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The purpose of this comprehensive literature review is to present the available evidence on the effects of
methamphetamine on mental and oral health, as well as provide an overview of the most widely used medical
and dental care strategies in the management of meth mouth. For this purpose, PubMed and Google Scholar
electronic databases were searched for relevant articles, yielding 115 search results, which were further scru-

tinized for their relevance, leaving 55 for a detailed review. The analysis of the gathered data indicates that a
comprehensive patient-centered approach that takes into consideration the physical, mental, and social aspects is
crucial for mitigating the detrimental effects of increasing methamphetamine use.

1. Introduction

There are four commonly misused drugs — cannabis, cocaine, opi-
oids, and methamphetamine that cast long shadows on human health,
each weaving a distinct web of adverse effects. Cannabis, while often
viewed as less harmful, can damage the lungs and hinder brain devel-
opment, and causes xerostomia which consequently increases the risk of
dental caries. Cocaine, the seductive yet treacherous stimulant, un-
leashes a storm on the heart, raising blood pressure and risking strokes,
causing bruxism and tooth wear. Opioids, pain relievers with high de-
pendency rate, causing respiratory depression, organ damage, rampant
caries and periodontal disease, and social unraveling. Finally, meth-
amphetamine, the ruthless reaper, ravages the nervous system, leading
to cognitive decline, dental problems, and skin sores (Teoh et al., 2019).

Methamphetamine (MA) is a potent central nervous system (CNS)
stimulant that primarily acts by enhancing the release and inhibiting the
reuptake of dopamine, norepinephrine, and serotonin in the brain (Chiu
& Schenk, 2012; Fernandez-Serrano et al., 2011; Gonzales et al., 2010;
Jayanthi et al., 2021; Kim et al., 2020). This direct effect on these
neurotransmitters increases their levels in the synapses, which in turn

promotes CNS stimulation, leading to greater alertness, attention, and
euphoria (Chiu & Schenk, 2012; Fernandez-Serrano et al., 2011;
Moszczynska & Callan, 2017; Shin et al., 2017). These neurotransmitters
play important roles in regulating mood, appetite, and sleep, among
other functions (O’Malley et al., 2022). Specifically, MA use can lead to
changes in the expression of genes involved in dopamine signaling,
synaptic plasticity, and stress responses (Xie & Miller, 2009). These
changes are thought to contribute to the long-lasting effects of meth-
amphetamine on the brain and behavior (Cruickshank & Dyer, 2009; Xie
& Miller, 2009).

Methamphetamine also increases the activity of the hypothalamic —
pituitary — adrenal (HPA) axis, as well as the release of corticotropin-
releasing hormone (CRH) and cortisol (Chiu & Schenk, 2012; Scott
etal., 2007; Shukla & Vincent, 2021). In addition to these impacts on the
CNS, MA consumption promotes neuronal plasticity, thereby contrib-
uting to the development of addiction accompanied by changes in
behavior (Zeng et al., 2023). As methamphetamine has the capacity to
cross the blood — brain barrier (Zeng et al., 2023), upon entering the
brain, it binds to and activates trace amine-associated receptor 1
(TAAR1)—a G-protein-coupled receptor that is expressed in several
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Fig. 1. Flowchart of the selection of studies for methamphetamine.

brain regions (Courtney & Ray, 2014). As a result of this activation,
intracellular cyclic AMP (cAMP) levels increase, enabling the release of
dopamine from presynaptic neurons (Courtney & Ray, 2014; Prakash
et al., 2017).

Methamphetamine is a highly addictive stimulant that can be
smoked, snorted, injected, or swallowed (Yang et al., 2018). This drug is
often used in crystal form known as ‘meth’ or ‘ice’. While the number of
addicts worldwide was estimated at 35 million in 2016, this figure is
expected to become even higher given that meth is gradually replacing
other illicit drugs such as cocaine and marijuana in many countries
(Rommel et al., 2016a). Due to the availability and affordability of its
components, MA is inexpensive to produce (Hamamoto & Rhodus,
2009), making it accessible to a wide variety of users. However, when
meth is abused for a prolonged period, it can lead to addiction, as well as
impairment in attention, executive functions, language/verbal fluency,
and memory (Potvin et al., 2018; Rommel et al., 2016a). These psy-
chological symptoms are often accompanied by cardiovascular prob-
lems, pulmonary arterial hypertension, renal failure, and meth mouth
(Rommel et al., 2016a).

Chronic methamphetamine use wreaks havoc on both mental and
physical health. Acutely, it unleashes a surge of dopamine, leading to
euphoria, hyperactivity, and hypervigilance. However, this is followed
by a profound “crash,” marked by depression, anxiety, and cravings
(Rusyniak, 2011). Long-term, methamphetamine disrupts reward
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circuitry and leads to psychosis, including paranoia, hallucinations, and
delusions (Volkow et al., 2001). Cognitive deficits, particularly in
memory and decision-making, are also common (Sabrini et al., 2019).
Systemically, methamphetamine wreaks havoc: cardiovascular compli-
cations like hypertension and cardiomyopathy are prevalent (Turdi
et al., 2009). Neurotoxicity extends beyond the brain, damaging pe-
ripheral nerves and causing pain and neuropathy (Rusyniak, 2011).
Organ systems like the kidneys, liver, and lungs are also susceptible to
damage (Matsumoto et al., 2014). This devastating array of mental and
systemic harm underscores the immense toll methamphetamine takes on
individuals and healthcare systems.

While the adverse effects of meth are diverse, this literature review
focuses specifically on extant studies related to its impact on users’
mental and oral health, and especially the medical management and
prevention of meth mouth. This decision was guided by the limited
evidence regarding the influence of methamphetamine (crystal meth) on
oral health.

2. Materials and methods
2.1. Protocol and registration

This review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol.
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2.2. Focused question and search strategy

The focused question was determined according to the 2009 PICO
strategy (Furlan et al., 2009). (1) Population: meth mouth, meth mouth
AND oral health, methamphetamine abuse AND oral health, meth
mouth prevention AND\ OR Meth mouth management, methamphet-
amine use management, methamphetamine addiction, methamphet-
amine psychological effects, methamphetamine mental health, and
meth mouth AND addiction; (2) N/A. 3) Comparison: N/A. (4) Outcome:
effect of meth. The focused questions of the present review was “Among
the available studies on methamphetamine, what effect of the meth
abuse based on?

2.3. Selection criteria
Inclusion criteria

. In vivo studies

. Case reports

. Literature review
. Methamphetamine user

HwWN

Exclusion criteria

. In vitro studies
. Healthy patient
. Edentulous Patients
. Animal studies.

A WN R

2.4. Search methods

Two independent authors (H. Q. and A.A) systematically searched
the indexed literature in during January 2005-2023 period and updated
it in December 2023. This literature review focused on studies related to
methamphetamine use and its effects on oral health published in English
language. For this purpose, PubMed and Google scholar electronic da-
tabases were searched using the terms meth mouth, meth mouth AND
oral health, methamphetamine abuse AND oral health, meth mouth
prevention AND\ OR Meth mouth management, methamphetamine use
management, methamphetamine addiction, methamphetamine psy-
chological effects, methamphetamine mental health, and meth mouth
AND addiction.

Combinations of medical subject heading terms (MeSH) and non-
MeSH terms, along with Boolean operators, were utilized to perform the
search. Relevant literature was also searched through Open Grey until
December20223. A manual search of the available literature was also
performed.

3. Results

After thorough assessment of the initial pool of 115 articles, only 55
were confirmed to meet the inclusion criteria and were retained for
analysis, as in other cases the authors either relied on self-reports or the
research design was subject to multiple limitations, including small
sample size, quantities of methamphetamines used by the participants,
the length of MA use, the route of administration, comorbid depressive
symptoms, and alcohol use or cigarette smoking, which may adversely
impact the results. (Fig. 1).

4. Discussion

Meth is a potent psychostimulant that works by increasing dopa-
mine, adrenaline, and noradrenaline levels in the body (Cossa et al.,
2020; Yang et al., 2018). Hence, MA abusers experience hyperactivity,
decreased appetite, increased alertness, insomnia, and hallucinations,
and might develop psychotic as well as delusional disorders (Cossa et al.,
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2020; Glasner-Edwards & Mooney, 2014; Salo et al., 2011; Yang et al.,
2018). Over time, addicts begin to manifest destructive psychological
effects such as mood disturbances, agitation, paranoia, anxiety, and
increased violence (Cossa et al., 2020; Darke et al., 2008), which can be
exacerbated in some individuals that have previously suffered tragic
events (Marshall & Werb, 2010). However, the influence of gender on
the drug use history remains to be established, as some authors reported
no difference in the time of use initiation between men and women
(Simpson et al., 2016), while clinical evidence demonstrates that men
use meth at higher rates than woman do (Daiwile et al., 2022). While
men tend to have more complications that result in emergency depart-
ment visits and more cardiovascular deaths, this is likely due to the fact
that women usually realize the problem of meth addiction earlier than
men do (Simpson et al., 2016). On the other hand, severity of psycho-
logical problems (both perceived and diagnosed) tends to be greater in
women, who also tend to report greater childhood emotional or sexual
trauma, suggesting that they use meth as a coping mechanism despite
having more social support compared to men (Simpson et al., 2016).

According to studies focusing on the effect of MA abuse on oral
health, it typically leads to extensive xerostomia, decreased saliva pH-
values, reduced buffer capacity, leathery and rampant brown carious
lesions which might extend to the free gingival margins, tooth erosion,
dysgeusia, periodontal diseases, significant increase in plaque accumu-
lation, calculus deposits, poor oral hygiene, and missing teeth (Clague
et al., 2017; Heng et al., 2008; Mukherjee et al., 2018; Rommel et al.,
2016a; Rommel et al., 2016b; Shetty et al., 2015; Turkyilmaz, 2010;
Zokaee et al., 2022). The prevalence of dental condition that associated
with using of MA among 301 user were dental appearance (28.6 percent,
n = 86), broken or loose teeth (23.3 percent, n = 70) and tooth grinding
or erosion (22.3 percent, n = 67) (Shetty et al., 2010). of Accordingly,
the American Dental Association has proposed the term “meth mouth”
to describe rampant caries frequently observed in methamphetamine
users (Hamamoto & Rhodus, 2009; Rommel et al., 2015; Shaner et al.,
2006), as they present with blackened, stained, rotting, and crumbling
teeth at rates that exceed those in general population (Klasser & Epstein,
2005). In chronic MA users, the caries pattern is characteristic since it
often occurs in the cervical region and progresses to the buccal smooth
surface of the posterior teeth, as well as the interproximal areas of the
anterior teeth (Wang et al., 2014). Available evidence also shows that
persistent caries lesions and oral tissue inflammation can spread to other
body parts and cause further lesions as well as diseases such as endo-
carditis (Rommel et al., 2015). These observations have led to the view
that methamphetamine’s impact on soft tissues and vascularization is
what ultimately causes or initiates methamphetamine-induced osteo-
necrosis of the jaws (Pabst et al., 2017; Ristow et al., 2015; Rommel
etal., 2015; Rustemeyer et al., 2014). Long-term MA usage has also been
found to contribute to sinusitis and mucoceles of the maxillary sinus
(Faucett et al., 2015). Consequently, even MA users who are otherwise
in relatively good health suffer from dental or oral diseases and typically
have considerably more missing teeth than non-users, especially if MA is
smoked rather than taken intravenously (Shetty et al., 2010). Extant
reach also shows that MA users have incredibly high levels of energy and
neuro-muscular activity due to the sympathomimetic effects of this
potent psychostimulant, which leads to parafunctional jaw activity,
bruxism, muscle trismus, and lockjaw (Hamamoto & Rhodus, 2009;
Mukherjee et al., 2018; Rhodus & Little, 2005).

4.1. Medical management of methamphetamine drug use

As methamphetamine is a highly addictive substance that can cause
significant damage to the body and mind, medical management offered
to users requires a comprehensive approach to address both the physical
and mental health effects of the drug, which typically involves a com-
bination of medication-assisted treatment, behavioral therapy, and
support groups (Brown & DeFulio, 2020). Thus, even though several
approaches are available, the most effective mode of MA addiction
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Fig. 2. Pre-treatment intraoral occlusal view of maxillary and mandibular arches presenting “meth mouth”. Remaining roots, leathery and rampant brown carious
lesions, erosion, plaque accumulation, calculus, missing tooth and periodontal inflammation are shown. A, Maxilla B, mandible.

treatment will depend on the individual needs and circumstances
(Brown & DeFulio, 2020). Some common treatment options include
behavioral therapies, such as cognitive-behavioral therapy (CBT) and
contingency management, which can help individuals identify and
change negative patterns of thinking and behavior associated with drug
abuse (Pabst et al.,, 2017). In clinical practice, medication-assisted
treatments based on bupropion and naltrexone have also been shown
to help reduce cravings and withdrawal symptoms (Skeer et al., 2022),
while some addicts benefit from antidepressants, antipsychotics, and
substitution/replacement therapy (Panenka et al., 2013). Nonetheless,
residential treatment programs are always preferable, especially for
individuals with severe MA addiction (Skeer et al., 2022), as they pro-
vide a structured environment, allowing them to focus on recovery and
develop healthy coping skills (Shiao et al., 2021). Inpatient treatment
can be particularly useful for individuals who have co-occurring mental
health conditions or who require medical detoxification (Skeer et al.,
2022). If this is not an option, outpatient treatment programs should be
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offered instead, as they allow individuals to receive treatment while
continuing to live at home and attend work or school (Rhodus & Little,
2005). These treatments can be supplemented with support groups such
as Narcotics Anonymous or SMART Recovery, as they enable partici-
pants to build a network of support during recovery (Rhodus & Little,
2005; Shiao et al., 2021). Still, it is important to acknowledge that re-
covery from MA addiction can be a long and challenging process. As a
result, relapse is common, but with the right treatment and support,
individuals can overcome addiction and lead fulfilling lives in recovery
(Rhodus & Little, 2005). In order to sustain their abstinence, former MA
addicts are also advised to make lifestyle changes such as improving diet
and exercise habits, reducing stress, and avoiding triggers (Rhodus &
Little, 2005).

In sum, medical management of methamphetamine drug use re-
quires a comprehensive, individualized approach that addresses the
physical, mental, social, and environmental factors that contribute to
addiction (Petit et al., 2012). Treatment should be tailored to the specific
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Fig. 3. Post-treatment intraoral occlusal view of maxillary and mandibular arches presenting the definitive prosthesis (metal ceramic screw-retained implant-

supported fixed dental prosthesis). A, Maxilla. B, Mandible.

needs of each person and should be provided by a multidisciplinary team
of medical, mental health, and addiction specialists (Brown & DeFulio,
2020).

4.2. Dental management of methamphetamine drug use

Meth mouth is a term that describes an oral condition frequently
found in MA users, and includes the characteristics such as xerostomia,
extensive carious lesions, enamel erosion, bruxism, and muscle trismus
(Pabst et al., 2017). While xerostomia is attributed to the reduction in
the salivary flow due to MA use (Skeer et al., 2022), increased con-
sumption of sugary beverages and food, combined with reduced oral
hygiene (Shiao et al., 2021), would lead to severe dental problems.
Consequently, oral management of meth mouth involves a combination
of dental treatment and supportive care (Kamp et al., 2019; Tsui et al.,
2020), which may involve a range of procedures, such as fillings,
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extractions, and periodontal surgery (Shetty et al., 2010). For in-
dividuals with extensive dental damage, full mouth recon-
struction—using a combination of dental implants, multiple fixed dental
prostheses, or removable or fixed complete overdentures to restore the
appearance and function of the teeth—may be necessary (Shetty et al.,
2010). This treatment is highly beneficial, as it improves MA users’
quality of life and acceptance in society (Algarni et al., 2022). However,
these individuals will also require supportive care to manage meth
mouth symptoms and prevent further damage (Shetty et al., 2010). This
should include regular dental check-ups to monitor the progress of the
disease and prevent further damage, oral hygiene education to promote
healthy brushing and flossing habits, and nutritional counseling to
address malnutrition and promote healthy eating habits (Cossa et al.,
2020). It is important to note that dental treatment for meth mouth can
be complex, and it may take several visits to address the full extent of the
damage (Shetty et al., 2010; Smit & Naidoo, 2015). In some cases, dental
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A

Fig. 4. Pre-treatment intraoral occlusal view of maxillary and mandibular arches of a crystal meth user. Residual roots, multiple carious lesions, calculus deposits,

and poor oral hygiene are shown. A, Maxilla B, mandible.

treatment may need to be coordinated with addiction treatment to
ensure that individuals are addressing both the physical and mental
health effects of methamphetamine use (Cossa et al., 2020).

In sum, oral management of meth mouth involves a comprehensive
approach that addresses both the dental problems associated with MA
use and the underlying addiction (Degenhardt et al., 2017), as this re-
duces the likelihood of further damage to the teeth and gums (Cossa
et al., 2020). Nonetheless, further research is needed to understand the
risk factors that lead to MA addition, undermine recovery, and increase
the likelihood of problems discussed in this work (Gonzales et al., 2009;
Marshall & Werb, 2010).

5. Conclusion

Methamphetamine is a highly addictive and dangerous drug with
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severe medical and dental health consequences. It is thus important to
be aware of the risks of meth use, especially given the drug’s increasing
availability and affordability. Methamphetamine can cause extensive
oral health problems, including bruxism and excessive neuromuscular
activity, leading to parafunctional temporomandibular function and
drastically decreased saliva production. This combination of factors can
lead to a unique and rapid pattern of dental caries, compounded by poor
hygiene habits.

Therefore, it is important to manage all these factors from both
medical and dental perspective. Medical management of meth drug use
requires a comprehensive, person-centered approach that addresses the
physical, mental, and social factors of addiction. This approach should
involve a multidisciplinary team of healthcare providers. Oral health
management is also important to address the underlying dental prob-
lems and restore oral health (Fig. 2-6). In summary, meth use is strongly
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Fig. 5. Pre-treatment intraoral frontal view of a crystal meth user. Loss of VDO, reverse articulation, residual roots, and rampant brown carious lesions are shown.

Fig. 6. Post-treatment intraoral frontal view presenting the definitive prosthesis (mandibular implant-supported fixed dental prosthesis) and (maxillary removable

complete denture).

discouraged due to its addictive nature and devastating impact on users’
health and well-being.
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