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Program of research...

Why do some people become addicted to drugs and alcohol?
* Reward motivation and cognitive control deficits in addiction
 Differential reward valuation as an endophenotype for alcohol addiction
* Heterogeneity of problematic alcohol involvement

* What are the effects of alcohol and drugs in the brain-body?
» Sex differences in neural responses among risky drinkers
* Genetic and environmental effects on neural responses to alcohol cues

* Why is it so difficult to stop or change and recover from addiction?

* Clinical prognostic indicators of AUD treatment and recovery
* Neural correlates of AUD and treatment-based recovery



Why study alcohol?

* Alcohol abuse is a major public
health problem worldwide.

* Alcohol use has the highest
economic cost to society.

* Alcohol has highest level of
harm compared to other risky
behaviors.

* Alcohol consumption as
prototypic exemplar of a broad
class of addictive behaviors.



Experience of alcohol dependence ...

“I never chose to be an alcoholic, alcoholism, for some reason, chose me. It has no
respect for age, gender, personal or financial circumstances - alcoholism is just a life
sucking leech, which once it has taken hold is extremely powerful and very difficult to
detach, but not impossible! It is very easy to say it takes courage, focus, determination
and willpower to beat this illness but when | was drinking, | was a complete mess and {(...)
all | wanted to do was drink and drink some more. | was totally oblivious to the damage
and hurt | was causing to myself, my husband, my children and my extended family. | was
very rapidly killing myself (...) | will never know how I crossed that boundary from being
a fun social drinker into a chronic alcoholic, but cross | did and initially from having one
too many drinks at a party | descended into being a secretive dependent alcoholic at
home. (...) | made promises time and time again to stop, and in my heart of hearts |
meant it, | know what | was doing was wrong but by then | was completely powerless
over alcohol - | was soon to become another fatal statistic. (...)"

—Anonymous



Outline

Why do some people become addicted to drugs and alcohol?
* Reward motivation and cognitive control deficits in addiction
 Differential reward valuation as an endophenotype for alcohol addiction
* Heterogeneity of problematic alcohol involvement



Reward motivation and cognitive
control deficits in addiction



A metaphor for self-control...

+

S ' {s é‘ ¥ )
' RS A BB
. h - ? Reasoned thinking (*
‘_," ’5 | Reflection r
: /) Control
~ > .

g \
9 J

- ‘ %
- :
Instinctive behavior
Desire

Motivation

“Even those who have the weakest souls could acquire absolute mastery over all their

passions if we employed sufficient ingenuity in training and guiding them.”
—René Descartes



Dual-process models of addiction

* Traditional dual-process models of addiction (Wiers et al., 2007; Wiers &
Stacy, 2006; Hofmann et al., 2008) propose that motivational and cognitive
processes interact in predicting problematic behaviors.

— Assumption: desire or motivational factors compel addictive
behaviors while cognitive control regulate those behaviors.

* These perspectives also hold that strong motivation to use drugs,
coupled with weak or compromised cognitive control, is a disastrous
combination setting the stage for entering the cycle of addiction.

Wiers & Stacy (2006) CDPS
Hofmann et al. (2008) HP
Wiers et al. (2007) PBP



Motivation and cognitive control

* N =729 nondependent young adults (ages 18-60; 49.2% women)
completed measures of drinking motives and EF lab-based tasks.

* Drinking motives: Drinking Motives Questionnaire-Revised (Cooper, 1994)

Enhancement motives: to enhance positive internal
(emotional) experiences (approach motivational
process or positive reinforcement motivation)

Coping motives: to alleviate aversive and undesired
internal (emotional) states (avoidance motivational
process or negative reinforcement motivation)




Motivation and cognitive control

* N =729 nondependent young adults (ages 18-60; 49.2% women)
completed measures of drinking motives and EF lab-based tasks.

* Executive functions (EFs): higher-level cognitive control processes such
as control and execution of motor responses; action planning; inhibition.

77

Updating Shifting Inhibition

l Category Antisac

Miyake & Friedman (2012) CDPS



Predicting problematic drinking

e 12 interactions between drinking motives (enhancement and
coping) and executive functions (inhibition, shifting, updating).

Martins et al. (2018) PAB



Drinking motives x Executive functions

* Findings related to these interaction effects were generally weak
in magnitude (i.e., small effect sizes) and inconsistent.

* 2 statistically significant interaction effects out 12 interactions tested.
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Martins et al. (2018) PAB



Take Home Message

(1) The interaction effects between motivational and cognitive systems
do not always borne out in empirical work.

(2) Potential theoretical and methodological reasons:

— Motivation to control drinking is critical and essential factor

— The horse rider “fallacy”: no single horse is the same




Heterogeneity of problematic
alcohol involvement



Heterogeneity of problematic drinking

* Problematic alcohol involvement is highly heterogeneous.

* Current prevention and treatment interventions are still largely ineffective.

 More and better research aimed at understanding this heterogeneity for prevention.
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Heterogeneity of Alcohol Use Disorder: Understanding
Mechanisms to Advance Personalized Treatment

Raye Z. Litten, Megan L. Ryan, Daniel E. Falk, Matthew Reilly, Joanne B. Fertig,
and George F. Koob

HROUGHOUT THE DECADES, addiction has been

viewed as a dichotomous entity-a patient either had or
did not have the disorder, with nothing in-between (Miller,
1996). With research, however, it is becoming increasingly
clear that alcohol use disorder (AUD) is, in fact, heteroge-
neous. Each patient develops an AUD based on his or her
unique neurobiological makeup and lifetime experiences—a
complex interaction of underlying genetic and environmental
mechanisms (Dick and Kendler, 2012). This heterogeneity
manifests in a continuum of severity, ranging from the occa-
sional binge drinker to the chronic relapsing heavy drinker.

ioral intervention, behavioral couples/family therapy, and
the community reinforcement approach (Fuller and Hiller-
Sturmhoefel, 1999; Miller and Meyers, 1999; Witkiewitz and
Marlatt, 2011). Unfortunately, despite the proven efficacy of
these treatment approaches, given the heterogeneity of
AUD, no one treatment will work for every person suffering
from this complex disorder.

AUD HETEROGENEITY—ONE SIZE DOES NOT FIT
ALL

Litten et al. (2015) ACER



Neuroscience-based functional domains

* N =552 nondependent young adults (ages 18-30; 61% women)
completed a battery of lab-based tasks and self-report measures.
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Deep neurobehavioral phenotyping

* Neuroscience-informed alcohol-related neurofunctional domains:
Confirmatory factor analysis (CFA) measurement models.
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Model Fit
Functional Domain X df SRMR  RMSEA[90%CI]  CFI TLI FD
Executive Functions 2.18 3 .011 .000 [.000-.064] 1.00 1.00 .84
Risk Propensity 0.47 4 .003 .000 [.000-.000] 1.00 1.00 94
Negative Emotionality 39.14™ 9 .026 .078 [.054-.104] 97 95 93
Alcohol Withdrawal 10.86™ 2 .028 .090 [.043-.145] .99 .96 99
Incentive Salience/Craving 2.94 2 .014 .029 [.000-.094] 1.00 99 .88
Alcohol Sensitivity 6.97" 3 .015 .049 [.000-.099] 99 98 99
Self-Control/Disinhibition 141.89 25 .043 .092 [.078-.107] 95 92 95

Note. df = degrees of freedom; SRMR = standardized root-mean residual; RMSEA = root-mean-square error appro:
CI = confidence interval; CFI = comparative fit index; TLI = Tucker-Lewis index; FD = factor scores determinacy;
p<.05

Martins et al. (2023) in prep



Classification and predictive utility

* Classification utility of varying combinations of functional
domains in discriminating risk for problematic drinking?

» 7 functional domains = 128 models ( 27 = 128 possible combinations)

K-folds cross validation Testing Data Models ranked by AUC:

T AUC = better classification utility

Fold 3

AUC: 0.836 (0.803-0.869)

=2

Q

N
S tivity

0.6 0.4
Specificity

Martins et al. (2023) in prep



Classification and predictive utility

* Incentive salience, alcohol withdrawal, and alcohol sensitivity

h d imal combinati ith the b lassificati ili
snowed the optimal combination with the best classitication utility.
Total Sample (N = 541)°
Out-of-Sample Model Evaluation Metrics Variable Importance®
Models®

AUC Accuracy Sensitivity ~ Specificity Precision Recall F1 Score Kappa Concordance Somers D 1S AS NE AW EF DM SC
ASTAWHISHNE+SC .867 758 .802 708 774 .802 786 510 866 734 7.036 4.342 2.698 3.546 - - 2762
AS+AW+DM+HS+NE+SC .865 758 .800 712 776 .800 786 510 .866 730 7.052 4352 2756 3.574 -  0.626 2.834
AS+AWHIS+SC .864 750 802 .688 764 802 780 492 .862 730 709 4.608 - 3194 - = 1.754
AS+AWHEF+IS+NE+SC .862 756 7196 712 774 796 784 506 .864 724 7.058 4.362 2.566 3.53 0.85 - 2.682
AS+AW+DM+EF+IS+NE+SC .862 764 .802 720 780 .802 790 .520 .862 124 7.056 4592 - 3204 - 0326 1.774
AS+AW+HDM+IS+SC .862 756 .806 .696 770 .806 784 .502 .860 126 7.072 4374 2.624 3.554 0.824 0.596 2.742
AS+AWHIS+NE .862 746 800 .680 754 .800 776 480 864 124 8.012 4322 1.676 3.652 - = =
AS+AWHEF+IS+SC .861 754 798 .698 768 798 782 494 .860 722 7.128 4.612 - 3.192 1.08 - 2.052
ASTAWHIS 860 754 802 700 770 .802 182 .500 858 720 7932 4524 - 3414 - = =
AS+AW+DM+IS .859 758 804 704 772 .804 786 .508 858 720 7.764 4.49 - 3404 - 0436 -
ASTAW+DM+IS+NE .859 746 .802 676 754 .802 778 480 .858 718 7.862 4.298 1.676 3.644 - 0.43 -
AS+AW+DM+EF+IS+SC .859 152 798 .694 764 798 780 490 .858 720 7.094 459 - 3.198 1.076 0.308 2.068
AS+AW+EF+IS .858 756 802 706 172 802 786 .506 858 718 7.69 4538 — 3388 0.576 - =
AS+AW+DM+EF+IS .857 756 .804 702 768 .804 786 506 856 16 7.58 45 — 3382 054 0348 -
AS+AWHEF+IS+NE .857 748 194 .694 762 794 774 486 .860 712 7714 4342 1904 3.644 1.024 - -
ASHIS+NE+SC .856 784 838 712 786 838 812 .560 .856 714 822 4516 2192 - = - 2904
AS+AW+DM+EF+IS+NE .856 746 788 .694 764 788 72 482 856 12 7.632 4.326 1.908 3.642 0.968 0.3 -
AS+DMHIS+NE+SC .855 782 836 716 788 836 812 .560 .854 710 8.196 4.52 2232 - — 0466 293
ASHIS+SC .854 766 814 704 774 814 794 .520 852 706 8.184 4712 - = = - 2148
AS+DM+IS+SC .853 766 814 700 772 814 792 516 850 704 8.124 4702 - - — 0344 2.136
AWHIS+NE+SC 852 760 816 .692 768 816 790 .508 852 706 7468 - 319 3.85 - - 2746
ASHIS 852 172 .830 .698 7176 .830 .802 532 .850 704 928 4.62 - - - - -
AS+DM+IS 851 768 828 .694 174 828 .800 528 852 704 9.03 459 - - - 0484 -
AS+IS+NE 851 772 832 704 776 832 802 538 850 700 9274 45 0986 - - - -
AS+EF+IS+NE+SC 851 788 834 728 7194 834 814 .568 .850 702 8.234 4.532 2.056 - 0.92 - 2834
AS+EF+IS+SC .850 766 812 708 776 812 792 520 852 702 8212 4716 - - 1.054 - 2348
AS+DM+EF+IS+SC .850 764 812 704 774 812 790 516 .848 700 8.152 4.702 - - 1.05 0.336 2.344
AW+DM+IS+NE+SC .849 762 .820 .692 768 .820 7194 512 .850 .698 7424 - 3178 3.86 - 0398 272
AS+DM+EF+IS+NE+SC .849 786 838 720 790 838 814 .562 .848 .698 8.208 4.536 2.094 - 0906 044 2862
AS+DM+IS+NE .849 768 834 692 72 834 .800 .530 848 698 9.042 4.474 0.986 - - 0.484 -
AS+EF+IS .849 766 826 .698 776 826 .800 526 .848 .698 8918 4.636 - - 0718 - -

Martins et al. (2023) in prep



Classification and predictive utility

* Incentive salience & craving function domain demonstrated by far
the strongest performance, predictive utility, and diagnostic value.

AW+DMH+IS 841 750 810 676 758 810 782 488 842 .682 7988 - - 361 - 0672 -
AW+DM+EF+IS+NE 841 748 .800 688 762 800 778 490 .840 .684 795 - 2342 393 0832 0466 -
AW-+EF+S 840 758 810 698 768 810 790 508 842 .680 8.054 - - 3616 056 — -
AW+DM+EF+IS+SC 840 756 812 .690 764 812 784 504 .840 676 7456 — — 3448 1.232 0556 1.84
AW+EF+S+SC 840 756 810 690 764 810 786 502 840 678 7564  — — 3442 1206 - 1.892
AW+DM+EF+IS 838 752 810 684 762 810 784 496 84 678 7.886 - - 3612 054 0622 -
IS+NE+SC 837 758 810 692 768 810 788 506 836 674 8822 - 2662 - - — 2882
DMH+IS+NE+SC 835 752 .806 684 .760 806 782 494 834 672 8744  — 2644 — 0352 2816
EF+IS+NE+SC 832 748 .802 680 756 802 778 484 832 662 8834 - 2518 - 0874 - 2856
DM+EF+IS+NE+SC 831 748 .802 680 758 802 778 484 832 664 8748 — 249 — 0878 0356 2814
IS+NE 831 750 814 666 754 814 786 488 832 .662 981 - 1532 - - - -
DMH+IS+NE 830 746 812 662 750 812 782 480 832 .658 952 - 1514 - - 0692 -
IS+SC 830 750 824 658 748 824 784 488 830 662 8.806  — E - - —  1.868
IS 829 742 816 652 744 816 778 A72 830 658 9.768  — E E E B -
DMH+IS+SC 829 752 826 662 750 826 784 492 830 .658 8.684 - - - - 051 1772
DM+IS 828 740 810 652 746 810 776 468 828 654 9.466 - - - - 0712 -
EF+IS+NE 828 748 814 666 752 814 782 484 828 656 9552 — 176 — 0942 — B
EF+IS+SC 828 752 814 672 754 814 784 490 828 .656 8.824 - - - 1188 - 221
DM+EF+IS+NE 827 742 810 658 746 810 778 A72 828 654 9352  —  1.698 - 0.822 0532 -
DM-+EF+IS+SC 826 748 818 662 748 818 780 486 826 654 8.696 - - — 1214 0532 2.146
EF+IS 825 74 808 656 746 808 774 468 .824 .65 9.486 - - - 055 - -
DM+EF+IS 824 742 810 656 748 810 778 472 824 650 9278 — E — 0514 0676 —
AS+AW+NE+SC 820 734 782 676 752 782 766 460 818 642 — 5004 2942 6284 - - 5424
AS+AW+DM+NE+SC 818 748 796 690 762 79 776 484 818 638 — 491 2844 6218 —  0.676 5.062
AS+AW-EF+NE+SC 815 738 784 684 756 784 770 466 816 628 — 501 2874 6272 0614 — 4706
AS+AW+DM+EF+NE+SC 814 752 798 698 770 798 780 492 816 628 — 4918 2766 6206 0.632 0.696 4.478
AS+AW+DM+SC 807 726 770 676 748 77 758 444 .806 614 - 5116 — 5938 — 105 4348
AS+AW+SC 807 724 774 668 744 T74 58 440 .808 612 — 5258 - 602 - — 475
AS+AW+DM+EF+SC 805 722 766 672 746 766 754 436 .802 612 — 5094 - 5928 0.768 1.076 3.924
AS+AW+EF+SC 804 724 72 668 744 7258 440 804 608 — 5246 - 6012 0728 - 4176
AS+AW+DM+EF+NE 794 704 750 656 730 750 738 406 796 .586 — 4896 1.598 6716 2512 1.724 —
AS+AW+DM+EF 791 714 768 656 736 768 748 422 792 582 — 5008 - 6598 207 1866 —
AS+AW+EF+NE 791708 752 656 732 752740 410 790 .580 - 505 1752 6912 2936 - -
AS+AW+DM 788 702 766 630 724 766 742 398 790 .576 — 4904 - 6894 - 2312 -
AS+AW+DM+NE 788 708 768 638 728 768 746 410 788 576 —~ 4832 0.688 682 - 2304 -
AS+AW+EF 786 700 746 652 730 746 736 398 784 .570 — 5202 - 6782 2484 - -
AW+DM+NE+SC 785 728 774 672 750 J74 760 446 786 .570 E — 3272 685 — 1256 4942
ASHAW 784 696 746 642 724 746 734 388 784 .568 - 5094 - 718 - - -
AWHNE+SC 784 722 770 668 746 770 52 436 782 .568 - — 3466 6954 — — 5424
AS+AW+NE 783 704 756 646 728 756 740 404 784 .566 — 5018 0.708 7.096 — B B
AW+DM+EF+NE+SC 783 716 764 664 742 764 748 428 782 564 B — 3152 6.828 0.622 1286 4.468

Martins et al. (2023) in prep



‘Subtypes” or latent classes

* 3 “subtypes”: low-risk/light drinkers (n=116), moderate-
risk/social drinkers (n=231), high-risk/problem drinkers (=205).

-o- Low Risk /Light Drinkers-Abstainers (n = 116; 21%) -4- Moderate Risk/Social Drinkers (n = 231; 42%) % High Risk/Problem Drinkers (n = 205; 37%)

Standardized Mean Score

Martins et al. (2023) in prep



‘Networks” and centrality analysis

* Self-control/Disinhibition as the most interconnected domain

, o Low-risk, Moderate-risk,

unctional Domains . . . .

o AW: Alcohol withdrawal light drinkers social drinkers

o AS. AICOhOI SenSitiVity Low RisklLight Drinkers-Abstainers (n = 116; 21%) -0 Moderate Risk/Social Drinkers (n = 231; 42%) -O- High Risk/Problem Drinkers (n = 205; 37%)
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Family History & Situational Risk Factors @ @
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@ @ Martins et al. (2023) in prep




Take Home Message

(1) Incentive Salience/craving, alcohol sensitivity, and alcohol withdrawal
produced the most optimal combination with the best classification utility.

— Incentive Salience/craving domain demonstrated by far the
strongest predictive utility and diagnostic value.

(2) Self-Control/disinhibition was consistently identified as the most
interconnected and highly central domain in all networks.

— Self-Control/disinhibition could prove to be an important and
useful target for promoting efficacy of prevention efforts.



Outline

* Why is it so difficult to stop or change and recover from addiction?
* Clinical prognostic indicators of AUD treatment and recovery
* Neural correlates of AUD and treatment-based recovery



Clinical prognostic indicators
of AUD treatment response



Prognostic indicators of AUD treatment

* N = 80 treatment-seeking adults with AUD completed an 8-week
treatment and were daily assessed using a smartphone app.

Manualized 12-Step Facilitation and Relapse Prevention Therapy

TREATMENT

Sinha et al. (2021) AmJP
Martins et al. (2022) DAD



Prognostic indicators of AUD treatment

* Pretreatment alcohol craving predicted subsequent alcohol use
outcomes and risk of relapse to heavy drinking during treatment.

a b C
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Martins et al. (2022) DAD



Prognostic indicators of AUD treatment

* Pretreatment alcohol withdrawal predicted subsequent alcohol
use outcomes including heavy drinking days and drinks per day.

X
- Low AW - High AW 3 - Low AW = High AW
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Martins et al. (2022) DAD



Self-guided breathing in AUD recovery

* N = 23 treatment-seeking adults with AUD completed an 8-week
treatment with standard treatment + daily breathing exercises.

Ratings — BEFORE and AFTER breathing exercise

esse rate yoor lovel of Attention: Please rate your level of attention right now. (0=Poor to 10=Excellent)

attention (focus) Yight now.

(o gt Mood: Please rate your mood now. (1=Negative to 10=Positive)
Arousal: Please rate your level of arousal now. (1=Calm/Relaxed to 10=Excited)
Stress: How stressed do you feel right now? (0=Not at all to 10=Extremely)
Anxiety: How anxious do you feel right now? (0=Not at all to 10=Very much)
Craving: How much do you want to drink alcohol? (0=Not at all to 10=Very much)

Pain: Please rate your level of physical pain right now. (0=No pain to 10=Severe pain)

Fatigue: Please rate your level of fatigue. (0=Very low to 10=Very high)




Self-guided breathing in AUD recovery

* AUD patients showed reductions in craving and stress; reductions in
craving and stress are accompanied by declines in baseline levels.

Alcohol Craving

Stress

Craving (0-10)

1
3 [] AUD/Early Trauma

B AUD/No Trauma

After
== Before

\_\

Craving (0-10)
O =~ N W b 0O O N 0 © O

0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

Before After

Treatment Period (Week 1-8)

Breathing: F(1,1908) = 6.75,
p =0.010

Breathing X Time: F(1,2900.15) =
5.17, p =0.023

Stress (0-10)

[] AUD/Early Trauma
B AUD/No Trauma

1

After
== Before

\

Stress (0-10)
o - N w A o0 o ~N 0 © O

Week 1 Week2 Week3 Week4 Week5 Week6 Week7 Week8

Before After

Breathing: F(1,2897.03) =

96.30, p < 0.001

Treatment Period (Week 1-8)

Breathing X Time: F(1,2897.03)
=8.13, p=0.004

Dauginikas, Martins, et al. (2022) ABCT




Take Home Message

(1) Pretreatment AW and alcohol craving may serve as clinical prognostic
indicators of alcohol use outcomes and AUD treatment response.

— Evidence suggesting that manifestations of AUD-related
disruptions reflect manifestations of stress pathophysiology.

— Critical for understanding the wide heterogeneity of AUD
treatment responses to improve AUD treatment outcomes.

(2) Daily breathing significantly reduced levels of stress and alcohol
craving throughout the treatment period.

— Self-guided breathing exercises via a smartphone app is a cost-
effective and readily available treatment tool for normalizing and
stabilizing AUD disruptions.



Neural correlates of AUD and
treatment-related recovery



Neural AUD treatment-related recovery

* N=30 demographically and clinically matched AUD treatment-
seeking community adults (AUD) and 55 moderate drinkers (MD)

fMRI paradigm

Ratings

eeeeeeeeeeeeeeeeeeeeeeeeeeee

111111111

ssssss

111111111
VVVVVVV

Baseline

Provocation
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3T Prisma MRI scanner

Sinha et al. (2016) PNAS



Neural AUD treatment-related recovery

* AUD treatment-seeking patients completed an 8-week treatment
and were daily assessed using a smartphone app.

Sinha et al. (2021) AmJP
Martins et al. (2022) DAD



Altered stress & alcohol cue responses

* AUD showed greater craving and hypoactive VmPFC but hyperactive
limbic responses to alcohol cues and hypoactive VmPFC to stress cues.
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Neural correlated of AUD recovery

* When comparing pre- vs. post-treatment fMRIs : amygdala and insula
responses were reduced; VmPFC and sgACC activity was increased.
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AUD treatment-related recovery

* Stress and craving ratings were reduced after treatment.
 Daily craving reduced but stress coping improved with treatment.
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Ability to manage stress and VmPFC

* VmPFC recovery during stress was associated with greater
improvements in stress management ability during treatment.
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Take Home Message

(1) disrupted neural responses to stress and alcohol cues in AUD
patients in prefrontal and limbic regions:

— altered neural circuits of stress and emotion regulation, marked
by decreased VmPFC, and sgACC but increased limbic responses
in the amygdala, hippocampus, and thalamus.

(2) this neural pattern that appears to improve after treatment:

— reduction of amygdala and insula responses
— recovery of VmPFC and sgACC activity

(3) recovered VmPFC responses were associated with greater
improvements in stress regulation.
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