ELSEVIER

REVIEW

Neurobiological Similarities in Depression and
Drug Dependence: A Self-Medication

Hypothesis

Athina Markou, Ph.D., Thomas R. Kosten, M.D., and George F. Koob, Ph.D.

Epidemiological and clinical data indicate high comorbidity
between depression and drug dependence that may reflect
an attempt to self-medicate with drugs of abuse. The present
review examines whether these two psychiatric disorders
are related by attempting to identify similarities in the
neurobiology of depression and drug dependence. Emphasis
is put on the neuromechanisms that may mediate specific
core symptoms of both disorders that reflect alterations in
reward and motivational processes. First, the
epidemiological and clinical data on the comorbidity of the
two disorders are reviewed briefly. Then, the
neuroadaptations associated with psychomotor stimulant,
opiate, ethanol, nicotine, and benzodiazepine dependence in
animals are reviewed. Finally, the neurotransmitter
systems whose function appears to be altered in depression
(i.e., serotonin, norepinephrine, acetylcholine, dopamine,
gamma-aminobutyric acid, corticotropin releasing factor,
neuropeptide Y, and somatostatin), as revealed primarily by
animal studies, are discussed. It is concluded that drug

dependence and depression may be associated with
alterations in some of the same neurotransmitter systems
and, in particular, with alterations of neurotransmitter
function in limbic-related brain structures. Thus, these two
psychiatric disorders may be linked by some shared
neurobiology. Nevertheless, it remains unclear whether
drug abuse and depression are different symptomatic
expressions of the same preexisting neurobiological
abnormalities, or whether repeated drug abuse leads to the
abnormalities mediating depression (i.e., drug-induced
depressions). The hypothesis of self-medication of non-drug-
and drug-induced depressions with drugs of abuse is also
discussed as a potentially important explanatory concept in
understanding the observed clinical comorbidity of these
two psychiatric disorders.
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The high comorbidity between depression and drug de-
pendence in humans (Meyers et al. 1984; Robins et al.
1984; Rounsaville et al. 1982, 1987, 1991a; Robins and
Regier 1991; Kessler et al. 1994) may reflect similarities
in the neurobiology of these two psychiatric disorders.
Three neurobiological hypotheses can be postulated to
explain this comorbidity: (1) drug abuse and depression
are different symptomatic expressions of the same pre-
existing neurobiological abnormalities; (2) repeated
drug administration, through possibly aberrant or ex-
cessive neuroadaptations to acute drug effects, leads to
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biochemical changes that have some common elements
with the abnormalities mediating depression (i.e., drug-
induced depressions); and (3) drug dependence and de-
pression have different and independent neurobiological
mechanisms. An extension of the first two hypotheses is
that drug use reflects self-medication intended to reverse
some of the abnormalities associated with depression;
these abnormalities may have existed prior to drug use
or may have been caused by the drug use. These hy-
potheses, which are not necessarily mutually exclusive,
will be addressed after a brief review of the epidemio-
logical and clinical data on the comorbidity of the two
disorders, a theoretical discussion of the psychological
processes that appear to be altered in both psychiatric
disorders, and a review of the neurobiology of drug de-
pendence and depression. It is concluded that there is
evidence to reject the third hypothesis of independent
neuromechanisms for depression and drug depen-
dence; nevertheless, presently, there is insufficient evi-
dence to favor either one of the two hypotheses of
linked neurobiology for the two disorders. This re-
view’s specific focus on the potential comorbidity be-
tween depression and drug dependence is not meant to
imply that similar comorbidities may not exist between
drug dependence and other psychiatric disorders, such
as schizophrenia and anxiety.

EPIDEMIOLOGICAL AND
CLINICAL PERSPECTIVE

From an epidemiological perspective, there is evidence
supporting the association of depression and drug de-
pendence. Epidemiological data indicate that the rates
of depression among drug abusers and the rates of drug
abuse among depressed patients are substantially higher
than expected from the individual rates of these disor-
ders. Studies in the northern United States during the
1980s indicated that lifetime rates of major depressive
disorder were 54% in opioid addicts, 38% in alcoholics,
and 32% in cocaine users, as compared to only 7% in a
community sample (Meyers et al. 1984; Robins et al.
1984; Rounsaville 1982, 1987, 1991a; Robins and Regier
1991; Kessler et al. 1994; Schuckit et al. 1997). Both the
epidemiological catchment area study (Robins and
Regier 1991) and the national comorbidity survey (Kessler
et al. 1994) used community samples that enabled these
studies to identify rates of comorbidity unbiased by
sample selections of either substance-dependent or de-
pressed patients. In particular, the national comorbidity
survey found that 48% of the population had at least
one psychiatric disorder in their lifetime and that more
than half (about 60%) had multiple disorders with the
most common combinations involving drug depen-
dence and affective disorders. Thus, this association is
not simply a methodological artifact, because it is based
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not only on treatment but also community samples, and
because there is good interrater reliability in assessing
depression among drug users (Bryant et al. 1992; Wil-
liams et al. 1992). In conclusion, epidemiological evi-
dence suggests that the two disorders, depression and
drug dependence, may be linked and related disorders
and not independent of each other.

From a clinical perspective, two lines of evidence
support the hypothesis that depression and depen-
dence on some drugs are linked disorders. One line of
evidence indicates that antidepressant treatment results
in improvement for both mood and reduction in the use
of some types of drugs. Furthermore, in the case of de-
pendence to some drugs, depressed drug users reduce
their drug use more than nondepressed users when
treated with antidepressants. Between 1975 and 1988,
four of five double-blind, placebo-controlled studies in-
dicated that antidepressants, more than placebo, re-
duced depression in methadone-maintained patients
(Woody et al. 1975, 1982; Titievsky et al. 1982; Kleber et
al. 1983; Batki 1988). Drug use outcome was examined
in all except the Titievsky study. Three of these four re-
maining studies showed some improvement in drug
use compared with placebo-treated patients. Among
cocaine users, antidepressants also appear to improve
drug abuse, as well as depression. A 90% reduction in
cocaine use in depressed cocaine users treated with des-
methylimipramine, a tricyclic antidepressant, has been
shown, whereas the nondepressed cocaine users treated
with desmethylimipramine showed only a 50% reduc-
tion in their cocaine use (Ziedonis and Kosten 1991).
Similarly, 26% of depressed cocaine users treated with
imipramine, another tricyclic antidepressant, but only
5% of those treated with placebo, had at least 3 consecu-
tive cocaine-free weeks (Nunes et al. 1995). In addition
to implicating a relationship between drug (cocaine or
opiate) abuse and depression, these results suggest that
certain drug abusers may self-medicate; thus, when an-
tidepressant medication is provided, the need for self-
medication with opiate or psychostimulant compounds
may be diminished or eliminated.

In alcoholics, some studies found a poor response to
antidepressants (e.g., Liskow and Goodwin 1987; Cir-
aulo and Jaffe 1981; Brown and Schuckit 1988). How-
ever, more recent studies indicated that depressed alco-
holics show lower rates of relapse when treated with
antidepressants, such as imipramine or fluoxetine, com-
pared with placebo-treated depressed or nondepressed
patients (Nunes et al. 1993; Cornelius et al. 1995; Mason
et al. 1996; McGrath et al. 1996). These observations are
significant considering that 80% of alcoholics complain
of depressive symptoms, with a third meeting criteria
for a major depressive episode (Schuckit 1985; Regier et
al. 1990; Roy et al. 1991; Kessler et al. 1996).

In terms of nicotine dependence, because smoking
cessation has been suggested to precipitate depression
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(Hughes 1993), the possible utility of antidepressant
agents for smoking cessation and relapse prevention
has been examined (Covey et al. 1990; Glassman 1993).
Trials have been conducted using the antidepressants
fluoxetine, doxepin, moclobemide, a monamine oxidase
inhibitor (MAOI), and most recently buproprion, an
atypical antidepressant (Aubin et al. 1996, Robbins
1993; Dalack et al. 1995; Ferry and Burchette 1994).
These studies demonstrated modest effects of these an-
tidepressants on withdrawal symptoms, but antide-
pressant-treated patients showed better abstinence rates
than placebo-treated patients at 4 weeks. However,
3- and 6-month relapse rates remained high. Neverthe-
less, recently the federal Food and Drug Administration
approved the use of buproprion in sroking cessation
and relapse prevention. These pharmacological agents
may have some limited utility in reducing relapse to
smoking after the depressed smoker stops smoking.
Further, regular smoking is observed more frequently
among individuals who have experienced major de-
pression at some time in their lives compared with indi-
viduals with no psychiatric disorders (Glassman et al.
1988, 1990), whereas untreated women with recurrent ep-
isodes of major depression show a decreased likelihood
of quitting or reducing smoking (Covey et al. 1994;
Glassman et al. 1990). These last two cobservations sug-
gest potential self-medication of depression with ciga-
rette smoking. Finally, smoking itself can lead to a vari-
ety of psychiatric symptoms, particularly depression
and anxiety, during nicotine  withdrawal (Hughes
1993), further implicating an association between nico-
tine dependence and depression, and potential self-
medication of these symptoms with nicotine.

In conclusion, this literature suggests that depressed
opioid, cocaine, and alcohol abusers treated with anti-
depressants may reduce their drug use significantly
more than nondepressed drug users. Similarly, there
may be some limited utility of antidepressants in the
treatment of nicotine dependence. Independent of
whether the depression was present before the drug
abuse or the depression being drug-induced, antide-
pressant-induced reduction of drug use in depressed
drug users suggests that when there is alleviation of de-
pressive symptomatology through the use of antide-
pressant compounds, the need for self-medication with
drugs of abuse diminishes.

The second piece of clinical evidence that supports a
linkage hypothesis comes from a potential familial ag-
gregation that is observed for the two disorders, de-
pression and drug dependence. More than 25 years ago,
Winokur identified an association between alcoholism
and affective disorder (Winokur and Pitts 1965; Pitts
and Winokur 1966). Recent studies showed a clear and
significant excess of alcohol use in the biological rela-
tives of adoptees with affective disorder compared with
controls (Wender et al. 1986; Ingraham and Wender
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1992). Furthermore, in a twin study, a higher monozy-
gotic (r = 0.54) than dizygotic (r = 0.32) cross-correlation
was seen between alcohol dependence and depression
for males, but not for females (Pickens et al. 1991). In
addition, a twin study examining the comorbidity be-
tween depression and alcoholism in women concluded
that genetic factors influence the risk to both disorders
(Kendler et al. 1993a). In the Kendler study, significant
genetic correlations ranged from 0.4 to 0.6 between de-
pression and alcoholism (i.e., genetic factors explain 16—
36% of the observed comorbidity), whereas environ-
mental correlations were lower, ranging from 0.2 to 0.4
(i.e., environmental factors explain 4-16% of the ob-
served comorbidity). Nevertheless, a more recent re-
analysis of the Kendler data concluded that genetic influ-
ences on alcoholism do not alter the risk for developing
depression (Kendler et al. 1995b). Further, children with
major mood disorder show no increased rate of alcohol-
ism in adulthood (Harrington et al. 1990; Rao et al.
1995). Finally, other studies find that the children of al-
coholics show no increased risk for major depressive
disorders (Merikangas et al. 1988; Knop et al. 1993; Reich
et al. 1993; Hill and Hruska 1992; Schuckit and Smith
1996). Thus, though several pieces of evidence indicate
a familial aggregation of alcoholism and depression,
other studies do not support this conclusion, indicating
the need for more extensive investigations in this area.
The familial aggregation of smoking and depression
is also revealed by examining smoking among monozy-
gotic and dizygotic twins (Kendler et al. 1993b). In a
somewhat complex analysis, Kendler showed how dizy-
gotic discordant twin pairs, who share only about half of
their genes, had an intermediate level of association be-
tween the monozygotic discordant pairs and the gen-
eral population in their association between depression
and smoking. Consistent with this observation, a pro-
spective community survey indicated that smokers
who had no history of depression at the first examina-
tion were twice as likely to develop depression com-
pared to nonsmokers who had no history of depression
(Breslau et al. 1993). Similarly, those individuals who
had a lifetime history of major depression but did not
smoke at the first examination were twice as likely to
become smokers as those individuals who did not
smoke, but had no evidence of major depression at the
first examination. These associations are consistent with
the twin data, indicating common or shared genes as a
source of the association between depression and smok-
ing and potential self-medication of depression with
smoking. Similarly, family studies of heroin-dependent
probands suggest an association between drug use and
depression (Rounsaville et al. 1991b; Kosten et al. 1991).
The relationship of depression and benzodiazepine
dependence has been studied less than the association
of depression with abuse of other drugs, largely be-
cause pure benzodiazepine dependence and abuse are
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relatively uncommon. Most benzodiazepine abusers
have opiate or alcohol dependence as their main drug
of abuse (Sellers et al. 1997). Whether chronic benzodi-
azepine abuse can induce depressive disorders is an in-
teresting but still open question. In patients with mixed
depressive and anxiety disorders, benzodiazepine main-
tenance is generally discouraged because of the toler-
ance that develops to most of the anxiolytic effects of
these medications. Nevertheless, sorne studies indicated
that alprazolam, a benzodiazepine receptor agonist, is a
rapid-onset antidepressant with significant therapeutic
efficacy (Cropper et al. 1987; Rimon et al. 1991), impli-
cating some role of gamma-aminobutyric acid (GABA)
in depression, and thus, some potential association be-
tween benzodiazepine abuse and depression, and poten-
tial self-medication with benzodiazepines.

In summary, epidemiological and clinical evidence
suggests that depression and drug dependence are as-
sociated. This linkage may be based on shared neurobi-
ological substrates that have been investigated in several
animal studies reviewed later. It should be emphasized,
however, that the majority of these clinical and epide-
miological studies were unable to determine whether
the depression was primary (i.e., depression appearing
before the onset of drug abuse) or secondary (i.e., de-
pression appearing after the initiation of drug abuse),
and thus potentially drug-induced. Such a distinction is
critical in answering whether drug dependence and de-
pression are different symptomatic expressions of the
same neurobiological abnormalities (hypothesis 1), or
whether the depression is drug-induced (hypothesis 2),
and as to how self-medication may lead to the observed
comorbidity.

THEORETICAL PERSPECTIVE

From a theoretical perspective, it is intriguing that alter-
ations in reward and motivational processes are central
to the symptomatology of both depression and drug de-
pendence. Two of the core features of depression in hu-
mans are “markedly diminished interest or pleasure in
all, or almost all, activities most of the day, nearly every
day” and “depressed mood” (American Psychiatric As-
sociation 1994), symptoms that probably reflect alter-
ations in the function of the brain’s reward and motiva-
tional systems.

In terms of drug dependence, it has been hypothe-
sized that the affective and motivational effects of both
acute drug administration and drug withdrawal are the
effects most relevant to the development and mainte-
nance of dependence (Himmelsbach 1943; Wikler 1973;
Stewart et al. 1984; Koob and Bloom 1988; Koob et al.
1993; Markou et al. 1993). Accordingly, drug depen-
dence is defined here as the development of neuroadap-
tations resulting from repeated drug use that have important
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motivational consequences in terms of determining the orga-
nization of the organism’s behavior (i.e., leading to re-
peated drug administration to the exclusion of other be-
haviors; narrowing of the behavioral repertoire); these
adaptations can be expressed as tolerance to the re-
warding, affective, and motivational effects of drugs
during drug administration and as withdrawal signs,
particularly the more affective and motivational signs,
when drug administration is discontinued. It should be
clarified, however, that tolerance during drug adminis-
tration (i.e., self-administration of increasing amounts
of drug) is insufficient evidence to infer development of
drug dependence, unless the possibilities of metabolic
tolerance, tolerance to potentially aversive effects of
drugs that allows higher doses to be self-administered,
and pharmacokinetic changes are excluded. The em-
phasis on tolerance to the rewarding, affective, and mo-
tivational effects of drugs, and on the affective and mo-
tivational signs of withdrawal leads to the hypothesis
that adaptations in the brain’s reward, emotional, and
motivational systems are the hallmark of drug depen-
dence, and not alterations in any other brain or somatic
systems that also may be altered with repeated drug use.
In this theoretical context, it is relevant that with-
drawal from several drugs of abuse, such as psycho-
stimulants (American Psychiatric Association 1994;
Gawin and Kleber 1986; Weddington et al. 1990; Satel et
al. 1991), opiates (American Psychiatric Association 1994;
Haertzen and Hooks 1969; Henningfield et al. 1987; Jaf-
fee 1990), ethanol (American Psychiatric Association
1994; Jaffee 1990; Edwards 1990; Bokstrom and Balldin
1992; Goodwin 1992; West and Gossop 1994; Schuckit et
al. 1997), and nicotine (American Psychiatric Associa-
tion 1994; West et al. 1984; West and Gossop 1994) is
characterized by depressive symptomatology. It should
be clarified that depression or dysphoric mood is not
the only symptom of withdrawal, and that different
drugs often produce distinct somatic withdrawal syn-
dromes characteristic of each drug class (American Psy-
chiatric Association 1994; West and Gossop 1994). Nev-
ertheless, it is interesting that depression or dysphoric
mood is a commeon feature of withdrawal from all ma-
jor drugs of abuse, and as such, it may be a pivotal as-
pect of drug withdrawal and dependence. Thus, alter-
ations in reward and motivational processes at both the
psychological/behavioral and the neurobiological levels may
constitute the defining characteristics of both depression and
drug dependence. This theoretical position has important
implications for the animal models and dependent
measures that may be considered most relevant in the
investigation of the neurobiology of either of the two dis-
orders and in the search for potential common substrates
that may mediate the observed clinical comorbidity of the
two disorders. This theoretical position also supports a
potential self-medication approach to treatment. (For
brevity, symptoms reflecting alterations in reward and






