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Abstract

Purpose of Review Heart failure is a significant and growing cause of disease in the developed world with substantial cost and
morbidity associated with it. This review focuses on methamphetamine-associated cardiomyopathy (MACM) as an increasingly
recognized cause of heart failure.

Recent Findings MACM is increasingly recognized worldwide. Prevalence of MACM in heart failure hospital admissions has
been increasing in the western USA. Risk factors for development of MACM include male sex, hypertension, and alcohol use
disorder. MACM is associated with severe left ventricular dysfunction, greater heart failure symptom burden, and younger age of
presentation than non-ischemic controls. Improvement of ejection fraction has been seen with guideline-directed therapy and
methamphetamine cessation. EF improvement is correlated with lack of evidence of chronicity on transthoracic echocardiogra-
phy and extent of fibrosis on endomyocardial biopsy. Limited studies show white and Maori patients are most often affected,
though race/ethnicity has not been shown to be an independent risk factor in the development of MACM.

Summary MACM represents a subset of heart failure that affects predominantly young men, and tends to present with severely
reduced ejection fraction and significant symptom burden. There is evidence that ejection fraction can be improved in patients
without extensive cardiac fibrosis or evidence of cardiomyopathy chronicity on imaging in the setting of abstinence and medical
therapy. In this context, methamphetamine use is a modifiable risk factor in the development of heart failure that would likely
benefit from early intervention, though larger longitudinal studies are needed.

Keywords Cardiomyopathy - Methamphetamine - Heart failure - Substance use disorder - Ejection fraction

Introduction the late 1970s [1], and reports from around the world have
since emerged documenting its presence [2-5].
Methamphetamine (MA) is a widely accepted cause of car- MA is a sympathomimetic amine that can be smoked,

diomyopathy (CM). This phenomenon was first reported in  inhaled, ingested, or injected and increases intrasynaptic
levels of monoamines (serotonin, norepinephrine, and do-
pamine) [6]. This creates euphoria and stimulant effects
leading to potential abuse of the drug. Cardiovascular ef-
fects have been well-documented and include tachycardia,
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effect of catecholaminergic overload [6]. This review
seeks to synthesize recent data and begin to explore
racial/ethnic differences and social vulnerabilities specific
to this type of CM.

The Burden of Heart Failure

The burden of disease of heart failure (HF) remains substantial
worldwide. In the United States of America (USA), HF affects
approximately 6.5 million adults, or 2.42% of the population,
and is projected to increase to 8 million by 2030 [7]. This
projected increase is driven by the increased incidence and
prevalence with age [7], an aging population, and modest
increases in survival rates [8]. In the UK, the prevalence has
remained fairly stable over the past 10 years at 1.6% of the
population, but similarly, the absolute number of HF patients
has increased with the increase in population [9]. Overall life-
time risk for developing HF in the USA between the ages of
45-95 is estimated at 20-45%, and mortality rates remain high
at approximately 50% at 5 years [7].

HF continues to have a significant cost burden for the USA
health care system, totaling an estimated $30.7 billion in 2012
in total medical costs [10]. With such a substantial burden of
disease and systemic cost, there is significant research and
regulatory energy in addressing this. Much of the discussion
centers around modifiable risk factors such as hypertension,
diabetes, tobacco use, and obesity [11-13] and improving
adherence to guideline-based therapies [14]. Less focus has
been directed toward primordial prevention of heart failure
and care of vulnerable patients, specifically those with sub-
stance use disorders.

Methamphetamine Use Globally

Substance use disorders are a global malady with generally a
higher prevalence in developed nations, but certainly affect all
regions of the world [15]. It is estimated that 5.5% of the
global population uses drugs recreationally, and use of
amphetamine-type stimulants (ATS), including MA, remains
substantial with an estimated global prevalence of 0.6% [16].
Within the USA, MA began in and is still most readily avail-
able in the western costal region and Hawai’i, but is becoming
more prevalent in areas where it was previously less so, such
as the Midwest and the Northeast. The majority of MA is
produced in Mexico and trafficked across the Southwestern
border, resulting in a particularly high availability in south-
western regions [17].

Globally, MA is found most commonly in the USA data
based on drug seizures, but is also prevalent in China,
Thailand, and Mexico. Southeast and East Asian markets are
continuing to grow with a shift toward inexpensive MA pills,
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a form of the drug that would presumably lower the barrier for
use [16]. Prevalence of use is also high in Oceania, with last-
year use having declined slightly in Australia in recent years
but remains substantial at 1.1%. In New Zealand, the estimat-
ed prevalence is stable at 1% of the population, though waste
water measurements and qualitative input suggests it is on the
rise. Southeast Asia is also an area of rising concern, as MA is
indicated as the main drug of concern in treatment, and prev-
alence of past-year use in countries of that region ranges from
0.5-1.1% [16]. Because MA use is a global issue with appar-
ent increasing population usage, increased understanding of
methamphetamine-associated cardiomyopathy (MACM) and
its management is necessary.

Trends and Risk Factors in MACM

Concordant with the rise in prevalence of MA use is an in-
crease in the prevalence of MACM. Comprehensive preva-
lence data remains lacking for many regions, though in the
southwestern USA, a region reported to have a “high” and
increasing availability of MA [17], prevalence of MACM
has almost tripled from 1.8% of heart failure admissions in
2009 to 5.6% in 2014 [18+]. Another study of veterans in this
same region reported an increase from 3.4 to 6.7% of MACM
in heart failure admissions [19]. Other studies have found rates
of 19.0-38.0% of MA use in patients admitted with HF exac-
erbations, albeit HF etiology was uncertain [20, 21].

Cohort data about MA use and MACM are emerging.
These studies largely consist of young (ages 30-60) white
men in the western USA. This likely reflects patterns of use,
though male gender has been identified as an independent risk
factor for development of systolic dysfunction in MACM with
an OR ofup to 3.1 (CI12.1-4.6) [21, 22¢]. Other risk factors for
development of MACM are also emerging. For example, hy-
pertension and alcohol use disorder were also identified as
independent risk factors for severe systolic dysfunction
among MA users [22¢]. Biomarker data are emerging. In a
work by Richards et al., screens of MA-positive emergency
room patients with symptoms of heart failure showed higher
age and smoking history to be associated with severely re-
duced EF and a higher brain natriuretic peptide (BNP) [23].

MACM Symptoms, Systolic Dysfunction,
and Severity

Although clinical and research studies are linking MA with
CM, the course of left ventricular (LV) dysfunction is not
currently well-understood. Recent studies have begun to shed
light on this relationship. Several groups note that MACM
patients tend to have a severely reduced left ventricular ejec-
tion fraction (EF), either compared with non-ischemic
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cardiomyopathy (NICM) or MA-positive controls [19, 22,
23, 24¢]. These patients also have elevated BNP [19, 23,
24,25, 260¢], and LV dilation [22, 24s, 25, 26°¢].

Significant symptom burden is also associated with
MACM. A high percentage of MACM patients have New
York Heart Association (NYHA) classification III/IV on ad-
mission [25, 26¢¢]. Other work indicates improvement in
symptom burden in those persons who abstained from MA
with worsening heart failure among individuals who contin-
ued MA use [18e, 26°¢].

Cardiomyopathy trajectory data are mixed. Kueh et al.
evaluated a group of MACM patients with severely re-
duced EF on presentation (22.0 + 8.0%) and found modest
improvement in systolic function on median follow-up of
17.7 months (IQR 7.4-35.8), but overall EF remained
severely impaired [24, 25]; results were not stratified by
ongoing MA use. By contrast, other research demon-
strates EF improvement, especially with the cessation of
MA use [18e, 26¢°]. Indeed, Schurer et al. demonstrated
an EF improvement to 43.0+13.0% from a baseline of
19.0+6.0% in abstinent MACM patients, compared with
no significant difference in the group with continued MA
use. Table 1 summarizes available EF data and trajectory
where available.

Factors predicting LVEF recovery are forthcoming.
Voskoboinik et al. determined predictors of early LVEF re-
covery to include “lack of transthoracic echocardiographic
(TTE) evidence of chronicity,” such as a smaller left ventric-
ular and left atrial cavities, and reverse Takotsubo pattern, as
well as shorter duration of MA use [27¢], while Schurer et al.
found only cardiac fibrosis was independently negatively as-
sociated with LVEF at follow-up [26°¢].

Although the most commonly described pattern of
MACM is dilated CM [22e, 24, 25, 26°°, 27¢], one group
also noted a reverse Takotsubo (RT) pattern in a minority
of MACM patients. The latter consists of apical preserva-
tion with basal-mid segment hypokinesis. While the entire
cohort was predominantly male, the RT phenotype in this
study was observed primarily among females (83%). This
group was followed for early recovery of LVEF, and
within a 6-week follow-up period, all patients with the
RT phenotype experienced LVEF recovery (compared
with 32% overall). This phenotype is still poorly under-
stood, but in addition to having elevated cardiac bio-
markers (troponin and creatine kinase) and dynamic
ECG changes, these patients tended to have a shorter du-
ration of MA use [27°].

In summary, MACM appears to present with a predom-
inantly dilated pattern of CM, frequently with severe sys-
tolic dysfunction. In addition, cessation of MA appears to
result in improvement in LVEF, albeit less frequently in
normalization. Predictors of improvement in LVEF on
follow-up include lack of evidence of chronicity on initial

TTE and lack of fibrosis on biopsy. Data are emerging
regarding mortality statistics associated with MACM.

Histopathology and Radiology

Animal studies have previously demonstrated histopatho-
logic changes such as cardiac myocytolysis, eosinophilic
degeneration, intracellular vacuolization, altered calcium
homeostasis, and contraction band necrosis and fibrosis
in the myocardia of animals exposed to chronic MA, with
gradual recovery of these changes with use cessation of
MA [28-32]. Human analyses are limited, but post-
mortem data largely corroborate changes noted in animal
studies, while additionally showing increased coronary
atherosclerosis [31]. Cardiovascular pathology is noted
in up to 68.0% of autopsy cases for MA-associated death,
including myocardial fiber hypertrophy, perivascular fi-
brosis, and acute myocardial infarction [33].

Endomyocardial biopsy (EMB) offers insights into histo-
logical changes in living patients. Schurer et al. analyzed a
cohort of patients with MACM and EF <40% utilizing
EMB in patients. Histological findings included markers of
inflammation, fibrosis, and myocyte damage. Severe inflam-
mation was equally distributed over the duration of MA use,
but fibrosis demonstrated a relationship with duration of MA
use—more severe fibrosis being was associated with longer
duration of MA exposure. Compared with control dilated car-
diomyopathy (DCM) patients, MACM patients showed more
severe inflammation [26¢¢]. The presence of inflammation as
opposed to fibrosis early on in MA use invokes a plausible
mechanism for the recovery of LV function. Presence of fi-
brosis on EMB was shown to be a predictor of poor LVEF
outcome [26°¢].

While EMB offers insights into the mechanism and possi-
ble prognostication of impaired LV function in MACM, it is
an invasive procedure with potential risks. Cardiac magnetic
resonance imaging (CMR) is an alternative non-invasive mo-
dality to assess the presence and extent of fibrosis. Thus far,
studies using CMR are few, though reports show potential
promise in regard to the absence of myocardial scar with im-
proved chance of LVEF recovery in MACM in patients who
abstain from MA use [34, 35]. While further studies are need-
ed, though these case reports support the observation of a
relationship between presence of fibrosis and sustained systol-
ic dysfunction using a more available and non-invasive
modality.

Women in MACM

To date, most studies suggest a male predominance of MACM
[18e, 21, 220, 240, 25, 26°, 27+]. This could be in part due to
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patterns of use in the USA—though globally, MA use is felt to
be fairly evenly distributed between men and women [16]. For
example, one study found male gender to be an independent
predictor of developing MACM with an OR of 3.791 (2.508—
5.730) [22¢]. Data on MA-associated pulmonary arterial hy-
pertension (PAH) are mixed. Some studies report no signifi-
cant association with gender [36], while others report female
sex as a strong independent predictor of development of MA-
associated PAH [22¢].

Race and Ethnicity in MACM

Although there are significant differences in the prevalence
and incidence of heart failure by race and ethnicity, data re-
garding the influence of race and ethnicity in MACM are
relatively lacking. Epidemiologic data for HF in general is
primarily limited to high-income countries, and in the USA,
blacks have the highest incidence of new heart failure, are
affected at younger ages [37], and have higher HF readmis-
sion rates [38]. These differences are largely driven by differ-
ences in cardiovascular risk factors such as hypertension, di-
abetes, and obesity, as well as socioeconomic factors com-
pared with other groups [39]. Hispanic/LatinX Americans
have the second highest incidence of HF [40]. Racial differ-
ences in mortality data are mixed, though overall HF-related
mortality is higher in blacks [12, 41].

Given these documented racial and ethnic differences in
HF incidence and prevalence, it begs the question whether
similar patterns are noted for MACM by race/ethnicity.
Racial and ethnic data for MACM are beginning to emerge.
Multiple groups have failed to find statistical significance for
race/ethnicity as a predictor of severity in MACM [18e, 21,
22¢], though the majority of patients in these studies were
Caucasian persons. In the USA, racial/ethnic MA use data
suggests use prevalence in descending order as follows:
Native American, white, Hispanic/LatinX, and African
American [16]. Data from New Zealand suggests that persons
of indigenous Maori ethnicity are over-represented among
MACM patients [24+, 25] compared with matched non-
ischemic cardiomyopathy controls [24¢]. In the Western
USA, Native Hawaiian and other Pacific Islanders (NHOPI)
are reported to develop HF 10 years earlier than the general
population [42]. One study showed that among NHOPI pa-
tients, MA use was 23%, and that MA independently predict-
ed HF in this population [43].

Summary and Management Challenges
for MACM Patients

MA is an established cause of CM, and MACM is becom-
ing increasingly recognized worldwide. MA use is

stabilizing in some areas such as the USA and Australia,
but expanding in others such as East and Southeast Asia.
Use is also shifting toward more chronic use, especially in
the USA [16]. Substance use, and in particular MA use is
an independent predictor of emergency room visits and
hospital readmissions [44]. Because MACM studies show
decreased rates of follow-up in patients who continue to
use MA [24¢,25, 26°¢], the role MA plays in affecting HF
severity and resource utilization makes this an issue wor-
thy of attention among drug users.

Available studies demonstrate MACM is associated with
significant disease severity and morbidity such as severely
reduced LVEF, LV dilation, elevated BNP and creatinine,
and impaired NYHA functional class [18e, 20, 21, 22e, 23,
24+, 25, 260, 27+, 42] that is growing in prevalence and
representing at least 6.7% of HF admissions in the Western
USA 18+, 19]. MACM cohorts are comprised predominant-
ly of young white men in the Western USA [18e, 20, 21, 22¢,
23], and young Maori men in New Zealand [24¢, 25], though
increased use in different areas globally will likely increase
understanding of racial/ethnic differences in this disease.
Encouragingly, some studies indicate potential for EF recov-
ery with early cessation of MA and medical therapy [18e,
26¢e, 27¢], particularly in patients with short duration of use
and lack of myocardial fibrosis [26+¢], suggesting that early
intervention might be impactful.

Identification, engagement, and treatment of patients with
MACM remain challenging. Psychosocial interventions such
as Contingency Management (CM) and Cognitive Behavioral
Therapy (CBT) for the treatment of MA use disorder have
limited efficacy and the effects are generally short-lived
[45]. Multiple medications are under investigation and may
show some promise (bupropion, topiramate, naltrexone, and
mirtazapine), but none is currently approved by the FDA for
this use [46].

Patients with substance use disorders have strong comorbid
association with psychosocial vulnerabilities such as mood
disorders, low socioeconomic status (SES), and homelessness
[47-49] as well as poorer medical adherence rates in some
populations [50, 51]. These findings are also observed in
MACM patients [19, 24, 25, 26°¢]. Therefore, a multidisci-
plinary approach to addressing social vulnerability, comorbid
substance use disorders, and mental health concerns is
required.
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