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Abstract

Background: Garcinia cambogia, either alone or with green tea, is commonly promoted for
weight loss. Sporadic cases of liver failure from G. cambogia have been reported, but its role in
liver injury is controversial.
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Methods: Among 1418 patients enrolled in the Drug-Induced Liver Injury Network (DILIN)
from 2004 to 2018, we identified 22 cases (adjudicated with high confidence) of liver injury from
G. cambogia either alone (n=5) or in combination with green tea (n=16) or Ashwagandha (n=1).
Control groups consisted of 57 patients with liver injury from herbal and dietary supplements
(HDS) containing green tea without G. cambogia and 103 patients from other HDS.

Results: Patients who took G. cambogia were between 17 to 54 years, with liver injury arising

13 to 223 days (median = 51) after the start. One patient died, one required liver transplantation,
and 91% were hospitalized. The liver injury was hepatocellular with jaundice. Although the peak
values of aminotransferases were significantly higher (2001 + 1386 U/L) in G. cambogia group

(p <0.018), the median time for improvement in total bilirubin (TB) was significantly lower
compared to the control groups (10 vs. 17 and 13 days, p = 0.03). The presence of HLA-B*35:01
allele was significantly higher in the G. cambogia containing HDS (55%) compared to patients due
to other HDS (19%) (p = 0.002) and those with acute liver injury from conventional drugs (12%)
(p = 2.55x1076).

Conclusions: The liver injury caused by G. cambogia and green tea is clinically
indistinguishable. The possible association with HLA-B*35:01 allele suggests an immune-
mediated mechanism of injury.
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INTRODUCTION

The prevalence of obesity continues to rise across the world.1 Behavior and lifestyle
modification with a decrease in calorie consumption is the standard approach to achieve

the desired weight loss. However, long-term success is limited and resource-intensive.2:3
There are approved therapies for weight loss that work through appetite suppression.*
Unfortunately, these medications have not had much success due to the cost and side effects
resulting in low compliance rates.*® The perception that certain plant extracts effectively
reduce body weight through appetite suppression is common.® Therefore, herbal and dietary
supplements (HDS) are trendy for weight loss or to avoid weight gain. Their use has steadily
increased over time due to aggressive marketing strategies and burgeoning sales through the
Internet and social media.”~2 The HDS product adoption rate is very high due to perceived
safety from the belief that the product is natural in origin.10 In one extensive survey of 3500
adults in the United States, many users and non-users of HDS had misperceptions about
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these products, wrongly believing that they had been evaluated for safety and efficacy by
the Food and Drug Administration (FDA) before marketing and that dietary supplements are
safer than over-the-counter (OTC) or prescription medications.11

Garcinia cambogia (Malabar tamarind) is native to India and Southeast Asia.12 The rind
contains a chemical called hydroxycitric acid (HCA) that has been purported to decrease
appetite.12-14 HDS with G. cambogia or HCA, either alone or in combination with other
ingredients, commonly green tea, are marketed for weight loss.13:15-17 Most studies in
humans have been conducted over a short duration with a limited number of study
participants.18-20 The doses used in these studies ranged from 1000 mg 1500 mg of

HCA per day. None of these studies have shown if the weight loss if any persists beyond
the 12 weeks of intervention.18-20 Concerning toxicity and safety, studies conducted in
experimental animals have not reported increased mortality or significant toxicity.13:21
Furthermore, at the doses usually administered, no differences have been reported in terms
of side effects or adverse events (those studied) in G. cambogia and control groups.18-20 |t
was therefore believed to be safe, and its potential for hepatotoxicity was not questioned.22
However, rare cases of liver injury or failure requiring liver transplantation after the use of
G. cambogia have been reported.23-27

In one recent paper from the Drug-induced Livery Injury Network (DILIN) consortium, the
HLA-B*35:01 allele was found in 72% of patients with green tea-associated liver injury
and more than 90% of those where the injury was judged as highly likely or definite.28

It is unknown if liver injury from G. cambogiais also associated with this allele. In this
study, we analyzed cases of G. cambogia either alone or in combination with green tea
enrolled in the US DILIN between September 2004 and April 2018 and described the
clinical, laboratory, and histopathological features of the injury. We then compared the
differences in clinical phenotype (patterns and trends in liver biochemistries and clinical
outcomes) between liver injury from G. cambogia, green tea without G. cambogia, and
other non-anabolic steroid containing HDS. Furthermore, we examined the prevalence of
HLA-B*35:01 allele frequency in cases of liver injury from G. cambogia containing HDS
compared to patients due to other HDS (non-anabolic steroid HDS) and patients with acute
liver injury due to conventional drugs. Finally, in cases where we collected the implicated
supplements from the patients, we performed chemical analyses to identify the presence of
G. cambogia, its active ingredient HCA, and green tea extract and compared it with the
package label.

MATERIALS AND METHODS

The clinical protocols and study design of the DILIN are previously reported.2® Institutional
Review Boards approved the DILIN Prospective Study (NCT00345930) at participating
centers. Briefly, DILIN is an NIH-funded consortium of 5 to 8 medical centers in the
United States where incident cases of suspected drug-induced liver injury are prospectively
enrolled and followed with a standardized causality evaluation.29 The eligibility criteria
includes suspected liver injury related to consumption of drug or HDS product in 6-month
period prior to enrollment with documented clincially important drug-induced liver injury
(DILI) defined ast ALT or AST >5 x ULN or ALP >2 x ULN confirmed on at
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least two consecutive blood draws in patients with previously normal values. Known, pre-
existing autoimmune hepatitis, primary biliary cholangitis, primary sclerosing cholangitis

or acetaminophen hepatotoxicity was excluded. Serologic work up was performed to rule
out competing etiology per protocol. A diagnosis of chronic DILI was assigned when liver
test abnormalities persisted at the time of 6 month follow up visit. All eligible patients
underwent medical history, physical examination, and chart review for relevant data on

the liver injury after informed consent. If a liver biopsy was done as a part of clinical

care, unstained slides were requested for standardized central reading. Causality assessment
was assessed through review of case narratives and case report forms and scored for the
likelihood that G. cambogia played a role in causation, as 1 (definite, >95% likelihood),

2 (highly likely, 75-95% likelihood), 3 (probable, 50-74%), 4 (possible, 25-49%) or 5
(unlikely, <25%).2° Each case was also assessed for severity of injury based on the DILIN’s
severity scoring system.30 In 2009, a repository was set up with standardized protocols.
Patients were asked to provide samples of the implicated products. These were collected and
shipped to the supplement repository, where they entered into a database, photographed, and
aliquoted.31:32 Chemical analyses of these products were performed at the National Center
for Natural Products Research of the University of Mississippi using ultra-high-performance
liquid chromatography (UHPLC) coupled to quadrupole time-of-flight mass spectrometry
(MS).33 The results of the chemical analyses were not available at the time of causality
assessment.

For the current study, only high confidence cases of HDS-related liver injury (causality
scores 1 to 3), were assessed for demographic, clinical, biochemical, and histologic features.
The product labels of the implicated HDS were photographed whenever possible. When the
product label was not available, the ingredients were sought from the Dietary Supplement
Label Database or the Internet. The investigators based the causality scores on clinical
information only, without knowledge of the chemical analyses or genetic results. Human
leucocyte antigen (HLA) testing was performed using established protocols.28 Descriptive
statistics were computred for demographic and patient characteristics by mean + standard
deviation (SD), median (lowest, highest) for continuous variables and as frequency (%) for
categorical variables. Differences between the groups were tested using the nonparametric
test (Kruskal-Wallis test among groups of GC containing HDS, GT containing HDS and
other HDS, Wilcoxon between GC alone and GC+GT groups) for continuos variables

and chi-square test (or Fisher exact test for those with low frequencies) for categorical
variables. HLA allele carriage frequency was defined as the proportion of patients carrying
the corresponding allele. Fisher exact tests were performed to compare each HLA allele’s
carriage frequency in DILI cases due to G. cambogia containing HDS and DILI cases from
other non-anabolic steroid HDS and conventional drugs. Results were reported as odds
ratio (OR) with a 95% confidence interval (CI). Significance was determined by p<0.05.
Statistical analyses used SAS 9.4 (SAS Inc., Cary, NC) and R 4.0.2 (R Foundation). All
authors had access to the study data and reviewed and approved the final manuscript.

There were 1987 patients enrolled in the DILIN Prospective Study between September 2004
and April 2018. Of these patients, 1768 had undergone follow-up and causality assessment,
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and 1414 were judged as probable, highly likely, or definite drug-induced liver injury.
Among these verified cases, 272 (19%) were attributed to an HDS product. A review of
product labels of implicated agents for mention of G. cambogia, HCA, green tea, or its
component catechins or epigallocatechin gallate (EGCG) identified 22 cases of G. cambogia
either alone (n=5 with causality assessment scored as 1 in one patient, 2 or 3 in two patients
each) or in combination with green tea (n=16, scored as 1 in four patients, 2 in ten patients,
and 3 in two patients) or Ashwagandha (n=1, scored as 3). The control groups consisted

of 57 patients with liver injury from green tea alone or with other ingredients (except G.
cambogia), 103 patients with liver injury from other non-anabolic steroids HDS, and 1143
patients with liver injury from conventional drugs.

Clinical Characteristics and Outcomes

The demographic, clinical, and biochemical features of the 22 cases of G. cambogia
related liver injury are given in Table 1. The patients’ median age was 35 years, 55%

were women, most were white (64%), but strikingly 41% were of self-reported Hispanic
ethnicity. The stated reason for taking the supplement was weight loss in 82%. At the

time of enrollment, laboratory results demonstrated marked elevations in serum alanine
and aspartate aminotransferase (ALT and AST) with only modest increases in alkaline
phosphatase (ALP) levels so that all except four subjects (82%) had a hepatocellular pattern
of enzyme elevations; three subjects had a “mixed” and one a cholestatic pattern (Table 1).
Immunologic features were not prominent; only three patients mentioned a rash and two
fever, one patient having both (Table 1). The liver injury severity was scored as moderate in
11 (59%) and severe in 7 (32%) cases. There was one death, and one patient required liver
transplantation within three months of disease onset. Chronic DILI occurred in 2 of the 19
patients in whom 6-month follow-up data were available.

Comparison with cases ascribed to HDS containing green tea and HDS from other
ingredients revealed that patients with DILI due to G. cambogia were significantly younger,
more often Hispanic, and had higher serum aminotransferase levels both at the time of study
enrollment and peak values. The mean time from onset to peak total bilirubin values was 7
days and was not different among the three groups, but the G. cambogia containing HDS
group had significantly faster improvement in total bilirubin levels (10 days vs. 17 and 13
days, P=0.03) (Table 1).

HLA Association

HLA testing was performed on 22 patients in the G. cambogia group, 96 in the other HDS
group, and 1113 in the conventional drug group. The presence of HLA-B*35:01 allele was
55% (60% in those where G. cambogia was the only product taken) in the G. cambogia
containing HDS group compared to 19% (18 of the 96) in cases ascribed to other HDS,
and 12% (133 of 1113) in the conventional drug group. The carriage frequency of the
HLA-B*35:01 allele was significantly higher in the G. cambogia cases than the other HDS
[OR =5.1 (1.7, 15.6), P=0.0018] and the conventional drug group [OR =8.8 (3.4, 23.2),
P=2.55x107%], respectively.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vuppalanchi et al. Page 6

G. cambogia alone vs. G. cambogia with Green Tea

Comparison of cases with liver injury from HDS with G. cambogia alone vs. G.

cambogia with green tea (Table 2) failed to show any differences in demographics,

clinical characteristics, biochemical patterns, and temporal trends of liver tests. The clinical
outcomes were not different (Table 2). Liver biopsy slides were available for central

review in 2 of the 5 patients with G. cambogia alone group compared to 5 of the 16
patients in the G. cambogia with green tea group. The histology revealed varying degrees
of hepatitis (mainly acute), with some cases demonstrating cholestasis. There were no
characteristic differentiating histologic features between the patients with liver injury from
HDS containing G. cambogia with and without green tea.

Chemical Analyses

Chemical analyses were available on 12 products provided by 8 of the 22 patients who
consumed G. cambogia containing HDS (Table 3). Comparisons were made between the
label claim and chemical profiling results. One product (patient 3) was without detectable
catechins despite the label claim of a “diet spray” with green tea (Table 3). Interestingly, this
product was also listed to have G. cambogia, and it was detected, suggesting that the liver
injury was due to G. cambogia rather than the presumed green tea, based on the label. In
another case (patient 7), the product label claim for G. cambogia was correct with detectable
levels on chemical profiling. In this case, the product label did not claim for green tea extract
or EGCG, suggesting that G. cambogia by itself can cause the liver injury that is very similar
to green tea.

DISCUSSION

Several individual case reports over the years have raised concern for the hepatotoxic
potential of G. cambogia. 23253436 The exact mechanism is unclear. One study in

mice suggested that G. cambogia may increase hepatic collagen accumulation and lipid
peroxidation resulting in oxidative stress.3” The study also revealed increased expression
of tumor necrosis factor-a (TNF-a)) and monocyte chemoattractant protein-1 resulting in
hepatocyte injury and inflammatory response.3”

The current study summarizes the clinical insights gained from several liver injury cases
from G. cambogia, either alone or in combination, from the ongoing study of DILI in

the United States.29:31:33 The clinical, biochemical, and histologic features of G. cambogia
related liver injury were remarkably consistent and resembled green tea-related liver injury,
i.e., acute hepatitis with a hepatocellular injury.28 The marked serum aminotransferase
elevations almost always resulted in hospitalization with a severity that was at least
moderate. The fatality rate (death or liver transplantation) was typical for acute, icteric
hepatocellular drug-induced liver injury (2 of 22 jaundiced cases: 9%) as would be predicted
by “Hy’s Law.”

Some striking observations made in the current study were that G. cambogia was used
primarily by young women, mostly White and Hispanic, who were overweight but not
obese. It is possible that sellers of HDS mainly target this select demographic for a natural
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product purported to aid in weight loss or prevent weight gain. Furthermore, the carrier
frequency of HLA-B*35:01 in the cases with G. cambogia alone was 60% compared to
controls with liver injury due to the other dietary supplements (19%), both higher than that
found in the population controls (11%).28 Although the allele frequency was lower than
what was reported recently with green tea-associated liver injury (72-90% depending on
causality score), the hepatocellular pattern of enzyme elevations and moderate to a severe
course with jaundice raises the possibility that G. cambogia liver injury is immune-mediated
occurring in predisposed individuals.28 However, this association needs to be confirmed by
other group of investigators with a larger sample size. The HLA allele, B*35:01, is found in
5% to 15% of US populations, rates modestly higher in Hispanics compared to Caucasians
and African Americans.28:38 In the current study, 41% of G. cambogia containing HDS
group were Latino/Hispanic ethnicity. The current study also builds on a Chinese population
study that associates HLA-B*35:01 with DILI from yet another herbal product, Polygonum
multiflorum.38 Together, these studies suggest that HLA-B*35:01 could potentially serve as
a biomarker for predicting DILI associated with plant-based products.28:38 The molecular
and immuno-pathogenetic bases for these striking associations deserve further study.

A limitation in the current study is that the chemical analyses were not available for all
implicated HDS products. Among patients in whom the product was not available for
analysis, the commonly reported reasons were either full use of the product or that the
product had been discarded. No patient refused to part with their supply of the product if
they were still in possession of it at the time of enrollment. The chemical analysis indicated
that there were discrepancies between the label claim and chemical profiling. This finding

is consistent with prior analysis from the DILIN cohort that showed that 51% of HDS
products were mislabeled with chemical contents present that did not match the label.33
However, the chemical analysis available in the two illustrative cases, patients 3 and 7 (Table
3) provides definitive evidence that G. cambogia as a single ingredient can result in a liver
injury similar to green tea. Another limitation inherent to the study design is the inability to
use the chemical analyses’ results in the causality assessment. Foremost, these results are not
available at the time of causality assessment, and the products are not always available to
pursue this prospectively. For example, patients 3 and 8 (Table 3) were attributed to having a
liver injury from a combination of G. cambogia and green tea based on the label and not on
the chemical analysis. Although resegregation after the chemical analysis was not done, we
do not believe that it will alter our current conclusions.

The profile of a young woman, perhaps overweight but not obese, White and Hispanic, is
so innocuous that, unless the clinician actively pursues provoking questions during clinical
history taking, G. cambogia as the implicated agent for liver injury could be easily missed.
This situation emphasizes the need for clinicians to inquire about HDS use in all cases of
acute hepatitis. Furthermore, the pattern of injury and levels of serum aminotransferases in
1700 to 2000 U/L range seen in this analysis are similar to liver injury from intentional

or unintentional acetaminophen overdose. Lastly, the latency period, i.e., duration from the
start of the HDS to DILI onset, is very broad -- up to a year. This long latency period is
unusual and might falsely reassure patients and the clinicians treating these patients about
G. cambogia as an implicated agent. The perception that the natural derived products are
safe for consumption coupled with the assumption that these products are formally evaluated
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for safety prior to marketing needs to be addressed to avoid these, albeit rare, but serious
adverse events that are preventable. Perhaps educational campaign targeting the at-risk
consumer or publications of manuscripts such as these, in peer reviewed articles to increase
the awareness among health care providers may help avert these unfortuate situations.

In summary, the current study provides evidence for the hepatotoxicity potential of G.
cambogia containing HDS products. The clinical phenotype is akin to acute-hepatitis,
similar to what one would see with acetaminophen overdose or viral hepatitis, arising two
weeks to 12 months after start. Association with HLA B*35:01 allele, an emerging risk
factor associated with plant-based dietary supplement-induced liver injury, further adds to
the body of evidence. G. cambogia is often marketed with green tea; perhaps, the two are
additive or synergistic in their adverse effects in genetically susceptible individuals.
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