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Abstract

Substance use disorders (SUDs) remain a major public health concern and contribute
substantially to compromised quality of life, mortality, and healthcare burden. In the
United States alone, millions of individuals are affected by alcohol use disorder (AUD),
tobacco use disorder (TUD), and opioid use disorder (OUD), with many cases complicated
by co-existing anxiety and stress-related disorders. Piper methysticum G. Forst (kava), a
traditional South Pacific plant preparation, has gained attention for its anxiolytic, sedative,
and sleep-promoting properties. Its pharmacological effects are primarily attributed to a set
of lipophilic compounds known as kavalactones, which have been reported to modulate
GABAA receptor activity, dopaminergic and adrenergic signaling pathways, monoamine
oxidase-B activity, cannabinoid receptor type 1 activity, and voltage-gated ion channels.
Peer-reviewed literature was identified through searches of PubMed, NIH resources, and
other scientific databases using terms related to kava, kavalactones, addiction, anxiety,
stress, insomnia, and SUDs. Both clinical and preclinical studies were reviewed, including
investigations of neurotransmitter systems and addiction-related signaling pathways. The
current literature suggests that the strongest rationale for kava use exists in AUD, where
anxiety and stress are established contributors to relapse. Evidence supporting kava use in
TUD and OUD is largely theoretical, while concerns regarding hepatotoxicity, cytochrome
P450 interactions, product variability, and additive risk remain important barriers to its
clinical application. In summary, current evidence does not support kava as a replace-
ment for established therapies, while its unique pharmacological profile warrants further
investigation as a potential adjunctive treatment for withdrawal and relapse in SUDs.

Keywords: Piper methysticum; kava; kavalactones; substance use disorder; alcohol use
disorder; stress; anxiety; adjunctive therapy

1. Introduction
Substance use disorders (SUDs) continue to be a significant concern from both public

health and economic perspectives. They contribute heavily to early death, impose a huge
burden on the healthcare system, and could cause tremendous deterioration in quality
of life among those who develop these disorders and those who provide supportive care.
Some of the most prevalent disorders are alcohol use disorder (AUD), tobacco use disorder
(TUD), and opioid use disorder (OUD). AUD affects millions of people worldwide and
contributes to higher rates of liver and cardiovascular illness and other complications [1,2].
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TUD contributes heavily to many preventable deaths from tobacco-associated illnesses
such as COPD, cardiovascular diseases, stroke, and various cancers [3]. OUD has been
emerging as a major public health crisis due to the increasing rates of illicit opioid use and
overdose deaths [4].

Current therapeutic medications for these disorders present with varying effectiveness
and often require concomitant behavior adjustment for optimal benefit. AUD is often
treated with disulfiram, naltrexone, and acamprosate, which are designed to reduce crav-
ings and prevent relapse [5]. TUD is treated via nicotine replacement therapy, varenicline
or bupropion to reduce cravings, with limited effects on abstinence-associated adverse
symptoms [6]. OUD is treated with opioid agonist therapies such as buprenorphine and
methadone to reduce withdrawal symptoms and overdose outcomes [7,8]. Despite the
available pharmacotherapy treatment options for these conditions, outcomes are often com-
promised by poor patient adherence, harsh side effects, and high relapse. For example, the
long-term success rate of TUD is 7–9% and adverse effects include restlessness, insomnia
and anxiety, which often lead to non-compliance and relapse [9]. Higher chances of suc-
cessful cessation are possible if medication-assisted pharmacotherapy is accompanied by
behavioral psychotherapy such as cognitive behavioral therapy [10]. Nonetheless, relapse
is a serious concern for patients with SUD, and new and adjunctive therapies should be
explored when and where possible.

Kava, traditionally a beverage prepared from the root of a plant (Piper methysticum
G. Forst) known by the South Pacific Island cultures [11], has been used for its anxiolytic
and stress-relieving properties in addition to sleep improvement and has gained atten-
tion throughout the whole world [12,13]. Traditionally, kava is prepared by harvesting
and grinding or pounding the roots and rhizomes, mixing the material with water, and
straining the resulting product. It has historically been consumed throughout the Pacific
for ceremonial, social, and medicinal purposes. Modern preparations include powdered
plant material, beverages, and concentrated extracts, which may differ significantly from
traditional aqueous preparations in their chemical composition.

Kava is currently available in the United States as a dietary supplement to promote
relaxation and can be consumed via tinctures, aqueous suspensions, capsules, and root
powder. However, concerns regarding potential hepatotoxicity have contributed to regu-
latory scrutiny of kava internationally, including restrictions or bans in several countries
including Germany, the United Kingdom, France, Canada, and Japan. Regulatory ap-
proaches have varied over time, with some restrictions subsequently being reconsidered
or lifted as evidence regarding the magnitude and causality of kava-associated liver in-
jury has evolved [14]. Despite these safety concerns, research into P. methysticum and its
bioactive constituents has demonstrated modulation of several neurobiological targets
including GABAA receptor activity, dopaminergic and adrenergic signaling pathways,
monoamine oxidase-B activity, cannabinoid receptor type 1 (CB1) activity, and voltage-
gated ion channels [15–20]. Because of the historical use and observed beneficial effects
regarding improved sleep and relaxation, kava is available in many places around the
world with demand and exposure continually increasing [21].

Stress and anxiety are often cited as major triggers for alcohol and other substance use
disorder relapses [22–24]. Many individuals with AUD report using alcohol to alleviate
stress, cope with depression, or ease tension. Given the association between stress, anxiety,
insomnia and SUDs, kava is a potential candidate and may be considered in combination
with known pharmacotherapies. By reducing anxiety and stress, improving sleep and
modulating brain reward systems, it may indirectly support recovery from SUDs, reduce
relapses, and potentially even decrease total incidence.
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2. Methods
This literature review was conducted using electronic databases of peer-reviewed lit-

erature, including but not limited to PubMed, Google Scholar, and other publicly available
scientific databases, to identify relevant studies on kava and its potential use for SUD treat-
ment. Search terms in these databases include “kava,” “kava-kava,” Piper methysticum,”
“kavalactone,” “kavain,” “dihydrokavain,” “methysticin,” dihydromethysticin,” “yango-
nin,” “desmethoxyyangonin,” substance use disorder,” “alcohol use disorder,” “tobacco
use disorder,” “opioid use disorder,” “anxiety,” “stress,” “craving,” “relapse,” “withdrawal”
and combinations thereof. Studies were included if they evaluated Piper methysticum, kava
extracts, or individual kavalactones and addressed at least one of the following topics:
pharmacological mechanisms relevant to anxiety, stress, reward or addiction, pharmacoki-
netics or pharmacodynamics, toxicological effects or drug interactions, clinical effects on
anxiety, stress, sleep, or mood relevant to substance use disorders, or direct effects on
alcohol, tobacco, or opioid use disorder outcomes. Both human and preclinical studies were
considered. Studies were excluded if they did not evaluate Piper methysticum or its major
constituents, did not provide relevant pharmacological, clinical, or toxicological informa-
tion, were duplicate publications, or were non-scientific sources. Studies that discussed
kava solely in a historical or botanical context without any mention of pharmacology, safety,
or substance use disorders were also excluded. Importantly, all studies and discussions
presented in this review include various kava preparations as well as mixtures of pure
kavalactones. If the composition of the kava preparation is known, it is mentioned in
the discussion of the study. References to “kava” throughout this manuscript therefore
refer to noble kava, other forms of kava preparations, and mixtures of synthesized or
isolated kavalactones.

3. Results and Discussion
3.1. Pharmacology of Kava

Kava exerts its relaxing pharmacological effects mainly through a group of highly
lipophilic compounds known as kavalactones, which are found in kava roots, rhizomes,
and stems. Preparation of kava can derive from both roots and stems; however, the
stems and stem peelings also contain a higher alkaloid content that is associated with
cytotoxicity. Traditional and high-quality commercial kava derives from noble cultivars,
where only the roots and rhizomes of P. methysticum are used [25]. While there are a large
number of kavalactones identified in the kava plant, it is generally accepted that six major
kavalactones are responsible for the majority of the pharmacological effects associated
with kava consumption [12,26]. These compounds are kavain, dihydrokavain, methysticin,
dihydromethysticin, yangonin, and desmethoxyyangonin. They differ slightly in their
chemical structure (Figure 1).

A defining feature of kavalactones is their ability to penetrate the blood–brain barrier
because of their lipophilic structures [12]. As shown in Table 1, predicted SwissADME
profiles suggest that yangonin and desmethoxyyangonin possess greater lipophilicity and
blood–brain barrier permeability compared with other major kavalactones from estimated
physicochemical properties. Less lipophilic kavalactones may be responsible for the pe-
ripheral effects. However, these computational predictions remain to be experimentally
tested and should not be used to guide real experimental design. Interestingly, although
yangonin and desmethoxyyangonin exhibit more lipophilicity than other kavalactones,
they have the least bioavailability based on human plasma analyses; dihydrokavain and
dihydromethysticin have been shown to be the most bioavailable, respectively, followed by
kavain, methysticin, yangonin, and desmethoxyyangonin [27]. Overall, the trend shows
that kavalactones with more saturated structures are less bioavailable. Indeed, some stud-
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ies indicate that despite their similar structures, these kavalactones may have distinct
bioavailability properties [28,29].

 
Figure 1. Structures of the six major pharmacologically active kavalactones.

Table 1. SwissADME predictions generated using the Swiss Institute of Bioinformatics SwissADME
platform. Predicted pharmacokinetic and physicochemical properties of the major kavalactones
based on SwissADME prediction and the experimental published literature. Increased lipophilicity
may contribute to enhanced blood–brain barrier penetration and central nervous system activity.

Compound MW
(g/mol)

Predicted
Log P

Predicted GI
Absorption

Experimental
% Uptake
CaCO-2 1

Predicted BBB
Permeability

Experimental BBB
Penetration References

Kavain 230.26 2.8–3.1 High 80% Yes Yes [30,31]
Dihydrokavain 232.28 2.5–2.9 High 83% Yes Yes [30,31]

Methysticin 274.27 2.3–2.7 High 74% Yes No [31]
Dihydromethysticin 276.28 2.1–2.6 High 71% Yes No [31]

Yangonin 258.27 3.5–4 High 35% Yes Yes [30,31]
Desmethoxyyangonin 228.24 3.2–3.7 High 66% Yes Yes [30,31]

1 Apical to basolateral % transport of total amount dissolved in water after 90 min.

Computational ADME predictions provide a beneficial initial assessment of the physic-
ochemical characteristics that may influence individual kavalactone disposition, but they
should be distinguished from experimentally determined pharmacokinetics. For example,
calculated lipophilicity and gastrointestinal absorption estimates can suggest that individ-
ual kavalactones possess properties compatible with membrane penetration and absorption;
however, these predictions cannot establish if a compound reaches systemic circulation,
the magnitude of exposure, or the profile of the exposure in humans. These limitations are
addressed by a clinical trial where five kavalactones were detectable in plasma following
oral administration with maximum plasma concentrations occurring between 1 and 3 h
after dosing [27]. Systemic exposure displayed dose proportionality across the range of
75–225 mg of total kavalactones. While computational modeling provides mechanistic hy-
potheses, human pharmacokinetic studies provide direct evidence of the systemic exposure
of kavalactones and characterize the relationship between administered dose and observed
plasma concentrations.

Proposed mechanisms for kavalactones include modulation of GABAA receptors,
dopaminergic signaling, monoamine oxidase activity, cannabinoid receptor activity, and
voltage-gated ion channels (Figure 2).
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Figure 2. Proposed pharmacological targets of kavalactones that may contribute to their anxiolytic
effects and reducing cravings and withdrawal symptoms in SUD.

Although kavain is frequently cited as a major contributor to the anxiolytic effects
of kava, there is currently insufficient evidence to determine which receptor systems are
primarily responsible (Table 2). Kavain primarily acts by modulating the GABAA receptors
to increase inhibitory neurotransmission in a manner different from benzodiazepines as its
action is not inhibited by the benzodiazepine antagonist flumazenil [32].

Dihydrokavain is structurally very similar to kavain and has weaker interactions
at the same targets than kavain. Although its biochemical receptor interactions appear
weaker, some in vivo studies suggest dihydrokavain may exhibit similar or better anxiolytic
effectiveness in comparison to kavain, potentially because of its higher oral bioavailabil-
ity [33,34].

Methysticin and dihydromethysticin are known for their potential to inhibit cy-
tochrome P450, specifically CYP 1A2 and 2D6 [35]. They have been proposed to be re-
sponsible for the potential hepatotoxicity that kava may present due to their alteration
of main phase 1 metabolic processes [36–39]. However, much of this inhibition has been
demonstrated in vitro at concentrations well above those achieved physiologically, and
emerging evidence implicates the non-kavalactone chalcones flavokavains A and B, rather
than the kavalactones, as more likely contributors to the rare hepatotoxicity reported with
kava [40]. Dihydromethysticin has also been shown to inhibit CYP 2B6, which can be of
clinical significance [41]. While the metabolic effects are of most interest, methysticin and
dihydromethysticin are also known for their connection to neuroprotective and antioxidant
properties in some in vitro or pre-clinical studies [42,43]. The observation of these effects
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has led to theories that kavalactones may have effects that expand beyond just CNS activity
and sedation. Methysticin has been shown to induce the nuclear factor erythroid 2-related
factor 2 (Nrf2) and antioxidant response element to increase antioxidant enzyme expression,
which may benefit against stress-induced oxidative stress in various tissues [42,44].

Yangonin and desmethoxyyangonin have a distinguishing feature as they have
cannabinoid receptor type 1 activity. Yangonin has demonstrated affinity for (CB1) [20], al-
though its activity remains substantially weaker than ∆9-tetrahydrocannabinol (THC) [45].
This interaction may partially contribute to the mood-elevating effects reported with kava
use. Both yangonin and desmethoxyyangonin have been proposed to exhibit monoamine
oxidase inhibitory activity in preclinical studies [17,46]. Yangonin seems to be a strong
inhibitor, which could be the reason for kava’s use as a mood enhancer by preventing the
break-down of serotonin and dopamine to stabilize or elevate mood. Increased circulating
and synaptic levels of these neurotransmitters lead to improvements in mood (Table 2).

Table 2. Proposed mechanisms of action of major kavalactones, potential CNS effects, and anti-
inflammatory mechanisms contributing to pharmacological spectrum of activity. ↓: reduction.

Kavalactone Proposed
Mechanisms CNS Effects

Anti-Inflammatory
Properties and

Mechanism
References

Kavain
GABAA modulation,

sodium/calcium
channel modulation

Anxiolytic, mild
sedation

Moderate (↓ NF-κB,
COX-2) [19,32,47]

Dihydrokavain Weak GABAergic
activity Mild anxiolytic Mild–moderate

cytokine reduction [48–50]

Methysticin CYP450 inhibition,
antioxidant effects Mild CNS effects Moderate–strong

(↓ iNOS, NF-κB) [29,51]

Dihydromethysticin CYP450 inhibition Sedative Moderate
anti-inflammatory [41,52]

Yangonin
CB1 receptor

interaction, MAO-B
inhibition

Mood elevation,
euphoria Weak–moderate [17,20,53]

Desmethoxyyangonin MAO-B inhibition Mood modulation Mild [17,54]

It should be considered an area of further research to elucidate if the pharmacological
effects of kava are a result of individual compounds or a synergistic interplay of partic-
ular compound combinations. The distinct ADME and pharmacokinetic properties of
each kavalactone, despite their structural and physicochemical similarities, may further
contribute to the observed poly-pharmacological effects.

An evolving area of research is uncovering the optimal kavalactone composition for
providing the best therapeutic outcome while reducing side effects. Isolating individual
kavalactones could be beneficial but may not be fruitful if synergism is required for effect.
Individual kavalactones may not be able to reproduce the entire complex pharmacology of
kava root as well. It is also possible that the variability in kavalactone composition may
have differential pharmacology for different therapeutic needs.

Several placebo-controlled trials have been conducted that investigate kava’s efficacy
in individuals with generalized anxiety disorder (GAD) [55–60]. Earlier studies, primarily
from Europe, have reported on the benefits of kava in the management of mild to moderate
anxiety. In the kava anxiety depression spectrum study (KADSS), a randomized placebo-
controlled trial with 60 volunteers that experienced high levels of anxiety reported that
kava extract use significantly reduced their symptoms [54] as compared to placebo. These
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results contrast with a follow-up study that was performed as a 16-week phase-three
trial with 171 volunteers, all of whom were previously diagnosed with GAD, that found
no differences [56] between the placebo and the kava group. In additional contrast, a
more recent study from Australia reported no significant anxiolytic effects, highlighting
inconsistency in the clinical evidence base [56]. Overall, kava has not been adopted as a
standard pharmacological treatment for GAD, and its therapeutic role remains limited to
mild anxiety contexts with mixed empirical support. Differences in extract composition,
dosing regimens, participant anxiety severity, and placebo responsiveness may partially
explain the conflicting findings observed across clinical trials [55–57,61–63].

3.2. Kava and Alcohol Use Disorder (AUD)

Alcohol is the most commonly used intoxicant substance worldwide and accounts for
6% of deaths worldwide [64]. Thousands of US adults die from alcohol poisoning every
year, and over 14 million US adults suffer from AUD [65], with a 20% increase in mortality
in persons with AUD during the COVID-19 pandemic [66]. Between 2011 and 2015, on
average 255 lives were lost per day due to excessive alcohol use, with over $249 billion loss
in productivity in the US alone [67]. In addition to the high mortality associated with AUD,
there is also a discrepancy between rural and urban counties in the US, with rural areas
experiencing a higher mortality rate of 15.8 deaths compared to 12.7 deaths per 100,000 [68].

Mechanistically, chronic alcohol use alters dopamine signaling pathways and increases
sensitivity to anxiety and withdrawal symptoms during abstinence [24,35,39,69]. High
anxiety levels are associated with an increase in cravings for alcohol and, therefore, higher
relapse rates as shown in pre-clinical animal and clinical trials [70–72]. The reciprocal
relationship between anxiety and AUD identifies a need for research into compounds that
can utilize their anxiolytic properties to reduce and prevent the need for increasing or
excessive alcohol consumption and withdrawal symptoms. This has been shown with the
use of antidepressants and anxiolytics in patients in AUD remission [71,73–77].

Direct preclinical evidence of kava in managing AUD is sparse, but the pharmacologi-
cal properties described earlier provide a reasonable mechanistic basis for further research
to be conducted. In terms of clinical evidence, there is currently no clinical trial that has
evaluated kava as treatment for reducing AUD relapses or cravings. Most kava clinical
studies are specifically on anxiolytic properties, which may or may not be effective for
reducing alcohol abuse while participants were recommended to restrain from alcohol use
during those trials.

At the same time, many users report that their alcohol consumption has gone down
while using kava recreationally because of the substitution effect, or anxiety-related reasons
for drinking being curbed [78,79]. Despite this, targeted studies that examine specific
metrics regarding alcohol use, such as length of abstinence, total alcohol intake, or craving
and withdrawal symptom severity, are not robust. Current evidence suggests that the
potential benefits of kava in AUD are more likely from anxiolytic and stress-reducing effects
rather than a direct solution to cravings or addiction.

A recent survey among kava bar patrons reported that half (51.7% or 93 of 180) of
respondents conceptualized kava as an alcohol substitute or replacement [78]. The survey
also supported many of the clinical study findings of kava reducing anxiety, improving
mood, and promoting relaxation and sedation.

It is important to make note of the speculative nature of these studies and their
conclusions due to the lack of specific, targeted alcohol use disorder clinical trials for kava.
Given the current lack of direct benefits, kava should be considered as an adjunctive or
add-on treatment to known pharmacotherapies such as naltrexone, to be used for anxiety-
related relapse triggers that current medication does not address. At the same time, because
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both kava and chronic alcohol use carry hepatotoxic potential, combined use would require
additional caution in patients with heavy alcohol consumption or pre-existing liver disease,
who may need to be excluded from kava use altogether.

3.3. Kava and Tobacco Use Disorder (TUD)

With continuing efforts over the past few decades, cigarette use in the US has de-
clined substantially. Such a reduction, however, led to misperception that cigarette use
is no longer a critical pandemic, partly due to variations in its prevalence in different
communities [80–82]. Indeed, cigarette use is still highly prevalent and persistent in the US,
with 28 million adult smokers [83,84] and no indication of a significant reduction in the
near future as ~1500 American youth start their first cigarette each day [85]. About 50%
of smokers would die of smoking-related diseases, resulting in $170 billion direct medical
costs [86] and >$800 billion total lost productivity each year in the US [87]. Despite the
availability of FDA-approved cessation medications, <10% smokers achieve abstinence
even after multiple attempts largely because current cessation medications fail to address
abstinence-associated adverse symptoms (stress, anxiety and insomnia) which drive re-
lapse [9]. The FDA and NIH therefore have emphasized the need for “next-generation” ces-
sation therapies to alleviate abstinence-associated adverse symptoms and reduce cigarette
smoke-caused harms [9].

The rationale for investigating kava as an alternative or adjunct treatment in TUD
stems from its anxiolytic pathways and dopamine signaling, both of which directly con-
tribute to nicotine dependence. Nicotine produces its effects by activating nicotinic acetyl-
choline receptors, specifically α4β2 subtype receptors, which releases dopamine [46,69] and
causes smoking habits to be reinforced. Kavalactones, the main compounds in kava, have
been studied to influence many systems related to addiction, most notably dopaminergic
and GABAergic systems. Some preclinical studies suggest that kavalactones may influ-
ence dopamine reuptake and GABAergic signaling pathways associated with addiction
and stress response [36,38,46]. Indeed, kava is currently consumed by some smokers in
the US to manage tobacco dependence with ~75% satisfaction, based on a recent kava
survey [88]. A 4-week cigarette smoke mouse study indicated kava’s holistic potential in
managing cigarette use—alleviating somatic withdrawal symptoms, lowering cigarette
smoke-induced stress hormones, modulating CREB phosphorylation in the cerebellum,
reducing anxiety, suppressing cigarette smoke-induced lung inflammation with a poten-
tial to improve lung functions [89,90], and thus addressing key limitations of current
cessation medications.

Currently, no randomized controlled trials demonstrate the efficacy of kava for smok-
ing cessation or relapse prevention, but pharmacology and mechanisms provide a reason-
able basis for investigating its potential for reducing nicotine cravings and stress-related
relapses. One clinical trial is ongoing, assessing the potential of kava to facilitate smoking
cessation, focusing on its potential to address abstinence-associated adverse symptoms—
stress, anxiety and insomnia [91].

It is plausible that kava may function as a behavioral substitute for tobacco use.
Smoking is closely tied to social routines, relaxation, and stress relief, often embedded
within broader ritualized contexts that may also include alcohol use [41]. Similarly, kava
has a long history of social and ceremonial use to promote relaxation, aligning with some
of the reinforcing psychosocial aspects associated with tobacco consumption. Key research
gaps remain, particularly the absence of trials assessing standardized dosing, cessation
outcomes (e.g., abstinence duration, relapse rates, withdrawal severity), and interactions
with established nicotine replacement therapies. Safety considerations, including long-
term use and hepatotoxicity risk, also require clarification. Future work should further
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distinguish whether any potential benefit is driven primarily by behavioral substitution,
anxiolytic effects, or direct modulation of addiction-related neurotransmitter pathways.
Given the high relapse rates in TUD and the need for alternative or adjunctive approaches,
further investigation into kava remains mechanistically and clinically relevant.

3.4. Kava and Opioid Use Disorder (OUD)

The ongoing opioid epidemic accounts for more than 40,000 deaths per year since
2017 [92]. As of 2017, an estimated 2.1 million US persons aged 12 and older were diagnosed
with OUD, leading to an overall economic burden of $1.02 trillion in the US alone [93].

The potential role of kava in managing OUD is largely theoretical and based on its
anxiolytic and sedative properties rather than any direct interaction with opioid receptors.
The discussed kavalactones may reduce stress-related triggers for opioid relapse, but do
not address the core neurochemical pathways targeted by established therapies.

Unlike methadone and buprenorphine, which have strong evidence for reducing
withdrawal, cravings, relapse, and mortality, kava has not been studied in clinical trials
for OUD. Any potential benefit would likely be limited to adjunctive stress or anxiety
reduction rather than treatment of dependence itself, and there is currently no evidence
that it improves clinical outcomes such as abstinence or relapse prevention.

Important safety concerns also limit its application, including potentially additive
CNS depression when combined with opioids, benzodiazepines, or alcohol, with reported
increased risks of sedation and respiratory depression [94,95].

Overall, the current evidence does not support kava as primary or adjunctive treat-
ment for OUD. While its pharmacology provides a rationale for further investigation as
a potential adjunct for stress modulation, its role remains theoretical pending controlled
clinical studies addressing efficacy, safety, and mechanism of action.

3.5. Safety and Toxicology

Concerns regarding kava’s potential hepatotoxicity have influenced the regulatory and
clinical evaluation of kava and kava products. Kava has been consumed for centuries in the
Pacific Island region with few reports of hepatotoxicity. Most of the reported hepatotoxic
cases come from North America and Europe in the early 2000s in association with the
anxiolytic form of kava, which was typically an acetone or ethanolic extraction of kava
instead of the aqueous traditional preparation, with severe cases resulting in total liver
failure [39]. The current consensus is that traditional kava in the beverage form is generally
safe and the hepatotoxic risk is extremely rare and potentially idiosyncratic. Multiple
mechanisms have been proposed with no validation, including the contamination of the
raw materials with aflatoxins, the inclusion of non-root plant parts (leaves and/or stems),
the inclusion of kava cultivars not recommended for traditional kava consumptions (Tudei
kava, which can cause sickness for 2 days and contains higher levels of flavokavains A
and B) instead of noble kava, the use of organic extraction instead of traditional aqueous
preparation, and the potential modulations of CYP 3A4 and 2D6 enzymes to induce the
risk of drug–herb interaction [35,36,38]. However, controlled human studies by Gurley and
colleagues found that kava does not inhibit CYP3A4 or CYP2D6 in a clinically impactful
manner and produces a meaningful reduction only in CYP2E1 [96]. As noted above, the
non-kavalactone flavokavains A and B have emerged as more probable contributors to the
rare cases of kava-associated hepatotoxicity.

Kava may interact both pharmacodynamically and pharmacokinetically with many
classes of central nervous system-active and other drugs that undergo extensive metabolism.
Because of the effects kava produces in humans, it is likely that, when combined with
other CNS-active drugs, such as benzodiazepines or alcohol, an additive or synergistic

https://doi.org/10.3390/nu18172747

https://doi.org/10.3390/nu18172747


Nutrients 2026, 18, 2747 10 of 16

effect may be produced, resulting in further sedation. Some studies have found sig-
nificant impairments in motor function in those who combined alprazolam with kava
products [35,36,94,95].

Other factors to consider are the dosage, duration of use, preexisting liver conditions,
and the quality of the kava preparation. Due to various aqueous suspensions, tinctures, root
powders, and capsules available to consumers, these products contain varying amounts of
kavalactones per recommended dose, resulting in major kavalactone exposure differences.
Kavalactone abundance in product labels has been shown to differ up to 90% from experi-
mental measurements, highlighting the need for rigorous quality control of kava products
to more accurately comprehend the pharmacology and safety [63]. It remains debated
whether hepatotoxicity is primarily associated with nontraditional extraction methods,
stem and leaf, cultivars containing high levels of flavokavains A and B, contamination, or
metabolic bioactivation rather than traditional aqueous root preparations alone [36,39,97].
Because of these uncertainties, Germany reversed its ban in 2014 after the scientific literature
re-examined kava’s safety profile.

Currently, kava is regulated differently across the world. In the United States, kava
is classified as a dietary supplement, and advisories on kava products and their potential
for hepatotoxicity have been released. Rigorous standardization would benefit consumers
where kava products are derived from noble cultivars where only the roots and rhizomes
are used to reflect the traditional preparation and use of kava. European nations still impose
restrictions on the sale of kava and tightly regulate what label claims can be made about
kava, specifically regarding therapeutic claims. Australia, on the other hand, has recently
classified kava in the food category as a pilot program.

3.6. Potential Role as Adjunct Therapy and Future Research Directions

Kava should not be considered a replacement for evidence-based treatments for
SUDs, but rather as a potential adjunctive intervention that may complement existing
approaches. Current evidence suggests that kava’s anxiolytic and stress-relieving properties
can be clinically relevant in groups where anxiety and stress are the main drivers of
substance abuse.

A promising application of kava may be in individuals who have alcohol or to-
bacco use disorders and concomitant anxiety-related disorders, as anxiety symptoms are
prevalent in individuals with alcohol use disorder, and the presence of both results in
worse treatment outcomes. Because kava demonstrates anxiolytic effects without cognitive
impairment [57,61,62], it has been proposed that it could serve as an alternative for manag-
ing anxiety symptoms compared to benzodiazepines, which produce heavier sedation. By
reducing baseline anxiety, kava may indirectly lower the craving for alcohol as a form of
self-medication.

Kava may be able to function as an early intervention during recovery periods or also
during periods of higher risk when an individual experiences high stress levels.

Although interest in kava as a possible treatment for SUDs has grown in recent
years, many important questions remain unanswered. One of the most important next
steps is the development of randomized controlled trials (RCTs) comparing kava either
directly to placebo or as an adjunct to standard pharmacotherapy in patients with alcohol
or tobacco use disorder. Current evidence suggests that kava may help reduce anxiety,
stress, and substance cravings, but many studies have been limited by small sample
sizes, inconsistent dosing methods, and minimal follow-up studies. Future clinical trials
should examine outcomes such as relapse rates, withdrawal symptoms, craving intensity,
anxiety reduction, and overall quality of life to better determine whether kava could serve
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as a meaningful adjunct treatment for alcohol or tobacco use disorder in patients with
concomitant anxiety disorders.

Future randomized controlled trials should use standardized kava preparations with a
defined total kavalactone content and clearly characterized individual kavalactone composi-
tion. Previous clinical studies evaluating kava for anxiety have administered approximately
12–140 mg/day of total kavalactones, while recent pharmacokinetic research has evaluated
single doses of 75–225 mg and repeated dosing of 75 mg three times daily [27,56]. These
studies provide reasonable starting ranges for dose-finding studies, but establishing doses
for anxiety should not be assumed to produce equivalent effects on substance use disorder
outcomes. Future AUD, TUD, and OUD trials should incorporate dose range studies before
defining a fixed therapeutic dose.

Dose–response relationships for kavalactones also remain poorly understood. Ex-
isting studies vary considerably in extract type, kavalactone concentration, and dosing
regimens, making it difficult to determine the optimal balance between therapeutic ben-
efit and adverse effects. Future research should examine both the pharmacological and
clinical effects of chemically well-characterized kava preparations while also evaluating
long-term use, tolerance development, and potential interactions with alcohol, benzodi-
azepines, antidepressants, and other centrally acting substances frequently used in patients
with SUDs.

Overall, further research is needed to better define kava’s therapeutic role, safety
profile, and long-term clinical value. With more rigorous and standardized investigation,
kava may emerge as a useful complementary approach in addiction medicine and the
treatment of anxiety-related SUDs.

4. Conclusions
Kava (Piper methysticum) occupies an interesting but still early stage of investigation

within addiction medicine. Across the literature, its most consistent and well-supported
effects relate to anxiety reduction and stress modulation, which are potentially driven by a
broad range of pharmacological actions involving GABAA receptor activity [15,16,29,32–34],
dopaminergic signaling [46,69], monoamine oxidase inhibition [17,46], cannabinoid recep-
tor interactions [20], and ion channel effects [19]. When considered together, these proposed
mechanisms help explain why kava has attracted attention as a potential supportive agent
in conditions where stress and emotional dysregulation play a major role in substance
use behavior. The primary caveat is that rigorous clinical trials need to be conducted
with chemically well-defined kava products to determine to what degree kava can benefit
patients with a SUD. However, more pre-clinical evidence is still needed to support kava’s
potential use in aiding AUD, TUD, and OUD, while the evidence for AUD is strongest yet
still limited.

At present, the most investigated application for kava appears to be in alcohol use
disorder. This is not because kava directly reduces alcohol reinforcement, but rather
because it may reduce anxiety and stress, which commonly trigger drinking and relapse.
However, the clinical evidence remains limited and somewhat inconsistent, and there are
no strong, large-scale randomized controlled trials that directly measure outcomes like
relapse prevention or sustained reduction in alcohol use.

When it comes to tobacco and opioid use disorders, there is to date no clinical evidence
supporting its adjunctive use. Most investigations are theoretical or preclinical, with some
mechanistic overlap suggesting possible effects on dopamine and stress pathways, but very
little direct clinical data. Because of this, there is currently no clinical evidence to suggest
kava has a meaningful role in reducing cravings, withdrawal severity, or relapse risk in
these populations. However, preclinical studies indicate a potential benefit in tobacco
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use disorder that needs further investigation. In contrast, established treatments such
as nicotine replacement therapy, varenicline, buprenorphine, and methadone remain the
standard of care.

Safety remains one of the biggest limiting factors in considering kava for clinical use.
Concerns around hepatotoxicity are still not fully resolved and appear to involve multiple
possible mechanisms, including metabolic activation, CYP450 interactions, and variability
in plant material and extraction methods. In addition, kava’s sedative properties raise
concerns about additive effects when combined with alcohol, opioids, benzodiazepines, or
other central nervous system depressants. The lack of standardization across commercial
products only adds to this uncertainty and complexity. Specifically, there are a wide range
of kava products on the market with varied chemical compositions and thus safety profiles
and biological characteristics. They should not be considered the same nor treated equally:
if one kava product is effective for one indication, it does not mean that other kava products
will be equally effective; similarly, if one kava product is not safe, it does not mean other
kava products are not safe either. It should also be emphasized that “Dose makes a poison”—
kava consumers need to follow the proper dose and regimen because more is not always
better, including its benefits. Overall, kava should not be viewed as a replacement for
evidence-based treatments in SUDs because of a lack of clinically rigorous trials. However,
its anxiolytic properties and relatively unique pharmacology make it worth continuing
investigation as a possible adjunctive option, particularly for individuals whose substance
use is strongly associated with stress and anxiety. Moving forward, well-designed clinical
trials, chemically defined kava formulations, and clear safety data will be necessary before
kava’s role in addiction treatment can be properly defined.
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