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Abstract 
Abuse of drug substances and resultant overdose deaths are no longer very 
straightforward—viz., attributable to a single chemical entity of known puri-
ty. The reality is that most overdose deaths involve polysubstance use (i.e., the 
use of combinations of substances). Further, the combinations are often of 
unknown purity, and even of unknown composition. Overdose deaths are at 
all-time highs. The depressing statistics are monitored and reported by sever-
al international and governmental organizations such as the WHO (World 
Health Organization), CDC (Centers for Disease Control and Prevention), 
several Institutes of the NIH (National Institutes of Health), Regulators, and 
Enforcement Agencies (e.g., DEA). The information is disseminated for free 
for review and use. But it is our observation that although numeric presenta-
tion is helpful and adequate for professionals, the non-expert and the visual 
learner often find a visual representation clearer and compelling. With this in 
mind, we present the “gestalt” of polysubstance use and overdose using 
available maps of the data. The previous article in the series considered the 
opioids. This one considers amphetamines and cocaine, and places the rise in 
opioid-associated overdose deaths in the context of other abused drugs. 
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1. Introduction 

As we pointed out in our recent first publication in this series [1], there is an in-
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creasing trend in drug-overdose deaths—they involve more than one drug (i.e., 
they are polysubstance use and overdose) [2] [3]. In fact, although many/most 
drug overdose deaths involve an opioid (in particular illicit fentanyl or fentanyl 
analog), it is estimated that more than half of current drug overdose deaths now 
result from combination (polysubstance) use and/or abuse [4]. The real or per-
ceived advantages of polysubstance use are many and individualized, but include 
enhancing the pharmacodynamic effect, extending the duration of the desired ef-
fect, mitigation of adverse effects, and amelioration of withdrawal symptoms. 
Whatever the logical or naive reason, however, the added danger of polysubstance 
versus mono-substance use is the potential for additive or even synergistic (great-
er-than-additive) negative interaction between the pharmacologic/toxicologic 
effects of the individual drugs alone [5]. Such deleterious interactions are known 
for combinations of opioids and benzodiazepines [5] [6] [7], amphetamines [8], 
cocaine [9], alcohol [10], muscle relaxants [11] [12], and others. 

A series of open-access graphs (maps) that provide illustrative and instructive 
visual guides to the extent and the temporal progression of substance use/abuse and 
overdose deaths have recently been provided by Ritchie & Roser (2018) [13]. Since 
the majority of polysubstance overdose deaths involve the opioids—intentionally or 
unknowingly—we considered them first in our prior publication [1]. The aim of 
the present manuscript is to try to see if there is something special about the 
opioids per se, or whether their use parallels the use of other abused drugs such 
as amphetamines and cocaine. 

2. Amphetamines and Cocaine 
2.1. Magnitude of the Problem 

Methamphetamine is the 3rd most commonly used illicit stimulant drug in the 
United States, used by an estimated nearly two million persons aged 12 and old-
er during the previous year; and cocaine is the 2nd most commonly used illicit 
stimulant drug in the United States, used by an estimated more than 5.5 million 
persons aged 12 and older during the previous year [14]. 

2.2. Molecular Pharmacology 

The amphetamines—and related substances such as MDMA (aka, ecstasy, mol-
ly), mephedrone, and khat—have multiple, related mechanisms of action. The 
most prominent effect is thought to result from an increased extracellular con-
centration of the monoamine neurotransmitters dopamine (DA) and norepi-
nephrine (NE, NA) within their respective synapses [15] [16] [17]. The increased 
synaptic concentration results in magnified binding to the postsynaptic DA and 
NE receptors and hence amplifies the effects of the neurotransmitters. The de-
tails of the mechanism involve inhibition of the neuronal reuptake transporters 
for DA (DAT) and NE (NET, NAT), which reduces the clearance of DA and NE 
from their synapses, inhibition of the vesicular monoamine transporter-2 
(VMAT-2), and others. 
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Whereas the amphetamines and similar substances compete with DA and NE 
for DAT and NET and also displace monoamine neurotransmitter molecules 
from vesicles by action at VMAT-2, cocaine acts more mono-mechanistically to 
block neurotransmitter reuptake at DAT and NET [18] [19]. Cocaine has other 
actions on neurons, such as local anesthetic [20]. 

2.3. Toxicity of Overdose 

As expected, at low doses stimulants such as the amphetamines and cocaine 
produce an increase in the respiratory drive (the increase in synaptic NE in es-
sence mimicking the “fight-or-flight” response) [21]. But at high doses, stimu-
lants can directly produce respiratory depression (possibly synergistically) in 
animal models [22] [23] [24] and human overdose [25] [26] [27]. 

3. Opioid-Associated Overdose Death Rates 

Death rates due to overdose involving opioids have risen over the past decades 
worldwide, but particularly in the United States, and the trend continues upward 
[28]. A variety of explanations have been offered by a variety of qualified experts: 
psychosocial, economic, financial, over-prescription and/or over-promotion of 
opioids for pain, the pandemic, etc. [29]. 

A plausible suggestion is that the rise in opioid-associated overdose deaths has 
paralleled an increase in opioid prescribing and use. But, in fact, dispensing of 
opioids in the United States peaked between about 2008 and 2012, then actually 
declined substantially through 2020 [1]. 

4. Amphetamine and Cocaine Overdose Death Rates 

Possible insight into “opioid”-associated drug overdose deaths might be ob-
tained by referral to overdose death rates from other abused substances. For the 
purpose of comparison, we chose amphetamine and cocaine, the reportedly 2nd 
and 3rd most commonly used illicit substances. It turns out that the overdose 
death rates for these drugs increased dramatically in the same places and over 
the same time period as it did for the opioids (Figures 1-3) [13]. 

There was a dramatic increase in the worldwide death rates attributed to am-
phetamine overdoses over the period 1990 to 2019. The rise was clearly more 
prominent (more than an order of magnitude increase for both drugs) in the 
United States than it was in other countries of the world. It also shows no sign of 
abating. And any future near-term decreases, albeit welcome, would take several 
decades to return to 1990 levels. The situation was similar for overdose deaths 
that were attributed to cocaine. Interestingly, the continuous upward trend hit a 
sort of plateau for both substances during the same period, i.e., between about 
2005 and about 2011. 

5. Conclusions 

The data maps provided by Ritchie & Roser (2018) provide food for thought,  
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Figure 1. Death rates worldwide from amphetamine overdoses 1990 to 2019. 
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Figure 2. Death rates worldwide from cocaine overdoses 1990 to 2019. 
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Figure 3. Death rates worldwide from opioid overdoses 1990 to 2019. 
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and are revealing in many ways [13]. They seem to suggest that attributing 
opioid-associated overdose deaths to something unique about the opioids them-
selves (that is, either their pharmacology or their dispensing and availability) 
might not be as fruitful as some might think. It might necessitate some broader 
thinking about substance use disorder, something more nuanced and funda-
mental to the biology, psyche, or experience of the users (nature and nurture). In 
this regard, modern psychology theories of drug use and overdose are more 
comprehensive; in these theories, the properties of the drug(s) used are just one 
factor among many [30]. 

Just as we concluded in the first publication in this series, the multiplicity of 
disparate sources that provide information about drug overdose deaths can be 
perplexing, rather than elucidating. That is why references to the maps supplied 
in Ritchie & Roser [13] provide such a valuable resource, and opportunity to vi-
sualize at a glance the extent, distribution, and temporal relationship of the 
problem. They also help to support, or discount, undocumented notions of 
trends, and proposed theories of causality. 
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