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Abstract

Background: Sleep disturbances are common and bothersome among cancer and noncancer populations. Suanzaoren
(Ziziphi Spinosae Semen) is commonly used to improve sleep, yet its efficacy and safety are unclear. Methods: We
systematically searched PubMed, Cochrane Library, and EMBASE from inception through October 5, 2021, to identify
randomized trials of Suanzaoren. We included randomized trials comparing Suanzaoren to placebo, medications, cognitive
behavioral therapy (CBT), or usual care for improving sleep outcomes in cancer and noncancer patients with insomnia
or sleep disturbance. We performed a risk of bias analysis following Cochrane guidelines. Depending on heterogeneity,
we pooled studies with similar comparators using fixed- and random-effects models. Results: We included participants
with insomnia disorder (N=785) or sleep disturbance (N=120) from 9 trials. Compared with placebo, Suanzaoren led to
significant subjective sleep quality improvements in participants with insomnia and patients with sleep disturbance combined
(standard mean difference —0.58, 95% CI —1.04, —-0.11; P<<.0l); Compared with benzodiazepines or CBT, Suanzaoren was
associated with a significant decrease in insomnia severity (mean difference —2.68points, 95% Cl —5.50, —0.22; P=.03)
at 4weeks in the general population and cancer patients. The long-term effects of Suanzaoren were mixed among trials.
Suanzaoren did not increase the incidence of major adverse events. The placebo-controlled studies had a low risk of bias.
Conclusion: Suanzaoren is associated with short-term patient-reported sleep quality improvements among individuals with
insomnia or sleep disturbance. Due to the small sample size and variable study quality, the clinical benefits and harms of
Suanzaoren, particularly in the long term, should be further assessed in a sufficiently powered randomized trial.
Registration: PROSPERO CRD42021281943
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reporting a greater than 1-hour gap between sleep need and
actual sleep duration.”* Insomnia is also common, reported
in 6% to 30% of primary care patients and over 60% of
patients in the oncological setting.’>* Disrupted sleep
leads to reduced daytime functioning and impaired qual-
ity of life and is associated with fatal accidents at work
and motor-vehicle crashes.!” Insomnia has also been
associated with long-term health consequences, includ-
ing cardiovascular diseases, metabolic syndrome, cogni-
tive impairment, psychiatric disorders, and premature
mortality.'!-16

Conventional insomnia and sleep disturbance treat-
ments include hypnotic drugs and cognitive behavioral
therapy.!” However, many sedatives and hypnotic drugs
have undesirable side effects, and the long-term efficacy
of these approaches is limited'®; further, only some patients
have real-world access to cognitive behavioral therapy.'’
Rates of complementary and alternative medicine (CAM)
use for insomnia are high; for example, around 1.6 million
people in the US and 2.1 million in Australia report CAM
use for sleep disturbances.?>?! CAM includes many inter-
ventions, mind-body practices, and herbal and alternative
therapies. Despite widespread use, there is little rigorous
efficacy and safety data, so CAM is inconsistently recom-
mended by sleep guidelines.?? Better evidence is critical to
guide the practice of CAM in sleep care.

The herbal medicine Suanzaoren (Semen Ziziphus
Spinosae) has been used for centuries to improve sleep
health in Asian populations.?? Recent years have witnessed
a growing interest in the use of Suanzaoren in Western
populations.?*?° Regardless of comorbid symptoms and
pathology, Suanzaoren is the most frequently prescribed
Chinese herb for mitigating insomnia symptoms.?’-?
Although the mechanisms of action of Suanzaoren remain
unclear, pharmacological studies reveal that its major bio-
active constituents, including jujubogenin, jujuboside A,
and jujuboside B, may increase sleep activity via GABA or
serotonin receptors.>*-3* Several recent randomized clinical
trials have been conducted to assess the effect of Suanzaoren
therapies for insomnia or sleep disturbance in different clin-
ical settings, but results have been conflicting.>>3+37

Suanzaoren therapies thus have the potential to be a
valuable option for improving sleep health, but a better
understanding of their efficacy and safety is needed.
Previous reviews have addressed the effects of herbal for-
mulas on sleep health, but none has specifically evaluated
Suanzaoren.?’*® To better inform the use of Suanzaoren,
we conducted a systematic review with meta-analysis of
the efficacy and safety of Suanzaoren-related herbal or
dictary supplements compared to placebo, conventional
treatment, or usual care, for sleep improvements in patients
with general sleep disturbance or a clinical diagnosis of
insomnia.

Methods

Study Inclusion Criteria

The review included English-language publications of par-
allel-group RCTs with no restriction on trial status, study
location, or publication year. Crossover trials and quasi-
RCTs were excluded. We included studies that evaluated
patients with insomnia or general sleep disturbance (regard-
less of demographic characteristics). We compared herbal
formulas in which Suanzaoren was the critical ingredient to
placebo, active treatment, or usual care. Outcomes of inter-
est included (1) sleep improvements measured by validated
instruments, such as the Insomnia Severity Index (ISI), and
the Pittsburgh Sleep Quality Index (PSQI), either during
(short-term) or after (long-term) treatment; (2) anxiety,
depression, fatigue, or cognitive impairments measured
by validated tools such as Zung Self-Rating Anxiety
Scale (SAS), Zung Self-Rating Depression Scale (SDS),
Brief Fatigue Inventory (BFI), and Montreal Cognitive
Assessment (MoCA), respectively; and (3) adverse events
(AEs) associated with treatment. When capturing long-
term outcomes, we utilized the most extended post-treat-
ment follow-up findings.

Search Strategy, Study Selection, and Data
Extraction

We searched PubMed, EMBASE, and Cochrane Library
from inception through October 5, 2021, for RCTs that
evaluated the effect of Suanzaoren on insomnia or sleep dis-
turbance. The detailed search strategy is provided in Table
S1 (Supplemental Material). We searched 2 global trial reg-
istries (ClinicalTrials.gov and the WHO trial registry) for
ongoing trials and examined reference lists from published
systematic reviews to identify possible missing studies.
Two reviewers (MY and HW) initially reviewed titles, fol-
lowed by abstracts, for inclusion in the review. The same 2
authors then performed a full-text article review and
recorded the reason for exclusion, with differences resolved
by discussion (Figure 1).

Seven reviewers (MY, HW, YZ, FZ, XL, YC, and JC)
independently extracted study details (study origin, year of
publication, patient demographics, intervention, compara-
tor, outcome and results, setting, AEs, etc.) using a modified
Cochrane data-extraction form.* Three reviewers (MY,
HW, and YZ) cross-checked extracted data to ensure con-
sistency and accuracy. We assessed the risk of bias using
the Cochrane Collaboration Risk of Bias assessment tool
for randomized trials,*® with all assessments performed
by 2 independent reviewers (MY and HW) and results
confirmed by consensus among the larger reviewer group.
Data required for meta-analysis was transferred from the
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Figure |. Flow diagram of systematic review.

extraction form to the RevMan software (version 5.3)
through double data entry. Discrepancies were resolved
through discussions among the reviewer group.

Statistical Analysis

We conducted meta-analyses to test the hypothesis that
Suanzaoren treatment in any dose is associated with
improvements in sleep symptoms at the end of treatment
(short-term) and the last post-treatment follow-up (long-
term), compared to controls among patients with insomnia
or sleep disturbance of any cause. We pooled data when 3 or
more studies used the same type of control (i.e., placebo,
active treatment, or waitlist) across populations, hypothe-
sizing that the effect of Suanzaoren would be similar across
different patient groups. Because insomnia and sleep distur-
bance indicate a similar underlying sleep problem, we also
pooled studies that addressed either problem in the primary
analysis, with subgroup analysis, to better clarify the effect
for each specific condition.

We used RevMan software version 5.3 for the synthesis
and meta-analysis of efficacy data. We summarized contin-
uous data using the mean difference (MD). For continuous
data, when different scales were used to measure the same
outcome, the effect size was reported using the standard
mean difference (SMD). For each pooled analysis, we
assessed heterogeneity using the chi-square statistic for
which P < .10 indicates significant heterogeneity,*' and the
P test quantifies the proportion of variation among studies
caused by heterogeneity. Meta-analysis was performed
with a random-effects model when /2> 50% or significant
methodological heterogeneity was present. Subgroup or
sensitivity analysis was performed to identify the cause of
substantial heterogeneity. A descriptive analysis is pre-
sented if the source of heterogeneity was unclear.

Quality Control

Each reviewer received comprehensive methodology train-
ing. An independent reviewer (SDK) performed quality
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monitoring, including double entry, data monitoring, and
cross-validation.

Results

Literature Search

We found 1224 publications and 50 additional registry
records in the initial database search. After duplicate removal
(n=217), we screened 1057 records for eligibility and
excluded 1042 due to ineligibility or irrelevance (Figure 1).
We included 9 completed and 6 ongoing trials (Table S2,
Supplemental Material) in this review. 2534374245

Characteristics of Included Studies

Characteristics of the 9 included studies are detailed in
Table 1. Included studies originated from Australia, China,
South Korea, and Taiwan and were published between 2015
and 2021. All participants were from primary/secondary
health centers or hospitals. Participant populations varied in
age and were predominantly female. Patients from 5 studies
had a clinical diagnosis of primary insomnia disorder with
moderate to severe intensity?>3%43-4; in 2 studies, patients
had chronic insomnia during cancer treatment,*? or post-
ischemic stroke.* The remaining 2 studies included patients
who scored more than 5 on the PSQI and experienced gen-
eral sleep disturbance due to methadone maintenance** or
cancer.’’

Suanzaoren products included in interventions are
summarized in Table S3 (Supplemental Material). Three
studies reported manufacturing and quality assurance pro-
cesses, 304345 consistent with the CONSORT extensions
for Chinese herbal medicine formulas.*® Control arms
included placebo (n=4),253%344 active drug/behavioral
therapy (n=4),3>34245 and waitlist control (n=2).3"%
One study included both placebo and positive treat-
ment control arms.* All studies measured subjective
sleep improvements using the ISI or the PSQI, and 2
included objective sleep measures (polysomnography,
actigraphy).?>* Five studies measured anxiety and depres-
sion severity,?>34363742 3 measured fatigue severity,?>-374244,

2 evaluated cognitive function,?”* and 4 assessed quality
of life. 234244

Risk of Bias of Included Studies

The 3 included placebo-controlled studies had a low risk
of bias, and the remaining studies, using placebo, active,
or waitlist controls, had a moderate to high risk of bias
(Figure 2). When present, risk of bias was found in the
domains of blinding of participants and personnel and
incomplete outcomes data.

Effects of Interventions

Short-term sleep improvements. Pooled analysis of the 4
placebo-controlled studies (n=406) showed that, among
patients with insomnia and patients with sleep disturbance
combined, Suanzaoren produced significant short-term
sleep improvements (SMD —0.58, 95% CI —1.04, —0.11,
P<.01; P=80%) compared to placebo,?3*334 although
there was significant heterogeneity. Sensitivity analysis
showed that statistical heterogeneity was reduced to an
insignificant level (pooled effect: SMD —0.77, 95% CI
—-1.08, —0.45, P<.01; ?=29%) through the exclusion of 1
study with 2-week treatment of Suanzaoren plus non-herbal
ingredients such as lactium, magnesium, and vitamin B6.%
Subgroup analysis of 2 studies that used the ISI to measure
insomnia (n=145) showed that 4-week Suanzaoren treat-
ment was associated with significant improvements in
insomnia severity (SMD —0.91, 95% CI —1.25, —0.56,
P <.001; =0%)*3% (Figure 3a). The remaining study was
conducted among patients with sleep disturbance during
methadone maintenance and showed that 4-week Suanza-
oren treatment reduced the global PSQI score by 1.8 points
(95% CI 0.39, 3.21; P=.007) from baseline to 4 weeks, as
compared with placebo.?*

Studies with active sleep treatments (3 trials, n=201)
were pooled separately. All included participants with a
clinical diagnosis of insomnia disorder. In the pooled
analysis, 4-week Suanzaoren treatment showed similar
reductions in insomnia severity measured by the ISI (MD
—1.12 points, 95% CI —3.87, 1.63; P=0.43; P=68%), as
compared to zopiclone, benzodiazepine, or cognitive
behavioral therapy for insomnia (CBT-1).3336:42 Sensitivity
analysis showed that statistical heterogeneity was reduced
to an insignificant level (=0%) after the removal of 1
study that compared Suanzaoren with Zopiclone in stroke
patients with insomnia®* (Figure 3b).

Two studies compared Suanzaoren and waitlist control
on the improvement of insomnia or sleep disturbance. One
study (n=30) showed Suanzaoren treatment for 2weeks
was associated with significant improvements in the ISI
score as compared to waitlist control among cancer patients
with sleep disturbance (MD —5.60 points, 95% CI —7.90,
—3.30; P <.01)%7; another study (n=40) demonstrated that
4-week Suanzaoren compared to waitlist control led to sig-
nificant reductions in the ISI score among general insomnia
patients (MD —3.6 points, 95% CI —4.10, —3.10; P <.01).*

Long-term sleep improvements. Three studies evaluated the
long-term effect of Suanzaoren on insomnia severity mea-
sured by the ISI in the general population with primary
insomnia. Two studies (n=256) comparing 2- or 4-week
Suanzaoren treatment with placebo found no long-term
changes in the ISI score at 3 or 8 weeks, respectively.?>* A
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Figure 2. Risk of bias associated with included trials.

(a) Suanzaoren Placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 Insomnia
Birling 2021 116 0.9 38 123 09 47  35.5% -0.77 [-1.21,-0.33] =
Dai 2020 11 4.44 30 16 4.44 30 26.2% -1.11[-1.66, -0.57] -
Subtotal (95% Cl) 68 77 61.8% -0.91 [-1.25, -0.56] ¢
Heterogeneity: Tau? = 0.00; Chi? = 0.90, df =1 (P = 0.34); I? = 0%
Test for overall effect: Z=5.16 (P < 0.00001)
1.6.2 Sleep disturbance
Chan 2015 78 3.7 45 9.6 3.1 45 38.2% -0.52 [-0.94, -0.10] Ly
Subtotal (95% CI) 45 45 38.2% -0.52 [-0.94, -0.10] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 2.44 (P = 0.01)
Total (95% Cl) 113 122 100.0% -0.77 [-1.08, -0.45] ¢
Heterogeneity: Tau? = 0.02; Chiz = 2.81, df = 2 (P = 0.25); I = 29% _1:0 -i5 o é 1’0
Test for overall effect: Z=4.71 (P < 0.00001) Suanzaoren Placebo
Test for subgroup differences: Chi2=1.91,df =1 (P = 0.17), I?=47.7%
Suanzaoren Active treatment control Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Dai 2020 -6 1.06 30 -6.5 0.96 30 50.0% 0.50 [-0.01, 1.01] =
Hu 2015 -13.4 9.41 60 -10.2 7.9 59 30.8%  -3.20[-6.32,-0.08] - &
Moon 2020 -85 5.92 11 -6.5 5.92 11 19.3% -2.00 [-6.95, 2.95] - =1
Total (95% CI) 101 100 100.0% -1.12 [-3.87, 1.63] *
Heterogeneity: Tau? = 3.88; Chi? = 6.16, df = 2 (P = 0.05); I = 68% _150 _’5 0 é 150
Test for overall effect: Z = 0.80 (P = 0.43) Suanzaoren Active treatment control

Figure 3. Short-term sleep improvements in Suanzaoren treatment versus controls. Effect of Suanzaoren treatment on short-term
sleep improvement relative to (A) placebo and (B) active treatment controls.

third study (n=40) showed that 4-week Suanzaoren treat-
ment compared to waitlist control was associated with sig-
nificant improvements in insomnia severity measured by
the ISI at 8 weeks among patients with primary insomnia
(P=.001).%

Comorbid symptoms and quality of life. Compared with pla-
cebo, Suanzaoren was not associated with significant
improvements in anxiety and depression, fatigue, or health-
related quality of life in patients with insomnia or sleep dis-
turbance during methadone maintenance.?>* Compared
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Table 2. Adverse Events Reported in Each Trial.

Adverse events

Author Experimental arm*

Control arm*

Birling et al®®
rash, urinary urgency);

Chan et al** 6/45 (diarrhea, sweating, dizziness, morning sleepiness);
Dai et al*® 1/30 (dyspepsia)

Hu et al® 1/60 (diarrhea)

Lee et al*’ 2/15 (leg edema, dyspepsia)

Moon et al*? Not reported

Mun et al®? No adverse events were reported

Scholey et al* 11/85 (not detailed)

Song et al* 24/120 (constipation, loss of appetite, dizziness,

abnormal liver function, sexual dysfunction)

10/38 (dry mouth, frequent night waking, facial skin

Placebo: 16/47 (not detailed)

Placebo: 3/45 (morning sleepiness and headache)
Placebo: 0/30; Zopiclone: 6/30 (fatigue and nausea)
Lorazepam: 2/59 (dizziness)

Waitlist: 0/15

Placebo: 14/85 (not detailed)

Lorazepam: 93/120 (constipation, loss of
appetite, dizziness, abnormal liver function, sexual
dysfunction)

*Data are presented as cases with AE/group sample size.

with lorazepam, the Suanzaoren formula in combination
with Zhi Zi Chi Tang led to significantly more improvement
in anxiety (MD —6.4, 95% CI —16.08, —3.28; P=.001) after
4 weeks of treatment.’® One study demonstrated that Suan-
zaoren treatment compared to CBT-1, was associated with
significantly greater reductions in anxiety (MD —9.5, 95%
CI—13.8,—5.2; P=.007) but not fatigue or quality of life at
4 weeks.*> Among patients with cancer-related sleep
disturbance,’” Suanzaoren treatment was associated with
significant improvements in fatigue (P=.002) but not
depression or cognitive impairment compared to a waitlist
control. Another study demonstrated that Suanzaoren treat-
ment significantly improved quality of life as measured by
the SF-36 scale in patients with insomnia at 4 and 8 weeks.*

Safety. Two studies found that Suanzaoren did not lead to
significant renal or liver toxicities.>”* Five studies reported
mild AEs possibly associated with Suanzaoren use, includ-
ing sleep disruptions, dizziness, dry mouth, facial skin rash,
urinary urgency, gastrointestinal discomfort, fatigue, and
sweating?>34364 (Table 2).

Discussion

Insomnia and sleep disturbance are common and negatively
impact physical and psychological health. Our systematic
review and meta-analysis evaluated improvements in
patient-reported sleep quality with the herbal medicine
Suanzaoren. In 9 randomized clinical trials that included
905 individuals with insomnia or sleep disturbance,
Suanzaoren was well tolerated. There were consistent short-
term improvements in sleep quality with Suanzaoren, with
significantly greater improvements in insomnia severity
compared to placebo or waitlist control and similar effects
to benzodiazepine or CBT. However, Suanzaoren use was

not associated with improvements in comorbid psychologi-
cal or cognitive symptoms or quality of life, and results
regarding long-term effects were mixed.

Thus far, no clinical practice guidelines on managing
insomnia in adults have recommended herbal treatments,
mainly due to the lack of rigorous evidence on safety and
efficacy.*’** However, challenges and limitations with con-
ventional sleep approaches create a pressing need for new
interventions. Guidelines recommend CBT-I as the first-
line treatment for sleep difficulties, but there remain
substantial barriers to its widespread use, including
patient acceptance, resource availability, and insurance
coverage.*’>? Sedative medications are effective for
sleep difficulties but can have many side effects during
long-term use.’! With a growing number of people consum-
ing herbal/natural products to aid their sleep, the shortcom-
ings of current pharmacological and non-pharmacological
approaches create an opportunity for evidence-based CAM
use in sleep care. We demonstrated that 4-week treatment
with Suanzaoren was well tolerated in people with sleep
difficulties and resulted in short-term improvements in
insomnia severity, offering a potential CAM option for this
critical problem.

Insomnia is often a long-lasting disorder, and our under-
standing of the long-term effects of Suanzaoren remains
limited.”> We found only 3 trials that measured the long-
term use of Suanzaoren, and findings were mixed across
studies. Unlike interventions that lead to persistent changes
in sleep behaviors or beliefs (like CBT-I), Suanzaoren is an
ethnopharmacological treatment that modulates sleep
homeostasis.>*** One would not expect it to improve sleep
after therapy is stopped. The more likely long-term scenario
would involve regular use of Suanzaoren over months or
even years; we found no studies that have evaluated its
safety or effectiveness over such a long period.
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Further, the safety profile of Suanzaoren beyond major
AEs remains unknown, whether used alone or as a main
ingredient in composite formulas. Given its sedative prop-
erties, herbal-drug interactions with serotonin-reuptake
inhibitors and monoamine oxidase inhibitors are possible
and requirefurther research and monitoring in practice.?®>
Future studies are needed to determine the safety of long-
term use of Suanzaoren and its impact on sleep quality.

Our study is unique in pooling data on psychological
and cognitive symptoms that may complicate sleep
disruptions,?’3%3¢ such as fatigue, anxiety, and depression.
Relatively few studies have addressed these issues, and
findings thus far are mixed. The absence of an apparent
effect of Suanzaoren on comorbid psychological or cogni-
tive symptoms may be attributed to the short intervention
period in these studies. Individuals with insomnia also
exhibit impairments in cognitive functions, including work-
ing memory, episodic memory, and some aspects of exec-
utive functioning.’” Basic science studies suggest that
spinosin—a flavonoid isolated from Suanzaoren®®—may
be protective against dementia® and could impact other
cognitive problems. However, to our knowledge, no human
data have evaluated the effect of Suanzaoren on cognitive
impairments. Future studies should investigate the impact
of more prolonged treatment with Suanzaoren on psycho-
logical symptoms and memory function.

The findings of our study can inform the design of rigor-
ous trials of Suanzaoren for sleep health. Through pooled
analysis of clinical trial data on Suanzaoren, we found a
moderate effect size (SMD 0.58) for sleep quality improve-
ments, which is essential to informing power estimations
for future trials. We also identified promising efficacy data
among patients with clearly defined insomnia rather than
people with inconsistently defined sleep disturbances.
These results highlight the need for studies to refine inclu-
sion/exclusion criteria to reduce the heterogeneity of the
study population so as to better characterize the effects of
Suanzaoren. Further, because insomnia is usually chronic
and persistent, clinical trials with a long-term treatment
period are critical. We demonstrated that the efficacy signal
is consistently linked to Suanzaoren treatment for 4 weeks,
offering perspectives on the interventional course with
which future trials could begin. In addition, current data are
mainly sourced from Asian populations, so future trials
should broaden their racial/ethnic coverage.

This study has several limitations. First, while our meta-
analysis merged data from small studies, the inadequate sta-
tistical power associated with each study may increase the
chance of imprecision. However, our results provide critical
preliminary data to support short-term Suanzaoren use and
can inform the design of larger randomized controlled trials.
Second, the studies in our analysis presented limited informa-
tion on comorbid diagnoses of anxiety, depression, and

cognitive impairment. Whether Suanzaoren treatments
extend emotional and cognitive improvements remains to be
elucidated. Third, the current evidence base is built on sub-
jective sleep measures. Future trials should incorporate
objective sleep outcome measures like polysomnography or
actigraphy to enhance the quality of evidence. Fourth, the
small number of included studies precluded our evaluating
publication bias. Our literature search was conducted in 3
international databases. Other databases, such as the CNKI
and Psycarticles, needed to be covered when updating the
review. Finally, given the diversity of Suanzaoren formulas,
the ways in which different treatments contribute to sleep
improvements remain unclear. Future studies should assess
the efficacy of individual formulas to inform precision sleep
care.

Our meta-analysis of patient-reported sleep data from
randomized placebo-controlled trials shows that Suanzaoren
is safe and likely to improve sleep with short-term use
among individuals with sleep disturbances, particularly
insomnia, but has an unclear effect on psychological or cog-
nitive symptoms. Future large RCTs with longer-term fol-
low-ups are needed to confirm efficacy. In the meanwhile,
Suanzaoren can be a viable option for individuals seeking
short-term sleep quality improvement in primary care,
mainly when CBT-I is not available or desirable and phar-
macological treatments are not adequately tolerated.
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