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We reviewed major 
classes of substances

 Tobacco
 Alcohol
 Opioids
 Cocaine
 Cannabis

Medications for Substance Use Sex 
differences?



Medications were 
developed exclusively, or 
primarily, with samples of 
men

Existing data is primarily 
from retrospective 
studies

Medications for Substance Use: 
Conclusions



FDA approved medications for 
smoking cessation

 Nicotine replacement 
(various forms)

 Bupropion (Zyban, 
Wellbutrin)

 Varenicline (Chantix)

Medications for Tobacco: Sex differences?



42 placebo-controlled 
clinical trials were 
identified

When men and women 
differed, women did 
poorer than men

Virtually no data on 
differences in 
compliance, side 
effects, withdrawal or 
cravings

Analysis of Nicotine Replacement Efficacy by 
Sex



Meta-analysis of Bupropion by Sex 
(n=4,421)
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Bupropion increased rates of 
quitting in women and men

q Men O.R.=2.53
q Women O.R. = 2.47

However, rates of quitting 
lower in women overall, 
regardless of treatment 
condition

q women were 21% less 
likely to quit 

Sharf & Shiffman, 2004, Addiction



q Head-to-head 
comparison of nicotine 
patch, bupropion, 
varenicline by sex

q N=14,389

Network Analysis of Medication Efficacy by 
Sex
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 Head-to-head 
comparisons of 
medication by sex

 Men 
(VAR=BUP=PATC
H)

 Women 
(VAR>BUP=PATC
H)

Smith….McKee, NTR, 
2017
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Meta-analysis of Varenicline by Sex

We conducted meta-
analysis pooling data 
from 10,641 adults who 
smoke, representing 
98% of all Phase II & III 
data 

• Data obtained from 
Pfizer & academic 
investigators

Women had greater 
odds for quitting vs men
(VAR vs PLA: W>M)



Phase 4 Meta-analysis of Varenicline by Sex

Real-world quitting

Current Population 
Survey n=7,906 had 
quit attempt

Women: VAR > PATCH

Men: VAR = PATCH



RCT Pfizer EAGLES study: Sex differences

McKee, Lawrence, Saccone, McRae, Anthenelli, 
submitted

n=8,144 adults 
who smoke, ~50% 
with psychiatric 
conditions

Men 
(VAR=BUP=PATC
H)

Women 
(VAR>BUP=PATC
H)

 



Where there is sufficient 
data, sex-based data 
needs to be incorporated 
into clinical practice 
guidelines

>41,000 adults who 
smoke

Men (VAR=BUP=PATCH)
Women 
(VAR>BUP=PATCH)

Medications for Substance Use: 
Recommendations



Clinical Practice Guidelines: Tobacco Use 
Disorder

Is gender a 
consideration 
in selecting a 
medication? 

There is evidence that NRT can be effective with both 
sexes; however, evidence is mixed as to whether NRT 
is less effective in women than men. This may 
encourage the clinician to consider use of another type 
of medication with women, such as bupropion SR or 
varenicline. 

Based on current evidence
 Nicotine replacement and bupropion may be less 

effective for women vs. men
 Should varenicline be recommended as first choice 

option for women (based on n>41,000 adults who 
smoke)?

https://www.aafp.org/dam/AAFP/documents/patient_care/clinical_recommendations/Trea
tingTobaccoUseandDependence-2008Update.pdf



FDA-approved Medications for AUD: Sex 
differences?

Medication
SABV in 

study design

SABV 
incorporated 

into any 
analysis

Sex 
differences 
in efficacy

Sex 
differences 
in adverse 

events
Naltrexone No Post-hoc W=M W>M
Acamprosate No Post-hoc W=M W=M
Disulfiram No No ???? ???

McKee & McRae-Clark, BSD, 2022

SABV: Sex as a biological variable



Novel Medications for AUD

Medication 
Target

SABV in 
study design

SABV 
incorporated 

into any 
analysis

Sex 
differences 
in efficacy

Sex 
differences 
in adverse 

events
Cholinergic No 2 studies W<M ???
Noradrenergi
c

No 1 study W=M ???

GABA No 2 studies W>M ???
Serotonin No 1 study W>M ???
Anti-epileptics No No ??? ???

Other medication targets which have shown promise for 
AUD

McKee & McRae-Clark, BSD, 2022

SABV: Sex as a biological variable



Medications for AUD: Sex differences?
O

dd
s 

R
at

io
 fo

r M
ed

 v
s 

Pl
ac

eb
o

Full 
Sample 
(n=190)

Females 
(n=85)

0

2

4

6

8

10

12

RCT of baclofen (GABA 
agonist)

Significant sex differences 
found but not discussed in 
paper

Reynaud et al., 2017, Alcohol & Alcoholism



Recommend improved 
access to publicly 
available sex-stratified 
data from medication 
development 
investigations

 NDA information
 Clinicaltrials.gov

Medications for Substance Use: 
Recommendations



Targeting Stress for Treatment Development

q If treatment is 
going to be 
effective for 
women, then 
treatments need 
to target factors 
that underlie 
substance use in 
women.

q Targeting stress-
reactivity 



What Drives Use in Women vs Men?



What Maintains Use in Women vs Men?

Neurobiological underpinnings of 
substance use



Brain stress 
systems
CRF
Dynorphin
Glucocorticoid
Hypocretin
Norepinephrine
Vasopressin

Anti-stress systems
Endocannabinoid
Neuropeptide Y
Nociceptin
Oxytocin

Potential Systems to Target Stress 

Mason, 2017, Neuropharm



Glucocorticoid 
receptor antagonist, 
mifepristone reduced 
alcohol-cued craving 
in the laboratory, and 
naturalistic drinking.

Targeting Stress-Reactivity for Medication 
Development

Vendruscolo…Mason, 2015, J Clin Inv



Oxytocin did not 
increase days to 
first alcohol use – 
but sample was 
71% male and 
gender differences 
not examined.

Number of days until first alcohol 
intake in the oxytocin (n = 16) and 
the placebo (n = 17) groups

Melby et al., Alc & Alcohol, 2020

Targeting Stress-Reactivity for Medication 
Development



A randomized, double‐blind, placebo‐controlled study of the kappa opioid receptor antagonist, CERC‐501, in a 
human laboratory model of smoking behavior

Addiction Biology, Volume: 25, Issue: 4, First published: 26 June 2019, DOI: (10.1111/adb.12799) 

A kappa-antagonist did not alter ability to resist smoking, 
or smoking behavior in a human laboratory study

Stress not tested in the model & sex differences not 
examined

Targeting Stress-Reactivity for Medication 
Development



Potential Medications to Target Stress

Noradrenergic targets
 Guanfacine (alpha2a agonist)
 Doxazosin (alpha1 

antagonist)
 Carvedilol (combined alpha1 

& beta antagonist)

Kappa antagonist
 Cerc-501

Neurosteriods



Targeting the Noradrenergic System

Noradrenergic pathways 
q are involved in stress-

induced relapse to drugs, 
including alcohol and 
nicotine

q mediate substance-
provoked dopamine release 
in the nucleus accumbens

q are involved in stress-
induced decrements in 
prefrontal functioning



Targeting the Noradrenergic System

Guanfacine
q Alpha2a noradrenergic agonist
q Immediate-release formulation: 

qTenex (hypertension)

q Extended-release formulation
q Intuniv (ADHD)



Guanfacine increased the ability 
to resist smoking, reduced 
cigarettes smoked, and reduced 
tobacco craving following stress, 
in women but not men

Targeting the Noradrenergic System



Guanfacine 
reduced smoking-
related 
reinforcement in 
men but not women 

Reductions in 
smoking-related 
reinforcement were 
associated with an 
increased ability to 
resist smoking in 
men (r=-0.62), but 
not women (r=-
0.18)
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Targeting the Noradrenergic System



 

McKee et al, 2015.Collaboration with Marc Potenza

Guanfacine 
relative to placebo 
increased 
activation in the 
anterior cingulate, 
ventro-medial 
prefrontal cortex, 
and bilateral insula 
during the 
incongruent 
versus the 
congruent stimuli 

Targeting the Noradrenergic System



Guanfacine attenuates dopamine response in 
extrastriatal regions, including cortex

Sandiego et al., 2018, 
Neuropsychopharm

33% reduction 
across cortical 
regions

25% reduction in 
amygdala



Females with greater 
dampening of dopamine 
release in the amygdala 
had greater ability to 
resist smoking following 
stress and smoked less 
cigarettes following 
guanfacine treatment. 

Targeting the Noradrenergic System

Sandiego et al., 2018, 
Neuropsychopharm



The effect of guanfacine in the amygdala is 
dependent on α2A receptor. This effect is 
similar for female and male mice.

Mineur et al, NeuroPsychopharm, 2018

Alpha2a knockdown in amygdala + guanfacine 
Light/dark box



Phase 2 Smoking Cessation RCT

Guanfacine 
6mg/day ER 
increased 
rates of 
smoking 
cessation
42% vs 19%
p<.05

Point prevalence outcomes during treatment 
(CPD>10)  

McKee, R01DA035001



Phase 2 Smoking Cessation RCT

Guanfacine was 
efficacious for 
women and men, 
with larger effects 
in women

Point prevalence outcomes summarized over treatment

McKee, R01DA035001
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Guanfacine
q Targets stress for women
q Targets smoking-related 

reinforcement for men
q Mechanisms centralized in 

the amygdala 
q RCT demonstrated 

reduced smoking with 
larger effects for women

Summary of Smoking Findings



Smoking Cessation RCT: Alcohol outcomes

Guanfacine reduced drinking and these reductions 
were associated with plasma medication levels (-
0.44 to -0.81)

McKee, R01DA035001



Phase 2 Study: Stress-precipitated Drinking

Guanfacine is attenuating stress-precipitated drinking and 
alcohol craving in women but not in men

In men, guanfacine attenuated ratings of ‘want more alcohol’ 
(36% men vs 5% women).



Guanfacine appears to be targeting tonic ratings of 
stress in women.

Phase 2 Study: Stress-precipitated Drinking



Different brain systems modulated by 
noradrenergic activity are activated by substance 
use in women and men

q prefrontal cortex-amygdala axis in women
q mesolimbic dopamine system in men

Guanfacine (an alpha2a noradrenergic                               
agonist) can target these                                       
gender-sensitive systems to improve 
treatment outcomes 

Targeting the Noradrenergic System



 Phase 2 hybrid laboratory/clinical trial design 
to examine efficacy of guanfacine (6mg/day) 
for heavy drinking, and sex-dependent 
mechanisms 

Targeting the Noradrenergic System



YALE-SCORE U54AA027989

Targeting the dark side of addiction for AUD medication 
development 



Summary & Conclusions

q Medication trials for substance 
use have not considered SABV

q SABV needs to be incorporated 
into the design, power, analysis 
and reporting of findings 

q Targeting stress for treatment 
development for women is 
promising

q Noradrenergic targets hold 
promise to target gender-
sensitive systems involved in 
substance use
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