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ABSTRACT

Background: Ashwagandha (Withania somnifera), as an important herbal medicine, has been increasingly
recognized for its role in mental health management, particularly in reducing stress and anxiety, and reflects the
growing relevance of complementary and alternative medicine in addressing psychological well-being. The
present study aims to investigate its effectiveness by pooling the evidence from existing randomized controlled
trials (RCTs).

Methods: Major medical databases of PubMed, Scopus, and Web of Science Core Collection were searched.
Eligible studies were included. Meta-analysis, meta-regression, non-linear dose-response analysis, and subgroup
analyses were conducted. Standardized mean differences (SMDs) were calculated. P-values < 0.05 were
considered as statistically significant. The study protocol was registered in the PROSPERO database
(CRD420251073134).

Results: Twenty-two studies met the eligibility criteria and were included. Meta-analysis revealed that supple-
mentation with ashwagandha significantly improves stress (SMD = —5.88; 95 % CI: —8.15 to —3.60), depression
(SMD = —5.68; 95 % CI: —8.43 to —2.94), and anxiety (SMD = —6.87; 95 % CI: —8.77 to —4.97). There was
significant linear (coefficient = 0.005, P = 0.031) and non-linear (P-nonlinearity = 0.005) association between
dosages of administered ashwagandha and stress levels.

Conclusion: Current evidence suggests that ashwagandha supplementation holds promising potential in allevi-
ating symptoms of stress, anxiety, and depression. However, to strengthen these findings and translate them into
clinical recommendations, well-designed, high-quality trials are still needed to address existing heterogeneity
and to establish the most effective dosages and intervention durations.

1. Introduction

Famously known as ashwagandha, with the scientific name of
Withania somnifera, also known as winter cherries, is an herb commonly

Psychological disorders have been increasingly highlighted in recent
decades." Amongst them, depression, anxiety, and stress have been
documented to show ever-increasing trends, in developed and devel-
oping countries.”> Multiple factors, including SARS Covid-19 pandemic,
unemployment, economic instability, loneliness epidemic, social isola-
tion, and swift societal shifts have contributed to the problem.®® In
addition to first-line strategies, including individualized therapy in-
terventions and neurotransmitter-modifying medications, the use of
complementary medicine has gained handsome popularity in those
inflicted with these disorders.®’
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consumed in South Asian countries.® The root of ashwagandha (Withania
somnifera) has been traditionally used for centuries in Indian medicinal
science, particularly within Ayurveda, for managing mental disorders.®°
Various phytochemical compounds with bioactive functions have been
detected in the plant, including multiple witanolides, alkaloids, and
several flavonoids.'” Recent investigations have suggested potential
positive role of ashwagandha in enhancing cognitive and physical per-
formance, including some studies suggesting its possible role to
ameliorate stress, anxiety, and even depression.'' These chemicals have
been shown to target the neurotransmitter imbalance usually used to
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explain the pathophysiology of these disorders.'> However, owing to the
nuanced characteristics of psychological disorders and recent evidence
questioning the neurotransmitter-imbalance etiological approach as the
most widely accepted explanation,'® there is urgent need to unequivo-
cally examine such claims. Although previous meta-analyses have
investigated the effects of ashwagandha (Withania somnifera) on mental
health outcomes, these studies were limited by methodological hetero-
geneity, variable outcome measures, a lack of dose-response analyses,
and the growing body of newly published trials that has not yet been
systematically synthesized. Therefore, a more comprehensive and
updated synthesis is warranted to provide clearer evidence and guide
clinical recommendations.'* °

Therefore, the present systematic review and meta-analysis was
conducted to investigated the impact of ashwagandha products on
indices measuring stress, anxiety, and depression both in individuals
suffering from psychological disorders and healthy participants.

2. Methods

The present systematic review and meta-analysis study was con-
ducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.!” The study protocol
was prospectively registered in the PROSPERO database (registration
number: CRD420251073134). Eligibility criteria were defined using the
PICOS framework, encompassing: participants (adults aged 18 years and
older), intervention (administration of ashwagandha), comparison (a
control group receiving placebo), outcomes (stress, anxiety, and
depression), and study design (randomized controlled trials).

2.1. Search strategy

We performed a systematic search of PubMed, Scopus, and Web of
Science Core Collection from inception to June 2025, with no re-
strictions on language or publication year. The search strategy incor-
porated Medical Subject Headings (MeSH) and relevant free-text terms
based on the PICO framework: Population (adults >18 years), Inter-
vention (ashwagandha supplementation), Comparison (placebo), Out-
comes (stress, anxiety, depression), and Study design (randomized
controlled trials). The following search terms were used in various
combinations: (“Ashwagandha” OR “Withania somnifera” OR “Indian
ginseng” OR “winter cherry”) AND (“stress” OR “psychological stress”
OR “mental stress” OR “anxiety” OR “generalized anxiety disorder” OR
“depression” OR “depressive symptoms” OR “mood disorders”) AND
(“randomized controlled trial” OR “RCT” OR “clinical trial” OR “inter-
vention study” OR “placebo-controlled” OR “parallel-group” OR “dou-
ble-blind”). Additionally, we manually screened the reference lists of all
eligible studies and previous systematic reviews to ensure the inclusion
of all relevant trials.

2.2. Study selection and eligibility criteria

Studies were included in the main analysis if they met the following
criteria: (1) randomized controlled trial (RCT) design; (2) conducted on
adults aged over 18 years; (3) reported outcomes related to mental
health, including anxiety, stress, or depression, at both baseline and
post-intervention for both the intervention and placebo groups; and (4)
had an intervention duration of more than two weeks.

Studies were excluded if they met any of the following conditions: (1)
duplicate publications; (2) absence of a placebo control group; (3)
conducted on animals, children, or pregnant or breastfeeding women;
(4) non-randomized study design; or (5) insufficient data for the out-
comes of interest.

2.3. Data extraction

Two independent reviewers carried out the data extraction and study

Complementary Therapies in Medicine 97 (2026) 103325

selection processes. From each eligible study, the following information
was retrieved: first author’s surname, year of publication, participants’
age and gender, study location and duration, study design, ashwagandha
dosage, sample size in each group, and the reported means and standard
deviations (SDs) for anxiety, stress, and depression outcomes at baseline
and after the intervention.

2.4. Risk of bias assessment

The risk of bias in the included studies was assessed using the
Cochrane Risk of Bias Tool.' ®This tool evaluates potential sources of bias
across several domains, including random sequence generation, alloca-
tion concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective reporting, and
other potential biases. Each domain was categorized as having low risk,
some concerns, or high risk of bias. The assessments were independently
performed by two reviewers, and discrepancies were resolved through
discussion.

2.5. Certainty of evidence

The quality and certainty of evidence for each outcome were eval-
uated using the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) approach.19 This method assesses the
strength of evidence based on five criteria: risk of bias, inconsistency,
indirectness, imprecision, and potential publication bias. Each outcome
was rated as having high, moderate, low, or very low certainty.

2.6. Statistical analysis

Effect sizes were calculated using the mean change and standard
deviation (SD) for mental health outcomes (anxiety, stress, and
depression) in both the ashwagandha and placebo groups. In cases
where mean changes were not directly reported, they were estimated
based on pre- and post-intervention data. When necessary, standard
errors (SEs), 95 % confidence intervals (ClIs), or interquartile ranges
(IQRs) were converted to SDs using established methods.?® If SDs for
change scores were missing, they were computed using the following
formula: SD_change = \/ [(SD_pre? + SD_post?) — (2 x 0.9 x SD_pre x
SD_post)].?! The pooled effect sizes were expressed as weighted mean
differences (WMDs) with 95 % CIs and calculated using a random-effects
model based on the DerSimonian and Laird method, accounting for
between-study heterogeneity. Heterogeneity was assessed using the I?
statistic and Cochrane’s Q test. Significant heterogeneity was defined as
an I? value greater than 50 % or a p-value less than 0.05.%>%° Pre-
specified subgroup analyses were conducted based on ashwagandha
dosage (mg/day), duration of intervention (weeks), and participants’
baseline health status to explore potential sources of heterogeneity.

Sensitivity analyses were performed using the leave-one-out method
to determine the influence of individual studies on the overall pooled
estimate.’* For crossover trials, appropriate adjustments were applied
according to methods recommended by Elbourne et al.?®

Publication bias was assessed using funnel plot asymmetry and
Begg’s regression test. Additionally, meta-regression and nonlinear
dose-response analyses using fractional polynomial models were per-
formed to evaluate the relationship between ashwagandha dosage or
intervention duration and the observed mental health outcomes.?® All
statistical analyses were conducted using Stata version 14 (Stata Corp,
College Station, TX, USA), and p-values less than 0.05 were considered
statistically significant.

3. Results
3.1. Study selection

The initial database search retrieved 3328 records. Following the
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removal of 562 duplicates, 2766 unique studies remained for screening.
Title and abstract assessment resulted in the exclusion of 2549 records
deemed irrelevant to the research question. The full texts of the
remaining 217 articles were then evaluated in detail. Of these, 143
randomized controlled trials (RCTs) were excluded for reporting out-
comes outside the scope of this review. A further five studies were
eliminated due to having an intervention period shorter than two weeks.
Additionally, 35 RCTs were excluded because the intervention involved
ashwagandha combined with other compounds exclusively in the
treatment arm, and 12 trials were excluded for involving pediatric
populations. In total, 22 RCTs satisfied all eligibility criteria and were
included in the present systematic review and meta-analysis,”’ *®
among which eleven studies assessed the impact of ashwagandha on
stress, 2931:3235:41,43-48 geven studies on depression,2%30:3436:39,4245 4
fifteen studies on anxiety,?” 30:33,:3436-38:40-43.45.46 1jo 1 jllustrates the
PRISMA flow diagram detailing the study selection process.

Records identified
through data base
searching (3328):
PubMed (n=441),
Scopus (n=1192),
Web of science
(n=759),
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3.2. Characteristics of the included studies

Table 1 shows the characteristics of the 22 RCTs included in the
current systematic review and meta-analysis. These RCTs were con-
ducted in India,?’-2%32,35-38,40-43,45,46,48 [jgp 3031343944 ayictralin 47
and Iran,*® and were published between years 2000 and 2024. Only one
study reported data on male and female separately,’’ and another
studies reported male and female data together. The randomized
controlled trials (RCTs) included in this review enrolled between 33 and
125 participants each, resulting in a combined sample of 1391 in-
dividuals. Participants’ mean ages ranged from 23 to 54 years. Ashwa-
gandha supplementation doses varied widely, from 60 mg/day to 12,
000 mg/day, with intervention periods lasting between 4 and 13 weeks.
None of the included trials employed a cross-over design. In terms of
supplement form, nine studies administered Withania somnifera extract
as the intervention,?”?%30:31:33.34.36.39.95 314 thirteen studies adminis-
tered ashwagandha root extract,’”>>3%37:38:40-44.46-48 The jncluded
studies were conducted on patients with clinical stress,?’:2%:3%:35:45

insomnia,”’*®  bipolar  disorder,’® anxiety disorder,*®3%30:4

Exclusion based on duplication

Google Scholar
(n=936)

records (n=562)

Records screened
(n=2766)

Records were excluded based on title
and abstract (n =2549)

e  Animal studies (846)

e  Unrelated topic (1527)

e  Review/Meta-Analysis
article (162)
e letter, short survey and note

Full-text articles assessed
for the eligibility
(n=217)

14

Full text was excluded because (n=195)

e Did not provide the expected
outcomes (143)

e Less than 2 weeks (5)

e In combination with other
components (35)

e Performed on children (12)

Studies included in Quantitative
synthesis (n=22)

stress (n=11), depression (n=7),
anxiety (n=15)

Fig. 1. Flow diagram of study selection.



Table 1
Characteristics of included studies.
Author, Year Study design Population Gender  Number Intervention Mean Intervention Mean  Duration Intervention Outcome type of
(Location) (Intervention/ (range) age (years) BMI (Kg/m2) (Weeks) Intervention group questionnaire
control) Control group
Abedon et al., 2008 RCT, DB, chronically stressed M/F 19/15 37.8 - 8 Withania somnifera extract Anxiety mHAM-A
(India) (a) Parallel humans (WSE) (500 mg/day)
Placebo
Abedon et al., 2008 RCT, DB, chronically stressed M/F 30/15 39.4 - 8 Withania somnifera extract Anxiety mHAM-A
(India) (b) Parallel humans (WSE) (250 mg/day)
Placebo
Abedon et al., 2008 RCT, DB, chronically stressed M/F 34/15 40.0 - 8 Withania somnifera extract Anxiety mHAM-A
(India) (c) Parallel humans (WSE) (500 mg/day)
Placebo
Andrade et al., 2000 RCT, DB, ICD-10 generalized M/F 17/16 41.9 - 6 ethanolic extract of Aswagandha Anxiety HAM-A
(India) Parallel anxiety disorder (Withania somnifera) (500 mg/
day)
Placebo
Chandrasekhar et al., Prospective subjects with a history M/F 30/31 25.8 - 8 Ashwagandha root extract Anxiety GHQ-28
2012 (India) (a) RCT, DB, of chronic stress (600 mg/day) Depression ~ DASS
Parallel placebo (neutral substance) Stress
Total
Chandrasekhar et al., Prospective subjects with a history M/F 30/31 25.8 - 8 Ashwagandha root extract Anxiety DASS
2012 (India) (b) RCT, DB, of chronic stress (600 mg/day) Depression PSS
Parallel placebo (neutral substance) Stress
Total
Chengappa et al., RCT, DB, bipolar disorder M/F 24/29 46.9 - 8 Withania somnifera (WSE) Depression =~ MADRS
2013 (USA) Parallel (500 mg/day)
placebo(inert substances or
excipients)
Chengappa et al., RCT, DB, schizophrenia or M/F 34/34 45.18 30.00 12 Withania somnifera (WSE) Stress PSS
2018 (USA) Parallel schizoaffective (1000 mg/day)
disorder Placebo
Choudhary et al., 2017 RCT, DB, adults under chronic M/F 25/25 - 26.88 8 Ashwagandha root extract Stress PSS
(India) Parallel stress (600 mg/day)
Placebo
Gopukumar et al., RCT, DB, Healthy and Stressed M/F 62/63 - - 13 Ashwagandha SR (300 mg/day) Stress PSS
2021 (India) Parallel Adults Placebo
Khyati et al., 2013 RCT, DB, Generalized Anxiety M/F 44/42 - - 8 Ashwagandha (Withania Anxiety HAM-A
(India) Parallel Disorder somnifera) (12000 mg/day) Depression
placebo(wheat flour)
Langade et al., 2021 RCT, DB, healthy subjects M/F 20/20 35.6 27.26 8 Ashwagandha root extract Anxiety HAM-A
(India) (a) Parallel (600 mg/day)
Placebo(starch)
Langade et al., 2021 RCT, DB, insomnia patients M/F 20/20 38.70 27.15 8 Ashwagandha root extract Anxiety HAM-A
(India) (b) Parallel (600 mg/day)
Placebo(starch)
Langade et al., 2019 RCT, DB, insomnia M/F 39/19 38.83 26.91 10 Ashwagandha root extract Anxiety HAM-A
(India) Parallel (600 mg/day)
Placebo(starch)
Lopresti et al., 2019 RCT, DB, health adults M/F 30/30 42.23 24.68 8 ashwagandha extract (240 mg/ Anxiety HAM-A
(India) Parallel day) Total DASS
Placebo(roasted rice powder)
Salve et al., 2019 Prospective health adults M/F 19/19 29.65 - 8 Ashwagandha root extract Anxiety HAM-A
(India) (a) RCT, DB, (250 mg/day) Stress PSS
Parallel Placebo(starch)

(continued on next page)
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Table 1 (continued)

Author, Year Study design Population Gender  Number Intervention Mean Intervention Mean  Duration Intervention Outcome type of
(Location) (Intervention/ (range) age (years) BMI (Kg/m2) (Weeks) Intervention group questionnaire
control) Control group
Salve et al., 2019 Prospective health adults M/F 20/19 32.70 - 8 Ashwagandha root extract Anxiety HAM-A
(India) (b) RCT, DB, (600 mg/day) Stress PSS
Parallel Placebo(starch)
Tiwari et al., 2021 Prospective healthy athletic adults M/F 25/25 29.28 - 8 Ashwagandha root extract Stress RESTQ
(India) RCT, DB, (600 mg/day)
Parallel Placebo(starch)
Gannon et al., 2019 schizophrenia M/F 28/31 - - 12 Withania somnifera (WSE) Anxiety PANSS
(USA) (1000 mg/day) Depression
Placebo
Leonard et al., 2024 healthy volunteers M/F 30/29 - - 4 Withania somnifera (225 mg/ Depression POMS
(USA) day)
Placebo
Majeed et al., 2023 healthy adults M/F 25/25 31.96 23.62 8 Ashwagandha root extract Anxiety GAD
(India) (500 mg/day) Stress PSS
Placebo(Microcrystalline
cellulose)
Majeed et al., 2024 adult with mental M/F 34/36 41.88 25.55 13 Ashwagandha root extract Anxiety HARS
(India) disorders (500 mg/day) Depression HDRS
Placebo(Microcrystalline
cellulose)
Mishra et al., 2024 healthy subjects with M/F 20/20 36.8 - 8 ashwagandha extract (60 mg/ Anxiety HAMA
(India) (a) high stress levels day) Stress PSS
Placebo(Microcrystalline
cellulose)
Mishra et al., 2024 M/F 20/20 36.35 - 8 ashwagandha extract (120 mg/ Anxiety HAMA
(India) (b) day) Stress PSS
Placebo(Microcrystalline
cellulose)
O’Connor et al., 2022 F 24/25 23.9 - 4 ashwagandha root (700 mg/day)  Stress PSS
(USA) (a) Placebo
O’Connor et al., 2022 M 5/4 25.2 - 4 ashwagandha root (700 mg/day)  Stress PSS
(USA) (b) Placebo
Pandit et al., 2024 M/F 26/24 35.62 - 8 Withania somnifera (125 mg/ Anxiety HAM-A
(India) (a) day) Depression HAM-D
Placebo Stress PSS
Pandit et al., 2024 M/F 26/24 35.38 - 8 Withania somnifera (250 mg/ Anxiety HAM-A
(India) (b) day) Depression HAM-D
Placebo Stress PSS
Pandit et al., 2024 M/F 22/24 34.55 - 8 Withania somnifera (500 mg/ Anxiety HAM-A
(India) (c) day) Depression HAM-D
Placebo Stress PSS
Smith et al., 2023 M/F 55/56 53.72 30.00 12 ashwagandha root extract Stress PSS
(Australia) (400 mg/day)
Placebo
Fuladi et al., M/F 18/22 39.89 - 6 Withania somnifera (1000 mg/ Anxiety HAM-A
2020 day)
(Iran) Placebo(lactose)

DB: double-blind; M: male; F: female; mHAM-A: modified Hamilton Anxiety Rating Scale; HAM-A: Hamilton Anxiety Rating Scale; GHQ-28: General Health Questionnaire — 28 items; DASS: Depression Anxiety Stress
Scales; PSS: Perceived Stress Scale; MADRS: Montgomery—/oksberg Depression Rating Scale; RESTQ: Recovery-Stress Questionnaire; PANSS: Positive and Negative Syndrome Scale; POMS: Profile of Mood States; HARS:
Hamilton Anxiety Rating Scale; HDRS: Hamilton Depression Rating Scale.
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31,34

. . . 3
schizoaffective disorder,’"
adults,39-41:43:44,46,48

overweight or mild obesity,”” and healthy

3.3. Results from quality assessment

All included trials reported random sequence generation and blind-
ing of participants and personnel, with both domains assessed as having
a low risk of bias. Allocation concealment was not reported in three
trials.®>>%*° One trial was judged to have a high risk of bias in blinding
outcome assessors.”® For incomplete outcome data, most studies
demonstrated a low risk of bias; however, two trials >*°° had a high risk,
and four studies 2%%%3%% presented an unclear risk of attrition bias.
Regarding selective outcome reporting, 20 studies were rated as having
a low risk of bias (Table 2).

3.4. Meta-analysis and subgroup analysis

The pooled analysis indicated that ashwagandha supplementation
significantly decreased stress (SMD = —5.88; 95 % CI: —8.15 to —3.60;
I =99.3 %; Fig. 2), depression (SMD = —5.68; 95 % CI: —8.43 to —2.94;
I? = 99.7 %; Fig. 3), and anxiety (SMD = —6.87; 95 % CI: —8.77 to
—4.97; I = 99.9 %j; Fig. 4) across the included studies.

The subgroup analyses demonstrated that ashwagandha supple-
mentation was associated with improvements in stress, depression, and
anxiety across all examined categories (Table 3).

For stress, effect sizes were greater in trials administering lower daily
doses (<500 mg/day) compared with higher doses (>500 mg/day),
while intervention duration exerted minimal influence. Participants
with clinical psychological conditions exhibited larger effect sizes
compared with those without clinical psychological conditions.

In depression, greater effect sizes were observed in studies using
lower doses (<500 mg/day) and in those with longer intervention du-
rations (>8 weeks). Studies involving participants with pre-existing
mental health disorders demonstrated more pronounced improve-
ments than those conducted in healthy populations.

Table 2
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For anxiety, lower daily doses (<500 mg/day) were associated with
greater effect sizes, with negligible differences between shorter and
longer interventions. Participants with psychological disorders demon-
strated larger improvements than those without psychological disorders.
Overall, these patterns suggest that lower daily doses and the presence of
a baseline psychological disorder are associated with greater effect sizes,
and that a longer intervention duration may further enhance the effects
on depression; however, none of the between-subgroup differences were
statistically significant.

3.5. Sensitivity analysis

The sensitivity analyses indicated that the exclusion of no individual
study could statistically change the overall effect sizes for stress (95 %
CI: —8.65 to —3.25), depression (95 % CI: —9.93 to —1.94), nor anxiety
(95 % CI: —5.70 to —2.12).

3.6. Publication bias and trim-and-fill analysis

We used Egger’s weighted regression test alongside visual inspection
of funnel plots to assess publication bias in the included studies. The
funnel plots revealed asymmetry for mental health outcomes, indicating
potential publication bias (Supplementary Figure 1). Egger’s test results
confirmed the presence of publication bias for depression (P = 0.031),
stress (P = 0.003), and anxiety (P = 0.017). Therefore, we conducted a
trim-and-fill analysis to estimate the impact of potentially missing
studies. No hypothetical studies were added by this method, and the
overall effect sizes for mental health outcomes remained unchanged.

3.7. Non-linear dose-response association between duration and dosage of
ashwagandha supplementation and mental health

As shown in Fig. 5, the non-linear dose-response analysis indicated a
significant association between supplementation dosage and stress
levels (P-nonlinearity = 0.005), whereas no such associations were

Results of risk of bias assessment for randomized clinical trials included in the current meta-analysis.

Study Sequence Allocation

generation

Blinding of participants

concealment and personnel

Selective
outcome
reporting

Blinding of outcome
assessment

Incomplete
outcome data

Other potential
threats to validity

Abedon et al. 2008 L L L

Andrade et al. 2000

Chandrasekharetal. L L L
2012

Chengappa et al. L L L
2013

Chengappa et al. L L L
2018

Choudhary et al. L L L
2017

Gopukumar et al. L L L
2021

Khyati et al. 2013

Langade et al. 2021

Langade et al. 2019

Lopresti et al. 2019

Salve et al. 2019

Tiwari et al. 2021

Gannon et al. 2019

Leonard et al. 2024

Majeed et al. 2023

Majeed et al. 2024

Mishra et al. 2024

O’Connor et al.
2022

Pandit et al. 2024

Smith et al. 2023 L L L

Fuladi et al. 2020 L U L

=
=
=

Nl ol o e e e ]
Nl el o ol ]
Nl N N

=
=
=

L L L
L
L 18] L

=
—
caca

[l i il
[l o el e )
[l i el -l B o
caogccccaaagaccca

=
crc
il ]
ccc

H: high risk of bias, L: low risk of bias, U: unknown risk of bias.
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Study First Author (Year)

Chandrasekhar et al. (A) (2012) —_—
Chandrasekhar et al. (B) (2012)
Choudhary et al. (2017)
Chengappa et al. (2018)

Salve et al.(A) (2019)

Salve et al.(B) (2019)

1
1
1
1
1
1
:
1
Gopukumar et al. (2021) +
1
Tiwari et al. (2021) :
O’Comnnor et al. (A) (2022) :

1
O’Connor et al. (B) (2022)
Majeed et al. (2023) -

Smith et al. (2023)

1
1
1
1
:
Mishra et al. (A) (2024) - E
Mishra et al. (B) (2024) - :
Pandit et al. (A) (2024) E
Pandit et al. (B) (2024) ——
Pandit et al.(C) (2024) —— i

Overall, DL (I' = 99.3%, p < 0.001)
NOTE: Weights are from random-effects model
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Effect %

(95% CI) Weight

-11.30 (-15.29,-7.31)  5.12

-7.80 (-9.30, -6.30) 5.92
-4.53 (-5.70, -3.36) 5.98
-3.35(-4.83,-1.87) 5.92

-1.58 (-2.39, -0.77) 6.03
2.73 (-3.64, -1.82) 6.01
-5.80 (-6.64, -4.96) 6.02
-3.24 (-3.84, -2.64) 6.05

fo— 0.60 (-1.05, 2.25) 5.88

-6.70 (-10.70,-2.70)  5.11
930 (-1041,-8.19) 5.9
-0.61 (-0.75, -0.47) 6.07
-11.80 (-12.58,-11.02)  6.03
-13.60 (-14.47,-12.73)  6.02
-2.65 (-3.90, -1.40) 5.96
-7.19 (-8.49, -5.89) 5.95
9.17(-10.49,-7.85)  5.95

-5.88 (-8.15, -3.60) 100.00

I
-20

Stress

20

Fig. 2. Forest plots for the effect of ashwagandha supplementation on stress. Horizontal lines represent 95 % ClIs. Diamonds represent pooled estimates from random-

effects analysis. WMD: weighted mean difference, CI: confidence interval.

found for anxiety (P-nonlinearity = 0.336) or depression (P-nonlinearity
= 0.221). Similarly, the duration of the interventions was not signifi-
cantly related to stress (P-nonlinearity = 0.313), anxiety (P-nonlinearity
= 0.714), or depression (P-nonlinearity = 0.626).

3.8. Meta-regression analysis

A meta-regression analysis was conducted to examine the linear as-
sociations between supplementation dose and duration with mental
health indices. A significant positive association was identified between
dosage and stress levels (coefficient = 0.005, P = 0.031). In contrast, no
significant dose-related associations were observed for anxiety (coeffi-
cient = 0.17, P = 0.206) or depression (coefficient = 0.006, P = 0.083).
Moreover, the effects of ashwagandha supplementation on mental
health outcomes were not influenced by the duration of the in-
terventions, as evidenced by the non-significant associations for anxiety
(coefficient = 1.23, P = 0.637), stress (coefficient = 0.005, P = 0.985),
and depression (coefficient = -0.511, P = 0.347).

3.9. Grading of evidence

The GRADE guidelines were applied to assess the quality of evidence
across the included studies at the outcome level. The quality of evidence

was ranked as very low regarding to anxiety, stress, and depression
(Supplementary Table 1).

4. Discussion

The findings of the present systematic review and meta-analysis
suggest that supplementation with ashwagandha could ameliorate
symptoms of stress, anxiety, and depression in individuals with various
health status. The subgroup analyses also reiterated these observations
by showing statistical significance across all subgroups. The meta-
regression analysis indicated a direct association between the dosage
of administration of ashwagandha and amelioration in stress levels;
however, no such association was observed for other outcomes. Like-
wise, we observed a non-linear dose-response association between
dosage of ashwagandha and stress levels. We were not able to detect any
non-linear associations between dosage/duration of the interventions
and the improvement of indices regarding anxiety or depression.

The existing literature supports the anti-anxiety and anti-stress ef-
fects of ashwagandha, almost unilaterally. For instance, Bachour et al. *°
reported that an eight-week supplementation with ashwagandha
significantly improves anxiety (measured by the Hamilton Anxiety
Rating Scale (HAM-A)), perceived stress (measured by Perceived Stress
Scale (PSS)), and cortisol levels in patients with stress and/or anxiety.
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Chandrasekhar et al. (A) (2012)
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Overall, DL (I* = 99.7%, p < 0.001)

NOTE: Weights are from random-effects model
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Effect %
(95% CI) Weight
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Fig. 3. Forest plots for the effect of ashwagandha supplementation on depression. Horizontal lines represent 95 % CIs. Diamonds represent pooled estimates from

random-effects analysis. WMD: weighted mean difference, CI: confidence interval.

Likewise, Arumugam et al. '° reported that ashwagandha significantly
improves HAM, PSS, and serum cortisol levels in study subjects. None-
theless, contrasting evidence have challenged the impact of such inter-
vention in effectively reducing psychological stress. For instance, in a
systematic review and meta-analysis, Albalawi et al. °* observed that
while ashwagandha supplementation significantly reduced cortisol
levels, it did not produce a significant improvement in perceived stress
scores (PSS). Such discrepancies might be caused by variations in study
subjects included and other methodological differences. Nevertheless,
Della Porta et al. °! have argued that since the circadian rhythm of
cortisol secretion and meal-induced cortisol release are not controlled in
the majority of studies, changes in cortisol levels cannot be solely
attributed to supplementation with the herb. Our findings suggest that
health status of participants might not be a relevant factor to determine
the effectiveness of the treatment—the subgroup analysis included both
healthy and unhealthy individuals many of whom have been diagnosed
with clinical stress and anxiety disorder. However, we were not able to
empirically verify the existence of a system to control for such sources of
possible confounding in the included studies.

Intervention with ashwagandha seems to target stress-regulating
pathways, most prominently hypothalamic-pituitary-adrenal (HPA)
axis,'* mainly through its abundance in various potent withanolides, as
well as several alkaloids and flavonoids.®> These bioactive compounds
have also been linked to enhancements in GABAergic and serotonergic
pathways which have been associated with the herb’s potential to
improve sleep duration, quality, and latency.” Improved sleep quality
might then act as a mediator between the intervention and improved
stress levels in individuals.>*

Depression is a prevalent mental disorder, with various physiological
and societal factors suggested as possible underlying causes,.’” Multiple
interventions, from psychotherapy to neurotransmitter-modifying
medications have been used to improve the mood imbalance in pa-
tients with major depression.”® Imbalances in GABAergic,

glutamatergic, serotonergic, and monoaminergic signaling systems have
been proposed as the most likely mechanisms to be involved with the
symptoms of the disease.”” Moreover, the increased production of
reactive oxygen species (ROSs) in the brain have been suggested as a
probable cause for depressive disorders.”®

Besides standard approaches, treatment with medicinal herbs, such
as ashwagandha, have been claimed to improve indices of depressive
mood modifications.””® Several pathways, including the inhibition of
production of ROSs and its possible function in maintaining serotonin
levels in the brain, have been proposed as potential mechanisms through
which ashwagandha could ameliorate depressive symptoms in pa-
tients.®! Although the findings of the present study suggest favorable
indication for the use of the herb, some factors need to be taken into
account. Firstly, the serotonin theory of depression is being seriously
questioned.®” In other words, depression is a complex issue with many
players at harmony; thus, a more comprehensive approach must be
adopted when dealing with patients. Secondly, even though ashwa-
gandha is regarded as safe in high doses,®® issues of safety must be
considered, especially in those with chronic conditions who may need to
consume herbal products for longer periods of time. Finally, none of the
included studies enrolled patients with clinical major depression which
restricts generalizability to those with the condition.

The present systematic review and meta-analysis is unprecedented in
investigating the impact of ashwagandha on three major mood disor-
ders. However, there are some limitations. Firstly, the scores/indices by
which the status of participants was assessed, were vastly heterogenous.
Thus, measurement bias should not be disregarded. Secondly, included
studies were significantly heterogenous. Subgroup analyses were con-
ducted to further investigate the sources of heterogeneity. Thirdly, we
also observed publication bias for all three major outcomes. Fourthly,
included studies were assessed to have very low quality for all three
major outcomes. Finally, we could not detect any linear/non-linear as-
sociations between the dosage/duration of intervention and the impact
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Fig. 4. Forest plots for the effect of ashwagandha supplementation on anxiety. Horizontal lines represent 95 % ClIs. Diamonds represent pooled estimates from

random-effects analysis. WMD: weighted mean difference, CI: confidence interval.

of supplementation on anxiety nor depression. Based on these obser-
vations, further research needs to be conducted to illuminate the effec-
tive dosages/duration for each outcome.

5. Conclusion

This systematic review and dose-response meta-analysis provides
the most comprehensive synthesis of randomized controlled trials on
ashwagandha (Withania somnifera) supplementation to date, including
novel linear and non-linear dose-response analyses. Our findings sug-
gest that ashwagandha supplementation may help reduce symptoms of
stress, anxiety, and depression in adults. Importantly, the observed
dose-response relationship for stress highlights the potential relevance

of dosage in shaping clinical outcomes. However, the certainty of evi-
dence was rated as very low, primarily due to significant heterogeneity,
publication bias, and variability in outcome measures. Consequently,
these results should be interpreted with caution. Ashwagandha should
not yet be regarded as a definitive treatment option but rather as a
promising complementary strategy that warrants further investigation.
Future high-quality, standardized, and longer-term RCTs are essential to
establish optimal dosing, treatment duration, and applicability across
different populations.

Ethical approval

Ethical approval was not required for this secondary analysis.
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Table 3

Subgroup analysis to assess the effect of ashwagandha on mental health outcomes.

Complementary Therapies in Medicine 97 (2026) 103325

Variable Number of effect sizes ~ SMD (95 % CI) P-value' 12 (%)> P-heterogeneity’  P-between subgroup heterogeneity*
Stress

Overall 17 -5.88 (-8.15, —3.60) < 0.001 99.3 < 0.001 -
Dosage (mg/day) < 0.001
< 500 9 -2.25 (-2.48, —2.02) < 0.001 94.5 < 0.001

>500 8 -1.47 (-1.70, —1.23) < 0.001 89.4 < 0.001

Duration (weeks) 0.174
<8 14 -1.96 (-2.17, —1.75) < 0.001 94.0 < 0.001

>8 3 -1.72 (-1.99, —1.45) < 0.001 86.8 < 0.001

Presence of psychological disorders 0.007
Yes 6 -1.49 (-1.83, —1.16) < 0.001 94.0 < 0.001

No 11 -2.00 (-2.19, —1.81) < 0.001 93.0 < 0.001

Depression

Overall 10 -5.68 (-8.43, —2.94) < 0.001 99.7 < 0.001 -
Dosage (mg/day) < 0.001
< 500 6 -2.11 (-2.46, —1.78) < 0.001 98.0 < 0.001

>500 4 -0.62 (-0.90, —0.34) < 0.001 97.5 < 0.001

Duration (weeks) < 0.001
<8 8 -0.99 (-1.22, —-0.75) < 0.001 97.8 < 0.001

>8 2 -2.33 (-2.87, —1.80) < 0.001 98.7 < 0.001

Presence of psychological disorders 0.011
Yes 1 -0.59 (-1.17, —0.07) 0.026 - -

No 9 -1.34 (-1.58, —1.10) < 0.001 98.0 < 0.001

Anxiety

Overall 22 -6.87 (-8.77, —4.97) < 0.001 99.9 < 0.001 -
Dosage (mg/day) < 0.001
< 500 13 -1.94 (-2.20, —1.68) < 0.001 97.5 < 0.001

>500 9 -1.23 (-1.49, —0.98) < 0.001 97.9 < 0.001

Duration (weeks) 0.144
<8 19 -1.51 (-1.71, —1.30) < 0.001 97.8 < 0.001

>8 3 -1.82 (-2.18, —1.45) < 0.001 93.4 < 0.001

Presence of psychological disorders 0.014
Yes 5 -1.23 (-1.56, —0.90) < 0.001 96.2 < 0.001

No 17 -1.73 (-1.94, —1.40) < 0.001 97.9 < 0.001

SMD: standardized mean difference; CI: confidence interval.

1Refers to the SMD (95 % CI).

2Indicates between-study heterogeneity (as percentage).

30btained from the Q-test.

“Obtained from the fixed-effect model.
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