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Abstract

Background & Aims: Ashwagandha (Withania somnifera) is widely used in Indian Ayurvedic 

medicine. Several dietary supplements containing ashwagandha are marketed in the U.S. and 

Europe, but only one case of ashwagandha-induced liver injury (DILI) has been published. The 

aim of this case series was to describe the clinical phenotype of suspected ashwagandha induced 

liver injury.

Methods: Five cases of liver injury attributed to ashwagandha-containing supplements were 

identified; three were collected in Iceland during 2017–2018 and two from the Drug-Induced Liver 

Injury Network (DILIN) in 2016. Other causes for liver injury were excluded. Causality was 

assessed using the DILIN structured expert opinion causality approach.

Results: Among the five patients, three were males; mean age 43 years (range 21–62). All 

patients developed jaundice and symptoms such as nausea, lethargy, pruritus and abdominal 

discomfort after a latency of 2–12 weeks. Liver injury was cholestatic or mixed (R ratios 1.4–3.3). 

Pruritus and hyperbilirubinemia were prolonged (5–20 weeks). No patient developed hepatic 

failure. Liver tests normalized within 1–5 months in 4 patients. One patient was lost to follow-up. 

One biopsy was performed, showing acute cholestatic hepatitis. Chemical analysis confirmed 

ashwagandha in available supplements; no other toxic compounds were identified. No patient was 

taking potentially hepatotoxic prescription medications, four were consuming additional 

supplements, in one case rhodiola was a possible causative agent along with ashwagandha.

Conclusions: These cases illustrate the hepatotoxic potential of ashwagandha. Liver injury is 

typically cholestatic or mixed with severe jaundice and pruritus, but self-limited with liver tests 

normalizing in 1–5 months.

Lay Summary/Key Points:
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Ashwaganda is a plant root which is used in many herbal- and dietary supplements. It seems to be 

able to cause injury to the liver and the injury has a specific clinical pattern. In this study the 

characteristics of five such cases are described.
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Background & Aims:

Drug-induced injury (DILI) associated with herbal- and dietary supplements (HDS) is an 

important cause of liver injury and failure.1–4 In a prospective population-based study in 

Iceland, HDS caused 16% of DILI cases.3

In the Drug-Induced Liver Injury Network (DILIN) prospective study the proportion of DILI 

cases caused by HDS has been increasing from 7% in 2004–2005 to around 20% in 2010–

2014.4 A recent large retrospective study on DILI in Mainland China found Chinese 

traditional medicine and HDS to be implicated in approximately 27% of cases.5 In other 

DILI registries or large cohorts, the proportion of DILI cases caused by HDS varies greatly.
6–10 Most reported cases of DILI due to HDS are caused by supplements containing multi-

ingredient mixtures, thus identifying a single causative agent can be difficult.4 It is reported 

that half of the U.S. population uses dietary supplements11 and the number of HDS on the 

market has increased in the last 25 years.2

The root of Withania somnifera, commonly known as ashwagandha, is widely used in Indian 

Ayurvedic medicine. It’s purported effects are many, including increased strength and vigor, 

promoting memory and learning abilities as well as decreasing anxiety and counteracting 

chronic fatigue.12 A population survey showed that Ayurvedic medicine was used by only 

0.1% of the adult U.S. population in 2012.13 However, ashwagandha is not limited to 

Ayurvedic medicine. In fact, many dietary supplements containing ashwagandha are 

marketed in the U.S.

Only one case of DILI due to ashwagandha has been published. In that report from Japan, a 

20 year old man developed cholestatic DILI with jaundice after using ashwagandha in 

combination with multiple anxiolytic drugs.14

Material and methods:

We present five cases of liver injury in which ashwagandha-containing supplements were 

implicated. The cases were identified in two different DILI-registries. Three were collected 

in Iceland during 2017–2018 and two from the DILIN in 2016. The design of the DILIN 

study has been described in detail in previous publications.15,16

In all cases, a thorough diagnostic workup was performed and other well recognized causes 

for liver injury were excluded based upon laboratory tests, viral serologies, autoimmune 

markers and diagnostic imaging. The causality assessment in all cases was based on expert 
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consensus by the DILIN Causality Committee. The strength of the relationship between the 

implicated agent and the liver injury was scored as definite (≥95% likelihood), very likely 

(75–94%), probable (50–74%), possible (25–49%) or unlikely (<25%).

The type of liver injury was categorized by R ratios, using initial values of alanine 

aminotransferase (ALT), alkaline phosphatase (ALP), and their respective upper limits of 

normal (ULN): R = ALT/ULN ÷ ALP/ULN. R ratio less than 2 was defined as cholestatic, 

between 2 and 5 as mixed and greater than 5 as hepatocellular.17 R ratio at peak of injury 

was calculated using ALT and ALP values when bilirubin levels were highest. Time to peak 

was calculated from onset of lab abnormalities to peak of bilirubin.

Severity was graded with a 4 point severity score as [1] mild, with serum enzyme elevations 

reaching criteria for DILI but bilirubin concentration <2.5 mg/dL, [2] moderate, with 

bilirubin ≥2.5 mg/dL or symptomatic hepatitis, [3] severe, with bilirubin concentration ≥2.5 

mg/dL and signs of liver failure (INR ≥1.5, ascites and/or encephalopathy) or other organ 

failure considered to be due to DILI or [4] fatal, with death or liver transplantation due to 

DILI within 6 months of onset.18 Chemical analysis was performed on products collected 

from patients using liquid chromatography coupled to quadruple time of flight mass 

spectrometry (LC-QToF).

Results:

The five cases included three men (ages 21, 24 and 45 years) and two women (ages 60 and 

61 years) (Table 1). Viral markers for acute hepatitis A, B, and C as well as cytomegalovirus 

IgM were negative in all patients. Hepatitis C virus (HCV) RNA PCR was performed in one 

case and was negative. Hepatitis E virus (HEV) testing was not performed. Antinuclear 

antibody (ANA) and smooth muscle antibody (SMA) titers were elevated in one patient, 

ANA 1:40 and SMA 1:40 but the liver tests normalized with no other intervention than 

stopping the HDS. All patients underwent imaging of the liver and bile ducts, ultrasound in 

four, computerized tomography (CT) in three and magnetic resonance 

cholangiopancreatography (MRCP) in two. No patient had evidence of biliary obstruction. 

The role of ashwagandha in causing liver injury was judged as definite in one case, highly 

likely in two, probable in one and only possible in one (Table 1). Concise clinical histories 

and laboratory values of all the cases are available in the supplementary material.

Two patients were taking ashwagandha to decrease anxiety, one to counteract stress, one to 

increase concentration and one for increased energy and vitality. In the three cases from 

Iceland the patients were taking ashwagandha supplements from the same manufacturer 

(NOW® Ashwagandha) although one patient was also using another supplement that 

contained ashwagandha (Infowarslife® Super Male Vitality). In these three cases from 

Iceland the daily dose varied from 450 to 1350 mg. The implicated product was available for 

one of the US cases: Nature’s Way®, Standardized Ashwagandha, containing 500 mg of 

ashwagandha Chemical analysis confirmed the presence of ashwagandha in all supplements, 

and no other known toxic compounds or trace metals were found. No patient was taking 

other potentially hepatotoxic prescription medications, although four were consuming one or 

more other supplements: Super Male Vitality, Spirulina, Chlorella, Rhodiola and Cerenity. In 
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one case rhodiola was implicated as a possible causative agent along with ashwagandha. In 

other cases, the other HDS products scored as unlikely causes of the hepatic injury.

In all five cases the patients had jaundice as well as other symptoms such as nausea (n=3), 

abdominal discomfort or pain (n=2), lethargy (n=1) and pruritus (n=2). Latency from the 

first intake of ashwagandha to the onset of symptoms was 2–12 weeks (table 2).

Three patients had a mixed pattern of liver injury, two had a cholestatic pattern, R ratios 

were 1.4–3.3. Hyperbilirubinemia and pruritus were prolonged with elevated levels of 

bilirubin for 5–20 weeks, the time from onset to peak of liver tests ranging from 9–36 days. 

One patient was lost to follow up after 32 days. In three patients liver tests had normalized 

within 1–5 months of stopping ashwagandha. One patient had normal liver tests except for 

bilirubin of 1.4mg/dL (1.2x ULN) 2.5 months after onset of liver injury, and liver tests had 

normalized 9 months after onset of injury. Severity was graded as moderate in all cases. One 

patient was hospitalized, but no patient developed an elevation in INR or other evidence of 

hepatic failure or impaired liver function. In one case a biopsy was performed 36 days after 

onset, which showed acute cholestatic hepatitis with mild to moderate inflammation and 

canalicular cholestasis (figure 1). Rechallenge was not performed in any case.

Conclusions:

In the current study, we present five cases of liver injury linked to the herbal- and dietary 

supplement ashwagandha. The pattern of liver injury was similar in all cases, mixed and 

cholestatic with notable hyperbilirubinemia. No rechallenge was performed. In this case-

series, all patients underwent a thorough and detailed diagnostic work-up, and all the cases 

were individually confirmed by a committee of experts in the field using the DILIN 

structured expert opinion causality assessment method.16 A standardized tool such as 

Roussel Uclaf Causality Assessment Method (RUCAM) was not applied as these measures 

tend to underestimate the causality of HDS, due to the fact that DILI is usually not listed as 

an adverse effect. Also RUCAM was designed to assess causality of a single product, 

whereas herbal products characteristically contain multiple ingredients. One patient was lost 

to follow up before liver tests had normalized.

Ashwagandha has been reported in the literature as a causative agent in drug-induced liver 

injury only once before.14 In the case report by Inagaki et. al. the patient developed 

symptoms after taking ashwagandha with multiple anti-anxiety drugs (alprazolam, 

lorazepam, escitalopram, quetiapine) for 10 months and increasing the dosage of 

ashwagandha two- to threefold a month before the onset of symptoms. The dose of 

ashwagandha was not reported. The liver injury was classified as cholestatic with prominent 

hyperbilirubinemia, which worsened for some time after intake of ashwagandha was 

stopped, normalizing in 3.5 months. Other known causes were excluded. The patient was 

treated with ursodeoxycholic acid and phenobarbital. A biopsy showed canalicular 

cholestasis without lobular inflammation.14 This is interesting as the histological pattern in 

the current study also revealed prominent features of cholestasis although with mild to 

moderate inflammation. Biopsies from more patients would be needed to determine whether 

this histological appearance is characteristic of ashwagandha-induced liver injury. In all 
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cases, profound hyperbilirubinemia peaked days or weeks after cessation of the offending 

drug. No patient developed signs or symptoms of liver failure.

In the present study, three cases of liver injury, all due to a single ashwagandha containing 

product made by the same manufacturer, were identified over a 7-month period in Iceland. 

This is a relatively high number of cases considering that only 15 cases of DILI due to HDS 

were identified in a two-year prospective study in Iceland.3

In all cases a thorough diagnostic work-up with imaging, viral- and autoimmune markers 

was performed to exclude other possible causes of liver injury. All patients had negative 

anti-HCV antibodies, however HCV RNA PCR was only performed in one case and the 

diagnostic work-up did not include anti-HEV antibodies or HEV RNA PCR. Although these 

tests were not performed, clinical suspicion for viral hepatitis was very low. In the cases 

described in this study, the pattern of liver injury was cholestatic or mixed, with notable 

elevation in alkaline phosphatase with hyperbilirubinemia that normalized in 1–5 months 

after discontinuation of ashwagandha. A hepatocellular type of liver injury with prominent 

elevations in transaminases would be the most likely pattern in liver injury caused by HCV 

or HEV. Importantly, the prevalence of HEV IgG antibodies has been shown to be very low 

in Iceland and found almost exclusively in patients who were born in other countries or have 

lived outside of Iceland for an extended period of time.19

DILI due to HDS is an important cause of liver injury, causing 16% of cases in a prospective 

study in Iceland3 and around 20% of cases in the U.S.4 In the Acute Liver Failure Study 

Group database, approximately 16% of DILI cases were due to HDS, with transplantation 

rates significantly higher (56% vs. 32%) in those with DILI from HDS than from 

conventional drugs and with lower 21-day transplant-free survival (17% vs. 34%).1 These 

prevalence and outcome data have led to an increasing appreciation of hepatotoxicity as well 

as other adverse events due to herbal and dietary supplements. Overall, HDS adverse events 

are estimated to cause 23,000 emergency department visits annually in the U.S.20

Attribution to specific HDS compounds can be challenging. One of the biggest problems is 

incorrect labeling of ingredients21, but one of the strengths of our study was the chemical 

analysis that confirmed the presence of ashwagandha in implicated supplements in four 

cases. Most cases of DILI due to HDS are caused by supplements containing multi-

ingredient mixtures,4 and it can be difficult to prove which one is responsible for the liver 

injury. Some common ingredients have been identified as hepatotoxic, most notably green 

tee extract (Camellia sinensis) which was implicated in 25% of HDS hepatotoxicity in the 

Spanish DILI registry.10 In our cases, the ashwagandha was marketed as the single or 

predominant ingredient, and chemical analysis did not identify other liver toxic substances. 

However, clinicians should be aware that ashwagandha is also labeled as a component of 

multi-ingredient mixtures such as Hydroxycut Platinum®22 and Herbalife Relax Now®23.

In the case report by Inagaki et. al the patient developed DILI after increasing the dosage of 

ashwagandha two- to threefold. This suggests that liver injury associated with ashwagandha 

might be dose-related. Idiosyncratic drug-induced liver injury is traditionally not considered 

to be dose-related, however drugs with a daily dose of ≤ 50mg are less likely to cause liver 
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failure, need for liver transplantation or death.24 The daily dose of ashwagandha ranged from 

450 to 1350mg in the present study and no patient had recently increased the dose to our 

knowledge. However, the dose was recorded according to the label information and no direct 

dose measurement was performed.

In summary, we present five cases of DILI due to ashwagandha with similar patterns of liver 

injury and outcome. Clinicians should be aware of ashwagandha’s potential for liver injury 

and always get a detailed history of HDS use in patients presenting with liver injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Liver biopsy from case 1 showing liver tissue with mild mononuclear cell inflammatory 

infiltrate and prominent canalicular cholestasis.
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Table 1:

Liver tests and pattern of liver injury. First three cases are from Iceland. ALT: Alanine aminotransferase. Alk 

P: Alkaline phosphatase. DILIN: Drug-induced liver injury network. F: Female. INR: International normalized 

ratio. M: Male.

Case Product Age/Sex Peak ALT 
(U/L)

Peak AST 
(U/L)

Peak Alk P 
(U/L)

Peak Bilirubin 
(mg/dL)

Peak 
INR

DILIN 
Causality

1 “NOW Ashwagandha” 45/M 345 226 279 14.4 0.9 Definite

2 “NOW Ashwagandha” 24/M 300 177 159 13.9 1.0 Highly likely

3 “NOW Ashwagandha” 62/F 261 226 241 7.5 1.0 Probable

4 “Nature’s Way 
Ashwagandha” 61/F 580 334 187 5.9 1.0 Possible

5 Ashwagandha 21/M 317 235 274 8.0 1.1 Highly likely
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Table 2.

Summary overview of cases. First three cases are from Iceland. D: Days.

Case 1 Case 2 Case 3 Case 4 Case 5

Duration of therapy (d) 14 90 14 110 16

Time to Onset of Symptoms 
(d) 7 83 5 116 16

Time to Onset of Lab 
Abnormalities (d) 14 90 14 116 16

Time to Peak of Injury 36 18 47 3 31

Time to Resolution Within 5 months Unknown Within 3 months Within 2 months Within 3 months

Initial R Ratio 3.3 (Mixed) 3.1 (Mixed) 1.4 (Cholestatic) 1.6 (Cholestatic) 2.7 (Mixed)

R Ratio at Peak of Injury 0.3 (Cholestatic) 1.1 (Cholestatic) 1.2 (Cholestatic) 2.0 (Mixed) 2.0 (Mixed)

Symptoms Jaundice, nausea, 
pruritus Jaundice, nausea Jaundice, nausea, 

abdominal pain
Jaundice, fatigue, 

pruritus
Jaundice, 

abdominal pain

Severity 2: Moderate 2: Moderate 2: Moderate 2: Moderate 2: Moderate

Modal Bimodal Bimodal Bimodal Unimodal Bimodal
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