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Abstract

Clinical trial studies revealed conflicting results on the effect of Ashwagandha extract
on anxiety and stress. Therefore, we aimed to evaluate the effect of Ashwagandha
supplementation on anxiety as well as stress. A systematic search was performed in
PubMed/Medline, Scopus, and Google Scholar from inception until December 2021.
We included randomized clinical trials (RCTs) that investigate the effect of Ashwa-
gandha extract on anxiety and stress. The overall effect size was pooled by random-
effects model and the standardized mean difference (SMD) and 95% confidence
interval (Cls) for outcomes were applied. Overall, 12 eligible papers with a total sam-
ple size of 1,002 participants and age range between 25 and 48 years were included
in the current systematic review and meta-analysis. We found that Ashwagandha
supplementation significantly reduced anxiety (SMD: —1.55, 95% Cl: —2.37, —0.74;
p = .005; I? = 93.8%) and stress level (SMD: —1.75; 95% Cl: —2.29, —1.22; p = .005;
1> = 83.1%) compared to the placebo. Additionally, the non-linear dose-response
analysis indicated a favorable effect of Ashwagandha supplementation on anxiety
until 12,000 mg/d and stress at dose of 300-600 mg/d. Finally, we identified that
the certainty of the evidence was low for both outcomes. The current systematic
review and dose-response meta-analysis of RCTs revealed a beneficial effect in both
stress and anxiety following Ashwagandha supplementation. However, further high-

quality studies are needed to firmly establish the clinical efficacy of the plant.
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death (Chandrasekhar, Kapoor, & Anishetty, 2012). Moreover, stress

is related to hormonal alteration such as cortisol (Salve, Pate, Deb-

Stress is humans' natural reaction to physical and psychological
threats that protects individuals from risky conditions (Selye, 1956).
On the other hand, anxiety is a disorder characterized by tension,
worries, and physical changes (Edition, 2013). Long-term stress could
cause many health concerns and ilinesses including cardiovascular dis-
eases, depression, panic attack, cognitive impairment, and autoim-

mune diseases, some of them are among the most important cause of

nath, & Langade, 2019). Therefore, the vast majority of people are
looking for medical solution to get rid of stress (Choudhary, Bhatta-
charyya, & Joshi, 2017).

There are lots of drugs that are prescribed for the management of
stress these days. Medications with harmful effects such as benzodi-
azepines and antidepressant including addiction have been indicated
in some studies (Andrade, Aswath, Chaturvedi, Srinivasa, &
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Raguram, 2000; Pratte, Nanavati, Young, & Morley, 2014). On the
other hand, adaptogens are herbal solution for reducing stress and
normalizing body's responses to cope with it (Provino, 2010; Salve
et al., 2019). Ashwagandha (the botanical name is Withania somnifera
Dunal) is a conventional Ayurvedic herb used for stress and anxiety
treatment (Alramadhan et al., 2012; Panossian & Wikman, 2009;
Provino, 2010). Ashwagandha has antiinflammatory, antioxidant, anti-
tumor, hypotensive, immunomodulatory, and anxiolytic properties
(Oliveira & Leitdo, 2016; Singh, Sharma, Dudhe, & Singh, 2010). The
anxiolytic effect of Ashwagandha and its similarity to medical drugs
such as benzodiazepine has been reported without the side effects of
harmful drugs (Bhattacharya, Bhattacharya, Sairam, & Ghosal, 2000;
Pratte et al., 2014; Salve et al., 2019). There are some human trials
that investigated the effect of Ashwagandha on stress and anxiety. In
some trials, Ashwagandha's tendency to lower cortisol and stress level
were shown (Andrade et al., 2000; Chandrasekhar et al., 2012). How-
ever, another randomized double-blind placebo-control study could
not find a significant change between Ashwagandha and placebo
group in stress scales (Chengappa, Brar, Gannon, & Schlicht, 2018).
Furthermore, the duration and the dosage of Ashwagandha treatment
varied among the trials.

Overall, based on these conflicting results, there is a need for a
systematic review and meta-analysis to summarize the current find-
ings in this area. Therefore, this recent systematic review and meta-
analysis was performed to gather all the investigations on the effect
of Ashwagandha on stress and anxiety in adults.

2 | METHOD

We reported this systematic review and meta-analysis according to
the preferred reporting items for systematic reviews and meta-
analyses  (PRISMA) checklist (Moher, Liberati, Tetzlaff, &
Altman, 2010). The protocol of our meta-analysis was not registered

previously.

21 | Search strategy

A comprehensive computerized systematic search was conducted
throughout PubMed/Medline, Scopus, and Google Scholar from
inception until December 2021. The search terms were done by
using the combination of MESH (Medical Subject Headings) and
non-MESH terms as follow: (“Mood disorders”) OR (Mood) OR
(Psych*) OR (Moods) OR (Depress*) OR (Anxiety) OR (Affect*) OR
(Stress*) OR (Fatigue) OR (“mood disorder”) OR (Anxious) OR
(Mental) OR (Emotion) AND (withania) OR (Ashwagandha) OR
(“withania somnifera”). No date and language limitations were
applied. In addition, to avoid missing any related study we hand-
searched all reference lists in order to find out additional pertinent
studies. Moreover, we active PubMed's e-mail alert service to find
any new records publication that may have been looked on this

after our primary search.

TABLE 1 The population, intervention, comparison, outcome,
study design (PICO) criteria

Criteria Description
Population Adults (aged 218 years)
Intervention Ashwaganha supplement
Comparison Placebo or no intervention
Outcome Changes in anxiety and stress score
Study design Randomized controlled trials

2.2 | Inclusion criteria

The population, intervention, comparison, outcome, study design (PICOS)
criteria used for the present meta-analysis are presented in Table 1.We
included studies that met the following criteria: (a) randomized controlled
trials with either parallel or crossover design; (b) studies were conducted
on adult people (>18 years old); (c) trials evaluated the effects of oral Ash-
wagandha supplementation on anxiety and/or stress; (d) reported sufficient
data on pre- and post-supplementation for anxiety and stress in both inter-

vention and control groups.

2.3 | Exclusion criteria

Publications were excluded if (a) were done on children and pregnant
or lactating women; (b) had a non-RCT design like observational stud-
ies, in-vitro studies, letters, conference papers, dissertations, patents,
and protocol studies; (c) trials without any placebo group; (d) studies
contained deficit information about the selected results in the inter-
vention group or the control.

24 | Data extraction

Two independent reviewers (C.A. and A.B.) extracted the following
information from the approved publications: first author's name, year
of publication, duration of intervention, mean age and the gender of
subjects, study location, design of the study (parallel or crossover), par-
ticipant's health condition, the dosage of the intervention, number of
intervention and placebo, and mean * standard deviation and/or
changes of the outcomes including anxiety and stress, type of ques-
tionnaires that were used for assessing anxiety and stress. In the end,
any disputes were resolved by the chief author (KD). If a study used
several different doses, we brought it up as a separate trial. If a trial did

not contain enough information, we emailed the author three times.

25 |
evidence

Risk of bias assessment and GRADE of

Two independent reviewers (C.A. and A.B.) assessed the risk of bias

using the Cochrane Collaboration Risk of Bias guideline (Higgins
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et al., 2011). This tool evaluates seven domains including random
sequence generation, allocation concealment, blinding of participants,
blinding of investigators who assess the outcomes, selective outcome
reporting, attrition bias, and other bias sources. These items were cat-
egorized as low risk of bias, high risk of bias, or unclear. If all domains
are low-risk, the study is classified as good, records with one high-risk
domain or two unclear domains were categorized as fair, and studies
with two or more high-risk or unclear criteria were ranked as poor
quality. We also rated the certainty of evidence using the GRADE
approach (Guyatt et al., 2008).

2.6 | Statistical analysis
The mean changes and standard deviations of anxiety and stress
scores were used to calculate pooled effect size. The overall effect
size was estimated using random-effects meta-analyses, and the stan-
dardized mean difference (SMD) and 95% confidence interval (Cls) for
each outcome were determined. We used the following formula to
calculate the mean change (SD) for studies that did not report it:
SDchange = square root [(SDpaseline)” + (SDfinal)” — (2R x SDpaseline X
SDsinal)l, and mean change = final values — baseline values. The best
correlation coefficient (R) was determined by examining studies that
reported mean (SD) changes (Borenstein, Hedges, Higgins, &
Rothstein, 2021). Furthermore, we extracted numerical estimates from
graphs using Get. Data Graph Digitizer version 2.24 (Fedorov, 2002).
Subgroup analyses were performed on the basis of predefined vari-
ables including dosage, mean age, sample size, and health status of par-
ticipants. To account for the obvious heterogeneity in study designs, we
used random-effects models. The I-squared (1?) index was used to assess
study heterogeneity. If the I? was greater than 50%, there was heteroge-
neity between the included trials (Mousavi et al., 2021). A sensitivity
analysis was carried out to assess the potential bias and robustness of
the overall effect estimate (Mousavi et al., 2020). To determine the pres-
ence of publication bias, Egger's regression test as well as funnel plot
were used (Mousavi et al., 2020). Additionally, non-linear associations
were investigated using fractional polynomial models (polynomials) (Jie
et al., 2018). Stata software (Stata Crop, College Station, TX) version
15 was applied for all statistical analyses. A significance level of

p values < .05 was considered statistically significant.

3 | RESULTS

3.1 | Study selection

A total of 325 articles were captured based on the initial search, including
85 records from PubMed, 238 from Scopus and two from other sources.
After removing 69 duplicates, 256 records were screened for probably
relevant RCTs. Then, 29 full-text articles were evaluated for their compe-
tency. Out of them, 17 records were excluded based on the following
reasons: seven studies that evaluated the effect of Ashwagandha in com-
bination with other components, two studies were conducted on chil-
dren, five studies have not got sufficient information, and three of them

were not RCT. Finally, 12 papers fulfilled the inclusion criteria and were
included in this meta-analysis (Abedon, Auddy, Hazra, Mitra, &
Ghosal, 2008; Andrade et al., 2000; Chandrasekhar et al., 2012;
Chengappa et al., 2013; Chengappa et al., 2018; Choudhary et al., 2017;
Khyati & Anup, 2013; Langade, Kanchi, Salve, Debnath, &
Ambegaokar, 2019; Langade, Thakare, Kanchi, & Kelgane, 2021; Lopresti,
Smith, Malvi, & Kodgule, 2019; Salve et al., 2019; Tiwari, Gupta, &
Pathak, 2021). The exact steps of the selection process are shown in
Figure 1. The study selection process was done separately by two
authors (C.A. and A.M.) during the initial screening.

3.2 | Study characteristics

The detailed characteristics of the 12 included studies are summarized
in Table 2. All trials had randomized controlled parallel trials design.
Overall, 1,002 participants, including 555 in the intervention group
and 447 in the control group had participated in these studies. These
papers were published between 2000 and 2021. Duration of supple-
mentation varied from 8 and 12 weeks, and the dosage of the Ashwa-
gandha supplementation ranged from 240 to 1,000 mg/d; however, in
one study the dosage of intervention was 12,000 mg/d (Khyati &
Anup, 2013). The age range of participants was between 25 and
48 years. All studies were performed on both genders. Types and
components of intervention are summarized in Table 2.

These 12 studies conducted on: healthy adults (n = 3) (Lopresti
et al., 2019; Salve et al., 2019; Tiwari et al., 2021), adults with insom-
nia (n = 2) (Langade et al., 2019; Langade et al., 2021), adults with his-
tory of chronic stress (n = 3) (Abedon et al., 2008; Chandrasekhar
et al,, 2012; Choudhary et al., 2017), people with general anxiety dis-
orders (n = 2) (Andrade et al., 2000; Khyati & Anup, 2013), subjects
with schizophrenia or schizoaffective disorder (n = 1) (Chengappa
et al., 2018), and bipolar adults (n = 1) (Chengappa et al., 2013). Type
of questionnaires that were used to assess anxiety includes Hamilton
Anxiety Rating Scale (HAM-A) and Depression Anxiety Stress Scale
(DASS). Perceived Stress Scale (PSS), Recovery-Stress Questionnaire
for Athletes (RESTQ), Depression, Anxiety, and Stress Scale —21
(DASS-21), modified Hamilton anxiety (mHAM-A) scale for stress
were used to evaluate stress. Moreover, based on Cochrane Collabo-
ration Risk of Bias guideline: six trials were good (Chengappa
et al., 2018; Choudhary et al., 2017; Langade et al., 2019; Langade
et al., 2021; Lopresti et al., 2019; Tiwari et al., 2021), five trials had a
fair quality (Abedon et al, 2008; Chandrasekhar et al, 2012;
Chengappa et al., 2013; Khyati & Anup, 2013; Salve et al., 2019), and
one trial was poor (Andrade et al., 2000) (Table S1).

33 |
anxiety

Effect of Ashwagandha supplementation on

Eight trials (containing 10 effect sizes), including a total 540 partici-
pants (289 subjects in the intervention group and 251 in the control
group), examined the effect of Ashwagandha supplementation on anx-
iety. The pooled effect size using random-effects model indicated that
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Ashwagandha supplementation significantly reduced anxiety com-
pared to the placebo (SMD: —1.55, 95% Cl: —2.37, —0.74; p = .005),
with a significant degree of heterogeneity between studies
(7 = 93.8%, p < .001) (Figure 2). To determine between-study hetero-
geneity, a subgroup analysis was performed based on supplementa-
tion dose, mean age, sample size, and health status of participants.
The study's sample sizes and health status were two sources of het-
erogeneity. Moreover, healthy subjects (SMD: —0.82; 95% Cl: —1.15,
—0.48; p < .001), people with 40 years or older (SMD: —2.05; 95% Cl:
—3.14, —0.96; p < .001) and supplementation doses =600 mg/d
(SMD: —2.30; 95% Cl: —3.52 to —1.08; p < .001) had the greatest
benefit from Ashwagandha supplementation. The detailed results for
subgroup analyses are summarized in Table 3. Finally, sensitivity anal-

ysis showed that our results were not dependent on one study.

34 |
stress

Effect of Ashwagandha supplementation on

Overall, seven trials with 10 intervention arms including 286 subjects
in the intervention group and 196 in the control group were analyzed.
Combining effect sizes based on the random-effects model showed a
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significant reduction in the stress following Ashwagandha supplemen-
tation (SMD: —1.75; 95% Cl —2.29, —1.22; p = .005) (Figure 3). A
meaningful heterogeneity was observed across the studies
(I? = 83.1%, p < .001). The heterogeneity disappeared in studies per-
formed on healthy subjects (> = 0.0, p = 52.4), according to the sub-
group analysis. Moreover, our finding confirmed on all of subgroup
including doses of Ashwagandha supplementation (<600 mg/d and
>600 mg/d), health status (healthy subjects/psychological disorders),
mean age (<40 years/240 years), and sample size (<50/250). The
detailed results for subgroup analyses are summarized in Table 3. Our
findings were not reliant on a single study, according to a sensitivity

analysis.

3.5 | Dose-response analysis

The non-linear dose-response analysis indicated a linear reduc-
tion in anxiety until 12,000 mg/d of Ashwagandha dose
(Figure 4). With regard to the dose-response effect of Ashwa-
gandha on stress, a significant non-linear effect of Ashwagandha
supplementation at dose of 300 until 600 mg/day on stress was
observed (Figure 5).
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Andrane et al. (2000)
Chandrasekhar et al. (2012)

Chengappa et al. (2013)

Khyati S et al. (2013)

Lopresti et al. (2019)

Salve et al. (2019)

Salve et al. (2019)

Langade et al. (2019)

Langade et al. (2021) ——
Langade et al. (2021)

Overall (I-squared =93.8%, p =0.000)

NOTE: Weights are from random effects analysis

1

O Magw

SMD (95% CI)

—0.66 (-1.31, -0.02)
—1.53 (=2.08, -0.97)
0.17 (<0.37,0.71)
—2.00 (=2.52, —1.48)
—0.97 (-1.51,-0.44)
—0.56 (~1.33, 0.21)
—0.95 (~1.75, -0.16)
~1.55 (~2.17,-0.93)
~7.80 (=9.11, -6.50)
—0.69 (~1.33,-0.05)
—1.55 (<2.37,-0.74)

% FIGURE 2 Forest plot for the
effect of Ashwagandha
supplementation on anxiety,
expressed as standardized mean
10.14 differences between intervention
and control groups

Weight

1031
10.34
10.37
10.35
9.87
9.81
10.19
8.48
10.15
100.00

r
-9.11

TABLE 3 Pooled estimates of Ashwagandha supplementation on within different subgroups; using the random-effects model

Group Number of trials

Anxiety
Ashwagandha dosage
<600 mg/d 4
2600 mg/d
Mean age
<40 years 7
240 years 3
Sample size
<50
250
Health status
Healthy 4
Psychological disorders
Stress

Ashwagandha dosage

<600 mg/d 4
2600 mg/d
Mean age
<40 years 7
>40 years 3
Sample size
<50 5
250 5
Health status
Healthy 3
Psychological disorders 7

Abbreviation: SMD, standardized mean difference.

SMD (95% Cl)

—0.49 (-1.03, 0.03)
—2.30(-3.52, —1.08)

—0.48(-1.192,0.22)
—2.05(-3.14, —0.96)

—0.70 (—1.05, —0.35)
—2.16 (—3.44, —0.88)

—0.82(—1.15, -0.48)

—2.12(-3.46, —0.78)

—2.050 (-2.916, —1.184)

—1.366 (—1.980, —0.751)

—1.795 (-2.419, -1.172)
—1.693 (-2.927, —0.459)

—2.388 (—3.333, —1.443)
—1.204 (—1.628, -0.780)

—1.130 (-1.527, —0.733)
—2.024 (—2.773, -1.276)

p-effect 1% (%) p-heterogeneity
.07 67.3 .03
<.001 95.0 <.001
.18 94.4 <.001
<.001 78.1 .01
<.001 0.0 91
.01 96.3 <.001
<.001 0.0 79.0
.002 96.3 <.001
<.001 86.7 <.001
<.001 74.0 .01
<.001 80.3 <.001
.01 90.4 <.001
<.001 81.1 <.001
<.001 64.3 <.001
<.001 0.0 524
<.001 87.6 <.001
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FIGURE 3 Forest plot for the Study
effect of Ashwagandha
supplementation on stress,
expressed as standardized mean

%
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FIGURE 4 Non-linear dose-response relations between
Ashwagandha dosage (mg/d) and anxiety. The 95% Cl is revealed in
the shaded regions

3.6 | Grading the evidence
The certainty of evidence was rated using the GRADE approach. The
certainty of evidence was rated low for both outcomes due to down-

grades for serious imprecision (n < 800) and inconsistency (Table 4).

4 | DISCUSSION

In the present systematic review and dose-response meta-analysis, we
pooled the findings of 12 available RCTs published between 2000 and
2021, examined the effects of Ashwagandha on stress and anxiety in
adults. Our results showed that Ashwagandha supplementation signifi-
cantly reduced anxiety as well as stress in adult population. In the sub-
group analysis, significant reduction in anxiety was considerable at

=
o
=
= (]
) °
°
T T T T T
200 400 600 800 1,000
Dose (mg/d)
95% CI Predicted mean change
L] Mean change

FIGURE 5 Non-linear dose-response relations between

Ashwagandha dosage (mg/d) and stress. The 95% Cl is revealed in the
shaded regions

higher dose of Ashwagandha (2600 mg/d), and studies were conducted
on those who were healthy as well as those who had psychological dis-
orders. With regards to stress, subgroup analysis indicated supplemen-
tation was effective at both doses of Ashwagandha (<600 mg/d and
2600 mg/d), and in healthy as well as subjects with psychological disor-
ders. In dose-response analysis, we observed a linear reduction in anxi-
ety until 12,000 mg/d of Ashwagandha supplementation. In addition, a
significant non-linear association was detected between Ashwagandha
dosage and stress. The effect was more considerable when Ashwa-
gandha was administered between 300 and 500 mg/d.

Previous in-vivo and in-vitro studies found beneficial effects of
Ashwagandha extract and its phytochemicals on cancer, inflammatory
disease, cardiovascular disease, and diabetes (Paul et al., 2021). They
also suggested that Ashwagandha supplementation could be consid-
ered as complementary medicine in treatment of neurological and
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TABLE 4 GRADE evidence table for the effect of Ashwaganda supplementation on anxiety and stress

Effect

No of patients

Certainty assessment

Absolute
(95% Cl)

Relative

Other

Risk

Study

No of

Importance

Certainty

[Comparison] (95% ClI)

of bias Inconsistency  Indirectness  Imprecision  considerations [Intervention]

design

studies

Anxiety

AKHGARJAND ET AL.

Important

SDO0O

SMD 1.55 SD

298 251

Serious® None

Not serious

Serious®

Not

Randomized

low

lower

serious

trials

(2.37 lower to
0.74 lower)

Stress

Important

SDO0O

SMD 1.75 SD

286 196

Serious” None

Not serious

Serious®

Not

Randomized

low

lower

serious

trials

(2.29 lower to
1.22 lower)

Abbreviations: Cl, confidence interval; SMD, standardized mean difference.

3Serious inconsistency since 2

93%. Downgraded.

bSerious imprecision since optimal information size was not met (n < 800). Downgraded.

“Serious inconsistency since

83%. Downgraded.

psychological disorders such as sleep deprivation, Alzheimer's disease,
Parkinson's disease, amyotrophic lateral sclerosis, anxiety, as well as
depression (Paul et al., 2021; Zahiruddin et al., 2020). Mostly root
extract of Ashwagandha might have anxiolytic and anti-stress proper-
ties (Chandrasekhar et al., 2012; Paul et al., 2021).

We evaluated the effect of Ashwagandha supplementation on
anxiety and stress whether there is a strong relationship between
them. In the present study, we showed that Ashwagandha supple-
mentation had a significant improvement in anxiety as well as stress.
In line with our study, Cheah et al. in a recent meta-analysis of RCTs,
found a beneficial effect of Ashwagandha extract on anxiety level
(Cheah, Norhayati, Yaacob, & Rahman, 2021), while they missed some
eligible studies (Andrade et al., 2000; Chandrasekhar et al., 2012;
Lopresti et al., 2019). Furthermore, they showed a significant effect of
Ashwagandha extract on overall sleep, especially in dosage more than
600 mg/d, and duration of =8 weeks (Cheah et al., 2021). A recent
systematic review of human trials conducted by Lopresti et al., sug-
gested that Ashwagandha supplementation resulted in the reduction
of anxiety and stress symptoms (Lopresti & Smith, 2021). The amelio-
rative effect of Ashwagandha on another psychological disorder such
as depression has been reported previously (Zahiruddin et al., 2020).
Depression usually is accompanied by sleep disruption, and distur-
bance in daily activities along with degrees of anxiety (Ahmed, Khan,
Waseem, & Khan, 2017). Gannon et al, in a randomized placebo-
controlled clinical trial on persons with schizophrenia, suggested a
favorable effect of Ashwagandha supplementation on depression and
anxiety symptoms (Gannon, Brar, Rai, & Chengappa, 2019). With
regards to animal studies, Bhattacharya et al. in an animal study con-
ducted on rats, showed antidepressant and anxiolytic effect of Ash-
wagandha (Bhattacharya et al., 2000). The results of these previous
studies indicate that Ashwagandha supplementation is effective in the
management of anxiety as well as stress.

It has been shown that root extract of Ashwagandha is able to allevi-
ate unfavorable changes which occurs as a result of stress in neuronal
cell bodies (Jain, Shukla, Sharma, & Bhatnagar, 2001). Indeed, it has anti-
anxiety properties by having gamma aminobutyric acid (GABA) activity
(Mehta, Binkley, Gandhi, & Ticku, 1991). The pivotal effect of GABA on
anxiety, stress, and sleep regulation has been examined previously (Jie
et al,, 2018; Nemeroff, 2003). Furthermore, it has been investigated that
Ashwagandha extract constitutes various components which have neu-
roprotective properties via inhibition of lipid peroxidation (Kumar, Dey,
Hadimani, Marcovic, & Emerald, 2015). The root extract has been
reported to activate choline acetyltransferase and inhibit the release of
corticosterone while finally reducing nitric oxide production in the brain
(Bhatnagar, Sharma, & Salvi, 2009). Nitric oxide production may be fur-
ther associated with neurological disease like stress and anxiety
(A. Kumar & Chanana, 2017). Another important chemical that help to
reduce stress and improve mental health are antioxidants (Gautam
et al, 2012). Studies found that phenolic compounds in Ashwagandha
extracts have potent antioxidant activities and attenuate oxidative stress
as a hallmark for neurodegenerative disorders (Paul et al., 2021).

It is worth mentioning that, herbal supplementation with Ashwa-

gandha has been indicated to have similar effects to benzodiazepines,
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but without the harmful adverse effects. Bhattacharya et al. in an
experimental study on rats showed analogous effect of Ashwagandha
extract in comparison lorazepam (Bhattacharya et al., 2000). Benzodi-
azepines are commonly used as the sedative, anti-stress, and anxio-
lytic drugs (Griffin, Kaye, Bueno, & Kaye, 2013; Mediratta, Sharma, &
Rana, 2001). Overall, previous studies have been proved safety and
efficacy of Ashwagandha supplementation on stress and anxiety.
Indeed, it should be considered that, the need for the production of
the herbal nutraceutical to prove safety and efficacy of a marketed
product is less strongly enforced than in the pharmaceutical sector
due to lack of rigorous regulation. Therefore, many available products
might be ineffective (Williamson, Liu, & 1zzo, 2020).

4.1 | Strengths and limitations

To the best of our knowledge, this is the first systematic review and
dose-response meta-analysis which evaluated the effect of Ashwa-
gandha extract on stress and anxiety. Systematic reviews and meta-
analyses come in the top tier of the clinical evidence
(Gopalakrishnan & Ganeshkumar, 2013). Although between study het-
erogeneity was observed among included studies, potential source of
heterogeneity was found by subgroup analysis. On the other hand,
the present study has some limitations. The studies were conducted
on individuals with various health conditions which could affect our
findings. Moreover, Ashwagandha supplementation was administered
in different dosages and different age groups. Although we considered
these factors in subgroup analyses, this should be noted in the inter-
pretation of results. Although we did a dose-response meta-analysis,
most of the articles used similar dosage and only two or three articles
had used different doses. Therefore, we should have interpreted the

dose-response meta-analysis results carefully.

5 | CONCLUSION

The current systematic review and dose-response meta-analysis of
RCTs, found a significant reduction in both stress as well as anxiety
following Ashwagandha supplementation. Dose-response analysis
indicated that lower doses of Ashwagandha supplementation were
more effective on stress while the results with doses around 600 mg/
day was consistent for both anxiety and stress. More clinical trial stud-
ies are needed to support our findings and indicate the efficacy of
Ashwagandha supplementation on the management of anxiety and

stress.
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