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The Health Consequences of Smoking—50 Years of Progress

Figure 11.6 Survival probabilities for current smokers and never smokers for women and men
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Source: Jha et al. 2013. Reprinted with permission from Massachusetts Medical Society, © 2013.

Note: Survival probabilities for current smokers and never smokers among men and women 25-80 vears of age. The vertical lines

at 80 years of age represent the 99% cumulative survival probabilities, as derived from the standard errors estimated with use of the
jackknife procedure. Survival probabilities have been scaled from the National Health Interview Survey to the U.S. rates of death from
all causes at these ages for 2004, with adjustments for differences in age, educational level, alcohol consumption, and adiposity (body
mass index).
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US Prevalence Rates

Percentage of adults who were current cigarette smokers,*

overall and by sex — National Health Interview Survey,
United States, 2005-2015
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Substance Use Disorders: 2013 — 2019

National Survey on Drug Use and Health. (NSDUH)

Age (yrs) Men 2013 (%)

Women 2013(%) | Ratio

Men 2019(%) | Women 2019(%)
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Male-to-Female Smoking Ratios
by World Health Organization Region

ADULTS YOUTH
Africa 7.2t01 2.2t01
Americas 1.6t0 1 1.2t01
I\E/Iaeilti?é?ranean 5.8104 45101
Europe 1.8t01 1.2to 1
SoutheastAsia 11.0to 1 42101
Western Pacific 75101 1.7t0 1
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Cigarette Smoking Among Youth at the Intersection of

Sexual Orientation and Gender Identity
(Wheldon et al, 2019)
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FIG. 2. Cumulative incidence plots of age at first cigarette smoking by gender identity and sexual identity: The LGBTQ
National Teen Survey. Cis, cisgender; Trans, transgender.
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Gender differences in susceptibility to smoking

among high school students
(Santano-Mogena et al., 2023) > [
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Women smokers have more difficulty quitting
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1. Main text

Data from treatment studies tends to show women are less likely to quit smoking than men, but these findings
have been disputed, typically based on contradictory evidence from epidemiological investigations. The purpose
of this review was to shed light on this conflict. We conducted a qualitative review in January 2016 to examine
sources of variation in sex/gender differences for smoking cessation. We identified 214 sex/gender difference
tests from 190 studies through Medline and studies were categorized into efficacy trials (k = 37), effectiveness
trials (k = 77), prospective observational studies of cessation (k = 40; current smokers transitioning to former
smokers), prospective observational studies of relapse (k = 6; former smokers transitioning to current smokers),
cross-sectional investigations of former smoker prevalence (k = 32), and cc ity-based interventions (k =
4). We also summarized evidence across time periods, countries, outcome assessments, study sample, and treat-
ment. Evidence from efficacy and effectiveness trials, as well as prospective observational studies of relapse, dem-
onstrated that women have more difficulty maintaining long-term abstinence than men. Findings from
prospective observational studies and cross-sectional investigations were mixed and demonstrated that bio-psy-
cho-sodial variation in samples across place and time may determine whether or not women or men are less like
ly to quit smoking. Based on these findings, we consider whether sex/gender differences in quitting meet criteria
for a disparity and outline directions for further research.

© 2016 Elsevier Inc. All rights reserved.

achieve long-term abstinence from smoking. We refer to differences be-

tween women and men as “sex/gender” differences to incorporate the
Cigarette smoking continues to be the leading cause of preventable biological and social dimensions of sex and gender that are captured

death and disease in the United States (U.S.), killing approximately in investigations of smoking cessation.

556,000 Americans annually (Carter et al., 2015). While tobacco control Observed differences between men and women in the success with

efforts have had remarkable success in the past 50 years reducing the which individuals achieve smoking cessation (e.g., (Gritz et al.,, 1996;

Summarized 190
studies.

Women have more
difficulty maintaining
long-term abstinence
than men
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Women smokers have more difficulty quitting

Women have greater relapse Women have greater difficulty

(n=33,309) o5 quitting (n=4,959)
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Why do women have more difficulty quitting
smoking?

Factors underlying poor
treatment response in women

dreproductive status &
hormones

_psychiatric co-morbidities
dweight management
_stress & negative affect

> medication response
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Animal Literature

Fairly substantial animal literature

However, most studies involve non-nicotine reinforcers
» especially cocaine

A few notable generalizations from this literature are
> (seereviews by: Lynch, Roth, & Carroll, 2002; Anker & Carroll, 2010;
Carroll & Anker, 2010; Hudson & Stamp, 2011)

» Estradiol enhances drug reward and facilitates reinstatement

» Pro 0 esterone dampens drug-seeking behavior
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Human Laboratory research

Administration of progesterone vs. placebo

L 4

Progesterone attenuated craving in response to smoking and...
Trend level evidence of reduced smoking during self-administration task
(Sofuoglu, Babb, & Hatsukami, 2001)

L 4

L 4

Progesterone decreased self-report ‘liking” of IV nicotine and increased self-report
‘bad effects’ (Sofuoglu, Mitchell, & Mooney, 2009)

L 4

Progesterone reduced ambient craving & increased cognitive performance (Stroop
task; Sofuoglu et al., 2011)
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Reproductive status & hormones

o o 10 Systematic review &

dioiz10.1093/ nir/nku2 49

o meta-analysis of

Review menstrual cycle and

Systematic and Meta-Analytic Review of Research Ovari an h ormone
Examining the Impact of Menstrual Cycle Phase

and Ovarian Hormones on Smoking and Cessation effeCtS on SmOki ng
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Abstract
Introduction:To detarmine the effect of ovarian hormones on smoking, we conducted a systematic review 3 6 d 1 1 d 1 f d
of menstrual cycle effects on smioking (i.e., ad lib smoking, smoking topography, and subjective effects) Stu I eS I e n tl I e

and cessation-related behaviors (iLe., cessation, withdrawal, tonic craving, and cue-induced cravingl.
Meathods: Thirty-six papers were identified on MEDLINE that includad a menstrual-related search
term (e.q., menstrual cycle, ovarian hormones), a smoking-related search term (2.9., smoking, nic-
otina), and met all inclusion criteria. Thimy-two studies examined menstrual phase, 1 study meas-
urad hormone levels, and 3 studies administerad progestarona.

Results: Sufficient data were available to conduct meta-analyses for only 2 of the 7 variables:
withdrawal and tonic craving. Women reported greater withdreawal during the luteal phase than
during the follicular phase and theres was a3 nonsignificant trend for graatar tonic craving in the

Changing What’s Possible = MUSChealth.org
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Study Measure Comparison  Deprivation Weighted Hedge's G [95% CI]

Withdrawal :

DeVito (2014) MMWS B:Fws L Yes - = I 044[-1.04 017
Allen (2010) MMWS B;Fws LL Yes l—‘—'—| 0.16[-0.11,044]
Allen (2014) MMWS W:Fuws. L Yes —=— 022[ 0.05,038]
Perkins (2000) DSM-IV B:Fuws L Yes I = I 032[-013,077]
Allen (2009b) MMWS W; Fuvs. L Yes I = I 051[ 011,0892]
Allen (2000) MMWS B Fws. LL Yes I = | 067[-0.35,169]
Allen {1996) Mod. MNWS W:Fws. L Mo | . | 0.78[ 0.33,1.24]
O'Hara (1989) SIWsQ B:Fws L Yes I . I 0.79[-0.06,1.64]

Weighted Hedge's G Estimate for Withdrawal | et 032[010,055]

Craving

DeVito (2014) QSU factor 1 B:Fws. L Yes - = I 0.33[-094,027)
Allen (2009a) Desire to smoke B:Fws L Mo - = | 021[-0.83.042]
Allen (2010) MMWS craving B:Fws. L Yes I—I—| 001[-0.27,0.28)
Perkins (2000) Desire to smoke B:Fws. L Yes I ' I D06[-0.39,051]
Allen (2000) MMWS craving B:Fuws LL Yes b = I 0.09[-090,1.08]
Allen (2009b) MMWS craving W:Fws. L Mo | = | 011[-027,049]
DeBon (1995) Mod. MNWS craving W; Fvs. LL Mo i m | 0521 0.01,1.04]
Sakai (2013) VAS W Fuws. L Mo I = I 066 027 ,1.06]

Weighted Hedge's G Estimate for Craving * 015[-0.01,0.30]

— T T T T T T T T T
078 025 025 050 075 100 125 150 175 2.00

Women reported greater withdrawal and craving during the luteal phase compared to
the follicular phase.
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Smoking and Psychiatric lliness
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Psychiatric co-morbidities

12
10 Past-year
g 8 psychiatric
£ " diagnoses
S ;‘ I I I I I more strongly
0 I associated
\@ & PP ‘\@6 @}@* & with past-year
2 & L & & L smoking
P X Y N 0 O & o e
& O S S 5 among women
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0 W L RV compared to
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Odds ratios of daily smoking status by
depression diagnosis by gender,n=43,093

3 ( * B Female
2.5 E Male
2

1.5
1
0.5
0

Current MDD
Husky et al, 2008, DAD

Lifetime MDD

Odds ratios of transitions in smoking status by
depressiondiagnosis, n=34,653

2.5 B Quit
2 H Relapse
1.5

1
0.5
0

Current MDD Lifetime ML
Weinbergeret al., 2012, Addiction

Medical Universi
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Women vs men

are 2x more likely to
present with current
MDD (16% vs.
7.9%)

have stronger
associations between
smoking and MDD

depression is
associated with
decreased ability to quit
and increased
likelihood of relapse
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Stress & smoking

 Stress is a primary mechanism involved in the

maintenance of (ikard et al., 1969), and relapse to smoking
(Shiffman et al. 2004)

d Smokers (35% to 100%) identify stress as a causal factor

In accounts of relapse (Marlatt & Gorden, 1980; Brandon, 1994
Shiffman, 1982)

d Smokers believe that smoking will

alleviate negative affect
(Brandon & Baker, 1991)

d Smoking lapse, triggered by stress,

progress more quickly to relapse
(Shiffmanet al., 1996)

éMUSC Health
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Negative affect & stress

Negative mood reduces latency
(seconds) to smoke in females

—250 1 HFemale Across several
g 200 @ Male laboratory studies,
3 smoking in women vs
»n 150 .
= men more likely to be
%100 negatively influenced
® 50 by stress and negative
affect
0 |

Positive Mood Negative Mood

Weinberger & McKee, 2011; Weinbe 5= M USC Health Ehanging Yot s Bossible [ MUSEhesldhiorg
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Gender Differences in Craving and Cue Reactivity
to Smoking and Negative Affect/Stress Cues

(Saladin et al., 2014) Sex Differences in Subjective and
A: Smoking Cues =
ar Behavioral Responses to Stressful and
o T Den Smoking Cues Presented in the Natural
BN Environment of Smokers
EX| ﬂ (Tomko et al., 2018)
? h I+‘ [ Fornais | Sress Rating . i) Neqative Atect Rating . il Craving Rating
1 [0 Miles . s

Stress Craving Arousal Valence Dominance

. .
R . :
& ] .
B: Negative Affect/Stressful Script Cues 51 . .
- : .
’ : : I
E i . :
Eer ¥ . .
g 5F ) * IE, . R
g * Uk . .
g 4f : - .
@ - .
§ 1 -ji : .
= . -=-‘ .
°r |
1 Neutral Stress Neuiral Siress Neutral Siress

Stress Craving Arousal Valence Dominance

Cue Type Cua Type Cue Type

Rating Type

FIGURE 1. Panels A and B depict the mean stress, craving, . . . . NP .

arousal, valence and dominance rating magnitudes of women ver- Figure |. Stress (I, neqative affect (i) and craving (i) atings of female and male smokers in response to stress versus neutral cues.
sus men smokers in response to smoking cues (A) and negative

affect/stressful script cues (B). Means are adjusted for (i) response

to control cues (neutral in vivo cues for smoking cues and re-

laxed script cues for negative affect/stress script cues), (ii) order of

smoking versus script cues presentation, and
dependence (as measured by the Fagerstro”
Dependence (FTND). *p < .01.
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Women & Weight Gain

Smoking controls weight (Brandon & Baker, 1991).

Concerned about post-cessation weight gain (pirieetal.,
1991)

Fear of weight gain inhibits quit attempts

ldentify weight gain as a cause for relapse to smoking
(Swan et al., 1993)

Perkins et al., 2001 — accepting small weight gain
Improves smoking cessation outcomes

éMUSC Health Changing What’s Possible MUSChealth.org




Medication Response

FDA approved medications for
smoking cessation

Nicotine replacement (various
forms)

Bupropion (Zyban, Wellbutrin)

Varenicline (Chantix)

oooooooooooooooooooooooooooooo



Analysis of nicotine replacement efficacy by sex

L, Vel I fns.—ﬁw o

301 Asexice '.I’Dhgu’.m:
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Consideration of Sex i Clhinical Tnials of Transdermal Nicotine Patch:
A Systematic Review

Amndrea H Weinberger and Philip H. Smith
Yale .Ju.\w::tr Schocl of Medicing

Mira Kanfman

Broom Univarsity

Sherry A McHes
Yalo Umirarsity Schoal of Modicine
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=yels phass, 1 % e=d o2 identify nesda for fabar
] _:-gh Dezzmber 31, 20L3 werz |d-r|h= 4 througk 2 MEDLINE
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in amoking sostion ucemes, with 15 andis fSrding oo diffrsncs by o end T amdiza finding better
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It is well-known that smooking sxerts 2 megative impact on neasly
#1ery ofgan in the mmas body, leading to a wids range of megative
health conssquences and greater mortality (United Stabes Dwpart-
mant of Health and Human Sarvices, 2010, "'BI.4-. Smoking ciuses
approximatoly 480,000 doaths n the United States (U.E.) axmmally
(Unmited 2iztes Departeent of Healts and Humas Ssrvices, 2004),

T epticle wex peiind Online Fimt Auguat 13, 2014,
Amdrzz M. Wiinberges, Deparmest of Fryrhiss
Eehzal of 1

¥als Canca O

el Usivessity

dizims Cansse Feovemtion s=d Cortral Ressasch Bregrem,
iz2, Maw Haven, Connssticss, B Smith, Depaste
mznst of Paychistry, Fels Usfromity Scbeal of Medisine, Mir Exsfman,
Dizpestment of Prychelapy, Brown Usiveraity; Sherry A MeKzz, Depaste
mzes af Buyshizsry, ¥ale University Seboel of Modisins Canssr Provention

and Costrol Rexcarch Program, Valr Cances Crster,
Ty revzeech was supperizd by the Metisas] leatitatey of Heshib (P50
DANSER4S [ORWH, ¥IDA, & FOAT 4o Skeery A MeKoc); dhe Graze 1

whereas across the globs, tobacco accouwsts for 11% of deaths for
adualts over the age of 30 with approximately § millics tobacco-
wsers dying every vear (Woeld Health Crganimtion, 20110, Al-
though bioth mals and female smokars expsriance smoking-related
disgases and greater mortality thes nonsmekess (Umited States
Dspartment of Health and Human Services, 2010, 1014), womsa
are mors liksly than man fo exparisnce 2 mumber of sarices healts
comsequences of smoking (s.5. ling cancer, oral cancar, heart
disgase) (Ceribelli, Pino, & Cocers, 2007; Huxler & TWoodwand,
1011; Hiyohara & Ohmeo, 1010; Szma & Bizlous, 1004; United
States Dopartmant of Haalth and Human Sarvicas, 2001). Further,
womsn sxperisncs additional conssquences of emoking such as
dysmenarrhea and menstrnal oregularity, altered ovariam cycle and
bormons levals during messtrual oycle phases, infartility, sctopic
pregmancy, and spomtameons dbortiom (Park & AMiddlalomdE, 2009,
Umited States Dopartmant of Health and Humas Sarvices, 2014,
Whitcomb ot 21, 20100

1 42 placebo-controlled clinical
trials were identified

] 22 articles (52.4%) reported
examining treatment
outcomes by sex

J When men and women
differed, women did poorer
than men

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

ealth
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Why might women smokers have poorer response to NRT?

w
o
J

*

20 —

10 —

Number of Activated Voxels T

)
|

Female Male Female

a. The probability of activation maps for male and female smokers. The most

striking difference between male and female smokers is in the right ventral
striatum.

b. The mean and (and standard error) number of voxels activated during
smoking in the right ventral striatum for male and female smokers (*p = 0.01).

Cosgrove et al., J of Neuroscience,

2014
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Why might women smokers have poorer response
to NRT?

Rates of Nicotine Clearance (ml/min/kg)

o5 * Women clear nicotine
from their systems faster

20 than men.

15

10 Women taking oral
contraceptives

> containing estrogen

0 clear nicotine the fastest.

Males Females:OC- Females:OC+

Changing What’s Possible  MUSChealth.org

éMUSC Health
witz et al., 2006, Clin Pharm Ther

OC: oral contraceptives Meical Univers



Meta-analysis of bupropion by sex (n=4,421 smokers)

End of treatment point
prevalence Bupropion increased rates of
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However, rates of quitting
lower in women overall,
regardless of treatment
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Meta-analysis of varenicline by sex

S @ . 2 large studies published in JAMA
st s SRNTBSES) indicated no sex differences in
Original investigation smoking cessation outcomes

Sex Differences in Varenicline Efficacy for (Jorenby et al., 2006; Gonzales et al., 2006)
Smoking Cessation: A Meta-Analysis
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Abstract representing 98% of all Phase Il &

Introduction: Women have lower rates of quitting than men with both bupropion and nicotine I I I data

replacement. It is unknown whether varenicline demonstrates differential efficacy for men and

women. The purpose of this study was to conduct the first comprehensive meta-analysis of clinical

trial data examining sex differences in the efficacy of varenicline for smoking cessation.

Methods: Searching MEDLINE, EMBASE, and PsychINFO, 17 of 43 clinical trials of varenicline for

smoking cessation published through December 31, 2014 were low-bias randomized double-blind d b 1 d f f
placebo-controlled trials. Data (n = 6710 smokers, 34% female, n = 16 studies, 96% of available ata O tal ne rom P Izer &
data) was analyzed with Metafor program in R. Qutcome endpoints were 7-day point-prevalence . . .

(PP) and continuous-abstinence (CA) at week 12 (end of treatment), week 24 (6-month follow-up), aC ad e m | C | nvestl g ato rS

and week 52 (12-month follow-up).

Results: Using placebo, women were less likely than men to quit (PP-12, CA-24; P < .05 for sex).
Using varenicline, similar rates of abstinence for men and women were demonstrated for all six
outcomes (eg, PP-12 abstinence rates were 53% in both women and men). Varenicline versus pla-
cebo outcomes demonstrated that varenicline was more effective for women for short and inter-
mediate outcomes (PP-12, CA-12, CA-24; P< .05 sex x medication interaction). For end-of-treatment

PP, varenicline was 46% more effective for women. For continuous abstinence, varenicline was
Y ACA 12N and 1Y% ICA_2A) mnra affartive for waman
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Meta-analysis of varenicline efficacy by sex
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Network analysis of medication efficacy by sex

> Odds Ratios for Medication
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Gender-informed approaches to smoking cessation

To improve
smoking cessation
rates for women,
effective strategies
need to address
factors that
maintain smoking

Targeting stress-
reactivity
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Take home message....

Women smokers face critical health
disparities

Women smokers have more difficulty
quitting smoking

Smoking cessation medications can
help women quit smoking

Clinical care guidelines should be
updated to reflect current knowledge

Medication development needs to target
factors underlying key sex differences in
smoking maintenance
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