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Introduction

There are few published reports that link medical, social, and psychological consequences from
methamphetamine use with type of methamphetamine used (actual, mixed). That means that the
science base on negative health and public health effects of the more potent methamphetamine
actual (i.e., ice) compared to the less potent methamphetamine mixed (i.e., powder) is largely
absent. By contrast, a robust literature exists that links use of high-dose methamphetamine
(whichever type of methamphetamine that can be purchased from the illicit market) with

medical, social, and psychological consequences. This report outlines findings that describe links
between methamphetamine use and negative health and social outcomes that are agnostic to
the type of methamphetamine used (whether actual or mixed types).

Across epidemiological and clinical studies, clinically and statistically significant links between
methamphetamine use and negative medical, social and psychological correlates are commonly
documented. More, two factors that describe how much and how long methamphetamine is used
use frequently correspond with reports on negative consequences: “Dose” (the amount and
potency of the drug acutely used) and frequency of use (humber of times used per day, days
used per week/month).

Dose

It is difficult to gather precise estimates of dose of methamphetamine used on any occasion as
the drug is illegal, which makes a barrier for persons who might provide samples to scientists for
analysis. One proxy of dose is the amount of money spent on the drug, which has limits given
costs for methamphetamine varies vary depending on market forces (Wilkins et al., 2020). More,
when asked to estimate amount spent on methamphetamine individuals have difficulty recalling
what they themselves spent per dose of drug as many report receiving drug gratis during use
episodes with friends or others who use together and share their drugs.

A new, non-peer reviewed report provides estimates of average and median self-reported
methamphetamine doses from 68 people who regularly use methamphetamine who were seen at
a drug checking site in Los Angeles. In addition to reports of times used per day used,
participants “donated” 112 samples of methamphetamine donations that were analyzed for
methamphetamine potency using liquid chromatography-mass spectrometry, an test that
provides precise results of drug potency (Friedman et al., 2025). Findings showed average self-
reported dose of methamphetamine used was 0.96 g of methamphetamine daily (median 0.36 g).
Self-report and drug purity data were entered into an equation to calculate a methamphetamine
oral amphetamine equivalent (MOAE), with estimations of daily mean and median MOAE
exposure being 1,549.0 mg and 516.6 mg, respectively (Figure 1).

These are exceptionally high estimates of amphetamine equivalents daily, independent of type of
methamphetamine ingested (actual — ice, or mixture - powder). For contrast, maximum daily dose
of amphetamine listed on the package insert of amphetamine (Desoxyn) marketed as a second
line treatment for obesity is 25 mg. The maximum amphetamine dose for childhood attention
deficit hyperactivity disorder treated using mixed amphetamine salts (Adderall) on the package
insert is 30 mg daily; 20 mg daily for adults. Maximum dose of lis-dexamphetamine, prodrug for



amphetamine, is 70 mg per day. Clearly, at low doses, amphetamine has therapeutic value. The
much higher doses of MOAE by participants in the Friedman et al (2025) study have no
therapeutic value and instead have been shown to produce neurotoxicity in preclinical models
(Alburges et al., 2015). An in-depth discussion of scientific evidence on methamphetamine
effects on brain and behavior is found at: Ashok et al., 2017.

Figure 1. Grams per day, percent concentration, mg of oral amphetamine equivalent
of 112 samples of methamphetamine donations in Los Angeles
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Figure. Distributions, Median, and Mean Grams per Day Consumed, Percent Concentration (Purity), and
Estimated mg of Oral Amphetamine Equivalent Self-Administered Among Regular Consumers in LA

For each panel, a dashed vertical line shows the distribution mean, and a dashed solid line shows the
distribution mean. Left: The distribution of self-reported grams of methamphetamine ingested per day among
regular consumers participating in drug checking services in Los Angeles. Center: Percent concentration
(purity) of expected methamphetamine samples provided by clients at drug checking services in Los Angeles.
Right: the estimated distribution of milligrams of oral amphetamine equivalent (MOAE) consumed among drug
checking clients in Los Angeles.

Acute Impacts of Methamphetamine on Inflammation. One method that can document acute
physical effects of methamphetamine on body compartments that does not involve providing the
drug to people involves collecting clinical observations of individuals who attend clinic and
provide urine drug screens documenting recent methamphetamine use (past 72 hours). Findings
can then be compared with measures collected from individuals who do not use
methamphetamine (urine drug screen verified). Biological markers that show differences between
samples collected from individuals with acute use of methamphetamine and those from
individuals who do not use methamphetamine can provide evidence of putative drug effects.

Using this model early observations showed significantly higher levels of pro-inflammatory
cytokines measured in gut for participants with acute use of methamphetamine compared to
those who did not use the drug, independent of HIV serostatus in gay and bisexual men (Fulcher
et al., 2018). Recent methamphetamine use among gay and bisexual men corresponded with
diagnosis of rectal gonorrhea and chlamydia compared to men without acute methamphetamine



use. This evidence provides an acute synergistic biobehavioral mechanism linked to
methamphetamine use for promoting HIV and sexual transmitted infection transmission among
gay/bisexual men. Among gay/bisexual men living with HIV, methamphetamine use increases
circulating pro-inflammatory cytokines even when treated with antiretroviral therapy for HIV
(Carrico et al., 2018), a finding consistent with clinically relevant impairments in maintaining viral
suppression observed for gay/bisexual men living with HIV who are on antiretroviral therapy
(Fulcher et al., 2021).

Together these findings show methamphetamine use on a specific day (acute) dysregulates
immune function in gut and in circulating blood. These acute biological effects in immune
dysregulation from methamphetamine use provides some data to explain increased likelihood of
HIV and STI transmission, especially in the setting of unprotected sex. These also partially
explain likelihood observations of poor sustained viral suppression among people living with HIV
who use methamphetamine that are additional to simply attributing this to non-adherence with
antiretroviral medication.

Frequency

Frequency of use of high-dose methamphetamine is used consistently corresponds with negative
medical, social and psychological consequences. Using the power of an observational cohort
funded by the National Institute on Drug Abuse (Pamina Gorbach and Steve Shoptaw MPI), data
were collected from 515 gay and bisexual men who live in in Los Angeles and followed for over
11 years. By purpose, half of mSTUDY cohort members were men who use drugs, half do not;
half of mMSTUDY cohort members are living with HIV, half are not.

Self-reported frequency of use, collected in six-month panels produced reliable and meaningful
behavioral phenotypes, i.e., patterns of methamphetamine exposure among gay and bisexual
men. These patterns were: (1) people who do not use methamphetamine over the six months, (2)
people who use methamphetamine monthly or less over the six months, and (3) people who use
methamphetamine or more frequently over the six months. A hallmark of these behavioral
phenotypes is their stability over the 11 years. This parallels stable behavioral phenotypes
common for people who use legal stimulants (caffeine, nicotine), i.e., the consistent patterns of
use of caffeine and/or nicotine each day and over time. The stability of these behavioral
phenotypes (patterns) among people who use nicotine facilitates measurement of negative
health impacts of cigarette smoking over the lifetime using “pack/years”: the number of packs
smoked per day (on average) multiplied by the number of years of regular smoking.

Among mSTUDY participants the majority reported no use of methamphetamine over any six-
month period (63%). Of the 37% of participants who did report methamphetamine use over the
six months, 19% reported monthly or less methamphetamine use; 18% reported weekly or more
use (Shoptaw et al., 2022). Phenotypes were stable, but could shift slowly (average one year) to
transition up or down in frequency of methamphetamine use. “Transitions” involved moving from
no use to monthly or less or from monthly or less to weekly or more — or in reverse order from
most frequent to less frequent to no use. Very few “transitions” moved from none to weekly or
more, or the reverse, even with engagement in some form of treatment (Rosen et al., 2023).

These stable phenotypic patterns, when correlated with a range of medical, social, and
psychological variables showed that as reported frequency of methamphetamine use increased,



the likelihood of experiencing social adversity, sexual risk behaviors, sexually transmitted
infections, and chronic clinical conditions also increased. This is important as mSTUDY
participants were in young and middle adulthood age ranges (18 to 45), a time of life that in
general has low prevalence of chronic disease (Figure 2).

Specific outcomes using multivariable models showed escalating odds of adverse medical
conditions (p’s < .001) for participants who reported weekly or more frequent methamphetamine
use compared to peers used methamphetamine less than monthly along:

A positive bacterial test for sexually transmitted infections (p < .001)
Detectable viral load (in HIV-positive participants; <20 c/ML blood) (p < .001)
Renal conditions (p = .047)

Neurological conditions (p = .008)

Psychological conditions (p = .001)

Differences were measured between participants who reported weekly or more frequent use
compared to those who used less than monthly along increased prevalence of social adversity:

Unemployment (p < .001)

Housing instability (past 6 months)

Having ever been incarcerated (p <.001)

Experienced intimate partner violence (past year; p <.001).

Importantly, any report of methamphetamine use at any frequency corresponded significantly
with indicators of underlying cardiovascular conditions and with being HIV prevalent (p<0.001).

A limitation to these findings is that while self-reported frequency of methamphetamine (and urine
drug screens) were collected every six months, no data captured dose, nor type of
methamphetamine used over the period. Still, findings from the cohort were consistent with
reports using cross-sectional data (National Survey on Drug Use and Health from 2015 to 2018)
where findings showed adults who reported methamphetamine use in the past year had a higher
prevalence of co-occurring mental iliness, other substance use disorders, and medical
multimorbidity compared to adults who did not report not methamphetamine use (Han and
Palamar, 2022).

The consistency in findings from different types of data (cohort, cross sectional national survey
data) underscore frequency of use as a factor that predicts likelihood of most negative medical,
social, and psychological consequences due to methamphetamine use over significant periods.



Figure 2. Odds of social, infectious diseases and medical conditions by level of self-
reported use of methamphetamine over six-month periods
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Cumulative Effects of Methamphetamine Use on Health

At the national level, epidemiological studies exist that identify links between frequent use of
high-dose methamphetamine with major health conditions, especially cardiovascular, pulmonary
and neuropsychiatric diseases. Evaluating prevalence and epidemiology of these diseases for
persons who also methamphetamine provide rough estimates of ways methamphetamine causes
or contributes to major cardiovascular, pulmonary, and neuropsychiatric diseases.

Cardiovascular disease. A strong case for contribution of methamphetamine (and other
stimulants) for increasing prevalence of heart failure is provided by the National Inpatient Hospital
Survey. Admissions for acute heart failure from stimulant use increased in this survey (Shetty et
al., 2021), perhaps underscoring the accumulated cardiovascular damage from chronic high-
dose use of methamphetamine. Over the period, epidemiological estimates of methamphetamine
use nationally showed consistent and low percentages of Americans reporting methamphetamine
use in the past year (Palamar et al., 2019). At the same time, estimates of methamphetamine use
disorder significantly (Han et al., 2020). The increasing percentage of Americans with significant
exposure to methamphetamine dependence corresponded with increases in inpatient admissions
for acute heart failure.

Pulmonary disease. In a seminal case report of methamphetamine mixed type, repeated use of
inhaled methamphetamine (“crank”) corresponded with development of pulmonary arterial

Figure 3. Cases of PAH and Methamphetamine Treatment in U.S.
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hypertension (PAH; Schaiberger et al., 1993). PAH is a rare disease that requires an individual
predisposition plus a second, external factor to cause the disease (2-hit hypothesis). A significant
number of cases of idiopathic PAH involve methamphetamine as the identified “second hit”, and



in 2024, methamphetamine was listed as a definite drug/toxin associated with development of
PAH (Kovacs et al., 2024). Showing parallel correspondence between markers of extensive
methamphetamine use and disease prevalence, the map of prevalence of methamphetamine-
associated PAH cases (Figure 3) corresponds with the graph of publicly available Drug
Treatment within broad U.S. geographic regions. Geographic prevalence of cases of
methamphetamine-associated PAH (Kolaitis et al., 2021) and episodes of publicly funded
treatments for methamphetamine (Jones et al., 2022) show parallels, with highest PAH and
methamphetamine treatment prevalence observed in the Western U.S., followed by the South,
the Midwest, and finally the Northeast for both conditions. The correspondence of these broad
national markers of prevalence for PAH and demand for methamphetamine use disorder
treatment is striking in supporting cumulative frequency of methamphetamine use as a significant
predictor of both cardiovascular and pulmonary diseases.

Neuropsychiatric diseases. The major, life-threatening neuropsychiatric harm from repeated high-
dose methamphetamine use is stroke (Lappin and Sara, 2019), a cardiovascular disease in
brain. Chronic, high-dose methamphetamine use is shown to initiate toxic neural processes in
brain, which in turn correspond with development of a range of psychiatric and cognitive
dysfunctions (see Jayanthi et al., 2021 for review). Using a cognitive task developed to measure
frank brain injury (the lowa Gambling Task), significant deficits in performance in making
decisions of risk in settings of recent loss were identified among individuals seeking
methamphetamine treatment (Lake et al., 2020). Parallel deficits were observed on this task
measured in non-treatment-seeking participants who used methamphetamine in the mSTUDY
cohort (Li et al., 2024).

A less prevalent, but consistent cross-cultural consequence to continued use of high-dose
methamphetamine is methamphetamine induced psychosis, a condition that is difficult to
distinguish clinically from paranoid schizophrenia and that may (or may not) remit with
abstinence. Factors that sensitize individuals to methamphetamine induced psychosis include
having have first degree relatives with schizophrenia (Chen et al. 2005). While abstinence from
methamphetamine is a requirement for resolution of the negative social, psychological and legal
consequences of chronic methamphetamine use, some neuropsychiatric symptoms do not fully
remit and present long-term challenges to individuals and their families.

Summary

There are few to no data showing negative correlations between any negative medical, social, or
psychological consequences and type of methamphetamine used (i.e., actual (ice) or mixed
(powder)). Instead, evidence is strongly consistent to show links between chronic use of high-
dose methamphetamine (by dose and by frequency of use) with negative medical, social, and
psychological consequences. Acute impacts of methamphetamine dysregulate immune function,
contributing to increased prevalence of HIV and sexually transmitted infections, as well as to
impaired control of HIV. Importantly, prevalence of cardiovascular (heart attacks, strokes),
pulmonary (methamphetamine associated PAH), and neuropsychiatric conditions (impaired
neurocognitive performance, psychosis) correspond with measures of concentrated and
sustained use of methamphetamine, which in turn contributes significantly to the burden of
disease in U.S. and globally (Farrell et al., 2019).
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