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Abstract
Purpose of Review Withania somnifera (L.) Dunal (Ws) is a common herb plant that has been used for centuries to treat a wide 
range of conditions, particularly certain chronic diseases due to its antidiabetic, cardioprotective, antistress, and chondroprotec-
tive effects, among many others. No conclusive evidence, however, exists about the potential health effects of Ws in adults with-
out chronic conditions. We aimed to evaluate the current evidence on the health benefits of Ws supplementation in healthy adults.
Recent Findings Based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, 
we systematically reviewed studies indexed in Web of Science, Scopus, and PubMed to assess the effects of Ws on hema-
tological and biochemical markers, hormonal behavior, and oxidant response in healthy adults. Original articles published 
up to March 5, 2022, with a controlled trial design or pre-post intervention design, in which supplementation of Ws was 
compared to a control group or data prior to intervention were included. Among 2,421 records identified in the search, 10 
studies met the inclusion criteria. Overall, most of the studies reported beneficial effects of the Ws supplementation, and 
no serious adverse events were reported. Participants supplemented with Ws displayed reduced levels of oxidative stress 
and inflammation, and counterbalanced hormone levels. No evidence of the beneficial effects of Ws supplementation on 
hematological markers was reported.
Summary Ws supplementation appears to be safe, may regulate hormone levels, and has potent anti-inflammatory and anti-
oxidant effects. However, further studies are needed to elucidate the relevance of its application.

Keywords Withania somnifera · Ashwagandha · Plant supplement · Biomarkers · Healthy adults · Systematic review

Introduction

Withania somnifera (L.) Dunal (Ws) is a small woody shrub 
that belongs to the Solanaceae family (Solanaceae Juss.). 
It is commonly found in the drier regions of western India 
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and is known variously as “Ashwagandha,” “Indian winter 
cherry”, or “poison gooseberry”. The plant is considered one 
of the most important herbs in Ayurveda — the traditional 
system of medicine in India [1]. Moreover, Ashwagandha is 
often used in Rasayana, one of the disciplines of Ayurveda, 
which promotes longevity by delaying ageing and preventing 
disease [2, 3]. While Ashwagandha has been traditionally 
used for different purposes for centuries for its mental and 
physical health benefits [4], it is also considered a plant-
dried nutritional component [5]. Therefore, Ashwagandha 
can be considered both an herbal medicine and a plant-dried 
nutritional component.

The therapeutic effects of Ashwagandha are primarily 
attributed to its bioactive compounds rather than its nutri-
tional content alone [6]. This plant contains numerous bioac-
tive compounds, including more than 12 alkaloids, 40 witha-
nolides, and several sitoindosides that confer antimicrobial, 
anti-inflammatory, antitumoral, antistress, antidiabetic, car-
diovascular, neuroprotective, and immunomodulatory activ-
ity [7]. Most of the pharmacological activity of Ashwagandha 
has been attributed to withaferin A and glycowithanoloides 
(sitoindosides VII–X). Whitanolides are steroidal lactones; 
their action and appearance resemble ginsenosides, the active 
compounds in Asian ginseng, namely Panax ginseng [6]. 
Ashwagandha is also considered an adaptogen that helps to 
restore homeostasis by counteracting external stimuli as non- 
specific regulators, via several mechanisms of action associ-
ated with the homeostatic preservation of the hypothalamic-
pituitary-adrenal (HPA) axis and the regulation of key media-
tors of the stress response [8].

The popularity of Ws has extended to non-Asian regions 
such as the United States where sales have risen rapidly, 
particularly after the COVID-19 pandemic [9]. In 2020, 
Ashwagandha experienced the greatest sales increase in the 
US mainstream multi-outlet channel (grocery outlets, drug 
outlets, and selected retailers across mass merchandisers)  
by 185.2% respect to 2019, reaching over $31 million sales 
and ranking  12th in the US herbal supplements retail chan-
nel [10]. Numerous studies have demonstrated the ben-
efits of Ashwagandha on physical performance [11–16] 
as well as for individuals with medical conditions such as 
diabetes [17–19], cognitive dysfunction [20–22], infertil-
ity [23–25], and anxiety and stress [26, 27]. Recent sys-
tematic reviews have supported such findings [28, 29•, 30, 
31, 32•] corroborated the effects of Ws on strength and 
power, cardiorespiratory fitness, and fatigue and recov-
ery, while the systematic review conducted by Durg et al. 
[29•] demonstrated improvements in blood glucose (post-
prandial blood glucose and HbAlc) levels and lipid profile 
(total cholesterol, triglycerides, low-density lipoprotein 
[LDL], very low-density lipoprotein [VLD], and high- 
density lipoprotein [HDL] levels) in diabetic patients. Other  
systematic reviews have determined the benefits of Ws on 

cognitive effects (executive function, attention, and cogni-
tive tasks, reaction time) [30]; male infertility such as semen  
parameters (volume, concentration, and motility), hormonal 
profile (luteinizing hormone, testosterone, and prolactin), 
oxidative biomarkers (lipid peroxides, superoxide dismutase 
[SOD], catalase, and glutathione) and antioxidant vitamins 
in seminal plasma (vitamin A, C, and E) [31]; and anxiety 
and stress (related questionnaires) [32•].

A number of studies have also assessed the positive 
effects of Ws among general population, i.e. healthy adults 
without chronic conditions or healthy adults with mild stress 
resulting in inconsistent findings related to health biomarkers  
[20, 33–35]. While Ws seems to improve hormonal response 
[33], particularly in stressed individuals [20], no hematologi-
cal improvements of Ws were observed [33–35]. To date, 
no systematic review has been conducted to evaluate the 
potential health benefits of Ashwagandha on healthy adults. 
Therefore, we aimed to systematically review current evi-
dence on the effects of Ws on health biomarkers and deter-
mine whether the supplementation of Ws improves hema-
tological and biochemical biomarkers, hormonal behavior, 
and oxidant response in healthy adults, including those with 
moderate stress.

We framed the research question of the study using the 
population, intervention, comparison, and outcome (PICO) 
model according to the evidence-based medicine (EBM)  
[36] as follows: Population: healthy adults (without any 
chronic condition); Intervention: supplementation with 
Ws (alone); Comparison: placebo/control group or pre/
post comparison data group; Outcomes: hematological 
(hemoglobin [Hb] and hematocrit [HCT]); hormonal (lev-
els of testosterone, dehydroepiandrosterone [DHEA], and 
cortisol); antioxidant (malondialdehyde [MDA], SOD, 
and total antioxidant capacity [TAC]); biochemical (cre-
atinine [Cr], creatine kinase [CK], aspartate aminotrans-
ferase [AST], alanine aminotransferase [ALT], alkaline 
phosphatase [ALP], and C-reactive protein [CRP]) mark-
ers. These biomarkers were included as outcomes as they 
are commonly investigated in studies of health markers  
and medicinal plant research.

Methods

Search Strategy

This systematic review focused on the following research 
question: “Does Ws supplementation have any health benefit 
for healthy adults without chronic conditions?” We devel-
oped a structured search using the databases Medline (Pub-
Med), Web of Science (WOS), and Scopus for articles pub-
lished from database inception to March 5, 2022, restricted 
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to English language articles, and based on the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines [37].

The search strategy included terms related to Ws and the 
outcomes as well as a combination of them with Medical 
Subject Headings (MeSH) index and Boolean operators:  
(“Ashwagandha” OR “Withania somnifera” OR “KSM66” 
OR “Shoden” OR “Indian Ginseng” OR “Poison Gooseberry” 
OR “Winter Cherry”) AND (“biological” OR “biochemi-
cal” OR “hematological” OR “hormonal” OR “enzymatic 
OR “inflammatory” OR “oxidant” OR “hemoglobin” OR 
“hematocrit” OR “testosterone” OR “dehydroepiandroster-
one” OR “cortisol” OR “malondialdehyde” OR “superoxide 
dismutase” OR “total antioxidant capacity” OR “creatinine” 
OR “creatine kinase” OR” aspartate aminotransferase” OR 
“alanine aminotransferase” OR “alkaline phosphatase” OR 
“C-reactive protein”) AND (“adaptations” OR “markers” 
OR “effects” OR “analysis” OR “biomarkers” OR “indica-
tors” OR “activity” OR “pathways”). Two reviewers (A.G. 
and A.M.) independently screened titles and abstracts. Full 
texts were sourced for relevant articles. Inclusion criteria were 
independently assessed for these two reviewers, and a third 
reviewer (C.I.F-L.) resolved any disagreements between them. 
Additional records were gleaned by conducting a ‘snowball’ 
search checking the reference lists of publications eligible for 
full-text review and using ResearchGate to identify potential 
articles not included in the aforementioned databases used in 
the study.

Selection Criteria

We based selection of records on the following criteria: a) 
healthy adults without any chronic condition (including 
individuals with moderate levels of stress and excluding 
animal and/or in vitro studies); b) studies that assessed the 
effects of Ashwagandha supplementation alone (excluding 
multi-herbal formulas and any combination with other sup-
plements); c) clinical trials, randomized and nonrandomized 
trials, and pre-test/post-test design studies (excluding edi-
torials, reviews, notes, and any other non-original studies); 
d) studies that evaluated as outcomes (primary, secondary, 
or safety) any of the hematological, hormonal, antioxidant, 
and biochemical markers previously described; and e) stud-
ies with clear information on dosage and duration of Ws 
supplementation. We excluded all records that did not meet 
these criteria.

Quality Assessment

We used the modified critical review form for quantitative 
studies developed by the McMaster University Occupational 
Therapy Evidence-Based Practice Research Group as critical 
appraisal tool [38]. This guide is appropriate for evaluation 

of randomized and non-randomized studies, as it is a com-
prehensive and reliable tool for assessing the methodological 
quality of quantitative evidence. It also suggests a threshold 
indicating quality appraisal.

The modified McMaster appraisal tool includes 16 items 
(Supplemental Table s1). For each item that an article meets, 
1 point is assigned, otherwise, 0 points are assigned. The 
quality assessment was categorized as “poor” (≤ 8 points), 
“fair” (9–10 points), “good” (11–12 points), “very good” 
(13–14 points), and “excellent” (≥ 15 points).

Data Extraction

Two reviewers (A.G. and A.M.) examined and synthesized 
data from all selected studies into a comprehensive table 
using a standardized data extraction. A third reviewer (C.I.F-
L.) resolved all inter-reviewer disagreements. Information 
extracted from the selected studies included name of the 
first author; publication year; country where the study was 
conducted; study design; sample size; participants’ sex and 
age; dosage, i.e., specific amount, number, frequency, and 
percentage of withanolides; timing of the supplementation; 
duration of intervention; outcomes; and results.

Results

Study Selection

The literature search resulted in 2,421 records. Among 
them, 1,486 were initially obtained from Medline, WOS, 
and Scopus, and 14 came from additional sources, e.g., 
ResearchGate and reference lists from relevant studies. 
After the exclusion of 935 duplicates, we screened a total 
of 1,486 articles identified from databases. Once title and 
abstract were evaluated, we considered 40 articles as poten-
tial records. After full-text review and evaluation the poten-
tial records coming from databases as well as other sources, 
10 studies [15, 16, 20, 33–35, 39–42] were included in the 
systematic review (Fig. 1).

Quality Assessment

Six studies [15, 16, 20, 39–41] were assessed as being of 
“excellent quality”; 3 studies [33, 35, 42] as having “very 
good quality”; and 1 study [34] as having “fair quality”. All 
studies met the minimum quality criteria (Table 1).

Characteristics of the Participants and Interventions

The number of total participants at baseline was 542 (380 men 
and 162 women). All the participants were healthy individu-
als without any chronic conditions. One study [39] included 
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participants who were overweight/obese (mean body mass 
was 27.9 kg/m2 and 26.7 kg/m2 for intervention and control 
groups, respectively) with low-to-moderate anxiety levels 
(score ranged between 6–17 points in the Hamilton Anxiety 
Rating Scale). Another study [40] included healthy partici-
pants with light-to-moderate anxiety levels (Profile of Mood 
States Fatigue-Inertia score >  50th percentile, or POMs total 

score or Vigor-Activity score <  50th percentile); and 1 study 
[20] included adults with moderate level of stress (score 
ranged between 14–24 points in the 10-item Perceived Stress 
Scale). In 3 studies [15, 16, 41] participants reported being 
physically active, having some experience with resistance 
training [15], being recreationally active [16], and athletic 
[41] (Table 2).

Records identified from:
Databases (n = 2421)

WOS (n = 983)
SCOPUS (n = 996)
PUBMED (n = 442)

Records removed before screening
Duplicate records removed 
(n = 935)

Records screened
(n = 1486)

Records excluded
(n = 1446)

- Unrelated topic study (n = 899)
- No interventional study (n = 118)
- In vitro study (n = 197)
- Animal study (n = 232)

Reports sought for retrieval
(n = 40)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 40)

Reports excluded
(n = 31)

- Unhealthy population (n = 18)
- Outcome of no interest (n = 9)
- Animal study (n = 2)
- Multi-herbal intervention (n = 1)
- No interventional study (n = 1)

Records identified from
ResearchGate (n = 1)
Citation searching (n = 13)

Reports assessed for eligibility
(n = 7)

Reports excluded
(n = 6)

- Unhealthy population (n = 1)
- Outcome of no interest (n = 4)
- Intervention of no interest (n = 1)

Studies included in review
(n = 10)

Identification of studies via databases and registers Identification of studies via other methods
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Reports sought for retrieval
(n = 7)
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Fig. 1  Flow diagram depicting the identification and selection processes of relevant studies according to Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines

Table 1  Results of the methodological quality assessment of included studies — McMaster Critical Review Form for Quantitative Studies [38]

Item 1: study purpose; item 2: literature review; item 3: study design; item: 4 blinding; item 5: sample description; item 6: sample size; item 7: 
ethics and consent; item 8: validity of outcomes; item 9: reliability of outcomes; item 10: intervention description; item 11: statistical signifi-
cance; item 12: statistical analysis; item 13: clinical importance; item 14: conclusions; item 15: clinical implications; item 16: study limitations
0 not fulfilled criterion, 1 fulfilled criterion, E excellent, VG very good, G good, F fair

Study Item Total % Quality score

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Gopukumar et al. [20], 2021 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 100 E
Kuchewar et al. [33], 2014 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 14 87.5 VG
Lopresti et al. [39]., 2019 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 100 E
Lopresti et al. [40], 2019 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 100 E
Pingali et al. [42], 2013 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 14 87.5 VG
Raut et al. [34], 2012 0 1 0 0 1 0 1 1 1 1 1 1 0 1 1 0 10 62.5 F
Tiwari et al. [41], 2021 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 100 E
Verma et al. [35], 2021 1 1 1 1 0 1 0 1 1 1 1 1 1 1 1 0 13 86.7 VG
Wankhede et al. [15], 2015 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 15 93.8 E
Ziegenfuss et al. [16], 2018 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 15 93.8 E
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Intervention protocols varied by dose, duration, and 
schedule. Doses of Ws supplementation, varied from 
240 mg [40] to 1,250 mg [34], with 600 mg as the most 
common dose used [15, 35, 39, 41]. Supplementation 
duration ranged from 2 weeks [42] to 6 months [33]. 
Most studies utilized an 8-week period [15, 35, 39, 41]. 
Investigators administered supplementation in the morn-
ing [16], after breakfast [20], after dinner [39, 40], and 
in the morning and in the evening [15, 33, 34] (Table 2). 
Overall, subjects tolerated Ashwagandha supplementation 
well. In 1 study [34], however, a subject reported unusual 
increases in appetite and libido as well as hallucinogenic 
effects with vertigo on the third day of supplementation.

Outcome Evaluation

Table 3 summarizes the information of the studies included 
in the present review.

Hematological Markers

Three studies [16, 33, 35] evaluated the effects of Ws on 
hematological markers. Hb was the most frequently studied 
hematological marker in the selected studies. Ziegenfuss et al. 
[16] observed a significant reduction in Hb and HCT levels 
when compared Ws supplementation group with the control 
group. None of the other studies found significant changes in 
Hb [33, 35].

Hormonal Response

Testosterone levels were examined in 3 studies [15, 39, 
40]. Two studies reported significant increases in tes-
tosterone levels in the Ashwagandha intervention group 
relative to the control [15, 39]. Examining changes from 
baseline, 2 studies [15, 40] observed significant increases 
in testosterone levels. In a study conducted by Lopresti 
et al. [40], however, increases in testosterone levels did 

Table 2  Characteristics 
of participants and 
supplementation protocols of 
the selected studies

a.m. ante meridiem, p.m. post meridiem, mg milligrams

Characteristics Types Study

Participants Healthy [33–35, 42]
Healthy physically active [15, 16, 41]
Healthy with light-to-moderate anxiety levels [20, 40]
Healthy overweight/obese with mild/moderate 

symptoms of fatigue
[39]

Supplementation product Manufactured [15, 20, 33, 35, 39–41]
Registered  product® [16, 42]
No reported [34]

% Withanolides of the sup-
plementation product

No less than 5% [15, 20, 35, 41]
No less than 10% [16, 42]
35% [39, 40]
No reported [33, 34]

Total dose (mg) 240 [40]
300 [20]
500 [16]
600 [15, 35, 39, 41]
750–1000-1250 [34]
1000 [33, 42]

Duration 2 weeks [42]
30 days [34]
8 weeks [15, 35, 39, 41]
60 days [40]
90 days/12 weeks [16, 20]
6 months [33]

Dose schedule a.m [16]
After breakfast [20]
After dinner [39, 40]
a.m. and p.m [15, 33, 34]
No reported [35, 41, 42]
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Table 3  Studies included in the systematic review of the effect of Withania somnifera on hematological and biochemical markers, hormonal 
behavior, and oxidant response in healthy adults

First author, 
year of 
publication, 
and country

Study design Participants (baseline sample size 
and characteristics, withdrawals, 
and final group sample size)

Intervention Outcomes Results

Gopukumar 
et al. [20],

2021,
India

A randomized, 
double-blind, 
placebo-
controlled study

70 ♂ & 60 ♀ healthy with moderate  
levels of  stressa

Age (range): 20–55 y
5 withdrawals/lost to follow-up
2 participants CG
3 participants IG

1 × 300 mg sustained-
released Ws

After breakfast
90 days

Cortisol
ALT
AST

IG vs CG
↓ Cortisol
Change from baseline
↓Cortisol
ALT (no abnormal changes)
AST (no abnormal changes)
Cr (no abnormal changes)

Kuchewar et al. 
[33],

2014,
India

Randomized, 
double-blind, 
placebo-
controlled trial

10 ♂ & 20 ♀
Age (range): 18–45 y
No withdrawals reported
9 participants CG
11 participants IG

2 × 500 mg Ws
a.m. and p.m. intakes
6 months

Hb
SOD
MDA

Change from baseline
↔ Hb
↑ SOD
↓MDA

Lopresti et al. 
[39],

2019,
Australia

Randomized, 
double-blind, 
placebo-
controlled, 
crossover trial

57 ♂ healthy overweight/obese 
with mild/moderate symptoms 
of  fatigueb

Age (mean ± SD):
  CG to IG: 51.7 ± 1.2 y
  IG to CG: 50.1 ± 1.3 y
14 withdrawals/lost to follow-up
43 participants completed the 

study
  23 from CG to IG
  20 from IG to CG

2 × 300 mg Ws
(35% withanolides)
2 h separate from meals, 

preferably after dinner
8 wk with crossover period

Testosterone
DHEA
Cortisol

IG vs CG
↑Testosterone
↑ DHEA
↔ Cortisol

Lopresti et al. 
[40],

2019,
Australia

Randomized, 
double-blind, 
placebo-
controlled trial

37 ♂ & 23 ♀ with low-to-moderate  
 anxiety3

Age (mean ± SD):
  CG: 40.2 ± 2.4 y
  IG: 42.2 ± 2.4 y
No withdrawals/lost to follow-up 

reported
30 participants CG
30 participants IG

1 × 240 mg Ws
(35% withanolides)
After dinner
60 days

Testosterone
DHEA
Cortisol

IG vs CG
↔ Testosterone
↓DHEA
↓Cortisol
IG vs CG for men
↔ Testosterone
↓DHEA
↔ Cortisol
IG vs CG for women
↔ Testosterone
↔ DHEA
↔ Cortisol
IG: change from baseline
↑Testosterone
↓DHEA
↓Cortisol
IG: change from baseline for men
↑ Testosterone
↔ DHEA
↓Cortisol
IG: change from baseline for 

women
↔ Testosterone
↔ DHEA
↓Cortisol

Pingali et al. 
[42],

2013,
India

Randomized, 
double-blind, 
placebo 
controlled, 
crossover trial

20 ♂ healthy
Age (mean ± SD): 25.1 ± 2.3 y
No withdrawals reported

2 × 2 pillsx250 mg Ws
(at least 10% of 

withanolides)
2 wk with crossover period

Cortisol
MDA
CRP

IG vs CG
↓Cortisol
↓ MDA
↓ CRP
Change from baseline
↓Cortisol
↓ MDA
↓ CRP

Raut et al. [34],
2012,
India

Prospective, open- 
label trial

12 ♂ & 6 ♀ with no training program 
in the preceding last month

Age (mean ± SD): 24.3 ± 2.1 y
No withdrawals/lost to follow-up 

reported

1–10 day: 750 mg Ws
11–20 day: 1000 mg Ws
21–30 day: 1250 mg Ws
a.m. and p.m. intakes
30 days

Cr
ALT
AST
ALP

Change from baseline
↑ Cr
↔ ALT
↔ AST
↔ ALP
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not occur in females. Regarding DHEA levels, 2 studies 
showed contradictory findings when compared Ws supple-
mentation group with a control group [39, 40]. Four stud-
ies investigated cortisol levels [20, 39, 40, 42], observing 
significantly decreased levels from baseline to the end of 
the intervention and also between intervention and control 
groups [20, 40, 42].

Oxidant Response

Several studies assessed the effects of Ws on antioxidant 
markers [33, 41, 42]. Two investigated MDA levels [33, 42], 
1 evaluated SOD levels [33], and another examined TAC 
levels [42]. All reported significant changes in antioxidant 
markers [33, 41, 42]. MDA levels were significantly reduced 

Table 3  (continued)

First author, 
year of 
publication, 
and country

Study design Participants (baseline sample size 
and characteristics, withdrawals, 
and final group sample size)

Intervention Outcomes Results

Tiwari et al. 
[41],

2021,
India

Prospective, 
randomized, 
double-blind, 
placebo-
controlled study

37 ♂& 13 ♀ athletic participants
Age (mean ± SD):
  CG: 28.8 ± 7.5 y
  IG: 29.3 ± 8.8 y
No withdrawals/lost to follow-up 

reported
25 participants CG
25 participants IG

2 × 300 mg
(> 5% withanolides)
8 wk

TAC IG vs CG
↑ TAC 
Change from baseline
↑ TAC 

Verma et al. 
[35],

2021,
India

Randomized, 
double-blind, 
placebo-
controlled trial

40 ♂ & 40 ♀ healthy
Age (mean ± SD):
  CG: 29.22 ± 7.51 y
  IG: 31.80 ± 8.91 y
No withdrawals/lost to follow-up 

reported

2 × 300 mg Ws
(> 5% withanolides)
8 wk

Hb
ALT
AST
ALP

Change from baseline
↔ Hb
↔ ALT
↔ AST
↔ ALP

Wankhede et al. 
[15],

2015,
India

Prospective, 
randomized, 
double-blind, 
placebo-
controlled study

57 ♂ with little experience in 
resistance training

Age (mean ± SD):
  CG: 29 ± 9 y
  IG: 28 ± 8 y
7 withdrawals/lost to follow-up 

reported
50 participants completed the 

study
  25 participants CG
  25 participants IG

2 × 300 mg Ws
(5% withanolides)
After awaking and before 

going to bed
8 wk
AND resistance training 

program 3 days per wk

Testosterone
CK

Change from baseline
↑Testosterone
↓CK
IG vs CG change from baseline
↑Testosterone
↓ CK

Ziegenfuss 
et al. [16],

2018,
United States

Randomized, 
double-blind, 
placebo-
controlled trial

40 ♂ recreationally active
Age (mean ± SD):
  CG: 28.6 ± 7.6 y
  IG: 24.4 ± 4.2 y
2 withdrawals/lost to follow-up
38 participants completed the 

study
  19 participants CG
  19 participants IG

500 mg Ws
(10% withanolides)
a.m. intake
12 wk
AND resistance training 

program 4 days per wk

Hb
HCT
Cr
ALT
AST
ALP

IG vs CG
↓ Hb
↓HCT
↔ Cr
↔ ALT
↔ AST
↔ ALP
Change from baseline
↓ Hb
↔ HCT
↑ Cr
↔ ALT
↔ AST
↔ ALP

↑ = significant increase; ↓ = significant decrease; ↔ = no significant change
ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, CG control group, Cr creatinine, ESR erythrocyte 
sedimentation rate, HB Hemoglobin, HCT Hematocrit, IG intervention group, MDA Malondialdehyde, SD Standard Deviation, SOD superoxide 
dismutase, TAC  Total Antioxidant Capacity, wk weeks, Ws Withania somnifera
a The Perceived Stress Scale 10-item score ranged from 14 to 24 (moderate level of stress)
b Profile of Mood States [POMS] Fatigue-Inertia score >  50th percentile, or POMs total score or Vigor- Activity score <  50th percentile
c Hamilton Anxiety Rating Scale score ranged between 6 and 17 (low to moderate anxiety severity)
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among participants in the Ashwagandha intervention group 
compared to the control group [33, 42]. Investigators also 
observed MDA changes from baseline to the end of the study 
in the intervention group [42]. Moreover, intervention-group 
participants showed reduced SOD [33] and augmented TAC 
levels [41] relative to controls. Significant TAC changes 
from baseline were additionally observed in the interven-
tion group [41].

Biochemical Markers

The effect of Ws on ALP, ALT, and AST were evaluated 
in 3 studies [16, 34, 35] observing no significant changes. 
In 2 of these studies [16, 34], researchers additionally 
observed augmented Cr levels changes from baseline to 
the end of the intervention. Nonetheless, no significant 
changes were reported between the intervention and con-
trol groups [16]. Another study [20] reported no abnor-
mal changes in AST, ALT, and Cr, but results were not 
reported on statistical significance. Investigators also 
assessed CK and CRP levels and found significantly 
reduced changes in the Ashwagandha intervention group 
compared to the control [15, 42].

Discussion

To the best of our knowledge, this is the first systematic 
review to critically evaluate the effects of Ws supplementa-
tion on hematological and biochemical markers, hormonal 
behavior, and antioxidant response in healthy adults with no 
medical chronic conditions. Ten studies met the pre-spec-
ified inclusion criteria. Overall, participants supplemented 
with Ws displayed significant improvements on hormonal 
response, reduced oxidative stress, and inflammation. There 
was no clear evidence of the beneficial effects of Ws sup-
plementation on hematological markers.

Withania somnifera supplementation

Supplementation doses administered in interventions ranged 
from 240 mg [40] to 1,250 mg [34], from 2 weeks [42] to 
6 months [33] without reports of any serious adverse events. 
We were not able to identify a clear duration pattern to 
ensure that long-term supplementation affects outcomes 
differently. Moreover, researchers reported no substantial 
changes in ALP, ALT, and AST levels, markers frequently 
used to assess drug-induced liver toxicity [16, 20, 34, 35]. 
This finding is consistent with other human clinical study 
in which mild to moderate transient adverse events have 
been reported without any serious adverse events [43].  
Murine studies have also reported the safety of Ashwagan-
dha without mutagenicity or genotoxicity, [44••] or toxicity 

when rats received the maximum recommended Ws dosage 
[45]. In the United States, regulators consider Ws a dietary 
supplement [46], and its annual sales there have increased 
more than 180%, making it the  12th top-selling herb in 2020 
[10]. Furthermore, the World Anti-Doping Agency does not 
list Ashwagandha as a banned substance [47].

Hematological Markers

Animal and human studies have reported significant 
increases in Hb levels [14, 48, 49]. None included in this 
systematic review, however, identified improvements in 
hematological markers during Ashwagandha supplementa-
tion [16, 33, 35]. Improvements in Hb levels were observed 
with Ashwagandha supplementation in mice with myelosup-
pression [48]. This activity may be explained because Ws 
counteracted myelosuppression drug toxicity and restored 
bone-marrow activity. Previous studies [50–53] have dem-
onstrated anticancer, antitoxic, and antioxidant activities of 
Ashwagandha. Investigators have attributed these properties 
to its bioactive compounds such as Withaferin A and some 
alkaloids. The capability of Ws to scavenge reactive oxygen 
species (ROS), e.g., their selective induction in cancer cells, 
might be the underlying mechanism [54].

However, it appears that Ws does not directly affect eryth-
ropoietic activity in humans. Nonetheless, it may produce 
hematological effects by modulating oxidative stress that pre-
vent changes in the erythrocyte membrane, avoid premature 
removal of the cell, and reduced red blood cell’s life span. The 
intensity of the oxidative stress modulation may be sufficient 
to improve hematological markers in animals or individu-
als exposed to physically demanding environments, such as 
horses [49] or athletes [14], but not in healthy humans [33, 
35] or recreational subjects [16] whose ROS production is 
not particularly high. Such findings support the role of Ws as 
an adaptogen supplement in physically demanding situations.

Hormonal Response

Investigators have reported beneficial effects of Ws supple-
mentation on testosterone [15, 40] and DHEA levels [39]. 
These results are consistent with animal studies in which Ws 
was shown to increase gonadotropins and hormones, particu-
larly testosterone [55]. Other human studies have demon-
strated similar findings, reporting significantly higher levels 
of testosterone and luteinizing hormone in infertile men [56]. 
Nonetheless, in 1 study included in the present review, the 
levels of DHEA when supplementing with Ws decreased [40]. 
We hypothesized that the reduction of DHEA levels may be 
influenced by the elevated baseline cortisol levels of the par-
ticipants (participants with low-to-moderate anxiety). DHEA 
is an endogenous precursor of testosterone produced by the 
adrenal cortex [57] and is interconnected with cortisol with 
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opposing functions, having DHEA attenuating effects on cor-
tisol levels [58, 59]. The modulatory effects of Ashwagandha 
on cortisol levels in individuals with stress/anxiety have been 
reported previously [27, 60] and are consistent with 3 studies 
included in this review [20, 40, 42].

Investigators have also suggested that Ashwagandha may 
have mitigating effects on the HPA axis activity via cortisol-
levels reduction. Specifically, the effect of Ws on Gamma-
Aminobutyric Acid (GABA) and serotonergic pathways may 
result in a reduction of the HPA axis activation, diminishing 
the secretion of corticotropin-releasing hormone (from the 
hypothalamus) and the adrenocorticotropic hormone (from 
the pituitary), leading to reduced levels of cortisol released 
from the adrenal cortex [61]. These findings seem to occur in 
populations with high or moderate levels of cortisol [20, 27, 
40, 42, 60], but are unclear in populations with low cortisol 
[39]. Alternatively, Ws supplementation may also modulate 
key-enzyme activity in physiological pathways associated 
with testosterone production, leading to increased levels in 
individuals with low cortisol levels [15, 39, 56] but not those 
with high cortisol levels [40]. The anti-inflammatory and anti-
oxidant properties of Ws may also influence the effects on 
testosterone levels because of their multidirectional activities 
[62–64]. These results support the use of Ashwagandha as an 
adaptogen to counterbalance and equilibrate biomarker levels 
to create hormonal level balances.

Oxidant Response

The 3 studies [33, 41, 42] that examined the effects of Ws 
supplementation on antioxidant activity reported significant 
improvements in MDA [33, 42], SOD [33], and TAC lev-
els [42]. These results are consistent with previous animal 
studies, in vitro and in vivo analyses, and clinical trials in 
healthy athletic individuals [41, 64–66]. Moreover, investi-
gators have reported beneficial effects of Ws in individuals 
with conditions linked to oxidative stress [43].

As noted above, investigators have postulated Withaferin 
A — a highly oxygenated lactone — and some of its alka-
loids such as the sitoindosides VII-X, as powerful antioxi-
dants [50–52]. High concentrations of phenolic, flavonoids, 
and antioxidant activity have been characterized in Ws by 
high-performance liquid chromatography (HPLC) [67]. 
These compounds allow Ws to counterbalance ROS gen-
eration as well as reverse changes in lipid peroxidation and 
damaged cells. ROS bind with cell membranes and generate 
toxic lipid peroxidatives such as MDA [53].

Withaferin A is also a potent inducer of nuclear factor 
erythroid 2-related factor 2 (Nrf2), a transcription factor that 
regulates the expression of antioxidant enzyme genes involved 
in the response to oxidative stress through activation of the 

PTEN/PI3K/Akt pathway, exerting a cytoprotective role [68, 
69]. Nrf2 activation creates downstream production of antiox-
idant enzymes such as catalase and SOD, glutathione (GSH) 
synthase, GSH peroxidase, GSH reductase, thioredoxin (Trx) 
and Trx reductase, and antioxidant proteins such as heat shock 
protein 70 (HSP70) and Heme oxygenase-1 (HO-1) [70]. 
Unlike vitamins and coenzymes, these enzymatic and protein 
antioxidants are not consumed in the redox reaction, providing 
a longer duration of action because they no longer required 
continuous production [71]. The antioxidant properties of the 
bioactive compounds of Ws in healthy individuals support 
its use to improve oxidative balance status and may prevent 
oxidative stress-associated diseases.

Biochemical Markers

This review examined Cr [16, 34], CK [15], transaminases 
(ALP, ALT, and AST) [16, 34, 35], and CRP [42] as bio-
chemical markers. In these studies, Ws supplementation 
demonstrated a reduction in CK [15] and CRP activity [42], 
potent inflammatory markers. Consistent evidence has dem-
onstrated several anti-inflammatory properties of Ws on 
inflammation-mediated chronic diseases [51], specifically 
systemic lupus erythematosus [72], inflammatory bowel 
disease [73], rheumatoid arthritis [74], and coronavirus dis-
ease (COVID-19) [75•] as a potential agent to attenuate the 
cytokine storm. Researchers have attributed most of the anti-
inflammatory properties of Ws to withanolides, primarily 
Withaferin A [76, 77]. Although the mechanisms responsible 
for the anti-inflammatory effects of withanolides are not fully 
understood, Ws may act by interacting with mediators of the 
inflammatory cell signaling pathway such as NF-κB, signal-
ing kinases, HSP90, Nrf2, and the inflammasome complex.

The family of nuclear factor NF-kappa-B (NF-κB) transcrip-
tion factors are involved in several inflammation-driven chronic 
diseases, making NF-κB a therapeutic target for individuals with 
elevated NF-κB levels. In this context, Ws can interfere with  
the NF-κB pathway and mediate its inhibition [76•]. Ws 
relies on the development of potent protein kinase inhibi-
tor activity. Ws can block protein kinases signaling cas-
cades that play a central role in inflammatory pathways [51, 
76•] Moreover, the kinase inhibition seems to occur during 
the inhibition of nitric oxide production, having a positive 
impact on the inflammation process. The downregulation 
and destabilization of the activity HSP involved in impor-
tant regulatory kinase pathways, appear to be another 
mechanism to explain the anti-inflammatory action of Ws. 
As discussed above, Ashwagandha can modulate oxida-
tive stress by regulating Nrf2 [68, 69]. As oxidative stress  
often occurs at inflammatory sites, apparently triggering chronic 
inflammation [78], Nrf2 activation may also explain how Ws  
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reduces inflammation [78]. Lastly, Ws may reduce inflamma-
tion by inhibiting some inflammasomes, cytokines, and other 
multiprotein proinflammatory proteins [76•]. Although in this 
review did not evaluate mediators of the inflammatory cell sign-
aling pathways, the reduction in CK and CRP levels found in 
the selected studies may suggest anti-inflammatory effects of 
Ws, even in individuals with low levels of inflammation. This 
supports the use of Ashwagandha to prevent chronic inflamma-
tory diseases.

Regarding the results on ALP, ALT, and ASP, participants in 
the studies included in this review did not significantly change 
their levels after Ashwagandha supplementation [16, 34, 35] 
or not experience abnormal changes [20]. Cr levels, however, 
increased from baseline, but these changes were not observed 
when compared to control groups [16, 34]. On one hand, these 
findings suggest the safety of Ws supplementation as no hepatic 
damage or toxicity was indicated. As such, investigators have 
attributed additional nephroprotective and hepatoprotective 
effects to Ashwagandha in toxic-induced elevations in AST, 
ALT, bilirubin, urea, and Cr levels in rats [79, 80].

Alternatively, the increased levels of Cr that Raut et al. 
[34] and Ziegenfuss et al. [16] observed were less likely 
to be related to renal failure as the serum concentration of 
Cr remained within the normal range (0.9 to 1.3 mg/dL for 
adult males and 0.6 to 1.1 mg/dL for adult females) and were 
most likely due to muscle mass increments caused by Ws 
[81]. The increased effect of Ashwagandha on testosterone 
and the decreased effect on the levels of cortisol may have 
contributed to muscle growth, that consequently, may result 
in increased Cr levels. Moreover, in the study conducted 
by Ziegenfuss et al. [16] the intervention group included a 
training program that may additionally influence Cr levels 
via changes in muscle mass.

The authors of this review acknowledge some limitations. 
First, a limited number of manuscripts met the inclusion 
criteria. Second, the considerable heterogenicity of the stud-
ies regarding outcomes, supplementation dosage, and the 
length of intervention, did not allow us to conduct a meta-
analysis. The great variability in Ws supplementation mer-
its caution when interpreting results; nevertheless, there is 
robust evidence of the health benefits of Ws in populations 
with chronic conditions [29, 30, 51, 60]. The variability in 
the protocols observed in this systematic review warrants 
future developments on the design of control trials aimed 
to determine appropriate dose, percentage of withanolides, 
and duration of Ws supplementation to observe its potential 
health benefits. The results of more homogeneous studies 
may be integrated in future meta-analyses and contribute 
to the evidence on this field. Moreover, the limited num-
ber of existing studies in the literature conducted among 
healthy population without chronic conditions calls for fur-
ther research on this population to corroborate the findings.

Despite the aforementioned limitations, strengths of our sys-
tematic review lie in the use of the PRISMA guidelines [37], 
reliance of three main databases and grey literature to con-
duct the search, as well as the use of the modified McMaster 
appraisal tool for methodological quality assessment [38] to 
ensure all selected records met the minimum-quality criteria.

Conclusions

This is the first systematic to assess the potential health 
benefits of Ws supplementation in adults without chronic 
conditions. The evidence presented in this systematic review 
showed that Ws supplementation is safe. Given improve-
ments in certain biomarkers, it may also benefit healthy indi-
viduals. Although Ws may act as an adaptogen to counter-
balance and adjust some physiological markers outside the 
normal range, e.g., hematological and hormonal, it may exert 
a more potent anti-inflammatory and antioxidant effect, even 
in low inflammatory and oxidant status, that could further be 
utilized to prevent chronic inflammatory conditions. Further 
research, however, is needed to confirm the potential benefits 
on health of Ws supplementation in healthy adults without 
chronic diseases.
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