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Abstract

The emerging field of evolutionary medicine has the potential to open up
new avenues of investigation into a variety of clinical conditions that have often
otherwise proved intractable. The extent to which evolutionary medicine is
successful hinges on the abilities of researchers to frame new questions about
the etiology as well as the evolution of disease. In this paper we outline the
basic assumptions of Darwinian theory as it applies to evolved traits, namely that
there exists (1) an inherited basis, (2) individual variation, and (3) a functional
effect for any specific trait. We then analyze how these three areas apply to
substance abuse by examining the genetic basis to substance abuse, outlining
different sources of variation such as reactions to drugs and differing personality
traits, and providing an adaptive analysis of the compulsive wanting and
withdrawal seen in substance abuse. Finally, we outline some therapeutic

strategies suggested by evolutionary theory.
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Introduction

Evolutionary medicine is an important attempt to refocus thinking about
various diseases and widely recognized clinical conditions using Darwinian
evolutionary theory. Still developing as a field of study, evolutionary medicine
has already permitted researchers and clinicians to rethink a number of clinical
conditions, for example, infectious disease, pregnancy sickness, asthma,
allergies, congestive heart failure, and certain cancers (1-5). For substance
abuse, evolutionary medicine provides five different perspectives that differ from
the traditional biomedical approach (6).

First, evolutionary medicine on its own does not provide specific
explanations for particular diseases or conditions—it examines the underlying
vulnerabilities to diseases and conditions. Its emphasis, then, is not on the
details of how to ameliorate current adverse conditions per se, but on deeper
explanations for the presence of these conditions. This analysis of underlying
vulnerability is especially relevant for substance abuse, given the evolutionary
novelty of large quantities of highly concentrated psychoactive drugs in the
environment.

Second, within evolutionary theory, the focus is on adaptation which is a
radically different notion than the concept of a disease. An adaptation is an
evolved trait that solves some particular life problem for an individual organism
in a way that improves its ability to grow, survive, reproduce, and ultimately

ensure the reproduction and growth of offspring. A disease carries the opposite
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connotation—that is, the idea that a characteristic or trait is malfunctioning.
Often, by better understanding how and why an organism functions, we can
better understand its malfunctions—for example, we can begin to understand
how addiction might have emerged from evolved capacities involved in other
functions such as learning and foraging behavior.

Third, the evolutionary approach does not emphasize perfection in
adaptation or functioning. For example, natural selection has not weeded out all
those individuals with many chronic or debilitating diseases and conditions. In
particular, diseases that appear after cessation of reproduction or diseases that
have only a minor detrimental effect are not likely to be selected against. Rare
conditions and diseases due solely to environmental exposure are also resistant
to the evolutionary process. Furthermore, the evolutionary process is not a
design process that starts with a blank slate. Rather, functional attributes are
built over time, and often “cobbled together” from available variation in
expressed characteristics. These functions are not expected to be engineered
exactly, but simply to be better than any of the available competition.

Fourth, the point of evolution is individual fitness, increasing one’s genetic
representation in future generations. Thus, the evolutionary process does not
focus solely on “health”—if sacrificing health nonetheless results in a higher
reproductive and survivorship rate for offspring, this type of individual will out-
reproduce healthier but less reproductively successful competitors. Together,

the lack of perfection in design and the emphasis on fitness, rather than health,
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help to explain why addiction is a difficult behavior for individuals to change and
health professionals to treat.

Finally, evolutionary medicine points to the discordance between the
modern environment and the ancestral environment. For example, individuals
who suffer today from arteriosclerosis have the physiology of humans 50,000
years ago when diets were considerably different than today (7). We evolved
eating modest amounts of protein and fat, and our body is not well equipped to
handle the higher levels found in today’s diet. However, given the importance of
protein, fat and salt in the ancestral diet, we have an evolved taste for these
types of foods. Hence high fat, low fiber, high calorie foods are the currency of
exchange in modern cuisine. But from an evolutionary perspective we are not
adapted to eat such foods over long periods of time nor in great quantities. This
discordance between our evolved physiology and behavior can be clearly seen in
addictive behavior, where the abuse of substances today builds off adaptations
evolved for solving fitness problems in yesterday’s ancestral environment.
Indeed, we might say that just like we have a taste for salt, we also have a
“taste” for drugs given their psychoactive effects and impact on our evolved

neurophysiology.

Evolutionary Characteristics and Addiction
Addiction is a heterogeneous disorder, and refers at a minimum to the

over-use of psychoactive substances. This disorder is generally defined (and
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diagnosed) in behavioral terms. In particular, the loss-of-control over drug
taking and compulsive drug seeking despite high individual costs are today
considered two central behavioral markers of substance abuse (note that in this
paper, substance abuse is used interchangeably with addiction). Withdrawal,
once considered a main component of addiction, is still recognized as applying to
many types of addictive behavior, in particular the psychological discomfort at
the loss of the substance as well as the emergence of “cravings” as a central
factor in relapse.

This definition of addiction points to a central problem for an evolutionary
analysis of substance abuse. It is a central tenet of Darwinian evolutionary
theory that a trait could not evolve if it reduced the reproductive success of its
carrier. Given that substance abuse imposes significant costs on an individual,
how could it have evolved? This question can be answered in three ways: a)
Substance abuse appears to represent an evolutionarily novel behavior in terms
of its consistency and effects. Thus, the negative fitness consequences of
addiction have not had time to significantly alter the genetic basis of human
populations. b) Some aspects of substance abuse can be taken as an extreme
variant of substance use in general. Evolved mechanisms (e.g., memory,
learning) that orchestrate the acquisition and ingestion of psychoactive
substances also apply to the extreme case of drug abuse. c) For other aspects
of substance abuse (in particular, compulsive wanting), the pharmacological

impact of psychoactive substances on specific parts of the brain alters the
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functioning of evolved neural systems, thus compromising their effectiveness as
evolved mechanisms regulating substance-use behaviors.

Overall, the argument presented here is that substance abuse does not
represent an evolved trait in itself—rather, it is like a disease, representing
malfunctioning in specific individuals living in today’s environment. Nevertheless,
given both the general learning mechanisms and specific functional systems
involved in substance use and abuse, we can apply an evolutionary analysis to
the vulnerabilities and underlying causes. The first step in application of the
Darwinian evolutionary paradigm is to demonstrate that these underlying causes
of substance abuse behavior meet three basic conditions for a trait to be
considered in Darwinian terms: 1) some heritable genetic component of the trait;
2) variation in the phenotypic expression of the trait; and 3) the trait must have

some effect on the evolutionary fitness of the bearer.

Genetic Basis

The first assumption of the evolutionary perspective is that any potential
Darwinian character be heritable. Heritability here does not necessarily mean
rigid genetic control, but simply that a behavior is partially determined by
underlying genetics and can pass from generation to generation.

Many researchers have concluded that substance abuse has at least a
partial underlying genetic basis (8-12). Compelling data to support this position

come from twin studies focusing on alcoholism (13, 14). Monozygotic or
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genetically identical twins show much higher rates of alcoholism than dizygotic
twins (sharing 50% of genetic material), indicating a significant genetic basis for
alcoholism. For example, in one of the earliest studies, Kaij (15) found that
monozygotic twins had roughly double the rate of alcoholism as dizygotic twins.
Adoption studies have also demonstrated the heritable basis of alcoholism,
showing that offspring raised apart from an alcoholic biological parent have a
significantly higher probability of developing alcoholism than those adopted
children with nonalcoholic biological parents (16-18). Finally, family studies,
looking at parent-child and sibling-sibling concurrence of alcoholism (19), also
support the conclusion that substance abuse is inherited along lines of descent.
A recent review estimates that the heritability (the genetic component of
variance in interindividual variability) of alcohol abuse is approximately 0.38 (20).
Some studies point to heritabilities as high as 0.73 in males (21) and 0.61 in
females (13). For drug abuse, a recent large twin study (22) indicates that the
heritability of any drug abuse is about 0.34, with earlier research demonstrating
drug abuse heritability of 0.46 (23). These general levels of heritability seen
with substance abuse (0.40-0.50) are similar to those seen for many personality
traits (24-26), including novelty-seeking (a risk factor for substance abuse) which
was recently shown to have a heritability of approximately 0.50 (27). Overall,
this level of heritability appears due to both a general genetic vulnerability for
substance abuse as well as specific vulnerabilities to certain drugs. For example,

alcoholism and smoking as well as alcoholism and drug dependence are highly
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genetically comorbid (28-30). Nevertheless, each of these disorders also has
distinct, independent genetic influences (31).

However, some caveats are due before hasty conclusions are reached like
“there’s a gene for alcoholism” or “substance abuse is due to the genes.” First,
addiction is a complex behavior, and to date, genetic research on complex
behavior points to the heritable basis of these behaviors as due to the small
additive effects of many different genes in coordination (32). Thus, there is no
single “gene” for substance abuse. Second, the same studies that generally
support a genetic basis for substance abuse also support the role of the
environment in the development of substance abuse. Thus, in no sense is
addiction “all genetic’—rather, as a complex behavior, it reflects the impact of
genes, environment and their interaction. Indeed, research has supported that
some types of substance abuse appear to be more genetically mediated (early-
onset alcoholism among sons of male alcoholics) while other types have quite
weak genetic influences (late-onset alcoholism among women, for example),
being more determined more by particular environmental and developmental

factors (33, 34).

Variation
The second assumption a trait must meet in order to be considered for
Darwinian analysis is that there is phenotypic variation in the trait or behavior.

Without variation, there is no way for the process of natural selection to take

Lende & Smith, Evolution and Substance Abuse, 9



place, because there is no field of competitors from which selection can choose.
It should be obvious that individuals vary in their levels of substance use and
abuse. What is crucial, then, is to examine the genetically influenced component
of phenotypic variation as it relates to drug use and abuse. This heritable
variation involves at least three different factors: 1) physiological reactions to
drugs; 2) general neuropsychological systems that vary in relevant ways in
response to substance use; and 3) specific functional systems that are disrupted

by drug use.

Physiological Reactions

It has been demonstrated that physiological reactions to drugs have a
significant impact on the development of substance abuse. For example,
between 30 and 50% of the Asian population lacks aldehyde dehydrogenase
(ALDH), the major enzyme that degrades the first metabolite of ethanol,
acetaldehyde, in the liver. After consuming alcohol, affected individuals develop
heightened blood acetaldehyde levels associated with facial flushing, tachycardia
and a burning sensation in the stomach. Not surprisingly, Asians missing this
enzyme are generally less likely to drink heavily and have lower rates of
alcoholism (35, 36). As more recent studies have shown, the allele ALDH2*2 is
associated with this lack of ALDH in Asian populations, so that individuals
homozygous (carrying two alleles) for this trait have never been found in large

samples of alcoholic subjects in Japan (37, 38).
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Besides traits (or variation) that discourage the development of abuse,
research has shown that humans vary in their neurological responsiveness to
drugs. The research by De Wit et al. (39) and O’Brien et al. (40) firmly
established that humans have individual differences in their drug reactivity. A
recent family study of alcoholism focusing on genetically vulnerable individuals
found that initial responsiveness to alcohol—likely reflecting genetic influences—
accounted for most of the vulnerability in susceptibility to alcoholism in this
population (41).

Studies on animal models specifically illustrate how there can be genetic
vulnerability to abuse of a specific drug. Selective breeding of rats and mice
have produced lines that favor alcohol, cocaine, heroin and other drugs and
other lines that do not (32). This research suggests that specific genetically-
mediated responses like experiencing less severe withdrawal or having a high
self-administration response to a specific drug both favor higher substance use.
Piazza et al. (42) establish that this responsiveness in rats is due to a specific
heightened sensitivity in these animals to the substance. These vulnerable (or
sensitive) animals have greater maximal response to a drug than other animals
and tend to self-administer more of the drug at any dose-level. However, while
the difference in response was most likely due to genetic differences between
individual animals in this case, these authors nonetheless note that this same
sort of heightened maximal response can also be induced by repeated

environmental exposure to stress and/or drugs of abuse.
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Finally, one specific neurological system is affected by most drugs of
abuse, the mesolimbic dopamine system (43-45). Significant individual variation
has been demonstrated in dopamine receptors and genes, and this
neurochemical individuality can have a significant functional effect on individual
behavior (46). Specifically, the DRD2 dopamine gene appears to contribute to
liability for substance abuse (47-49), and significant associations have been
found between genetics variants coding for a specific dopamine receptor (D4DR)

and novelty-seeking, which is associated with substance abuse (50-52).

Neuropsychological Systems

Two general neuropsychological traits relate to substance abuse—self-
regulation involving executive cognitive function, and personality factors. Risk
factor research has repeatedly demonstrated that a lack of impulse control,
emotional regulation, and execution of goal-directed behavior is associated with
greater substance use and abuse (53, 54). Recently, it has been proposed that
disruption in “executive cognitive function” (mediated by the prefrontal cortex) is
a core component in the development of substance abuse (55, 56). In turn, a
lack of self-control, particularly behavioral inhibition, has been demonstrated to
have a significant genetic component that is specifically involved in substance
abuse (57).

Besides behavioral inhibition, two aspects of personality have been

consistently linked to substance use and abuse. These are novelty/sensation
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seeking and anxiety-proneness (33, 58). Novelty-seeking is a heritable
behavioral trait that refers to a tendency for exploratory activity and the
exhilaration that is activated by novel or appetitive stimuli. Animals who are
“high responders” (high locomotor response to novel environments) are
preferentially vulnerable to drug use over low responding animals (32, 42).
Epidemiological research with humans was established that sensation seeking is
one of the major predictors of drug use, in particular among adolescents (53).
Research has also shown that children who measure higher in individual novelty-
seeking in kindergarten initiate substance use at an earlier age (and early
initiation is a major indicator of later problems with substance use) (58). Finally,
a significant subset of individuals with a family history of alcoholism
demonstrates much greater behavioral activation (an index of reaction to
novelty) due to alcohol (59). Thus, novelty and sensation seeking is a clear
personality trait linked to substance use and abuse, especially among younger
individuals.

Anxiety, linked to harm avoidance, refers to intense reactions to aversive
stimuli, thus raising anxiety and stress as well as facilitating inhibitive or
withdrawal behaviors. Individuals measured as more anxious self-administer
more alcohol in comparison to controls in response to stressful situations (59),
while a sample of alcoholics who measured high for anxiety-sensitivity
preferentially used alcohol as a coping mechanism to deal with their anxiety in

comparison to less anxious alcoholics (60). Finally, the research on self-
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medication has pointed to anxiety, stress and fear management as one of the
major motives for using alcohol and other drugs among certain individuals,
especially women and those with later onset substance abuse problems (33).

However, not everyone who is sensation seeking or anxious develops
substance abuse. Indeed, relatively few individuals end up abusing alcohol and
other drugs, even among vulnerable populations. For individual differences,
what appears to make the difference is the combination of personality or
behavioral traits with specific reactions to substance use (such as higher
responsiveness). For example, anxious individuals who display a negative
physiological reaction to alcohol (such as caused by a lack of ALDH) will find little
sedative or calming effect in alcohol. However, if substance use does lower
anxiety, then the combination of physiological and neuropsychological traits is
more likely to result in the development of substance abuse. As Conrod et al.
(59) write, “What is highlighted in the present study is that individuals presumed
at risk for alcoholism demonstrate autonomic reactivity patterns that are

particularly susceptible to the effects of alcohol (p. 594).”

Functional Effects

Besides heritability and variation, a trait or behavior needs to have effects
on the overall reproductive success of the bearer to be considered from a
Darwinian evolutionary perspective. In other words, without establishing that

the process of selection has shaped a trait (or its underlying components), it is
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impossible to use a crucial part of evolutionary theory, adaptation—those
functional traits or behaviors that promote the successful development,
maintenance and reproduction of the individual. One striking thing about two of
the most crucial determinants of evolutionary success—foraging for food and
reproduction—is that they consist of similar behavioral patterns. With foraging,
one must seek out the food and then consume it; with reproduction, one must
find a mate and then engage in sexual behavior. Addiction, like foraging and
reproduction, involves both seeking and consummatory behaviors, the first
related to positive incentives for approach (wanting) and the second to pleasure,
liking, and reward.

Indeed, White (61) has proposed that three separate brain systems
mediate different functions involved in substance use and abuse: 1) approach
behavior, 2) reward and pleasure, and (3) contextual cues relating approach and
reward with drug stimuli in the environment. Similarly, Robinson and Berridge
(62, 63) have suggested that drugs affect incentive salience or “wanting” (which
underlies approach behavior), reward or “liking”, as well as associative learning.
Individuals vary in their responsiveness to environmental cues (what is liked),
the magnitude of reward or pleasure drugs produce (how much itis liked), and
the degree to which a seeking signal is generated (how much something is
sought out). Beyond these three functional systems, some individuals who

abuse drugs also display withdrawal reactions which play a central role in
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continuing addictive behavior. As outlined below, substance abuse involves

alterations in the adaptive functioning of all four of these areas.

Drugs and Association

One crucial thing to recognize about drugs is that due to their impact on
brain functioning, they can alter patterns of associative learning. As Panksepp et
al. (64) write, “We suspect that drugs of abuse ‘trick’ animals by causing them to
associate changes in these fitness-tracking systems with arbitrary drug-related
stimuli rather than species-specific fitness relevant stimuli (463).” The arbitrary
nature of this association with drug-related stimuli can move individuals away
from more species-normal associations (those involved in foraging, reproduction,
and close social relationships) to environmental associations foregrounding
substance use. Moreover, given their potency, drugs produce an evolutionary
novel impact on the brain, so drugs themselves help to create even stronger
associations with their related stimuli.

Overall, this impact of drugs helps to (a) make drug-using individuals
relate differently to their environment (they will both perceive and process
information about the environment in ways that highlight drug-related stimuli)
and thus (b) get these individuals involved in specific environments (e.g.,
sociocultural environments where substances are more often present and use is
the norm) that subsequently reinforce drug-using behavior. On its own, then,

associative learning plays a central role in the development of substance use and
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abuse, providing the contextual framework in which drugs affect the adaptive

functioning of the individual.

Why Use Drugs? Evolutionary Considerations

Within evolutionary approaches to human behavior, one finds two general
theoretical orientations—the first emphasizes how behavior can be analyzed in
terms of its present fitness consequences, the second examines how natural
selection will have shaped behavior (in particular, the adaptations underlying
behaviors) in past environments (65). At times these two approaches are seen
as producing alternative and conflicting understandings. However, in the case of
substance abuse, it is necessary to understand both the present behavior of the
individual and the way selection has shaped the basic adaptive mechanisms of
humans in the past. This section will analyze how present benefits (both real
and perceived benefits) play a role in substance use behavior.

Within evolutionary approaches to substance abuse, four basic benefits
have been proposed, the first specific to behavioral ecology and the other three
largely complementary to specific orientations in the substance abuse field. They
are (1) substances should be considered an environmental resource, in ways
similar to food; (2) substances play a role in redressing balances in
neurotransmitter function in the brain; (3) substances are used to manage stress
and anxiety internally; and (4) drugs provide an actual and/or perceived fithess

benefit in relation to the environment.
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As an environmental resource, a recent article by Dudley (66) argues that
humans, as primates, have a long evolutionary history with ethanol through
foraging for fruit. Free ranging primates will consume fallen, fermenting fruit,
and present subsequent changes in locomotory behavior and overall physical
coordination (6), while functionally, ethanol can signal the presence of other
food, be an appetitive stimulant, and provide calories, thus indicating that
humans might have adaptations that favor current ingestion of ethanol (66).
Similarly, Sullivan & Hagen (67) point out that among tribal peoples today, most
psychoactive substances are derived from plants and are seen more like “food”
given how substances like betel nut and coca leaves can provide energy and
sustenance (including access to vitamins and micronutrients). However, both
papers recognize that though these functions can play a role in substance use,
they do not per se explain abuse from an evolutionary perspective.

Sullivan & Hagen (67) also propose another function for substance
ingestion by pointing out that the neurotransmitters most implicated in substance
abuse—the monoamines and acetylcholine—are nutritionally constrained in the
environment. To maintain adequate brain function, individuals will ingest
substances from the environment that correct these deficiencies. Indeed, simple
ingestion is a more cost-effective way of changing neurotransmitter levels than
producing new neurotransmitters physiologically. This proposal is similar to the

idea that there are certain “deficiencies” in normal brain functioning among
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individuals who abuse, thus they raise neurotransmitter levels back to what is
considered normal through their substance use (68).

Sullivan & Hagen (67) also note that the stress reaction within the
individual can deplete these same neurotransmitters, so the use of these
substances can help individuals to manage neurotransmitter depletion resulting
from stressful situations. By ingesting these chemicals, individuals aim to avoid
the long-term negative consequences of the stress response and be able to
“tolerate prolonged stress states in aversive conditions.” This idea is consistent
with the research linking stress and drug use, as well as the observation that
greater amounts of trauma are associated with greater substance use. In
particular, through substance use, individuals are able to manage both the
negative physiological consequences from the stress reaction due to anxiety and
to replenish their neurotransmitter deficit due to a consistent anxious appraisal of
the world.

Finally, several evolutionary thinkers on substance abuse have proposed
that drugs provide direct fitness benefits or perceived fitness benefits through
the creation of “false” signals in the brain by drugs (6). For example, among
drug abusers, the use of substances is often associated with more sexual
behavior. Moreover, especially among many men, the use of substances is
related to a real or perceived ability to fight better, resist more pain, and/or
perform better in competitions. Others note how drugs help them be more

sociable, again a potent benefit in such a social species as ours. Thus, it is
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important to consider that for drug abusers, the use of these drugs relates to
actual benefits from an evolutionary point of view, especially among the initial
stages of substance use.

Other theorists have placed more emphasis on the signal that drugs
create within the brain, surmising that this is a “false” fitness signal (69, 70). In
particular, drugs’ ability to bring a high, produce pleasure, and/or dull pain are
crucial to these sorts of arguments, because these internal signals acted in the
past to indicate fitness benefits. Through these sorts of experiences today,
individuals think that drugs are bringing them benefits—but they are actually not,
for it is just the effect of the drug. It is this “false” fitness signal, produced
internally by potent drugs, that then prompts the individual to repeat the
behavior of using substances.

Overall, these four arguments—psychoactive substances used like food, to
balance neurotransmitter levels, to counteract the effects of stress, and to
provide actual and perceived benefits—comprise a variety of reasons for why
individuals will engage in substance use. Two types of present benefits relate
directly to the personality dimensions considered above: the reduction of anxiety
and stress (managing negative internal feelings) through substance use, and the
seeking out and enjoyment of benefits linked to drug use (sensation seeking).
Moreover, the combination of present benefits and associative context provides
an understanding of how individuals initially become involved with substance use

through the association of specific positive outcomes with the behavior of
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obtaining and using drugs. However, benefits on their own leave unexplained
the self-destructive and loss-of-control aspects of addictive behavior. The next
sections, by addressing past selection (rather than present benefits), will

illustrate how evolution helps us to understand the adaptive mechanisms in the

mind that underlie compulsive wanting and withdrawal.

Why Abuse? Wanting and the Dopamine System

Engagement in behavior—in particular approach and appetitive behavior—
is mediated in part by the dopamine system. Specifically, dopamine seems to be
involved in the trade-off between staying involved in a present behavior or
switching to an alternative behavior (71). Another way of putting this is that the
dopamine system mediates the “wanting” involved in seeking behavior (62, 63),
affecting the decision to continue with a behavior or not (72).

This adaptive function of the dopamine system can be altered in two ways
by drugs of abuse. First, through the immediate pharmacological impact of the
drug (especially among sensitive individuals), a signal of wanting and
engagement is produced. This has two effects: first, simply engaging in
appetitive behavior will generally be reinforcing for organisms; second, “drugs”
as environmental stimuli will become imbued with wanting/seeking salience, thus
acting as potent triggers for behavior. The second adaptive change happens
over time as continued exposure to the substance drives neuroadaptations in the

dopamine circuit, often resulting in a system that is sensitized to produce larger-
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than-normal signals of “wanting” (43). These immediate and long-term changes
then lead to two outcomes: (1) drugs are “wanted” excessively—sensitized
signals in the dopamine system can drive craving and the obsessive pursuit of
drugs; (2) there is preferential engagement in the behavior of seeking out drugs
versus other behaviors.

Robinson and Berridge (43, 62, 63) argue that this sensitization in wanting
and focus on drugs occurs even as the costs of using substances have risen and
the reported pleasure or liking of consumption has been severely reduced.
Dopamine only mediates one aspect of addictive behavior, the appetitive side,
with consumption and its associated satiation mediated by other systems. Under
the influence of drugs and a particular environmental context, the normally tight
coupling between wanting, consumption, and satiation is disrupted (43, 62-64).
Drugs of abuse continue to produce signals in the dopamine system even as
tolerance to the subjective effects of consumption has risen. Moreover, drugs of
abuse do not provide a satiation signal like food can—they simply don’t produce
these sorts of signals in the brain or body.

Moreover, today’s environment—where highly potent drugs are regularly
available and drug-associated stimuli often abound—is different from the
environment in which the dopamine system'’s function evolved. In the past,
environmental limitation regularly occurred. Both foraging and reproduction
involved resources and sexual partners that were generally available in limited

guantities at limited times (73). Thus, in ancient environments there was little
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need for instinctive regulation of dopamine signaling because of limitation
present in the environment. Therefore, instinctive moderating mechanisms
never evolved within the dopamine system itself. This is precisely what can
make the dopamine system so vulnerable to excessive signaling in today’s super-
rich environment. These conditions place a premium on higher-level regulation
(executive cognitive function and behavioral inhibition) which is often limited or
compromised in individuals who abuse drugs.

Thus, the compulsive behavior, craving and excessive pursuit of
substances seen in addictive behavior can be seen as due to a suite of three
factors: (1) the dopamine system, due to the impact of drugs on its functioning,
produces a sensitized signal of wanting and engagement around drug use; (2) as
drug use continues, wanting and satiation are de-coupled, and drugs provide no
further satiating signal, thus promoting continued engagement in the behavior;
(3) there is no instinctive (or built-in) regulation of the dopamine system, placing
a premium on environmental regulation (through limitation and through
relationships) and on executive cognitive function, both of which are generally

compromised for substance abusers.

Why Abuse? Withdrawal
Most understandings of withdrawal are based on the idea of physical
dependence, where the sudden removal of the drug produces a loss of

homeostasis followed by the initiation of opponent-process regulatory
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mechanisms (74). The activation of these mechanisms then drives the organism
to engage in behaviors to re-establish the lost physiologic balance (even when
this balance has been artificially altered under the impact of drugs). However, it
is also possible to develop an adaptive understanding of withdrawal which can
help us to understand why, even when drugs do not produce physical
dependence, individuals can experience withdrawal-like symptoms to the loss of
the drug and/or cessation of drug-taking. In other words, an evolutionary
approach focuses on the question of why have a withdrawal reaction.

To answer this question, it is important to establish first that withdrawal
can be considered an evolved trait. Thus, this section begins by pointing to (a) a
common set of symptoms across different types of withdrawal, (b) an underlying
brain system that can mediate the high-arousal and irritability associated with
withdrawal, and (c) two possible evolutionary precursors that can provide a
phylogenetic (or inherited) base for the dependence and withdrawal behaviors
associated with addiction. Based on these three areas, the last part of this
section presents an evolutionary analysis of withdrawal, focusing on why
withdrawal would have been adaptive in the past, though with substances today
it can turn out to maintain a maladaptive behavioral pattern.

A study of common withdrawal symptoms across a number of addictive
substance and loss categories (specifically alcohol, nicotine, caffeine, food and
relationship loss) showed that individuals differ consistently in their withdrawal

responses (i.e., there is individual variation) (75). More importantly, this study
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demonstrated that there is a high degree of similarity in the withdrawal pattern
across the different behaviors. For example, for all types of loss or withdrawal,
eight symptoms were consistently mentioned: irritability, restlessness,
impatience, anxiety, concentration problems, anger, and depression. This
pattern is similar to that found in high frequency gamblers (75).

These symptoms appear to be mediated in part by the opioid system,
which plays an important role in the development of social dependencies and
attachments (64). Specifically, the opioid system evokes “calm and positive
feelings of security... both by the presence of a loved one or an abundance of
natural resources (462).” However, with withdrawal or loss this system provokes
“highly arousing negative states (e.g., anxiety, irritability) which are the opposite
feelings of calmness and security that opioids produce (463).”

Gerald & Higley (76) analyze the attachment relationship between mother
and infant as one evolutionary precursor to this sort of anxious reactions (see
also Panksepp et al. (77)). They write, “anxiety and arousal are proximate
influences that motivate the young infant to stay close to its mother... By
contrast, an excess of anxiety can elicit chronic physical contact between mother
and infant, which can prevent infants from pursuing [other] social relationships
(416).”

Besides attachment, the evolution of dominance, submissive, and
dependence behaviors represents another evolutionary behavioral precursor to

substance dependence and its accompanying withdrawal. As reviewed in Lende
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& Smith (73), social dependence—marked by maintaining close contact with
dominant allies—provides more gains (through reduced aggression and greater
access to resources) than merely being submissive to a dominant individual. The
dependent individuals achieves this benefit through close reciprocal interaction,
social manipulation and deception, types of behavior often seen in addicts.

Based on a common set of symptoms and an underlying brain system,
with possible evolutionary precursors, we can now look at the process of forming
an attachment to drugs (as well as social attachments more generally).

Panksepp et al.(64) present three steps: (1) the formation of an initial “liking”
response (attraction), (2) the gradual diminution of active liking accompanied by
formation of a social bond (the building of “tolerance”), (3) the possibility of an
“affectively compelling withdrawal response” when the person (or drug) is
withdrawn. By understanding each of these steps, we will be in a better position
to understand not only the loss of subjective response accompanying greater
dependence, but the occurrence of a withdrawal response as one possible
reaction to loss of the person or object.

Without an initial attraction, an individual will never establish a
relationship with another person, thus losing out on any possible benefits from
this relationship. Attraction is evolution’s way of getting two individuals
together—without this adaptation, most affiliative social relationships would not
form between individuals. However, once a relationship is formed, continued

“liking” does not always lead to the most successful relationship—being “blinded
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by love” is not necessarily the best way to figure out who washes the dishes.
Through social manipulation and reciprocity, individuals in relationships are able
to actively negotiate the costs and benefits of on-going interactions. However,
this is at the loss of subjective “liking.”

This reduction in “liking” (or the build-up of “tolerance”) raises a dilemma.
At any point, since active liking is not so strong, one might find it immediately in
one’s benefit to abandon the relationship. Withdrawal now emerges with a
function—to keep the individual involved in close relationships that over time
have produced consistent benefits. For example, the child in the middle of the
temper tantrum over not getting candy might say he hates his mommy and
wants to leave—however, running away at this point is not in his long-term
interest. A withdrawal reaction thus ensures that the child stays with his mother
or that a socially dependent individual stays close to a dominant one. This
closeness ensures continued access to benefits such as provisioning of resources
for the child and reduced aggression and greater access to food for the socially
dependent individual.

In sum, withdrawal can be seen as an evolved behavior related to social
relationships and with underlying adaptive mechanisms in the brain. However,
as noted above, the impact of associative learning can move individuals from
normal social relationships to involvement with substances. Without the long-
term benefits of most social relationships and the reciprocal give-and-take

involved in relationships, a withdrawal response with substance use can quickly
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become maladaptive, prompting continued involvement in a behavior whose
long-term benefits do not outweigh the costs.

The development of withdrawal responses with psychoactive substances is
facilitated in humans who have evolved symbolic and linguistic capabilities (78,
79). Involvement with drugs often takes on social, moral, and meaning
dimensions that are mediated through ritual, symbols, and language (80-82). As
analyzed in Lende & Smith (73), these symbolic elements help mediate the
transference of evolved patterns like withdrawal onto behaviors involved with
consuming substances, promoting the development of withdrawal symptoms
with evolutionary arbitrary but culturally relevant behaviors like gambling or

cocaine use.

Wanting, Withdrawal, and Short-term Strategies

As individuals become more involved with drugs, the combination of
heightened wanting and the development of withdrawal can drive substance use
into high levels of abuse. First, withdrawal promotes continued involvement with
drugs (as it has done in the past with social relationships), a pattern reinforced
by the dopamine system which signals continued behavioral engagement with
drugs. Second, given the heightened irritability and arousal linked to withdrawal,
individuals will tend to seek out the possible benefits that drugs provide so as to

ameliorate this aversive situation. Thus, the alterations in two formerly adaptive
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patterns—approach behavior and withdrawal—together help form a powerful
addictive cycle that keeps individuals involved in abusing substances.

What makes the cycle of involvement worse is that many individuals who
use and abuse substances are already in high-risk situations where short-term
strategies can be seen as a way to gain an evolutionary advantage. Individuals
raised in sub-optimal conditions such as poverty and marginalization, individuals
who have suffered trauma during development (e.g., physical and sexual abuse),
and individuals who are chronically stressed or recently gone through a major
negative life change (loss of employment, loss of a family member) are all
expected to pursue short-term benefits despite long-term costs (73, 83).
Moreover, drugs not only provide these sorts of immediate benefits, but, through
their pharmacological impact on the dopamine system, signal the imminent
arrival of benefits. This combination of the adaptive nature of short-term
benefits and the internal signaling of short-term behavioral engagement is a
crucial problem for addiction, as it reinforces the addictive cycle and undermines
the individual’s consideration of the long-term costs and benefits of continued

substance use.

Implications for Treatment
The evolutionary approach we have outlined provides both general and
specific suggestions for therapeutic work with individuals abusing psychoactive

substances. As a general framework, evolutionary theory suggests that decision-
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making individuals live and respond to their local social environments. Darwinian
evolutionary theory describes these individuals as having psychological
adaptations that respond functionally to problems they encounter, rather than
having a generalized intelligence that begins as a blank slate. Moreover, these
individuals are not simply rational decision makers interested only in maximizing
personal benefit. Rather, individuals display emotions that play a major role in
decisions, and these decisions often can be understood better when seen from
the light of fitness (overall reproduction success) rather than simple economic
gain. Given this tendency for people to attempt to further their own individual
reproductive interests, social relationships are expected to be fraught with
conflict unless the calculus of costs and benefits to the individual favors
cooperation.

These general points lead to three major emphases regarding substance
abuse. First, individuals can engage in drug use for any number of immediate
and evolutionary relevant reasons—for pleasure, to reduce pain or stress, to gain
energy, to change to a more positive emotional state, for sexual opportunities,
and so forth. Thus, when attempting to change substance abuse behavior, it is
crucial that an individual take care of basic needs first. As Alcoholics Anonymous
puts it, “Don’t get too hungry, angry, lonely, or tired (HALT),” because these
states will heighten the immediate perceived benefits of drug use. In similar
fashion, given our immediate responsiveness to the environment and our general

reliance on short-term calculus, abusers should take it “one day at a time”,
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another injunction of Alcoholics Anonymous. In this fashion, recovering abusers
can build on short-term successes and deal with immediate problems during a
difficult and transitional time.

Second, given that humans are highly social animals, we are extremely
sensitive both to group pressure and to the demands of social relationships.
Thus, it is important for substance abusers to change their peer group from one
of abusers to a group where substance use is discouraged, otherwise both the
opportunities and the positive social pressure will be extremely difficult to ignore.
Conflict in important relationships is also likely to create an environment that
does not favor change, while encouragement from precisely the same individuals
(in particular family members, close friends, and important dominant individuals)
will likely facilitate change.

Third, given that therapists are often placed in a dominant position
relative to a substance abuser, it is important to be aware of how social
individuals respond to dominance. Today, it is understood the individuals will
engage in manipulative and deceptive behaviors to try to subvert the costs (such
as major life change) that dominant individuals often impose on a relationship
(84-86), especially if this relationship is marked by confrontation to “break
through the denial.” While confrontation has its place in therapy, we believe that
a supportive relationship that relies on both guidance and on the use of subtle
manipulative techniques will be more conducive to change. Motivational

Interviewing (87) does this, employing a non-confrontational, supportive
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approach that uses the client’'s own words and behaviors to motivate the
individual to change, often by having the person engage in a explicit
consideration of the costs and benefits of various decisions they might make.

A number of specific treatment recommendations can also be made. First,
individuals with poor “executive cognitive function” (marked by poor self-
regulation and self-direction in affective, cognitive, and/or behavioral domains)
will have a difficult time regulating their intake of drugs, unless their ability to
manage themselves improves. Second, cognitive-behavioral therapies can
explicitly address the perceived positive characteristics of particular drugs as well
as the intensity of these positive attributes—by pointing out the costs, the initial
assumption that the substance provides some sort of benefit can be overturned,
and training programs can aim to reduce how much the substance is “liked.”
Third, the wanting and seeking behaviors involved in substance abuse need to
be addressed. Relapse prevention work that focuses on how cues can trigger
craving is one good therapy (see Robinson & Berridge (62) for further
recommendations). In general, individuals must become aware of the often
unconscious and automatic activation of goal-directed behavior in order to
successfully engage in a more considered decision not to continue substance
use. If individuals are also cognizant of the costs involved and have been
motivated to change, they are more likely to act on their decision to stop using

substances.
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In conclusion, within psychiatry, the overall success of a therapeutic
intervention relies on an understanding of the psychobiology as well as the
evolutionary basis of a behavior or disorder. For substance abuse,
understanding both the pharmacological and functional effects of drugs on
evolved neurological systems will aid in the development of better therapies,
provided that the place of the individual as a decision maker acting within a local

social and symbolic environment is taken into account.
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