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Abstract
Poor sleep has not only led to low quality of life and stress but also jeopardized host physiology severely in the long run with huge socioeconomic 

losses. Given the market for sleep-aid supplement is tremendous, formula with evidence-based functionality and originality would be welcomed 
for individuals with poor sleep. This randomized, double-blinded, placebo-controlled study was carried out to investigate the effect of this novel 
formulated Night CalmTM on the sleep quality recovery and mood improvement for adults with self-reported poor sleep. The questionaries of PSQI 
and DASS-21 have shown greater amelioration in the treatment (Night CalmTM) group than that in the placebo group. Also, there has been no side 
effects of this supplement based on the satisfaction ratings or report during this study. It can be concluded administering Night CalmTM could be a 
more effective way in dealing with poor sleep, compared with the commonly used neuroinhibitory transmitter, γ-aminobutyric acid (GABA).

Introduction
Good sleep is essential for a good quality of life. However, 

people in the recent decades have suffered from poor sleep due 
to life pressure, irregular pattern of sleep and so on. Poor sleep 
do not only affect the working performance and mood of the next 
day, but also are associated with long-term impact on health and 
diseases such as immune system maturation [1], cardiovascular 
risks [2], skin aging [3], type II diabetes [4], energy metabolism 
[5]. For instance, a systematic review and meta-analysis of 10 
studies showed the short duration of sleep (≤5–6 h/night) might 
increase the relative risk of development of type 2 disease by 28% 
[4]. Globally, poor sleep are prevalent among groups with different 
ages, genders and ethnicities, but usually underrecognized and 
underestimated [6].

 
Healthy subjects that are not medically diagnosed as insomnia 
or treated with prescribed medicines usually take sleep-aid 
food/supplements. One of the popular but inappropriate ones 
is melatonin. It is only suitable for the elders to use melatonin as 
they have deteriorated function of the pineal gland for secreting 
melatonin. Besides, the sides effects of melatonin administration 
including nausea, vomit, headache, drowsiness have been reported 
in various scientific research [7]. Moreover, supplementing external 
melatonin to adolescents may impair the normal function of 
pineal gland although more investigations should be warranted. 
Food/supplements from natural processing such as fermentation 
or extraction from plants have been demonstrated for their 
efficacies in treating sleep disorders especially insufficient sleep. 

WWW.biomedgrid.com
WWW.biomedgrid.com
http://dx.doi.org/10.34297/AJBSR.2021.11.001674


American Journal of Biomedical Science & Research

Am J Biomed Sci & Res                                     Copy@ Dan Cheng

431

γ-aminobutyric acid (GABA), which is produced from fermentation 
of sodium glutamate by Lactobacillus hilgardii, can restore the 
normal levels of sleep time and quality in the arousal animal model 
[8]. In Japan, GABA has gained great popularization as a functional 
food that can claim aid in sleep. 

Tart cherry (Prunus cerasus), a fruit widely planted in Europe 
and North America and rich in numerous phytochemicals, has been 
widely applied as a key ingredient in various food/supplements 
due to its prestigious function in sleep-aid [9], uric acid reduction 
[10] and so on. Saffron (Crocus sativus L.), traditionally used in 
Ayurvedic health system as a sedative, has been in recent years 
obtaining more and more popularity for its great efficiency in 
relieve anxiety and recover sleep quality [11]. In the Chinese 
market, GABA has been used as a sleep-aid supplement for many 
years while new ingredients and formulas would be appreciated 
in terms of advanced functionality and originality. Although the 
benefits of GABA, tart cherry and saffron in restoration of sleep 
quality have been clinically investigated, it is still unknown if the 
combined three elements can lead to the synergistic effect. It is 
hypothesized the combination of three components could have 
better effect in aiding adults with sleep disorders. Therefore, a 
randomized, double blind, placebo-controlled study was designed 
and conducted to investigate this hypothesis.

Materials and Methods

Study Design/Intervention

The study was a randomized, double-blind, placebo-controlled 
design for 2 weeks (Figure 1). Volunteers were randomized into 
two groups – placebo (P-group) or treatment (T-group). The 
participants consumed either one stick powder of or placebo 30 to 
60 minutes before they go to bed.

Test Materials

The food/supplement called Night CalmTM was kindly provided 
by Shanghai TopVita Company. One sachet of powder for the 
treatment group (Night CalmTM) contained GABA (100 mg), saffron 
extract and tart cherry extract. One sachet of powder for the placebo 
group only contained GABA (100 mg). The identical appearance, 
odors and flavors of both kinds of sachets were realized by fillers 
(e.g fruit powders with no sleep-aid function).

Cohort

The 30 participants (mean age 35 years old, ranging from 29-
68), BMI (mean BMI 22, ranging from 18.5-29.9) were divided 
into 2 groups. 15 were randomly assigned to P-group (placebo) 
and 15 to T-group (treatment). Of these initial 30 participants, 28 
completed the 2-week study: 14 from the P-group, and 14 from the 
T-group. One subject in the P-group dropped out of the study for 
the reason that he did not feel obvious improvement. The other one 

dropped out in the T-group because she was busy with her errands 
and gave up this participation. Those participants have been 
evaluated by Insomnia Severity Index (ISI) and have overall rating 
from 8-21 (subthreshold insomnia to moderate severity insomnia). 
The exclusion criteria include clinical insomnia (severe) - evaluated 
by ISI with overall score from 22-28; hypertension, diabetes or any 
diseases that need medical treatment.

Food Intake
The participants were suggested to take no caffeine products 

during the study while this is not compulsory. The daily calorie 
intake and activity were assessed and it was found no baseline 
variance. The subjects were asked to keep the daily dietary intake 
and activity at the day of the randomization and during the course of 
the study. No dietary or activity interventions were recommended.

Outcome measures 

Primary Outcome Measures

 The Pittsburgh Sleep Quality Index (PSQI) is a self-rated 
questionnaire which assesses sleep quality and the severity and 
impact of disturbances [12]. The questionnaire includes subject 
sleep quality, sleep latency, sleep duration, sleep efficiency, sleep 
disturbance, use of sleep medication and daytime dysfunction. Each 
of the components scored 0 (no difficulty) to 3 (severe difficulty). 
The global score (range 0 to 21) is produced by summation of the 
component scores. Higher scores indicate worse sleep quality. 

Secondary Outcome Measures

The Depression, Anxiety and Stress Scale - 21 Items (DASS-21) 
is a self-report scales designed to measure the emotional states 
of depression, anxiety and stress [13]. DASS-21 contained three 
subscales with 7 items in each subscale with similar content. The 
depression scale assesses dysphoria, hopelessness, devaluation 
of life, self-deprecation, lack of interest/involvement, anhedonia 
and inertia. The anxiety scale assesses autonomic arousal, skeletal 
muscle effects, situational anxiety, and subjective experience of 
anxious affect. The stress scale is sensitive to levels of chronic non-
specific arousal. It assesses difficulty relaxing, nervous arousal, and 
being easily upset/agitated, irritable/over-reactive and impatient. 
Scores for depression, anxiety and stress are calculated by summing 
the scores for the relevant items.

Adverse Events

The safety and tolerability of the administration of treatment 
powder were evaluated at day 14 through an online questionnaire 
querying adverse effects such as vomiting, nausea, diarrhea 
that might be associated with the supplement. During the whole 
study, the participants were requested to report instantly to the 
investigator once they experienced any uncomfortable feelings. 



Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copy@ Dan Cheng

432

Statistical analysis

Statistical analyses of this clinical study were completed using 
IBM Statistical Package for Social Sciences (SPSS) at an alpha 
level of 0.05. An independent-samples t-test was used to compare 
demographic variables between placebo group and treatment 
group. To evaluate primary and secondary outcome measures, a 
two-way analysis of variance (ANOVA) was used to compare within-
group changes and group changes over time.

Results 
The baseline variables for placebo and treatment groups are 

shown in Table 1. There are no differences between the two groups 
from aspects of age, BMI, PSQI score and DASS-21 score. The results 
of PSQI scores for the placebo and treatment groups are shown in 
Table 2. For the treatment group, PSQI total score and all subscales 
have improved with statistical significance (p<0.05). For the 

placebo group, even though the sleep quality for the subjects has 
recovered given improved PSQI and subscale scores, several of the 
subscale scores do not reach statistical significance (Table 1 & 2).

The changes of PSQI scores for placebo and treatment groups 
are manifested in percentage change between week 2 and week 
0. The detailed information is shown in Table 3 and Figure 2. The 
changes for T-group outweigh much more than those for P-group 
and all differences among changes reach statistical significances 
except for sleep efficiency (Table 3 & Figure 2). The mood scores 
reflected by DASS-21 questionnaires are shown in Table 4 and 
Figure 3. After two weeks supplementation of Night CalmTM, 
the scores of depression, anxiety and stress have decreased with 
statistical significances. On the other hand, the DASS-21 scores 
in the placebo group improve with a lesser content than those in 
treatment groups while only the improvement in anxiety subscale 
reach a statistical significance (Table 4 & Figure 3).

Table 1: Baseline data.

Baseline Data

Variables P-group T-group p-value

Age (years) 34.8 35.7 0.16

BMI (kg/m2) 23.2 22.9 0.82

PSQI score 11.8 11.2 0.65

DASS-21 score

Depression 13.5 14.3 0.43

Anxiety 9.5 10.4 0.62

Stress 18.5 19.3 0.77

Table 2: PSQI scores for placebo and treatment groups.

T-Group Week 0 Week 2 P-Value

PSQI score 11.2 7.6 <0.05

Subjective sleep quality 2.5 1.8 <0.05

Sleep latency 2.5 1.6 <0.05

Sleep duration 2 1.4 <0.05

Sleep efficiency 1.1 0.5 <0.05

Sleep disturbance 1.5 0.5 <0.05

Daytime dysfunction 1.4 0.6 <0.05

P-group Week 0 Week 2 p-value

PSQI score 11.8 9.5 <0.05

Subjective sleep quality 2.4 2.1 0.08

Sleep latency 3.2 2,5 <0.05

Sleep duration 1.7 1.5 0.16

Sleep efficiency 1.1 0.8 0.08

Sleep disturbance 1.2 0.8 <0.05

Daytime dysfunction 1.9 1.4 <0.05

Table 3: Changes of PSQI score for placebo and treatment group.

Change of Score After 2 Weeks Placebo (%) Treatment (%) P-Value

PSQI score -19.5 -32.1 <0.05

Subjective sleep quality -10.6 -28.8 <0.05
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Sleep latency -19.1 -36.4 <0.05

Sleep duration -7.6 -35.8 <0.05

Sleep efficiency -22.3 -49.9 0.17

Sleep disturbance -27.3 -72.7 <0.05

Daytime dysfunction -25.8 -54.5 <0.05

Table 4: DASS-21 scores for placebo and treatment groups.

T-Group Week 0 Week 2 P-Value

Depression -13.5 -10.3 <0.05

Anxiety -9.5 -7.1 <0.05

Stress -18.5 -16.2 <0.05

P-Group Week 0 Week 2 P-Value

Depression -14.3 -13.8 0.14

Anxiety -10.4 -9.2 <0.05

Stress -19.3 -18.7 0.23

Figure 1: Systematic illustration of study design.

Figure 2: Changes of PSQI score for placebo and treatment group.
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Figure 3: Changes of DASS-21 score for placebo and treatment group.

Adverse events

In our study, there was no significant adverse events reported 
by participants or withdrew due to adverse feeling during the 
course of the study. 

Discussion 
Poor sleep has caused a lot of health issues that lead to 

tremendous socioeconomic loss. In China, there are over 300 
million people that suffer from poor sleep and the estimated 
market value has surpassed billions of dollars. To develop a sleep-
aid food product with advanced functionality and originality will 
undoubtedly be welcomed by these individuals. In this study, we 
aim to testify the functionality of a novel formulated food product 
that consists of clinically demonstrated ingredients including GABA, 
saffron extract and tart cherry extract. We aim to demonstrate that 
this formula outweigh GABA used alone in terms of sleep quality 
recovery and mood improvement as GABA has been widely used 
but the efficacy is not satisfied.

It is observed from our study that there are improvements of 
PSQI scores and DASS-21 scores for both T-group and P-group. 
However, it is obvious that the sleep quality recovery and mood 
improvement in T-group are much better than that in the P-group 
considering the improvement extent and statistical significances. 
This food comprehensively considers three target pathways that 
dominate and impact during the natural sleep process of human 
beings. The first crucial target pathway is tryptophan–melatonin/
serotonin, significant sleep nutrients that regulate the sleep and 
wake cycle in a collaborative manner. It is found that over degradation 
of tryptophan by the enzyme indoleamine 2,3-dioxygenase (IDO) 
to produce kynurenine has occurred in individuals with poor sleep 
[14]. As a raw material for sleep nutrients, insufficient tryptophan 

leads to the dysregulated melatonin secretion for those who have 
abnormal circadian rhythms [15]. 

They usually suffer from a longer sleep latency and also a 
feeling of fatigue and drowsiness after wake-up because melatonin 
fades more slowly [16]. The diversified polyphenols especially 
procyanidin B-2 in the tart cherry have found to be effective in 
inhibiting the activity of IDO [17]. In this sense, the bioavailability 
of tryptophan is enhanced for serotonin and melatonin synthesis, 
which would recover the circadian rhythms. On the other hand, 
the natural plant-based melatonin in tart cherry also contributes 
to the circadian rhythms recover in a synergistic manner although 
the melatonin content of the tart cherry powder is less than 200 
ng/g. It was observed that individuals with insomnia (older than 50 
years) increased sleep time by 84 minutes on polysomnography and 
sleep efficiency increased by 4.6% based on the Pittsburgh Sleep 
Quality Index [17]. In another randomized, double-blind, placebo-
controlled, crossover study, tart cherry effectively improved total 
sleep time and sleep efficiency for young subjects (average age of 
26.6 years) [18]. 

The second mechanism is according to the theory that sleep 
occurs once the neurons that are in charge of wakefulness are 
inhibited [19]. GABA, produced by traditional fermentation 
process, is a neuron transmitter inhibitor that once binds the GABA 
receptors, will facilitate to open the channels of chlorine ions in 
the targeted neurons, leading to the inhibition and tranquilization 
of those neurons [20]. Various animal and clinical studies have 
demonstrated the efficiencies of GABA to shorten the sleep latency, 
prolong the sleep time and improve the sleep efficiency [21-22]. It 
is observed that individuals with sleep disorders also suffer from 
mood disorders or even depression. A total of 512,891 adults aged 
30–79 years from China Kadoorie Biobank (CKB) were involved 
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in a study to probe into the association of sleep behaviors and 
depression. It was found individuals with long sleep duration 
(9h) and short sleep duration (6h) have increased odd ratio of 
having depression by 1.32 and 0.56 respectively [23]. Actually, 
the complex relationship between sleep and stress should be 
critically considered, since the neuroendocrine response derived 
from stress activate the hypothalamic-pituitary-adrenal (HPA) axis, 
intervening the sleep homeostasis [24]. The third mechanism lies 
in the inhibitory effect of reabsorption of neuron transmitter in 
sleep improvement that saffron can function. It is found crocins and 
safranal act as reuptake inhibitors of dopamine, norepinephrine, 
and serotonin, which are critical for regulation and normalization 
of sleep and mood [25-26]. Four high-quality clinical studies have 
demonstrated the efficacies of saffron extracts in treating moderate 
and major depression and anxiety for people at various ages [27-30]. 
In a 28-day, parallel-group, double-blind, randomized controlled 
trial, health individuals from 18-70 administered with 28 mg/d 
saffron extract had greater sleep quality improvements according 
to measurements by Insomnia Severity Index, Restorative Sleep 
Questionnaire and the Pittsburgh Sleep Diary [31].

Limitations and Futuristic Directions
In our study, questionaries including PSQI and DASS-21 were 

used to evaluate the sleep quality recovery and mood improvement 
respectively. In the futuristic study, it is important that instruments 
as polysomnography and actigraphy should be included as 
to validate these self-reported assessments. However, these 
assessments should not be underestimated as they are capable of 
predicting sleep-associated morbidity and mortality [32-33]. The 
main aim of our study has been verified that this formula Night 
CalmTM generates more positive results than those from GABA used 
along while these findings remain to be investigated using a larger 
sample size and diversified populations. On the other hand, the 
gut-microbiota brain axis has been proposed, and it is concluded 
gut-microbiota ecosystem can significantly impact on the brain 
and sleep health [34]. Futuristic investigations could be focused on 
whether the gut microbiota transformation induced by this Night 
CalmTM would benefit sleep. It is found that polyphenols in the tart 
cherry could function as prebiotics for lactobacillus that might 
produce neurotransmitters for sleep and mood improvement [35].
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