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There have been increasing reports of liver injury associated with use of herbal and dietary
supplements, likely due to easy access to these products and beliefs among consumers that they
are safer or more effective than conventional medications. We aimed to evaluate clinical
features and outcomes of patients with herbal and dietary supplement-induced liver injuries
included in the Spanish DILI Registry.
METHODS:
 We collected and analyzed data on demographic and clinical features, along with biochemical
parameters, of 32 patients with herbal and dietary supplement-associated liver injury reported
to the Spanish DILI registry from 1994 through 2016. We used analysis of variance to compare
these data with those from cases of liver injury induced by conventional drugs or anabolic
androgenic steroid-containing products.
RESULTS:
 Herbal and dietary supplements were responsible for 4% (32 cases) of the 856 DILI cases in the
registry; 20 cases of DILI (2%) were caused by anabolic androgenic steroids. Patients with
herbal and dietary supplement-induced liver injury were a mean age of 48 years and 63% were
female; they presented a mean level of alanine aminotransferase 37-fold the upper limit of
normal, 28% had hypersensitivity features, and 78% had jaundice. Herbal and dietary
supplement-induced liver injury progressed to acute liver failure in 6% of patients, compared
with none of the cases of anabolic androgenic steroid-induced injury and 4% of cases of con-
ventional drugs. Liver injury after repeat exposure to the same product that caused the first
DILI episode occurred in 9% of patients with herbal and dietary supplement-induced liver
injury vs none of the patients with anabolic androgenic steroid-induced injury and 6% of
patients with liver injury from conventional drugs.
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CONCLUSION:
 In an analysis of cases of herbal and dietary supplement-induced liver injury in Spain, we found
cases to be more frequent among young women than older patients or men, and to associate
with hepatocellular injury and high levels of transaminases. Herbal and dietary supplement-
induced liver injury is more severe than other types of DILI and re-exposure is more likely.
Increasing awareness of the hepatoxic effects of herbal and dietary supplements could help
physicians make earlier diagnoses and reduce the risk of serious liver damage.
Keywords: Hepatotoxicity; Clinical Presentation; Herbal Signature; Re-challenge.
Herbal medicinal products are medicinal products
where the active ingredient consists exclusively

of single herbal substances or a combination of them.
Nowadays, the term herb-containing products is widely
used and may comprise both herbal medicinal products
and traditional herbal medicinal products as well as
herbal formulations manufactured to be used as dietary
supplements. The classification and regulation of such
products are heterogeneous and vary between different
countries. In the European Union, the first 2 categories
mentioned previously are classified as herbal medicinal
products, which must fulfill requirements for efficacy,
safety, and quality standards.1,2 On the other hand, some
herb-containing products are manufactured as herbal
and dietary supplements (HDS) from which most of the
problems stem if they are contaminated or adulterated
with undeclared botanical or pharmaceutical ingredi-
ents.2 In the United States, the Dietary Supplement
Health and Education Act defines a dietary supplement
as any product intended to supplement, but not substi-
tute for, the diet.3

The real prevalence of HDS consumption is unknown.
Surveys found an estimated weighted overall plant food
supplement usage prevalence rate ranging from 18.8%4

in European countries to approximately 50% usage in
the United States, a dramatic rise.5 The apparent increase
in consumption of these products in Western countries,
is believed to stem from the widespread opinion
that herbal dietary supplements are safe due to their
“natural” origin, together with their easier purchasing,
and has favored the increase in liver injury recognition
due to HDS products.6

In many countries HDS are classified differently from
conventional pharmaceutical products,7 and as such
escape regulations applied to the latter group in terms of
efficacy and safety testing.8 Although there is consider-
able evidence supporting health benefits of herb-
containing products, they are not exempt of adverse
events including liver damage. In a population-based
study in Iceland, 16% of drug-induced liver injury
(DILI) cases were attributed to use of HDS, with a total
annual DILI incidence rate of 19.1 cases per 100,000
habitants.9 The DILIN has reported increases in HDS-
induced liver injury (HILI) from 7% to 20% between
2004 and 2013.7

The proportion of HILI cases included in drug-
induced liver injury registries or in large DILI cohorts
varies widely among countries, with figures ranging from
1.3 to 73%.10–18 Several studies have also observed
elevated transplantation rates in DILI cases induced by
complementary and alternative medicine (CAM).7,19

Goldberg et al20 found that the incidence of drug-
induced acute liver failure (ALF) was 1.61 per million
person-years in adults, and HDS were implicated in 18%
of cases.

The aim of this study was to analyze a series of HILI
cases in the Spanish DILI registry and compare them
with DILI cases related to conventional medication and
anabolic androgenic steroids (AAS), so to define the
clinical phenotype and outcome of HILI in Spain.
Patients and Methods

All HILI cases reported to the Spanish DILI registry
between 1994 and 2016 were included in this study.
Demographics, clinical and biochemical parameters of
these cases were analyzed and compared with DILI cases
due to conventional drugs and AAS in the same registry.
Cases caused by illicit AAS (AAS hepatotoxicity) were
considered separately from HILI cases due to their
distinct phenotype, which has been previously
reported.21 In patients with more than 1 DILI episode,
only 1 episode was included in the analysis, always the
episode with most available information The operational
structure of the registry, data recording and case ascer-
tainment have been reported elsewhere.14 A structured
protocol was used for data collection with the following
information: (1) compatible temporal relationship be-
tween drug intake and appearance of liver disease;
(2) serology biochemical, imaging and histological data
to exclude alternative liver diseases; and (3) outcome of
liver damage.

The biochemical criteria for DILI were initially the
consensus criteria reported by the Council for Interna-
tional Organization of Medical Sciences (CIOMS), and in
2011 adapted to those of Aithal et al (alanine trans-
aminase [ALT] �5� the upper limit of normal [ULN],
alkaline phosphatase [ALP] �2� ULN or ALT �3�
ULN þ total bilirubin �2� ULN).22,23 The pattern of liver
injury was classified based on R values (ALT/ULN)/
(ALP/ULN) calculated from the first available blood test
after DILI recognition. DILI cases were classified as mild,
moderate, severe or fatal based on the DILI severity
clasification.23 Hypersensitivity referred to the presence
of any of the following features during the DILI episode:
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fever, rash, serum eosinophilia (eosinophils >4%),
lymphopenia (lymphocytes <10%) or arthralgia. The
CIOMS/Roussel Uclaf Causality Assessment Method
(RUCAM) scale was applied to all cases that were diag-
nosed as DILI by a panel of experts.24

This study was approved by the local Ethics
Committee of the coordinating center at the Virgen de la
Victoria University Hospital in Málaga, Spain. All subjects
gave informed written consent.
Statistical Analyses

Variables were examined using descriptive statistics.
Analysis of variance was used for comparisons of more
than 2 groups. Where variables did not follow a normal
distribution, nonparametric analyses (Kruskal-Wallis
test) were used. Post-hoc pairwise comparisons were
performed using the Fisher’s least significant difference
method. Differences were reported as statistically sig-
nificant if the P value was <.05. Statistical analyses were
performed using SPSS 19.0 (IBM, Armonk, NY).
Results

Of a total of 856 hepatotoxicity cases recorded in the
Spanish DILI registry between the years 1994 and 2016,
32 cases were related to HDS products. This corre-
sponded to 3.7% of the total number of cases, and HDS
represented the sixth-highest category in terms of case
frequency, behind anti-infectives (37%), nervous system
(14%), musculoskeletal system (11%), cardiovascular
system (11%), and antineoplastic drugs (8%). An addi-
tional, 20 cases (2.3%) were induced by AAS products
and the remaining 804 cases were induced by conven-
tional medication. The temporal trend of HILI, DILI, and
AAS hepatotoxicity in the Spanish DILI registry is
depicted in Figure 1. The number of HILI cases increased
steadily up to 2013 and remained constant thereafter,
Figure 1. Secular trends in drug-induced liver injury cases
enrolled in the Spanish DILI registry from 1994 to 2016. Drug-
induced liver injury induced by conventional medicines,
herbal and dietary supplements (HDS), and anabolic andro-
genic steroids (AAS) are represented by light gray, dark gray,
and black bars, respectively.
ranging from 2% to 6%, with the majority of causative
HDS being multi-ingredient products in 2016.

Table 1 summarizes demographic and clinical data
of the HDS cases included in the present series, of
which some have been previously published as case
reports.25 Twelve (37%) cases were induced by single
ingredient products and 20 (63%) were induced by
multi-ingredient products. The most frequent indica-
tion for the intake of HDS products was weight loss, in
15 cases (47%). In the rest of the patients, the natural
supplements were used to relieve symptoms of
menopause, anxiety, pain, fatigue, constipation,
dyspepsia, peripheral vein insufficiency, and diabetes
mellitus.

A comparative analysis between DILI cases induced
by HDS, AAS, and conventional drugs is shown in Table 2.
Cases attributed to HDS were younger compared with
cases induced by conventional drugs, with a mean age of
48 years vs 55 (P < .001), and a higher proportion of
HILI patients were women (63%) compared with DILI
cases induced by other drugs (49%; P < .001). Median of
treatment duration in the HDS cases was 47 days and the
median latency period between initial consumption and
the start of symptoms was 29 days. These parameters
did not differ significantly between any of the groups.
The most frequent symptom for which the HILI patients
sought medical consultation was jaundice (78%), which
was present significantly less frequently than in the AAS
hepatotoxicity cases (95%; P ¼ .02). In the remaining
HILI patients, DILI was initially detected from elevated
aminotransferases. Besides, 9 of the HILI patients (28%)
developed hypersensitivity features. The HILI cases
presented a mean ALT value 37� ULN, and a mean
AST value of 30� ULN in the first blood analysis after
DILI onset. These values were significantly higher
compared with the corresponding values in DILI cases
due to conventional drugs (ALT19� ULN and AST18�
ULN) and AAS products (ALT14� ULN and AST5.7�
ULN; P < .001 and P ¼ .1, respectively). In contrast, the
HILI mean value of total bilirubin was lower compared
with that of AAS cases (8.9 mg/dL vs 17 mg/dL). Simi-
larly, the ALP mean value corresponding to HILI was
lower than that corresponding to DILI induced by con-
ventional drugs (1.5� ULN vs 2.2� ULN). Consequently,
the type of liver damage most frequently found in HILI
cases was hepatocellular (94%). Liver biopsy during the
DILI episode was performed in 6 HILI patients and
showed cholestasis with hepatitis (4 cases) and focal
necrosis (2 cases).

A positive re-exposure defined by a relapse of liver
injury following reintake of the substance responsible for
the initial liver damage occurred in 3 of the HILI cases
(9%). This re-exposure was accidental in all the cases
due to absence of clinical suspicion of DILI in the first
episode, or misdiagnosis of the first DILI episode.
Re-exposure occurred more frequently in the HILI cases,
compared with conventional medication or AAS-related
DILI (9% vs 6% and 0%, respectively).



Table 1. Demographic and Clinical Characteristics of DILI Cases Due to Herbal and Dietary Supplements Included in the Spanish DILI Registry

Brand Name
(Botanical)

Age
(y)/

SexS Rechallenge
HC
(n)

Chol
(n)

Jaundice
(n)

Positive
autoantibodies

(n)
Hospitalization

(n)
Outcome
(year)

CIOMS-
RUCAM

(n)

Varicid (Aesculus hippocastanum, Horse
Chestnut)

69/F No 1 - 1 - 1 Unknown (2005) Probable

Green tea (Camellia sinensis)a 48/M No 1 - 1 - 1 Unknown (2007) Probable
Green tea (Camellia sinensis)a 26/F Yes 1 - 1 1 1 Unknown (2003) Probable
Exolise (ethanolic extract of Camellia sinensis) 27/F No 1 - 1 - - Resolved (2002) Probable
Xenodrine (Camellia sinensis) 33/M No 1 - 1 - 1 Unknown (2010) Probable
Thermofast (Camellia sinensis) 18/F No 1 - 1 - 1 Resolved (2011) Probable
Lipo-Burn (Camellia sinensis) 50/F No 1 - 1 - 1 Resolved (2010) Possible
Green tea (Camellia sinensis)a 47/M No 1 - 1 - 1 Unknown (2009) Probable
Camilina (Camellia sinensis) 23/F Yes 1 - 1 - 1 ALF with

spontaneous
resolution (1997)

Highly
Probable

SHIP (Cassia angustifolia, Senna) 78/M No 1 - 1 - 1 Unknown (2000) Probable
Iberogast (Chelidonium majus, Greater Celandine) 37/M No 1 - 1 - 1 Liver Tx (2012) Probable
CH-14 Copalchi (Coutarea latiflora) 64/M No 1 - - - - Resolved (2006) Probable
Chitosanb 42/F No 1 - - - 1 Unknown (2005) Possible
K7 (Equisetum arvense, Field Horsetail) 60/F No 1 - - - 1 Resolved (2011) Probable
Ginkgo Max (Ginkgo biloba) 76/F No 1 - 1 - 1 Unknown (2014) Probable
Vaira Vati (Glycyrrhiza glabra, Licorice) 46/M No - 1 1 - - Unknown (2008) Possible
Herbalife products 57/F No 1 - 1 - - Unknown (2007) Probable
Herbalife products 46/M No 1 - 1 - - Resolved (2010) Probable
Herbalife products 50/F No 1 - 1 1 1 Resolved (2006) Probable
Herbalife products 49/F Yes 1 - 1 1 1 Resolved (2008) Highly

probable
Herbalife products 53/F No 1 - 1 - 1 Resolved (2005) Probable
Herbalife products 49/M No 1 - 1 - 1 Unknown (2007) Possible
Isoflavonesa 50/F No 1 - 1 - - Resolved (2012) Possible
Phyto soyac 52/F No 1 -. - - - Resolved (2003) Possible
Phyto soyac 57/F No 1 - - - - Resolved (2005) Possible
Rhamnus purshiana (Cascara Sagrada)a 44/F No 1 - 1 - - Unknown (2003) Probable
Lipograsil (Rhamnus purshiana, Cascara Sagrada) 36/F No 1 - 1 1 - Unknown (2003) Possible
Permixon (Serenoa repens, Saw Palmetto) 44/M No 1 - - - - Resolved (2015) Possible
Capslim (Thevetia peruviana, Yellow Oleander) 66/M No 1 - 1 1 1 Unknown (2012) Probable
TrimFast 38/F No 1 - 1 - - Death (2015) Possible
Valeriana officinalis (Valerian)a 55/M No - 1 1 1 1 Resolved (2001) Probable
Sonnok (Valeriana officinalis, Valerian) 50/F No 1 - - 1 - Resolved (2005) Possible

Chol, cholestatic damage; CIOMS/RUCAM, Council for International Organizations of Medical Sciences/Roussel Uclaf Causality Assessment Method; HC, hepatocellular damage; M, male; Tx, transplant.
aBrand name not reported.
bThe main components of chitosan are polysaccharide from exoskeleton of crustaceans.
cPhyto soya contains Glycine max.
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Table 2. Comparison of Demographics, Clinical and Laboratory Parameters Between 856 Spanish Hepatotoxicity Cases
Induced by HDS, Conventional Medications, and AAS

HDS (n ¼ 32) Conventional Medicines (n ¼ 804) AAS (n ¼ 20) P Value

Age, y 48 (18–78)a,b 55 (11–90) 31 (20–49)c <.001
Female 20 (63)b 396 (49) 0c <.001
BMI, g/m2 26 (20–40) 26 (15–42) 24 (19–32) .2
Clinical presentation
Jaundice 25 (78) 534 (67) 19 (95)c .02
Hospital admission 19 (63) 412 (58) 16 (84)c .06
Hypersensitivity features 9 (28) 304 (51) 8 (40) .5
Eosinophilia 3 (9) 183 (24) 2 (10) .06
Lymphopenia 5 (17) 161 (24) 3 (16) .5
Positive autoantibody titres 7 (27) 148 (23) 1 (5.0) .2
Duration of treatment, d 71/47 (1–540) 85/25 (1–2313) 60/47 (16–274) .8
Time to DILI onset, d 55/29 (0–365) 77/23 (0–2313) 63/47 (7–300) .8
Type of liver injury .005
Hepatocellular 30 (94)a,b 493 (63) 12 (60)
Cholestatic/mixed 2 (6.2) 291 (37) 8 (40)
Laboratory parameters at onset
TBL, mg/dl 8.9 (0.4–24)b 7.1 (0.2–46) 17 (1.8–33)c <.001
AST, �ULN 30 (1.3–76)b 18 (0.2–197) 5.7 (0.6–53) .1
ALT, �ULN 37 (0.6–84)a,b 19 (0.5–203) 14 (1–142) <.001
GGT, �ULN 4.9 (0.3–18)a 8.1 (0.2–79) 1.8 (0.6–5.9)c .002
ALP, �ULN 1.5 (0.4–8.5) 2.2 (0.2–22) 1.3 (0.1–2.3) .05
Outcome
Liver transplant 1 (3.1) 14 (1.7) 0 .7
Death 1 (3.1) 19 (2.4) 0 .8
Time to resolution, d 84 (48–427) 131 (5–3020) 72 (76–218) .6
Rechallenge 3 (9) 47 (5.8) 0 .4
Severity .048
Mild 7 (22) 247 (32) 1 (5.0)
Moderateþsevere 23 (72) 500 (62) 19 (95)
Fatal/liver transplantation 2 (6.2) 33 (4.1) 0
Associated diseases
Diabetes 2 (6.2) 100 (12) 0 .1
Hypertension 4 (17) 163 (28) 0c .01

Values are mean (range), n (%), or mean/median (range). Severity index: mild: elevated alanine transaminase (ALT)/alkaline phosphatase (ALP) meeting drug-
induced liver injury (DILI) criteria with total bilirubin <2 mg/dL; moderate: elevated ALT/ALP with total bilirubin � 2 g/dL; severe: elevated ALT/ALP and 1 of
the following: ascites, encephalopathy, international normalized ratio >1.5, or other organ failure considered to be due to DILI; fatal: death or transplantation due to
DILI. Hypersensitivity features: present 1 or more positive features as fever, rash, arthralgia, peripheral eosinophilia, or lymphopenia.
AAS, anabolic androgenic steroids; AST, aspartate aminotransferase; BMI, body mass index; HDS, herbal and dietary supplements; TBL, serum total bilirubin;
ULN, upper limit of normal.
aP < .05 HDS vs conventional medicines.
bP < .05 HDS vs AAS.
cP < .05 AAS vs conventional medicines.
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In relation to severity, 19 HILI cases needed hospi-
talization (63%). Three patients developed ALF, 1 of
whom recovered without liver transplant, 1 underwent a
liver transplantation, and 1 died before a liver trans-
plantation was possible. HILI showed higher severity
than the other groups with an elevated number of fatal/
liver transplant cases (6% vs 4% vs 0%; P ¼ .048).
Complete resolution of the clinical picture was evident in
16 HILI patients. All of these cases resolved before 1 year
and consequently did not develop chronic DILI. Lesser
comorbidity, including diabetes and hypertension, was
observed in cases due to HDS as compared with those
attributed to conventional medicines.

Application of the CIOMS/RUCAM scale produced a
probability score of highly probable in 2 patients (6%),
probable in 19 patients (59%), and possible in 11
patients (36%).
Discussion

Herbal and dietary supplement-induced liver injury is
an increasing healthcare problem. In contrast to medic-
inal products including Traditional Herbal Medicinal
Products which are regulated in the European Union
with regard to efficacy, safety and quality standards,1,2

the lack of regulation of “natural” dietary supplemental
products, together with the limited awareness of physi-
cians and consumers about possible harmful effects of
these supplements, reflect the need for research and
reporting in this field.26 In a previous report from the
Spanish DILI registry published in 2008, we described 13
HILI cases, which reflected a prevalence of 2% of all DILI
cases.11 The current study demonstrates that the overall
trend in HILI in the Spanish DILI registry has not
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changed significantly over time, with the proportion of
HILI cases ranging between 2% and 6% over the time
period 1998–2016. An important contributing factor
might be the available Directive 2002/46/EC, which
harmonizes within Europe the monitoring processes of
food supplements.27 In the United States herbs are
defined as dietary supplements and undergo less strict
regulation compared with conventional drugs.3 In
contrast, in Europe herbs may be included either as a
dietary supplement or a medicinal product.

The current 32 HILI cases correspond to almost 4%
of the DILI cases included to date in the Spanish DILI
registry. This is similar to a recent study in Berlin, which
reported a HILI frequency of 5.1%, but is lower than the
16% reported proportion of HDS cases in Iceland and the
United States, which both combined HILI and AAS
hepatotoxicity.9,16,28 This is, however, not the only
reason for the lower frequency in our registry as
combining our 32 HILI and 20 AAS-induced liver injury
cases will only increase the total frequency to 6% of the
cases in the Spanish DILI registry. Other reasons for the
lower prevalence of HILI in Spain may be a lower con-
sumption of HDS products in the country, misdiagnoses,
or under-reporting of HDS cases.

The majority of the HDS cases in the current series
were induced by multi-ingredient products; however, we
have attempted to identify the most probable single
causative ingredient based on known hepatotoxicity
potentials of the ingredients. The most frequent single
herbal ingredient involved in HDS hepatotoxicity was
Camellia sinensis (green tea) in 25% of cases. Of the 63%
of cases related to multi-ingredient products, Herbalife
products predominated, which is in line with the results
reported by Björnsson et al.9 Noticeably, Herbalife case
identifications spanned from 2006 to 2012, with no
further cases in later years, which might have been be
related to changes in the composition of the product. The
fact that the majority of the HDS cases were induced by
multi-ingredient HDS products in the current study may
stem from the ever-growing number of new available
multi-ingredient HDS products, particularly for internet
purchases.

Similar to the DILIN study from the United States,7

the main prescription reason for HDS use in the cur-
rent cohort was weight loss, in almost half of the
reported cases. Rates of obesity have increased over the
last decades, with a reported prevalence in the United
States of 35% in men and 40.4% in women.29 Increased
public awareness regarding obesity-related health
problems, along with the social pressure concerning
body image, has given way to complementary and
alternative medicine, including HDS, as weight loss
shortcuts.30 In a survey conducted among 3500 adults in
the United States, 34% of adults that were seriously
attempting to lose weight reported using dietary
supplements.31

Unlike DILI patients caused by conventional drugs or
AAS, more HILI patients were women (63%). This may
be due to women being more prone to use supplements
as well as being more concerned about weight loss.5 The
HILI and AAS patients were both younger than patients
with conventional drug-related liver injury. This is
probably related to consumption habits, and increased
rate of comorbidities that need treatment with conven-
tional drugs as the patient grows older. These results
were similar to those reported in recent studies.7,19

The pattern of liver injury was hepatocellular in 94%
of the HILI patients. This proportion was significantly
higher than what was seen among DILI cases induced by
conventional drugs (63%) and AAS products (60%).
Consequently, the HILI patients presented higher ALT
values, but less frequently hypersensitivity features.
Hepatocellular type of liver damage, higher aminotrans-
ferase levels, and normal or low peripheral eosinophil
counts have all been associated with higher risk of a
severe outcome and could be the reason for the higher
risk of ALF in this group of patients.32,33 It is unclear
whether a common pathogenic mechanism of toxicity
could be present, given that different compounds are
implicated in HDS hepatotoxicity. However, in a study by
the Acute Liver Failure Study Group, the CAM population
showed higher transplantation rates, but no differences
related to type of liver injury or sex when compared with
cases induced by prescription medicines.19

Despite that overall serious outcomes were not
significantly different between the 3 groups in the cur-
rent study, 3 of the HILI patients progressed to ALF
(9.4%), requiring serious medical interventions. These
results are not in concordance with the results of the
DILI group or with our previous report in 2008, where
patients with HILI were more frequently hospitalized
and associated with a higher risk of a severe outcome
compared with DILI due to prescription drugs.7,11 While
the frequency of fatal/transplant cases (6.2%) was
higher among the HILI cases compared with the DILI
cases induced by conventional medications in the current
study, the difference did not reach statistical significance
probably due to the limited number of HILI cases
included in the study. Similar to conventional medica-
tions, HILI that caused hepatocellular damage and
resulted in jaundice had a fatality rate of 8.7%, which is
in line with Hy’s law.

An interesting fact is that rechallenge was more
prevalent in the HILI group. The main reason of read-
ministration of the culprit HDS product was a misdiag-
nosis and/or unawareness of the first episode. Hence,
rechallenge can be avoided with a correct causality
assessment and detailed information given to the patient
regarding the cause of the liver injury.34 However, the
diagnosis of HILI has additional difficulties compared
with the diagnosis of conventional drug-related DILI.35,36

HDS products are generally promoted as being ‘‘natural,”
and therefore perceived as innocuous by consumers and
many health care professionals. Thus, patients tend to
underreport HDS use to their physicians. According to
Verma et al37, 31%–40% of patients do not disclose HDS
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use. Finally, the CIOMS/RUCAM scale was applied to all
HILI cases in the current study as there is not yet a
specific method for HDS-related DILI assessment, which
remains an unmet need. The CIOMS/RUCAM usually
underscores the causality assessment in this setting,
particularly when considering multi-ingredient products
whose concentrations and biologic activity may vary.
This makes the identification of a single causative agent
very difficult.10 The main limitations when applying the
CIOMS/RUCAM scale are the lack of previous informa-
tion about adverse events induced by these products or
incomplete time criteria.38 In DILI cases involving a drug
and a concomitant herbs containing dietary supplements,
the drug usually receives a higher CIOMS score due to
hepatotoxic potential included in the summary of prod-
uct characteristics, while this information is not available
for herbal products. Nevertheless, 2 of the HDS cases in
the current series had a CIOMS score above 8 (highly
probable). This was however due to rechallenge, which
rarely occurs in DILI.

Despite the fact that the HILI cases included in this
study may not be representative of all forms of HILI, but
is merely the tip of the iceberg, the present study is a
comprehensive analysis of all HILI cases reported to the
Spanish DILI registry to date. This study provides rele-
vant information about clinical features associated with
HILI, and highlights the importance of identifying all
medicinal products, prescription drugs as well as HDS
products, taken by patients who develop liver abnor-
malities. An initial suspicion of DILI, correct diagnosis
and reporting of DILI cases will lead not only correct
treatment options and improved outcomes, but also to
reduce the risk of rechallenge and its consequences.
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