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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

https://www.cdc.gov/mmwr/volumes/65/wr/mm6544a2.htm

2021:

13.1% men

10.1% women



Substance Use Disorders: 2013 – 2019
National Survey on Drug Use and Health.  (NSDUH)

Age (yrs) Men 2013 (%) Women 2013(%) Ratio Men 2019(%) Women 2019(%) Ratio

12+ 10.8 5.8 2:1 9.4 5.5 1.7:1

18+ 11.4 5.8 2:1 10.0 5.6 1.8:1

12-17 5.3 5.2 1:1 4.0 5.0 0.8:1



Male-to-Female Smoking Ratios

by World Health Organization Region 

ADULTS YOUTH

Africa 7.2 to 1 2.2 to 1

Americas 1.6 to 1 1.2 to 1

Eastern 

Mediterranean
8.8 to 1 4.3 to 1

Europe 1.8 to 1 1.2 to 1

Southeast Asia 11.0 to 1 4.2 to 1

Western Pacific 7.5 to 1 1.7 to 1

WHO 2014, TCCP database



 
 

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. 

Cigarette Smoking Among Youth at the Intersection of 

Sexual Orientation and Gender Identity
(Wheldon et al, 2019)



Gender differences in susceptibility to smoking 

among high school students
(Santano-Mogena et al., 2023)

Females:

greater cigarette use

greater alcohol use

more likely to have smoking friends









Women smokers have more difficulty quitting

Summarized 190 

studies.

Women have more 

difficulty maintaining 

long-term abstinence 

than men



Women smokers have more difficulty quitting
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Women have greater difficulty 

quitting (n=4,959)

Women Men

O.R.=0.69O.R.=1.44

❑ Similar findings in quit behavior across large 

population-based studies, pooled clinical trial 

findings, and international samples of 

naturalistic quitting

Weinberger…McKee, 2014; Smith…McKee, 2015, McKee et 

al., 2015



Why do women have more difficulty quitting 

smoking?

Factors underlying poor 

treatment response in women

❑reproductive status & 

hormones

❑psychiatric co-morbidities

❑weight management

❑stress & negative affect

› medication response





Fairly substantial animal literature

However, most studies involve non-nicotine reinforcers

› especially cocaine 

A few notable generalizations from this literature are 

› (see reviews by: Lynch, Roth, & Carroll, 2002; Anker & Carroll, 2010; 

 Carroll & Anker, 2010; Hudson & Stamp, 2011)

› Estradiol enhances drug reward and facilitates reinstatement

› Progesterone dampens drug-seeking behavior

Animal Literature



Administration of progesterone vs. placebo 

› Progesterone attenuated craving in response to smoking and…

› Trend level evidence of reduced smoking during self-administration task

(Sofuoglu, Babb, & Hatsukami, 2001)

› Progesterone decreased self-report ‘liking’ of IV nicotine and increased self-report 

‘bad effects’ (Sofuoglu, Mitchell, & Mooney, 2009)

› Progesterone reduced ambient craving & increased cognitive performance (Stroop 

task; Sofuoglu et al., 2011)  

Human Laboratory research



Reproductive status & hormones

Systematic review & 

meta-analysis of 

menstrual cycle and 

ovarian hormone 

effects on smoking

ad-lib smoking, cessation, 

relapse, withdrawal, and 

craving

36 studies identified



Women reported greater withdrawal and craving during the luteal phase compared to 

the follicular phase.



Smoking and Psychiatric Illness

From: Kalman, 2005: Comorbidity of smoking in patients with psychiatric  and substance abuse disorders.



Psychiatric co-morbidities
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Past-year 

psychiatric 

diagnoses 

more strongly 

associated 

with past-year 

smoking 

among women 

compared to 

men



Odds ratios of daily smoking status by 

depression diagnosis by gender, n=43,093

Husky et al, 2008, DAD

Weinberger et al.,  2012, Addiction

Odds ratios of transitions in smoking status by 

depression diagnosis, n=34,653

*

*

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 



Stress & smoking

❑ Stress is a primary mechanism involved in the 
maintenance of (Ikard et al., 1969), and relapse to smoking 
(Shiffman et al. 2004)

❑ Smokers (35% to 100%) identify stress as a causal factor 
in accounts of relapse (Marlatt & Gorden, 1980; Brandon, 1994; 
Shiffman, 1982)

❑ Smokers believe that smoking will                                       
alleviate negative affect                                                 
(Brandon & Baker, 1991)

❑ Smoking lapse, triggered by stress,                                   , 
progress more quickly to relapse                                       
(Shiffman et al., 1996)



Negative mood reduces latency 

(seconds) to smoke in females

Weinberger & McKee, 2011; Weinberger & McKee, 2012

*

Across several 

laboratory studies, 

smoking in women vs 

men more likely to be 

negatively influenced 

by stress and negative 

affect

Negative affect & stress



A: Smoking Cues 
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B: Negative Affect/Stressful Script Cues 
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FIGURE 1. Panels A and B depict the mean stress, craving, 

arousal, valence and dominance rating magnitudes of women ver- 

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 (iii) level of nicotine 

dependence (as measured by the Fagerstro¨ m Test for Nicotine 

Dependence (FTND). ∗p < .01. 

Women 

Men 
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Sex Differences in Subjective and 

Behavioral Responses to Stressful and 

Smoking Cues Presented in the Natural 

Environment of Smokers
(Tomko et al., 2018)

Gender Differences in Craving and Cue Reactivity

to Smoking and Negative Affect/Stress Cues
(Saladin et al., 2014)





Women & Weight Gain

❑ Smoking controls weight (Brandon & Baker, 1991).

❑ Concerned about post-cessation weight gain (Pirie et al., 

1991)

❑ Fear of weight gain inhibits quit attempts

❑ Identify 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



FDA approved medications for 

smoking cessation

Nicotine replacement (various 

forms)

Bupropion (Zyban, Wellbutrin)

Varenicline (Chantix)

Medication Response



❑ 42 placebo-controlled clinical 

trials were identified

❑ 22 articles (52.4%) reported 

examining treatment 
outcomes by sex

❑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



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

Why might women smokers have poorer response to NRT?
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*
*

Rates of Nicotine Clearance (ml/min/kg)

Why might women smokers have poorer response 

to NRT?

Women clear nicotine 

from their systems faster 

than men. 

Women taking oral 

contraceptives 

containing estrogen 

clear nicotine the fastest.



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

quitting in women and men

❑Men O.R.=2.53

❑Women O.R. = 2.47

However, rates of quitting 

lower in women overall, 

regardless of treatment 

condition

❑ women were 21% less 

likely to quit 

Sharf & Shiffman, 2004, Addiction



Meta-analysis of varenicline by sex

2 large studies published in JAMA 

indicated no sex differences in 

smoking cessation outcomes 
(Jorenby et al., 2006; Gonzales et al., 2006)

No published data presented by sex

Meta-analysis:

pooling data from 10,641 smokers, 

representing 98% of all Phase II & 

III data 

• data obtained from Pfizer & 

academic investigators



Meta-analysis of varenicline efficacy by sex
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Placebo 

responding 

lower in women

Varenicline 

increased rates 

of abstinence in 

women to 

similar levels 

vs. men

McKee et al., NTR, 2016



Network analysis of medication efficacy by sex

Head to head 

comparisons of 

medication by sex

Men 

(VAR=BUP=PATCH)

Women 

(VAR>BUP=PATCH)

Smith….McKee, NTR, 

2017

0

0.5

1

1.5

2

Males (n=7,051) Females (n=7,051)

O
D

D
S

 R
A

T
IO

Odds Ratios for Medication 
Comparisons

Varenicline vs Nicotine Replacement

Varenicline vs Bupropion

Nicotine Replacment vs Bupropion

ns
* *



 To improve 

smoking cessation 

rates for women, 

effective strategies 

need to address 

factors that 

maintain smoking

 Targeting stress-

reactivity

Gender-informed approaches to smoking cessation



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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