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ABBREVIATIONS

DIS: Difficulty in initiating sleep

DMS: Difficulty in maintaining sleep:

ICSD: International Classification of Sleep Disaisle
NRS: Non-restorative sleep

RSQ-W: Restorative Sleep Questionnaire-weekly
SE: Sleep efficiency

SOL: Onset of sleep latency

STOP BANG: The Snoring, Tiredness, Observed agrigh,blood Pressure (STOP)-Body mass

index, Age, Neck circumference, and Gender (BANG)
TBT: Total bed time

TST: Total sleep time

WASO: Wake after sleep onset

WHOQOL: World Health Organization Quality of Life

WG: Withanolide glycosides



ABSTRACT

Objective: Non-restorative sleep (NRS) affects 10% peoplddwide, leading to poor sleep
quality, physical and cognitive fatigue. This ig first human study in which an extract

of ashwagandhaAjithania somnifera Dunal L.) was evaluated for effects in improvingeoad|
sleep quality in subjects with NRS.

Methods: In this randomized, double-blind, placebo-cong&dltrial, 150 healthy subjects
scoring high on non-restorative sleep measures greem 120 mg of standardized ashwagandha
extract (Shodet) once daily for 6 weeks. Subjects were evaluasidgithe Restorative Sleep
Questionnaire-weekly version and World Health Orgation Quality of Life-Bref scale. Sleep
actigraphy was used to measure the onset of siéeqcly, sleep efficiency, total sleep time and
wake after sleep onset. Safety of the treatmentdetermined by testing of vitals, hematology,
biochemistry and urinanalysis.

Results: 144 subjects completed the study, with no dropduésto adverse events. A 72%
increase in self-reported sleep quality was foumrdte treatment group, compared with 29% in
the placebo group(< 0.001). Based on activity monitoring data, tteatment group showed
significant improvement in sleep efficienqy< 0.01), total sleep timg < 0.001) and sleep
latency p < 0.01) and wake after sleep ongex(0.05) versus placebo after 6 weeks. In the
ashwagandha group quality of life scores showenif@ggnt improvement in physicap

0.001), psychologicap(< 0.001), and environment domaips<0.01).

Conclusions: Supplementation with the standardized ashwagaexinact for 6 weeks improved
the overall quality of sleep by significantly impiog the Non-restorative sleep (NRS) condition
in healthy subjects. No treatment related adversats were reported in the study.

Trial Registration: Clinical Trials Registry-India (www.ctri.nic.inRegistration number:
CTRI/2017/02/007801.

Keywords: Non restorative sleep; Ashwagandha; RSQ; Actigyapleep quality



1. Introduction

Nonrestorative sleep (NRS) has been recently dpedland validated as a clinical endpoint for
inadequate sleep (Drake et al., 2014). NRS is comyrassociated with insomnia and lack of
restful sleep, and is often a feature of medicabdatons like fiboromyalgia and chronic fatigue
syndrome (Cesta et al., 1999). NRS increases fgtigwers cognitive function and reduces
quality of life, making the recognition and treatthef NRS a priority for physicians in the field
of sleep medicine (Wilkinson and Shapiro, 2012).

Recently, NRS has been investigated in the abserather disorders in healthy people,
and also accompanying comorbid conditions (Ro#d.e2010; Ohayon et al., 2012). Other
studies have indicated a high degree of psychiatmcorbidity, with NRS occurring more
frequently in individuals with mood disorder, artyieand substance abuse disorder (Roth et al.,
2006).

Previous versions of International Classificatidérsteep Disorders (ICSD) allowed for
NRS as a sole complaint in absence of sleep onsitep maintenance issues to qualify for
diagnosis of Insomnia. However, currently availabéatments for insomnia, including
psychological therapy and pharmacologic treatmargsiesigned for difficulty in initiating
and/or maintaining sleep. Current version ICSD-8 treanoved NRS as a sole criterion for
diagnosis of Insomnia, however it does admit toftoe that further research is needed to
explore the clinical significance in the contextrm§omnia. Pharmaceutical treatments have
shown efficacy for improving sleep, however manyade effects are associated with these
medicines. Despite recent advances in the developofi@ewer sleeping aids and hypnotics in
modern medical science, a significant number aep#t with sleep disturbances, consume
supplements regularly to support sleep (Ancolidseand Roth, 1999). Hence there is a need for
medicines which are shown to be effective in adkingsthe issue of “NRS”.

Many chronic Insomnia patients have thoughts abagbing sleep difficulties through
the day and may be amplified near bedtime. Oftefopeance anxiety about “sleep” itself is
present. A learned pattern of physiological aroasdledtime is often seen. All this leads to

perceived stress furthering Insomnia (AASM, 2014).

AshwagandhaWithania somnifera), also known as Indian ginseng, is a shrub plant

belonging to the Solanaceae family. Ashwagandhd&as used by traditional Indian Ayurvedic
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medicine for thousands of years to help with slégtammation, sexual issues, nerve tissue
damage, stress, anxiety, insomnia and other aibr{@ttandrasekhar et al., 2012). The efficacy
of ashwagandha against anxiety and depressiondegsreviously reported in clinical trials
(Lopresti et al., 2019; Andrade et al., 2000; Bigtn al., 2008; Cooley et al., 2009;
Chandrasekhar et al., 2012). Ashwagandha has leingdeen well recognized to be a sleep
inducing plant and in a recent study, efficacy aafity of ashwagandha root extract has been
reported in subjects diagnosed with insomnia axieén(Langade et al., 2019). While NRS is
associated with stress, anxiety, depression antihgayatigue (Sarsour et al., 2010),
ashwagandha is shown to be effective in relievingss and depression (Lopresti et al., 2019;
Biswajit et al., 2008). It is also effective in raging fatigue (Shenoy et al., 2012) and
inflammation (Bhandari, 1970). Thus, it was progb®at ashwagandha may have beneficial

effects in reducing NRS.

The primary objective of the present trial was\alaate effect of daily supplementation
of a standardized ashwagandha extract compardddel in healthy subjects with NRS after 6
weeks. The secondary objectives were to compareaggndha and placebo groups on change
from baseline up to 6 weeks by activity monitorthging sleep, and quality of life scores using
WHOQOL-Bref scale.

2. Methods
2.1. Sudy design

This was a prospective, randomized, double bliadalfel, placebo controlled, clinical study.
The study was conducted at International InstitfitS8leep Sciences, NEST Hospital, Thane,
Maharashtra, India. The study was conducted inrdec@e with the Declaration of Helsinki, the
ICH-GCP E6 (R1, R2), and ICMR-National Ethical Gelides for Biomedical and Health
Research, 2006. The study protocol was approveténstitutional ethics committee and
registered with Clinical Trials Registry-India (wwatri.nic.in) (Registration number:
CTRI/2017/02/007801). The clinical study protocnolthe present trial has been already

published (Deshpande et al., 2018). Informed cdnsas taken from the subjects before starting

any study related activity.

2.2. Population and Inclusion/Exclusion criteria



Male or female subjects 18-65 years old were resafor this study. The inclusion criteria
included subjects with RSQ-W (Restorative Sleepsfloenaire-weekly) score less than or
equal to 50 (Drake et al., 2014), and have notrtaighwagandha or any sleep medicine within
last 1 year, who were able to read/communicatengligh and willing to provide written

informed consent. Subjects with a medical histirigeart disease, respiratory disorders, seizure
disorders or other chronic health conditions raggimedication were excluded. Subjects
suffering from severe intrinsic sleep related digos such as severe sleep apnea (STOP BANG
guestionnaire score >5; The Snoring, Tirednessef®bd apnea, high blood Pressure (STOP)-
Body mass index, Age, Neck circumference, and GefB®ENG) questionnaire) (Chung et al.,
2016), moderate to severe restless leg syndrom8)(Rlarcolepsy, and untreated depression
(Score of 15 or more for Anxiety or Depression whesasured with Hospital Anxiety and
Depression Scale) were also excluded from the stadlyjects with shift work disorders and
other psychiatric disorders which needed medicatianagement were also excluded. Nursing
or pregnant women were excluded. Subjects wereexisloded if they met any of the following
conditions: current prescription medication or latbeatment, history of drug or alcohol
addiction or abuse within the past 12 months, hepatrenal impairment, history of

hypersensitivity to ashwagandha, or prior partitgrain a clinical trial in the past 12 months.
2.3. Type, sequence and duration of study periods

The study was a parallel treatment study with tnaugs (See Figure 1). The study was designed
in three phases: 1) Screening phase, 2) Pre-traaphase, and 3) Treatment phase. In the
screening phase (-2 to -1 day) those subjectsmatse inclusion/ exclusion criteria were called
for randomization (day 0). In the pre-treatmerdg#h(day 0-8) the eligible subjects were
enrolled into either the ashwagandha group or theepo in an allocation concealed manner.

The treatment phase had 42 days where days 1392&,43 were interviews by telephone.

In the screening phase the subjects were giveBTI@P BANG, RSQ-W, and
WHOQOL questionnaires and blood was obtained ftatganalysis. Actiwatch (Actisleep®
device from Actigraph Corporation, Pensacola, BriUSA) was given and data collected after
7 days. The subjects were then followed on an digtpiebasis based on the study schedule.
WHOQOL and RSQ-W guestionnaires were collectedaagline on day 8. Interventions were

dispensed on day 8, with the final study visit @y 80. Subjects were not permitted to take any
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medication (allopathic or herbal preparation) withapproval of study investigator approval.
Medications not known to interact with study metimawere permitted if necessary by the
investigator. Laboratory investigations of all #ficacy and safety parameters were conducted

at screening and end of the study.
2.4. Intervention

The ashwagandha root and leaves raw material vihsrgicated by a qualified botanist and
voucher specimen was deposited in the Researcbevelopment Lab of Arjuna Natural
Private Limited for future reference. The treatmextract (Shoden®, Arjuna Natural Private
Ltd, Kerala, India) was prepared and purified ta@nthe withanolide glycosides (WG) content
and analyzed by high performance liquid chromatolgyaThe dosage of ashwagandha extract
in each capsule was standardized to contam@a&f WG. The treatment or matching placebo
(rice powder) were given as two 60 mg capsulesipgr To maintain blindness of study
treatment, opaque capsules were used. The subjertsnstructed to take two capsules with

water once daily in the evening, approximately Bredefore the evening meal.
2.5. Randomization, blinding and unblinding

Block-randomization was performed by the independttistician using SPSS software. The
study was designed as a double blinded study $iathite investigator and subject were
unaware of the treatment allocated. The enrolléjests were assigned to either of the 2 study

groups according to the centralized computer gée@randomization in a 1:1 ratio.
2.6. Efficacy assessment

The primary efficacy measure was mean percent éemiptal score of restorative sleep
guestionnaire-weekly (RSQ-W) at the end of 6 wdeksveen the two groups. The secondary
outcome measures were mean percent change inagttigparameters and mean percent change
in quality of life scores using WHOQOL-Bref (Worldealth Organization Quality of Life-Bref)
scale (Gholami et al., 2013) at the end of 6 wdsgta/een the two groups. Adverse events
encountered during the course of the study andcestibjcompliance for study treatments were

also considered as secondary outcomes.

2.6.1. Restorative Seep Questionnaire (RQ-W) Total Score



RSQ-W is one of the most common validated scalesm&asuring whether restful sleep
occurred. The gquestionnaire included 9 questioith, answers scaled from 1 to 5. The total

RSQ-W score is based on an average from all 9 ignestand presented on a scale of 0-100.
2.6.2. Actigraphy Parameters

Actigraphy, or activity monitoring, is a biomedidgaktrument capable of monitoring motor
activity in order to identify the presence or alizenf body motion during sleep or wakefulness.
Activity monitoring by means of an actigraph is fuén detecting sleep episodes and
differentiating periods of sleep and rest from pesi of wakefulness. The device works on the
principle that movement of the non-dominant wrsstorrelated with wakefulness, whereas long,
guiescent periods are associated with rest or sitepies have demonstrated an 88.9 percent
correlation of accuracy with polysomnographicallgasured sleep (Esbensen et al., 2018). In
this study, Actisleep® device from Actigraph Coraiion, Pensacola, Florida, USA, with
software algorithms of Actilife® (version 6.10) wased to calculate the sleep
parameters.Actilife software uses validated alpong developed by Cole and coworkers. During
this validation, wrist worn actigraphy data wasdisedetermine sleep and wake against gold
standard nocturnal polysomnogram (Cole et al., 198#s protocol was further validated in
2003 by De souza et al and was shown to have extelbrrelation with polysomnogram epochs

with sensitivity of actigraphy approaching 99% émcuracy (De souza et al, 2003).

The Actiwatch is worn on the wrist like a regulaateh and was instructed to be worn at
all times. Parameters included onset of sleep ¢t€BOL), sleep efficiency (SE), total sleep
time (TST), total bed time (TBT), wake after sle@set (WASO), average number of
awakenings and average awakening time. SE reféhetactual time spent for sleep in
comparison to overall time spent in bed. TST iemed to as the actual sleep time in a sleep

period and WASO is the duration a person remairekavafter the defined onset of the sleep.
2.6.3. WHOQOL-Bref Scores

WHOQOL-Bref is a self-administered, 26-item, crosfurally validated questionnaire
measuring the following broad domains: physicaltheaocial relationships, psychological
health and environment. The scores obtained in éastain are scaled in a positive direction

(i.e. higher scores denote better quality of lild)e mean score of items for each domain is used
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to calculate the total domain score based on a0st@le. English version was used in the
present study.

2.7. Safety assessment

A central clinical pathology laboratory (Dr. Vaidgd_aboratory, Thane, Maharashtra, India)
was used for all laboratory investigations. Labapagters analyzed were hematological
parameters (hemoglobin levels, total leukocyte toalmsolute neutrophil count, platelet count
etc.), biochemistry (fasting blood sugar, bloodayseerum creatinine, serum bilirubin, serum
glutamic oxaloacetic transaminase, serum glutarriayc transaminase, c-reactive protein).
The safety of the study medication was also asddssescording the adverse events occurred

during the entire course of the study.
2.8. Sample size

The group-sequential method was used to determesample size. The planned sample size of
75 in each study treatment group was required tiectla difference of 10 points in change in
RSQ-W total score after 6 weeks from the baselete/den the study treatment groups,
assuming a standard deviation of 25 points anda d®p-out rate, to achieve 80% statistical

power at 5% (two-sided) level of significance.
2.9. Satistical analysis

The data collected were analyzed for demographbi@isacy & safety. Descriptive statistics was
used for different variables at baselinep#alue of <0.05 was considered as statistically
significant. Two-sample Hotelling's’Test was used to compare day 8 and day 50 damebt
for RSQ-W. Differences of 10 points and 15 poimisRSQ-W total score were considered as
clinically significant and clinically highly signiant, respectively. Assuming standard deviation
of 25 points, these differences correspond to statized effect size of 0.4 (small-to-medium)

and 0.6 (medium-to-large), respectively, as perégbhrecommendation.

The activity monitoring data and WHO-QOL were aaaky using paired T-test or
Wilcoxon Signed Rank Test for within the group datann-Whitney or Equal-Variance T-Test
was used to compare the variables between the girdtye normality analysis of the data was

performed using the NCSS software which computepigtr Wilk, Skewness, Kurtosis, &
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Omnibus normality. Since the sample size was largkthe analysis made was normal
approximation, the value of t-test was taken wher@nyone of the normality assumptions was
not rejected. Where all assumptions made weretegjéhen Wilcoxon Sign rank test was used.

The vital parameters were analyzed by multivargatalysis of variance (MANOVA).
3. Results

A total of 751 subjects were assessed during Marv 20 Sep 2018 for eligibility, from which

154 subjects met the study criteria and were ratzkahinto two groups (77 subjects in each
group) (Figure 1). Four subjects (2 from each gjaughdrew before treatment exposure, thus,
150 subjects (75 in each study group) receivedntieevention. Study duration per subject was 6
weeks. Out of 75 subjects in each group, 73 submmnpleted the study in placebo group and 2
subjects were lost to follow up. Similarly in aslg@adha group, 71 subjects completed the study
and 4 subjects were lost to follow up. All the sdd$ who had received the interventional
products were included in the analysis. The analys&e taken with intent to treat and all 150

subjects were included in the analysis with lasteobation carried forward method.

Total of nine (6%) participants had other medidgabdiers. Five participants received
ashwagandha and four received placebo. Out of thaseparticipants, four participants had
diabetes and were taking oral antidiabetic medi@ihetformin), two had systemic hypertension
controlled with anti-hypertensives. One participhaatl arthralgia without any medicines. One
had elephantiasis in right leg and was not on aegiomes. One had high cholesterol for which

he was not receiving any medicines.
3.1. Demographic details

The demographic characteristics of subjects are/shio Table 1, and indicate that the study
population was homogenous, with no statisticaljygicant differences between the groups with

respect to demographic variables.
3.2. R-W

The results indicate that ashwagandha extract imggorthe quality of sleep as compared to
placebo. Two-Sample Hotelling'¢ Test showed that between the groups in day 8 (@¢fding

intervention) there was no significant differenpe>(0.05) whereas after the intervention (in day
10



50) there was significant difference between tlegs p < 0.001). There was 72% mean
increase in the quality of sleep in ashwagandhamas compared with 29% in the placebo

group (Figure 2).
3.3. Actigraphy Parameters

In order to bring out a more conclusive decisiortfanefficacy of the intervention on the quality
of sleep, the actigraph data was analyzed withergtioup and between the groups. The variables
taken to determine the effect of intervention we@l, SE, TST, TBT, WASO, and average
awakening time (Table 2).

Within the group analysis in ashwagandha group gawe strong evidence that
ashwagandha increased the TPK(0.001) and SE (p<0.0001) significantly. Thereswa
statistically significant decrease in SQL<0.001), WASO (p<0.0001) and average awakening
time ( < 0.01) in ashwagandha group compared to the smoreling initial period. Between the
group analysis indicated that at baseline therenmasignificant differencep(> 0.05) between
ashwagandha and placebo groups in all actigrapfanpgers. At the end of the study,
ashwagandha group showed significant increase(.001) in TST as compared to placebo. The
SOL (p < 0.01) and WASOQ < 0.05) in ashwagandha group was significantly kesd SE was
significantly high p < 0.01) as compared to placebo group. This datiaates overall
significantly better sleep quality in ashwagandhaug as compared to placebo. The sequential
assessment for actigraphy parameters recordedyotSdaay 22, day 29 and day 43 has been
presented in Table 3. The results clearly indisaaificant benefits of ashwagandha over
placebo on sleep quality as duration of treatm@ereiases. The effect size between placebo and
ashwagandha indicate large effect for SE and TSHjum effect for SOL, WASO and average

awakening time & small effect for awakening couralfle 4).

There was no significant gender differenEgi6o= 1.27,p > 0.05) in the overall sleep
pattern as measured by the six actigraphy parasetenely SOL, SE, TST, WASO, awakening

count and average awakening time and the effeetveés medium.

Age contributed to a statistically significant éifénce 1, 255= 2.16,p > 0.05) in the
overall sleep pattern as measured by the six agtigrparameters and the effect size was

medium. Awakening count was the highest in thegrgap of 19-30 years and males had higher
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awakenings than females. There was no statistisaghyificant (p=0.4782) interaction between
age and intervention groups (ashwagandha/placeluogféect size was medium. Similarly, there
was no statistically significanE(; »ss= 1.44,p > 0.05) interaction between age and gender and

the effect size was medium.
3.4. WHOQOL-Bref Scores

The summarized results (Table 5) for WHOQOL-Breafrss are presented in four domains. The
ashwagandha group had significant improvementerdthimains of physicap(< 0.001),
psychological § < 0.001), and environmemnt € 0.01) dimensions. The percentage increase of
score between day 8 and day 50 in each domain ettt In the treatment group compared to
placebo.

Pearson’s correlation coefficient indicated thair¢éhis a moderate positive correlation in
the domains of physicap(< 0.0001; r = 0.67) and psychologicpl<{ 0.0001; r = 0.54) health of
WHOQOL-Bref with RSQ-W in ashwagandha group ang/@hegligible correlation in the
domain of physical health of WHOQOL-Bref with RSQ4lithe placebo group( 0.05; r =
0.26).

3.5. Safety assessments and adver se events

The vital parameters were analyzed by MANOVA whstiowed that none of the response
parameters were significantly different either twgise or group wise. All the parameters
measured were in safe range. The main effectstbfdroup and visit were not statistically
significant in the model for all the analyzed paetens. All biochemistry and hematology
parameters before and after the study were wittembrmal range, and there was no significant
difference between the groups or within the grdtqur adverse events were reported in placebo
group whereas six adverse events were reportdetiaghwagandha group. All adverse events

were mild in nature, and unrelated to the treatni€able 6).
4. Discussion

Many people find it hard to get restful sleep. Leleep quality leads to chronic fatigue, daytime
sleepiness, and may result in other sleep diso{@aer and Steier, 2012). Restorative sleep is

considered to be an important aspect of the ovelegp experience for healthy individuals. Non-
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restorative sleep, as measured in this study,esrmaticator of poor sleep quality that results in
day time fatigue and lethargy (Brochu et al., 201®Ayurvedic literature and traditional
practice, Nidrajanan” (sleep induction) is one of the traditional c@ial indications and
ashwagandha is used for this purpose. Ashwaganddagis are traditionally sold as sleep
remedies on the Indian market (Vaidya, 1999). Tiesent trial was focused on the efficacy of a
standardized ashwagandha extract on the qualgleep of subjects suffering from NRS. This is

the first human clinical trial on NRS with ashwadha extract.

Actigraphy, also known as activity monitoring, repents a useful diagnostic tool for the
sleep medicine practitioner, allowing for assesdroésleep over extended periods of time in
the natural sleep environment. Studies suggestttiaraphy may be superior to other methods
like self-reported average nightly sleep duratiosleep log-recorded average nightly sleep
duration for documenting sleep habits in clinicettings (Bradshaw et al., 2007). In the present
study, the actigraphy data was consistent withrsg¢dfd sleep and quality of life scores. The
subjects on ashwagandha group showed significgasromement in actigraph endpoints,
including SE, TST and significant reduction in anseSOL, WASO and average awakening

time.

Improving sleep may be related to a reductionriesstand specifically a reduction in the
stress hormone cortisol, which can disrupt thenaahalance of the body (Lopresti et al., 2019).
Previous studies have found that ashwagandha daceeortisol levels (Lopresti et al., 2019).
In this study, the treatment could have improve@glquality by decreasing cortisol and stress

levels, although these measures were not includéukistudy.

Previous pilot studies on ashwagandha have foustdytiality of sleep to be improved in
healthy volunteers (Raut et al., 2012). Howevesyjous studies were very small, and did not
measure nonrestorative sleep or quality of lifea lecent study by Langade et al (2019),
efficacy and safety of ashwagandha root extractsuizdied in subjects diagnosed with insomnia
and anxiety. Though the authors concluded thapgieality was improved for subjects
supplementing with 600 mg ashwagandha root exdiaity for 10 weeks, WASO was not
significantly reduced in ashwagandha gropp (0.05) as compared to placebo group. Similarly,
TST was not significantly increased in ashwagargtbap ¢ > 0.05) as compared to placebo

after 10 weeks. In our study, a statistically digant reduction in WASO[ < 0.05) was
13



observed compared to placebo after 6 weeks. WAEDsrto periods of wakefulness occurring
after defined sleep onset. This parameter is @ibedtlection of sleep fragmentation and one of
the important parameters in assessment of sledipygi&hrivastava et al., 2014). Similarly in
our study TST was significantly increased in ashavalipa group as compared to baselpe (
0.001) and as compared to placepe (0.001). Unintended or intended sleep restricigon
associated with feeling of fatigue and daytime @ileess. Although our population did not have
overt complaints about sleep duration, there wsigraficant increase in total sleep time with
reduction in WASO. This has played a role in impngvNRS scores.

Many sleep disorders can affect sleep durationeRatwith insomnia typically report
short sleep duration at night, although recentistuldave shown that sleep duration in insomnia
patients is very similar to people without a compmlaf insomnia. Disorders that affect the
quality of nocturnal sleep may lead to a chang&eep duration. Increase in TST in the
treatment group indicates its efficacy againstpsidieorders and improvement in the
normalization of sleep. Previous studies on melatsnpplementation also found an
improvement in non-restorative sleep. The currardysfound a magnitude of effect similar to

those reported with melatonin (Lemoine et al, 2007)

The mechanism of action for ashwagandha and steept iwell understood. A number of
animal studies have been reported with ashwagarwifaming its neuroprotective role in acute
stress of sleep deprivation in rats (Manchand& e2@l7), protective effect on the behavioral
and biochemical alterations in sleep-disturbed riieemar and Kalonia, 2007), anxiolytic and
immunomodulatory activity in acute sleep deprivenhéle rats (Kaur et al., 2017) and sleep
promoting effects in sleep disturbed rats by GABfAemechanism (Kumar A, Kalonia, 2008).
Sleep promoting effects of aswagandha and herleabpation containing ashwagandha (BR-
16A; Mentaf) were investigated in pentobarbitone induced hgnim mice (Kumar and
Kulkarni, 2005). The authors found that ashwagarsttmatened the SOL and prolonged the
sleep time as compared to control (Kumar and Kaik&005). Interaction of ashwagandha with
GABAergic drugs used in the treatment of sleeprdiss was also studied. Ashwagandha
significantly potentiated the effects of triazoléaGABAergic hypnotic drug) by decreasing the
SOL and increasing the total sleep time (durati®hg authors concluded that dosage of

GABAergic drugs can be reduced if used along wétivaagandha. In our study also there was
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decrease in SOL and increase in TST in the tredtgrenp. Ashwagandha does not have
sedative effects, but may help the body adaptésstrelated conditions (Bobade and Thorwat,
2019). A study by Candelario et al (2015) provig®lence indicating that key constituents in
ashwagandha may have an important role in the dprednt of pharmacological treatments for
neurological disorders associated with GABAerggnailing dysfunction such as general anxiety
disorders, sleep disturbances, muscle spasmsgandes. In addition, the differential activation
of GABA receptor subtypes may be another potemathanism by which ashwagandha

accomplishes its reported adaptogenic properties.

There are a few compounds reported to improve slabplation of lavender aroma has
been systematically reviewed as a possible sedf-icaéervention to improve sleep architecture
(initiation, maintenance and quality) but the authooncluded that lavender oil may be of small
to moderate benefit (Fismer et al., 2012). Simylattie use of melatonin by healthy adults shows
improvements in insomnia, but to a limited extdéinivas reported that, for the initiation of sleep
and sleep efficacy, melatonin may not provide ssstant benefit (Costello et al., 2014). In our
study, ashwagandha extract significantly improvedieep quality as compared to placebo,

suggesting it is one of the promising dietary sappnts to get sleep related benefits.

The World Health Organization (WHO) defines quabifylife (QOL), as individuals’
perception of their position in life, in the contef culture and value systems in which they live,
and in relation to their goals, expectations, stansl and concerns (WHO, 1995). This
conceptual framework is translated into patientregg ratings of the degree of satisfaction one
has with health, social, occupational status, ahdrdife involvements. Hence, high QOL
ratings are reflective not only of symptom reductiut also an overall improvement in the self-
evaluation of one’s own health. The literature sdg¢hat quality of life is severely impaired in
individuals with insomnia, comorbid conditions sigrantly affects quality of life negatively,
and sleep restoration techniques, including cogmibehavioral therapy and medications, are
successful at improving quality of life (Ishak &t 2012). In the present trial, the ashwagandha

group had significant improvement in the QOL oviacpbo group.

On an average a change in the score for more tt&ins considered clinically relevant
and score difference of more than 20 is very sigauitt in clinical practice (personal

communication with Dr. Hays who was an author ipgreon validation of NRS scale).
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Ashwagandha showed an average increase of 25 poimgared to placebo thus proving a
clinical utility.

5. Conclusion

Supplementation with 120 mg of ashwagandha exitrgmtoved the overall quality of sleep in
healthy individuals by significantly improving noastorative sleep (NRS) condition, by

reducing the onset of sleep latency (SOL), waker ateep onset (WASO), average awakening
time and significantly improving total sleep timeST), sleep efficiency (SE) and quality of

life (QOL). The ashwagandha extract used in thigystan be considered as a useful supplement

to promote healthy sleep patterns, and restfupslee
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FIGURE LEGENDS
Figure 1: Flow diagram of study design and intetien

Figure 2: RSQ-W score for placebo and ashwagandhepg
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Table 1. Subject’s demographic and baseline characteristics

Parameters C(al;r,?;feﬁo) (C,;Ars?#v?/azandha) (Stigrréi;isance

No. of subjects Male 40 (53.33%) 32 (42.66%) y° = 1.3088
Female 35 (46.66%) 43 (57.33%) p>0.05
Total 75 75

Age (years) MeantSD 37.61+£10.32 36.8+10.98 p>0.05
Height (cm) MeantSD 161.83+8.45 162.32+8.1 p>0.05
Weight (kg) Mean+SD  66.26+11.70  65.80+12.19 p> 0.05
BMI (Kg/m?  Mean+SD  25.37+4.11 25.03+3.94 p>0.05




Table 2: Actigraphy parameters for placebo and ashwagandha

Paramete Placeb: Ashwagandh Significanct (p-value betweer
the groups
Day 8 Day 50 p-value (Day Day8 Day 50 p-value (Day Day ¢ Day 5(
(Baseline)*  (Week 6)*  8VsDayb50) (Baseline)* (Week6)*  8VsDay50) (PlaceboVs (Placebo Vs
Ashwagandha) Ashwagandha)
SOL (min; 14.3+9.¢ 12.246.4 >0.05; n: 13.6+8.( 9.9+5.E <0.00%;sig  >0.05; n: <0.C1; sic
SE (% 79.616.¢ 78.¢£7.4 >0.05; n: 78.948.¢ 82.6£7.( <0.000; sig >0.05; n: <0.C1; sic
TBT (min) 465.5+522 446.6144.. <0.01; si 4561+46.4 457.:449.C >0.05; n: >0.05; n: >0.05; n:
TST (min; 370.6+46.: 351.7+415 <0.01; sig 359.8+50. 377.1+46.8 <0.0(1;sic  >0.05; n: <0.0(1; sic
WASO (min 80.7£313 82.7+36.. >0.05; n: 82.€£35.4 70.4£32.: <0.000; sig  >0.05; n: <0.C5; sic
Awakening coun 22.046.€ 22616.€ >0.05; n: 22.5+7.¢ 21.7+1.( >0.05; n: >0.05; n: >0.05; n:
(N)
Average 3.89+1.3! 3.76x1.3! >0.05; n: 3.87+1.6- 3.35+1.1¢ <0.007; sig >0.05; n: >0.05; n:

awakening time

* Data presented as MeanSD

. Ns = non significagts significant



Table 3: Sequential assessment of actigraphy parameteptafoebo and ashwagandha

Parameters

SOL (min)
SE (%)
TST (min)

WASO
(min)
Awakening
count (N)
Average
awakening
time

Day 15 Day 22 Day 29 Day 43
Placebo*  Ashwagan Significance Placebo*  AshwaganSignificance Placebo*  AshwaganSignificance Placebo*  AshwaganSignificance
dha* dha* dha* dha*
13.6+0.5 12.440.5 Fj163,=2.706, 13.2+0.5 11.920.5 Fjy163,=3.924, 128405 11.4+05 Fy163,=4.504p 12.1+0.6 10.3£0.7 Fj1632= 3.661p
p > 0.05; ns p < 0.05; sig < 0.05; sig > 0.05; ns
79.7£0.4 80.0+0.4 Fj163,=0.709, 79.4+0.3 80.5£0.3 Fj163,=5.150, 79.3:0.3 81.0£0.4 F;163,=12.348, 80.0+£0.5 82.0+0.5 Fj63,= 21.555,
p>0.05; ns p < 0.05; sig p < 0.001; sig p < 0.001; sig
366.9+2.4 367.1+2.6 F;43,=0.004, 363.6+2.2 368.3+2.4 F;63,=1.995, 360.3+2. 369.4+2.5 F;63,=7.104p 353.6x3.1 371.7£3.3 F;163,= 15.778,
p>0.05; ns p>0.05; ns 3 <0.01; sig p <0.001; sig
81.1+1.6 79.6x1.7 Fj1632=0.412, 81.6%1.5 77.8+1.6 Fy163,=2.938, 82.1+15 76.1+1.7 Fy63,=7.009p 83.0+2.0 725222 Fj1632= 12.195,
p>0.05; ns p>0.05; ns <0.01; sig p <0.001; sig
22.2+0.3 222404 Fy163,=0.036, 22.2+0.3 22.1+0.3  Fjy163,=0.073, 22.24#0.3 21.940.3 F;463,=0.518p 22.3x0.4 215205 Fj163,= 1.5211,
p>0.05; ns p>0.05; ns > 0.05; ns p>0.05; ns
3.84+0.08 3.75+0.08 F;43,=0.589, 3.84+0.07 3.69+0.08 F;43,=1.915, 3.83+0.0 3.62+0.08 Fj163,=3.528p 3.82+0.10 3.49x0.11 F;63,=4.985p
p > 0.05; ns p > 0.05; ns 7 > 0.05; ns < 0.05; sig

*Data presented as Mean+SE. ns = non significant: significant



Table 4: Effect size between placebo and ashwagandha ahthef the study (week 6) for

various parameters

Responseariable Partial et- Effect sizemeasure( Statu: Criteria of 1for small,
square as Cohen’s f medium and large effect

Sleep atenc 0.0476: 0.2236: Mediurr 0.1<f<0.2¢

Sleep fficiency 0.0690t¢ 0.2723t Large 0.25<f<0.4

Total sleep tim 0.0709: 0.2763( Large 0.25<f<0.4

Wake after slee 0.0359° 0.1931° Medium 0.1<f<0.2¢

onset

Awakening cour 0.0035( 0.0592: Smal f<0.1

Average awakenin 0.0276! 0.1686: Mediunr 0.1<f<0.2¢

time




Table5: WHO-QOL-Bref Domain

Paramete Placeb Ashwagandh
Day 8 Day 50 % change p-value Day 8 Day 50 % change p-value
(Baseline)  (Week 6) (Baseline)  (Week 6)
(MeantSE) (MeantSE) (MeantSE) (MeantSE)
Physical 67.91.4 71.21.4 14.9 <0.05* 65.51.6 74.1%1.3 113.1 <0.001*
Psychological 6621.5 68.6:1.2 13.6 >0.05* 63.81.6 71.31.4 111.8 <0.001*
Social 65.9:2.4 66.62.2 11.0 >0.05** 63.92.4 66.62.3 13.2 >0.05*
relationships
Environment 69.41.5 71.61.2 13.6 <0.05* 71.81.2 74.61.1 14.3 <0.01*

*T-test** Wilcoxon signed rank test



Table 6: Adverse events in placebo and ashwagandha groups

Placebo group

Indication Serious Expected/  Severity Relation to Action Outcome
Unexpected medication taken

Aphthous ulcer No Unexpected Mild Unlikely None Blesd

Runny nose No Unexpected  Mild Unlikely None Resdlve

Throat infection and No Unexpected Mild Unlikely MIR* Resolved

cough

Allergic dermatitis No Unexpected Mild Unlikely Nen Resolved

Ashwagandha group

Indication Serious Expected/  Severity Relation to Action Outcome
Unexpected medication taken

Viral fever No Unexpected  Mild Unlikely MIR* Resadd

Headache No Unexpected Mild Unlikely MIR*  Resolved

Acid reflux No Unexpected Mild Unlikely None Resel¥

Acid reflux No Unexpected Mild Unlikely None Resel¥

Allergic dermatitis No Unexpected Mild Unlikely MIR Resolved

Allergic dermatitis No Unexpected Mild Unlikely Nen Resolved

* MIR — Medical Intervention Required



[Enrollment ]

Assessed for eligibility (n=751)

A 4

Excluded (n=597)

[1 Not meeting inclusion criteria (n=337)
[1 Declined to participate (n=169)

[] Other reasons (n=91)

Randomized (n=154)

}

[ Allocation

A4

Allocated to intervention (n= 77)
[1 Received allocated intervention (n=75)
[1 Did not receive allocated intervention (n=2)

A 4

Allocated to intervention (n=77)
[] Received allocated intervention (n=75)
[1 Did not receive allocated intervention (n=2)

Lost to follow-up (n=4)
Discontinued intervention (n=00)

[ Follow-Up ]
A 4
Lost to follow-up (n=2)
Discontinued intervention (n=00)
[Analysis J
Y

Analysed (n=75) ‘A’

A 4

[J Excluded from analysis (n=0 )

Analysed (n=75) “B’
[1 Excluded from analysis (n=0)
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HIGHLIGHTS
» Ashwagandhaimproved the quality of deep, and reduced non-restorative sleep measures
in healthy subjects with frequent non-restorative sleep.
» Ashwagandha decreased the onset of sleep latency.
» Ashwagandhaincreased deep efficiency.
» Ashwagandhaimproved quality of life.
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