
treatment dose of 9.7/
cm2): PC6

-between 7 and 10 p.m.

-10min per time

sham laser
acupuncture (power

off)

N/A

the autonomic
nervous function
-Oblood pressure
-|heart rate
-|HRV

-THF activity
-JLF activity
-JLF:HF ratios

Isymp athetic

hyperactivities

-heart rate showed no
significant difference in
treatment group after the
30-min rest period.

-the effect of laser
acupuncture at PC6 was
maintained for at least

30 min after treatment.

Symbols: |: decreasing; 1: increasing; O: no significant statistically difference. HRV, heart rate variability; HE, high-frequency; LE, low-frequency; SRSS, self-rating scale of sleep; EA, electroacupuncture; PSQI, particularly sleep quality and sleep latency; ESS, the
Epworth Sleepiness Scale; ACTH, serum adrenocorticotrophic hormone; CS, cortisol; MT, melatonin; MPATS, MPA tendency scale; Hamilton anxiety scale, HAMA; HRV, Heart Rate Variability; PSG, polysomnography; REM, rapid eye movement; the Alpha rating: an

evaluative index of sleep quality; SSS, the Stanford Sleepiness Scale; CESD, The Center for Epidemiological Studies Depression Scale; FSS, the Fatigue Severity Scale; TWHFQ, the Toronto Western Hospital Fatigue Questionnaire; aMT6s, 6-sulfatoxymelatonin; DSWPD,

delayed sleep-wake phase disorder; MEQ, morningness-eveningness questionnaire; ISI, Insomnia Severity Index; CORT, cortisol; SWS, slow wave sleep; AIS, Asymptomatic Sleep Disturbance Scale; ZT, zeitgeber time; CESD, The Center for Epidemiological Studies

Depression Scale.
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effective treatment for comorbid insomnia. According to Song
et al. electroacupuncture at SP6 and HT7 reduces daytime
sleepiness and fatigue in patients with insomnia (Song et al,,
2022). When using manual acupuncture at BL62, KI6, LI4, LR3,
ST36, and SP6 to treat patients with DSPD, Yu et al. found that the
Fatigue Severity Scale (FSS) scores were significantly reduced and
daytime fatigue was greatly improved (Yu X. T. et al., 2023). In an
RCT on acupuncture for the treatment of insomnia comorbid
diseases, acupuncture at HT7 and KI7 not only improved sleep
quality and modified sleep structures, but also had obvious
therapeutic effects on fatigue, anxiety, and depression. No serious
adverse reactions were observed, suggesting that acupuncture is
safe and effective (Wang et al., 2021). Acupuncture is also
frequently used to treat insomnia in patients with carcinoma pain.
Garland et al. found that after 8 weeks of acupuncture treatment
in cancer survivors, the patients’ quality of life, pain, sleep, mood,
and fatigue improved, with the effects lasting for at least 20 weeks
(Garland et al., 2019).

7 Acupuncture modulation of the
peripheral biological clock and
associated genes

Both central and peripheral biological clock rhythms influence
the sleep-wake cycle. In most cases, the manifestation of the SCN
rhythm occurs 4-12h before that of the peripheral rhythm except
in single cells, in organs, including the heart, stomach, and liver
(Zylka et al., 1998; Yamazaki et al., 2000). The SCN’s molecular
regulatory mechanisms for peripheral rhythms are similar to those
of the periphery, which can independently control rhythms without
assistance from the central biological clock and to counteract the
effects of central circadian rhythms (Welsh et al., 2004; Dibner
et al., 2010). The peripheral circadian clock, which is widely
distributed in tissues and organs including the liver, lungs, kidneys,
heart, adipose tissue, and skeletal muscle, responds to upstream
signals from the SCN. It also participates in the regulation of the
circadian rhythm, hormones, sleep, and heart rate in addition to
receiving central signals from the SCN (Honma, 2018; Chowdhury
etal, 2019; Patke et al., 2020) by regulating non-optical zeitgebers,
such as stress, exercise, and food intake (Ruiter et al., 2003; Tahara
and Shibata, 2018).

Studies have shown that acupuncture can stimulate the
peripheral biological clock by affecting clock genes and their
associated protein expressions. Wang et al. discovered that the
livers of rats exhibited chronological changes in the Clock and
Bmall, improving the rats’ circadian rhythm. These changes may
have their origins in the downward adjustment of the Clock and
Bmall genes and their pertaining protein expression (Wang et al.,
2023). Researchers have found that acupuncture could reduce the
levels of Cryl and Cry2 and restore the circadian rhythm of Cryl
and Cry2 mRNA gene expression in the livers of mice (Xiu et al.,
2021). It has also been demonstrated that acupuncture can
drastically lower the expression of the Bmall, Clock, and Per2
and their pertaining proteins in the cardiomuscular tissue of
spontaneous hypertensive rats, as well as a decreasing trend in
the levels of Bmall and Clock genes in cartilage tissue (Shu et al.,
2021; Tan et al., 2022).
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8 Acupuncture modulation of the
central biological clock and pertaining
genes

The biological clock controls the body’s circadian rhythm
oscillation system, which consists of the central biological clock and
the peripheral biological clock. The SCN, the pacemaker of the
biological clock, along with the Clock, Bmall, Per, Cry, and their
transcription proteins, make up the autonomous cellular transcription-
translation feedback loop. Acupuncture regulates circadian rhythms
by regulating the expression of SCN-associated circadian clock genes
and proteins. In addition to reducing sleep latency and lengthening
sleep time, a study found that acupuncture for insomniac male
Sprague Dawley (SD) rats can also reduce the expression level of
tumor necrosis factor-o (TNF-a), thereby alleviating inflammatory
responses and decreasing structural damage in the hypothalamus
(Wei et al., 2017; Huang et al., 2023). Additionally, it can increase the
expression levels of Perl and Per2 mRNA, as well as Clock and Bmall
mRNA (Guo et al., 2017). In another study investigating the effects of
electroacupuncture on circadian rhythms and the expression of clock
genes Perl and Per2 in morphine-tolerant mice, electroacupuncture
induced a restoration of aberrant amplitude rhythms to normal levels
and upregulated the relative expression of the Perl and Per2 genes
(Chen et al., 2017). It can be inferred that multiple post-translational
regulatory processes, including phosphorylation, must be involved in
sustaining the SCN cellular transcription-translation feedback loop.
Lu et al. also found that under continuous darkness, the
electroacupuncture-induced circadian rhythm phase shift had a
synchronous effect on mouse SCN phosphorylation (Lu et al., 2021).

9 Neurochemical mechanisms of
acupuncture for CRSWDs

9.1 Monoamines neurotransmitters

9.1.1 Serotonin

Serotonin (5-HT) is primarily derived from the dorsal raphe
nucleus (DRN) in the central nervous system (CNS). 5-HT transmits
neural signals by binding to 5-HT receptors, which are composed of
seven subtypes: 5-HT1-5-HT7. In addition to 5-HT, a variety of
neurotransmitters and neuropeptides are present in the DRN,
acid (GABA), (DA),
norepinephrine (NE), glutamic acid, nitric oxide synthase, and others
(Monti, 2010). The sleep-wake cycle regulated by 5-HT depends on
its interactions with multiple neurotransmitter systems, which lead to

including y-aminobutyric dopamine

the sleep-wake regulation mechanism of the 5-HT complex. 5-HT has
been shown to have different effects on sleep and wakefulness in
different brain regions.

Notably, 5-HT is considered to be an excitatory neurotransmitter
with pro-arousal effects. In rats with insomnia, subcutaneous injection
of 5-HT receptor agonists can improve waking and suppress slow-
wave-sleep (SWS) and rapid eye movement (REM) sleep (Monti et al.,
1995). The optogenetic activation of DRN 5-HT neurons in mice leads
to a rapid transition from non-REM (NREM) sleep to active
wakefulness (Moriya et al., 2021). REM sleep is increased in 5-HT1A
and 5-HT1B receptor-knockout mice (Boutrel et al., 1999, 2002). In
contrast, 5-HT is believed to act as a sleep-promoting agent. One
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study has shown that rats develop insomnia immediately after
microinjection of parachlorophenylalanine (PCPA) into the DRN;
however, microinjection of 5-hydroxytryptophan (5-HTP) into the
bilateral basolateral amygdala (BLA) on the sixth day can reverse the
effect of PCPA (Gao et al., 2002). The bidirectional effect of 5-HT on
the sleep-wake cycle may depend on the degree to which the
serotonergic system is activated and the timing of activation (Monti,
2011). Consequently, it has been hypothesized that 5-HT is a switch
that manages the alternation of sleep-wake phases by coupling the
sleep-wake center with the SCN, maintaining the continuity of sleep
and wake time, and thus contributing to sleep-wake circadian rhythm
regulation (Nakamaru-Ogiso et al., 2012).

The effects of acupuncture on 5-HT levels have been extensively
studied in patients with CRSWDs. Acupuncture increases 5-HT levels
while lowering the concentration of urinary 5-hydroxyindoleacetic
acid (5-HIAA) (Beer et al.,, 2010; Feng et al., 2023). Furthermore,
electroacupuncture can accelerate the synthesis and release of 5-HT
and NE via the dorsal lateral cord downstream inhibitory pathway,
thereby moderating depressive feelings, pain, and sleep circadian
rhythm (Han, 1986). However, both RCT and in vivo studies have
shown that acupuncture can reduce 5-HT levels (Hong et al., 2020; Liu
et al,, 2021). Therefore, the mechanism of action of acupuncture on
5-HT in patients with CRSWDs requires further study.

9.1.2 Norepinephrine

The primary area for NE generation and release is the locus
coeruleus (LC), and the LC-NE system has long been suggested to play
a role in activating and maintaining an alert arousal state. It is
generally believed that LC activity is significantly reduced during sleep
and that NE levels reach their highest levels during wakefulness. NE
release gradually decreases from wakefulness to REM sleep (Shouse
etal,, 2000; Lena et al., 2005). Through B and A1 receptors, NE in the
CNS stimulates wakefulness, but inhibiting NE release in the CNS
results in profound sedation (Berridge et al., 2012). However, the
regulation of the circadian sleep rhythm by NE is not only reflected at
its absolute level; research has revealed that the NE oscillation
amplitude can regulate sleep microstructure. The long-term decline in
NE promotes a spindle-enriched intermediate state and REM sleep,
whereas the short-term decline in NE maintains NREM sleep and
activates micro-arousals (Kjaerby et al., 2022).

Acupuncture reduced NE levels and improved sleep quality in
PCPA-treated rats (Hong et al., 2020). Studies have demonstrated that
electroacupuncture at PC6 can reduce increased cardiac sympathetic
nervous activity and decrease cardiac vagal nervous activity caused by
immobilization stress, which is a known cause of insomnia. The elevated
levels of plasma NE and epinephrine released by the sympathoadrenal-
medullary axis are shown to be simultaneously decreased by
electroacupuncture (Ye et al., 2023). Several trials have shown that
acupuncture increases NE levels (Li et al., 2012). In one systematic
review, 6 out of the 12 studies included showed an increase in LC
activity following acupuncture stimulation. The inconsistencies in the
above results may be related to acupuncture manipulation, stimulation
frequency, and other study design factors (Lee and Kim, 2017).

9.1.3 Dopamine

DA, a precursor of NE, is an essential neurotransmitter in the
ascending activating system, and is mostly found in the ventral
tegmental area (VTA) and substantia nigra pars compacta (SNC). DA
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was previously thought to be an excitatory neurotransmitter that
displayed more firing activity and higher levels during arousal and
REM sleep, whereas its levels were much lower during NREM sleep
(Dahan et al., 2007; Eban-Rothschild et al., 2016). However, research
has revealed that DA interferes with sleep-wakefulness regulation in
a bidirectional manner. Arousal is induced by high doses of D2
agonists, whereas sleep is induced at low doses (Monti et al., 1988). A
study in rats showed that damage to the SNC-DA afferents projecting
into the dorsal striatum via the nigrostriatal pathway activates
wakefulness and induces sleep-wake fragments. As a result, it is
possible that the nigrostriatal dopaminergic pathway can enhance
sleep (Qiu et al,, 2016), and that DA may play a unique regional,
pathway-specific, or dose-dependent role in the regulation of the
sleep-wake cycle.

A previous study has shown that sleep deprivation considerably
reduces the amount of DA in the hippocampus. Electroacupuncture
at GV20 and ST36 can partially reverse the effects of dopamine
reduction, which can help alleviate difficulties in learning and
memorizing in sleep-deprived individuals (Chen et al, 2020).
Electroacupuncture can significantly increase DA and lower TNF-a
levels, so as to alleviate the immunosuppressive response and
inflammatory damage of intestinal tissues and organs (Li et al., 2021).
In cage-changed rats, electroacupuncture is capable of improving
sleep quality by increasing the levels of DA and DA receptors in the
hypothalamic-pituitary—-adrenal (HPA) axis (Xie et al., 2021).

9.2 Amino acid neurotransmitters

9.2.1 y-Aminobutyric acid

GABA is a distinct neurotransmitter of the ascending inhibitory
system, which is widely distributed in the CNS. GABAergic neurons
receive information from multiple nerve nuclei, creating synaptic
connections in various neural structures that are crucial for promoting
food intake, consolidating memory, and regulating sleep-wake cycles
(Suyama and Yada, 2018). The ventrolateral preoptic area (VLPO) of
the hypothalamus is an important sleep-regulating center containing
a large number of GABAergic neurons. Microinjections of L-Glu (an
excitatory neurotransmitter) into the VLPO at night is shown to
significantly prolong the non-REM sleep time; however, this effect is
shown to be diminished after selective blockade of GABA receptors
(Cheng et al., 2020). Low GABA levels are common in insomnia
patients (Luppi et al., 2013). Clinical medicines that are used to treat
insomnia, such as BZDs, inhibit the transmission of the NE in
sympathetic nerves by enhancing GABA activity in the brain (Mitchell
and Weinshenker, 2010).

Auricular point acupuncture has long-term efficacy in treating
patients with primary insomnia by increasing their GABA and Glu
levels (Chen et al.,, 2022). Additionally, anxiety induced by insomnia
can be reduced by manual acupuncture or electroacupuncture,
causing an increase in GABA levels in the hypothalamus of PCPA rats
(Zhang et al., 2023).

9.3 Melatonin

MT is an endogenous hormone that is synthesized and released
by the pineal gland and plays a key role in the regulation of sleep
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circadian rhythms. The suprachiasmatic nucleus in front of the
hypothalamus receives nerve impulses originating from the retinal
neurons stimulated by changing light signals. The body then actively
manages the pineal gland to rhythmically secrete MT (Socaciu et al.,
2020). It is well known that the pattern of melatonin secretion over a
24-h period serves as a synchronizer of circadian activity in humans.
MT engages in the sleep-wake cycle through two pathways: first,
activating MT1 and MT?2 receptors to govern the sleep circadian
rhythm (Liu et al., 2016), and second, regulating the concentration of
GABA through circadian rhythmic secreted changes (Yu Q. et al,,
2023). Additionally, MT has been verified to participate in the
rhythmic expression of certain circadian clock genes. For example,
MT treatment can lower the methylation level of the circadian clock
gene Perl to promote its rhythmic expression (Tsukamoto-Yamauchi
et al, 2015), and can also increase Bmall expression via various
signaling pathways (Sanchez et al., 2018).

Through raising MT levels and lowering TNF-a expression in
hypothalamic SCN cells, acupuncture can alleviate the pathological
products and inflammatory responses of chronic insomnia (Huang
et al,, 2023). Acupuncture has a particularly good safety profile and
has been shown in a trial to alleviate insomnia in pregnant women by
elevating melatonin levels without any significant adverse events
(Foroughinia et al., 2020). Another clinical trial found significant
improvements in sleep onset latency, total sleep length, and sleep
efficiency measured by polysomnography (PSG) after 5weeks of
acupuncture in anxious patients. A considerable increase in
endogenous nocturnal MT secretion was also detected (Spence
etal., 2004).

10 Research limitations and further
directions on acupuncture for
CRSWDs

As previously mentioned, acupuncture can alleviate symptoms
and regulate disturbed circadian rhythms in patients with CRSWDs.
However, some studies have proposed that acupuncture for insomnia
has insignificant differences in effectiveness compared to sham/
placebo acupuncture, and no obvious long-term effects have been
observed. Wang et al. found that acupuncture at HT7 and KI7 could
alleviate the symptoms of insomnia comorbid conditions (daytime
sleepiness, fatigue, anxiety, and depression). Moreover, statistically
significant reductions were observed in PSQI and Insomnia Severity
Index (ISI) scores within or between the groups (acupuncture and
sham acupuncture). Although the PSQI and ISI scores remained lower
at follow-up than at baseline, no differences were noted between
groups (Wang et al., 2021). Yeung et al. found no significant difference
in the ISI score or other outcome measures between patients with
primary insomnia in the electroacupuncture and placebo acupuncture
groups (Yeung et al., 2009). The differences in needles, acupoints,
manipulations, timing, and study participants may cause the
inconsistency between these findings and those of other studies. In
addition, selecting rating scales for outcome indicators is influenced
by the patient’s subjective awareness. Therefore, the absence of
apparent distinction between the acupuncture and sham/placebo
acupuncture groups may be attributed to the role of acupressure in
these studies. Although sham/placebo acupuncture does not penetrate
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the skin, its mechanism of action is similar to that of acupuncture.
Acupressure and acupuncture can modulate the visceral organs and
meridians through the physical stimulation of acupoints, thereby
treating diseases by harmonizing yin and yang.

Choosing an adequate method to evaluate the benefit of
acupuncture for treating CRSWDs is challenging. RCTs conducted on
individuals with CRSWDs are more challenging than those performed
on mice because they require extended closure times for complete
observations of the circadian rhythm. In addition, since clinical
research invariably involves the strong timing impacts of zeitgebers
(e.g., light, food, and activity), acupuncture’s clinical effectiveness may
be lower than that attained in a laboratory setting or a free-run
condition (Hou et al, 2021). Currently, objective biochemical
indicators, such as MT and its metabolites, and circadian clock gene
mRNA expression are widely used to observe the regulation of
circadian rhythms at the molecular level. In addition, subjective
evaluation scales, such as the PSQI, ISI, and ESS, are used to assess
patients’ sleep quality. However, these results significantly vary
depending on the patient’s consciousness and susceptibility to the
placebo effect. The objective evaluation of sleep quality is one of the
most important approaches for increasing the effectiveness of
acupuncture in CRSWDs treatment. Techniques, such as PSG and
actigraphy, can record objective electronic sleep data. PSG, the gold
standard for measuring sleep, collects electroencephalogram (EEG),
electrocardiogram (ECG), electromyography (EMG), and other
parameters, along with heart rate, breathing, and blood oxygen
saturation. It also records other physiological indicators to objectively
assess sleep and its stages, including REM and NREM sleep (Reite
etal,, 1995). Standard PSG monitoring is not widely used to evaluate
sleep in patients with insomnia since it must be completed in a
laboratory, which usually interferes with a patient’s regular sleep
(Littner et al., 2003). Alternatively, actigraphy tracks limb motions and
automatically collects sleep characteristics, such as sleep time, sleep
efficiency, and wake time (Lichstein et al., 2006). ICSD-III, as edited
by the American Academy of Sleep Medicine (AASM), recommends
actigraphy rather than ESG when evaluating the multi-day sleep-wake
patterns of adults and children (Sateia, 2014).

There is still a lack of RCTs despite the numerous recent studies
on the regulation of circadian rhythms by acupuncture. Additionally,
the current absence of national and international criteria on CRSWDs
poses a challenge since participant inclusion in RCTs is
unstandardized, and CRSWDs are frequently confused with other
forms of insomnia. Most RCTs have focused on discussing symptoms
such as circadian rhythm recovery. However, the studies on the
acupuncture mechanism have mostly been limited to animal
experiments in laboratory settings, implying that the results cannot
be widely applied given the differences between polyphasic sleep in
rodents and humans. Advanced techniques, including fMRI, are
progressively employed as one of the observational indices for
acupuncture treatment of CRSWDs (Gao et al,, 2015; Ning et al,,
2020). Although the findings point to the responsible brain region, the
precise neurochemical process remains unknown. Therefore, more
clinical mechanism research should be conducted in the future.

Due to the temporal feature of acupuncture, the timing of when
to select acupuncture remains a constant source of concern. In in vivo
studies, the six-time points of CT0, CT4, CT8, CT12, CT16, and CT20
are frequently used as acupuncture intervention timing, and several
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studies have shown that the different time points can delay, advance,
or synchronize circadian rhythms. However, clinical studies are
hampered because the acupuncture time of RCTs is restricted to
daytime, hindering a thorough exploration of its temporal features
and creating obstacles for clinical research. To better understand the
ideal timing of acupuncture for various diseases and to increase its
clinical efficacy, researchers shall keep investigating the temporal
feature of acupuncture.

Furthermore, current studies have mostly focused on the circadian
regulation of the central biological clock by acupuncture, with
insufficient attention dedicated to investigating the rhythmic processes
of the peripheral biological clock. Therefore, considering the
significance of the peripheral biological clock, the potential of
acupuncture as a treatment for CRSWDs will be greatly bolstered by
discovering the mechanisms or pathways of the peripheral
biological clock.

11 Conclusion

CRSWDs are a unique category of sleep disorders with a complex
mechanism. It is evident that acupuncture, which is free of harmful
side effects, can alleviate CRSWDs symptoms. Under the regulation
of the central and peripheral biological clock, acupuncture, as a
nonphotic zeitgeber, plays an important role in restoring circadian
rhythms by modulating SCN, clock genes, and their protein products,
as well as neurotransmitters.

Establishing a standardized diagnosis and acupuncture treatment
protocol is necessary, including clear instructions on the needles,
acupoint selection, manipulations, parameters, retaining time, and
courses. Furthermore, the majority of the studies in this review are
basic research. Conducting more relevant clinical research, deepening
the understanding of the intrinsic mechanisms enables us to further
assess the effectiveness and safety of acupuncture for CRSWDs.
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Glossary

CRSWDs Circadian rhythm sleep-wake disorders

TCM Traditional Chinese medicine

PSQI Pittsburgh Sleep Quality Interview

CS Cortisol

ACTH Adrenocorticotrophic hormone

D-D Dark-dark

DSPD Delayed sleep phase disorder

ASPD Advanced sleep phase disorder

FSS Fatigue Severity Scale

N Insomnia Severity Index

BZDs Benzodiazepines

MT Melatonin

PSG Polysomnography

EEG Electroencephalogram

ECG Electrocardiogram

EMG Electromyography

REM Rapid eye movement

NREM Non rapid eye movement

AASM American Academy of Sleep Medicine

5-HT Serotonin

DRN Dorsal raphe nucleus

GABA y-aminobutyric acid

DA Dopamine

NE Norepinephrine

CNS Central nervous system

PCPA Parachlorophenylalanine

5-HTP 5-hydroxytryptophan

BLA Basolateral amygdala

5-HIAA 5-hydroxyindoleacetic acid

HPA Hypothalamic-pituitary-adrenal

LC Locus coeruleus

VTA Ventral tegmental area

SNC Substantia nigra pars compacta

CT Circadian time

CORT Cortisol

RHT Retinohypothalamic tract

SCN Suprachiasmatic nucleus

RCT Randomized controlled trial

TNF-a Tumor necrosis factor-a

fMRI Functional magnetic resonance imaging

SHR Spontaneous hypertensive rats

VLPO Ventrolateral preoptic nucleus

SWS Slow wave sleep

I1CSD International Classification of Sleep Disorders

ESS The Epworth Sleepiness Scale

CK16/e Casein kinase 1 delta/epsilon
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