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Abstract

Khat (Catha edulis) is a plant native to East Africa and the
Arabian Peninsula, chewed for its stimulant effects by millions
worldwide. Its sympathomimetic properties, primarily due to
cathinone and other pyrrolizidine alkaloids, resemble those of
amphetamine. Emerging reports have linked khat use to the
development of autoimmune hepatitis, supported by elevat-
ed autoimmune markers, characteristic liver biopsy findings,
and clinical resolution following khat cessation or a prompt
response to corticosteroid therapy without recurrence. In this
review, we aimed to update knowledge on both acute and
chronic forms of khat-associated AIH. We discuss cathinone
metabolism, pharmacokinetics, and proposed mechanisms of
khat hepatotoxicity. We also provide an updated synthesis
of published cases of khat-associated autoimmune hepatitis,
including our calculated Roussel-Uclaf Causality Assessment
Method analysis and the simplified Hennes AIH score where
data were available. Case presentations, diagnostic criteria,
histopathological findings, and treatment approaches are
summarized to help guide management.
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Introduction

Khat (Catha edulis) is a plant chewed recreationally as a
stimulant by over 20 million people worldwide.! Khat grows
as a bush native to the Horn of Africa and the Arabian Pen-
insula. Consumption is primarily concentrated among these
populations and is deeply ingrained in their cultural prac-
tices. The euphoric effects of khat are mostly attributed
to cathinone, its main active component, along with other
pyrrolizidine alkaloids to a lesser extent, such as cathidine
and cathine.! These constituents are sympathomimetic with
pharmacological properties similar to amphetamines, caus-
ing a similar central nervous system response by releasing
dopamine and other catecholamines.2~# Mastication of khat
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leaves extracts alkaloids, which are absorbed by the buc-
cal mucosa.> Fresh khat leaves, which contain a higher ratio
of cathinone to cathine, are associated with greater toxicity
than dried leaves.>

The alkaloid compounds in khat, particularly cathinone
(aminopropiophenone), have been associated with numer-
ous adverse health effects, including myocardial infarction,
hypertension, anxiety, upper gastrointestinal cancers, im-
paired fetal growth,® and a range of psychiatric disorders,
from psychosis to suicide.” Khat is also associated with acute
hepatitis® and chronic liver disease (CLD), which may pro-
gress to cirrhosis and occasionally require liver transplanta-
tion.32 Although khat ingestion and hepatotoxicity are fairly
confined to geographic areas corresponding to regions where
the plant grows abundantly, immigration and illegal importa-
tion can result in the presentation of hepatotoxicity in atypi-
cal locations.

Khat use has also been linked to autoimmune hepatitis
(AIH), as evidenced by elevated autoimmune markers, biop-
sy findings consistent with AIH, and complete resolution with
cessation of khat exposure, or prompt complete response
to corticosteroids without recurrence after discontinuation.!
This autoimmune-associated khat hepatotoxicity is not gen-
erally well appreciated. Therefore, our review aims to update
knowledge on khat-associated AIH. We used the Roussel
Uclaf Causality Assessment Method (RUCAM) to evaluate the
causality of suspected drug-induced liver injury (DILI) and
the simplified Hennes AIH score, incorporating autoimmune
titers, IgG levels, histology, and hepatitis viral markers to as-
sess concurrent AIH.10.11 We applied these calculated RUCAM
and AIH scores where data were available to assess presen-
tations, diagnostics, and treatments to determine their as-
sociation.

Epidemiology

The prevalence of khat use in East Africa has been report-
ed to range from 16% to 90%. The highest rates of khat
chewing were observed in Yemen, Somalia, and Ethiopia. In
Yemen, 80% of people over 16 years old have chewed khat
at least once.!2 Approximately 80% of Yemeni people chew
khat daily.13 Over 90% of Yemeni men chew khat daily com-
pared to 50% of Yemeni women.13 Additionally, most khat
users are between 15 and 30 years old.13

Liver injury from khat use is likely underreported due to
cultural perceptions of khat's benefits and its legal status in
Africa. Additionally, detecting cathinones in standard drug
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screenings is difficult, as cathinones are only detected within
one day after chewing khat.'#15 This limited detection win-
dow makes testing for khat use challenging.® Furthermore,
only cathinones are specific to khat use, as other substances
can also metabolize into cathine and cathinone derivatives.
Liver injury from khat exposure primarily affects young men
from these regions, the population with the most frequent
use.l” A retrospective study in Egypt reported that acute
hepatitis from khat use accounted for 4% of DILI hospitaliza-
tions over one year.18 A case-control study attributed 83.2%
of cases of CLD in men to khat use, compared to only 1.9%
in women.!® This differs from typical AIH, which affects mid-
dle-aged women aged 40 to 70.20

Data on rates of acute and chronic AIH linked to khat are
derived primarily from case reports. Khat-associated acute
and chronic AIH have been reported beyond the Horn of Af-
rica due to East African immigration to the United Kingdom,
United States, and Australia.421 With increasing migration,
the spread of khat consumption globally and the incidence of
khat-induced hepatotoxicity are expected to rise.1® The wide-
spread use of khat among men in East Africa and its growing
global reach through migration make increased awareness
and surveillance essential to recognize and manage khat-
associated liver injury and AIH, especially in populations tra-
ditionally considered low-risk for AIH.

Pharmacokinetics and Metabolism of Cathinones

Fresh khat leaves (100 g) are reported to contain an aver-
age of 36 mg of cathinones.22 Cathinone metabolism occurs
faster in the liver than in other organs, including the lungs,
kidneys, heart, brain, and serum, which may partially ex-
plain the increased rates of liver toxicity compared to other
organ involvement.23 Mean fractional oral absorption has
been reported to be 59 = 21% for cathinone and 84 + 6%
for cathine. Peak plasma concentrations occurred at approxi-
mately 127 m for cathinone, 183 m for cathine, and 200 m
for norephedrine.2* The half-life of cathinone has been re-
ported to range from 1.5 £ 0.8 h to about 4 h after khat
ingestion, while the half-life of cathine was approximately
5.2+ 3.4 h.25

Cathinones are eliminated by glucuronidation and urinary
excretion of their glucuronide conjugates.2® However, only
0.6% to 7.0% of cathinones are excreted in the urine, while
the majority undergo metabolism, illustrating the significant
metabolic burden placed on the liver following khat inges-
tion.2427 Acidified urine enhances cathinone elimination,
suggesting that lowering urinary pH could assist in cathinone
excretion and may be beneficial in managing khat toxicity.26
Further studies should explore the potential of urinary acidi-
fication as a treatment strategy for khat toxicity.

Cathinones are primarily metabolized in the liver by cy-
tochrome P450 enzymes, especially CYP2D6.28:29 Khat has
been shown to inhibit CYP2D6 activity significantly,3° likely
due to competitive inhibition by cathinone. This may alter the
metabolism of other CYP2D6 substrates, potentially resulting
in increased plasma levels of these drugs and enhanced ef-
fects or toxicity.

Genotype-dependent inhibition of CYP2C19 and CYP1A2
can contribute to differential metabolism of pyrrolizidine al-
kaloids between individuals and, therefore, varying hepato-
toxic effects. Inhibition of CYP2C19 can result in the accu-
mulation of toxic metabolites due to decreased metabolism
of the latter. Because CYP2C19 activity varies by genotype,
the extent of enzyme inhibition and subsequent pyrrolizidine
alkaloid metabolite accumulation can contribute to observed
differences in hepatotoxicity between individuals.
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Notably, lower CYP2D6 activity is seen in individuals of
Ethiopian descent living in Ethiopia compared to those liv-
ing in Sweden, despite sharing the same CYP2D6 genotypes,
suggesting an environmental component, such as khat use,
involved in CYP2D6 activity.3! Furthermore, the frequency
of CYP2D6 duplication coincides with regions with the high-
est rates of khat use.30 Thus, individuals with lower CYP2D6
enzyme activity are likely to be at an increased risk of drug
reactions with khat ingestion. This is particularly concerning
in patients taking pharmaceuticals metabolized by CYP2D6,
such as antidepressants, antipsychotics, antimalarials, beta
blockers, antiarrhythmics, opioids, and antiemetics, among
others.30.32 Thus, khat abstinence should be strongly advised
in these patients.

Khat metabolism is also regulated by glucuronidation,
facilitated by UDP-glucuronosyltransferases (UGT), particu-
larly UGT1A and UGT2B. UGTs aid in excretion by convert-
ing lipophilic substances into hydrophilic forms, increasing
solubility and renal excretion.2829.33 Due to the interaction
between CYP enzymes and UGTs, inhibition of CYP2D6 by
khat can lead to a compensatory increase in UGT activity,
facilitating the elimination of unmetabolized khat compo-
nents.34:35 This relationship highlights the need to consider
both phase I (CYP-mediated) and phase II (UGT-mediated)
metabolic pathways when evaluating potential drug interac-
tions induced by khat. Similar to CYPs, UGT enzymes are
variably expressed due to genetic polymorphisms inhibiting
or inducing UGTs, altering the pharmacokinetics and phar-
macodynamics of other medications,3¢ requiring monitoring
and potential dose adjustments when khat is used concur-
rently with other drugs.3”

These findings underscore the complex metabolic inter-
play between CYP2D6 and UGT enzymes in khat users, high-
lighting the potential for genotype-dependent variations in
liver toxicity and drug interactions. This emphasizes the need
for caution and personalized treatment strategies, particu-
larly in individuals with altered CYP2D6 or UGT activity and
patients taking medications metabolized by these pathways.

Proposed pathogenetic mechanisms of khat-associ-
ated AIH

CD4 and CD8 levels

Cathinones stimulate the immune system by inducing pro-
inflammatory cytokine release. Elevated CD4+ and CD8* T
lymphocytes are accompanied by an increase in cytokine
production, such as interleukin (IL)-2,38 TNF-alpha, and IFN-
gamma, which result in hepatic inflammation.3° Proinflam-
matory cytokines have been reported to increase proportion-
ally with khat exposure, indicating the presence of underlying
tissue damage.4% One study reported a hepatocellular pat-
tern of hepatitis induced by khat, associated with an increase
in IL-2, IL-6, and TNF-alpha in a dose-dependent manner.
Other cytokines, such as IL-1beta and IL-4, increased as the
dosage increased.4? These findings suggest that direct meas-
urement of these cytokines could help predict the severity
of khat-related hepatotoxicity. Despite no significant gender
differences, TNF-alpha, IL-6, IL-2, IL-4, and IL-1beta levels
were higher in male rats.4? This gender difference may help
explain why khat-induced AIH is more prevalent in males,
due to higher levels of these cytokines. A higher bacterial
burden in the lungs of khat-addicted individuals may also
contribute to khat’s immune modulation, although this likely
plays a smaller role than other mechanisms.4!

An Ethiopian study suggested that khat stimulates the
immune system, as CD4* counts were 62% higher in khat
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chewers and rose in a dose-dependent manner, independent
of cigarette smoking or parasitic infections. Additionally, lym-
phocyte counts were significantly higher in male khat chew-
ers.*2 Increased lymphocyte counts could signify hepatic
inflammation, but this remains unclear and non-specific, as
subjects were not screened for liver disease. Some studies
show that low doses of khat are immune-enhancing, while
high doses of khat are immune-suppressing.43 Therefore, it
is also possible that the doses of khat administered in these
studies were too low to demonstrate an immunosuppressive
effect. This highlights the importance of dose in determining
the immunological impact of khat.

Elevated CD4* levels induced by cathinones stimulate a
T cell-dependent humoral response, promoting B cell differ-
entiation into plasma cells.3® Khat and cathinones stimulate
humoral (IgG and IgM) immunity, cellular immune respons-
es, and antibody titer production. These substances also en-
hance the phagocytic activity of the reticuloendothelial sys-
tem in a dose-dependent manner. At lower doses of khat
(50-100 mg/kg), significantly higher delayed-type hyper-
sensitivity was observed, which diminished at higher doses
(200 mg/kg).43

Furthermore, human studies report that khat chewing is
associated with significantly higher levels of high-sensitivity
C-reactive protein and IL-6in khat chewers. These results
suggest that frequent khat ingestion leads to a chronic in-
flammatory state, resulting in hepatitis. Therefore, measure-
ment of high-sensitivity C-reactive protein and IL-6 in khat
users may be beneficial in predicting underlying inflamma-
tion. Khat has also been shown to increase IL-6 gene expres-
sion.44 Studies in mice models exposed to khat also show
that pro-inflammatory cytokines are upregulated, including
TNF-alpha and IL-6.4546 These findings support the role of
proinflammatory cytokines, especially CD4 and CDS8, in the
development of khat-associated hepatotoxicity.

Animal studies

Researchers theorized that increased IgG and IgM anti-sheep
red blood cell titers result from direct B cell interaction with
antigens or indirect activation by type 2 T helper (Th) cells.*3
The increased phagocytic activity of the reticuloendothe-
lial system and increased delayed-type hypersensitivity ob-
served in mice treated with khat and cathinones indicated
that CD4* T cells may further differentiate into Th cells. Fur-
thermore, khat and cathinones modulate the immune sys-
tem by stimulating Th1 and Th2 cytokines. Th1 cells promote
cytotoxic responses, while Th17 cells mediate tissue inflam-
mation. Thl cells drive hepatocyte damage by secreting
interferon-gamma, activating macrophages, which phagocy-
tose intracellular pathogens and recruit CD8* T cells.*” Th17
cells produce IL-17, recruiting neutrophils and contributing to
chronic inflammation and liver injury.

Additionally, other components of khat, such as flavo-
noids, contribute to immune regulation. For instance, flavo-
noids activate immune cells, while alkaloids suppress T cell
proliferation and the production of Thl, Th2, and Th3 cy-
tokines.*8 Therefore, the chemical makeup of the khat strain
chewed likely dictates its immune effects. These results from
animal studies support the involvement of khat in the devel-
opment of hepatoxicity through the modulation of immune
responses, particularly involving Th cells.

Hepatic sinusoidal obstruction syndrome (HSOS)

HSOS is a condition in which liver sinusoids become obstruct-
ed due to endothelial injury from toxins such as pyrrolidine
alkaloids. These alkaloids are found in certain plants, such as

Senecio brasiliensis, which is used to make herbal teas.

Unlike Senecio, khat plants contain cathine, cathidine,
and cathinone. These are pyrrolizidine alkaloids, which are
structurally and functionally different from pyrrolidine alka-
loids because they possess a double bond between C1 and
C2. Cleavage of this bond can generate reactive free radi-
cals through the action of cytochromes, particularly CYP2A6,
CYP3A4, and CYP3A5.49 Free radical damage is thought to
result primarily in hepatocyte damage. Pyrrolidine alkaloids
have not been described in khat extracts, and currently, no
data definitively support an association between khat use
and the development of HSOS.

Idiosyncratic DILI

DILI is classified as either intrinsic or idiosyncratic. Intrinsic
DILI is dose-dependent and predictable, with hepatotoxic-
ity typically developing within days of exposure, as lipophilic
drugs readily cross hepatocyte membranes.>0 In contrast, id-
iosyncratic DILI is unrelated to dose, unpredictable in onset,
and varies in severity from spontaneous recovery to acute
liver failure.>1,52 It is less common and occurs in susceptible
individuals, likely reflecting an adaptive immune-mediated
mechanism.>3 Idiosyncratic DILI represented 78.6% of acute
and 90.9% of chronic cases of khat-associated AIH cases
presented here. Intrinsic DILI accounted for 21.4% of the
acute cases and 9.1% of the chronic cases.

Several studies have linked specific human leukocyte an-
tigen alleles to idiosyncratic DILI, implicating these alleles as
risk factors for genetically mediated drug-induced AIH.54:55
This predisposition may explain why some individuals experi-
ence spontaneous resolution of khat-induced liver injury, re-
ferred to as clinical adaptation, while others progress to AIH
requiring treatment.>® Although human leukocyte antigen
variants likely influence susceptibility to khat-related DILI,
their exact role in khat-induced AIH has not been defined.

Acute khat-associated AIH

Many case reports have linked long-term khat use with AIH,
resulting in acute liver injury (Table 1).1.8:9,17,21,57-62 Qur re-
view identified 18 case reports with khat-associated acute
AIH, although some cases were not biopsy-confirmed. There
was a case series involving 420 patients; however, no biop-
sies were obtained. The strongest evidence in favor of khat-
associated AIH came from cases with high RUCAM and AIH
scores, along with positive serology, high aminotransferase
levels, histopathology findings consistent with AIH, and a
positive response to steroids.! Furthermore, complete reso-
lution upon cessation of khat or a complete response to im-
munosuppression without recurrence supported a diagnosis
of khat-associated AIH. Among 11 acute AIH cases with suf-
ficient data, 27.3% met criteria for highly probable AIH and
72.7% for probable AIH (Table 1).

Emerging evidence describes four major idiosyncratic DILL
subtypes.®3 One of these DILI subtypes is drug-induced AIH,
defined by a combination of high RUCAM scores and AIH cri-
teria such as seropositive autoimmune markers, elevated
1gG, and a favorable steroid response. However, when the
offending agent is an herbal substance, such as khat, the
term “herb-induced autoimmune hepatitis (HIAIH)” is more
appropriate. Accordingly, cases meeting both elevated RU-
CAM and AIH scores should be classified as HIAIH.

Our calculated RUCAM scores ranged from four to eleven
among cases with sufficient data for calculation. One-third
of patients had a RUCAM score of at least 5, indicating a
probable (22.2%) or highly probable (11.1%) causal rela-
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tionship between khat and liver damage. Immunosuppres-
sion was required in two-thirds of cases. However, 22.2% of
patients821.58 responded to khat cessation alone. It is possi-
ble that patients did not require immunosuppressants due to
the removal of the triggering agent in the early stages of the
disease. Liver injury may have been reversible, due to milder
disease severity, individual variations in immune response,
spontaneous remission, or immunomodulatory effects of
khat. Meanwhile, 61.1% of patients had RUCAM scores of 4,
suggesting a possible association.

In all reported cases, IgG levels were elevated, while ANA
was positive in 58.8% and ASMA was positive in 44.4% of
acute khat-associated AIH cases. As expected from the de-
mographics of khat users, nearly all (94.4%) reported cases
involved male patients, with only one female case document-
ed.>® One study on khat-associated AIH (n = 420) reported
that 40.4% of patients were ANA positive, 42.9% were ASMA
positive, and 11.9% were positive for both ANA and ASMA
(titers not specified).>® However, the lack of important de-
tails, such as autoimmune serology titers, liver histopathol-
ogy findings, and RUCAM scores, significantly weakens the
diagnosis of khat-associated AIH. Therefore, while the data
were included in the table for reference, they were excluded
from our analysis discussed in this section.

One case reported a khat user with acute AIH marked by
positive ANA (1:1,280), anti-actin antibodies (75 arbitrary
units; normal <20), and biopsy confirmation. Our RUCAM
score indicated a highly probable link to khat use. The patient
initially showed improvement in ANA levels and liver func-
tion with khat abstinence, and immunosuppression further
supported the diagnosis of AIH.60 However, he later relapsed
with a significant rise in liver enzymes with khat re-exposure.
He again improved upon khat cessation. Anti-actin antibod-
ies, which demonstrate higher sensitivity (74% vs. 34%) and
comparable specificity to ASMA (98% vs. 99%), likely serve
an equivalent diagnostic role.5* Therefore, despite the ab-
sence of ASMA testing, the clinical presentation was consist-
ent with a diagnosis of acute AIH.

Another case involved a khat user of three months who
presented with a week of jaundice, hepatocellular hepatitis,
and biopsy-confirmed AIH. The RUCAM score of 10 indicated
a highly probable relationship between khat and liver inju-
ry. Positive serology included ANA 1:640 initially, and ASMA
1:160 after one year.2! Although treatment was not required,
the patient exhibited many hallmark features of AIH. Repeat
biopsy after 12 months revealed fibrosis progression, raising
concerns for ongoing AIH.2! Similarly, Someili et al. reported
a patient who maintained abstinence, was treated with ster-
oids, and achieved liver enzyme normalization within three
months, with no subsequent recurrences.>® Overall, the evi-
dence supports a causal association between khat use and
acute AIH, although the quality and consistency of reporting
were limited in some cases.

Steroid response and recurrence of khat-associated
acute AIH

Complete resolution of symptoms with khat cessation or a
rapid, sustained response to steroids without recurrence
supports a diagnosis of khat-associated AIH. Of the six total
acute khat-induced AIH cases with probable RUCAM scores,
five either had a prompt response to steroids if administered
(50%)58:50 or rapid improvement with cessation (33.3%),821
while one patient underwent an emergent transplant for
acute liver failure.? Among six patients with possible acute
khat-induced AIH based on their RUCAM score, all abstained
from khat without re-exposure or recurrence. One patient
initially improved with khat abstinence but later developed

recurrences of hepatitis with the development of ASMA titers
after one year.2! Four showed prompt improvement in liver
enzymes following immunosuppression and khat cessation,
while one achieved full resolution. The prevalence of AIH
in this population is higher than would be expected for the
same population in the Middle East without khat.6566 Con-
versely, some patients improved with khat cessation alone,
without experiencing recurrences, arguing against khat-
induced AIH.858 Another patient progressed to acute liver
failure and ultimately required liver transplantation without
ever receiving steroids.® The prompt resolution observed in
several cases with immunosuppressive therapy supported a
diagnosis of khat-induced AIH.

Acute liver failure from khat-associated acute AIH:
Acute liver failure due to acute khat-associated AIH was re-
ported in two patients who developed a prolonged INR and
jaundice. One patient required transplantation, while the
other died from variceal hemorrhage.8 Due to limited details,
the cases are not included in Table 1. Roelandt et al. also de-
scribed a case of acute liver failure from khat, characterized
by encephalopathy, significantly elevated liver enzymes, and
impaired synthetic liver function, ultimately requiring trans-
plantation.® This is the only case of probable khat-AIH that
has led to acute liver failure. Other reports have documented
acute liver failure associated with khat use, but without an
autoimmune component.3:67 These cases highlight the po-
tential for khat to cause acute liver failure in the context of
AIH and underscore the need for greater clinical awareness.

Chronic khat-associated AIH

Chronic khat-associated AIH has been observed in patients
presenting with AIH features, including positive autoimmune
serologies, laboratory abnormalities, and histological find-
ings, within the context of chronic liver injury. Our review
identified 14 cases consistent with khat-associated chronic
AIH (Table 2).4:8/12,57,58,68-71 Ha|f of these patients responded
to immunosuppressive therapy, while 29% of patients died
due to complications of AIH,®8:61,68 and one required trans-
plantation.8 These outcomes reflect the worse prognosis and
more severe progression of chronic compared to acute AIH.
Among the eight chronic AIH patients, 62.5% had scores
consistent with highly probable AIH, while 37.5% fell within
the probable range (Table 2). Cases with both high RUCAM
and AIH scores are classified as HIAIH.®3 Some patients
lacked biopsy data, but several had AIH scores of 6, sug-
gesting they would qualify as highly probable AIH if histology
were available.12,58

Our RUCAM scores were 25, indicating a probable or high-
ly probable association with khat, in 57.1% of cases. Among
these, six demonstrated biopsy-confirmed AIH, while biopsy
was precluded in two due to coagulopathy. Of the patients
with at least probable RUCAM scores, 62.5% responded to
steroid therapy. Among the remaining cases, one recovered
promptly with khat cessation alone, one underwent trans-
plantation, and one died of liver failure, outcomes still con-
sistent with a diagnosis of khat-AIH.

All reported cases of chronic khat-associated AIH involved
male patients with hepatitis and hypergammaglobulinemia.
RUCAM scoring could not be applied in 42.9% of cases due to
incomplete data, which weakens the overall strength of the
evidence. Nonetheless, the findings support an association
between chronic khat use and the development of chronic
AIH, particularly in repeat users, as demonstrated by over
half of the cases described progressing to chronic AIH.

Recurrence of hepatitis after initial improvement with ster-
oids, despite reported khat abstinence, raises doubt about
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a khat-induced AIH diagnosis and may suggest an alterna-
tive etiology or undisclosed re-exposure to khat. In one case,
hepatitis recurred three months after initial improvement,
requiring escalation of immunotherapy before resolution.58
Another patient achieved normalization of liver enzymes af-
ter three months but developed recurrence of hepatitis six
months later, necessitating increased immunosuppression
for remission. His steroid responsiveness favors an autoim-
mune process, but recurrent disease is not typical for khat-
associated AIH,12 as most cases demonstrate sustained im-
provement following khat cessation and steroid initiation.®°®

Histological evaluation in cases of chronic khat-associat-
ed AIH revealed varying degrees of fibrosis. One case de-
scribed chronic hepatitis with stage III-IV focal fibrosis and
sporadic bridging fibrosis.# Two additional cases, using the
Ishak scoring system, reported portal fibrosis (score of 3/6)
and advanced fibrosis (score of 4/6).%° Stuyt et al. reported
one patient with F2 fibrosis and another two with F3 fibrosis,
with ascites and encephalopathy.®8 Additionally, two patients
had biopsy-confirmed cirrhosis, though further details were
not provided, limiting our understanding of cirrhosis in khat-
induced chronic AIH.8 Unfortunately, many cases did not
specify fibrosis staging, representing a key limitation. Our re-
view indicates that progression of khat-AIH to CLD is almost
always due to persistent use of khat. A lack of response to
immunosuppressive therapy suggests misdiagnosis or typical
(non-khat induced) AIH.

Diagnosis of khat-associated AIH

Autoimmune serological markers

Khat-associated AIH is diagnosed based on high RUCAM
scores and clinical and histological characteristics that re-
semble AIH, with no other cause of hepatitis in patients
who regularly use khat. Autoimmune markers such as ANA
and ASMA are considered defining features of AIH, while
the presence of liver-kidney microsomal, anti-soluble liver
antigen, and anti-actin antibodies also support the diagno-
sis. Hypergammaglobulinemia and elevated IgG levels are
well-recognized hallmarks of AIH. The revised AIH scoring
system includes serum IgG levels that exceed twice the nor-
mal value. The combination of serologic markers, elevated
IgG levels, and high RUCAM scores in the absence of other
causes of AIH strengthens the diagnosis of khat-associated
AIH, highlighting the importance of comprehensive clinical,
laboratory, and histological evaluation in khat users who de-
velop elevated liver enzymes.

Aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) levels

Khat-induced hepatotoxicity manifests with hepatocellular
hepatitis.>8 A retrospective, cross-sectional study in Yemen
separated khat users by the presence of liver injury.”2 Among
those with liver injury, 88% (127) had elevated liver en-
zymes, and 62% (89) had abnormal ultrasound findings. ALT
(52.93 vs. 22.30) and AST (34.71 vs. 21.59) were both sig-
nificantly elevated in khat users.”2 Older age was associated
with increased hepatotoxicity, while there was no relationship
between body mass index and ALT levels. Additionally, 40%
of patients with a normal body mass index showed liver dam-
age, indicating that khat exposure rather than obesity was
the primary cause.”?

Khat appears to cause duration-related hepatic injury.
Ramzy et al. concluded that while transient khat consump-
tion does not affect liver function, prolonged use causes he-
patic injury. ALT elevations were more pronounced in indi-

viduals with a longer history of exposure (23.8% in patients
with a 10-year chewing history vs. 11.2% with a less than
10-year chewing history), though the difference was not sta-
tistically significant.”3 Khat chewers without other signs of
liver disease often have subclinical hepatocellular hepatitis.
For example, a case-control study comparing 50 khat users
to 50 non-khat users found statistically significant increases
in ALT (43.09 vs. 39.90) and AST (39.37 vs. 35.02).79 Simi-
larly, in a case-control study of 20 Yemeni women, khat users
had significantly higher levels of ALT (60 vs. 15) and AST (55
vs. 20), despite showing no other signs of liver disease.’*
Overall, studies indicate that khat causes liver inflammation
related to both the duration and amount of exposure, evi-
denced by a hepatocellular pattern of liver injury. Elevated
AST and ALT levels are a consistent and prominent finding
across nearly all reported cases of khat-associated AIH.

Histopathology

Histopathology of khat-associated acute AIH exhibits fea-
tures of khat hepatotoxicity combined with histological fea-
tures of AIH. Features of khat hepatotoxicity alone have been
described to include ballooning degeneration of hepatocytes
and lymphocytic infiltrate in the lobular and portal regions.2!
Features of khat-associated AIH reflect characteristics seen
in other forms of AIH, including interface hepatitis and plas-
macytic infiltration on histology.*17:75

The hepatic regions most frequently affected in khat-asso-
ciated AIH include the periportal (zone 1)82! and perivenous
(zone 3) areas,821.60 reported in three cases each. Biopsies
from patients with khat-associated acute AIH and frequent
khat use revealed hallmark features of AIH in the eleven cas-
es with full pathology reports, including lymphoplasmacytic
infiltration (54.5%),1.8:21.62 interface hepatitis (54.5%),%:2!
and liver cell rosetting (36.4%) (Table 3).1:8:9,21,58-62 Fibrosis
was observed in the majority (70%) of cases of khat-asso-
ciated chronic AIH.458.61,68,69 The extent of fibrosis ranged
from bridging fibrosis in 30% of cases* to periportal fibrosis
in 20%.58:68

In contrast, fibrotic septa were visualized in one case of
khat-associated acute AIH. However, the extent of fibrosis
was not specified. The findings were consistent with acute
toxic hepatitis (Table 4).4:8:12,57,58,60,68-71 Early histopatho-
logical changes in khat-associated AIH, such as apoptosis
and inflammation, typically precede the development of fi-
brosis over time with chronic khat exposure.2! These findings
suggest that histopathological features associated with khat
use vary based on the duration and amount of exposure.
Fibrosis is a hallmark of chronic AIH, resulting from progres-
sive liver injury, and is rarely observed in acute cases.8:12,21,58
Cirrhosis has also been confirmed on biopsy in patients with
khat-induced AIH.8:68

Management of khat-associated AIH

Treatment begins with cessation of khat use and monitoring
of liver enzymes,>8 but typically requires corticosteroids. The
most frequently reported dose was prednisolone 0.5 mg/kg/
day, which was effective in one-third of patients with khat-
associated acute AIH (Table 1).1 Other patients responded to
prednisone 40 mg daily.>8 One study reported that after three
months of treatment with prednisone (0.5 mg/kg/day), urso-
chol (10 mg/kg/day), and Livbest (two tablets twice daily),
75% of patients with khat-associated AIH (n = 420) recov-
ered, while 6% of patients remained ANA or ASMA positive.>°

Prednisone is rarely effective for khat-associated chronic
AIH (Table 2) due to the established nature of the condition.4
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Azathioprine may be necessary during recurrent episodes,
cases that are not adequately treated with steroids, or as
patients develop tolerance to steroids.2 Azathioprine was re-
quired in 22.2% of acute®? and 42.8% of chronic1258.68 khat-
associated AIH cases. Chronic AIH associated with khat use
can lead to severe complications, including death either di-
rectly®! or from complications of cirrhosis.8:68 Transplantation
was rarely required.8:9.61 The efficacy of biologics and cyclo-
sporins in managing acute and chronic khat-associated AIH
has yet to be determined. These findings support khat ces-
sation as the primary treatment for khat-associated chronic
AIH combined with immunosuppression.

Outcomes

Early diagnosis and prompt cessation of khat use can de-
crease liver inflammation, potentially slowing or preventing
fibrosis and the transition from acute to chronic AIH, ulti-
mately improving patient outcomes. Early initiation of corti-
costeroids or immunosuppressants may help preserve liver
function and reduce the risk of severe hepatitis. Delayed di-
agnosis may lead to fulminant hepatic failure requiring liver
transplantation or progression to CLD or cirrhosis with asso-
ciated complications.8:68

Patients with acute khat-associated AIH who respond to
treatment may still be at risk of progression, particularly if
they experience recurrent episodes, which may suggest a
potential transition to chronic AIH. Additionally, fibrosis can
develop despite clinical improvement, highlighting the poten-
tial for long-term disease progression. Although data remain
limited, evidence suggests that in cases of acute AIH, the
speed of response to treatment influences outcomes. Pa-
tients achieving biochemical remission within six months of
treatment demonstrate a significantly lower risk of progres-
sion to cirrhosis or the need for transplantation.”6:77

Similarly, individuals with chronic khat-associated AIH re-
main at risk of progression even after initial treatment. Some
patients develop worsening fibrosis or cirrhosis despite im-
munosuppressive therapy, and cases of decompensated cir-
rhosis have been reported with continued khat use. Recur-
rent episodes of hepatitis, incomplete biochemical response,
and persistent histological activity are likely associated with a
higher risk of progression to cirrhosis or transplantation.?8:79

Conclusions

High RUCAM scores (=5) in many cases of acute and chronic
AIH suggest a probable causal relationship between khat and
liver injury. Furthermore, biopsy confirmation of AIH in near-
ly every case, particularly in those with high RUCAM and AIH
scores, along with a complete response to cessation of khat
or a prompt response to corticosteroids without recurrence,
also strengthens the causal association.

However, significant limitations exist, including the in-
ability to calculate RUCAM and AIH scores in seven (21.8%)
cases due to insufficient data. Importantly, cases that re-
solved with khat cessation alone, without the need for im-
munosuppressive therapy, are less convincing as examples
of khat-associated AIH. Some cases raise questions about
the validity of the AIH diagnosis. It is possible that in these
cases, the liver injury may have been a direct toxic effect of
khat rather than a true autoimmune process. Also, some un-
reported cases may actually have been seronegative AIH.7°

Our review of the cases with high RUCAM scores, autoim-
mune serology, liver histology, and steroid response strongly
supports an association between khat use and the develop-
ment of acute and chronic AIH. Furthermore, progression

Hagen R. et al: Khat use and autoimmune hepatitis

to cirrhosis or fulminant liver failure has been documented
even with cessation of khat use. Khat cessation is strongly
recommended to prevent progression, but most patients re-
quire immunosuppressive therapy for optimal management.
Future studies should also investigate the immune processes
related to khat-induced AIH using in vitro and in vivo models.
A better understanding of these pathways could potentially
guide treatments to alter the immunomodulatory effects of
khat.

Acknowledgments

This work was made possible by the Herman Lopata Chair in
Hepatitis Research.

Funding
None to declare.

Conflict of interest

GYW has been an Editor-in-Chief of the Journal of Clinical
and Translational Hepatology since 2013. The other author
has no conflict of interests related to this publication.

Author contributions

Data collection, drafting of the manuscript (RH), concept,
and editing of the manuscript (GYW). All authors have ap-
proved the final version and publication of the manuscript.

References

[1] Riyaz S, Imran M, Gleeson D, Karajeh MA. Khat (Catha Edulis) as a pos-
sible cause of autoimmune hepatitis. World J Hepatol 2014;6(3):150-154.
doi:10.4254/wjh.v6.i3.150, PMID:24672645.

[2] Kalix P. Cathinone, a naturalamphetamine. Pharmacol Toxicol 1992;70(2):77-
86. doi:10.1111/j.1600-0773.1992.tb00434.x, PMID:1508843.

[3] Chapman MH, Kajihara M, Borges G, O’'Beirne J, Patch D, Dhill-
on AP, et al. Severe, acute liver injury and khat leaves. N Engl J Med
2010;362(17):1642-1644. doi:10.1056/NEIJMc0908038, PMID:20427816.

[4] Samies J, Slehria S, Chen XL, Vaidya S, Saleem N. Chronic Khat (Catha
edulis) Ingestion as a Possible Triggering Agent in the Development of
Autoimmune Hepatitis. J Med Cases 2016;7(11):471-474. doi:10.14740/
jmc.v7i11.2598.

[5] Orlien SMS, Ahmed TA, Ismael NY, Berhe N, Lauritzen T, Gundersen SG,
et al. High Seroprevalence of Autoantibodies Typical of Autoimmune
Liver Disease in Eastern Ethiopia: Is Chewing of Khat (Catha edulis) a
Triggering Factor? Can J Gastroenterol Hepatol 2018;2018:4980597.
doi:10.1155/2018/4980597, PMID:30675469.

[6] Corkery JM, Schifano F, Oyefeso A, Ghodse AH, Tonia T, Naidoo V, et al.
Overview of literature and information on “khat-related” mortality: a call
for recognition of the issue and further research. Ann Ist Super Sanita
2011;47(4):445-464. doi:10.4415/ANN_11_04_17.

[7] Edwards B, Atkins N. Exploring the association between khat use and psy-
chiatric symptoms: a systematic review. BMJ Open 2022;12(7):e061865.
doi:10.1136/bmjopen-2022-061865, PMID:35879018.

[8] Peevers CG, Moorghen M, Collins PL, Gordon FH, McCune CA. Liver disease
and cirrhosis because of Khat chewing in UK Somali men: a case series. Liv-
er Int 2010;30(8):1242-1243. doi:10.1111/j.1478-3231.2010.02228.%,
PMID:20408953.

[9] Roelandt P, George C, d'Heygere F, Aerts R, Monbaliu D, Laleman W,
et al. Acute liver failure secondary to khat (Catha edulis)-induced ne-
crotic hepatitis requiring liver transplantation: case report. Transplant
Proc 2011;43(9):3493-3495. doi:10.1016/j.transproceed.2011.09.032,
PMID:22099826.

[10] Danan G, Teschke R. RUCAM in Drug and Herb Induced Liver Injury:
The Update. Int J Mol Sci 2015;17(1):E14. doi:10.3390/ijms17010014,
PMID:26712744.

[11] Hennes EM, Zeniya M, Czaja AJ, Parés A, Dalekos GN, Krawitt EL, et al.
Simplified criteria for the diagnosis of autoimmune hepatitis. Hepatology
2008;48(1):169-176. doi:10.1002/hep.22322, PMID:18537184.

[12] Fallatah H, Akbar HO. Qat chewing and autoimmune hepatitis - True as-
sociation or coincidence. World Family Med J 2010;8:6-14.

[13] Basunaid S, van Dongen M, Cleophas TJ. Khat Abuse in Yemen: A Popu-
lation-Based Survey. Clin Res Regul Aff 2008;25(2):87-92. doi:10.1080/
10601330802064298.

[14] Cox G, Rampes H. Adverse effects of khat: a review. Adv Psych Treat
2003;9(6):456-463. doi:10.1192/apt.9.6.456.

10 Journal of Clinical and Translational Hepatology 2025


https://doi.org/10.4254/wjh.v6.i3.150
http://www.ncbi.nlm.nih.gov/pubmed/24672645
https://doi.org/10.1111/j.1600-0773.1992.tb00434.x
http://www.ncbi.nlm.nih.gov/pubmed/1508843
https://doi.org/10.1056/NEJMc0908038
http://www.ncbi.nlm.nih.gov/pubmed/20427816
https://doi.org/10.14740/jmc.v7i11.2598
https://doi.org/10.14740/jmc.v7i11.2598
https://doi.org/10.1155/2018/4980597
http://www.ncbi.nlm.nih.gov/pubmed/30675469
https://doi.org/10.4415/ANN_11_04_17
https://doi.org/10.1136/bmjopen-2022-061865
http://www.ncbi.nlm.nih.gov/pubmed/35879018
https://doi.org/10.1111/j.1478-3231.2010.02228.x
http://www.ncbi.nlm.nih.gov/pubmed/20408953
https://doi.org/10.1016/j.transproceed.2011.09.032
http://www.ncbi.nlm.nih.gov/pubmed/22099826
https://doi.org/10.3390/ijms17010014
http://www.ncbi.nlm.nih.gov/pubmed/26712744
https://doi.org/10.1002/hep.22322
http://www.ncbi.nlm.nih.gov/pubmed/18537184
https://doi.org/10.1080/10601330802064298
https://doi.org/10.1080/10601330802064298
https://doi.org/10.1192/apt.9.6.456

Hagen R. et al: Khat use and autoimmune hepatitis

[15] Toennes SW, Kauert GF. Excretion and detection of cathinone, cathine,
and phenylpropanolamine in urine after kath chewing. Clin Chem
2002;48(10):1715-1719. PMID:12324488.

[16] Roelandt P, George C, d'Heygere F, Aerts R, Monbaliu D, Laleman W,
et al. Acute liver failure secondary to khat (Catha edulis)-induced ne-
crotic hepatitis requiring liver transplantation: case report. Transplant
Proc 2011;43(9):3493-3495. doi:10.1016/j.transproceed.2011.09.032,
PMID:22099826.

[17] D'Souza R, Sinnott P, Glynn MJ, Sabin CA, Foster GR. An unusual form of
autoimmune hepatitis in young Somalian men. Liver Int 2005;25(2):325-
330. doi:10.1111/j.1478-3231.2005.01088.%x, PMID:15780057.

[18] Alhaddad O, Elsabaawy M, Abdelsameea E, Abdallah A, Shabaan A, Ehsan
N, et al. Presentations, Causes and Outcomes of Drug-Induced Liver Injury
in Egypt. Sci Rep 2020;10(1):5124. doi:10.1038/s41598-020-61872-9,
PMID:32198411.

[19] Orlien SMS, Sandven I, Berhe NB, Ismael NY, Ahmed TA, Stene-Johansen
K, et al. Khat chewing increases the risk for developing chronic liver dis-
ease: A hospital-based case-control study. Hepatology 2018;68(1):248-
257. doi:10.1002/hep.29809, PMID:29369368.

[20] Kirchner T, Hartleben B, Kohler S, Schuppert F, Berger I, Wedemeyer H,
et al. Autoimmune hepatitis in young Somalian men - experience from a
German tertiary care center. FI000Research 2023;12:178. doi:10.12688/
f1000research.127275.1.

[21] Forbes MP, Raj AS, Martin J, Lampe G, Powell EE. Khat-associated hep-
atitis. Med J Aust 2013;199(7):498-499. doi:10.5694/mjal13.10951,
PMID:24099213.

[22] Geisshusler S, Brenneisen R. The content of psychoactive phenylpropyl and
phenylpentenyl khatamines in Catha edulis Forsk. of different origin. J Eth-
nopharmacol 1987;19(3):269-277. doi:10.1016/0378-8741(87)90004-3,
PMID:3669688.

[23] Sabei FY, Khardali I, Al-Kasim MA, Shaheen ES, Oraiby M, Alamir A, et al.
Disposition Kinetics of Cathinone and its Metabolites after Oral Administra-
tion in Rats. Curr Drug Metab 2024;25(3):220-226. doi:10.2174/0113892
002300638240513065512, PMID:38752643.

[24] Dart RC. Medical Toxicology. Philadelphia, PA: Lippincott Williams & Wilkins;
2004.

[25] Toennes SW, Harder S, Schramm M, Niess C, Kauert GF. Pharmacoki-
netics of cathinone, cathine and norephedrine after the chewing of khat
leaves. Br J Clin Pharmacol 2003;56(1):125-130. doi:10.1046/j.1365-
2125.2003.01834.x, PMID:12848785.

[26] Ellefsen KN, Concheiro M, Huestis MA. Synthetic cathinone pharmacoki-
netics, analytical methods, and toxicological findings from human perfor-
mance and postmortem cases. Drug Metab Rev 2016;48(2):237-265. doi
:10.1080/03602532.2016.1188937, PMID:27249313.

[27] Silva B, Soares ], Rocha-Pereira C, Mladénka P, Remi&o F, On Behalf Of The
Oemonom Researchers. Khat, a Cultural Chewing Drug: A Toxicokinetic
and Toxicodynamic Summary. Toxins (Basel) 2022;14(2):71. doi:10.3390/
toxins14020071, PMID:35202099.

[28] Lopes BT, Caldeira MJ, Gaspar H, Antunes AMM. Metabolic Profile of Four
Selected Cathinones in Microsome Incubations: Identification of Phase I
and II Metabolites by Liquid Chromatography High Resolution Mass Spec-
trometry. Front Chem 2020;8:609251. doi:10.3389/fchem.2020.609251,
PMID:33511100.

[29] Mueller DM, Rentsch KM. Generation of metabolites by an automated on-
line metabolism method using human liver microsomes with subsequent
identification by LC-MS(n), and metabolism of 11 cathinones. Anal Bio-
anal Chem 2012;402(6):2141-2151. doi:10.1007/s00216-011-5678-8,
PMID:22231510.

[30] Bedada W, de Andrés F, Engidawork E, Hussein J, LLerena A, AKklillu E.
Effects of Khat (Catha edulis) use on catalytic activities of major drug-me-
tabolizing cytochrome P450 enzymes and implication of pharmacogenetic
variations. Sci Rep 2018;8(1):12726. doi:10.1038/s41598-018-31191-1,
PMID:30143732.

[31] Aklillu E, Herrlin K, Gustafsson LL, Bertilsson L, Ingelman-Sundberg M. Evi-
dence for environmental influence on CYP2D6-catalysed debrisoquine hy-
droxylation as demonstrated by phenotyping and genotyping of Ethiopians
living in Ethiopia or in Sweden. Pharmacogenetics 2002;12(5):375-383.
doi:10.1097/00008571-200207000-00005, PMID:12142727.

[32] Nahid NA, Johnson JA. CYP2D6 pharmacogenetics and phenoconversion in
personalized medicine. Expert Opin Drug Metab Toxicol 2022;18(11):769-
785. doi:10.1080/17425255.2022.2160317, PMID:36597259.

[33] Rowland A, Miners JO, Mackenzie PI. The UDP-glucuronosyltransferas-
es: their role in drug metabolism and detoxification. Int J Biochem Cell
Biol 2013;45(6):1121-1132. doi:10.1016/j.biocel.2013.02.019, PMID:
23500526.

[34] Ishii Y, Koba H, Kinoshita K, Oizaki T, Iwamoto Y, Takeda S, et al. Altera-
tion of the function of the UDP-glucuronosyltransferase 1A subfamily by
cytochrome P450 3A4: different susceptibility for UGT isoforms and UG-
T1A1/7 variants. Drug Metab Dispos 2014;42(2):229-238. doi:10.1124/
dmd.113.054833, PMID:24255116.

[35] Miyauchi Y, Takechi S, Ishii Y. Functional Interaction between Cytochrome
P450 and UDP-Glucuronosyltransferase on the Endoplasmic Reticulum
Membrane: One of Post-translational Factors Which Possibly Contributes
to Their Inter-Individual Differences. Biol Pharm Bull 2021;44(11):1635-
1644. doi:10.1248/bpb.b21-00286, PMID:34719641.

[36] Kiang TK, Ensom MH, Chang TK. UDP-glucuronosyltransferases and
clinical drug-drug interactions. Pharmacol Ther 2005;106(1):97-132.
doi:10.1016/j.pharmthera.2004.10.013, PMID:15781124.

[37] Guillemette C, Lévesque E, Rouleau M. Pharmacogenomics of human
uridine diphospho-glucuronosyltransferases and clinical implications.
Clin Pharmacol Ther 2014;96(3):324-339. doi:10.1038/clpt.2014.126,

PMID:24922307.

[38] House RV, Thomas PT, Bhargava HN. Comparison of immune func-
tional parameters following in vitro exposure to natural and synthetic
amphetamines. Immunopharmacol Immunotoxicol 1994;16(1):1-21.
doi:10.3109/08923979409029897, PMID:8169319.

[39] Foussat A, Bouchet-Delbos L, Couderc ], Berrebi D, German-Fattal M,
Maillot MC, et al. Effects of exogenous IL-2 administration on the ho-
meostasis of CD4+ T lymphocytes. J Clin Immunol 2004;24(5):503-514.
doi:10.1023/B:JOCI.0000040921.82055.91, PMID:15359109.

[40] Abdelwahab SI, Taha MME, Sivagurunathan Moni SS, Alnajai MM, Jerah
AA, Farasani A, et al. Impact of Fresh Khat Extract on Proinflammatory Cy-
tokines and Hepatic and Renal Responses. Med Sci Monit 2024;30:€946108.
d0i:10.12659/MSM.946108, PMID:39491798.

[41] Alvi A, Rizwan M, Sunosi RA, Bin Ali Jerah A. Does khat chewing increas-
es the risk of Mycobacterium tuberculosis infection by macrophage im-
mune modulation? Med Hypotheses 2014;82(6):667-669. doi:10.1016/j.
mehy.2014.02.026, PMID:24661941.

[42] Abuye C, Tsegaye A, West CE, Versloot P, Sanders EJ, Wolday D, et al.
Determinants of CD4 counts among HIV-negative Ethiopians: role of body
mass index, gender, cigarette smoking, khat (Catha Edulis) chewing, and
possibly altitude? J Clin Immunol 2005;25(2):127-133. doi:10.1007/
$10875-005-2818-y, PMID:15821889.

[43] Ketema T, Yohannes M, Alemayehu E, Ambelu A. Evaluation of immu-
nomodulatory activities of methanolic extract of khat (Catha edulis,
Forsk) and cathinone in Swiss albino mice. BMC Immunol 2015;16:9.
doi:10.1186/s12865-015-0072-5, PMID:25879529.

[44] Abou-Elhamd AS, Kalamegam G, Ahmed F, Assidi M, Alrefaei AF, Pushparaj
PN, et al. Unraveling the Catha edulis Extract Effects on the Cellular and
Molecular Signaling in SKOV3 Cells. Front Pharmacol 2021;12:666885.
doi:10.3389/fphar.2021.666885, PMID:34040530.

[45] Ali EHA, Hegazy HG, Mosaad RM. Interaction between pro-inflammato-
ry cytokines and brain oxidative stress biomarkers of khat, cathinone
and pseudoephedrine hydrochloride intoxication in male mice. AJPP
2015;9(23):585-594. doi:10.5897/AIPP2015.

[46] Kennedy C, Okanya P, Nyariki JN, Amwayi P, Jillani N, Isaac AO. Coen-
zyme Q(10) nullified khat-induced hepatotoxicity, nephrotoxicity and in-
flammation in a mouse model. Heliyon 2020;6(9):e04917. doi:10.1016/j.
heliyon.2020.e04917, PMID:32984611.

[47] Zhu J, Paul WE. CD4 T cells: fates, functions, and faults. Blood
2008;112(5):1557-1569. doi:10.1182/blood-2008-05-078154, PMID:187
25574.

[48] Horrigan LA, Kelly JP, Connor TJ. Immunomodulatory effects of caffeine:
friend or foe? Pharmacol Ther 2006;111(3):877-892. doi:10.1016/j.
pharmthera.2006.02.002, PMID:16540173.

[49] Teschke R, Vongdala N, Quan NV, Quy TN, Xuan TD. Metabolic Toxification
of 1,2-Unsaturated Pyrrolizidine Alkaloids Causes Human Hepatic Sinusoi-
dal Obstruction Syndrome: The Update. Int J Mol Sci 2021;22(19):10419.
d0i:10.3390/ijms221910419, PMID:34638760.

[50] Hosack T, Damry D, Biswas S. Drug-induced liver injury: a comprehen-
sive review. Therap Adv Gastroenterol 2023;16:17562848231163410.
doi:10.1177/17562848231163410, PMID:36968618.

[51] European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: Drug-induced liver injury. J Hepatol 2019;70(6):1222-1261.
doi:10.1016/j.jhep.2019.02.014, PMID:30926241.

[52] Roth RA, Ganey PE. Intrinsic versus idiosyncratic drug-induced hepatotox-
icity—two villains or one? J Pharmacol Exp Ther 2010;332(3):692-697.
doi:10.1124/jpet.109.162651, PMID:20019161.

[53] Jee A, Sernoskie SC, Uetrecht J. Idiosyncratic Drug-Induced Liver Inju-
ry: Mechanistic and Clinical Challenges. Int J Mol Sci 2021;22(6):2954.
doi:10.3390/ijms22062954, PMID:33799477.

[54] Clare KE, Miller MH, Dillon JF. Genetic Factors Influencing Drug-Induced
Liver Injury: Do They Have a Role in Prevention and Diagnosis? Curr
Hepatol Rep 2017;16(3):258-264. do0i:10.1007/s11901-017-0363-9,
PMID:28856081.

[55] Teschke R, Danan G. Human Leucocyte Antigen Genetics in Idiosyncratic
Drug-Induced Liver Injury with Evidence Based on the Roussel Uclaf Cau-
sality Assessment Method. Medicines (Basel) 2024;11(4):9. doi:10.3390/
medicines11040009, PMID:38667507.

[56] Dara L, Liu ZX, Kaplowitz N. Mechanisms of adaptation and progression
in idiosyncratic drug induced liver injury, clinical implications. Liver Int
2016;36(2):158-165. doi:10.1111/1iv.12988, PMID:26484420.

[57] Othman AM, Hamzah EA, Almughales JA, Al-Mikhlafy A. Serum positivity
of ana and asma among khat and nonkhat chewers as markers for autoim-
mune hepatitis type 1. Univ J Pharm Res 2017;2(4):19-23. doi:10.22270/
ujpr.v2i4.R5.

[58] Someili A. Different Course And Management of Khat-Induced Auto-
immune Hepatitis: Report On Three Cases. Eur J Case Rep Intern Med
2024;11(6):004573. doi:10.12890/2024_004573, PMID:38846663.

[59] Al-Nahary MA. Autoimmune hepatitis have higher frequencies in Yemen’s
patient’s who chewing khat. | EBSCOhost. January 1, 2022. Accessed De-
cember 13, 2024. https://openurl.ebsco.com/contentitem/gcd: 161023254
?sid=ebsco:plink:crawler&id=ebsco:gcd:161023254.

[60] Yildiz H, Komuta M, Monsalve C, Starkel P, Lefebvre C. To chew or not to
chew: that'’s the question. Acta Clin Belg 2016;71(3):187-189. doi:10.11
79/2295333715Y.0000000070, PMID:26374255.

[61] McCune CA, Moorghan M, Gordon FH, Collins PL. Liver Disease and Khat
Chewing in Young Somalian Men. J Hepatol 2007;46:5276. doi:10.1016/
S0168-8278(07)62331-9.

[62] Alsubee O. Khat and Autoimmune Hepatitis in Men: 312. ACG
2009;104:5118. doi:10.14309/00000434-200910003-00312.

[63] Teschke R. Immunology Highlights of Four Major Idiosyncratic DILI Sub-

Journal of Clinical and Translational Hepatology 2025 11


http://www.ncbi.nlm.nih.gov/pubmed/12324488
https://doi.org/10.1016/j.transproceed.2011.09.032
http://www.ncbi.nlm.nih.gov/pubmed/22099826
https://doi.org/10.1111/j.1478-3231.2005.01088.x
http://www.ncbi.nlm.nih.gov/pubmed/15780057
https://doi.org/10.1038/s41598-020-61872-9
http://www.ncbi.nlm.nih.gov/pubmed/32198411
https://doi.org/10.1002/hep.29809
http://www.ncbi.nlm.nih.gov/pubmed/29369368
https://doi.org/10.12688/f1000research.127275.1
https://doi.org/10.12688/f1000research.127275.1
https://doi.org/10.5694/mja13.10951
http://www.ncbi.nlm.nih.gov/pubmed/24099213
https://doi.org/10.1016/0378-8741(87)90004-3
http://www.ncbi.nlm.nih.gov/pubmed/3669688
https://doi.org/10.2174/0113892002300638240513065512
https://doi.org/10.2174/0113892002300638240513065512
http://www.ncbi.nlm.nih.gov/pubmed/38752643
https://doi.org/10.1046/j.1365-2125.2003.01834.x
https://doi.org/10.1046/j.1365-2125.2003.01834.x
http://www.ncbi.nlm.nih.gov/pubmed/12848785
https://doi.org/10.1080/03602532.2016.1188937
http://www.ncbi.nlm.nih.gov/pubmed/27249313
https://doi.org/10.3390/toxins14020071
https://doi.org/10.3390/toxins14020071
http://www.ncbi.nlm.nih.gov/pubmed/35202099
https://doi.org/10.3389/fchem.2020.609251
http://www.ncbi.nlm.nih.gov/pubmed/33511100
https://doi.org/10.1007/s00216-011-5678-8
http://www.ncbi.nlm.nih.gov/pubmed/22231510
https://doi.org/10.1038/s41598-018-31191-1
http://www.ncbi.nlm.nih.gov/pubmed/30143732
https://doi.org/10.1097/00008571-200207000-00005
http://www.ncbi.nlm.nih.gov/pubmed/12142727
https://doi.org/10.1080/17425255.2022.2160317
http://www.ncbi.nlm.nih.gov/pubmed/36597259
https://doi.org/10.1016/j.biocel.2013.02.019
http://www.ncbi.nlm.nih.gov/pubmed/23500526
https://doi.org/10.1124/dmd.113.054833
https://doi.org/10.1124/dmd.113.054833
http://www.ncbi.nlm.nih.gov/pubmed/24255116
https://doi.org/10.1248/bpb.b21-00286
http://www.ncbi.nlm.nih.gov/pubmed/34719641
https://doi.org/10.1016/j.pharmthera.2004.10.013
http://www.ncbi.nlm.nih.gov/pubmed/15781124
https://doi.org/10.1038/clpt.2014.126
http://www.ncbi.nlm.nih.gov/pubmed/24922307
https://doi.org/10.3109/08923979409029897
http://www.ncbi.nlm.nih.gov/pubmed/8169319
https://doi.org/10.1023/B:JOCI.0000040921.82055.91
http://www.ncbi.nlm.nih.gov/pubmed/15359109
https://doi.org/10.12659/MSM.946108
http://www.ncbi.nlm.nih.gov/pubmed/39491798
https://doi.org/10.1016/j.mehy.2014.02.026
https://doi.org/10.1016/j.mehy.2014.02.026
http://www.ncbi.nlm.nih.gov/pubmed/24661941
https://doi.org/10.1007/s10875-005-2818-y
https://doi.org/10.1007/s10875-005-2818-y
http://www.ncbi.nlm.nih.gov/pubmed/15821889
https://doi.org/10.1186/s12865-015-0072-5
http://www.ncbi.nlm.nih.gov/pubmed/25879529
https://doi.org/10.3389/fphar.2021.666885
http://www.ncbi.nlm.nih.gov/pubmed/34040530
https://doi.org/10.5897/AJPP2015
https://doi.org/10.1016/j.heliyon.2020.e04917
https://doi.org/10.1016/j.heliyon.2020.e04917
http://www.ncbi.nlm.nih.gov/pubmed/32984611
https://doi.org/10.1182/blood-2008-05-078154
http://www.ncbi.nlm.nih.gov/pubmed/18725574
http://www.ncbi.nlm.nih.gov/pubmed/18725574
https://doi.org/10.1016/j.pharmthera.2006.02.002
https://doi.org/10.1016/j.pharmthera.2006.02.002
http://www.ncbi.nlm.nih.gov/pubmed/16540173
https://doi.org/10.3390/ijms221910419
http://www.ncbi.nlm.nih.gov/pubmed/34638760
https://doi.org/10.1177/17562848231163410
http://www.ncbi.nlm.nih.gov/pubmed/36968618
https://doi.org/10.1016/j.jhep.2019.02.014
http://www.ncbi.nlm.nih.gov/pubmed/30926241
https://doi.org/10.1124/jpet.109.162651
http://www.ncbi.nlm.nih.gov/pubmed/20019161
https://doi.org/10.3390/ijms22062954
http://www.ncbi.nlm.nih.gov/pubmed/33799477
https://doi.org/10.1007/s11901-017-0363-9
http://www.ncbi.nlm.nih.gov/pubmed/28856081
https://doi.org/10.3390/medicines11040009
https://doi.org/10.3390/medicines11040009
http://www.ncbi.nlm.nih.gov/pubmed/38667507
https://doi.org/10.1111/liv.12988
http://www.ncbi.nlm.nih.gov/pubmed/26484420
https://doi.org/10.22270/ujpr.v2i4.R5
https://doi.org/10.22270/ujpr.v2i4.R5
https://doi.org/10.12890/2024_004573
http://www.ncbi.nlm.nih.gov/pubmed/38846663
https://openurl.ebsco.com/contentitem/gcd:161023254?sid=ebsco:plink:crawler&id=ebsco:gcd:161023254
https://openurl.ebsco.com/contentitem/gcd:161023254?sid=ebsco:plink:crawler&id=ebsco:gcd:161023254
https://doi.org/10.1179/2295333715Y.0000000070
https://doi.org/10.1179/2295333715Y.0000000070
http://www.ncbi.nlm.nih.gov/pubmed/26374255
https://doi.org/10.1016/S0168-8278(07)62331-9
https://doi.org/10.1016/S0168-8278(07)62331-9
https://doi.org/10.14309/00000434-200910003-00312

types Verified by the RUCAM: A New Evidence-Based Classification. Livers
2025;5(1):8. doi:10.3390/livers5010008.

[64] Frenzel C, Herkel J, Lith S, Galle PR, Schramm C, Lohse AW. Evaluation of
F-actin ELISA for the diagnosis of autoimmune hepatitis. Am J Gastroen-
terol 2006;101(12):2731-2736. d0i:10.1111/j.1572-0241.2006.00830.%,
PMID:17227520.

[65] Tamimi TA, Sallam M, Rayyan D, Farah R, Alkhulaifat D, Al-Ani A, et al.
Clinical Characteristics of Autoimmune Hepatitis in a Middle Eastern Pop-
ulation: A Tertiary Care Center Experience. J Clin Med 2023;12(2):629.
doi:10.3390/jcm12020629, PMID:36675558.

[66] Jepsen P, Grgnbaek L, Vilstrup H. Worldwide Incidence of Autoimmune
Liver Disease. Dig Dis 2015;33(Suppl 2):2-12. doi:10.1159/000440705,
PMID:26641102.

[67] Brostoff JM, Plymen C, Birns J. Khat—a novel cause of drug-induced hepa-
titis. Eur J Intern Med 2006;17(5):383. doi:10.1016/j.ejim.2005.12.010,
PMID:16864024.

[68] Stuyt RJ, Willems SM, Wagtmans MJ, van Hoek B. Chewing khat and
chronic liver disease. Liver Int 2011;31(3):434-436. doi:10.1111/j.1478-
3231.2010.02440.x, PMID:21281438.

[69] Alhaddad OM, Elsabaawy MM, Rewisha EA, Salman TA, Kohla MA, Eh-
san NA, et al. Khat-induced liver injuries: A report of two cases. Arab J
Gastroenterol 2016;17(1):45-48. doi:10.1016/j.ajg.2016.02.002, PMID:
27049456.

[70] Alam S, Bin-Jerah AA, Nabi G, Husain Q. Effect of khat (Catha edulis) con-
sumption on the functions of liver, kidney and lipid profile in male popula-
tion of Jazan Region of Kingdom of Saudi Arabia. Inter J Applied Natural Sci
2014;3:9-14.

[71] Corkery JM, Schifano F, Oyefeso A, Ghodse AH, Tonia T, Naidoo V, et al.
“Bundle of fun” or “bunch of problems”?: Case series of khat-related
deaths in the UK. Drug Educ Prev Polic 2011;18(6):408-425. doi:10.3109

Hagen R. et al: Khat use and autoimmune hepatitis

/09687637.2010.504200.

[72] Abd EImonem Hegazy M, Mohamed Tawfik N, Abd-Elstar Elrawi H. Liver In-
jury and Khat Leaves: A Common Toxic Effect. Eur J Hepato-Gastroenterol
2012;2(2):70-75. doi:10.5005/jp-journals-10018-1037.

[73] Ramzy I, Abdelbary M, Abdelhafez H, Omran D, Al-Amrany M, Al-Shami
AM. The effect of chronic khat chewing on liver enzyme levels: a Yem-
enian study. Egypt J Intern Med 2013;25(1):37-41. doi:10.7123/01.
EJIM.0000425957.34390.61.

[74] Masoud A, Al-Assar A, Albem S, Al-Hubaishi S. Chewing Catha Edulis with
Amphetamine-Like Effect Alters Liver and Kidney Functions of Female
Chewers. Inter J Pharmaceut Sci Invention 2014;3:34-39. doi:10.1007/
$13369-014-1104-9.

[75] Fallatah HI, Akbar HO. Autoimmune hepatitis as a unique form of an au-
toimmune liver disease: immunological aspects and clinical overview.
Autoimmune Dis 2012;2012:312817. doi:10.1155/2012/312817, PMID:
23304455.

[76] Mack CL, Adams D, Assis DN, Kerkar N, Manns MP, Mayo MJ, et al. Diagno-
sis and Management of Autoimmune Hepatitis in Adults and Children: 2019
Practice Guidance and Guidelines From the American Association for the
Study of Liver Diseases. Hepatology 2020;72(2):671-722. doi:10.1002/
hep.31065, PMID:31863477.

[77] Czaja AJ. Rapidity of treatment response and outcome in type 1 auto-
immune hepatitis. J Hepatol 2009;51(1):161-167. doi:10.1016/j.
jhep.2009.02.026, PMID:19446908.

[78] Choi J, Choi GH, Lee D, Shim JH, Lim YS, Lee HC, et al. Long-term clinical
outcomes in patients with autoimmune hepatitis according to treatment
response in Asian country. Liver Int 2019;39(5):985-994. doi:10.1111/
liv.14082, PMID:30821090.

[79] Bhumi SA, Wu GY. Seronegative Autoimmune Hepatitis. J Clin Transl Hepatol
2023;11(2):459-465. doi:10.14218/ICTH.2022.00235, PMID:36643052.

12 Journal of Clinical and Translational Hepatology 2025


https://doi.org/10.3390/livers5010008
https://doi.org/10.1111/j.1572-0241.2006.00830.x
http://www.ncbi.nlm.nih.gov/pubmed/17227520
https://doi.org/10.3390/jcm12020629
http://www.ncbi.nlm.nih.gov/pubmed/36675558
https://doi.org/10.1159/000440705
http://www.ncbi.nlm.nih.gov/pubmed/26641102
https://doi.org/10.1016/j.ejim.2005.12.010
http://www.ncbi.nlm.nih.gov/pubmed/16864024
https://doi.org/10.1111/j.1478-3231.2010.02440.x
https://doi.org/10.1111/j.1478-3231.2010.02440.x
http://www.ncbi.nlm.nih.gov/pubmed/21281438
https://doi.org/10.1016/j.ajg.2016.02.002
http://www.ncbi.nlm.nih.gov/pubmed/27049456
https://doi.org/10.3109/09687637.2010.504200
https://doi.org/10.3109/09687637.2010.504200
https://doi.org/10.5005/jp-journals-10018-1037
https://doi.org/10.7123/01.EJIM.0000425957.34390.61
https://doi.org/10.7123/01.EJIM.0000425957.34390.61
https://doi.org/10.1007/s13369-014-1104-9
https://doi.org/10.1007/s13369-014-1104-9
https://doi.org/10.1155/2012/312817
http://www.ncbi.nlm.nih.gov/pubmed/23304455
https://doi.org/10.1002/hep.31065
https://doi.org/10.1002/hep.31065
http://www.ncbi.nlm.nih.gov/pubmed/31863477
https://doi.org/10.1016/j.jhep.2009.02.026
https://doi.org/10.1016/j.jhep.2009.02.026
http://www.ncbi.nlm.nih.gov/pubmed/19446908
https://doi.org/10.1111/liv.14082
https://doi.org/10.1111/liv.14082
http://www.ncbi.nlm.nih.gov/pubmed/30821090
https://doi.org/10.14218/JCTH.2022.00235
http://www.ncbi.nlm.nih.gov/pubmed/36643052

