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The connection between stimulants and pulmonary arterial hypertension (PAH) 
was first made apparent in the 1960s during an outbreak associated with anorexigen 
(amphetamine-like appetite suppressants) use. Since then, a total of 16 drugs and 
toxins have been linked to PAH (ie, drug and toxin-associated PAH [DT-APAH]), 
including illicit stimulants like methamphetamine. Recently, basic science research 
and novel genomic studies have started to shed light on possible pathologic and 
genetic mechanisms implicated in disease development, namely loss of function 
variants in genes involved in drug detoxification. This review will discuss the history 
and current state of knowledge regarding stimulants and their association with 
PAH. It will also discuss clinical management of patients with DT-APAH. Lastly, 
it will highlight the importance of ongoing research efforts to identify susceptibility 
factors implicated in DT-APAH and the need for increased pharmacovigilance and 
awareness to identify new drugs that may be risk factors for PAH. Ultimately, this 
may be our best strategy to improve clinical outcomes and prevent deadly future 
outbreaks of DT-APAH.

Pulmonary arterial hypertension (PAH) 
is characterized by progressive dyspnea, 
right heart failure, and unless treated, 
premature death. Pathologically, it is 
defined by severe small vessel loss and 
obstructive vasculopathy, which causes 
elevated pulmonary artery pressures. 
Historically, the pathology of PAH was 
first reported by the German physi-
cian Romberg in 1891 in postmortem 
cadaver studies. In the following years, 
PAH remained a relatively uncommon 
“orphan” disease with only a few cases 
being reported on a yearly basis; how-
ever, all this would change in the 1960s 
when a surge of new cases of PAH 
were being reported in association with 
anorexigen (amphetamine-like appetite 
suppressants) use in Germany, Austria, 
and Switzerland.1

To date many different drugs and 
toxins have been identified as risk 
factors for PAH. These drugs and toxins 
are classified as “definite,” “likely,” and 
“possible” risk factors according to the 
strength of evidence linking them and 
PAH development2; of note, this classi-

fication will be updated as a result of the 
2018 World Symposium on Pulmonary 
Hypertension in Nice, France. Among 
these drugs and toxins are stimulants 
such as anorexigens, methamphetamine, 
and cocaine. They also include chemo-
therapeutic agents such as dasatinib,3 
medical therapies such as interferon,4 
and even the widely available herbal 
supplement St. John's wort.2 Recent 
studies have established certain stimu-
lants as definite risk factors for PAH. 
We are also starting to slowly unravel 
the molecular mechanisms and genetic 
underpinnings implicated in disease 
development. This review will focus on 
highly prevalent stimulants and their 
association with PAH.

STIMULANT EPIDEMIOLOGY/
CLINICAL SIGNIFICANCE
The effects of a growing (meth)amphet-
amine, cocaine, and MDMA abuse crisis 
have been felt on a global scale. In 2015, 
there were 37 million amphetamine and 
prescription stimulant users, 22 million 
ecstasy (MDMA) users, and 17 million 

cocaine past-year users. A 2017 United 
Nations Office on Drugs and Crime 
(UNODC) report states that, after opi-
oids, amphetamines are the second most 
abused drug in the world. Among the 
amphetamines, methamphetamine has 
become a formidable public health con-
cern with an expanding market in East 
and Southeast Asia, where some reports 
indicate it may be the most commonly 
abused drug.5 In 2015, people receiv-
ing treatment for methamphetamine 
use accounted for the largest share of 
people being treated for drug use in the 
majority of countries and territories in 
East and Southeast Asia. There is also 
evidence that methamphetamine use is 
increasing in other regions of the world, 
particularly Australia (Oceania).5

The global markets for cocaine and 
MDMA are smaller than for meth-
amphetamine but still pose a signifi-
cant threat. Following several years of 
decline, there are indications that the 
cocaine market is expanding worldwide, 
particularly in North America and Eu-
rope. The UNODC reports an increase 
in drug overdose cases involving cocaine 
in the United States between 2012 and 
2015. The National Institutes of Health 
(NIH) Drug Abuse Warning Network 
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(DAWN) report states that in 2011, co-
caine was the most commonly involved 
illicit drug in emergency department 
visits.6

The European market for ecstasy 
seems to be expanding while use in the 
United States seems stable.5 Ecstasy is 
now available in 3 major forms: tablets 
with little or no MDMA (and a high 
content of adulterants), tablets with an 
extremely high content of high-purity 
MDMA, and powder/crystal forms. 
Ecstasy tablets with high MDMA 
content are of particular concern in 
Europe, where law enforcement entities 
have discovered industrial-scale MDMA 
manufacturing facilities.5

ANOREXIGENS
The first stimulant historically im-
plicated in the development of PAH 
(which was referred to as primary 
pulmonary hypertension [PPH] before 
1998)7 was aminorex fumarate, an 
amphetamine derivate used in parts of 
Europe in the 1960s to promote weight 
loss. Aminorex works by suppressing 
appetite at the level of the central ner-
vous system and by promoting catab-
olism of fat stores.8 Only 2 years after 
its introduction on the market, reports 
began to surface of patients develop-
ing PAH at an alarming rate. The fact 
that 60% of the patients diagnosed 
with PAH had a history of aminorex 
use allowed physicians and scientists 
to establish a temporal relationship 
between aminorex and PAH. This form 
of drug-induced PAH carried a dismal 
prognosis, and 50% of patients had per-
ished from right heart failure within 10 
years of the start of the epidemic. These 
patients were found to have precapillary 
PH with typical plexiform arteriopa-
thy on histological examination. These 
reports of PAH led to the withdrawal 
of aminorex in 1972, and a subsequent 
decrease in the number of new PAH 
cases reported.9

This tragic epidemic sparked inter-
est in PAH and subsequently led to 
the first World Health Organization 
(WHO) conference in 1973 to discuss 
the current state of knowledge regarding 
pulmonary hypertension (PH), to de-
velop nomenclature and a classification 
system, and to attempt to understand 

this increasingly prevalent and largely 
fatal disease.10

Not long after the aminorex epidem-
ic in Europe, another amphetamine 
derivate was introduced into the market 
for weight loss. Similar to aminorex, 
fenfluramine (which was marketed alone 
and often in combination with phenter-
mine, in a compound known commonly 
as “fen-phen”) had serotonergic proper-
ties that mediated its weight loss effects. 
The first case of fenfluramine-associated 
PAH was reported in 1981.11 Sub-
sequently, in 1992, the International 
Primary Pulmonary Hypertension 
Study (IPPHS) found that the use of 
anorexic drugs, such as fenfluramine, 
was associated with an odds ratio of 6.3 
of having PPH; the odds ratio was even 
higher if anorexic substances had been 
used for greater than 3 months.12 In the 
years following this initial study, 2 more 
studies would confirm a strong associa-
tion between fenfluramine and PAH.13,14 
During this time there was also evidence 
mounting that these drugs were associ-
ated with cardiac valvular lesions similar 
to those seen in carcinoid syndrome 
(a syndrome of serotonin excess). This 
association was presumed due to fenflu-
ramine's increased serotonergic proper-
ties.15 Fenfluramine was withdrawn from 
the market shortly after the publication 
of these reports due to its association 
with valvular heart disease.

Yet another amphetamine derivate 
appetite suppressant drug, benfluorex—
which had a similar chemical structure 
to fenfluramine (both also share a com-
mon active metabolite)—was introduced 
in the market labeled as an antidiabetic 
and weight loss agent. Because it was 
primarily marketed as an antidiabetic 
medication, it was able to bypass the 
scrutiny associated with anorexigen drug 
use. Following the publication of several 
studies, benfluorex was finally estab-
lished as a “definite” risk factor for PAH 
and also withdrawn from the market in 
Europe in 2009.16,17

METHAMPHETAMINE
Methamphetamine stimulates the 
central nervous system by promoting the 
release of serotonin, dopamine, and nor-
epinephrine.18 This produces its desired 
effects, which include increased energy, 

focus, euphoria, and decreased appetite. 
Methamphetamine has been associated 
with toxicity in multiple organ systems 
including cardiomyopathy, hypertension, 
cerebrovascular accidents, and psycho-
sis.19 Initial suspicion of an association 
between methamphetamine and PAH 
was first reported by Schaiberger et al 
in 1993. They published the case of a 
truck driver who was a long-term user 
of “crank” methamphetamine (crank is 
a common nickname for methamphet-
amine) who developed severe PAH. 
After an exhaustive diagnostic evalua-
tion to identify an alternate cause, the 
authors concluded that the development 
of PAH was likely secondary to meth-
amphetamine use. This association was 
reasonable given the similar chemical 
structure of methamphetamine and 
aminorex.20 In 2006, Chin et al conduct-
ed the first known retrospective cohort 
study investigating methamphetamine 
use and the risk of PAH. They evaluated 
rates of stimulant use (stimulants were 
defined as methamphetamine, cocaine, 
or amphetamines) in 340 patients and 
found that a history of stimulant use 
was present in 28.9% of patients with a 
diagnosis of “idiopathic PAH” (IPAH) 
compared to only 3.8% of patients with 
a diagnosis of PAH and known risk 
factors and only 4.3% of patients with 
chronic thromboembolic pulmonary 
hypertension (CTEPH). Patients with 
IPAH were approximately 10 times 
more likely to have a history of stim-
ulant use than patients with PAH and 
known risk factors, and almost 8 times 
more likely than patients with CTEPH, 
after adjustment for age. Not surpris-
ingly, these ratios were similar to those 
found in studies of fenfluramine use. 
Interestingly, of the 3 stimulants studied 
in the cohort, methamphetamine was 
the most common stimulant used alone; 
cocaine was rarely used alone.21

In the first prospective cohort study 
looking at patients with methamphet-
amine-associated PAH (Meth-APAH), 
we recently published our findings 
comparing the clinical presentation, 
outcomes, and disease characteristics of 
patients with Meth-APAH—which was 
defined as PAH in the setting of sig-
nificant (meth)amphetamine exposure, 
characterized as more than 3 episodes of 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



adph-17-02-01  Page 51  PDF Created: 2018-9-27: 12:07:PM

	 Advances in Pulmonary Hypertension	 Volume 17,  Number 2; 2018	 51

use reported per week for greater than 
3 months or a positive urine toxicolo-
gy screen—to those with IPAH.22 We 
prospectively followed 90 Meth-APAH 
and 97 IPAH patients who presented to 
the Stanford Adult Pulmonary Hy-
pertension program between 2003 and 
2015. These patients underwent cardiac 
echocardiography, pulmonary function 
testing, chest imaging, and right heart 
catheterization. Lung pathology from 
autopsies of Meth-APAH patients 
showed characteristic vascular changes 
similar to those seen in IPAH, includ-
ing plexiform angiomatoid lesions with 
slit-like vascular channels within the 
arterial lumen, as well as veno-occlu-
sive disease. Interestingly, despite these 
common histologic changes, we found 
that Meth-APAH presents with a more 
severe phenotype of clinical disease. 
We found that Meth-APAH was more 
common in men and the most common 
route of administration was smoking/in-
halation. Kaplan-Meier analysis showed 
a 5-year and 10-year survival of 47.2% 
and 25% respectively in Meth-APAH vs 
64.5% and 45.7% in IPAH. Meth-AP-
AH patients had worse hemodynamic 
measurements including higher right 
atrial pressures, lower stroke volume 
index, and more dilated, dysfunctional 
right ventricles when compared to pa-
tients with IPAH. Even after accounting 
for possible confounding variables such 
as age and lower socioeconomic status 
(SES), Meth-APAH was associated 
with an increased risk of heart failure, 
transplantation, and death. Additionally, 
there were treatment challenges encoun-
tered in the management of Meth-AP-
AH patients. The clinical teams were 
reluctant to treat Meth-APAH patients 
with IV (intravenous)/SQ (subcutane-
ous) prostacyclin analogs given concerns 
regarding appropriate central line and 
skin site care, safety, and adherence. 
Subcutaneous and intravenous pros-
tacyclin administration requires active 
patient engagement, adherence with 
the medical plan, as well as appropriate 
and consistent mixing and self-ad-
ministration of the prostacyclin analog 
via a relatively complex pump device. 
However, despite this fact, multivariable 
analysis demonstrated that these factors 
did not explain the worse outcomes in 

Meth-APAH. In addition, data ob-
tained from a large statewide hospital 
database demonstrated that hospitalized 
methamphetamine users had a 2.6-fold 
increase risk of carrying an International 
Classification of Diseases (ICD)-coded 
diagnosis of PAH compared to nonus-
ers.

Methamphetamine can be smoked, 
inhaled (vaporized), ingested orally, 
injected, and even snorted. Studies have 
shown that the route of administration 
of methamphetamine varies greatly 
by geographic location, gender, and 
even sexual orientation. In California, 
most users smoke or inhale vaporized 
methamphetamine. However, women 
are more likely to inhale or ingest the 
pill form rather than inject the drug.23 
A study in San Francisco reported that 
identifying as homosexual was predictive 
of more primary substance use (includ-
ing methamphetamine) via smoking 
over the reference category of oral ad-
ministration.24 Other studies have found 
that IV methamphetamine users tend to 
be older, unemployed, possess less than a 
high school education, and live in rural 
areas.25 An important aspect of our work 
will be to determine the precise impli-
cation route of administration plays in 
the development of methamphetamine 
cardiopulmonary toxicity.

Another recent retrospective study 
looking at methamphetamine-induced 
PH and methamphetamine-induced 
cardiomyopathy showed similar he-
modynamic characteristics in their 
methamphetamine-induced PH co-
hort, including higher right ventricular 
systolic pressure (RVSP), more dilated 
atrial chambers, and more significant-
ly reduced right ventricular systolic 
function when compared to the meth-
amphetamine-induced cardiomyopathy 
and control cohorts. While this study 
was based on echocardiographic diagno-
sis of PH, and several patients in their 
methamphetamine-induced PAH cohort 
had elevated pulmonary capillary wedge 
pressures (PCWP), the authors report 
that methamphetamine-induced PH 
patients had increased morbidity and 
mortality when compared to metham-
phetamine users without PH. Interest-
ingly, the mortality rate at 20 months 
was higher in the methamphetamine-in-

duced PH cohort than in the metham-
phetamine-induced cardiomyopathy 
cohort (18% vs 15.2% respectively). In 
this study the only risk factor associated 
with methamphetamine-induced PH 
development was female sex.26

Results of these studies may help 
upgrade the status of methamphetamine 
from a “likely” to “definite” risk factor 
for PAH, as was recently discussed at 
the 2018 World Symposium on Pulmo-
nary Hypertension in Nice, France.

The true underlying mechanisms of 
Meth-APAH are currently unknown; 
however, several theories have been 
proposed. A study by Volkow et al used 
radiolabeled methamphetamine to 
demonstrate that uptake was highest in 
the lungs, a phenomenon which may 
explain the high degree of pulmonary 
toxicity seen with methamphetamine 
use.27 Several molecular mechanisms 
have been proposed in the pathogenesis 
of Meth-APAH. Serotonin is a neu-
rotransmitter known for its actions on 
mood regulation and appetite. Dys-
regulated serotonin metabolism has 
been implicated in the pathogenesis of 
anorexigen-induced PAH28; however, it 
may also play a role in the development 
of Meth-APAH. Studies have shown 
that in monocrotaline-treated rat mod-
els, methamphetamine administration 
promoted severe vascular remodeling 
that was associated with increased levels 
of the 5HT1B receptor subtype and the 
serotonin transporter (5HTT). It is 
important to mention that in this study, 
fluoxetine, a serotonin inhibitor, was 
capable of attenuating the pathologic 
vascular remodeling seen in these rats. 
This raised the possibility that selective 
serotonin reuptake inhibitors (SSRIs) 
could be used as pharmacologic treat-
ment for Meth-APAH.29 However, 
there is a study demonstrating the use 
of SSRIs in humans with PAH does not 
seem to be protective once the disease 
has been diagnosed.30 In addition, 
another study has shown that rats with 
a loss of function mutation in 5HTT 
were not protected from PAH when 
exposed to a vascular endothelial growth 
factor (VEGF) inhibitor, Sugen 5614 
(VEGF is needed for normal pulmonary 
endothelial cell homeostasis), indicating 
that dysregulated serotonin metabolism 
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is not the only pathologic mechanism 
involved in pulmonary vascular remod-
eling).31

Using whole exome sequencing, we 
have recently shown that carboxylester-
ase 1 (CES1), a gene involved in drug 
metabolism that codes for an enzyme 
involved in the detoxification of several 
drugs including methamphetamine, 
amphetamine, methylphenidate, heroin, 
and cocaine, expression was found to 
be predominantly expressed in healthy 
but not Meth-APAH patients. Reduc-
tion of CES1 increases methamphet-
amine-induced apoptosis through the 
generation of harmful reactive oxygen 
species (ROS) and deranged autoph-
agy responses in cells (autophagy is a 
stress-related response by cells to allow 
repair).32 Whether pharmacologic agents 
that restore levels of CES1 can be used 
as therapy for Meth-APAH patients 
remains to be determined.

COCAINE
Cocaine is a popular stimulant drug 
that produces its desired effects by 
inhibiting the reuptake of dopamine, 
norepinephrine, and serotonin, result-
ing in euphoria, increased energy and 
libido, and decreased appetite.33 Soon 
after its introduction in the late 1800s, 
reports appeared regarding its medical 
complications. In the early 1900s, US 
law banned its nonprescription use. 
In the 1980s, another epidemic would 
break out in the United States with the 
introduction of “crack” cocaine.34 Crack 
cocaine is considered to be the most 
addictive form of cocaine potentially 
due to the fact that smoking the drug 
produces its intended effects within sec-
onds. Cocaine has been associated with 
multiorgan toxicity including cardiovas-
cular, pulmonary, and central nervous 
system effects. Known cardiac toxicity 
includes coronary vasospasm, myocar-
dial ischemia, aortic dissection, and 
hypertension.33,35 Lung manifestations 
of cocaine are also well described and 
include alveolar hemorrhage (described 
as part of a syndrome known as “crack 
lung,” which also involves an eosinophil-
ic hypersensitivity response), decreased 
diffusion of carbon monoxide (DLCO), 
barotrauma, pneumothorax, and PAH.36 
Initial reports of an association between 

cocaine and PAH were related to foreign 
body embolization of adulterants used to 
“cut” cocaine such as talc, cornstarch, or 
microcrystalline cellulose. These foreign 
bodies were shown to produce local 
granulomatous inflammatory responses 
in the pulmonary vasculature, which 
resulted in increased pulmonary pres-
sures.37 However, there is evidence that 
increased pulmonary artery pressures oc-
curred in patients despite the absence of 
these foreign bodies. In a study examin-
ing the histopathology of 20 deaths due 
to cocaine intoxication, 4 of the 20 were 
found to have evidence of pulmonary 
artery medial hypertrophy in the absence 
of foreign body embolization, suggesting 
a cocaine-specific factor in the develop-
ment of PAH.38 One study by Collazo et 
al demonstrated that cocaine produced 
an acute reversible form of PAH, in the 
absence of left ventricular dysfunction, 
that improved after cocaine discontin-
uation.39 Additionally, levimasole (an 
anti-helminthic medication), a common 
adulterant in cocaine preparations, 
can be metabolized to aminorex in the 
human body.40 However, despite these 
numerous reports, the evidence defini-
tively linking cocaine to PAH is mixed, 
which explains its status as a “possible” 
risk factor for PAH.

OTHER STIMULANTS
MDMA, or 3,4-methylenedioxymeth-
amphetamine—commonly referred 
to as “ecstasy”—is a popular designer 
amphetamine derivative commonly used 
by younger individuals recreationally and 
in “rave” music culture. Serious medical 
complications linked to MDMA use 
include hyperthermia, cardiac arrhyth-
mias, liver failure, serotonin syndrome, 
and hyponatremia.41 MDMA binds to 
the serotonin transporter (SERT) on 
platelets and increases circulating levels 
of 5HT 2- to 7-fold above baseline in a 
dose-dependent manner.42 This associa-
tion is relevant given the role of altered 
serotonin biology in other forms of 
stimulant-induced PAH. Another study 
demonstrated that binding of MDMA 
activates the serotonin receptor 5HT2B 
in a manner identical to drugs prov-
en to cause valvular heart disease and 
PAH, such as fenfluramine.43 Binding 
of this receptor induced mitogenesis in 

in vitro human heart valve interstitial 
cells that results in lesions identical to 
those found in carcinoid syndrome. The 
authors conclude that given the similar 
pharmacokinetic profile, MDMA may 
have potential as a risk factor for PAH. 
At this time, more dedicated studies are 
needed to characterize the true degree of 
risk between MDMA and the develop-
ment of PAH.

Mazindol is a nonamphetamine 
central nervous system stimulant and 
appetite-suppressant drug that ex-
erts most of its pharmacologic effects 
through dopamine and norepinephrine 
reuptake inhibition. It has been used for 
the treatment of narcolepsy and obesity. 
A single case of PAH has been report-
ed with mazindol therapy. In this case, 
symptoms temporarily resolved with 
discontinuation of the drug; unfortu-
nately this was subsequently followed 
by severe dyspnea and a diagnosis of 
PAH.44 Despite this single case report, 
PAH was not reported in a large trial of 
patients being treated with mazindol for 
drug-resistant narcolepsy.45 There is also 
evidence to suggest that mazindol is a 
much weaker 5HT2B receptor modulator 
than other anorectic agents known to 
cause PAH.46

Phenylpropanolamine is a synthetic 
sympathomimetic that was marketed as 
an over-the-counter antiobesity drug. 
The Study of Pulmonary Hypertension 
in America (SOPHIA) found a sig-
nificantly increased risk of developing 
PAH with exposure to phenylpropa-
nolamine.14 In addition, there has been 
a case report of a young boy frequently 
prescribed the cold remedy Dimetapp, 
which contains phenylpropanolamine, 
for his upper respiratory tract infections. 
He developed severe PAH and perished. 
The authors of the study emphasized 
that, in addition to the SOPHIA results, 
this case report further strengthened 
the association between phenylpropa-
nolamine and PAH.47 Phenylpropanol-
amine was withdrawn from the market 
in 2000 due to concerns regarding 
hemorrhagic stroke risk.48

Cathinone, an amphetamine-like 
stimulant found in khat leaves, has been 
used worldwide for recreational and 
religious reasons. A crystalline form of 
cathinone has been nicknamed “bath 
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salts” due to its appearance. Bath salts 
have been featured recently in the media 
due to their dramatic and frightening 
effects in users. Cathinone use has been 
linked to cardiac toxicity including myo-
cardial infarction and dilated cardiomy-
opathy.49 Cathinones can also modulate 
serotonin metabolism, a pathway that 
has been implicated in other forms of 
stimulant-induced PAH.50 One study 
found that cathinones induced dyspnea 
and pulmonary edema in subjects51; 
however, despite its amphetamine-like 
chemical structure and pharmacokinet-
ics, there has not yet been a clear link to 
PAH.

CLINICAL RELEVANCE AND 
FUTURE DIRECTIONS
The clinical management of patients 
with stimulant-induced PAH can be 
challenging. In our practice, we empha-
size the importance of taking thorough 
current and past drug use histories 
in addition to obtaining random and 
routine drug screening for patients with 
PAH. Continuous drug screening is 
important as we know that several stim-
ulants, such as methamphetamine, have 
high recurrence rates.52 Certain stimu-
lants such as methamphetamine are still 
routinely prescribed for disorders such as 
attention-deficit/hyperactivity disor-
der (ADHD) and obesity; therefore, 
it is crucial to routinely screen patients 
on these therapies for early signs of 
PAH. As the current iatrogenic opioid 
epidemic has shown us, we must be 
cautious when prescribing stimulants for 
medical conditions to avoid precipitating 
another life-threatening iatrogenic drug 
epidemic.

From a therapeutic standpoint, the 
treatment of stimulant-induced PAH is 
similar to the standard guideline-based 
care for patients with other forms of 
PAH. Our recently published prospec-
tive study with Meth-APAH clearly 
showed that therapy selection in these 
patients can be challenging and further 
complicated by social factors, such as a 
clinician reluctance to use IV therapies 
(due to risk of IV line misuse). Our 
study also showed that in general, fewer 
of these patients had a positive vasodila-
tor response to inhaled nitric oxide and 
a poorer prognosis.

An evolving area of research is 
determining whether prescription 
amphetamine-based substances such 
as methylphenidate or amphetamine 
salts—which are prescribed for ADHD 
but commonly abused by many young 
individuals to increase mental focus and 
productivity—are also associated with 
an increased risk of PAH. Thus far, 
studies have shown that these prescrip-
tion amphetamine derivative medica-
tions have minimal effects on plasma 
5-HT levels and serotonin transporter 
(5HTT) activity, likely due to variability 
in serotonin transporter selectivity.53-55 
This is in stark contrast to the massive 
doses of methamphetamine the body 
receives when it is smoked, inhaled, and 
exposed to the brain and periphery.56 
There is, however, at least one case 
report in which an adolescent developed 
PAH after using oral methylpheni-
date; interestingly, pulmonary artery 
pressures normalized with cessation of 
treatment.57 Further in-depth studies are 
needed to elucidate the connection, if 
any, between prescription amphetamine 
derivatives and PAH.

CONCLUSION
A variety of potentially harmful stim-
ulants are being increasingly abused 
worldwide. There are well recognized 
cardiac and central nervous system 
complications associated with stimulant 
use, and current data have shown a more 
definite connection between certain 
stimulants and PAH. Newer studies 
have shown that methamphetamine 
is associated with a progressive, more 
deadly form of PAH. Active research 
efforts are ongoing to understand the 
molecular mechanisms and genetic 
factors responsible for the pathogenesis 
of this disease. Thus far, a few prom-
ising candidate genes involved in drug 
detoxification and protection from 
oxidative stress have been identified. 
Future studies using precision medicine 
tools such as gene sequencing and bio-
informatics are needed to identify which 
susceptibility factors increase the risk 
of PAH in stimulant users, as we know 
that only a small percentage develop 
phenotypic disease. Most importantly, 
we must make a concerted effort to 
increase pharmacovigilance by practicing 

physicians and promote close communi-
cation between drug regulatory agencies, 
national PH networks, and PAH patient 
associations as ultimately prevention 
may be our best strategy to combat this 
deadly drug-induced form of PAH.
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