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Emotion Regulation
in Substance Use Disorders

Hedy Kober

Have you ever had coffee or rea? A glass of
winp? S-olrrd even ) s ingle: igare.re? Virru-
al ly.r l l  . rc lulr '  reporr consumirg psychoac-
r ive.d-trgsr at sc me,poinr in r \err  l i res, srg,
gesnng rh.1r c.rsu<1r drug use l< qu te corot oo
lslbsfance nl-use and Melt . t l  Heahh scr-
vices Administrar ion ISAMHSAI, 2011).  On
rhe orhc- end of dre drug r)e specr(un. sub-
sr.rrce u,e di :orders SUDsj or addicr ionr)
rre cornplex i lLnesses. encornpassing a hosr
ot severe negrrrrc physic;1, e.ononrc, arrd
so. ial  cur sequerces. r1d Jorr- ibur jrg !o
w o r l d w j d e  d i s r b j '  r ) .  w i , l ,  r  l I . r i , , (  p r c ' u
l€nce of 35.3% in the general popularion,
rndividu. l1.  rv irh SUDs.Jnsrjn re I  .e rr ivcl)
c m J I l  p - o p o " r ^ n  o I c ' . u r l  d r u g  ' r . ^ - s .  l e r
they also represent the most prevalent and
co.r y o'  pstchiarr i .  d .order,  rNauoral
Insritute of M€nral I{ea1th [NIMH], 2007;
SAMFTSAT 2011).

D c t i n c d  r .  r  o r n h l e r , " r r c p a r  e r r o r d r l g
u , e .  l e r d : ' 1 g  r o  . l  c . r l  y  , i g - i f : c a n r  i m f J ' r
I r e n t  o r  d  q r r e s s  A m e r i c r -  l , ) . l , i d r r i .
{ . , o . i r r i o r . 2 0 l 1 .  p . 4 a l ) .  s u n s  r r e  b o r L
p c r , o n . r l l y  . r n d  . o c i r ' r  d e r a . t a r i r g i n  r h r L
r t  r .  o f r e n  c l " o ' , j c  a r d . .  n  s e v e  e l 1  i r  p a r r
F \ e  h  { .  l i ' "  r  r , . , i ^ n i n s  r n  . F e  t f t h  - d i -
t ioa o'  Lhe Dra3,rosrrr  a,d \ tal ist i .d l  \ ,4na-
ml of \4cnral  Di"o'd"r"  D(M-s ,  \UD. r-e
characrerized by the presence ol symptoms
including tolerance, withdrawal, continued
u r p  d e , o i r e  r i . h e .  ' o  ' t o p .  c o n r i n : e d  r r . r
despite known negrtive coDsequences, rnd
i r p o r t .  r l y  ' ^ , , , '  - F g r l ) r ^ , y , . n  r o  o ' p -
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drug crAvings, as weli as fr:rther drug use.
As such, loss of regulotory control is ^ key
feature of SUDS. The addition of dtus ctau-
izg (strong desire for drugs) as a dialnostic
crite(ion for SUDS in DSM-S emerged fronr
a weAlth of accumlrlated research over the
l lsr decade direct ly Linking cravr:rg to drug
Ese atcl rclapse (renrrn to drug use follo',v-
ing abst inence; e.g.,  Shif lman er a1.,2013;
se€ later sectjons for additional discussion),
This sugg€sts lhat crAving is also a key fea-
mre in SUDs, and thar regulation of craving
is a specjfic form of emorion regularion dmt
can directly reduce drug use.

This chaprer focuses on the crucial and
complex role of emotion regularion in SUDs
(see Figure 26.1 for a schematic summary).
In the first sectlon,I discuss rhe roLe ofaclrte
drug intoxication as ameans of emodon reg,
ulation, arguing specifically that peL:rple uie
drugs in part to regulate iheir currenr emo-
t ional s,r .r  te.  This ma1 inJLrde in.rcasing pos
lrrv€ rrrecr,  rmetrorarrng a preexrstrng ncga-
tive state, or decreasing craving. In the next
section, I explore the role of emotion dys-
regulation in SUDS, both as a possible caLrse
for 1nd J possible consequencc of drug use.
ln this secr ion, I  mJle sevcral  specif ic rrgu-
menrs. Fi .st . I  argue rh,rr  emotion dysreguh,
t ion in chi ldhood and adolescence may be rn
early risk tactor and/or disral causal facror
rn rne l rrer oe!etopmenr or 5uus,second. I
argue that an inability to regulare negative
enotion prope.ly in specific moments may
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Emot o.  Begular ion in  SLrbl tance Use Disorders

bc a proxinral causal facrof for instanccs of
dr lrg usc in individunls who ar.e already suf-
fcr ing from SUDs. Th1rd, i  Dosit  dlar SUDs
rrc nrrr l .ed b) dcf ic i I ,  r  n Legu Intror of  . r  spe
crf l (  ,1ppcf i f ive st .rrc.  n]rnety,  dLLrq cLrving,
which is r t  dre core,) f  rhe\e Jisorders. I  rhLn
review evidcnce that suggests diffcrcnces in
the strLrctLLre and function ol the prefronral
cortcx (PFC) mny be rhe neural  mechanisDs
uDderl,virrg cnlotion dlrsrcgulrrjon in SUDS.
This s€ction fLrrthcr highljghrs rhar ahhough
some l 'FC i l rnurmJl i r ies prccede d, ug rrse,
rhe Long-rcrm ef iecr of thronn JrL,s !se or
PFC Drey flriher inrr.ir enodon regulatlon
in SUDS. In this way, drug usc may Iead to
further emotion dysrcgulation. The chap
tcr conclucles with a scction on treatmenis
ior SUDS, mary oI which focus on emorion
regLrht ior ski l ts gcrred sprt i f ,cr l \  tow:rd
regulrr ion or !rr \ ing r ,  me:ns o{ rcdurirg

Drug Use as Emotion Regulation

Drugs can regulate enorion by pharmaco-
logically ahering one's current state. for
exemple, although the exacr pharrnacoiogi,

FIGUBE 26.1. A sinplified nodcl oI erotioD rcsulatjon ni SUDs. rd,!1,,1: Beloie SUDs. prcfront!t
coftcx (?Fc) and drrgs can bolh serve to rcsulaie ernorioD. 1r s rhoushr lhar prc imptcrncnrs regula-
tlon over nesirne emorion and ciaving (irdicrted br downward btunre.t aros,s). In rurn. un.csuld,ed
ncs. l ive enot ion and f f rv ing arc associated wi t l  rnckr .ed drus u\ r  r rp$ r rd . , (o*51.  HcLc I  f roposc
rhar  dtugs can be ken $ a forn ofemor jon rcgulat ion as rveU ( indicarcd br  dolnwrrd b l r , *at  aro- , ; ,
in.fc!sios feelings of high, ard deorensins negati'c cnotjon and c!xv!rs. rr lhis corrext, dcficjcnr dno
tion resulalion or Pl-C conrrol mar s(ve as risL< facrors for SUDs. t a,slB, Afrer dcvctoDnenr of SUDs.
' h r o n i .  J  r s : "  f ' . . , . r r . . , , . i , F J o  . l r h . . n . r r . c . . . . . i , i , , . -  |  r . , r :  , \  o  .  

B r . t  . r  . .  . ! .  .  -
eho!io,1,.s \eell as drur crtrvins (drshed dowdwrLd blo,!d rro$,t. l,r iLrL!, unreg;tlrcd !€;!rvc
cmo!'on and cr.rviog furrher lead ro incrciscd dmg !rsc hilivard ar:rorvt. Drug usc irself conrjnucs ro
rcgulzue borh ncsarive e olion lnd dii,g cr.rving {rhough p$haps lcss elfc$ivcl}). ftris rcsulrs in a
vici"u-s tyclc rf rcduccd l,l C-br$d cmori,D ,cgulrrion, lrcgarive aftect, craving. an<J increascd <,rug
rsc.  I  hcrr forc,  r rcr t rnenrs fu,  SLD( o i rcr  focus on cDhancing cmor ion reguLrr joo sk i l ts ,  cspcci r l lv
.cgul.rtion oicr:xving, lvhic|] has bccr linkcd ro reduced drus trse.
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cr l  profr lcs ol  i rc l i r idual drrqs !Li l fcr ,  t ln! l
Lhc'c ( l i f fcrenccs h-rre LroLh r l i rorcr i .ai  : rnJ
neurobiologicr l  mplrr .r t ions (e.g.,  B.rcl i :n i ,
B e l i n ,  E p s t e i n ,  C ; r l L .  &  S h r h r n l , 2 0 r 1 ) ,
mrny drugs arc Lrhimarcly describc,:l as
euphoricr incressing positive emotion (laffe
&Jaffc,  1989). In huDrrn labcLraLory cxperi ,
nenis,  sel f  adninisrfar ion of dLugs, includ
lng alcohol,  nethamphctamine, coc;r ine,
.rnd nrrr i jurnr.  s iqDif ic.rnr ly rncrersc feet
ings ot "high'  . rnd 'gooi l  drug etfcets '  te.e..
Hrrr .  V:rd. Ihncy, folrr l r ,  & r ischman.
2001; see Figurc 26.1A). Consisrent ly,  j t  is
has been proposed dlathcsc posirivc cffects
of drugs lead to posirive reinforcenenr and
increase thc l ikel ihood of fLrrure druc use
lKobcr, Tllfza, & LIafr, 2009). Furrh€r-
more, drug users often clevelop posltlve
expecrrr . ics regrrLJing drug use (e.g.,  . . f  I
d r i n k .  T  w i l l  f e e l  q o o d " )  r h r r , r r e : s s o c i , r t e d
with incr.ased drng use and ;ncreased risk
ot dc\elopins sUD5 (e.s. ,  Jol ]es, Curbin. &
F r u r n m e , 2 0 0 l 1 .

In addirion to increasing positive en1o-
tion, vafious drugs are knorvn ro alleviate
negative emotionrl states, including anni
ety (e.g., alcohol, and anxiolytic treciication
such as VaLiun and Xanax), eadness and
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depression (e.g., stimularts slrch as cocaine
and amphetamincs), and pain (c.s., hcloiD,
norphine, and orher syrthetic prescrip-
tion opiates such as Vicodin). Consistently,
it has been proposed that rhese negrtiviry-
reducing eflects of drllgs lead ro negarive
reinforcement, thus increasing the likeli-
hood of future drLrg use (Koob & Lc Moal,
2008). This idea was inithlly popularized
by the "se lf-medication hypothesis" pro'
posed by Khanuian (19B5), which has rwo
main components: (1) Unpleasant affectn'e
stares predispose individuals lo drug Lrse,
and (2) the choice of drLrg is not randomj
rarh€f, it is the n:ture of the drug\ effects
ln amcl iornt ingthepreexist ingDegdrivestate
that renders a particular drug mofe ot less
feinforcing. In other words, those with a
particular predisposition to ncgative affecr
statcs are more likely to develop.r,r SUD for
a drug that reverses those particular affec,
tive sr:Ltes. To illustrate, I(hanlzian sug-
geste.l that indivicluals with strong raee an-d
aggression use opiate dxugs to regulate dlese
emotions. ln contrast,  individuals with pre"
exist ing depressioD aDd melancholy develop
cocaine use disorders due to cocainc's abi l -
ity ro relieve these syrnptonrs. The self-
nr€dicarion hyporhesis is consistent with
patients' reporrs rhat "they got hooked nor
bccalrse they had taken the drLLg, but bccause
lhey were not nonnal before in such a way
tharthe drugs were. .  .  not rhe problcm but a
solut ion" (T e M.ia1,2009),  p.  542).  k is fu(-
lher consistenr with d1e observarion rhat rhe
expectancy thar drugs wi l l  : r l lcvrate neg.rr ive
affecr (e.g.,  "Drlnking $ i l l  cr lm me down")
is associated whh increased drug use and
jncreased risk for SUDs (Jones et al., 2001).

AlthuuSh rhe sel f  medic.r t ion hypotbesis
has been chrl lcnsed, sever:  I  l ,nes ot '  evidence
suppoft_lhe hypothesis thar drug use serves
to regulare negative emorion. Firsr, SUDS
irequently co'occur with a nunrber of other
psychiatric disorders, cspcciriiy nood and
anxiety disorders. Moreover, preexisting
psychiatric diagnoses increase the likelihood
of an indivjdual to sLrbsequendy develop an
sUD (e.9..  Kessler er r l . ,  200J).  Thi\  qusqesrs
that individuals who r l ready experJerrre d,f-
licuh enotions are more likely to seek and
use drugs, and to dcvclop problematic habits
of drug use thatpresumably ameliorare their
aflective sympbms. A telated point is rhar
(eatrnent lor such comorbid disorder.s fre,
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quently reduces drug use (Nunes & Levin,
2004).  SccondJ ard sinr i lar ly,  those rvirh
chronic pain are far more likely to develop
SUDs relative to the general, painJree pop
ulation, especially ro pairl-reducing drrgs
such as opiates (Morasco et aI . ,20t1).

Thircl, even normal-range trait levels of
negative affeci are related to drug use. lor
example, trait depression and ncuroticism
cofrelate negatively rvith rime to relapse
in cigarerte smokers (Gilbert, Craurhers,
Mooney. McClernon. & Jens€n, 1999),
whi le rrajr  le\  els of arrgcr and anxirry corre-
Iate wilh cfaving to drink in alcoholics (Lirt,
Coonet.  & MoFe,.2000).  Fourrh, negar vc
Jl tecf ivc st ,r tes.rre known trrggers ior cra!-
ing in the contcxr of both casral  . rnd prob,
lematic qubsr.rnce use (e.9..  Shif fman. Par\ .
Gnys. I(assel.  & Fl ickcox-.  1996).  This ph;-
rromcnon raDges from lhe comflroD eDithet
"l had such a hard dav, I need a bee; or a
sriff drink" to insrdnccs oI relap$ ro dtug
use alter expenencrng a slrong l1le stressor
(e.g.,  dearh in lamily).  lndeed, i t  has been
wel l  documented thar borh ndtural ly occur-
r ing aod cxperjmenul ly induced negatrve
. l t tcct.nd snc55 iDqease .L ug crd! ing, ctrug
xse) and rehpse (e.g.,  Sinha & Lr,2007).

Finally, drLrg rlse also serv€s to reglrlate
the experience of craving, whjch is one of
the most common motivators fol clruE use
(Chi ldrcss et al . ,  1993; Shif fnran, ei  al . ,
2013).  Thar is,  individuals wirh SUDS L,se
drugs to temporarily alleviate thcir cxpcti-
en(e of cr.rv ing. rhus gencrat ing I  vrcioLrs
cycle oi  Lrcrersrng eraving and use. Taken
togetherJ the evidence reviewed in rhis sec-
tron suggests thar drlrg raking can be a form
of emotion regulation. Specilically. rhe acute
eifects of drLrgs mry regulJre pre€xisr ing
e m o r i , , n s  i n  h o t h  c r s u r t a n d  p r o b l e n  d r u g
users, including increasing positive emotio\
oecreaslng neganve emobon! and decreas-
ing craving for drugs themselves (see Fieure
26.1A).

Emotion (dys)Regulation ls a Causal
Factor in SUDs

Although manl pcople Li ,ul l ly LLse druss
., , ,1 al .uhul,  onty .r  sm:r l  per(enraee develoD
SUDs. highlrghring rhe nied ro rdint i t ' l  r is i
and causal factors for the iniriation, develop
rnent. and maintenance of these severe dis-
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Enrolion Regulation in Subslance LJse Disorders

orders. Of coLlrse, because SUDs are com-
plcx disordels, they are likely caused ard
maintained by an intricate combinaiion of
factors, including generic, cognitive, behav-
ioral, indiliduafdiiference, and environ
mental variables, that likely interact across
nultiple levels ofanalysis. At is time, enlo,
tion regulation abilities are already emerging
as one importsnt conrributor in the eciology
and maintenance of SUDs, ahhough in the
next decade it is likely that larger longitu-
dinal studies will allow us to identify addi

Emotion (dys)Regulation as an Early
Risk Factor

As reviewed below, SUDs are frequendy
associated with €morion regulation delicirs.
The speciiic qucsLiol |erc is: Do rhese defi,
cils plecede the devclopmen! of rhe disofder
so tl'n! rhey may b€ considered a fisk faclor?
The answer appears ro bc ycs. Beginning
with the cl . lssic "nr: l rshrnal low test cxperi-
nents in rhe 1960s by Mischel and col-
leagues, it has been proposcd rhar rhe abiliry
to dday gratification, and rcgularc crlotions
like desirc, is cLr.rcial to children's develop-
meural lrajectories (for review, see Mischel,
Ayduk, Berman, Casey, Got l ib,  er a1.,2011
and Luerssen & Ayduk, this volume). In
these studies, preschool children wcre typi-
cally presented with a tasty rreat and told
thnt they could have it now, or alternrtively,
wai! ro receive two treats at a later time-if
they could delay gratification. In his seminal
work, Mischelleported that children vary in
drei f  abi l i ry ro de1.1) gfanicJrron. LdngiLrg
rrom nor Delng trDte to w.r i t  i t  a to w.Lt-
ing as long as the experincnter allowed (ald
Lrsins r  vJr iety of <ponrrncorA stnregies
to frc i l i r rre delry).  in hrs fol low Lrp sork,
Mischel (201-t)  reporred rh.r t  r fose pre
schoolrhi ldten u.ho weLe able to dehv siar i
f iur ior Lht lungcsr (by wair ing for j  lJrger
rrei t  rarher thrn indLrlgrng Jmmediarely in a
smrl ler rr(af)Lrrer rchiered hrgher Srandard
Achievement Test (SATJ scores, had bet-
ter social-cognitive and emotional copine
in adolescence, and imporrantly, were ieasi
likely to use crack cocainc in adulthood (see
Mischcl et a1., 2011, for revi.wi I-uersscn
& Ayduk, tbis volume). This bodv of $,ork
highlishts how individual differences in
emotion regulation (which manifest as early
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rs presrhooJ) m,ry predare rhe deielopmenr
' ,1 SUDs rrLLl ruuld rherefore hr conceprual
ized as a risk f:ctor predicting illness onset.

In the years since thisworkwas published,
addit ional data has accumulated ro frrr ther
suggest rhat poor self-control, in childhood
is indeed a risk factor for drug use and the
development of SUDs. For example, Mof-
l i r t  and col i . rgLrc5 ( l0r l )  tol lowed 1J000
chi ldren from binh tn:ge 32. In chi ldhood,
participants \vefe :rssessed on various self-
control measures related ro emorion regula-
rion, inclLrding emotional labiliry, {ruitra-
tion tolerance, and persisrence. The authors
report that individual differences in self,
co trol were significlnrly pfedictive of eduh
health outcomes, includitg substance use
and dependence, as much as 30 years l:rr€r.
Importantly, the con!ribution of ielf-cottrol
facrors was distinct from rhe contriburion of
intelligeoce, social clnss, and odrer fanrilv-
l i fe var iablcs. Srr ik ingly,  the highesr and
lowesr one-f i f th nf rhc q,mfle ni  meesured
sel i -conrrol  were associJted wirh a preva-
lence of 3 and 10%, respeclively, of polysub-
stance dependence in aduhhood,

In addi( io ' r ,  in chj ldhood, rhe relared
consrrucr of truit ifipuLsiuity-the ten^
dcncy to ac! wirhour thoughr or regard for
consequenc€s-has been repeatedly asso-
cjated with tbe developnent of SLtDs in
larer adolescence and adulrhood (see Iva-
nov, N€wcorn, Morton, & Tricamo, 2011j
Verdejo Carcia, Lalvrencc, & ClaLk,2008.
tor reviews). Furthermore, iongitudinal
srLrdres sugg€sr that chj lJrcn who suffcr
from chi ldlooJ drsorders sLrch as arrenrion-
deficit/hyperactivity disorder and conduct
disorder, which are associared with poor
emotional/behavioral regularion and impul-
sivitn are far nore lihely to use drLrgs and
to receive an SUD diagnosis by late adoles-
cence of )oung adultho"d (e.g.,  Augusr et
31..2006).  kh.rs 3lso been suggesred thar rhe
nssociation between childhood disruptive
behavior and adolescent-onset substan.i u""
may be mediated by early deficits in emo
rion regrtl.i;on and inhibitory control (Iva-
nov et al., 2011). A similar consrrud used
by Tarter and colieagues (2003), termed
nettobebauioral disinhibtriou, is indexed by
measllres of emotion regularion, executive
cognitive functioning, and behavior control.
This construct disringuishes berween 10 ro
12 year-old boys who are rt low vs. high
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risk for development of SUDs (deternined
by parenral SUD diagnosis).In addirion, rhis
construct was lound to predict slrbsranc€
Lrse at age 15, as well as SUDs in early adult,
hood (e.s. ,  Tarter er a] . .2003).

The mechanisms by rvhich early emotion
regulation problems lead to later SUDs are
x target oI current investigation. One pre-
vailing hypothesis is that eDotio! regulalion
abilities (and cognitive control more gener-
ally) depend on the function oI PFC resions
(s€e Ochs)rer & Gross, this volume; John-
stone & \{Iahef, this volume) rhar rfe nor
ret fully developed in children and adoles-
cents (see Riediger & Klipkef, rhis volume).
Indeed, edolescence represents e petiod of
both r'educed emotion reeulariot abilities
(Si lvers et a1.,2012) as wel l  as subsranrial
neural devclopmen! (cjedd €t al., 1999).
Spccifically, regions of Iareral PFC have
becn fouDd !o be reiatively hypoAcrive dur-
ing emotion'relared lasks in adolescenrs as
conrpared fo 'd,r l ts (c.s. ,  Pfei fer,  Liebe nan,
& DApfet lo,  2007),  with regular jon-related
Acrivation in this area incrcasing wirh age
(McRae et al . ,2012).

.  Givtn rhrsdevelopmenral rL.r iecrory, cmo-
rron dysregul i i ror)  rn ado ercence may con-
!r ibu!e to SUD r isk via rwo p^ral lel  routes.
First, immature emotion regulation capaci-
ties in adolescenc€ may r€sulr in hisher lev-
els ofstress and negative emotion, wiich has
been shown to lead to rhe injtiation of drug
usc;n animal modcls (c.g., I - Ianey, MaccaLi
Le Moal, Simon, & Vincenzo Piazza, 1995)
and in human adults (see Sirha & Li, 2002
for review). Second, self-regulation fail-
ures in adolescence may underlie increased
implrlsivity and risk-taking behaviors thar
nay.r lso lead to ini t ia l ior of  drug use (e.g.,
Ivrnov er r l . ,  l0t l ) .  Ukmirr ly,  the de'clop
nlental trajecrory of self-regulatory funcrion
suggests that at least some adolescents nray
be less able to recruit the neural circuitry
needed to regulate their emotions oprimally
and to ultimately avo;d substance use.

The idea that adolescents as a group may
in fact be les :hle to recruir the nece*ary
neurocrrcl lry ro regulate emofions and
avoid substance use-along wirh the obser,
vation that individual differences in the
abiliry to do so are predictjve of flrrure sub-
stance use-is especially imporrant, because
adolescence is a period of heightened risk
takinc {SAMHSA, 2011) and peer inf l fence

PSYCHOPATHOLOGY

(Steinbers, 2005), both ofwhich expose aclo,
lescents to drugs. Thus, increased exposure
to drugs, coupled with increased emorional
reactivity and decleased regulatori' capaci-
t ies (rooted;n onsojng brain developnrnr),
make adolesccnce a particularly vulncrable
perjod 1or subsrance use.

Indeed, drug use is most often initiated
tu adolescence. For example, 82.4% of first
uses of alcohol occur in indiliduals under
the age of 21 (the legal drinking age), and
58.8% of smokers have their first cigarene
undcr the ase of 18 (S,\MHSA,2011).  These
early use staristics are especially rmporrant,
because earlier age ofonset is associated with
higher ratcs of SUDs and
For example, those who initiated alcohol
use prior to age 14 are more ihan four times
more likely to receive an SUD diagnosis in
adulthood (16.2 vs. 3.8%; simi lar rates are
reporrcd for illicit drug$. Similarly, earlier
age ol smoking onset predicts a higher num'
beL of cisarettes smoked in adulthood (Tai
oli & Wynder, 1991). Taken logerher, these
dAra support rhe norion that emotion (dys)
regulat ion is an early l isk facror lor SUDs.
Next I discriss how enrotion reguiarion nlay
opclate as an ongoing ca],rsal facror that may
contribute to and exacerbate existing SUDs.

E m otion (dys) Re g u I atio n
in Cuftent SUDs
Scvcral  models of SUDs direcdy impl i .atc
deficient regulation as a key and piimary
mutive fof  ongoing drug use rrd rehpse,
irc lLrdirrg rhc relapse prcuent ion model
(Marlntt & Vitkielvitz, 2OOS), the at'fectiue
ftucessillg ltlodel lBnker, Piper, McCarrhy,
MaJeskie, & I iore,2004),  and rhe aforemen-
tioncd selfriedicdtia D l,ypoLbcsis l,Kbanr-
zian, 1985), among others. Indeed, whether
or nor emotion regLrlation deficirs are a pre-
existing risk facror for SUDs (as proposed
in tbe previous section), drose wiro currently
sufier from SUDs frequently display such
deflcits, which may contribute ro the clinical
course of the disorder. Several lincs of cvi-
dcnce,support .rhrs asrociaron 1f igLrr e 2o.18
ror scl jernattc r l lxstrar ion),

first, self-reported emotion regulation
skills are ]owei in individuals wn-h SllDs
than in healthy controls (e.g., Fox, Hong,
& Sinha,2008).  In addit ion, grearer di f f i -
culties in fegulating enotion is associared
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with more drug use (e.g.j Berking er al.,
2011) possibly as a means of emorion regu-
lation (Bonn'Miller, Vujanovic, & Zvolen-
skn 2008). Second, less effective styles of
emotion regulation (e.g.. suppression vs.
reappraisal) are felated to increased dfug
use {Fucito, Juliano, & Toll, 2010). Third,
indnidual differences in negarive affect have
bccn rcpcrrcdly rssociared ui th drug usc
and relapse ir  c l i r icr l  (e.r . ,  Grnbl.  er al . .
2010),  as wel l  as laborarory studies (e.g.,
Sinha & Li ,2007).  Fourrh, as reviewed ear-
lier, SUDs are highly comorbid wirh affecrire
disordcrs, such as depfession, which fearure
impaired regulation of negarive affect as a
key diagnostic feattr.a (Americ.n Psy.hiarric
Associsrion, 2013). Furthermore, those wirh
co-occufring symptoms of SUDs and affec,
tive disorders show significantly higher rates
of relapse ro drug use afref tteaiment (e.g.,
Bfadizza, Stasiewicz, & Paas, 2006) offer-
ing additional sl]pporr for rhe link berween
emotion (dys)reglrlation deticits ard SIlDs.

Additional evidence lini<s construcrs
related to enrotion regulation ancl SUDs. For
ex lirp|E, elkatian al i ntelligence- defined ̂s
thc ability ro be }w.rrc of crruions, jdenrify
emorrons corrcct ly,  Interprer thenr rppro-
pr iatcly.  and regulate rhern effecr ively-rs
illversely associated with alcohol and dnre-
related problems (Ri lcy & Schutte,2003j.
Nloreover, €morional intelligence moderated
the association befween negative emotion
and rlcohol caving in alcohol,dcpcndcnt
individuals (Cordovil de Sousa Uva er al.,
2010). FLrrrhermore, a recent mera-analysis
of rhis construct sLrggests rhJr ror only is i r
inversely relared ro smok,ng, r lcohol,  and
drug use, but also that individual differences
in particLllar components, ralreln "iden-
df;cation of emodon" and "reguLarion of
emotion," are particularly related ro SUDS
(Kun & Demetrovics, 2010).  Simi lar ln
distress tolerance-the ability to persist in
gol l -directed arr ivrty when e\pef lencLnq
psychologiccl  disrress- is rclared to em,l
rion regulation ancl is inversely associated
with substarce use frequency ,nd sIIDs
(Marshall-Berenz, Vujalovic, & MacPher-
son, 2011), as well as SUD trearment drop
out and eventual relapse (e.g., Daughters er
al . ,  200j) .  l r  xddir iun, rmpulstviry rs reporF
edly hrghelr  rhose w,th SUDs Gee Verdejo
Garcia, et al., 2008, for review). Finalln ir
has been suggested that those wirh SUDS
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exhibit felative deficits in nonaffectivc forms
of self regulation and execurive funcdon,
lncluding working memory and response
inhibliion, which may also relare to PFC
tuncion (Goldstein & Volkow, 2011).

Emotion (dys)Pegulation in Cuftent
SUDs: Regulation of Crcving
In rhe previous secrion, I reviewed evidence
suggesring drat those with SUDs have dif-
ficulties regulating emotions. Notably, the
evidcnce overwhelmingly centers on regula-
tion ol negative emotions. Howcver, in the
contexr of SUDs, ir is crirical !o consider
not only reguiation of Degarive €motion but
also an additional and very specific form oI
emotion rcgulation, namely, the regulation
or cravlng,

Craring, deflr,eC, bere as "itrense desir€
for drugs," has long been considercd a key
contriblrtof !o dtug use (e.g., O'Brien, Chil-
dress, Ehfnr.r f .  & Robhins, 199S). ALhough
this { ievr ha5 bccn cL.r  l lenged () ,cr l r ins, 20U9)
substant ial  evid€nce l inks drus cravine ro
drug-raking behavioL, and i t  his bcen iug-
gesred thar loss of control over cu€-induced
cr,rvirg is 3t the root o f  conrpulsjre drug tak-
ing le.g.,  Golclstcin & Volkow,201I).  For
exanrplc,  levels of reported crrvrfg predicr
drug use as wcl l  rs rel ipse to drug t . t l ( ing
iol lowing ibsr inence (e.9.,  Cri ts-Chrsroph
et r l . ,  2007; Ep5rein, Marfone, IJeisbman,
Schnittrcf, 8. Pfcsrou, 2010; calloway, Sin-
gleron, & the Methamphetamjne Trcatment
Project Colporate Authors, 2008). Con,
versely, dre abiliry to use various srrategies
to regulare craviDg is associated with lower
craving (Kober,  Kross, Mischel,  Harr,  &
Ocltsner, 2010; Kober, Mende-Siedlecki. et
a1.,2010; Wcstbrook et a1.,2013) and lowel
drug use (O'Connell, Hosein, Schwartz, &
Leibowirz, 2007). FLrrther, the acquisition
of strategics during cognitive,behavioral
thefapy (as discussed below) is associated
with berter long term outcomes (Carroll,
Nich, Frankforter, & Bisighini, 1999). Fur-
thermore, the use of cogniiive stratceies ro
regulate craving both duiing and afreitreat-
ment is associared wirh reduced cravilg and
reduced relapse over.r i rre (O'Conrel l  t t  et . .
2007; Shiffnen er al., 1996). These findingi
suggest that craving is a key motivator o{
substance use, and that eflecrive rcgulation
of craving is associated with lower drug use

6

@



+)

434

and betrer outcomes for those with SUDs.
This ir Lurn suggcsrs rlar regularion ofcrav-
ing is a specific form of regulation thar is
o r - r : i u 1 - r l \ , ' r p o - r r r r  i r r  t h e  n r - r " n a n c e
or o "ug r r<c uen L lor In \u u

The neural mechanism by which regula-
tion of cravirg operate" to i."u.. 

"r"g "".is a topic of currenr research. It has been
shown prcviously that exposure to drug
,r "< e.9..  drrrg r- i> ed nr"e..  n ovi , . ,  ur
paraphernalia) increases cravirg, as well as
drug use (e.9.,  Shif fmar er a1.,  2013).  Fur-
thefmore, several meta-analyses have sho$.n
that such cue-induced crxving is consisrently
associated wirh neural activiry in a network
of regions includjne rhe ventrsl stristum,
the subgcnual anrerior cingrlate, and the
amygdala (e.g., Chase, Eickhoff, Laird, &
Hogafrh, 2011).  Thcse regions, which are
lhoughr ro felare ro learning, saliencer ancl
vr lnc encoJing, prcv o-<11 l l  r ' .  beer asso-
cirred with r le lcure effecrs of drJgs. Wr
have recently shown lhat when cigaferre
s11oLers tge cognjuve .rrrreges in lnr inces
ol craving (e.g., when t|ey think about the
lone-tctm negativc consequences of smok-

{6) ing), lhey flport lowcr cfaving (Kober,
"  ICoss, et  al , ,  2010),  and exhjbi t  lowered

activity in rhe neural syslems dlat underlje
craving, sLrch as rhe venrral srriatum (l(ober,
M€nde-Siedlecki ,  el  al . ,  2010).  Importanrly,
rhe regulation of craving is associated wirh
conclrrrentLy increased activity in PFC
resions inchrdirs rhe dorsolatcral kllPFC)
ancl ventral PFc-regions pr.eviously asso-
. i rred wiLh -egulrr ion uf n-g.rLive cror:on'rec Och,-e- & Cro+, rhi ,  volume). Thcse
l 'nd ng'  L ,ve. inc" bcc- reprL..red wi.h po.-
i  - o n  e m i s . i o i  r u m o g - r p l , )  r l
/ V u l k o $  e r  r ' . . 2 0 1 d r  r . . l  c l . c r r o p h y . i o l o . r .
c.] neasurernents in cigarefte snokers (lit
te l  & franker,2011).

Inrefestingly, rve've recently shown rhat
u,e of m, rdfu're*. l . r .ed ' rrJregie. ro regu
late cue induced cravlng is also associated
with redu*ions in reported craving, and
wirh reduced neural acrjvity in ..craving

r e g i o  . .  i  r . l r d i n ;  r h F  ( u r . g e i r , . r '  . i  s , r l . , , p
I T o w e r e r ,  r h e  u . e  o f . u . h  r r i n c f L r t n e . q  b a s e J
srrategies was not associated rvith concur-
rent increase iD PIC actjviry (\(/esrbrook et
a1.,2013).  Taken mge.her,  rhese f indings are
consistenr with the hypothesis rhai, across
strategies, regulation of craving operates by
reducing neural activity in regions that are

." ' """ ' ' ' - " .""" ' , ' " ." . ." , ' , . .

PSYCHOPATHOLOGY

!houghr to instantiate the experience olcrav,
ing. Pfeliminarily, ir fufther appears rhat rhe
use oI cognrtrve sftategres to regulate crav-
ing may depend on incfeased activity ir PFC
but that mindfulness based sirategies may
not, although additional dara are required
ro confirm this parrern of resLrhs.

To sur!rnarize! rhis secrion has reviewed
evidence suggesring that emotion reguln-
tion is implicated in SUDs, both as an early
r isk factor xnd a'  an ongoing nronv:ror nf
drug use. For ex.rmple, i , rd, \ idual di t rer-
ences in enotion regularion and inpulsivity
during development arc predicive of drug
use iDitlatioo and SUDs. l:Llrrhcrmore, ind!
viduals with ongoing SUDs exhibjr deficirs
in emotion regularion conrpared to healthy
coutrols, ancl oegarive affcct in sr-rch indi-
viduals is associared with insrances oI drug
use, ImpoftaDtly, mosr of lhe Available evi:
dence cerrrers around regLrlat ion of negat ive
c,norion. I-Iowever, regLiirtion of crrving is
elncrSing ns anolher fofm of legr:lation that
is imporun! in rhe er iology rnd mArnre-
nnnce of these disordcfs,  and may consf irure
one key roure hy which r : l rgcred rrearmcnrs
can ,m€l ior. tc SUDs, as discussed further
below lFigr.re 26.1B).

PFC in SUDsi Mechanism
for Emotion (dys)Regulation?

In the prior sections I have reviewecl evi-
dence sr:ggesring tlat PFC development may
underlie the role of emorion dyiregulatioir
as a distal causal facror Ior developmenr of
SUDs in adolesccnce. Bur is this dre nerml
mechanism that underlics general deficits in
emotion rcgulation presenr in SUDs? Lldced,
many crLrrent models of SUDs orooose thar
rhe loss of control over cravine ind drue
taking (as evident in rhe diaenoiric criterii
1or dre disorder) is a result of reduced or
compromjsed PFC function (e.g., lverirt &
Robb;ns,2005; coldsrein & Volkow. 2011r
Potenza, Sofuoglu, Caffol1, & Rounsavillc.
2011j Voll(ow, Wang, forvler, & lbmasi.
2011). And this "PFC hypoihesis,, is con-
sistent wirh the already,established link
between cognitive conrrol generally and
emotior1 regrlletion specifically-and the
function of IFC in healthy adulrs (see Och-
sner & Cross, rhis volune). Howeve(, neu
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roimaging studies directly testing emorion
regularion abilities in SUDS are scafc€. Nev-
eftheless, in the following sections) I review
findings thar indnidLrals with SUDs exhlbit
srudural abnormalities in various IFC
regions, as rvell as functional diflerences
in studies of nonaffective {orms of cogni-
tive conrrol (foI a brief review of neuroim-
agins mcthodologies used ir such stud;cs,
see Kober & Deleone,2011).  Impor. tandy,
although some of rhese PFC xbnormaliries
may precede rhe development of SUDS, I
review evidence suggesting rhar chronic
drug use is associated wirh both strucrural
ano runcuonsr changes In t lc,  )Uch drug-
inchrced changes, in turn, suggest rhat SUDs
nlay also lead to decrements in PFC rhat may
underlie further emotion dysregularion (fig-
ure 26.1B).

In reviewing fiis evidence, it is importart
to note tl1:Lt the PFC is a very laree struc-
tural division in rhe brain, and rhat?ifferent
subregions within the PFC perform vcry dif-
ferent computations and subserve different
functions-even within rhe qeneral "cosni-
tive control" framewoLk (Miller & Coiien,
2001). i-i,rwcvcr, at this srage) rhere are nor
ye! sufficient data to mak€ finer distinctions
abour rhe func! ionalrole ofPFC subdivis ions
in sUDs, or to begin to speculate about lhe
roie each subregion lnjghr have in rhe neu-
roparhology of rhese disordefr.  I  hopc thrr
data collected in the next decade will allow
us to.answer slrch quesrions with far grcater
specllrcrty than we can loclay,

Sttuclural Diftercnces ih the PFC

Diflerences in brain structure have been
reporred betrveen those wirh SUDs and
healthy controls, usirg several different
melhodologies, especially in various subre-
gions oIPFC. For example, using voxel-based
morphomerryJ cigarette smokers exhibited
reduced PFC gray matrer density compared
to hcalthy controls, and PFC thickness was
negatively correlated to feporred smoking
{mersured in packs-per-year; Brody et al..
2004). In cocaine-dependent individuals,
relatively reduced gray maner densiry in
orbitofrontal cortex (OFC)and anrerior cin
suletc correx (ACC) was reported (Franklin
et al., 2002). Similarly, lo$'er rhickness and
volume were reported for other srimr ant
users in various prefrontal regions (e.g,
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Daumann et a1.,2011) and in r ight ven-
rrolnteral PFC (vlPFC) specifically, where
thickness was invefsely correlated with drug
craving (Tabibnia et a1.,2011).  In alcohol,
dependent subjects conpared to controls,
rower gray meiter volume was reported
across the PFC (Fein, Di Sclafani, & Mey-
erhoff, 2002) and more specifically in the
laterLrl arrrl superior PFC and OFC (Durazzo
et al . ,2011) and medial  and lateral  PFC
(Rando et a1.,2011).  In thesc larter srudies,
iower medial PIC rolume was associated
with more drinking posftreatment of shorrer
lime to relapse. In addirion, in some srudies
lbut llot all) PIC volume was inversely asso,
cicred wirh cognitjve conrrol m.asurcs. For
example, PFC gray mafter volume correlated
inversely with executive function measures
i  cocainc-dependent individuals { Iein et
al . ,2002).

Consistent wkh these qfay matler find-
ings in PFC, diffusion tersor imaging (DTI)
meanrres of PFC white m^rrer inregriry dis-
linguish between inclivjduals with alcohol
use disorders and contfols (e.g.,  Pfeffer-
baum. Rosenbloon, Rohlfrng, & SLrl l ivar.
2009) ard f ! rdter di f fer between lndrvidu-
als who relapsed and lhose who slrstained
absrincnce fol lowing rreafment (Sorg et al . ,
20l l ) .  In c^cxine-deperdent p: rr i , . rprnrs,
lower mezlsurements of white matter integ-
rity are consistendy for.rnd in various PFC
regLons (e.9., llomero, Asensio, Palau, San-
chez, & RomeL,: ,2010).  Sjni lar f indings
w€re reported jn methampheranine (Ali-
cata, Changr Cloak, Abc, & Ernst,2009)
and in opiate us€rs (Bora et al . ,2012r Liu et
a | . , 2 0 0 8 ) .

Taken together, rh is body of srruc rLrm I neu-
rolmaging work suggests rhar there are con-
sisrent anatomicai differences bctween rhose
ivirh SUDs and healthy conrols. A caution-
ary note here is that it is not yet clear whar
rhese differences meau. \fhile ir is temptins
to interpret these differences as indicatirg
impairment in lndividuals wirh SUDs. thii
link has nor yet been consistendy demon
strr ted. For insr.rnf . ,  rkhough reporredty
luwer rhan rh. l t  i f l  controls,  corr icnl  rhi !k,
ness and cognitive fllnction are often within
normal range in SUDS (and see Hart, Mar-
vin, Silver, E{ Smirh, 2011, lor exrended djs
cussion). NevertheLess, these differences are
consislenrly reported across PFC and across
types oi SUDS. Furthermore, although indi
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viduajstudies diifer with respect to the 1o*l-
ization of these differences (possjbly due to
sample characteristics, drug pharmacology,
drLlg use patterns, and methodological and
statistlcal differences)J and only some stud-
ies find association wirh clinical ourcomes.
the PFC is repeatedly inplicated, especially
lateral portions. Reported differences are
especially salient given rhe knowr role Ior
PFC in emotion regulation and cognitive
control in healrhy adults. Taken toeether.
tlese structural findings are consisten-t witli
lire liypothcsized mechanisn by which PFC
abnornrali.ies may conrribute to or underlie
deficient emotion regularion in SUDS. FIow-
ever, lutllrc work could morc directly link
sftucrural findings in PFC wirh enrorior
Lcgulation in SUDs.

Functional Dilfetences in PFC
Differences in measures of PFC funcrion
between individr.rals with StlDs and healthy
conrrols have been consistentli, rcporreil
since the early days of lunctional neuroim-
aging (e.g., Volkow et al.,2011). For exam-
ple, Lrsing various foLrns ofpositlon enrission
tonography (PET), it has been established
that those with SUDS ofren exhibit rela-
tive reductions in "D2" type receptors of
the DeLrfotransnrjtter dopamine in slria-
tum and PFC, whh some evidence rhal
these reductions persist even after months
of abstinence (see Volkow er r l . ,  2011, for
review). PET nleasures of gllrcose merabo-
lism have repeatcdly shown decreased acriv-
i ty in OlC, ACC, and dlPlc. In srimulant
uscrs decreased acriviry is further relared !o
relatively decreased D2 rccepror avajlability
in suiatun (Volkow ct a1.,2011). Notabu
in alcohol-dependent individuals. striatal
D2 availability is linked to not only ro PFC
activity but also to sel{-reporred alcohol
crrving, suggesring thar cl l  ihrce procesqcs
mry b. fonct ionr l ly rc lared ( i .e. ,  OIC furr(-
tion, D2 recepror availability, and craving;
Fleinz et a1.,2005).

More recenrly,  several  srudies have specif i -
cal ly invesrlgated bLain fLrncr ion Jurnc DeL-
formarce of non-affecrive cognitive cJntrol
tasks comparing indivicluals rvith SUDs and
healthy controls, typically with functional
f lagnet ir  re\or:rnce imagrng (tMRl).  One
frequenrly used rrsk rs rhe Ao/no-go response
inhibi i ion rask. Ln which prrt i i ipants rLe

PSYCHOPATHOLOGY

asked to respond to:rl1l€tters except X with
a butron press, and to withhold rcspord-
ing to X. Using this rask, a series of stud-
ies reported relatively worse performance in
cocaine- and heroin-dependent individuals
compared to hcalthy controls, along with
reduced .ct iy ir)  in sever: l  PfC regiorrs,
in( luding rhe dor<al ACC (dACC), dIPFC,
3nd VIPFC (e.9.,  Iu er nl . ,  2003i Hcstcr &
Garavan,2004).  Such f indings suggest at
lcast some tunctional alteralions in PFC cir,
cuits in SUDS, even in rhe absetlce of emo
tion regulation clemald. Similarln Li, Luo,
Yan, Bergquisr,  and Sinha (2009) used rhe
stop'signal response inhibition rask, and
repofted lowef act iv i ty in . i lPFC i  . lcohol
depcndence, whlch further related to hieher
alcohol crnving seif-repor$. In cocalne-
dependenr individuals, dACC activily was
lowe' rlall rhat in controls and negnrivcly
correlated with self-reported difficLrlries in
cnror ion fegulanon (Lr er al . ,  2008).

The Srroop color-word r :rsk has also bcen
Lrsed to probe inhibi tory control  in SUDs by
comparing ueural  rct i \  i r r  dur ina rncdnsftr-
enr (BLUE wrir trn in rcd ink)and coigr ienr
(BLUE writteu in blLre ink) rrials. Usiug pDT,
both lnarijuana- and cocaine-dependeD!
pxrt ic ipanrr showed rcduced "Srroop etfecr, ,
act iv iry jn dACC and diPFC (Bol lc er al . .
2004r Eldrerh, Marochik,  Cader,  & Bolta,
2004).  In rLc coc.r ine-dcpendenr samDIe
only, dIPFC acriviry n€gaiively correla;ed
with cocaine us€ (learr "Stroop effect,, activ-
i ty for the hcaviest users; (1)ol la et aI . .2004).
Similarll DeVito, Kobcr, Carroll. and
Porenza (jn prepararion) recently used thc
Stroop task aDd fMRI in cocaineicDendenr
parricipants, and found reduced itLoop-
related PFC activiry €omparcd ro controis.
Si.rilar findings have been (eporied wirh
methampheramine users (Nestor, chahre-
mani,  Monterosso, & London, 2011).  I r
maLijuana'dependent individuals who were
about ro begin trearment, Kobef, I)evito,
Dcleone, Carroil, and Potenza (under
review) foLrnd reduced "Stroop ef{ect', activ-
rty in dIPFC compared to herltLy contots,
and positive correlarions bet\r'een PllC adiv,
rty ancl treatment success. Sinilarly, Berk
nan, Falk, and Lieberman (2011) relared
neural acti!iry cluring go/no,go rask per{or
mance to treaiment outcom€ and reported
thai increased PFC activity dufine rhl rask
rvas related to a weaker associatioi between
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craving and smoking during subsequenr

Taken together, these studies suggest rhat
dlose with SUDs exhibir poorcr perfofmance
in cognirive control tasks, as well as lower
acrivity in PFC regiolls rypically associated
with emorion regulation and executive func,
t ion more general ly,  includi fg dIPFC and
dACC. Some srudics reporred dir . t  rsso-
ciation between lower PFC function and
less cognirive controlor emodon reguLarion,
while others linL greater PFC ncrivity to bet-
rcr rreatnrenr ourco'nes (e.g., Berkrnan ea
al., 201:l; Kober et al.) uncl€r revie\r), These
findings are therelore consistenr wirh fte
hypothesis that PFC abnornaliries in s!fltc-
t!rre or function underlie emorion dysfegula,
t ion in SUDS.

Etlects of Dtug Use on PFC

Dara reviewed rhus far suggesls rhar those
with SUDs exhibir deficirs in emotion requ-
lation, and both srru*ural and functioial
differelces in PFC comparcd to heaithy con-
trols, Notablyr mosr of the xcvicwed dara
wer e gen er.a ted in the context of ccse-control
studies-me^sured at a sjngle point in time,
in individuals with actiye SUDS. Ther€fore.
it is uot clear whethcr some of lhese feporteci
abnormAlities precede the develoDment of
SUDs (and may s€rve as a risk iactorJ as
discussed previously), wherher they are rhe
result of chronic c{rug use (and reflect rhe
effects of drug cxposure) of an interaclion
of bodr. Evidence lor PFC abnornalities as
a preexisting risk factor includes a recenr
study oI n ividuals wirh SUDS (coc;rine of
amphetamine dependence) and their unaf-
fected siblings compared to healthy adults.
Both individuals with SUDs and their rrn:f-
fected siblings shared a neurological pheno
type of reduced srructural connectivity in
the right vlPIC, which was furrher felatcd
ro pcrformanee 

"n rhe sr"p-t ignal Lcsporrc
inh;bir ion rnsk lErschc er al . ,  lOt2).  These
iindings suggest that potenrial abnormalir;es
in l rreral  PfC mxy underl ie regularory def i ,
c i ts rh,rr  in facr predrre the onser of SUDs.

On the orhet hand, there is ample evi-
dence, mosrly from animal stL:dies, that
chronictegult drug use ahem borh func-
tion and structure of PFC and other brail
circuits (for an exceilent recent revie$,' see
Li ischer & Melenka,2011).  Al though ir  is
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orltside ofthe scope of this chapter to discuss
the uniquc ncchanism of action or pharna
cologicnl effccts of individual drugs, one
now classic finding js that all drugs rbat are
ablrsed by humers share onecommon effecr.
That is, all drugs of abuse-either directly
or indifectly*increase corcentrations of the
neurotransmitter dopamine in the "meso
corticolimb;c" pathway, wh;ch includes the
ventral tcgmental area, the ventral striatum,
and r le PFC le.g..  Dichiara & lmpcLato,
1 9 8 8 ;  V o l k o w  r r  r l . ,  2 0 1 1 ) . 1  l n  r ! r n .  t h i ,
dfug-indLLced increase in dopamine is asso,
ciated with long-term changes or adapra-
t ion\ ro neurons in rhis patbwav. rncludine
in PFC lLbschc, & Mrl inka.2ht l ) .  Thcs.:
changes are rhought to facilirate associa-
tions between drugs and drug-relared cues
(e.g.,  alcobol and lhe bar where one dr inkst
cigarcttes and rl)e lighlcr on€ uses for smok-
ing), Iead to future cue-induced drug crav-
ing, ̂ nd reduce cognitive conrrol (Volkow et
a 1 , , 2 0 i 1 ) .

Furdrernrore, i r  is rhoughr thxr sorne of
rhe cf iects of acure as r \el l  as chLonic drug
use Mc 11eulotaxic*damaging ro nelfal
t issue (\ f le iss & Koob,2001).  Such clains
emergc primarily from an animal litetature
experimentally docunrenting variolts forms
of n€uronal d:rmaee fol lowine heavv dr lrg
,dmrnrstrstr .n (e.g.,  Gouzori i ts,Uayfrani<
3 <  D a R r r n n n , 2 0 0 9 ) .  A l d r o u g h  i t  i s  r o r
clear thrr  s lrch f indings rranslare to human
clrug users (Hart  et  a1.,  2011),  some snrdies
in hunrns h,rw lrnked lengrh of drug Lrse
wLrh mersurcs of str l rctural  or f lLncr ional
integrily, which is consisrent witlr animal
findings. for exampler in opiate usersj PFC
white mlrr€r inrcgr i ty corLelared negat ively
w,th lengr|  oi  opi .re usc (Bora et r1. ,  2012r
Ltu er a1.,2001).  Simi lar ly,  some hunan
studies have shown tliat various fLurctional
and structlrral abnormalities normalize fol-
lowing drug rbsr inence. impl icrr ing drLlg
usc i rsel t  in rhe of lginal ly observed drt fer-
ences in PFC (e.g., Gouzoulis-Mayfrank &
Daumann, 2009). Taken together, the evi-
dence suggests tbat even if some PIC ahnor
malities precede rhe development of SUDS,
drlrg Lrse irsell is associared with long tern
changes to many brain circlrirs, includins
PIC. Iur ermore, Lhese changes may cre-
are or exacerbate deficits in emotion fegula-
tion in SUDs. In essence, this suggests ihat
chronic drllg use may lead to a vicious cycle,
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in which impaired emotion regularion leads
Lo drug use, and drug use may furrher lead
to impaired emorion regularion.

Treatment for SUDs:
The Role of Emotion Regulalion

Trcatmcnts for SUDS are raried and conl
plex, as is appropriate given rhe h€tero
geneous and complex narure of the disor-
ders tha! they rrear. Ar rhis time, d€spire
rep€ated scientific efforts, there ar€ felv
FDA-approved pharmacological treatnents
for SUDs. Therefore, nonpharmacological
(e.s., psychological) rrea nents ale mosr
conmon. While rhe goal of rtealmenr may
be conceptualjzed as reductions in drug use
and in drug-related harm, and i tcreases ir
psychosocial functioning, trearmenr s!rc-
cess is most often measured t^ abstinence,
^ '  . ^ - -1" r "  . . . . . r i ^ "  ^ f  ,1 , , ,_ . .  .  .  _ . . . 9  I s e .  A s  s u c h ,
dre available tr.catmcnts are onll moderately
effecrive; indeed, across all rrcatments for
SUDS, thc lnosr common outcoDre is relapse
(Durfa er a1.,2008).  This slragests that whi le

a. i )  some irrdiv i t luals succcssful ly rcmain abst i-'- nenr, the majority of patients eirher do not
achieve abstinence or relurn to drug use
rvithin a year, even with the best of treat-
nents. These gri findings undefscor€ the
need to berter understaDd rhe mechanisms
of action behind rhe trealments rhat do
work, in orcicr to improvc thcrn further.

trom r ci in icr l  perspecr 've. rr(alne-r
ior SUDs car be divid€d inro Lhree Dhl,c. :
detoxification, recovery, and relapse fLeven-
t ion (e.9.,  Porenza er aI. ,2011).  The goalof
the detoxificarion stage is to achieve absti-
nence and undergo withdrawai synproms
safely, until they rbrte. The onset, charac
ter, and lengrh of this srage depend on the
pharmacological properties o{ the individual
drugJ as well as tuearment rype (some trear-
ments begin with (ecovery elements, then se!
a "qlrit clare" ro begin detoxification). The
narn stage ol rfeatDent is recovery, u'hich
can last from 1 week to nany weeks. The
goalof the recovery stage is ro develop mori-
varion to avoid drug use and relapse, as well
as learn rhc skills to do so successfully. In
rhar sense, whar does recovery e taili The
data rer.iewed in this chapter suggesr thar
di{ficulties regulating emotions are a core
leature of SUDs. Specificalln I have rrgued
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rhat difficulties regLrlating borh negative
lst  e5s. rnxiery, or depressront and appetr,
t ive (drug cra\ inq) srates rre assoriared wrth
drug use and with relapse to drug use fol-
lowing abstinence. Therefore. it is no sur-
prise rhat at rhis fecovery phase, many of the
leading treatments include tralning of emo,
r i o n  L e g u l a r r o n  s k i l l s  i n  g e r e r r l , . r n d  r i g u J a
t iu, ,  ui  ! . r !  ing in pa f f iculrr  (e.g..  Por€nzr,  er
al .  2011; see Figure 26.1B). hrdeed, learning
to tolerate or r€gulare cravings and not ro
ac! on them is lhe cornefsrone of rnan_v of
the available trearments, as discussed below'
Finalln dre lasr phase of treatrnent, relapse
prevention, focuses on implementing long,
term stratesies lor nahtainins absrinence,
which includes feplacing old behaviors *.itL
a new and hcalrhy, drug-free lifestyle. Over-
all, there are many types oI treatments for
SUDS, and each type has many unique fea-
tlr,:es. The followiig sections focus on two
types ofrreatmenr that are relared to the role
of emotion rerular ion In SUD9: cosDif lvc
behauor:r l  arrd mindf ir lness-based- rrear-

C og n itive - B e h avi o rc | T he tapi es
Cognitive-behavioral rherApies (CBTs) are
considered the most efl'ecrive rreitment fof
marry psychiarric disorders (e.g., depres-
sion 3nd anxiety).  A version developed sDe-
ci f icr l ly for SUDs lC,rrrol l ,  1998) 6rs been
erupiricrlly vali.lared in muhiple randomizcd
controlled trials and is considered by l]ranv
to be the "gold standard" (e.g., Durra er al.,
2008; Forenza et a1..2011).  CBT for SUDS
has two crirical components: functional
analysis and skills trainine. Irr.rior,i/
drdll,sis is used to iclcnd{y and assess the
individual;zcd circunstances rhar are likely
to lead to drug use, and provides insighrs
into sonl€ of the reasons the individLial
may be using drugs. These "high-risk situa-
tions" are those in which new skills mav be
applied ro avoid drLrg use during and ifteL
trealment. ThcreforeJ in a complementary
f : s h i o n , , k i l l ,  r r r i n i f s  ( i n ( l u d i ; s  c m o r i o n
regu at ion) is indir idLLal ized ro help rhose
with SUDs "unlearn old habirs associated
with [drug] . . . abuse and learn or relearn
heahhier skills and habirs" (Carroll, 1998,
p. 2). Mor€ speciiically, these sltills initiatlv
include regulatilg thoughts about drugs,
learnrng sfuaregics to regulate cravings for
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drugs, and rnanagiDg situations relared ro
drug-usc oppoftunities G.g., refusing offefs

Subsequent treatment sessions (modrles)
focus on problem soiving, tolerating and
regulating negative affect, and improv-
ing social skills more generally. Ultimitell
individuals who undergo CBT (compared ro
other treatments) are more l;kely ro dccrcase
drug use and/or achieve absrinence drrinC
and even alter rrearment has ended (i.e.,
"the sleeper effeca'; Potenza et al., 2011).
Althollgb the rreatment includes manv mod-
ules and stages, one importanr nechanisnr
of act ion is thoughr ro be r ia en-hrncing cog,
nrrrve conrrol  ov.r  nFg.rh\ e .r t lc. t  rh.rr  m.y
le.rd to i l rug crrving. and ovcr drug craving
and drug rrking behavior ie.g.,  I ( i luk, Nich,
BxbLrscio, & C.rrrol i ,  20i0; Porenz:r er al . ,
2011). Thjs hyporhesis is supporred by the
finding thnr the nunber and qualiry of strar-
egies for regulation of cradng increase from
pre- to posr-CBT rrextment,  and predicred
relapse (e.g.,  Carrol l ,  et  al . ,  1999),  and foF
mally mediate the lelationslrip between
re4rm€n! and durarion of abs!inence (KiluL(
cr a1,,2010).  h tufr ,  this l lcLcase irr  recula-
tion skills is hyporhesized to be medinte-d by
improved PFC function from pre- to post-
treatment (Porerza et al . ,  201l;  see Figure
26.18 for a schematic illustration). Consis-
tenrwith this hypo rhesis,  I (o ber,  Kross, etal .
(2010) have shown that use of CBTlike cos-
nir ive str l tegies duf ing cue induced craving
is sssociared rvirh decre:rses rn sel f-reported
craving,as welL as increased acr iv i ty in
dIPFC and vIPFC (l(ober, Mende-Siedlecki,
et  al .J 2010).  In addir ion, Deviro er al .  (2011)
feccndy report€d that those who underwenr
CBT exhibited increased e{ficiency in vlPlC
and dIPFC drting the Stoop task fton pre-
to post CBT rrearmenr, which is consisrent
with inprovements in cognitive control and
emorion regulation. Llowever, furure srudies
should test that hyporhesis more difectly.

M i ndtu I n es s- B a s ed n eatm e nts
Mindfulness-based trearrnents (MBTs) for
a variety of psychiatuic condirions bave
emerged in fecent )carsr beginf ins sirh
DiLdlul ,r t5s L'ascJ \rrer5 redu!r ion (MBSRl.
Mindfulness has been defined as a two-
component constuuc!i (1) self-regulation of
attenlron lo the present moment, coupled
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with (2) an attitude of acceprance ro$'ard
Ihe presen. moment (Bishop et . r1. ,  200,1).  As
such, mindfulness is often practiced throush
mindfulness medrtation, which consists of
locusing atiention on one's immediare expe-
rience (e.9., sensations, brearhing, rhoughts,
enotion), xnd regarding ir noljudgmen-
tally. This is thoughr to cukivate dre abil-
ny to observe-uLhcr Lhan be caughr.up
m-ones own expelencej xn.l to turther
facilirate nrore skillfLrl or mindful respord-
lng (as opposed ro nutomatrc reacnoni
Zgierska et aI.,2009). Impoftanrly, medlra,
tion and MBTS bavc been associated with
bcnefLcir l  ef fecrq on strurc. anxiet) ,  px;n1
crrdi-r !  he. l l th,  imrrune f trnct ions, psycho
iogici l  $el l  being, cognir i \e {unctroning,
and se\eral  prychirrr ic disorders (rncluding
mood and anxiety disordcrs; see Hcilze) ei
al . ,  2011, for revievr).  Iherefofe, i r  is nol
difficult to extrapolare how MBTS could be
benei ic ir l  for foster ins beter cmol ion reeu,
l . rhon in sLlD<

Indeed, several  mindfr j lness-based tr€ar,
menrs have recently been adapted for SUDs.
Unlike the well-estahlished CBTs, these
uearments have just shown prcliminary effi-
cncy and are now dre focus of risorou; ran-
dornized controlled rrials, MBT; for SUDS
typical ly includc training in mindfulncss
neditation, and a foclrs on attention to ilnd
acceplance of pfesent-moment expefience
(inclrdina neeat ive emorion and drus cruv-
ins).  Th.;rod;1i f ' r '  u.r  urr ; :  rcr rcgrr i  i r rer-
nal experjences (e.g.r drug cravlng) as rran-
sien!, and ro obsefve and accepr them as-is,
ivithout reacting (e.g., rvithout engaeing in
drug Llse). !or ex.wple, borh mjndfulness-
based relapse prevention (MBRP; Bowen.
Chawla, & MaLlart ,  2010) and mindfulness
treining for smol<ing (MTSj Brcwer et al_,
2011)make use ofthe concepr of "urse surf-
ing, '  rhe pracr ice of regafding crxvine t ike r
w,rve that r ises. realbes x pea k, : rd sub, ides
nalurally. Patients afe instructed to arrend to
and accepr the sensations as they rise, fal1,
and finally disappear-and rhis technique
is iikened to tolcraring cravings rather than
activeLy feguiating them, as in CBT (Brewer
er a]. ,2011).  Consistent ly,  V/estbrook er a1.
(2013) have shown rh.rr mindful nttention ro
smoking cues is associated with lowef self-
reported craving and lower neuralactivity in
reglons previolrsly associated r,r'ith craving,
wrtho!t concomitanr increases in PFC.ctiv-
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itv. As such, mindful attentlon and accep,
tan.e mry bc rcgulatory, by prerent irg tre
ampl l i ic.rr iorr  of  cra\ ing rrrher r fan drmp

Clinicalln MBRP, typically administered
as a lollow up to inpetient treatmentl is
feportedly efficacious in reducing drug use
and relapse across several dilferent ooou-
let;ons.;irh SUDs, including al.ohoj ;nd
polysubslancc usefs (e.g., Witk;ewitz &
Bowen,2010).  In addit ion, Brewer et al .
(2011) have recently shown in a pilor ran-
donrized control led rr ial  rhar MTS admin-
istered as a stand-alone treatment was effec-
tive in achieving smoking cessation. Firally,
s imi lar eleinents of mirdl 'Dl  rnenrior rnr l
accept:rnce are parts of dialectical behav-
ior therapy and acceptance and commit-
n]ent therapy, borh of which have shown
preliminary €ffic:rc) lor SUDs (HcrnAndez-
L6pez, Luciano, Bricker, Roales-Niero, &
Monresinos, 2009; Linehan er aI. ,2002),
Take together, these data show substanrial
promise for lvIBTs in rhe rreatment o[ SUDS,
although the research is slili in its infancy.
Neverdreless, one prominent hypothesis sug,
gesrs rhal thcsc trcatBcnts worlt by cnhanc-
ing cmotion regulat ion. rs p. i r icnts learrr  ro
pr.ct ic€ mindfuLness in thc f3ce of crxvinc
as well as negative emolion. This is suD:
ported by several findings, including consis-
tent reJucrio[r  i  cra\ i re DosFMBRP le.! . .
Wir l . iewirz & Bowen, ZOi0),  and r negat i""e
correlar idn . f t€r MTS berwe€n rmodnr of
meditation practic€ and smoking (Brewer er
a l . , 2 0 1 1 ) .

Concluding Remarks

Casual drLrg usc is qrite prevalent, and a
percenLrge ui  drug users de!elop SUDs,
whi(h ,rre severc pslchixtr i !  condrr ions r{  i rh
staggering social .  economit.  and penonal
(u5Ls. This underscores rhe neel l  fo idenri ty
risk factors that render specific individu
ah more vulnerable ro the development of
SUDs. Furrhern1ore. once established, SUDs
are chronic, relapsing, and very difficult to
||eatpsychiarricconditionsi rhisund€rscores
rhe neeJ io betrer charrcrer ize rhe proximal
rauscl factors rL:t  leal  Lo conrin;ed drug
use, and to better understand the mecha
nisms that underlie eflective trearments for
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rhes€ disoiders. In this chaprer, I reviewed
data suggesrirg thar emotion reglrlalion is
one such crucial facror. Indeed, difficLilties
in emotion regulntion in childhood and ado-
lescence serve as predictive factors for luture
drug use and the development otSUDs. Sub
\equent l) ,  r l rore si th SUDS reporr srerr€r
di fhrulr) .  regr lar ing negrr ive cmorr<,r is thrn
do hcalthy controls, which coDrribures Lo
ongoing drug use. FLrrthennore, I revioved
evidence suggesting that craving for drugs is
one of the key predictors of drug use, and
rh.t  the rhi l i ry ro regrlare cr;v ing effec-
t ively is direct ly reTared to reduced drus use
in Sl lDs.

Consistert s'irh these observations, psy-
chosocial treatmcnrs for SUDs often focus
on emotion reguhrion and on rhe regula-
r ion ol  cra\ ing.rc eans for redr.rcing dfug
usc. Indeed, inrprovement in those sl<r l ls fol-
lowing rreahents such rs CBT and MBTs
is nssociared with rmpruved ; lbsr inencc.
FinaJIy,  I  revierved dnta srggesring thlr  di f -
terences irr  PFC srrucrure, as ! \  el l  n5 funcr ion,
m,ry undedie impnrred enror ioo requl. l t lon in
tbose wirh 5UDs, and drat ongoirr ig dtr .rg use
lca!s (u nl laprar jons in PFC r lar may furrber
'mpair emotion reglrl:rtion, I-Iowevcr, jt will
be crhical to focus furule research on more
precisel)  chnr:rcte zing rhe ncurai  mecha-
oisms behird obscrved PFC t lvfrc i ts in SUDs
and behind tfearmenFrelaled improvemen$.
Indeed, it is my sincere hopc drat in rhe com-
ins years, additional data will allow Lrs L<r
establish these links more firmly. l his could
lead to the devclopment of berrer treatmenrs
that improve emotion resular jon in individ-
uals suifering from thesJ dcvastatins clisor-
dem.
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Notes

1. Psycho.ctive drugs arc those that prinarlly
acr on the brain and change rhjnkins, mood,
and beharior. These include lcsal dtugs (e.s.,
alcohol, .;cor;re, caffeine, ind opioid pain
nedicrtiont, as welL as illicir drugs (e.s., her
oin, coca;ne, amphctanines, and lnarijuana).

2. Settrontlal is atre\1 ,Jefincd as rhe lroce$ of
inhibrdon ol an orhcrwise imninent rhought,
emotior, or acrion-ind as s!ch, ir inchides
emotion regulation. Rclarcd io rhis is rhe
construcr of cognitivc conftol, whi.h more
broadly inclldcs goai nailtenancc, selective
aitentioni conflic! morirofiig and resohrion,
.esponsc inhibu;on, and enotion reguladon.
Ser Gross (rhis voLune) for ctiscussion.

3. ft is no1{ knoivn rhat mary orher neurotrans,
mitter sysrems are ilrvolvcd in drug taklng
dnd in rhe dcvclopment ofSUDS, andrhe nexr
decade wjll likely bling additional invcstlga-
flons into orhcr neurorrdnsmificr sysrems aDd
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