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Disclosures

▪ The research that I will be discussing was funded by grants from NIH 

and the FDA Center for Tobacco Products. 

▪ I do not receive any funding from tobacco or e-cigarette companies.

▪ The content is solely my responsibility and does not represent the 

official views of the NIH or the FDA. 



Tobacco Use among Women

▪ The prevalence of smoking in the US is higher among men than 

women, but the gap has narrowed over time.1

▪ Women are generally less successful at maintaining long-term 
smoking abstinence than men (more likely to relapse).2 

▪ Except for varenicline, current smoking cessation medications are 

less effective in women.3,4

▪ Men may be more sensitive to the pharmacological effects of nicotine, 

while women are more sensitive to sensorimotor aspects of 

smoking.5,6

▪ Interventions that focus exclusively on replacing nicotine, while 
ignoring sensorimotor aspects of smoking, may be less effective in 

women. 

1NHIS data reported annually: Tobacco Product Use Among Adults - United States
2Smith PH et al. Prev Med. 2016 Nov;92:135-140. 
3McKee SA and McRae-Clark AL. Biol Sex Differ. 2022 Jun 27;13(1):34.
4Smith PH et al. Nicotine Tob Res. 2017 Mar 1;19(3):273-281. 
5Perkins KA et al. Nicotine Tob Res. 1999 Dec;4:301-315
6Chaudhri N, et al. Psychopharmacology (Berl). 2005 Jul;180(2):258-66.



Nicotine Reduction

▪ The FDA has regulatory authority over nicotine levels in tobacco, 

allowing it to reduce, but not eliminate, nicotine in tobacco as 

appropriate to protect public health.7

▪ The FDA has announced that it plans to move forward with a 

reduced-nicotine standard for cigarettes and other combusted 

tobacco products.8

▪ Numerous RCTs of very low nicotine content (VLNC) have 
demonstrated that a reduced-nicotine standard for cigarettes has 

the potential to reduce dependence and increase cessation.

▪ Given previous research showing that women are less sensitive to 

changes in nicotine dose, will men and women differ in their 
responses to VLNC cigarettes? 

7H.R.1256 - Family Smoking Prevention and Tobacco Control Act
8https://www.fda.gov/news-events/press-announcements/fda-announces-plans-proposed-rule-reduce-
addictiveness-cigarettes-and-other-combusted-tobacco



    Nicotine      Nicotine      Tar 
     Content      Yield (ISO)   Yield (ISO)
Research Cigarettes   (mg/g)      (mg/cig)      (mg/cig)
     variable      variable       variable
Normal Nicotine      15.8      ~0.73          ~10

Reduced Nicotine      5.2       ~0.24           ~9

Very Low Nicotine      2.4       ~0.11           ~9

Very Low Nicotine      1.3       ~0.06           ~8
 

Very Low Nicotine      0.4       ~0.03           ~9 (or 13)
8%

3%

33%

15%

8%

3%

Very Low Nicotine Content Cigarettes



Spectrum VLNC Trials

Study Participants N Duration Results

Donny 2015 General pop 840 6 wks
VLNCs ≤ 2.4 mg/g reduced CPD and biomarkers; no 
mood disturbance or compensatory smoking

Hatsukami 
2018

General pop 1250 20 wks
Immediate reduction group reduced CPD and 
biomarkers; gradual reduction group did not

Shiffman 2018 Non-daily 238 10 wks VLNCs (0.4 mg/g) reduced CPD

Smith 2019 General pop 240 7 wks
VLNCs (0.4 mg/g) and NRT each reduced CPD, but 
VLNCs + NRT did not outperform VLNCs only. 

Tidey 2019 SMI 58 6 wks
VLNCs (0.4 mg/g) reduced CPD and CO; no 
compensatory smoking or symptom increases.

Higgins 2020 Affective Dis 257 12 wks
VLNCs ≤ 2.4 mg/g reduced CPD, biomarkers, and 
dependence; no compensatory smoking; mild mood 
disturbance.

Higgins 2020 Opioid Use Dis 260 12 wks

Higgins 2020 Low SES  Women 258 12 wks

Krebs 2021 Low SES 245
18 wks 
(gradual)

Reduction group reduced CPD and biomarkers; 
greater dropout/noncompliance

Foulds 2022 Affective Dis 188
18 wks 
(gradual)

Reduction group reduced CPD, biomarkers; no effects 
on psychiatric symptoms

Cassidy  2023 Adolesc daily sm. 66 3 wks VLNCs (0.4 mg/g) reduced CPD

Hatsukami General pop 438 12 wks Under review
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Outcomes from RCTs of VLNC Cigarettes

▪ People who smoke who are randomly assigned to VLNC cigarettes 

for 6+ weeks show significant smoking reductions compared to those 

who are randomly assigned to NNC cigarettes.

▪ These effects extend to several vulnerable populations, including 

people with affective disorders, serious mental illness, opioid use 

disorders, socioeconomic disadvantage, and youth/young adults.

▪ There has been no indication of compensatory smoking or increases 
in other substance use; mild to no mood disturbance across studies. 



Women vs. Men: Potential Outcomes

▪ If women are less sensitive to the pharmacological effects of nicotine, 

will they continue to smoke VLNC cigarettes at the same rate as they 

did NNC cigarettes? If so, we might see higher CPD and breath CO 

levels in women assigned to VLNCs compared to men. 

▪ If women are less sensitive to nicotine, they may have fewer problems 

with strict adherence to VLNCs (less “cheating”). If so, we might see 

lower levels of nicotine exposure (cotinine/TNE) in women. 

▪ This might be particularly apparent in vulnerable populations, which 

on the whole may have more difficulty with VLNC adherence due to 

more severe nicotine dependence.  



Effects of VLNCs in Women vs. Men

▪ Women were less sensitive to the effects of nicotine content on 

positive subjective effects and relief of abstinence-induced negative 

affect than men.9,10,11

▪ No dose x gender interactions on subjective effects, craving, or 

withdrawal.12

▪ Women tended (p = .06) to have a larger decrease in TNE during a 

20-week immediate nicotine reduction trial than men.13

9Perkins KA, Karelitz JL. Nicotine Tob Res. 2015 Apr;17(4):443-8.
10Perkins KA, et al. Nicotine Tob Res. 2018 Sep 4;20(10):1258-1264. 
11Faulkner P, et al. Psychopharmacology. 2018 Jan;235(1):193-202.
12Streck JM, et al. Nicotine Tob Res. 2020 May 26;22(6):878-884.
13Carroll DM, et al. Drug Alcohol Depend. 2021 Aug 1;225:108756.



Effects of VLNCs in Women vs. Men

Faulkner P., et al. 
Psychopharmacology. 2018 
Jan;235(1):193-202



Weeks 1 - 12Baseline AAScreen
Follow

Up

Weekly Laboratory Visits

Study cigarettes provided free of charge: 
1. 15. 8 mg/g nicotine content
2. 2.4 mg/g nicotine content
3. 0.4 mg/g nicotine content

3 Vulnerable Populations (n = 775): 
     1: Disadvantaged women of childbearing age (n = 258) 
     2: Adults receiving treatment for OUD (n = 260) 
     3: Adults with current or lifetime depression or anxiety disorders (n = 257)

Usual 
Brand 
free of 
charge

Higgins et al., 2020; JAMA Network Open



Higgins et al., 2020; JAMA Network Open



Effects on Dependence

Higgins et al., 2020; JAMA Network Open



Women vs. Men
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Women vs. Men
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VLNC Trials included in Meta-analysis

Study Participants N Duration Results

Donny 2015 General pop 840 6 wks
VLNCs ≤ 2.4 mg/g reduced CPD and biomarkers; no 
mood disturbance or compensatory smoking

Hatsukami 
2018

General pop 1250 20 wks
Immediate reduction group reduced CPD and 
biomarkers; gradual reduction group did not

Shiffman 2018 Non-daily 238 10 wks VLNCs (0.4 mg/g) reduced CPD

Smith 2019 General pop 240 7 wks
VLNCs (0.4 mg/g) and NRT each reduced CPD, but 
VLNCs + NRT did not outperform VLNCs only. 

Tidey 2019 SMI 58 6 wks
VLNCs (0.4 mg/g) reduced CPD and CO; no 
compensatory smoking or symptom increases.

Higgins 2020 Affective Dis 257 12 wks
VLNCs ≤ 2.4 mg/g reduced CPD, biomarkers, and 
dependence; no compensatory smoking; mild mood 
disturbance.

Higgins 2020 Opioid Use Dis 260 12 wks

Higgins 2020 Low SES  Women 258 12 wks

Krebs 2021 Low SES 245
18 wks 
(gradual)

Reduction group reduced CPD and biomarkers; 
greater dropout/noncompliance

Foulds 2022 Affective Dis 188
18 wks 
(gradual)

Reduction group reduced CPD, biomarkers; no effects 
on psychiatric symptoms

Cassidy  2023 Adolesc daily sm. 66 3 wks VLNCs (0.4 mg/g) reduced CPD

Hatsukami General pop 438 12 wks Under review



Meta-analysis outcomes: 
Women vs. Men



Meta-analysis outcomes: 
Women vs. Men



Discussion

Limitations

▪ These analyses are preliminary.

▪ Early studies only asked participants to respond male vs. female. 

Current studies ask more nuanced questions regarding gender at 

birth vs. current gender identification. 

Conclusions

▪ Based on these analyses, there seems to be little to no evidence of 

differential responses to VLNC cigarettes over a 6+ week period in 
women vs. men.

▪ These results provide reassurance that both women and men would 

benefit from a reduced-nicotine standard for cigarettes. 
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