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ABSTRACT

Objectives: To gain insight into how social distancing impacts human life and how it may induce stress,
anxiety, depressive-symptoms, sleep disturbance, and mental challenges during the pandemic; and to evalu-
ate the effects of a complementary therapy named Smarto-One on improving these health impacts.

Methods: Participants, men and women aged 20-65, were randomly assigned to the interventional
Smarto-One group (n=259) or placebo group (n=68). Participants orally self-administered Smarto-One or
placebo for 20 consecutive days. Online surveys were completed by the participants the day before the 20-day
treatment start date and the day following treatment end date. Fifteen participates from Smarto-One group
and fifteen participates from placebo group participated in electroencephalography (EEG) during sleep
before and after the 20-day intervention. The primary outcome measures were sleep duration and self-
evaluated stress.

Results: We found 1) during social distancing due to the COVID-19 pandemic, stress/depression led to
sleep disturbance and mental issues; 2) participants taking Smarto-One showed significant improvements
in stress/depression levels, sleep duration and wake-up mood/symptoms compared to placebo; and 3) par-
ticipants taking Smarto-One showed significantly improved deep sleep time (slow-wave sleep, SWS, N3) of
non-rapid eye movement (non-REM) sleep as measured by EEG.

Conclusions: This study illustrates the value of Smarto-One as an effective remedy that improves mental
health and well-being under conditions including social distancing and stress/depression. (/nt J Biomed Sci
2023; 19 (2): 37-45)

Keywords: Social Distancing induced negative outcome; stress; anxiety; depression; sleep problem; potential remedy

Corresponding author: Jing Liang, Titus Family Department of Clinical Pharmacy, USC Mann School of Pharmacy and
Pharmaceutical Sciences, University of Southern California, California, United States. E-mail: jliang| @usc.edu.

Trial registration: NCT05280561

Received March 17, 2023; Accepted April 27, 2023

Copyright: © 2023 Saki Watanabe et al. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.5/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided the original author and source are credited.

www.ijbs.org Int | Biomed Sci Vol. 19 No.2 June 2023

37



38

STRESS/DEPRESSION-INDUCED SLEEP DEFICITS AND A COMPLEMENTARY THERAPY

INTRODUCTION

Social relationships considered emotionally supportive
may act as a buffer against the effects of stress (1, 2). So-
cial interactions are pivotal for both our mental and physi-
cal health, affecting biological functioning and positively
influencing health behaviors (3-5). Research on human
social behavior has advanced our understanding of how
the brain regulates emotion and cognition. Since humans
are often described as “social creatures”, social connection
is crucial to development, health, and wellbeing. Notably,
the impact of the loss of social connection, related to so-
cial distancing, on human health has not been adequately
studied. This issue is of critical importance in that social
distancing has been linked to serious health conditions (6,
7)—one that is increasingly believed to have both emo-
tional and physical consequences. Accumulating evidence
links social distancing to negative outcomes on health,
including induction of anxiety along with depression and
poor cognitive performance (8, 9); memory loss (10, 11);
increased suicidal behaviors (12, 13); increased mortality
in older adults (14-16); and disruptions of the cardiovascu-
lar and immune systems (5).

Over the past several years, the rapid spread of the nov-
el coronavirus disease (COVID-19) has led to business dis-
ruptions, unanticipated deaths, and disruption of the lives
of billions of people around the world, resulting in a se-
vere economic downturn (17-19). These result in unhealthy
changes in stress and anxiety/depression related to health
physical wellbeing, employment disruption, and economic
hardship, all of which were exacerbated by social distanc-
ing regulations (20-23).

We spend approximately one-third of our lives sleep-
ing, and interruptions to adequate and restful sleep can
have detrimental effects on health and mental health (24).
The relationship between stress, sleep, and mental wellbe-
ing and how they affect daily life are not well understood.
As such, this gap in our knowledge needs further investi-
gation.

Depressive symptoms are persistent negative mood,
loss of interest in things normally enjoyed, feelings of sad-
ness, hopelessness, or emptiness, naturally feel down from
time to time. It is the negative emotional state character-
ized by worry and apprehension, associated with specific
physical, cognitive, and behavioral manifestations (25,
26). Research has found that people who experience major
depression often have lower levels of the neurotransmitter
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v-Aminobutyric acid (GABA) which is the major inhibito-
ry neurotransmitter in the central nervous system (CNS).
It is well appreciated that GABAergic transmission plays
an important role in anxiety responses and sleep regula-
tion in normal and pathological states (27). There are four
sleep stages, including three (N1, N2 and N3) that form
non-rapid eye movement (NREM) sleep and one for REM
sleep. N3 is also referred to as deep sleep and slow-wave
sleep (SWS). The body cycles through all of these stag-
es approximately 4 to 6 times each night sleep, averaging
90 minutes for each cycle (28). Sleep leads to mental relax-
ation due to the action of GABA (29). A person falls asleep
and then cycles from light sleep to deep sleep. This stage
is when a person’s brain activity, breathing, and heart rate
slow down, body temperature drops, muscles relax, and
eye movements minimize. Sleep supports almost every
system of the body (30-32) and maintains good health. En-
hancement of GABAergic neurotransmission and GABA
receptors (GABA Rs) plays an important role in sleep
initiation and maintenance (29, 33). Therefore, a common
treatment for sleep problems is the enhancement of GAB-
A Rs by allosteric modulators of GABA , Rs such as ben-
zodiazepines (BZ) (34). However, long-term use of BZs
can result in unwanted adverse events including addiction
risk, tolerance, morning sleepiness, and increased suicidal
consciousness (35).

Our group has systematically studied the benefits of
plants and herbs as alternatives to prescription drugs (36).
We’ve also developed a formula called Smarto-One that
contains flavonoids derived from herbs. We have shown
that Smarto-One potentiates GABA  Rs that can counter-
act anxiety/aggression and depressive symptoms with at
least a portion of these outcomes via activity on GABA R
(30). Notably, we found various flavonoid extracts that re-
lieve stress and anxiety (36, 37).

Social distancing during the COVID-19 pandemic has
affected everyone, causing anxiety, stress, nervousness,
and difficulty sleeping, while many were denied access to
medical care due to social distancing orders (20, 38-41).
Thus, we asked if there were any alternative complemen-
tary treatments to address these issues. First, we conduct-
ed an online survey. With this survey, we aimed to under-
stand levels of stress and anxiety, and to investigate related
stressors during social distancing. We then introduced
Smarto-One, an herbal combination, to participants who
were willing to voluntarily evaluate its stress-relieving and
sleep-improving effects. To determine the effect on sleep
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improvement, 15 participants in the Smarto-One group
and 15 in the placebo group took electroencephalograms
(EEGs) during sleep before and after the 20-day interven-
tion. The goal of our work was to explore the potential
of using Smarto-One to help improving sleep, including
relaxation — sleepiness — and deep sleep, as assessed by
self-report surveys and confirmed by EEG.

MATERIALS AND METHODS

Survey form

The studies were reviewed and approved by the Uni-
versity of Southern California Institutional Review Board
(IRB Record ID: UP-21-00653). The participants provided
their written informed consent to participate in this study.

In this study, we utilized an online survey that was
used in the previous study (42), which has been evaluated
by clinical trials. This survey was designed to assess the
changes, focusing on stress/anxiety/depressive symptoms,
in sleep, and emotional states in a larger group of partici-
pants. Participants who were willing to evaluate the effects
of Smarto-One on alleviating stress and improving sleep
quality were enrolled in the study. Participants were ran-
domly placed into two cohorts either the Smarto-One or
the placebo (blind to the participants).

Stress is a response to external factors that may exceed
an individual’s resources, affecting an individual’s emotion-
al state or ability to perform day-to-day tasks (43-45). Stress
and depression can share some similarities, they have dis-
tinct characteristics. Depression is a mental health condition
that involves a persistent and pervasive sense of sadness,
hopelessness, or feelings of worthlessness, apathy. There-
fore, we summarized common stressors and categorized
stress, sleep characters into eight categories (Table 1).

To quantify the stress level, the cumulative score of the
13 responses to item #3 in the survey form was used where
“yes” was scored as 1 point, “no” was scored 0.

To quantify the depressive feelings after waking up, the
cumulative score of the 24 responses to item 8 in the sur-
vey where “yes” was scored as -1 point, “no” was scored
as 0 points, and “not sure” was scored as -0.5 points, ex-
cept the first question “refreshed” where “yes” was scored
as 1, “no” was scored as 0, and “not sure” was scored
as 0.5. The more negative the accumulative score is, the
greater the depressive symptoms. All causes of stress were
considered as independent factors affecting sleep duration
(46). Sleep time was calculated as follows: Actual sleep
time = Bedtime - Time spent trying to fall asleep.
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The volunteer participants

The survey was collected from male (40%) and female
(60%) participants (total 327) aged 20 to 65 in Beijing
and Suzhou, China. Participants are randomly assigned
a number, 1 or 2 (1 for Smarto-One treatment and 2 for
placebo) (Table 2). Participants were blinded to the treat-
ment corresponding to each number. Participants’ educa-
tion level was above high school. Final data were selected
from those who received the informed consent, were able
to complete the survey, were between the ages of 20 and 65
at the time of consent, as well as had no alcohol, drug use,
COVID-19 infection, or other underlying chronic medical
conditions, or were currently use prescription medicines,
including antidepressants. Exclusion criteria also included
pregnant or breastfeeding women, use of a current sleep
prescription, reports of at least 3 naps per week, and a his-
tory of sleep apnea. Medical history was self-reported. Re-
cruitment began on July 1, 2021, and ended on December
31, 2021, on a rolling recruitment led by one of our team
members. Participants were instructed to take either a pla-
cebo or Smarto-One at the same time each day. Treatment
was given once daily for 20 days without crossover, with
a follow-up survey the day after the end of the 20-day in-
tervention.

To determine the effects on sleep pattern, 15 partici-
pants in the Smarto-One group and 15 in the placebo group
whose Pittsburgh Sleep Quality Index (PSQI) (47)>5 took
electroencephalograms (EEGs) during sleep before and
after the 20-day intervention. 11 participants in the pla-
cebo group and 12 in the Smarto-One group completed
the EEG test.

Treatment preparation

The placebo contained excipients including extracts of
celery, strawberry, oranges, rose, and beet blended in pow-
der form of 1 g. The Smarto-One formula contained pro-
prietary blend of 400 mg, Thiamine 3 mg, Pyridoxine 3.5
mg, Citric Acid, Lemon extract, Hovenia Dulcis extract,
plus same excipients as placebo.

Statistical Analyses

The data are presented as mean + SD in the text of Re-
sults section. The effects of Smarto-One/placebo was ana-
lyzed with two-way repeated measures ANOVA with re-
peated measures on one factor (before and after treatment)
followed by multiple comparison (Holm-Sidak method).
p=<0.05 was considered statistically significant.
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Table 1. Survey

What is today’s date?

/ / (mm/dd/yyyy)

How would you describe your stress level? [ ] Mild
[ ] Moderate
[ ] Severe
[ 1 None (no stress)
If your level of stress was “Mild”, “Moderate”, Check ALL that apply:

or “Severe”, please indicate the possible causes
of the stress:

[IN/A

[ ] Work/career

[ ] School/study

[ ] Relationships (e.g., friends, family, partner, co-workers)

[ ] Financial problems

[ ] Environment (e.g., noise, air quality, light, natural or manmade disasters)

[ ] Life changes/events (e.g., divorce, death, wedding, moving, having a child)
[ ] Daily life and busyness

[ ] Health (physical/mental illness)

[ ] Self-induced (e.g., perfectionism, self-pressure, suicidal thoughts, competitive)
[ ] Poor diet/nutrition (e.g., caffeine, processed foods, refined sugars)

[ ] Traumatic event exposure or experience

[ ] Social isolation

On average, how long (in hours) do you spend on ___hours
your cellphone?
On average, how long (in minutes) does it take you ___minutes
to fall asleep?
On average, how long (in hours) do you sleep daily? ~__hours
On average, do you dream when you sleep? []Yes
[1No
On average, how do you feel after waking up? Check ALL that apply:

[ ] Refreshed

[ ] Fatigue (feel of tiredness and/or lack of energy)
[ ] Heart racing (palpitation)
[ ] Dizzy or lightheaded
[ ] Sleepy

[ ] Headache

[ ] Nauseous

[ ] Irritable/angry

[ ] Unhappy

[ ] Difficulty concentrating

[ ] Hopeless/desperate

[ ] Lack of motivation

[ ] Depressed

[ ] Slow/sluggish response

[ ] Internal pressure

[ ] Restlessness

[ ] Tense

[ ] Anxious

[ ] Nervous

[ ] Worry

[ ] Fearful

[ ] Emotional

[ ] Thoughts of hurting yourself or others
[ 1 No purpose in life
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Table 2. Baseline demographics and
clinical characteristics for each group

Smarto-One Placebo Total

Age range 20-65 20-65
Median 40 38
N 259 68 327
Gender % %

Male 63 37

Female 51 49

RESULTS

Smarto-One improves stress levels during social dis-
tancing

To gain insight into how social distancing impacts hu-
man life and how it may induce stress, depression, sleep,
and mental challenges during the pandemic, we organized
this survey study. During social distancing, the average
stress level before intervention was 3.85 + 1.7 in placebo
group, and 3.87 + 1.54 in Smarto-One group. After daily
administration of placebo or Smarto-One once per day for
20 days, the average stress level was 3.85 + 1.37 in pla-
cebo group, and 1.85 + 1.02 in Smarto-One group (Fig.
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Figure 1. Effects of social distancing and administration with
Smarto-One (Smarto-I) on stress levels evaluated by scores
of ‘Item #3* in the survey form. Two-way repeated mea-
sures ANOVA followed by multiple comparison, Holm-Sidak
method. Between Treatments, *, p < 0.05. The left two boxplots
are before and after placebo (n=68). The right two boxplots are
before and after Smarto-One (n=259).
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1). These results suggest that Smarto-One administration
ameliorates social distancing-induced stress.

Smarto-One improves sleep during social distancing

During the COVID-19 pandemic, most people experi-
enced increased stress/depression levels, partially due to
social distancing. As an outcome of the social distancing,
unhealthy consequences such as reduction in quality sleep
time and negative mood were prominent (12, 13). As pre-
sented in Fig. 2, we found that the average sleep duration
before the intervention was 5.36 + 2.04 hours in placebo
group, and 5.32 + 1.98 hours in Smarto-One group. After
daily administration of placebo or Smarto-One once per
day for 20 days, the average sleep duration become 5.31
+ 1.86 hours in placebo group, and 7.25 £ 1.37 in Smarto-
One group (Fig. 2).

Smarto-One improves depressive symptoms during so-
cial distancing

We also evaluated depressive symptoms during social
distancing. We found that (Fig. 3) the average depressive
symptoms after waking up in baseline conditions (before
treatment) was -4.54 + 2.43 in placebo group, and -4.62
+ 2.63 in Smarto-One group. After daily administration
of placebo or Smarto-One once per day for 20 days, the
average depressive symptoms become -4.43 + 2.28 in pla-
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Figure 2. The effects of social distancing and administration
with Smarto-One (Smarto-I) on sleep duration evaluated by
self-report in Item #6 of the survey form. Two-way repeated
measures ANOVA followed by multiple comparison, Holm-
Sidak method. Between Treatments, *, p < 0.05. The left two
boxplots are before and after placebo (n=68). The right two box-
plots are before and after Smarto-One (n=259).
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cebo group and -1.45 + 1.04 in Smarto-One group (Fig. 3).
These results suggest that sleep and mental issues during
social distancing can be ameliorated by Smarto-One ad-
ministration.

Smarto-One improved deep sleep—SWS as measured
by EEG

EEG was recoded to evaluate sleep quality (48-50) and
to determine the effects of Smarto-One on the sleep pat-
terns in patients classified as “poor sleepers” (PSQI >5).
We performed EEG analysis before and after placebo or
Smarto-One treatment period. We found that on average,
SWS length before treatment was 12.7 + 8.23 minutes
(min) per sleep cycle in placebo group, and 6.06 + 5.55
min/cycle in Smarto-One group. After daily oral adminis-
tration of placebo or Smarto-One once per day for 20 days,
the average SWS length become 6.65 £ 5.84 min/cycle in
placebo group, and 17.8 = 11.87 min/cycle in Smarto-One
group (Fig. 4). These results suggest that increased stress/
depression during social distancing impact the quality of
sleep, while Smarto-One administration improves deep
sleep.

DISCUSSION

In the present study, we investigated the potential of
Smarto-One as a compound remedy to reduce some of
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Figure 3. The effects of Smarto-one (Smarto-I) on depressive
symptoms after waking up evaluated by accumulated scores in
Item #8 of the survey. Two-way repeated measures ANOVA fol-
lowed by multiple comparison, Holm-Sidak method. Between
Treatments, *, p < 0.05. A) The changes of sleep hours before
and after placebo (n=68) or Smarto-One (Smarto-I, n=259).
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the consequences of social distancing from the COVID
19 pandemic. In agreement with previous work, we found
that unwanted stress, anxiety, and depressive symptoms
during social distancing in the pandemic may translate
into changes in sleep and mood disturbances. These find-
ings provide a general understanding that duration or qual-
ity of sleep is related to the individual’s level of stress/de-
pression. Our major findings are that the natural formula
remedy “Smarto-One”, as a complementary therapy, im-
prove 1) stress/depression levels; 2) depressive symptoms;
as well as 3) sleep duration and sleep quality as elevated
deep sleep in “poor sleepers”.

As prescription medications require a visit to the medi-
cal facility, they are not readily available to individuals
with health issues and thus can hinder treatment processes
of anxiety and stress. In addition to the limited access,
current anxiolytic medications on the market often do not
result in remission and can lead to adverse side effects in-
cluding addiction risk, tolerance, morning sleepiness, and
increased suicidal consciousness (35, 51). On the other
hand, developing novel drugs to address the above health
issues is not an efficient path to alleviation, as discovery,
development and marketing of a new drug is costly and
time consuming (52-54). In contrast, herbal remedies and
dietary supplements can be made available to the public
in a relatively short period of time because they do not re-
quire the extensive process of identifying targets, creating
libraries of lead compounds, and validating targets (54).
Thus, when shown to be effective, herbal remedies like
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Figure 4. The effects of Smarto-One (Smarto-I) on deep sleep
(Slow Wave Sleep, SWS) as measured by EEG. Two-way
repeated measures ANOVA followed by multiple comparison,
Holm-Sidak method. Between Treatments, *, p < 0.05. n = 11
for placebo group and n = 12 for Smarto-One group.
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Smarto-One can advance human health relatively quickly
and accessibly.

GABA is the main inhibitory transmitter in the brain,
and it is well known that GABA R activation promotes
sleep, anxiolysis, and stress reduction (55, 56). In our pre-
vious study, we demonstrated that insomnia correlates
with GABA R functions. In other words, when GABA R
is impaired, patients exhibit tolerance to the sedative/
hypnotic actions of GABAergic drugs, including ben-
zodiazepines, neurosteroids, and propofol (57). We have
also demonstrated that GABA R functions are impaired
after anxiety and stress induced by social distancing (37).
Smarto-One, which contains a component that we have
shown to be a positive allosteric modulator of GABA  Rs,
reduces anxiety levels in some animal models, including
alcohol withdrawal, fetal alcohol syndrome, social isola-
tion, and Alzheimer’s disease (37, 58, 59).

Although our investigation showed great promise for
the use of Smarto-One, there are some limitations that
should be mentioned. First, data presented and used for
analysis were based on online self-report surveys and lim-
ited number of EEG tests. Therefore, measurements such
as sleep time may not fully represent the scope or degree
of issues raised by social distancing. The limited number
of participants receiving the EEG evaluation might not be
able to fully capture the characteristics of sleep distur-
bance in general population. In an attempt to reduce the
impact of this limitation, for the study design, participants
were randomly selected and assigned to experimental
groups in a blinded fashion. The EEG findings provide an
initial outcome regarding the effects of social distancing
and anxiety on sleep as well as the potential of Smarto-
One as a therapeutic for sleep disturbance. Secondly, cli-
nicians and researchers did not directly interact with the
participants. Therefore, deviations are minimized. Also,
given that most participants reported improvements in
their mental and emotional well-being after getting more
sleep, we can assume these reports are fairly accurate.
Third, confounding factors such as life events may also be
associated with these changes. Still, the associations shed
light on the impact of social distancing on mental health,
and how Smarto-One — directly and indirectly — im-
proved stress/depression levels, sleep duration, and overall
health.

Combined with our previous findings, we can see an
emerging pattern of changes in health and psychological
challenges associated with social distancing, including
sleep disturbances and stress/depression. Collectively, our
research illustrates the potential benefits of complementa-
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ry therapies in relieving stress, anxiety, depressive symp-
toms, and sleep loss, especially during stressful times of
the COVID-19 pandemic. Future large-scale investiga-
tions will provide a clearer understanding of these effects
due to social distancing, as well as the beneficial mecha-
nisms of Smarto-One and related herbs.

CONFLICT OF INTEREST

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be construed as a potential conflict of interest.

ACKNOWLEDGEMENT

We would like to thank Mr. Gregory Havton, at Titus
Family Department of Clinical Pharmacy, USC Mann
School of Pharmacy and Pharmaceutical Sciences, Univer-
sity of Southern California, California, United States, for
provide his comments; and Dr. Leif Havton, Department
of Neurology, at Ronald Reagan UCLA Medical Center,
University of California, Los Angeles, United States, for
his advice on results.

AUTHOR CONTRIBUTIONS

S.W. discussed the survey design and analyzed data;
working on IRB application and protocol; and manuscript
development. Y.C. organized survey and collected data.
7.Q. organized survey and collected data. K.Z. (Ke Zhang)
organized survey and collected data. J.W. discussed the
study. K.Z. (Kaiying Zhang), X.Y. and L.L. collected and
analyzed data. F.C. discussed the survey design. D.L.D.
participated in manuscript development. H.S. discussed
the survey design and organized the survey. J.L. designed
and organized the survey; working on IRB application and
protocols; conducted statistical analysis and participated
in manuscript development.

FUNDING

This work was supported by the funding of USC School
of Pharmacy (to JL) and Freeze Holding Foundation.

REFERENCES

1. Uchino BN. Understanding the Links Between Social Support and
Physical Health: A Life-Span Perspective With Emphasis on the Sepa-
rability of Perceived and Received Support. Perspect Psychol Sci.

Vol. 19 No.2 June 2023

43



44

8]

w

a~

W

oo

10.

1

—_

12.

13.

14.

15.

16.

17.

STRESS/DEPRESSION-INDUCED SLEEP DEFICITS AND A COMPLEMENTARY THERAPY

2009; 4 (3): 236-255. doi: 10.1111/7.1745-6924.2009.01122.x. PubMed
PMID: 26158961.

. Cohen S, Wills TA. Stress, social support, and the buffering hypoth-

esis. Psychol Bull. 1985; 98 (2): 310-357. PubMed PMID: 3901065.

. Stetler C, Dickerson SS, Miller GE. Uncoupling of social zeitgebers and

diurnal cortisol secretion in clinical depression. Psychoneuroendocri-
nology. 2004; 29 (10): 1250-1259. doi: 10.1016/j.psyneuen.2004.03.003.
PubMed PMID: 15288704.

. Burt RS, Kilduff M, Tasselli S. Social network analysis: foundations

and frontiers on advantage. Annu Rev Psychol. 2013; 64: 527-547. doi:
10.1146/annurev-psych-113011-143828. PubMed PMID: 23282056.

. D’Acquisto F, Hamilton A. Cardiovascular and immunological impli-

cations of social distancing in the context of COVID-19. Cardiovasc
Res. 2020; 116 (10): el29-el31. doi: 10.1093/cvr/cvaal67. PubMed
PMID: 32638025; PubMed Central PMCID: PMCPMC7454335.

. Social Isolation and Loneliness in Older Adults: National Academies

of Sciences, Engineering, and Medicine; 2020.
CDC. Loneliness and Social Isolation Linked to Serious Health Condi-
tions: Centers for Disease Control and Prevention; 2021.

. Serafini RA, Powell SK, Frere JJ, Saali A, et al. Psychological dis-

tress in the face of a pandemic: An observational study characteriz-
ing the impact of COVID-19 on immigrant outpatient mental health.
Psychiatry Res. 2021; 295: 113595. Epub 20201202. doi: 10.1016/j.
psychres.2020.113595. PubMed PMID: 33296817, PubMed Central
PMCID: PMCPMC7805919.

Wang W, Guo Y, Du X, Li W, et al. Associations Between Poor Sleep
Quality, Anxiety Symptoms, and Depressive Symptoms Among
Chinese Adolescents Before and During COVID-19: A Longitudi-
nal Study. Front Psychiatry. 2021; 12: 786640. Epub 20220114. doi:
10.3389/fpsyt.2021.786640. PubMed PMID: 35095601; PubMed Cen-
tral PMCID: PMCPMC8795609.

Mosen DM, Banegas MP, Keast EM, Ertz-Berger BL. The Asso-
ciation Between Social Isolation and Memory Loss Among Older
Adults. J Am Board Fam Med. 2022; 35 (6): 1168-1173. doi: 10.3122/
jabfm.2022.210497R2. PubMed PMID: 36564194.

. Read S, Comas-Herrera A, Grundy E. Social Isolation and Memory

Decline in Later-life. J Gerontol B Psychol Sci Soc Sci. 2020; 75
(2): 367-376. doi: 10.1093/geronb/gbz152. PubMed PMID: 31781769;
PubMed Central PMCID: PMCPMC6963696.

Dodds TJ. Prescribed Benzodiazepines and Suicide Risk: A Review of
the Literature. Prim Care Companion CNS Disord. 2017; 19 (2). Epub
20170302. doi: 10.4088/PCC.16r02037. PubMed PMID: 28257172.
Cato V, Hollandare F, Nordenskjold A, Sellin T. Association between
benzodiazepines and suicide risk: a matched case-control study. BMC
Psychiatry. 2019; 19 (1): 317. Epub 20191026. doi: 10.1186/s12888-
019-2312-3. PubMed PMID: 31655565, PubMed Central PMCID:
PMCPMC6815437.

Del Pozo Cruz B, Perales F, Alfonso-Rosa RM, Del Pozo-Cruz J. Bidi-
rectional and Dynamic Relationships Between Social Isolation and
Physical Functioning Among Older Adults: A Cross-Lagged Panel
Model of US National Survey Data. J Gerontol A Biol Sci Med Sci.
2021; 76 (11): 1977-1980. doi: 10.1093/gerona/glab110. PubMed PMID:
33839792.

Del Pozo Cruz B, Perales F, Alfonso-Rosa RM, Del Pozo-Cruz J.
Impact of Social Isolation on Physical Functioning Among Older
Adults: A 9-Year Longitudinal Study of a U.S.-Representative Sample.
Am J Prev Med. 2021; 61 (2): 158-164. Epub 20210410. doi: 10.1016/j.
amepre.2021.02.003. PubMed PMID: 33849775.

Courtin E, Knapp M. Social isolation, loneliness and health in old age:
a scoping review. Health Soc Care Community. 2017; 25 (3): 799-812.
Epub 20151228. doi: 10.1111/hsc.12311. PubMed PMID: 26712585.
Mofijur M, Fattah IMR, Alam MA, Islam ABMS, et al. Impact of

June 2023 Vol. 19 No. 2

19.

20.

21.

22.

23.

24.

25.

COVID-19 on the social, economic, environmental and energy
domains: Lessons learnt from a global pandemic. Sustainable Produc-
tion and Consumption. 2021; 26: 343-359. doi: https://doi.org/10.1016/j.
spc.2020.10.016.

. Pak A, Adegboye OA, Adekunle Al, Rahman KM, et al. Economic

Consequences of the COVID-19 Outbreak: the Need for Epidemic
Preparedness. Frontiers in Public Health. 2020; 8 (241). doi: 10.3389/
fpubh.2020.00241.

Ozili P, Arun T. Spillover of COVID-19: impact on the Global Econ-
omy. SSRN Electronic Journal. 2020. doi: 10.2139/ssrn.3562570.
Gruber J, Prinstein MJ, Clark LA, Rottenberg J, et al. Mental health
and clinical psychological science in the time of COVID-19: Chal-
lenges, opportunities, and a call to action. Am Psychol. 2021; 76 (3):
409-426. Epub 20200810. doi: 10.1037/amp0000707. PubMed PMID:
32772538; PubMed Central PMCID: PMCPMC7873160.

BBC. Covid-19 has increased anxiety for many of us, and experts
warn a sizable minority could be left with mental health problems that
outlast the pandemic. https://wwwbbccom/worklife/article/20201021-
coronavirus-the-possible-long-term-mental-health-impacts. 2020.
Prime H, Wade M, Browne DT. Risk and resilience in family well-
being during the COVID-19 pandemic. Am Psychol. 2020; 75 (5):
631-643. Epub 20200521. doi: 10.1037/amp0000660. PubMed PMID:
3243718l1.

Charles NE, Strong SJ, Burns LC, Bullerjahn MR, et al. Increased
mood disorder symptoms, perceived stress, and alcohol use among col-
lege students during the COVID-19 pandemic. Psychiatry Research.
2021; 296: 113706. doi: https://doi.org/10.1016/j.psychres.2021.113706.
Meerlo P, Sgoifo A, Suchecki D. Restricted and disrupted sleep:
Effects on autonomic function, neuroendocrine stress systems and
stress responsivity. Sleep Medicine Reviews. 2008; 12 (3): 197-210. doi:
https://doi.org/10.1016/j.smrv.2007.07.007.

Luscher B, Shen Q, Sahir N. The GABAergic deficit hypothesis of
major depressive disorder. Mol Psychiatry. 2011; 16 (4): 383-406.
Epub 20101116. doi: 10.1038/mp.2010.120. PubMed PMID: 21079608;
PubMed Central PMCID: PMCPMC3412149.

26.Ettman CK, Cohen GH, Abdalla SM, SampsonL, et al. Persistentdepres-

27.

28.
29.

30.

31.

32.

33.

34.

Int ] Biomed Sci

sive symptoms during COVID-19: a national, population-representa-
tive, longitudinal study of U.S. adults. Lancet Reg Health Am. 2022;
5: 100091. Epub 20211004. doi: 10.1016/j.1ana.2021.100091. PubMed
PMID: 34635882; PubMed Central PMCID: PMCPMC8488314.

Nuss P. Anxiety disorders and GABA neurotransmission: a distur-
bance of modulation. Neuropsychiatric Disease and Treatment 2015;
11: 165-175 doi: 102147/NDTS58841 https://wwwncbinlmnihgov/
pmc/articles/PMC4303399/.

Patel AK, Reddy V, Shumway KR, Araujo JF. Physiology, Sleep
Stages. StatPearls. Treasure Island (FL) 2023.

Plante D, Jensen J, Winkelman J. The Role of GABA in Primary
Insomnia. Sleep. 2012; 35 (6): 741-742 doi: 105665/sleepl1854.
Vassalli A, Dijk D-J. Sleep function: current questions and new
approaches. European Journal of Neuroscience. 2009; 29 (9): 1830-
1841. doi: https://doi.org/10.1111/1.1460-9568.2009.06767.x.

Eugene AR, Masiak J. The Neuroprotective Aspects of Sleep. MED-
tube Sci. 2015; 3 (1) 35-40. https://wwwncbinlmnihgov/pmc/articles/
PMC4651462/.

NINDS. Brain Basics: Understanding Sleep. https:/wwwnindsnihgov/
disorders/patient-caregiver-education/understanding-sleep. 2019.
Saper C, Scammell T, Lu J. Hypothalamic regulation of sleep and
circadian rhythms. Nature. 2005; 437 (7063): 1257-1263. doi: 101038/
nature04284.

Olfson M, King M, Schoenbaum M. Benzodiazepine Use in the United
States. JAMA Psychiatry. 2015; 72 (2): 136-142. doi: 10.1001/jamapsy-
chiatry.2014.1763.

www.ijbs.org



3s.

36.

37.

38.

39.

40.

4

juay

42.

43.

44,

45.

46.

47.

STRESS/DEPRESSION-INDUCED SLEEP DEFICITS AND A COMPLEMENTARY THERAPY

Guina J, Merrill B. Benzodiazepines 1I: Waking Up on Sedatives:
Providing Optimal Care When Inheriting Benzodiazepine Prescrip-
tions in Transfer Patients. Journal of Clinical Medicine. 2017; 7: 20.
doi:103390/jcm7020020.

Silva J, Yu X, Qi L-Q, Davies DL, Liang J. Antialcohol Effects of
Dihydromyricetin in Combination With Other Flavonoids. Natural
Product Communications. 2020; 15 (8): 1-5. DOI: 10 1177/ 1934 578X
20946250.

Silva J, Shao A, Shen Y, Davies D, et al. Modulation of Hippocampal

GABAergic Neurotransmission and Gephyrin Levels by Dihydro-
myricetin Improves Anxiety. Front Pharmacol. https://doiorg/103389/
fphar202001008. 2020.

Vindegaard N, Benros ME. COVID-19 pandemic and mental
health consequences: Systematic review of the current evidence.
Brain, Behavior, and Immunity. 2020; 89: 531-542. doi: https://doi.
org/10.1016/j.bbi.2020.05.048.

Brown SM, Doom JR, Lechuga-Pefia S, Watamura SE, Koppels T.
Stress and parenting during the global COVID-19 pandemic. Child
Abuse & Neglect. 2020; 110: 104699. doi: https://doi.org/10.1016/j.
chiabu.2020.104699.

Liu CH, Stevens C, Conrad RC, Hahm HC. Evidence for elevated
psychiatric distress, poor sleep, and quality of life concerns during
the COVID-19 pandemic among U.S. young adults with suspected
and reported psychiatric diagnoses. Psychiatry Research. 2020; 292:
113345. doi: https://doi.org/10.1016/j.psychres.2020.113345.

. Lin YN, Liu ZR, Li SQ, Li CX, et al. Burden of Sleep Disturbance

During COVID-19 Pandemic: A Systematic Review. Nat Sci Sleep.
2021; 13: 933-966. Epub 20210628. doi: 10.2147/nss.S312037. PubMed
PMID: 34234598; PubMed Central PMCID: PMCPMC8253893.

Shao A, Watanabe S, Al-Omran A, Ho E, et al. Stress-, anxiety-, and
cellphone use-induced sleep deficits and psychological conditions dur-
ing the pandemic and a potential remedy. International Journal of Bio-
medical Science. 2022.

Levi L, Sauter SL, Shimomitsu T. Work-related stress--it’s time to
act. J Occup Health Psychol. 1999; 4 (4): 394-396. doi: 10.1037//1076-
8998.4.4.394. PubMed PMID: 10526843.

NIMH. I’'m So Stressed Out! Fact Sheet: National Institute of Mental
Health; 2021. Available from: https:/www.nimh.nih.gov/health/publi-
cations/so-stressed-out-fact-sheet.

Thomas PA, Liu H, Umberson D. Family Relationships and Well-
Being. Innovation in Aging. 2017; 1 (3). doi: 10.1093/geroni/igx025.
Chapman DP, Wheaton AG, Anda RF, Croft JB, ef al. Adverse child-
hood experiences and sleep disturbances in adults. Sleep Med. 2011; 12
(8): 773-779. Epub 20110624. doi: 10.1016/j.sleep.2011.03.013. PubMed
PMID: 21704556.

Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ.
The Pittsburgh Sleep Quality Index: a new instrument for psychiat-
ric practice and research. Psychiatry Res. 1989; 28 (2): 193-213. doi:

www.ijbs.org

Int | Biomed Sci

10.1016/0165-1781(89)90047-4. PubMed PMID: 2748771.

48. Ozdemir O, Aydin A, Milanlioglu A, Yilmaz E. EEG under sleep-

deprived conditions: its usefulness in psychiatry: two case examples. J
Neuropsychiatry Clin Neurosci. 2014; 26 (1): 97-100. doi: 10.1176/appi.
neuropsych.13040081. PubMed PMID: 24515682.

49. Siddiqui MM, Srivastava G, Saeed SH. Diagnosis of insomnia sleep

disorder using short time frequency analysis of PSD approach applied
on EEG signal using channel ROC-LOC. Sleep Sci. 2016; 9 (3): 186-
191. Epub 20160721. doi: 10.1016/].s1s¢i.2016.07.002. PubMed PMID:
28123658; PubMed Central PMCID: PMCPMC5241612.

50. Behzad R, Behzad A. The Role of EEG in the Diagnosis and Man-

agement of Patients with Sleep Disorders. Journal of Behavioral and
Brain Science. 2021; 11 (10). doi: 10.4236/jbbs.2021.1110021.

51. Craske MG, Stein MB, Eley TC, Milad MR, ef al. Anxiety disorders.

Nature Reviews Disease Primers. 2017, 3 (1): 17024. doi: 10.1038/
nrdp.2017.24.

52. Paul SM, Mytelka DS, Dunwiddie CT, Persinger CC, et al. How to

improve R&D productivity: the pharmaceutical industry’s grand
challenge. Nature Reviews Drug Discovery. 2010; 9 (3): 203-214. doi:
10.1038/nrd3078.

53. Insel TR. Next-Generation Treatments for Mental Disorders. Science

Translational Medicine. 2012; 4 (155): 155ps19-ps19. doi: 10.1126/sci-
translmed.3004873.

54. Hutson PH, Clark JA, Cross AJ. CNS Target Identification and Valida-

tion: Avoiding the Valley of Death or Naive Optimism? Annual Review
of Pharmacology and Toxicology. 2017; 57 (1): 171-187. doi: 10.1146/
annurev-pharmtox-010716-104624.

55. Gottesmann C. GABA mechanisms and sleep. Neuroscience. 2002;

111 (2): 231-239. doi: https://doi.org/10.1016/S0306-4522(02)00034-9.

56. Rudolph U, Knoflach F. Beyond classical benzodiazepines: novel ther-

apeutic potential of GABAA receptor subtypes. Nature reviews Drug
discovery.2011; 10 (9): 685-697. doi: 10.1038/nrd3502. PubMed PMID:
21799515; PubMed Central PMCID: PMC3375401.

57. Liang J, Spigelman I, Olsen RW. Tolerance to sedative/hypnotic actions

of GABAergic drugs correlates with tolerance to potentiation of extra-
synaptic tonic currents of alcohol-dependent rats. J Neurophysiol.
2009; 102 (1): 224-233. PubMed PMID: 19420124.

58. Liang J, Shen Y, Shao XM, Scott MB, et al. Dihydromyricetin Pre-

vents Fetal Alcohol Exposure-Induced Behavioral and Physiological
Deficits: The Roles of GABA Receptors in Adolescence. Neurochemi-
cal research. 2014. doi: 10.1007/s11064-014-1291-5. PubMed PMID:
24676702.

59. Shen Y, Lindemeyer AK, Gonzalez C, Shao XM, et al. Dihydromyrice-

tin as a novel anti-alcohol intoxication medication. The Journal of neu-
roscience: the official journal of the Society for Neuroscience. 2012.
doi: 10.1523/JNEUROSCIL.4639-11.2012. PubMed PMID: 22219299;
PubMed Central PMCID: PMC3292407.

Vol. 19 No.2 June 2023

45



