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ABSTRACT

Cathinone, cathine, and norephedrine are the main active ingredients in khat. The main active
ingredient in khat leaves, catehinone, shares structural and functional characteristics with
amphetamine. Khat use is a risk factor for the start of AMI on its own. Khat users were typically
older men, more likely to present late, had higher heart rates, had a higher Killip class when admitted,
had a higher risk of ST-segment-elevation myocardial infarction, and were less likely to have a
history of coronary artery disease or cardiovascular risk factors. Khat users were at higher risk for
ventricular arrhythmia, stroke, cardiogenic shock, recurrent myocardial ischaemia, and mortality.
Keywords: Khat Chewing, Coronary Artery Disease, Yemen

INTRODUCTION

Known for its sympathomimetic and euphoric effects, khat, also known as Catha edulis, is an indigenous plant that
grows in Yemen, Ethiopia, and East Africa. Individuals frequently chew it for its euphoric benefits, which takes place
due to its stimulant amphetamine-like properties linked to Cathinone, a phenylethylamine found in fresh leaves.
Although it is generally regarded as a safe medicine, it is associated with many cardiovascular diseases. !

Cathinone and cathine stand as the primary plant components. These molecules exhibit a structural relation to
amphetamine, noradrenaline, as well as ecstasy (3,4-methylenedioxymethamphetamine). 2

Khat use remains associated with heart rate and blood pressure increase, greater risks for cardiovascular and
cerebrovascular diseases, as well as elevated mortality among individuals developing acute coronary syndrome
(ACS). Additionally, chewing khat has a dose-response relationship and is a risk factor for myocardial infarction on
its own. 3

Abuse of amphetamines has been shown to have a substantial correlation with AMI; in Texas, it accounts for 0.2%
of AMIs linked to amphetamine use. In recent years, khat chewing has evolved, with many individuals
extending their chewing sessions at the evening, sometimes until midnight, which is linked to an altered circadian
rhythm of AMI presentation. *

SEARCH METHODOLOGY

We produced this review article following a meticulous investigation as well as evaluation of the diverse studies
performed on the relationship between khat chewing and coronary artery disease. The main database utilized for the
search is PubMed, supplemented by Scopus, Google Scholar, as well as research acquired from other databases and
sources. The timeframe for the publishing of articles eligible for review is the last 14 years. Articles that failed to
provide a definitive and exact conclusion, as well as those with questionable findings, were eliminated.

Khat

In some regions, the evergreen plant known as khat (Catha edulis) is cultivated. Chewing on its fresh green leaves and
buds for many hours each day results in a psychostimulant effect that boosts alertness, decreases weariness, and
promotes productivity. Khat leaves and buds include methcathinone, cathine, and cathinone, which are known to have
an effect and structure similar to amphetamines. >

Khat chewing represents a socially ingrained practice, governing the Yemeni population lives. Their food, sleep
schedule, job leave, familial responsibilities, financial constraints, interpersonal interactions, as well as societal
engagements remain correlated with the khat problem.
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Khat chewing has incapacitated societal productivity while producing several social, economic, as well as health-
related issues. It exhibits a significant impact on the cardiovascular system. Khat consumption represents a primary
obstacle facing Yemen modernization. °

Cultivation, Harvesting, and Consumption

Khat is cultivated throughout the central and western highland regions of Yemen, where the majority of the country's
population resides. In this region, the most well-known varieties of Yemeni khat are commonly cultivated. The
coastal and desert regions are unsuitable for cultivating khat due to climatic conditions. Khat cultivation in Ethiopia
predominantly takes place at middle altitudes in almost all highlands, with elevations ranging from 1500 to 2100
meters, and the area allocated to khat cultivation has significantly expanded. Khat cultivation is also common in
Kenya, particularly in the North Eastern Province. ’

Khat harvesting typically takes place in the early morning, where khat pickers, often producers and vendors, pack
the twigs and the fragile, reddish-green leaves into little or big bundles after cutting them together. On the same day,
these bundles are then sent to the market to be sold to customers.

Delaying the sale until the next day, however, results in reduced quality and price, as the psychoactive cathinone is
converted to the less active cathine, which accounts for khat users' preference for fresh leaves and twigs. 8

Khat sessions typically begin between 1 and 2 PM daily, when men assemble in a designated area known as Majlis
or Diwan and initiate the process of selecting and chewing fresh khat leaves and twigs on one side to facilitate juice
absorption via the oral mucosa, or through the digestive system after swallowing the leaves, which have been
thoroughly chewed, with fresh leaves and twigs periodically added to achieve a euphoric state. On average, khat
consumers typically consumed between 200 and 500 grams of khat per day. °

Chemical Composition of Khat:

Cathinone, namely (S)-2-amino-l-phenyl-l-propanone, and cathine (norpseudoephedrine) are the main active
ingredients in khat. !® The khat plant only contains the left-handed cathinone enantiomer. Consequently, S- (-)-
cathinone and S- (+)-amphetamine have the same absolute configuration. The juvenile development of plants is the
main source of cathinone. During maturity, catehinone is changed into (-)-norephedrine and cathine [(+)-
norpseudoephedrine]. The ratio of (+)-norpseudoephedrine to (—)-norephedrine in the leaves is 4:1.11. The leaves of
khat contain a number of phenylalkylamine alkaloids, including merucathine, pseudomerucathine, and
meucathinone. These substances appear to have less influence on khat's invigorating effects. 1°

The chemical composition and biological impact of cathinone are analogous to those of amphetamine, and it is
primarily responsible for the pharmacological consequences of khat consumption. Studies have shown that khat
extract and cathinone interfere with the production of ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and
proteins in dividing cells, leading to reduced cell growth and potentially impairing spermatogenesis. Cathine has also
been linked to the moderate central nervous system stimulatory effects that are characteristic of khat
consumption. Additionally, the psychoactive monoamine alkaloid cathinone, namely (S)-2-amino-1-phenyl-1-
propanone, which induces euphoric effects, is present in immature khat shoots and fresh leaves. !

Alkaloids, flavonoids, sterols, and more than 40 other alkaloids, glycosides, tannins, and terpenoids are among the
many chemical substances found in khat leaves. Chemically speaking, the leaves are high in calcium, iron, niacin,
and vitamin C. Khat has a psychoactive substance called cathinone that can activate the central nervous system. Khat
is a non-narcotic, physiologically active drug that can become addictive and have serious negative effects on the
central nervous system that are similar to those of amphetamine. !!

Khat Phytochemistry

In 1930, Wolves discovered norpseudoephedrine, also known as cathine, in the leaves of khat, and this alkaloid was
considered the primary active compound of khat until the 1960s. Following Briicke's statement in 1941 that the
quantity of this alkaloid was insufficient to explain the symptoms experienced by khat users, further investigation of
the plant's chemistry was undertaken, resulting in the first isolation of cathinone. * 2 The stimulating effects of this
'natural amphetamine' are mainly caused by cathinone, one of the most prevalent alkaloids found in fresh leaves of
Catha edulis. After harvesting, catehinone decomposes into cathine and norephedrine due to its relative instability.
The drying of the leaves increases the process's efficacy. Only recently harvested leaves are completely
effective. Fresh khat typically contains between 36 and 343 milligrams of cathinone, as well as between 83 and 120
milligrams of cathine and between 8 and 47 milligrams of norephedrine per 100 grams of leaves. '3

These substances have structural and physiological similarities to noradrenaline and amphetamine, suggesting that
they can affect the central and peripheral nervous systems. !

Phenylalkylamine alkaloids including phenylpentenylamines, merucathinone, pseudomerucathine, and merucathine,
as well as cathedulin alkaloids, have been found in khat leaves, albeit at relatively low concentrations. The chemical
composition of khat leaves is influenced by environmental factors, climatic conditions, and the methods of cultivation
and harvesting used. Alkaloids, terpenoids, glycosides, and other unique chemical compounds are found in fresh khat
leaves, along with certain amino acids like tryptophan, glutamic acid, and threonine, a number of vitamins like
ascorbic acid, thiamine, and riboflavin, necessary elements like iron, manganese, and zinc, and hazardous metals like
lead and cadmium. !
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Khat Legality

While cathine was designated as a Schedule IV drug in 1988, cathinone has been a Schedule I substance since 1993
under the Controlled Substances Act. The plant itself is exempt from controlled substances lists, leading to difficulties
in determining its legal status, which can vary significantly between different countries. The khat plant can be
categorized under Schedule I when its cathinone content is detectable. '3

Khat is progressively being categorised as a restricted drug by nations all over the world. Many nations in Europe,
Asia, and North America have laws governing khat. The practice is still legal in the majority of East African nations.
Coffee has been overtaken as Ethiopia's most important export. In the last twenty years, the area given over to khat
cultivation has risen by 160%, resulting in the annual production of hundreds of millions of kilograms of khat. '3
Khat Toxicodynamic

Khat's primary psychoactive and sympathomimetic effects are attributed to cathinone and cathine. The primary
chemical that causes khat's early effects on the central nervous system (CNS) is catehinone. A beta-keto derivative
of amphetamine, catehinone has stimulant properties similar to those of amphetamine in the central nervous system.
14

Amphetamine derivatives are classified as 'B-phenylethylamines', a group of substances that share structural
similarities with the neurotransmitters noradrenaline and dopamine, which are both catecholamine substances. The
sympathomimetic effects of amphetamine derivatives are explained by their structural resemblance to noradrenaline.
Furthermore, amphetamine has ephedrine-like characteristics, and it shares a metabolite with cathinone,
norephedrine. Monoamine reuptake transporters are competitively inhibited by amphetamine derivatives.
Additionally, amphetamine works as a monoamine releaser on the central nervous system, affecting serotonin,
noradrenaline, and dopamine while also causing the peripheral sympathetic nervous system to release adrenaline. '°
Monoamine oxidase (MAO) inhibition and monoamine reuptake inhibition are linked to this pathway, which
eventually raises synaptic monoamine levels. In fact, cathinone has sympathomimetic and CNS stimulant qualities
that are comparable to those of other synthetic and naturally occurring sympathomimetic and CNS stimulant
compounds like cocaine and amphetamines. '

Early research revealed that cathinone can trigger the release of dopamine in the CNS, similar to amphetamine, and
also limit the activity of MAO, particularly MAO-B, which in turn contributes to decreased dopamine breakdown
and increased synaptic accumulation. !’ The stimulation of dopaminergic pathways in certain brain regions has been
linked to the euphoric effects of khat. '®

Prevalence of khat consumption

In societies like Djibouti, khat consumption is strongly linked to men, which ultimately holds back the country's
economic and social progress. Regular khat users have been found to experience issues related to oral hygiene,
including dental caries. !° Notably, approximately 90% of its population regularly consume khat. 2 Khat use is
widespread in Ethiopia, particularly among university students at a rate of 23.22%. The issue has been of concern
due to factors like family oral habits, alcohol consumption, and social influence from peers. 2! The lifetime prevalence
of chewing khat was observed to be 33.2% in the Jazan area of Saudi Arabia. 2 Kenya has a very high rate of khat
usage, mostly due to the crop's legal tolerance, which encourages its export and boosts the country's economy. 22
The high incidence of khat use can be linked to variables like place of residence and gender. 2 In locations like
Kisenyi, Uganda, factors including family history of khat use and the availability of the substance are found to
influence the prevalence of khat use. The social norms and cultural diversity in areas where khat is used significantly
influence its prevalence. *

Khat consumption in Kenya is widespread, reportedly because it enables users to stay active, stimulates their brain
function, and alleviates stress. Because of the city's long history of khat farming and use, khat has been a long-
standing habit in Harar, and its effects are especially apparent when compared to other parts of Ethiopia. 2

In eastern Africa, including Ethiopia, the prevalence of khat abuse is becoming a major public health concern, with
a notable lifetime rate of khat chewing, particularly among women, who are associated with certain
sociodemographic risk factors. 2°

Systemic Effects of Catha edulis (Khat) on Humans

Long-term khat use may have negative consequences on the central nervous system, systemic blood pressure, urinary
system, and mental health, according to research findings. Cathinone, the psychostimulant component of khat, is
mostly responsible for causing addiction. Prolonged use of khat can result in cognitive and mental problems, including
headaches, insomnia, difficulty concentrating, migraines, fine tremors, and coordination issues. %’

Research has demonstrated that khat chewing can lead to anorexia and insomnia, resulting in impaired work
performance the following day. Physical and psychological dependency, euphoria, schizophrenia, hallucinations,
moderate sadness, increased alertness, dizziness, anxiety, and psychosis are just a few of the documented
psychological consequences of khat. Manic psychosis and paranoid or schizophrenia spectrum illness were the two
primary types of psychosis that were mostly caused by chronic khat usage. 2® Khat-induced psychosis usually does
not necessitate the use of antipsychotics, and instead full recovery typically occurs following khat withdrawal. 22
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High diastolic blood pressure is also a negative consequence of cathinone, resulting from peripheral vasoconstriction
caused by heightened sympathetic nerve activity. Long-term use of khat can lead to chronic elevated blood
pressure. Consequently, this population has a significantly higher rate of acute coronary vasospasm and myocardial
infarction. %’

In comparison to a control group, khat abusers have urological problems, including a lower maximal urine flow rate.
This might be because cathinone interacts with al-adrenergic receptors in the neck of the bladder to produce
sympathomimetic effects. Regular khat users were shown to have a higher risk of mouth cancer, according to a study
findings. 3°

It is proposed that the habit of chewing khat may be a significant contributing factor in individuals with squamous
cell carcinoma. A substantial body of evidence in medical literature confirms the link between khat chewing and
progressive liver damage. Prolonged consumption of khat has been shown to lead to hepatitis, fibrosis, and cirrhosis.
13

. Khat Leaves’ Constituent
The primary alkaloids found in khat leaves include cathinone, pseudoephedrine (also known as cathine), and
norephedrine. The highest levels of these amines were found in the young leaves, which explains why they were
selected from khat by users seeking their potent effects. 3!

Cathinone represents an amphetamine component, inducing endogenous catecholamines' release from both
peripheral as well as central neurons. Cathinone is a naturally produced amphetamine. 3
. Cathinone effect
Cathinone is the most potent constituent of khat leaves, functioning as a central nervous system stimulant. Cathinone
works in a similar way to amphetamine by indirectly stimulating sympathetic nerve terminals to release
catecholamines. This action on blood vessels is localized and not mediated by the release of noradrenaline or the
activation of a-adrenoceptors. 33
This is likely mediated by the newly discovered trace amine-associated receptors. Cathinone exhibits both direct as
well as indirect effects on blood vessels, inducing dose-dependent vasoconstriction within aortic ring preparations,
demonstrating greater potency in comparison to noradrenaline at higher dosages. 3*

Factors contributing to the use of khat

In Islam, differing interpretations exist regarding khat's permissibility, as a substantial quantity view it as forbidden,
whereas others define it as merely discouraged or even permissible. In contrast to the overall religious ban on the
grounds of its effects on physical and mental well-being, a substantial number of khat users do not perceive its
consumption as being religiously forbidden. The evidence is particularly apparent in countries like Yemen and
Somalia. In Saudi Arabia, the Mulftis, typically regarded as scholars, are in complete agreement that khat is banned.
A portion of khat consumers in Saudi Arabia may hold varying viewpoints. 3
Khat's affordability and relatively low price are significant reasons for its widespread use, particularly among
individuals with lower incomes who view it as a budget-friendly form of entertainment. The open sale of khat leaves
in Yemen's marketplaces and stores has led to the commercialisation of khat and made its usage more socially
accepted, and because Yemen shares a border with Saudi Arabia, khat is likely to be readily available in southern
Saudi Arabia compared to other areas in the country. *°
Acute effects of khat use
The onset of khat's effects typically occurs within a 30 to 60 minute period after chewing. A khat chewing session
usually lasts for 3 to 6 hours, with users consuming 100 to 500 grams of leaves throughout this time frame. 3
Extracting the desired effects from khat leaves involves swallowing the juices, however, this process is notably time-
consuming due to cathinone concentrations averaging approximately 1 mg/g/leaf. As a result, regular users have
reported experiencing physical dependency symptoms including tolerance and withdrawal, however overdoses from
khat have not been reported. 3
The user often displays "mirquaan" during the first phase, which is defined by emotions of joy, enthusiasm, verbosity,
and a quick flow of thoughts. After this, users have a steady comedown that leads to feelings of restlessness, anger,
and depression before entering a more secluded phase.

Following consumption of khat, a typical increase in breathing rate is frequently noted along with excessive body
heat and enlarged pupils. *°

Chewing khat has been associated with increased systolic and diastolic blood pressure and an increase in heart rate.
36
Research shows that changes in plasma cathinone levels during and after chewing are strongly associated with peak
effects on heart rate and blood pressure, suggesting that cathinone is the main chemical responsible for these
cardiovascular effects.

Studies conducted among non-chronic khat consumers have found that blood pressure and heart rate take a
considerable amount of time to normalise after chewing, whereas this was not evident in chronic users, suggesting
that they may develop a tolerance to khat's sympathomimetic effect with prolonged use. Khat users have also shown
blunted responses to stress in terms of blood pressure.
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Khat effect on the cardiovascular system

It has been found khat chewing causes hypertension.’” Chewing khat leads to an elevated heart rate. Wabe et al.
attributed this finding to the vasoconstrictor effects of cathinone, a consequence that may persist in habitual khat
users. 38 Furthermore, a study *’ found that cathinone exhibits positive inotropic and chronotropic effects on isolated
atria. Chewing khat can lead to a higher likelihood of experiencing an acute myocardial infarction (AMI). The
coronary vasospasm effect of khat was explained by its contribution to thrombus formation, which in turn results
from catecholamine-mediated platelet aggregation. Coronary vasospasm occurs due to cathinone's amphetamine-like
effects, which boost irritability and nervousness following khat use. This, combined with the elevated heart rate,
heightens the heart muscle's oxygen demand and triggers catecholamine-induced platelet aggregation, ultimately
leading to coronary vasospasm. 3

Khat and Coronary Artery Disease

Coronary artery disease has a higher rate of occurrence among people who use khat, as opposed to those who do
not. A meta-analysis and thorough review of another study's findings suggested that using khat increases the
likelihood of experiencing stroke, M1, and heart failure. The exact methods through which khat and cathinone impact
the cardiovascular system are unclear; nonetheless, it is proposed that they could trigger a coronary artery spasm. *°
Research indicates that consuming khat can lead to narrowing of the coronary and aortic arteries, which in turn
contributes to the formation of atherosclerosis. #!

Khat use adversely affects the cardiovascular system. Tension, sleeplessness, anorexia, as well as reduced physical
activity remain linked to khat chewing, thus adversely affecting the cardiovascular system. *!

Khat enhances the tendency towards consuming more cigarettes throughout the session. Additionally, it is linked to
heightened risks for passive smoking during "khat parties" as well as social interactions. These variables increase the
risk of khat use resulting in the development of coronary artery disease, particularly AMI. In a case-control study,
khat consumption was significantly higher among individuals in the AMI case group compared to controls, showing
a dose-response correlation. Excessive khat users have a 39-fold increased risk of AMI. Research discovered that
khat use is a separate, dose-dependent risk factor for myocardial infarction. *?

Khat consumption leads to increased heart rate and hypertension throughout its duration, thereby disrupting the
body's natural circadian rhythm in patients presenting with AMI. Increased oxygen demand, along with peripheral
and coronary vasoconstriction, can also trigger AMI. The incidence of AMI within the khat effective time frame (2
PM to midnight) was 59% for individuals who chewed khat, as opposed to 34% for non-khat chewers presenting
during the same period. *

Amphetamine usage has been shown to induce AMI. Additionally, cathinone is recognized as a natural amphetamine.
Consequently, the misuse of both could result in coronary vasoconstriction, leading to AMI. A laboratory
investigation was conducted utilizing the isolated The Langendorff heart preparation, obtained from guinea pigs,
showed that cathinone caused coronary vasoconstriction and resulted in negative inotropic effects. 44

Separate laboratory research was conducted on pigs' coronary arteries. Cathinone caused a narrowing of the blood
vessels within the left anterior descending coronary artery of a pig. The effect was not caused by an indirect
sympathomimetic pathway involving al-adrenoceptors and the endothelium. Instead, cathinone, the primary
component of khat leaves, causes direct vasoconstriction in the coronary arteries. Studies employing clinical and
angiographic techniques have identified coronary vasospasm as the main cause of AMI, and factors influencing the
increased frequency of heart attacks among individuals who chew khat. 4°

Individuals who use khat and subsequently develop Acute Coronary Syndromes typically experience more severe
outcomes. Individuals who use khat are at a higher risk of death, suffer from recurring heart attacks, heart failure,
abnormal heart rhythms, and stroke compared to those who do not use khat. The effectiveness of aspirin and
thrombolytic therapy in AMI was reduced among individuals who chew khat, as demonstrated by two separate
studies (unpublished data). Additional research is needed to confirm the effects of khat chewing on blood clotting
and its potential to dissolve clots. 4

Cathinone causes substantial narrowing of coronary blood vessels along with a considerable weakening effect on
heart muscle contraction, suggesting that coronary constriction contributes to the onset of AMI. Amphetamine shows
vasoconstrictive properties through the stimulation of sympathetic neurons to release noradrenaline, and it may also
play a role in the onset of AMI. 4’

Because catecholamines induce platelets to clump together, they temporarily block the coronary arteries. This
blockage is made worse by catecholamines increasing the oxygen demand on the heart. Abuse of amphetamines
increases the risk of AMI and can also result in cerebral haemorrhage, pulmonary heart disease, chronic
cardiomyopathy, and necrotising vasculitis. The development of congenital cardiac disease is linked to catechinone.
48

In Yemen, Al-Motarreb et al. 4 carried out hospital-based case-control research with 100 patients who experienced

AMI and 100 age and sex-matched control subjects. Acute myocardial infarction patients were much more likely to
consume khat; heavy users were 39 times more likely to experience an AMI.
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CONCLUSION:

khat use poses significant cardiovascular risks, particularly in older male individuals, who tend to present with more
severe symptoms and complications. The stimulant properties of cathinone, along with the higher likelihood of
developing AMI, ventricular arrhythmia, stroke, and other severe outcomes, underscore the need for heightened
awareness and management of khat-related health risks. The absence of a history of traditional cardiovascular risk
factors in many users highlights the unique dangers associated with khat consumption, emphasizing the importance
of further research and targeted interventions to mitigate these risks.

Highlights:

1- Active Ingredients in Khat: The main active ingredients in khat are cathinone, cathine, and norephedrine,
with cathinone being structurally and functionally similar to amphetamine.

2- Increased Risk for AMI and Complications: Khat use is a significant risk factor for the onset of acute
myocardial infarction (AMI) and is associated with higher risks of ventricular arrhythmia, stroke, cardiogenic shock,
and mortality.

3- Demographics and Clinical Presentation: Khat users, typically older men, present later for medical
treatment, have higher heart rates and Killip class upon admission, and are more likely to experience ST-segment-
elevation myocardial infarction despite having fewer coronary artery disease risk factors.
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