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ABSTRACT

Both depression and substance use disorders represent major global public health concerns and are often co-occurring.
Although there are ongoing discoveries regarding the pathophysiology and treatment of each condition, common
mechanisms and effective treatments for co-occurring depression and substance abuse remain elusive. Mindfulness
training has been shown recently to benefit both depression and substance use disorders, suggesting that this approach
may target common behavioral and neurobiological processes. However, it remains unclear whether these pathways
constitute specific shared neurobiological mechanisms or more extensive components universal to the broader human
experience of psychological distress or suffering. We offer a theoretical, clinical and neurobiological perspective of the
overlaps between these disorders, highlight common neural pathways that play a role in depression and substance use
disorders and discuss how these commonalities may frame our conceptualization and treatment of co-occurring
disorders. Finally, we discuss how advances in our understanding of potential mechanisms of mindfulness training
may offer not only unique effects on depression and substance use, but also offer promise for treatment of co-occurring
disorders.

Keywords Addiction, co-occurring disorders, depression, dual diagnosis, functional magnetic resonance imaging
(fMRI), mindfulness, substance use treatment.

Correspondence to: Judson Brewer, VA Connecticut Healthcare System, 950 Campbell Avenue, Building 36, Room 142, West Haven, CT 06516, USA.
E-mail: judson.brewer@yale.edu
Submitted 22 May 2009; initial review completed 22 July 2009; final version accepted 16 November 2009

MINDFULNESS TRAINING MAY PROVE
EFFECTIVE FOR CO-OCCURRING
DEPRESSION AND SUBSTANCE

USE DISORDERS WHERE OTHER
TREATMENTS FAIL

Mindfulness training (MT) may target common underly-
ing mechanisms of major depressive disorder (MDD) and
substance use disorders (SUDs), providing an effective
treatment for co-occurrence of these maladies where few
currently exist. We will use ‘co-occurring disorder’ and
‘dual diagnosis’ to refer to the co-occurrence of MDD and
an SUD in which ‘diagnoses of these disorders must occur
simultaneously or within a one year time frame of each
other’ [1]. As first-line treatment for substance-induced
mood disorders is to treat the underlying SUD [2],
substance-induced mood disorders will not be included
in this discussion. Additionally, although co-occurring
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psychotic and anxiety disorders are common and
warrant discussion, the majority of the current discus-
sion will be limited to co-occurring MDD and SUDs.

MDD AND SUDS: SIGNIFICANT AND
GROWING PROBLEMS

Both MDD and SUDs are major public health problems.
Overall, unipolar depressive disorders were the fourth
leading cause of disease burden in 2002, and are pro-
jected to be the second leading cause by 2030 [3].
Further, MDD and SUDs have been found to co-occur fre-
quently: about one-third of individuals with MDD also
have symptoms consistent with an SUD [4], and life-time
prevalence of a co-occurring SUD ranges from 30%
to 42.8% [3,5]. From 1992-2002, the rates of past-
year major depressive episodes among people with a
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concurrent SUD increased from 10% to 15% [6]. These
data highlight the large and growing burden of comorbid
MDD and SUDs.

There are currently multiple empirically supported
behavioral treatments for both MDD and SUDs as indi-
vidual disorders. Well-supported behavioral treatments
for depression include cognitive behavioral therapy (CBT),
behavioural-activation therapy, mindfulness-based cog-
nitive therapy and exercise [ 7]. Similarly, substance abuse
treatments include CBT, relapse prevention, motivational
interviewing (MI), contingency management (CM) and
12-Step programs [8—10]. Despite significant research on
treating these disorders individually, few treatments have
been evaluated for individuals with co-occurring MDD
and SUDs [11]. MI has demonstrated efficacy for many
types of substance abuse, although few studies have been
conducted with dual diagnosis patients [12,13]. CBT has
been modified for people with SUDs and depression and
has shown moderate effects therein [14]. CM has been
adopted more recently for dually diagnosed populations,
although mood symptomatology was not measured in
these studies, leaving its broader efficacy unverified [13].

MINDFULNESS TRAINING FOR
CO-OCCURRING DISORDERS:
THEORETICAL, CLINICAL AND
NEUROBIOLOGICAL PERSPECTIVES

During the past two decades, the emergence of studies
on treatments incorporating mindfulness training (MT)
has offered promise for the treatment of MDD and SUDs
independently. We offer a theoretical, behavioral and
neurobiological exploration of MT for treatment of these
disorders when they occur concurrently.

Theoretical perspectives

A recent consensus definition of mindfulness empha-
sizes two complementary elements: (1) the placement of
attention on the immediate experience; and (2) adopting
an open, curious, accepting attitude towards that experi-
ence [15]. It is believed that although the capacity for
mindfulness is inherent, the majority of individuals move
through life on ‘auto-pilot,” performing daily activities
based on habitual behavioral patterns while their minds
are elsewhere [16]. Mindfulness is developed through a
continual practice of ‘awakening’ to present-moment
experiences. Traditionally, this is taught through medita-
tion practices that focus first on developing concentration
capacities by bringing attention to an object repeatedly,
such as the breath, then broadening the attention to
include all physical and mental events that are experi-
enced (e.g. bodily sensations, emotions and thoughts).
Instruction for mindfulness practice can be as simple as:
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‘when sitting, know you are sitting; when thinking, know
you are thinking’ []J. Goldstein, personal communica-
tion]. The intention is to bring a non-judgemental, objec-
tive and accepting quality to this observation.

Clinical perspectives

While mindfulness practices are centuries old, they have
only recently become popular in western medicine and
psychology. One of the earliest incorporations of mind-
fulness into medical treatment paradigms was through
the mindfulness-based stress reduction (MBSR) program
at the University of Massachusetts [17]. MBSR showed
efficacy in the treatment of chronic pain where other
treatments had failed [18]. After the initial success in
treating chronic pain, the effectiveness of mindfulness-
based therapies was investigated for treatment of other
conditions including anxiety disorders [19-22], addic-
tion [23-26] and depression [27,28], although method-
ological quality of these studies has been suboptimal
[29]. Mindfulness-based cognitive therapy (MBCT), based
largely upon MBSR, has shown an absolute reduction of
44-50% in the relapse rate for individuals with three or
more episodes of depression both in initial and replication
studies [27,28]. A study of incarcerated, substance-
abusing individuals who were taught mindfulness medi-
tation revealed significant reduction in substance use 3
months following release from incarceration, as well as
reductions in anxiety and depression [30]. Another study
of individuals with alcohol and cocaine use disorders
suggested that MT may be as effective as CBT in prevent-
ing relapse with specific effects on psychological and
physiological stress pathways [24]. A further study of a
mindfulness-based treatment for substance use disorders
suggested that participation in treatment was associated
with greater decreases in craving and substance use com-
pared to a treatment-as-usual method [31], and that the
treatment may lessen the relation between depressive
symptomotology and craving, thereby decreasing sub-
stance use. Taken together, these data provide a rationale
for the hypothesis that MT may target shared underlying
mechanisms in MDD and SUDs in a dually diagnosed
population.

Neurobiological perspectives

Evidence for common underlying neural pathways in
MDD and SUDs may explain some of the shared mecha-
nisms in these disorders, offering a useful perspective on
potential targets of treatment for dually diagnosed indi-
viduals. Multiple approaches have investigated the patho-
physiology of MDD and SUDs, including those based
on genetics, neurotransmitters and endocrine systems
(reviewed elsewhere [32—35]). Regional brain activation
studies have provided unique insight into the pathophysi-
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ology of both MDD and SUDs. Many regions have shown
overlap between MDD and SUDs, suggesting possible
mutual underlying pathophysiologies. For example,
regions of the ventromedial prefrontal cortex (vmPFC),
which is important for homeostasis, emotional regulation
and decision-making, have shown dysfunction in both
MDD [36-40] and SUDs [41-47]. The dorsolateral PFC
(dIPFC), which is involved in working memory, attention,
initiation of cognitive control and conflict-induced
behavioral adjustment [48-50], the amygdala, which
contributes to the formation and storage of memories
associated with emotional events, memory consolidation
and reward learning and motivation [51-53] and the
insula, which contributes to ‘sensing’ of somatic states
through its representation of bodily sensation [54], have
all shown importance in both MDD and SUDs [36,39,55—
62]. While these data suggest overlapping neuroanatomi-
cal correlates for MDD and SUDs that may be reflected
in common intermediary phenotypes or endopheno-
types, they do not demonstrate functional commonalities
directly.

The psychological and behavioral correlates of brain
function in MDD and SUDs may provide insight into
potential targets of effective treatments. For example,
several studies suggest that rumination and stress are
seen commonly in both MDD and SUDs. Rumination,
described as self-focused attention on symptoms of dis-
tress without engagement in active problem solving [63],
is conceived of as an automatic behavior often acquired
during a first depressive episode [27]. People who engage
in rumination when distressed are more likely to become
depressed and have longer periods of depression [63].
Similarly, temporary distraction, which may break the
ruminative cycle, may lead to a decrease in dysphoria
[64]. Brain regions that are implicated in rumination
include the amygdala and PFC [63]. Ruminators have
shown lower PFC activity than controls when attempting
to inhibit negative distracters, as well as difficulty with
cognitive shifting [65]. These data are suggestive of dys-
functional cognitive control circuitry [66]. Other studies
suggest that rumination is associated with increased
amygdalar activity during processing of emotional
stimuli [67,68]. A role for rumination in SUDs has been
suggested by work showing that a tendency to ruminate
is associated with greater inclinations to use alcohol or
other substances [69]. Although preliminary, these data
suggest that dysfunction in specific brain regions may
correlate with rumination and contribute to habitual
behaviors in both MDD and SUDs.

Links between stress, depression and substance use
have also been established (reviewed elsewhere [70,71]).
For example, exposure to stressful life events has been
associated repeatedly with MDD [32,71]. Also, depressed
patients often exhibit elevated plasma cortisol (the
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dominant circulating stress glucocorticoid hormone in
humans) and abnormal cortisol suppression [72]. Simi-
larly, stress has been shown to be instrumental in SUDs:
stress cross-sensitizes to both stimulant [73] and alcohol
[74] wuse, induces craving [75] and increases self-
administration of drugs such as amphetamines [76],
cocaine [77] and alcohol [ 78]. This is influenced probably
by stress hormones, as in healthy volunteers stimulants
induce cortisol release, while the magnitude of the
reported subjective ‘high’ correlates with plasma cortisol
concentrations [79].

The above data suggest that MDD and SUDs share
several phenotypes such as stress vulnerability and rumi-
nation, pointing at possible mutual underlying neurobio-
logical dysfunctions. Still unclear are the details of how
specific this overlap may be. However, these commonali-
ties may provide a sufficient framework from which to
develop treatments targeted at shared brain and behav-
ioral dysfunction.

MECHANISM OF ACTION IN
MINDFULNESS TRAINING

Recent neurobiological, cognitive and behavioral data
support two specific components of mindfulness, atten-
tion and acceptance that may target the common inter-
mediary phenotypes of rumination and stress directly,
highlighting their potential utility in the treatment of
MDD and SUDs (reviews of the general mechanisms of
mindfulness can be found elsewhere [15,80-83]).

Attention
Theoretical perspectives

One primary aim of MT is to shift attention from a
passive, wandering state (‘default mode'—see below) to
an active, intentional state. For example, during concen-
tration meditation, when an individual’s mind strays
from the object of attention or is distracted by other
stimuli, the individual is instructed to ‘bring the attention
back’ intentionally to the intended focus. With practice,
individuals retrain their minds to more continually ‘pay
attention, on purpose, in the present moment’ [17].

Clinical perspectives

The link between attention training and treatment of
depression and addiction may not be apparent initially.
It has been hypothesized that focusing and sustaining
attention on present experience increases the ability to
notice overlearned behavioral patterns as they arise,
allowing for individualized interventions (whether cogni-
tive or behavioral) that interrupt these patterns [15,84].
For example, early in major depressive episodes, associa-
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tions between mood and depressive thought patterns are
established and can be reactivated in periods of dysphoria
[85]. In susceptible individuals, negative cognitive styles
and tendencies to ruminate can interact to create the
conditions for the ‘perfect storm’: depression that is trig-
gered by stressful events [86]. With continued practice of
mindfulness, individuals may be better able to notice
these patterns, allowing for disengagement from rumi-
native thought patterns (i.e. not being caught up in the
thoughts and believing them as ‘true’) and selection of
how to relate to these experiences, rather than ‘auto-
matically’ reacting to them [16]. Indeed, studies have
suggested that decreases in distress scores following MT
are mediated by a decreased tendency to ruminate [87].
These findings suggest that MT may be effective in target-
ing habitual ruminative thinking, with consequent
reduction in stress and depression [27].

Stress and ruminative thought patterns have also
been linked to SUDs. For example, individuals’ elevated
rumination scores have been shown to predict substance
abuse [69,88], and although efforts to avoid or suppress
ruminative or ‘unwanted’ thoughts are used commonly
in attempts to manage cravings and relapse [89], thought
suppression has been shown to lead to stronger expect-
ancies after cue exposure [90]. Interestingly, decreases
in alcohol consumption following mindfulness-based
treatment have been shown to be mediated partially by
decreases in thought suppression indices such as avoid-
ance [26]. These findings suggest that in dually diagnosed
individuals, attentional focus on thoughts may be more
effective than attempts to suppress them in decreasing
their influence on behavior.

Neurobiological perspectives

Itis hypothesized that specific areas of the medial PFC may
be active during ruminative and/or wandering mindstates
(dubbed the ‘default mode’) [91,92]. These regions have
been found to play a role in linking subjective experiences
through time [93,94], holding memory of traits of the self
[95,96], reflected self-knowledge [97,98] and aspirations
for the future [99]. Without this ‘narrative self-reference’,
or sense of identity through time, stress reactivity and
rumination would not be possible [100,101].

The mechanisms by which MT influences default
mode functioning are being explored. In a recent study
in which participants were instructed to either elaborate
on current cognitions (narrative focus: NF) or to attend
to somatic sensations and merely note any cognitions
without elaborating on them (experiential focus: EF),
investigators found midline cortical activation during NF
compared to EF [102]. After MT, midline cortical struc-
tures showed decreased activity in EF versus NF [102].
One interpretation of these data is that momentary self-
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experience may provide a non-self-related cortical ‘task’
which may suppress midline cortical activity. These find-
ings are corroborated by studies showing increased
gamma-band oscillation in the brains of long-term medi-
tators (suggesting increased neuronal synchronization
[103]) and behavioral studies showing improved atten-
tional regulation with meditation training [104-106].
Together, these data suggest that present-centered atten-
tional focus not only moves the individual away from the
habitual default-mode thought process, but also mani-
fests behaviorally. From these data, one might hypoth-
esize that MT would benefit dually diagnosed individuals
through improved attentional focus, with consequent
reduction in stress-induced ruminative thought patterns,
as well as more rapid recognition of these once they have
been engaged. These would probably be reflected in ‘lat-
eralization’ of brain activation patterns, as seen by Farb
and colleagues in healthy individuals. Future studies
in this population using neuroimaging attentional tasks
will be informative in testing these hypotheses.

Acceptance
Theoretical perspectives

A second major component of mindfulness, acceptance,
involves a non-judging/non-attached view of experi-
ences. This perspective leads to an understanding of
thoughts and sensations as ‘transient mental events’
rather than as reality or a reflection of the self. As with
attentional focus, non-attached observation, or meta-
cognition, has been hypothesized to reduce perpetuation
of harmful thought patterns by shifting perspective of
uncomfortable or unpleasant thoughts from ‘real’ or
‘true’ to viewing them as passing mental events. It should
be noted that although acceptance is reported to be ben-
eficial in MT as well as therapies that incorporate mind-
fulness [107,108], it is unclear whether a non-attached
viewpoint fosters acceptance, acceptance fosters a non-
attached viewpoint, or whether the effects are bidirec-
tional, and to what degree these are an extension or result
of insights gained from the practice of attention.

Clinical perspectives

The utility of a non-attached mode of experience in
individuals with depression and/or addictions is gaining
increasing support. Negative affect has been shown to
predict relapse to both cigarettes and drug use [109—
111]. Also, higher intensity of negative affect has been
correlated with longer duration of use [112], and worse
distress tolerance has been associated with decreased
abstinence [113]. Acceptance of distressing thoughts
lessens reactivity and decreases attempts to avoid or sup-
press experiences, which have been linked to worsened
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outcomes [80,114]. For example, in clinical populations,
MT has been associated with increases in the ability to ‘let
go of’ (i.e. disengage from) negative automatic thoughts
and decreases in the tendency towards negative auto-
matic thinking [115]. Individuals with SUDs often report
experiencing ‘urges’ to use substances, and many state
that the experience of an urge is increasingly tolerated
and managed when working with a mindfulness
approach [24,116-118]. Additionally, decreases in sub-
stance use following MT have been shown to be mediated
partially by decreased avoidance, but not frequency, of
intrusive thoughts [26]. Further, distress tolerance,
drawing from acceptance and commitment therapy-
based approaches, has shown preliminary utility in
smoking cessation [119]. Finally, alcohol- and cocaine-
dependent individuals have shown attenuation of self-
reported anxiety and drug cravings during stress,
with concomitant adaptive shifts in autonomic nervous
system function, while remaining fully engaged with
their experiences [24]. One might expect associated nor-
malization in plasma cortisol concentrations, as has been
suggested by studies of individuals with heart disease and
cancer who have undergone MT [120,121], although
these studies are yet to be reported. Together, these
suggest that through acceptance of both mood- and
drug-related ruminative thought patterns, MT may show
increased efficacy in individuals with comorbid MDD
and SUDs, where other treatments fail.

Neurobiological perspectives

Meta-cognitive skills, such as inhibition of secondary
elaborative processing, may be fostered by MT, because
attentional capacity is not being consumed by elaborative
thinking [15,104]. Supporting this, Farb and colleagues
have shown a decoupling of insula—vmPFC activity and
an increased coupling of the insula with dIPFC after MT
[102]. Further, meditation practice has been associated
with thickened right insular and somatosensory cortices
[122,123]. These data suggest a movement away from
self-referential experiences (related to midline PFC activa-
tion) towards those that are more objectively observed/
felt and easily accepted. As stress has been shown to be
associated with reduced dIPFC activation during particu-
lar tasks, with concomitant increased activation of the
default-mode network, this lateralized brain activation
pattern may also signal more adaptive responses with
MT: neural resources are reallocated away from self-
referential, elaborative thinking towards task-specific
responses, such as more accurate assessment of internal/
skillful
responses [124]. Consistent with this hypothesis, a recent
study using the Stroop color-word interference task
(which may predict treatment outcomes in addicted

external situational stimuli and resultant
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individuals [47]) showed that MT was associated with
improved cognitive flexibility [125]. We would hypoth-
esize that dually diagnosed individuals would show
similar adaptive patterns after MT with concomitant
increased insular and dIPFC activation patterns, resulting
in decreased perceived stress, drug use and depression
severity.

CONCLUSIONS AND FUTURE
DIRECTIONS

Mindfulness training has shown promise in the treatment
of both SUDs and MDD. Examination of the common
neurobiological and behavioral dysfunction in these dis-
orders suggests the promise of MT for dually diagnosed
individuals. MT may help those with dual diagnosis
decrease avoidance, tolerate unpleasant withdrawal and
emotional states (stress-related), and unlearn maladap-
tive behaviors (rumination). Additionally, it may lessen
the interactions between these processes, thus weakening
their additive effects on depression and substance use.

We can now ask: do the commonalities in regional
brain dysfunction between MDD and SUDs begin to
approximate potential neural correlates of human suffer-
ing? If so, is this common to other psychiatric disorders,
such as anxiety disorders, that share core features with
both MDD and SUDs (e.g. unpleasant emotional states)?
Would individuals with these disorders and comorbid
SUDs also be helped by MT? Given the burgeoning
research in discerning mechanisms of mindfulness and
integrating MT in the treatment of psychiatric disorders,
careful studies in dually diagnosed individuals have the
potential to expand our knowledge of common patho-
physiology greatly and provide effective treatments where
few currently exist.

Declarations of interest

None.

Acknowledgements

We would like to thank Bruce Rounsaville, Hedy Kober,
Sharmin Ghaznavi, Zev Schuman-Olivier and Norman
Farb for their helpful comments and discussions. This
work was supported by funding from the following
grants: NIDA K12-DA00167 (J.A.B.), T32-DA007238
(JJA.B.), R25 MHO071584 (J.T.S.), RO1 DA020908
(MLN.P), P50 DA09241 (M.N.P), NIAAA T32 AA
07455-24 (S.B.), and the VA VISN1 MIRECC (M.N.P).

References

1. Co-Occurring State Incentive Grants (COSIG) Clinical Pro-
tocol Committee. Definition of the Co-Occurring Disorders

Addiction, 105, 1698-1706



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

© 2010 The Authors, Addiction © 2010 Society for the Study of Addiction

Population. Rockville, MD: Substance Abuse and Mental
Health Services Administration (SAMHSA); 2006.

. Kilgus M., Maxmen J. S., Ward N. G. Essential Psychopatho-

logy and Its Treatment. New York: Norton; 2009.

. Lopez A. D., Mathers C. D. Measuring the global burden

of disease and epidemiological transitions: 2002-2030.
Ann Trop Med Parasitol 2006; 100: 481-99.

. Davis L. L., Rush J. A., Wisniewski S. R., Rice K., Cassano P.,

Jewell M. E. etal. Substance use disorder comorbidity
in major depressive disorder: an exploratory analysis of
the Sequenced Treatment Alternatives to Relieve Depres-
sion cohort. Comp Psychiatry 2005; 46: 81.

. Davis L., Uezato A., Newell J. M., Frazier E. Major depres-

sion and comorbid substance use disorders. Curr Opin Psy-
chiatry 2008; 21: 14-8.

. Compton W. M., Conway K. P, Stinson F. S., Grant B. E.

Changes in the prevalence of major depression and comor-
bid substance use disorders in the United States between
1991 and 1992 and 2001-2002. Am | Psychiatry 2006;
163:2141-7.

. Feldman G. Cognitive and behavioral therapies for depres-

sion: overview, new directions, and practical recommen-
dations for dissemination. Psychiatr Clin N Am 2007; 30:
39.

. Marlatt G. A., Donovan D. M. Relapse Prevention: Mainte-

nance Strategies in the Treatment of Addictive Behaviors, 2nd
edn. New York: Guilford Press; 2005.

. Finney J. W,, Moos R. H. Psychosocial treatments for

alcohol use disorders. In: Nathan P. E., Gorman J. M.,
editors. A Guide to Treatments That Work. New York: Oxford
University Press; 2002, p. 157-68.

Carroll K. M., Onken L. S. Behavioral therapies for drug
abuse. Am | Psychiatry 2005; 162: 1452-60.

Quyen Q. T., Brent M. Treatments for patients with dual
diagnosis: a review. Alcohol Clin Exp Res 2007; 31: 513—
36.

Feldstein S. W., Ginsburg J. I. D. Motivational interviewing
with dually diagnosed adolescents in juvenile justice set-
tings. Brief Treat Crisis Interv 2006; 6: 218-33.

Carroll K. M. Behavioral therapies for co-occurring sub-
stance use and mood disorders. Biol Psychiatry 2004; 56:
778.

Brown S. A., Glasner-Edwards S. V., Tate S. R., McQuaid
J. R., Chalekian J., Granholm E. Integrated cognitive be-
havioral therapy versus twelve-step facilitation therapy for
substance-dependent adults with depressive disorders.
] Psychoact Drugs 2006; 38: 449-60.

Bishop S. R., Lau M., Shapiro S., Carlson L., Anderson
N. D., Carmody J. et al. Mindfulness: a proposed operational
definition. Clin Psychol 2004; 11: 230-41.

Teasdale J. D., Segal Z., Williams J. M. G. How does cogni-
tive therapy prevent depressive relapse and why should
attentional control (mindfulness) training help? Behav Res
Ther 1995; 33: 25.

Kabat-Zinn ]. An outpatient program in behavioral
medicine for chronic pain patients based on the practice
of mindfulness meditation: theoretical considerations and
preliminary results. Gen Hosp Psychiatry 1982; 4: 33-47.
Kabat-Zinn J., Lipworth L., Burney R. The clinical use of
mindfulness meditation for the self-regulation of chronic
pain. ] Behav Med 1985; 8: 163-90.

Roemer L., Orsillo S. M. Expanding our conceptualization
of and treatment for generalized anxiety disorder: inte-
grating mindfulness/acceptance-based approaches with

Mindfulness treatments for co-occurring disorders

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

1703

existing cognitive—behavioral models. Clin Psychol Sci Pract
2002; 9: 54-68.

Kabat-Zinn J., Massion A. O., Kristeller J., Peterson L. G.,
Fletcher K. E., Pbert L. et al. Effectiveness of a meditation-
based stress reduction program in the treatment of anxiety
disorders. Am | Psychiatry 1992; 149: 936—43.

Miller J. J., Fletcher K., Kabat-Zinn ]. Three-year follow-up
and clinical implications of a mindfulness meditation-
based stress reduction intervention in the treatment of
anxiety disorders. Gen Hosp Psychiatry 1995; 17: 192—
200.

Evans S., Ferrando S., Findler M., Stowell C., Smart C.,
Haglin D. Mindfulness-based cognitive therapy for general-
ized anxiety disorder. | Anxiety Disord 2008; 22: 716-21.
Zgierska A., Rabago D., Zuelsdorff M. et al. Mindfulness
meditation for alcohol relapse prevention: a feasibility pilot
study. | Addict Med 2008; 2: 165-73.

Brewer J. A., Sinha R., Chen J. A. et al. Mindfulness train-
ing and stress reactivity in substance abuse: results from a
randomized, controlled stage 1 pilot study. Subst Abuse
2009; 30: 306-17.

Hoppes K. The application of mindfulness-based cognitive
interventions in the treatment of co-occurring addictive
and mood disorders. CNS Spectr 2006; 11: 829-51.
Bowen S., Witkiewitz K., Dillworth T. M., Marlatt G. A. The
role of thought suppression in the relationship between
mindfulness meditation and alcohol use. Addict Behav
2007; 32: 2324-8.

Teasdale J. D., Segal Z. V., Williams J. M., Ridgeway V. A.,
Soulsby J. M., Lau M. A. Prevention of relapse/recurrence
in major depression by mindfulness-based cognitive
therapy. | Consult Clin Psychol 2000; 68: 615-23.

Ma S. H., Teasdale J. D. Mindfulness-based cognitive
therapy for depression: replication and exploration of dif-
ferential relapse prevention effects. ] Consult Clin Psychol
2004; 72: 31-40.

Ospina M. B., Bond K., Karkhaneh M., Buscemi N.,
Dryden D. M., Barnes V. et al. Clinical trials of meditation
practices in health care: characteristics and quality.
J Altern Complem Med 2008; 14: 1199-213.

Bowen S., Witkiewitz K., Dillworth T. M., Chawla N.,
Simpson T. L., Ostafin B. D. et al. Mindfulness meditation
and substance use in an incarcerated population. Psychol
Addict Behav 2006; 20: 343-7.

Bowen S., Chawla N., Collins S. E., Witkiewitz K., Hsu S.,
Grow J. et al. Mindfulness-based relapse prevention for
substance use disorders: a pilot efficacy trial. Subst Abuse
2009; 30: 295-305.

Kendler K. S., Gardner C. O., Prescott C. A. Clinical
characteristics of major depression that predict risk of
depression in relatives. Arch Gen Psychiatry 1999; 56:
322-7.

Sanacora G., Gueorguieva R., Epperson C. N.,, Wu Y.-T.,
Appel M., Rothman D. L. et al. Subtype-specific alterations
of {gamma}-aminobutyric acid and glutamate in patients
with major depression. Arch Gen Psychiatry 2004; 61:
705-13.

Belmaker R. H., Agam G. Major depressive disorder. N Engl
] Med 2008; 358: 55-68.

Caspi A., Sugden K., Moffitt T. E., Taylor A., Craig I. W.,
Harrington H. et al. Influence of life stress on depression:
moderation by a polymorphism in the 5-HTT gene. Science
2003; 301: 386-9.

Brody A. L., Saxena S., Mandelkern M. A., Fairbanks L. A.,

Addiction, 105, 1698-1706



1704

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

© 2010 The Authors, Addiction © 2010 Society for the Study of Addiction

Judson A. Brewer et al.

Ho M. L., Baxter L. R. Brain metabolic changes associated
with symptom factor improvement in major depressive
disorder. Biol Psychiatry 2001; 50: 171.

Drevets W. C., Price J. L., Furey M. L. Brain structural and
functional abnormalities in mood disorders: implications
for neurocircuitry models of depression. Brain Struct Funct
2008; 213: 93-118.

Goldapple K., Segal Z., Garson C., Lau M., Bieling P,
Kennedy S. et al. Modulation of cortical-limbic pathways
in major depression: treatment-specific effects of cognitive
behavior therapy. Arch Gen Psychiatry 2004; 61: 34—41.
Mayberg H. S., Lozano A. M., Voon V., McNeely H. E.,
Seminowicz D., Hamani C. et al. Deep brain stimulation for
treatment-resistant depression. Neuron 2005; 45: 651—
60.

London E. D., Ernst M., Grant S., Bonson K., Weinstein A.
Orbitofrontal cortex and human drug abuse: functional
imaging. Cereb Cortex 2000; 10: 334—42.

Everitt B. J., Robbins T. W. Neural systems of reinforcement
for drug addiction: from actions to habits to compulsion.
Nat Neurosci 2005; 8: 1481-9.

Wilson S. J., Sayette M. A., Fiez]. A. Prefrontal responses to
drug cues: a neurocognitive analysis. Nat Neurosci 2004;
7:211.

Goldstein R. Z., Tomasi D., Rajaram S., Cottone L. A.,
Zhang L., Maloney T. et al. Role of the anterior cingulate
and medial orbitofrontal cortex in processing drug cues in
cocaine addiction. Neuroscience 2007; 144: 1153-9.
Olausson P, Jentsch J. D., Krueger D. D., Tronson N. C.,
Nairn A. C., Taylor J. R. Orbitofrontal cortex and
cognitive—motivational impairments in psychostimulant
addiction: evidence from experiments in the non-human
primate. Ann NY Acad Sci 2007; 1121: 610-38.

Bolla K. I., Eldreth D. A., London E. D., Kiehl K. A,
Mouratidis M., Contoreggi C. et al. Orbitofrontal cortex
dysfunction in abstinent cocaine abusers performing a
decision-making task. NeuroImage 2003; 19: 1085.
Hester R., Garavan H. Executive dysfunction in cocaine
addiction: evidence for discordant frontal, cingulate, and
cerebellar activity. | Neurosci 2004; 24: 11017-22.
Brewer J. A., Worhunsky P. D., Carroll K. M., Rounsaville
B. J., Potenza M. N. Pretreatment brain activation
during stroop task is associated with outcomes in cocaine-
dependent patients. Biol Psychiatry 2008; 64: 998-
1004.

Barraclough D. J., Conroy M. L., Lee D. Prefrontal cortex
and decision making in a mixed-strategy game. Nat
Neurosci 2004; 7: 404-10.

MacDonald A. W., Cohen J. D., Stenger V. A., Carter C. S.
Dissociating the role of the dorsolateral prefrontal and
anterior cingulate cortex in cognitive control. Science
2000; 288: 1835-8.

Mansouri F. A., Buckley M. J., Tanaka K. Mnemonic
function of the dorsolateral prefrontal cortex in conflict-
induced behavioral adjustment. Science 2007; 318: 987—
90.

Phelps E. A., LeDoux J. E. Contributions of the amygdala to
emotion processing: from animal models to human behav-
ior. Neuron 2005; 48: 175-87.

Gottfried J. A., O'Doherty J., Dolan R. J. Encoding predictive
reward value in human amygdala and orbitofrontal
cortex. Science 2003; 301: 1104-7.

Fanselow M. S., Gale G. D. The amygdala, fear, and
memory. Ann NY Acad Sci 2003; 985: 125-34.

56.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

. Damasio A. R., Grabowski T. J., Bechara A., Damasio H.,

Ponto L. L. B., Parvizi J. et al. Subcortical and cortical brain
activity during the feeling of self-generated emotions.
Nat Neurosci 2000; 3: 1049-56.

. Paus T., Barrett ]. Transcranial magnetic stimulation

(TMS) of the human frontal cortex: implications for repeti-
tive TMS treatment of depression. | Psychiatry Neurosci
Biobehav Rev 2004; 29: 268-79.

Childress A. R., Mozley P. D., McElgin W., Fitzgerald J.,
Reivich M., O'Brien C. P. Limbic activation during
cue-induced cocaine craving. Am | Psychiatry 1999; 156:
11-8.

. FuchsR. A., Evans K. A., Parker M. P, See R. E. Differential

involvement of orbitofrontal cortex subregions in condi-
tioned cue-induced and cocaine-primed reinstatement of
cocaine seeking in rats. | Neurosci 2004; 24: 6600-10.

. Brody A. L., Mandelkern M. A., London E. D., Childress

A.R., Lee G. S., Bota R. G. et al. Brain metabolic changes
during cigarette craving. Arch Gen Psychiatry 2002; 59:
1162-72.

Wang Z., Faith M., Patterson F, Tang K., Kerrin K.,
Wileyto E. P. et al. Neural substrates of abstinence-induced
cigarette cravings in chronic smokers. ] Neurosci 2007; 27:
14035-40.

Garavan H., Pankiewicz J., Bloom A., Cho J. K., Sperry L.,
Ross T. J. et al. Cue-induced cocaine craving: neuroana-
tomical specificity for drug users and drug stimuli. Am |
Psychiatry 2000; 157: 1789-98.

Naqvi N. H., Rudrauf D., Damasio H., Bechara A. Damage
to the insula disrupts addiction to cigarette smoking.
Science 2007; 315: 531-4.

Paulus M. P, Tapert S. F., Schuckit M. A. Neural activation
patterns of methamphetamine-dependent subjects during
decision making predict relapse. Arch Gen Psychiatry
2005; 62: 761-8.

Nolen-Hoeksema S., Wisco B. E., Lyubomirsky S. Rethink-
ing rumination. Perspect Psychol Sci 2008; 3: 400-24.
Lyubomirsky S., Caldwell N. D., Nolen-Hoeksema S. Effects
of ruminative and distracting responses to depressed mood
on retrieval of autobiographical memories. | Pers Soc
Psychol 1998; 75: 166-77.

Davis R. N., Nolen-Hoeksema S. Cognitive inflexibility
among ruminators and nonruminators. Cogn Ther Res
2000; 24: 699.

Joorman J., Gotlib I. H. Inhibitory dysfunction, rumina-
tion, and mood regulation in depression, Paper presented
at the annual meeting of the Association for the Advance-
ment of Behavior Therapy, Washington, DC; 2005.

Ray R. D., Ochsner K. N., Cooper J. C., Robertson E. R.,
Gabrieli J. D. E., Gross J. J. Individual differences in trait
rumination and the neural systems supporting cognitive
reappraisal. Cogn Affect Behav Neurosci 2005; 5: 156—68.
Siegle G. J., Steinhauer S. R., Thase M. E., Stenger V. A.,
Carter C. S. Can’t shake that feeling: event-related fMRI
assessment of sustained amygdala activity in response
to emotional information in depressed individuals. Biol
Psychiatry 2002; 51: 693.

Nolen-Hoeksema S., Harrell Z. A. Rumination, depression,
and alcohol use: tests of gender differences. ] Cogn Psy-
chother 2002; 16: 391-403.

Sinha R. How does stress increase risk of drug abuse and
relapse? Psychopharmacology (Berl) 2001; 158: 343-59.
Kessler R. C. The effects of stressful life events on depres-
sion. Ann Rev Psychol 1997; 48: 191-214.

Addiction, 105, 1698-1706



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

© 2010 The Authors, Addiction © 2010 Society for the Study of Addiction

Burke H. M., Davis M. C., Otte C., Mohr D. C. Depression
and cortisol responses to psychological stress: a meta-
analysis. Psychoneuroendocrinology 2005; 30: 846.
Kosten T. A., Zhang X. Y., Kehoe P. Chronic neonatal
isolation stress enhances cocaine-induced increases in
ventral striatal dopamine levels in rat pups. Brain Res Dev
Brain Res 2003; 141: 109-16.

Yavich L., Tithonen J. Ethanol modulates evoked dopamine
release in mouse nucleus accumbens: dependence on
social stress and dose. Eur | Pharmacol 2000; 401: 365—
73.

Sinha R., Garcia M., Paliwal P., Kreek M. J., Rounsaville B.
J. Stress-induced cocaine craving and hypothalamic—
pituitary—adrenal responses are predictive of cocaine
relapse outcomes. Arch Gen Psychiatry 2006; 63: 324—
31.

Bradley B. P, Phillips G., Green L., Gossop M. Circum-
stances surrounding the initial lapse to opiate use follow-
ing detoxification. Br J Psychiatry 1989; 154: 354-9.
Kalivas P. W., Duffy P. Similar effects of daily cocaine and
stress on mesocorticolimbic dopamine neurotransmission
in the rat. Biol Psychiatry 1989; 25: 913-28.

Nash J. F. Jr, Maickel R. P. The role of the hypothalamic—
pituitary—adrenocortical axis in post-stress induced
ethanol consumption by rats. Prog Neuropsychopharmacol
Biol Psychiatry 1988; 12: 653-71.

Oswald L. M., Wong D. E,, McCaul M., Zhou Y., Kuwabara
H., Choi L. etal Relationships among ventral striatal
dopamine release, cortisol secretion, and subjective
responses to amphetamine. Neuropsychopharmacology
2005; 30: 821-32.

Leary M. R., Adams C. E., Tate E. B. Hypo-egoic self-
regulation: exercising self-control by diminishing the
influence of the self. J Pers 2006; 74: 1803-32.

Allen N. B., Chambers R., Knight W. Mindfulness-based
psychotherapies: a review of conceptual foundations,
empirical evidence and practical considerations. Aust NZ |
Psychiatry 2006; 40: 285-94.

Brown K. W., Ryan R. M. The benefits of being present:
mindfulness and its role in psychological well-being. ] Pers
Soc Psychol 2003; 84: 822-48.

Lutz A., Slagter H. A., Dunne J. D., Davidson R. J. Attention
regulation and monitoring in meditation. Trends Cogn Sci
2008;12: 163-9.

Breslin F. C., Zack M., McMain S. An information-
processing analysis of mindfulness: implications for
relapse prevention in the treatment of substance abuse.
Clin Psychol Sci Pract 2002; 9: 275-99.

Segal Z. V., Gemar M., Williams S. Differential cognitive
response to a mood challenge following successful cogni-
tive therapy or pharmacotherapy for unipolar depression.
J Abnorm Psychol 1999; 108: 3—10.

Robinson M. S., Alloy L. B. Negative cognitive styles and
stress-reactive rumination interact to predict depression: a
prospective study. Cogn Ther Res 2003; 27: 275-92.

Jain S., Shapiro S. L., Swanick S., Roesch S. C., Mills P. J.,
Bell I. et al. A randomized controlled trial of mindfulness
meditation versus relaxation training: effects on distress,
positive states of mind, rumination, and distraction. Ann
Behav Med 2007; 33: 11-21.

Nolen-Hoeksema S., Stice E., Wade E., Bohon C. Reciprocal
relations between rumination and bulimic, substance
abuse, and depressive symptoms in female adolescents.
] Abnorm Psychol 2007; 116: 198-207.

Mindfulness treatments for co-occurring disorders

89

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

1705

. Salkovskis P. M., Reynolds M. Thought suppression and
smoking cessation. Behav Res Ther 1994; 32: 193-201.
Palfai T. P., Monti P. M., Colby S. M., Rohsenow D. J. Effects
of suppressing the urge to drink on the accessibility of
alcohol outcome expectancies. Behav Res Ther 1997; 35:
59-65.

Gusnard D. A., Akbudak E., Gordon L. S., Raichle M. E.
Medial prefrontal cortex and self-referential mental activ-
ity: relation to a default mode of brain function. Proc Natl
Acad Sci USA 2001; 98: 4259.

Christoff K., Gordon A. M., Smallwood J., Smith R.,
Schooler J. W. Experience sampling during fMRI reveals
default network and executive system contributions to
mind wandering. Proc Natl Acad Sci USA 2009; 106:
8719-24.

Ulric N. The roots of self-knowledge: perceiving self, it, and
thou. Ann NY Acad Sci 1997; 818: 19-33.

Northoff G., Bermpohl F. Cortical midline structures and
the self. Trends Cogn Sci 2004; 8: 102.

Macrae C. N., Moran J. M., Heatherton T. F., Banfield J. F,,
Kelley W. M. Medial prefrontal activity predicts memory
for self. Cereb Cortex 2004; 14: 647-54.

Fossati P.,, Hevenor S. J., Graham S. J., Grady C., Keightley
M. L., Craik F. et al. In search of the emotional self: an fMRI
study using positive and negative emotional words. Am |
Psychiatry 2003; 160: 1938—45.

Lieberman M. D., Jarcho J. M., Satpute A. B. Evidence-
based and intuition-based self-knowledge: an fMRI study.
] Pers Soc Psychol 2004; 87: 421-35.

Ochsner K. N., Beer J. S., Robertson E. R., Cooper J. C.,
Gabrieli J. D. E., Kihsltrom J. F. et al. The neural correlates
of direct and reflected self-knowledge. Neurolmage 2005;
28:797.

Johnson M. K., Raye C. L., Mitchell K. J., Touryan S. R.,
Greene E. J., Nolen-Hoeksema S. Dissociating medial
frontal and posterior cingulate activity during self-
reflection. Soc Cogn Affect Neurosci 2006; 1: 56—64.
Mason M. E, Norton M. L., Van Horn J. D., Wegner D. M.,
Graffon S. T., Macrae C. N. Wandering minds: the default
network and stimulus-independent thought. Science
2007; 315: 393.

Gallagher S. Philosophical conceptions of the self: im-
plications for cognitive science. Trends Cogn Sci 2000; 4:
14.

Farb N. A. S., Segal Z. V., Mayberg H., Bean J., McKeon D.,
Fatima Z. et al. Attending to the present: mindfulness
meditation reveals distinct neural modes of self-reference.
Soc Cogn Affect Neurosci 2007; 2: 313-22.

Lutz A., Greischar L. L., Rawlings N. B., Ricard M., David-
son R. J. Long-term meditators self-induce high-amplitude
gamma synchrony during mental practice. Proc Natl Acad
Sci USA 2004; 101: 16369-73.

Jha A. P, Krompinger J., Baime M. ]. Mindfulness training
modifies subsystems of attention. Cogn Affect Behav Neuro-
sci 2007; 7: 109-19.

Srinivasan N., Baijal S. Concentrative meditation
enhances preattentive processing: a mismatch negativity
study. Neuroreport 2007; 18: 1709-12.
Brefczynski-Lewis J. A., Lutz A., Schaefer H. S., Levinson D.
B., Davidson R. J. Neural correlates of attentional expertise
in long-term meditation practitioners. Proc Natl Acad Sci
2007;104: 11483-8.

Shearin E. N., Linehan M. M. Dialectical behavior therapy
for borderline personality disorder: theoretical and

Addiction, 105, 1698-1706



1706

108.

109.

110.

111.

112.

113.

114.

115.

116.

© 2010 The Authors, Addiction © 2010 Society for the Study of Addiction

Judson A. Brewer et al.

empirical foundations. Acta Psychiatr Scand Suppl 1994;
379: 61-8.

Hayes S. C., Luoma J. B., Bond F. W,, Masuda A., Lillis J.
Acceptance and commitment therapy: model, processes
and outcomes. Behav Res Ther 2006; 44: 1-25.

Marlatt G. A., Gordon J. R. Relapse Prevention: Maintenance
Strategies in the Treatment of Addictive Behaviors. New York:
Guilford Press; 1985.

Kenford S. L., Smith S. S., Wetter D. W., Jorenby D. E.,
Fiore M. C., Baker T. B. Predicting relapse back to smoking:
contrasting affective and physical models of dependence.
] Consult Clin Psychol 2002; 70: 216-27.

Lowman C., Allen J., Stout R. L. Replication and extension
of Marlatt's taxonomy of relapse precipitants: overview
of procedures and results. The Relapse Research Group.
Addiction 1996; 91: S51-71.

Brown B. S. Relapse prevention in substance misuse: intro-
duction. Int ] Addict 1990; 25: 1081-3.

Daughters S. B., Lejuez C. W., Kahler C. W., Strong D. R.,
Brown R. A. Psychological distress tolerance and duration
of most recent abstinence attempt among residential
treatment-seeking substance abusers. Psychol Addict Behav
2005; 19: 208-11.

Wilson K. G., Murrell A. R. Values work in acceptance
and commitment therapy: setting a course for behavioral
treatment. In: Hayes S. C., Follette V., Linehan M. M.,
editors. Mindfulness and Acceptance: Expanding the
Cognitive-Behavioral Tradition. New York: Guilford Press;
2004, p. 120-51.

Frewen P. A., Evans E. M., Maraj N., Dozois D. J. A., Par-
tridge K. Letting go: mindfulness and negative automatic
thinking. Cogn Ther Res 32: 758-74.

Bowen S., Marlatt G. A. Surfing the wurge: brief
mindfulness-based intervention for college student
smokers. Psychol Addict Behav 2009; 23: 666-71.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Linehan M. Cognitive-Behavioral Treatment of Personality
Disorder. New York: Guilford Press; 1993.

Marlatt G. A. Buddhist philosophy and the treat-
ment of addictive behavior. Cogn Behav Prac 2002; 9:
44-50.

Brown R. A., Palm K. M., Strong D. R., Lejuez C. W,,
Kahler C. W., Zvolensky M. J. et al. Distress tolerance
treatment for early-lapse smokers: rationale, program
description, and preliminary findings. Behav Modif 2008;
32:302-32.

Carlson L. E., Speca M., Patel K. D., Goodey E. Mindfulness-
based stress reduction in relation to quality of life, mood,
symptoms of stress and levels of cortisol, dehydroepi-
androsterone sulfate (DHEAS) and melatonin in breast
and prostate cancer outpatients. Psychoneuroendocrinology
2004; 29: 448-74.

Robert McComb J. J., Tacon A., Randolph P., Caldera Y. A
pilot study to examine the effects of a mindfulness-based
stress-reduction and relaxation program on levels of stress
hormones, physical functioning, and submaximal exercise
responses. | Altern Complem Med 2004; 10: 819-27.
Holzel B. K., Ott U., Gard T., Hempel H., Weygandt M.,
Morgen K. et al. Investigation of mindfulness meditation
practitioners with voxel-based morphometry. Soc Cogn
Affect Neurosci 2008; 3: 55-61.

Lazar S. W,, Kerr C. E., Wasserman R. H., Gray J]. R.,
Greve D. N., Treadway M. T. et al. Meditation experience is
associated with increased cortical thickness. Neuroreport
2005; 16: 1893-7.

Qin S., Hermans E. ., Marle H. J. ., Luo J., Fernandez G.
Acute psychological stress reduces working memory-
related activity in the dorsolateral prefrontal cortex. Biol
Psychiatry 2009; 66: 25-32.

Moore A., Malinowski P. Meditation, mindfulness and
cognitive flexibility. Conscious Cogn 2009; 18: 176-86.

Addiction, 105, 1698-1706



