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ABSTRACT

Introduction: Sleep deficit or poor sleep leads
to ill-health, whereas sleep deprivation for
longer periods of time increases the risk of
developing adverse conditions associated with
poor quality of life, and high socioeconomic
impact. The treatments for sleep disturbances
include melatonin and over-the-counter
medicines like diphenhydramine and doxy-
lamine, all of which have negative side effects.
Valerian (Valeriana officinalis L.) is a traditional
herb and the most preferred alternate sleep
solution to manage sleep complaints.
Methods: Eighty adult subjects with sleep
complaints were randomized in 1:1 ratio to
receive either V. officinalis extract (VE) or pla-
cebo for 8 weeks in a double-blind, placebo-
controlled, parallel, clinical study. Primary

efficacy endpoints included the Pittsburgh Sleep
Quality Index (PSQI) and sleep latency using
wrist actigraphy (WA), as well as a number of
secondary endpoints, including sleep parame-
ters such as actual sleep time and sleep effi-
ciency using WA, the Epworth Sleepiness Scale
(ESS), the Beck Anxiety Inventory (BAI), the
Visual Analogue Scale (VAS) for the feeling of
waking up refreshed, and a tertiary endpoint of
sleep parameters using polysomnography (PSG)
in a subset of 20 subjects per group. Safety
parameters included physical examination,
vital sign measurements, hematology, and
clinical chemistry tests. Adverse events and
serious adverse events were monitored
throughout the study period.
Results: Seventy-two subjects (35 and 37 sub-
jects in the placebo and VE groups, respectively)
completed the study and were included in the
efficacy assessments. On Days 14, 28, and 56,
the PSQI Total Score in the VE group decreased
significantly (p\0.05) compared to the placebo
group. Further, the VE group showed significant
improvements (p\0.05) in sleep latency and
actual sleep time on Days 3, 14, 28, and 56, and
sleep efficiency on Days 14, 28, and 56, as
evaluated by WA. There was a decrease
(p\0.05) in anxiety (BAI) on Days 14, 28, and
56, daytime drowsiness (ESS) on Days 28 and
56, and an increased feeling of waking up
refreshed (VAS) on Days 28 and 56 compared to
placebo. PSG results carried out in subset of
subjects revealed significant improvements
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(p\0.05) in total sleep time, sleep latency, and
sleep efficiency on Day 56 in the VE group
compared to the placebo group. No safety con-
cerns were observed throughout the study.
Conclusion: VE supplementation significantly
improved various subjective and objective
parameters of sleep in young subjects with mild
insomnia symptoms, such as overall sleep
quality, sleep latency, sleep efficiency, and total
sleep time. We also observed decreased anxiety
and daytime sleepiness, and improved feeling of
being refreshed after waking up with VE sup-
plementation. VE was found to be safe and well
tolerated throughout the study.
Trial Registration: Clinical Trials Registry of
India: CTRI/2022/05/042818.

Keywords: Anxiety; Insomnia; PSQI; Sleep
quality; Valerian; VAS

Key Summary Points

Why carry out this study?

Poor quality sleep and sleep deprivation
are linked to many diseases and negative
socioeconomic issues

Over-the-counter medications like
melatonin, diphenhydramine, and
doxylamine are used for sleep disorders
but they come with detrimental side
effects

Valerian (Valeriana officinalis L.) is a
traditional herb that helps to address
various sleep-related complaints. A new
valerian extract formulation
(commercially known as Sleeproot�) has
been developed and was studied for its
efficacy and safety in this clinical trial

What was learned from the study?

This study found a significant
improvement in overall sleep quality,
latency, efficiency, total sleep time,
decreased anxiety, and daytime
sleepiness, and increased satisfaction with
waking up feeling refreshed in young
subjects with mild insomnia symptoms
and no comorbidities. Safety and
tolerability of valerian extract was
demonstrated through our study results

Unlike other valerian studies, our results
demonstrated the effectiveness of
standardized valerian extract through
objective and subjective sleep parameters

INTRODUCTION

Insomnia is a common sleep disorder with sleep
deficit or poor sleep quality affecting one-third
of the adult population worldwide. Sleep
deprivation for longer periods of time has seri-
ous consequences on health, associated with
poor quality of life, lowered work place perfor-
mance, and compromised safety, leading to
increased cost in health care [1–6]. Studies have
shown a direct relationship between inadequate
sleep and development of metabolic diseases
such as diabetes, obesity, hypertension, cardio-
vascular diseases, and depression [7–14], and
consequences such as road accidents, work-re-
lated injuries, and loss of life [15–17]. Severe
cases of sleep-associated conditions are reported
in about 10–15% of adults which rises to 25% in
the elderly [18]. Insomnia is found in up to 69%
of patients attending primary care clinics and is

Adv Ther (2024) 41:246–261 247



widely prevalent in subjects with chronic med-
ical conditions [19].

Approximately 40% of adults use over-the-
counter medications or alcohol to manage sleep
issues. Although melatonin is the most com-
monly used sleep aid, meta-analysis of human
clinical studies indicate only a modest
improvement of sleep parameters by melatonin
[20]. Side effects of melatonin are mild in nature
but include daytime sleepiness, headache, nau-
sea, and dizziness. Although melatonin is
secreted by the body and is a natural ingredient
of the biological system with a primary role of
management of circadian rhythm in the body,
emerging evidence indicates that it is associated
with a multitude of physiological systems that
are unrelated to sleep and associated with
interactions with the cardiovascular, reproduc-
tive, endocrine, and metabolic systems [21].
Common prescription drugs that are used for
chronic sleep disorders include benzodi-
azepines, anti-histamines, anti-depressants,
chloral hydrate, barbiturates, etc. [22].
Although benzodiazepines are known to
improve insomnia, clinical benefits are mar-
ginal, with undesirable adverse effects such as
cognitive impairment and an increased risk of
motor vehicle accidents, falls, and fractures
from chronic use [23, 24]. Buspirone, a sero-
tonergic prescription drug used for anxiety dis-
orders, has cardiovascular adverse effects [25].
Hence, alternate approaches, such as comple-
mentary medicines including herbal extracts,
have been extensively explored to address
insomnia and other sleep-related disorders
[26, 27].

Root extract of valerian (Valeriana officinalis
L.), a perennial herb, has been used as sedative
since antiquity [28, 29] and is used primarily for
management of sleep-related conditions across
the world, including the Americas and Europe
[30, 31]. The root extract of valerian (VE) exhi-
bits anti-oxidant, antimicrobial, anti-inflam-
matory, sedative, anxiolytic, tranquilizing,
spasmolytic, anticonvulsant, cytoprotective,
and neuroprotective activities [32]. Valerian
extract reduced sleep latency and improved
sleep architecture and sleep perception of
insomnia in healthy volunteers and patients
suffering from sleep disorders [33, 34]. Two

constituents of valerian, namely, volatile oils
and valepotriates, potentially account for its
activity [28, 31, 35]. Many preclinical and clin-
ical studies have demonstrated valerian as an
effective alternative treatment for insomnia
[33, 34].

The current study evaluates higher potency
standardized VE on sleep in subjects with sleep
complaints after supplementation for 8 weeks
in a randomized, double-blind, placebo-con-
trolled, clinical interventional study. Objective
evaluations of sleep using medical assistance
have been performed in clinical laboratory set-
tings using advanced technologies, such as
polysomnography (PSG), electroencephalo-
grams, electrocardiograms, etc., [36–39]. We
used the most widely used subjective tool, i.e.,
the Pittsburgh Sleep Quality Index (PSQI)
questionnaire, objective tools like wrist actigra-
phy bands and PSG, to measure various sleep
parameters, such as overall sleep quality, sleep
latency, sleep efficiency, actual sleep time, and
sleep stages. Further, validated questionnaires
were used to measure daytime sleepiness, anxi-
ety, and feeling of waking up refreshed.

METHODS

Study Material

Spray-dried powder of VE (commercially known
as Sleeproot�) consists of the hydro-alcoholic
extract of valerian roots 26.23% (OmniActive
Health Technologies, Mumbai, India), cellulose
polymer 73.27% (Novo Excipients, Navi Mum-
bai, India), and colloidal silicon dioxide 0.5%
(Daksh Medicare, Mumbai, India). The final
composition consists of 2% total valerenic acid
as established by HPLC (Fig. 1). The placebo
contained microcrystalline cellulose.

Study Design and Procedures

This was a clinical interventional trial that las-
ted for a total of 56 days and consisted of a
randomized, double-blind, placebo-controlled,
parallel design. Participants were adults who
had mild insomnia symptoms without any
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comorbidities. Before beginning the study, a
written approval was received from the BGS
Global Institute of Medical Sciences Institu-
tional Ethics Committee in Bengaluru, India.
The investigation was included in the Clinical
Trials Registry of India (CTRI/2022/05/042818)
as a registered study. The research was carried
out in accordance with the standards that were
mandated by the Indian Council of Medical
Research’s regulatory regulations, as well as
their ethical guidelines, the International
Council for Harmonization Guidance on Good
Clinical Practice (E6R2), and the Declaration of
Helsinki.

Each participant gave their signed, informed,
and voluntary consent to participate in the
study before they were enrolled. During the
screening period, information such as a person’s
age, gender, current medications, and medical
history was gathered. Subjects who were eligible
were given either VE capsules (containing
200 mg of valerian extract) or placebo capsules.
The random assignment was carried out in a
ratio of 1:1. The participants were told to take
one capsule 1 h before bedtime, and at the same
time every day for a period of 56 days. An
independent expert who was not involved in

the study used R software version 4.2.1 to build
the randomization schedule using a block ran-
domization method with a block size of 4.

The study visits that were planned included a
screening/baseline visit, randomization visit,
and follow-up visits on Days 3, 14, 28, and 56.
The subjects were accommodated at the desig-
nated study site for a period of three consecu-
tive days during each scheduled visit. These
visits occurred on specific days, namely Days
- 3 to - 1, 1-3, 12-14, 26-28, and 54-56.
During the house visits, participants were
instructed to consistently wear a wrist actigra-
phy device for a duration of three consecutive
nights. This was carried out in order to evaluate
sleep latency, total sleep time, and sleep effi-
ciency. Each visit utilized an average of 3 days’
worth of data. Overnight PSG was conducted on
two separate occasions, specifically on Days 1
and 56, within a subset population consisting of
40 participants. This subset population was
further divided into two groups, with 20 sub-
jects receiving VE and the remaining 20 subjects
receiving a placebo. The purpose of the PSG was
to evaluate various sleep parameters, including
total sleep time, sleep latency, sleep efficiency,
and sleep stages, which encompass non-rapid

Fig. 1 Chromatogram of valerenic acid obtained by HPLC
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eye movement phases 1, 2, and 3, and rapid eye
movement.

Inclusion/Exclusion Criteria

Subjects who met all the following criteria were
included in the study: healthy male or female
adults aged 18–50 years (both limits inclusive);
BMI of 18.5–29.9 kg/m2 (both limits inclusive);
PSQI score of 5 and above; insomnia severity
index score of 14 and below; BAI score of 15 and
below; subjects who agreed to maintain their
usual level of activity throughout the trial per-
iod and willing to refrain from vigorous physi-
cal activity within 2 h of bedtime; subjects who
agreed to maintain their usual dietary habits
and level of exercise, i.e., maintain their usual
life-style throughout the trial period; subjects
who agreed to consume the study product
60 min before bed throughout the study period;
subjects who agreed to refrain from taking any
medications or preparations to improve sleep
(herbal, dietary supplements, homeopathic
preparations, etc.) during the study; subjects
who agreed to consume no more than 4 serv-
ings of caffeine substances per day and no caf-
feine within 6 h of bedtime; and subjects who
agreed to stay weight stable during the study
period.

Subjects who met any of the following cri-
teria were excluded from the study: individuals
who were allergic to the study product or had a
history of being allergic to it; who had cancer;
laboratory abnormalities that researchers
thought were risky or could make it difficult to
collect data; uncontrolled high blood pressure
at the screening visit (systolic blood pres-
sure[160 mm Hg or diastolic blood pres-
sure[100 mm Hg); taking hypnotics,
antihistamines, antidepressants, antipsychotics,
anticonvulsants, centrally acting corticos-
teroids, opioid painkillers, or prescribed sleep
medications; had a history of drug and/or
alcohol abuse at the time of enrolment; were
pregnant, nursing, or planning a pregnancy
during the study period; had received any
investigational medication or device within 3
months of study entry; or whom the

investigator believed had a chronic medical
condition that could affect energy or fatigue
levels.

Safety and Efficacy Parameters

Efficacy parameters included questionnaire-
based assessments like the PSQI, the Epworth
Sleepiness Scale (ESS), the Beck Anxiety Inven-
tory (BAI), and the Visual Analogue Scale (VAS)
for the feeling of waking up refreshed, as well as
objective sleep assessments using wrist actigra-
phy, and PSG.

Safety parameters included physical exami-
nation, vital signs measurement, hematology
(total leukocyte count, red blood cell count,
hemoglobin, hematocrit, mean cell volume,
mean cell hmoglobin, mean cell hemoglobin
concentration, platelet count, neutrophils,
lymphocytes, eosinophils, monocytes, and
basophils) and clinical chemistry tests (aspartate
aminotransferase, alanine transaminase and
serum creatinine). Adverse events (AEs) and
serious adverse events (SAEs) were monitored
throughout the study period.

Pittsburgh Sleep Quality Index (PSQI)
The PSQI is a self-reporting questionnaire
designed to evaluate sleep quality and disrup-
tions within a period of 1 month. The initial
four items are formulated as open-ended ques-
tions, whereas items 5–19 are assessed using a
4-point Likert scale. The scores of individual
items contribute to the formation of seven
components. The sleep quality of an individual
is assessed by calculating a composite score,
which ranges from 0 to 21. This number is
derived by summing the seven component
scores, where larger scores are indicative of
poorer sleep quality. The PSQI questionnaire
was administered during the first assessment, as
well as during follow-up visits on Days 14 and
28, and at the end of the study on Day 56.

Wrist Actigraphy
Actigraphy devices worn on the wrist record
movement data that can be used to estimate
sleep parameters using specialized computer
software algorithms. The participants
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undertook wrist actigraphy testing at the study
site and were instructed to wear a wrist actig-
raphy device (MotionWatch 8; CamNtech,
Cambridge, UK) for three consecutive nights as
per the study protocol. The mean change was
evaluated at baseline, Days 3, 14, and 28, and
the end of the study (Day 56).

Beck Anxiety Inventory (BAI)
BAI is a self-reported questionnaire that mea-
sures 21 prevalent somatic and cognitive anxi-
ety symptoms. The BAI comprises 21 items with
Likert scales spanning from 0 to 3 and
total scores ranging from 0 to 63. The BAI scores
are categorized as follows: minimal anxiety (0–7
points), mild anxiety (8–15 points), moderate
anxiety (16–25 points), and severe anxiety
(30–63 points). The BAI questionnaire was
administered at the beginning of the investiga-
tion, on Days 3, 14, and 28, and at the end of
the study (Day 56).

Epworth Sleepiness Scale (ESS)
The ESS is a brief questionnaire designed to
assess levels of drowsiness during the day. Each
respondent rates themselves on 8 items that
assess their ‘‘likelihood of dozing or falling
asleep’’ in everyday scenarios; scores range from
0 to 3. The ESS score, which is the sum of all the
components, can be anywhere from 0 to 24. The
ESS questionnaire was administered during
baseline, Days 3, 14, and 28, and the end of the
study (Day 56).

Feeling of waking up refreshed as assessed
by the visual analogue scale (VAS)
The VAS is an instrument which measures a
characteristic or attitude that spans a contin-
uum of values. Researchers who study sleep
frequently use VAS to evaluate various aspects
of sleep, daytime functioning, and the effects of
therapeutic interventions on these variables.
The most elementary VAS is a horizontal line of
fixed length, typically 10 cm or 100 mm. The
extremities are defined as the extreme limits of
the parameter being measured (feeling of wak-
ing up refreshed), from left to right (best to

worst). The VAS score is determined by mea-
suring the distance, in centimeters, from the left
end of the line to the subject’s mark.

Polysomnography (PSG)
PSG records multiple sleep-related signals by
employing various measurement techniques
simultaneously and continuously to record
neurophysiological, cardiorespiratory, and
other physiological and physical parameters,
usually overnight. PSG provides quantitative
documentation of abnormalities of sleep and
wakefulness and their transition, and of organ
dysfunctions that are influenced by the sleep
state. The subjects underwent PSG in-house at
the study site on Day - 1 and Day 56 overnight.

Prohibited medications or supplements
Subjects were prohibited to take any medica-
tions or preparations to improve sleep (herbal,
dietary supplements, homeopathic prepara-
tions, etc.), anxiolytics, anti-depressants,
antipsychotics, anticonvulsants, antihyperten-
sive, centrally acting corticosteroids, opioid
pain relievers, hypnotics, and/or prescribed
sleep medications. Subjects who had received
prohibited concomitant medications or prod-
ucts were discontinued from the study at the
discretion of the investigator. Data from these
subjects were evaluated up to the first dose of
the prohibited concomitant medication or
treatment.

Determination of Sample Size
A sample size of 80 subjects was considered
sufficient to detect a clinically important dif-
ference between groups with 90% power and a
5% level of significance. Assuming a standard
deviation (SD) of 2.98 at the end of treatment,
36 subjects per group would be sufficient to
detect a mean difference of 1.58 in PSQI
between the two groups with 90% power and a
0.05 two-sided level of significance. Consider-
ing a drop-out rate of 10%, the sample size was
calculated to be 80 subjects (40 in each arm).
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Statistical Analysis

Statistical analyses were carried out using R
software version 4.2.1. The results for the con-
tinuous endpoints were summarized using
descriptive statistics such as frequency, mean,
median, standard error, 95% confidence inter-
val (for normal distribution), and median with
the 25th and 75th percentiles (for non-normal
distribution). The evaluations encompassed the
primary, secondary, and tertiary efficacy objec-
tives, for which both actual values and mean
change from baseline values were calculated.
Paired t tests were utilized to evaluate the
analysis within the group. Independent t tests
were utilized to evaluate the between-group
analysis for the actual and mean change values.
A significance level of p\0.05 was deemed to
indicate statistical significance.

The categorical variables were summarized
by calculating the frequencies and percentages.
The evaluation of the comparisons between the
treatment groups was conducted using either
the Pearson’s Chi-square test or Fisher’s exact
test, depending on the appropriateness of each
test. The analyses were performed exclusively
on the safety population.

A p value of less than 0.05 and a 95% confi-
dence interval were both used to determine
statistical significance for inferential tests.
Additionally, a two-tailed hypothesis was
employed for testing.

In general, missing data remained missing
and were not included in the analyses. Data
were analyzed for a per-protocol population.

Efficacy Endpoints Evaluation
Efficacy endpoints included evaluation of over-
all sleep quality by PSQI, sleep latency, actual
sleep time and sleep efficiency by wrist actigra-
phy, anxiety by BAI, daytime sleepiness by ESS,
and feeling of waking up refreshed by VAS, and
of total sleep time, sleep latency, sleep effi-
ciency, and sleep stages by PSG. Evaluations
were performed from baseline to the end of the
study visit (Day 56). Mean changes for PSQI
were assessed from baseline against Days 14, 28,
and 56. For other parameters, the assessments
were carried out from baseline against Days 3,

14, 28, and 56 of the consumption of the
products under investigation .

Safety Endpoints Evaluation
Safety analyses were performed using hematol-
ogy and biochemistry assessments, the inci-
dence of AEs/SAEs, physical examination, and
vital signs measurements for all the randomized
subjects who received at least one dose of the
studied supplement. Descriptive statistics
[n (number of subjects), mean, standard devia-
tion, median, minimum and maximum] for
continuous safety variables and frequency and
the percentage for categorical safety variables
such as adverse events were summarized by
treatment.

RESULTS

Overall, 83 subjects were screened, and 3 of
them failed to meet the study’s inclusion crite-
ria and were declared as screen failures (Fig. 2).
A total of 80 subjects were randomized into a
1:1 ratio, i.e., 40 subjects per group. Of the 80
randomized subjects, 72 (35 subjects in the
placebo group and 37 subjects in the VE group)
completed the study and were included for the
efficacy assessments. Five subjects from the
placebo group and three subjects from the VE
group were lost to follow-up and were treated as
having withdrawn from the study.

The demographic parameters of subjects at
baseline are presented in Table 1. The mean age
of participants (± SE) in the placebo group was
33.57 ± 1.06 years and in the VE group was
35.35 ± 0.92 years. The gender distribution was
16 males and 19 females in the placebo group
and 15 males and 22 females in the VE group.
The mean BMI (± SE) for the placebo group was
24.96 ± 0.51 kg/m2 and 25.48 ± 0.52 kg/m2 for
the VE group.

Efficacy Results

Pittsburgh Sleep Quality Index (PSQI)
A significant (p\0.05) decrease in PSQI total
score was observed for the VE group compared
to placebo from baseline on Day 14
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(- 1.30 ± 0.24 for VE vs. - 0.31 ± 0.22 placebo),
Day 28 (- 1.62 ± 0.20 for VE vs. 0.00 ± 0.27
placebo), and Day 56 (- 2.05 ± 0.23 for VE vs.
- 0.09 ± 0.28 placebo) (Fig. 3).

Further, subdomain analysis of PSQI revealed
that subjects in the VE group showed significant
(p\0.05) improvements in PSQI for: subjective
sleep quality and sleep latency on Days 14, 28,
and 56; sleep duration and habitual sleep effi-
ciency on Days 28 and 56; and daytime dys-
function on Day 14 compared to placebo. No
significant differences were observed between
the groups in PSQI for the sleep disturbance
subscale.

Sleep Latency (Minutes) as assessed by Wrist
Actigraphy A significant (p\0.05) decrease in
sleep latency from baseline was recorded in case
of the VE group on Day 3 (- 15.51 ± 6.79 for VE
vs. 48.08 ± 10.27 placebo), Day 14
(- 36.67 ± 12.40 for VE vs. 7.25 ± 9.27 pla-
cebo), Day 28 (- 42.43 ± 10.48 for VE vs.
- 10.37 ± 10.33 placebo), and Day 56
(- 48.03 ± 9.23 for VE vs. - 11.73 ± 9.31 pla-
cebo) compared to placebo (Fig. 4a).

Actual Sleep Time (Minutes) as assessed by
Wrist Actigraphy A significant (p\0.05)
increase in the actual sleep time was recorded in
the VE group compared to placebo from

Fig. 2 CONSORT diagram
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baseline on Day 3 (19.80 ± 7.37 for VE vs.
- 36.59 ± 9.14 placebo), Day 14 (38.76 ± 10.31
for VE vs. - 10.35 ± 9.31 placebo), Day 28
(40.30 ± 8.89 for VE vs. 1.65 ± 9.61 placebo),
and Day 56 (56.31 ± 9.89 for VE vs. 2.33 ± 9.84
placebo) (Fig. 4b).

Sleep efficiency (%) as assessed by Wrist
Actigraphy
A significant (p\0.05) increase in sleep effi-
ciency was recorded in the VE group from
baseline compared to placebo on Day 14
(7.81 ± 2.17 for VE vs. - 1.46 ± 1.90 placebo),
Day 28 (7.60 ± 1.82 for VE vs. 0.23 ± 1.95 pla-
cebo), and Day 56 (11.33 ± 1.85 for VE vs.
0.61 ± 1.80 placebo). (Fig. 4c).

Anxiety Levels as Assessed by Beck Anxiety
Inventory (BAI) A significant (p\0.05)
decrease in anxiety score from baseline was
observed for VE group compared to placebo on
Day 14 (- 0.59 ± 0.13 for VE vs. - 0.11 ± 0.09
placebo), Day 28 (- 0.92 ± 0.17 for VE vs.
0.11 ± 0.13 placebo), and Day 56 (- 1.08 ± 0.20
for VE vs. 0.03 ± 0.14 placebo), and a non-sig-
nificant decrease was observed on Day 03

(- 0.19 ± 0.09 for VE vs. - 0.06 ± 0.07 placebo)
(Fig. 5a).

Daytime Sleepiness as Assessed by Epworth
Sleepiness Scale (ESS) A significant (p\0.05)
decrease in the daytime sleepiness from baseline
was recorded for the VE group compared to
placebo on Day 28 (- 0.57 ± 0.14 for VE
vs.0.03 ± 0.12 placebo), and Day 56
(- 0.76 ± 0.16 for VE vs. - 0.03 ± 0.13 placebo),

Fig. 3 Summary results of placebo versus VE mean change
from baseline in PSQI total score (units)

Table 1 Baseline demographics summary of study participants

Particulars Placebo (n5 35), mean – SE VE (n5 37), mean – SE

Age (years) 33.57 ± 1.06 35.35 ± 0.92

Male, n (%) 16 (45.71%) 15 (40.54%)

Female, n (%) 19 (54.29%) 22 (59.46%)

BMI (kg/m2) 24.96 ± 0.51 25.48 ± 0.52

Pittsburgh sleep quality index (PSQI) 11.43 ± 0.22 11.89 ± 0.20

Sleep latency (min) by WA 74.26 ± 5.24 89.39 ± 8.20

Actual sleep time (min) by WA 339.80 ± 6.40 306.09 ± 7.61

Sleep efficiency (%) by WA 72.87 ± 1.15 66.40 ± 1.67

Beck anxiety inventory (BAI) 11.57 ± 0.24 11.30 ± 0.22

Epworth sleepiness scale (ESS) 8.74 ± 0.32 8.65 ± 0.25

VAS (feeling of waking up refreshed) 7.29 ± 0.13 6.98 ± 0.15

Percentages are based on the number of subjects in the specified treatment
SE standard error, WA wrist actigraphy

254 Adv Ther (2024) 41:246–261



and a decreasing trend (p = 0.0522) on Day 14
(- 0.35 ± 0.12 for VE vs. - 0.06 ± 0.09 placebo)
(Fig. 5b).

Feeling of Waking Up Refreshed as Assessed by
VAS Scale A significant (p\0.05) improve-
ment (decrease) in the waking up refreshed
feeling from baseline was recorded for the VE
group compared to placebo on Day 28
(- 0.72 ± 0.13 for VE vs. - 0.18 ± 0.13 placebo),
and Day 56 (- 1.04 ± 0.16 for VE vs.
- 0.27 ± 0.14 in placebo group), a decreasing
trend (p = 0.0646) on Day 14 (- 0.48 ± 0.11 for
VE vs. - 0.14 ± 0.14 placebo), and a non-sig-
nificant decrease on Day 3 (- 0.20 ± 0.08 for VE
vs. - 0.03 ± 0.11 placebo) (Fig. 5c).

Polysomnography (PSG)
Total Sleep Time (in Minutes) Assessed by
PSG A significant (p\0.05) increase in total
sleep time from baseline was seen in the VE
group compared to placebo on Day 56
(75.21 ± 34.05 in VE vs. - 74.58 ± 31.33 pla-
cebo) (Fig. 6a).

Sleep Latency (in Minutes) assessed by PSG A
significant (p\0.05) decrease in sleep latency
from baseline was seen in the VE group com-
pared to placebo on Day 56 (- 10.89 ± 4.98 in
VE vs. 5.34 ± 4.17 placebo) (Fig. 6a).

Sleep Efficiency (Percent) Assessed by PSG A
significant (p\0.05) increase in the sleep effi-
ciency from baseline was seen in the VE group

Fig. 4 Summary results of placebo versus VE mean change from baseline by wrist actigraphy in: a sleep latency (min);
b actual sleep time (min); and c sleep efficiency (min)

Adv Ther (2024) 41:246–261 255



compared to placebo on Day 56 (5.74 ± 1.87 in
VE vs. - 4.11 ± 1.53 placebo) (Fig. 6b).

Non-Rapid Eye Movement 1 (in Minutes)
Assessed by PSG A significant (p\0.05)
increase in non-rapid eye movement 1 sleep
from baseline was observed in the VE group
compared to placebo on Day 56 (50.74 ± 21.75
in VE vs. 46.24 ± 15.63 placebo) (Fig. 6c).

Non-rapid Eye Movement 2 (Minutes) Assessed
by PSG A non-significant increase in non-
rapid eye movement 2 sleep from baseline was
observed in the VE group compared to placebo
on Day 56 (46.21 ± 32.17 in VE vs. 4.79 ± 27.00
placebo) (Fig. 6c).

Non-rapid Eye Movement 3 (Minutes) assessed
by PSG No significant difference was seen
between the VE and placebo groups for non-
rapid eye movement 3 sleep on Day 56 from
baseline (0.84 ± 5.88 in VE group compared to
- 10.92 ± 4.26 in placebo) (Fig. 6c).

Rapid Eye Movement (Minutes) Assessed by
PSG A non-significant increase in rapid eye
movement sleep from baseline was observed for
the VE group compared to placebo on Day 56
(4.24 ± 23.37 in VE vs. - 27.55 ± 27.73 in pla-
cebo) (Fig. 6c).

The absolute values and mean change val-
ues ± standard error values for the primary,
secondary, and tertiary endpoints are presented
in the Supplementary Material.

Fig. 5 Summary results of placebo versus VE mean change from baseline in: a Beck Anxiety Inventory (units); b Epworth
Sleepiness Scale (units); and c VAS waking up refreshed (units)
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Safety Results

All the randomized subjects were included in
the safety analysis. Throughout the trial, no
clinically significant differences in vital signs,
physical examination, or hematological and
biochemical parameters were seen in any of the
groups.

During the study, total of 12 AEs were
reported by 8 (10%) subjects: 5 were reported by
3 (7.5%) subjects in the VE group, and 7 by 5
(12.5%) subjects in the placebo group. Subjects
in the VE group reported one event each of
upper respiratory tract infection, sore throat,
headache, viral fever, and loose motion, while
two events of fever and one each of upper res-
piratory tract infection, sore throat, headache,
gastritis, and common cold were reported by

subjects in the placebo group. Fever, upper res-
piratory tract infection, sore throat, and head-
ache were the most common AEs experienced
by two (2.5%) subjects overall.

All the AEs reported by the subjects were
mild in severity and resolved, and the causality
of the AEs was deemed by the investigator not
to be related to the products under investiga-
tion. None of the subjects reported an SAE or
was withdrawn from the study due to an AE or
SAE.

In total, 14 (17.5%) subjects (7 each in the
VE and placebo groups) used at least one con-
comitant mediation during the course of the
study. The most commonly used medications
included paracetamol. Overall, the safety and
tolerability of the VE was confirmed by the
safety assessments in the study.

DISCUSSION

Sleep deprivation for longer periods of time may
impact quality of life, cognitive performance
[3–5, 40], and increase the risk of metabolic
disorders such as hypertension, cardiovascular
diseases, and diabetes [41, 42]. Supplementation
with synthetic melatonin is used worldwide to
treat insomnia and other sleep-related condi-
tions. However, melatonin is only moderately
effective in clinical studies, associated with
daytime sleepiness and concerns have been
raised about the possible long-term effects of
taking it [20, 21]. Most commonly prescribed
sleep solutions, based on benzodiazepine and
non-benzodiazepine hypnotic drugs, are asso-
ciated with adverse effects while providing
modest improvements in sleep benefits. Vale-
rian root extract is one of the most popular
herbal supplements used for improving sleep.
Several human clinical studies have not only
established the safety of the valerian extract but
also demonstrated overall improvement in
multiple sleep-related parameters. However,
several meta-analyses of published clinical
studies have failed to establish consistent sleep
benefits of valerian, probably due to flawed
study design, use of valerian extract that is not
well characterized or containing very low active
content, suboptimal doses, or suboptimal

Fig. 6 Summary of placebo versus VE PSG results. Mean
change from baseline in: a total sleep time and sleep
latency (min); b sleep efficiency (%); and c sleep stages
(min)
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measures for the efficacy of interventions [43].
In the current study, we have used a VE with 2%
total valerenic acid content compared to the
0.5–0.8% used in most of the preparations
explored in the past. Further, we have used both
subjective and objective sleep parameters to
measure the sleep efficacy using PSQI, wrist
actigraphy, and PSG. Through a double-blind,
placebo-controlled, parallel study, we have
demonstrated that VE supplementation that
contains 2% total valerenic acid at a 200-mg
dose for 56 days significantly improved various
subjective and objective parameters of sleep,
including overall sleep quality, sleep latency,
sleep efficiency, and total sleep time, in young
subjects with mild insomnia symptoms and
without comorbidities. Further, VE supplemen-
tation helped to reduce anxiety and daytime
sleepiness, and improved the feeling of being
refreshed after waking up in the morning.
Throughout the study, VE was found to be safe
and well tolerated.

Sleep assessment methods influence the
outcome of sleep intervention studies. Few
studies that used PSG, actigraphy, and sleep
diaries concurrently to measure sleep parame-
ters have reported that actigraphy and PSQI
score yield comparable estimates of sleep to that
of PSG [44]. PSG directly measures brain elec-
trophysiology and is considered as the ‘‘gold
standard’’ for many sleep outcomes [45], but has
challenges in terms of cost and ease of use. We
observed significant improvements in sleep
parameters with VE supplementation over pla-
cebo as measured through PSG on Day 56, with
increased total sleep time and decreased sleep
latency associated with improved sleep effi-
ciency. Both wrist actigraphy and PSQI score
showed comparable results to that of PSG on
Day 56 post-supplementation, which is a strong
validation of the effectiveness of VE for man-
agement of sleep. We also observed similar
improvements for sleep latency, actual sleep
time, and sleep efficiency over placebo as early
as 14 and 28 days post-VE supplementation, as
measured by wrist actigraphy and PSQI. How-
ever, we observed relatively longer sleep
latency, but still significant, compared to pla-
cebo, in the case of wrist actigraphy versus PSG
for both the VE and placebo groups. Multiple

published human studies that reported excel-
lent concordance in sleep parameters endpoints
with wrist actigraphy and PSG also reported
longer sleep latency in the case of actigraphy
[46]. It is believed that, as actigraphy monitors
body movements to measure sleep, it may
overestimate sleep latency due to body move-
ments during sleep or disturbed sleep. In our
study, wrist actigraphy demonstrated improved
sleep latency and actual sleep time with VE as
early as 3 days post-supplementation, thus pro-
viding an early indicator of positive sleep
responses.

Multiple clinical studies have demonstrated
the sleep benefits of valerian, with significant
improvements in insomnia [47] and several
sleep parameters [48–50]. The effectiveness of
valerian as a single herb or in combination with
other herbs has also been reported to provide
benefits in cases of sleep issues associated with
anxiety, obsessive compulsive disorders, cogni-
tive dysfunctions, depression, hypertension,
premenstrual syndrome, and sleep issues post-
surgery [43, 51–54]. Valerenic acid from valerian
is considered responsible for sedative activities
through modulation of GABAA receptor func-
tion [31], inhibition of enzymatic breakdown of
GABA, enhanced benzodiazepine binding [55],
or partial agonistic activities against the 5-HT5a
receptor, as demonstrated through experimen-
tal studies [35]. Valepotriates from valerian are
believed to possess an anxiolytic effect. VE sig-
nificantly (p\0.05) increased the sleep dura-
tion with shorter sleep latency which was
comparable to melatonin through modulation
of GABA and 5-HT5a receptor expression in
brain tissues in a pentobarbital-induced sleep
model in mice (manuscript in preparation).

Our study limitation was that our subjects
entered the study with higher sleep latency
issues, as evident from baseline sleep latency
time from wrist actigraphy and PSQI, suggesting
that they possibly had mild to moderate
insomnia symptoms as against our target for
subjects with mild insomnia symptoms. Never-
theless, we saw significant effects on sleep
latency with VE compared to placebo. Further,
we used a simplistic statistical methodology for
the data analysis which included paired t tests
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for within-group analysis and independent
t tests for between-group analysis.

CONCLUSION

Our results indicate that VE with 2% valerenic
acid showed significant improvements in over-
all sleep quality, latency, efficiency, total sleep
time, decreased anxiety and daytime sleepiness,
and increased feeling refreshed after waking up
in young subjects with mild insomnia symp-
toms and without comorbidities. Unlike other
studies, our results demonstrated significant
improvements from both subjective and objec-
tive evaluations. Also, the safety and tolerability
of VE was confirmed by the safety assessments
in the study subjects.
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