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Message from Alex M. Azar |l
Secretary, U.S. Department of Health and Human Services

Throughout its history, the U.S. Department of Health and Human Services (USDHHS) has led
efforts to prevent and reduce the devastating effects of tobacco use, especially the use of combus-
tible tobacco products, as part of its mission to enhance and protect the health and well-being of all
Americans. USDHHS has provided critical support in the fields of research and evaluation, program and
policy development, public information and education, regulatory activities, systems-level change and
management, and clinical practices that has contributed to a dramatic 67% decline in cigarette smoking
among U.S. adults since 1965. Support from USDHHS has helped medical and healthcare organiza-
tions, government agencies at all levels, and nongovernmental partners create and sustain programs
that prevent initiation; help tobacco product users quit; and foster healthy, smokefree environments.

This report is the latest of a longstanding tradition of tobacco prevention and control efforts
by USDHHS. Our work includes a comprehensive tobacco control strategic action plan, EFnding the
Tobacco Epidemic, and coordination of tobacco control efforts with related efforts by other federal agen-
cies through the Interagency Committee on Smoking and Health. Reports such as this one from the
U.S. Surgeon General give the latest data on tobacco and health to scientists, healthcare professionals,
and the public. Research leadership and grant funding through USDHHS’s National Institutes of Health
contribute to growing knowledge of effective tobacco control strategies and smoking cessation tools.
The National Tobacco Control Program, led by the Centers for Disease Control and Prevention (CDC),
ensures that these strategies and tools are readily available to state, local, tribal, and territorial public
health programs, as well as to partners serving a variety of populations that are disproportionately
affected by tobacco use. The U.S. Food and Drug Administration (FDA) regulates the manufacturing,
marketing, and sale of tobacco products. Medicare and Medicaid provide smoking cessation tools and
support to millions of Americans. Multiple public information campaigns, such as CDC’s Tips From
Former Smokers and FDA's Every Try Counts, educate Americans about the significant health risks
from smoking and the importance of quitting. Additionally, many agencies in USDHHS provide direct
assistance to smokers, including the National Cancer Institute through its Smokefree.gov initiative
(https://smokefree.gov), and national quitline portal, 1-800-QUIT-NOW.

These and other important efforts are critical to improving the nation’s public health. Smoking
kills nearly half a million Americans every year, and millions more live with serious chronic diseases
caused by smoking. We know that comprehensive interventions at all levels of government and by
partners throughout the public health community are extremely effective at preventing and reducing
tobacco use. We remain committed to ending the tobacco use epidemic in the United States.
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Foreword

Tobacco use remains the number one cause of preventable disease, disability, and death in the
United States. Approximately 34 million American adults currently smoke cigarettes, with most of
them smoking daily. Nearly all adult smokers have been smoking since adolescence. More than two-
thirds of smokers say they want to quit, and every day thousands try to quit. But because the nicotine
in cigarettes is highly addictive, it takes most smokers multiple attempts to quit for good.

Today, we know much more about the science of quitting than ever before. Research shows that
smokers who use evidence-based tools to help them quit are more likely to succeed than those who do not
use such tools, and that using a combination of these tools—for example, calling 1-800-QUIT-NOW and
using nicotine replacement therapy, such as the nicotine patch or gum or a prescription medication—
raises success rates even higher. Studies also show that policies that prohibit smoking in indoor public
places and work spaces and that increase the price of tobacco products promote smoking cessation.

This Surgeon General’s report

e Examines the effectiveness of various smoking cessation tools and resources;

e Reviews the health effects of smoking and catalogues the improvements to health that can occur
when smokers quit;

¢ Highlights important new data on populations in which the prevalence of smoking is high and quit
rates are low; and

¢ Identifies gaps in the availability and utilization of programs, policies, and resources that can
improve cessation rates and help smokers quit.

Although the benefits of quitting are greater the earlier in life that an individual quits, this report
confirms that it is never too late to quit smoking. Even persons who have smoked for many years or who
have smoked heavily can realize health and financial benefits from quitting smoking.

The financial toll of smoking is substantial. Each year in the United States, annual healthcare
spending attributed to smoking exceeds $170 billion. Measured against these numbers, comprehensive
tobacco prevention and control strategies are extremely cost-effective investments that yield significant
returns. For example, the first year of CDC’s Tips From Former Smokers national campaign prevented
thousands of premature deaths in the United States, costing less than $500 for every smoker who quit.

We know what works to prevent and reduce tobacco use, including how to best help smokers quit
for good. Putting this knowledge into action prevents disease, saves lives, and improves the quality of
life for all Americans. At CDC, we remain committed to supporting the longstanding national effort to
end the tobacco use epidemic and provide all Americans with the opportunity to live tobacco-free.

Robert R. Redfield, M.D.
Director
Centers for Disease Control and Prevention






Preface
from the Surgeon General

One of the most significant public health successes in modern U.S. history has been the reduction
in smoking that has occurred during the past half century. Today, the prevalence of cigarette smoking
among American adults is at an all-time low, 14%. Although this overall achievement is a source of
pride, there is still more work to be done. Today, 16 million Americans are living with a smoking-related
disease. In addition to the human costs, smoking places a significant financial burden on Americans,
as smoking-attributable healthcare spending exceeds $170 billion per year.

Research, medical advances, and years of documented experience have given us many tools to
tackle the tobacco use epidemic in this country. Although quitting smoking can be a difficult pro-
cess for many smokers, most say they want to quit, and every year more than half make a serious quit
attempt. But only a small portion of smokers who try to quit succeed, and only a small portion use any
of the tested and proven aids that will significantly increase their chances of success. This Surgeon
General’s report on smoking cessation, the 34th report on smoking and health since 1964, examines
the most current research on this important issue, identifies barriers to continued success in reducing
the prevalence of smoking across all populations, and summarizes evidence-based solutions that can
help to eliminate those barriers.

Clinical interventions for smoking cessation are critical if we are to achieve our goal of elimi-
nating the devastating effects of smoking on public health. Primary care physicians, nurses, pharma-
cists, and other providers in all medical disciplines and in all healthcare environments should take
advantage of these opportunities to inform and encourage smokers to quit. Doing so could enable half
a million smokers to quit each year.

As a physician, I am acutely aware of the many pressing demands that healthcare providers must
address to deliver the highest quality care possible to their patients. At the same time, the evidence in
this report clearly points to the tremendous positive impact that healthcare professionals can have on
the health and quality of life of their patients and on the public health of our nation—just by helping
smokers to quit.

But healthcare professionals alone cannot solve this public health challenge. Everyone has a role
in helping to continue to reduce the burden of tobacco use on our society. It is critical that clinical
interventions be adopted alongside broader efforts at the health system and population levels to pro-
mote and cultivate successful cessation and tobacco-free norms. Even today, with all the gains that have
been made over the past few decades, smoking remains the single largest cause of preventable disease
and death in the United States. As a nation, we can and must spare no effort to reduce the completely
preventable health and financial costs that tobacco smoking has on society.

Jerome M. Adams, M.D., M.P.H.
Vice Admiral, U.S. Public Health Service
Surgeon General of the United States

vit






Acknowledgments

This report was prepared by the U.S. Department of Health
and Human Services under the general direction of the
Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health.

Vice Admiral (VADM) Jerome M. Adams, M.D., M.PH.,
Surgeon General, U.S. Public Health Service, Office of
the Assistant Secretary for Health, Office of the Surgeon
General, Office of the Secretary, U.S. Department of Health
and Human Services, Washington, D.C.

Robert R. Redfield, M.D., Director, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Dana Shelton, M.P.H., Director (Acting), National Center for
Chronic Disease Prevention and Health Promotion, Centers
for Disease Control and Prevention, Atlanta, Georgia.

Peter A. Briss, M.D., M.P.H., Medical Director, National
Center for Chronic Disease Prevention and Health
Promotion, Centers for Disease Control and Prevention,
Atlanta, Georgia.

Rachel Kaufmann, Ph.D., M.P.H., Associate Director for
Science, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Corinne Graffunder, Dr.P.H., M.P.H., Director, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Editors of the report were

Rachel A. Grana, Ph.D., M.P.H., Senior Scientific Editor,
Program Director, Tobacco Control Research Branch,
Behavioral Research Program, Division of Cancer Control
and Population Sciences, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland.

Ann Malarcher, Ph.D., M.S.PH., Contributing Editor,
Consultant, Epidemiologist (Retired), Office on Smoking
and Health, National Center for Disease Prevention and
Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

ix

Smoking Cessation

Jonathan M. Samet, M.D., M.S., Senior Scientific Editor,
Dean and Professor, Colorado School of Public Health,
University of Colorado, Aurora, Colorado.

Gillian L. Schauer, Ph.D., M.P.H., Senior Scientific Editor,
Senior Consultant (Contractor), Centers for Disease Control
and Prevention, Atlanta, Georgia; Clinical Instructor,
Department of Health Services, School of Public Health,
University of Washington, Seattle, Washington.

Jennifer Unger, Ph.D., Senior Scientific Editor, Professor of
Preventive Medicine, Keck School of Medicine, University
of Southern California, Los Angeles, California.

Brian A. King, Ph.D. M.PH., Senior Associate Editor,
Deputy Director for Research Translation, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Leslie A. Norman, M.B.A., Managing Editor, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Peter L. Taylor, M.B.A., Technical Editor, Fairfax, Virginia.

Contributing authors were

Robert T. Adsit, M.Ed., Director of Education and Outreach
Programs, University of Wisconsin School of Medicine
and Public Health, Center for Tobacco Research and
Intervention, Madison, Wisconsin.

Anthony J. Alberg, Ph.D., M.P.H., Professor and Chair,
Department of Epidemiology and Biostatistics, Arnold
School of Public Health, University of South Carolina,
Columbia, South Carolina.

Erik Augustson, Ph.D., M.PH., Lead, Smokefree.gov
Initiative, Program Director and Health Scientist, Tobacco
Control Research Branch, Behavioral Research Program,
Division of Cancer Control and Population Sciences,
National Cancer Institute, National Institutes of Health,
Bethesda, Maryland.

Stephen Babb, M.P.H., Public Health Analyst, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.



A Report of the Surgeon General

Timothy B. Baker, Ph.D., Director of Research, Center for
Tobacco Research and Intervention; Professor, Department
of Medicine, University of Wisconsin School of Medicine
and Public Health, Madison, Wisconsin.

William Checkley, M.D., Ph.D., Associate Professor of
Medicine, Division of Pulmonary and Critical Care, School
of Medicine, Bloomberg School of Public Health, The
Johns Hopkins University, Baltimore, Maryland.

Graham A. Colditz, M.D., Dr.P.H., FAF.PH.M., Niess-
Gain Professor of Surgery, Professor of Medicine; Chief,
Division of Public Health Sciences, Department of
Surgery; Associate Director, Prevention and Control, Alvin
J. Siteman Cancer Center; Deputy Director, Institute for
Public Health, Washington University School of Medicine,
St. Louis, Missouri.

MeLisa Creamer, Ph.D., M.P.H., Oak Ridge Institute for
Science and Education Fellow, Office on Smoking and
Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Kirsten S. Dorans, Sc.D., Postdoctoral Fellow, Department
of Epidemiology, School of Public Health and Tropical
Medicine, Tulane University, New Orleans, Louisiana.

Lucinda England, M.D., M.S.P.H., Medical Officer, Division of
Congenital and Developmental Disorders, National Center
on Birth Defects and Developmental Disabilities, Centers
for Disease Control and Prevention, Atlanta, Georgia.

Brenda Eskenazi, Ph.D., Jennifer and Brian Maxwell
Professor of Maternal and Child Health and Epidemiology,
Director, Center for Environmental Research and
Children’s Health, School of Public Health, University of
California, Berkeley, California.

Michael C. Fiore, M.D., M.P.H., M.B.A., Hilldale Professor
of Medicine, Director, Center for Tobacco Research and
Intervention, University of Wisconsin School of Medicine
and Public Health, Madison, Wisconsin.

Jiang He, M.D., Ph.D., Professor and Joseph S. Copes,
M.D. Chair; Department of Epidemiology, School of Public
Health and Tropical Medicine; Director, Tulane University
Translational Science Institute, Tulane University, New
Orleans, Louisiana.

Lauren A. Hunter, M.P.H., Graduate Student Researcher,
Division of Epidemiology, School of Public Health,
University of California, Berkeley, California.

EricJ. Jacobs, Ph.D., Senior Scientific Director, Behavioral
and Epidemiology Research Group, American Cancer
Society, Atlanta, Georgia.

Ahmed Jamal, M.D., M.P.H., Epidemiologist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Glenda Lassi, Ph.D., Genomics Project Leader, Centre for
Genomics Research, Precision Medicine and Genomics,
Innovative Medicines and Early Development Biotech
Unit, AstraZeneca, Cambridge; Research Fellow, Medical
Research Council Integrative Epidemiology Unit, School
of Psychological Science, University of Bristol, Bristol,
United Kingdom.

Adam M. Leventhal, Ph.D., Director, USC Health, Emotion,
and Addiction Laboratory, Professor, Departments of
Preventive Medicine and Psychology, University of
Southern California, Los Angeles, California.

David T. Levy, Ph.D., Professor, Lombardi Comprehensive
Cancer Center, Georgetown University, Washington, D.C.

Maggie Mahoney, J.D., Public Health Analyst, Carter
Consulting, Inc. (Contractor), Office on Smoking and
Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Ann Malarcher, Ph.D., M.S.PH., Contributing Editor,
Consultant, Epidemiologist (Retired), Office on Smoking
and Health, National Center for Disease Prevention and
Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Kristy L. Marynak, M.P.P., Lead Public Health Analyst,
Office on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Tim McAfee, M.D., M.P.H., Senior Medical Officer, Office
on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Megan B. Miller, Ph.D., Postdoctoral Fellow, Department
of Psychiatry, Yale University, New Haven, Connecticut.

Marcus R. Munafo, Ph.D., Professor of Biological Psychology,
School of Psychological Science, University of Bristol,
Bristol, United Kingdom.



Christina C. Newton, M.S.P.H., Scientist, Behavioral and
Epidemiology Research Group, American Cancer Society,
Atlanta, Georgia.

Leslie A. Norman, M.B.A., Public Health Analyst, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Michael K. Ong, M.D., Ph.D., Professor in Residence,
Division of General Internal Medicine and Health Services
Research, Department of Medicine, David Geffen School of
Medicine, Department of Health Policy and Management,
Jonathan and Karin Fielding School of Public Health,
University of California; Chief, Hospitalist Division,
Department of Medicine, Veteran’s Administration Greater
Los Angeles Healthcare System; Chair, State of California
Tobacco Education and Research Oversight Committee,
Los Angeles, California.

Paul R. Pentel, M.D., Professor of Medicine, Division of
Clinical Pharmacology, University of Minnesota; Chief,
Pharmacy, Hennepin Healthcare, Minneapolis, Minnesota.

Marina R. Picciotto, Ph.D., Charles B.G. Murphy Professor
and Deputy Chair for Basic Science in Psychiatry; Professor
of Neuroscience, of Pharmacology, and in the Child Study
Center; School of Medicine, Yale University, New Haven,
Connecticut.

Judith J. Prochaska, Ph.D., M.P.H., Associate Professor of
Medicine, Stanford Prevention Research Center, Department
of Medicine, Stanford University, Stanford, California.

Mays Shamout, M.D., M.P.H., Epidemic Intelligence
Service Officer, Office on Smoking and Health, National
Center for Chronic Disease Prevention and Health
Promotion, Centers for Disease Control and Prevention,
Atlanta, Georgia.

Sundar Shrestha, Ph.D., Senior Economist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Trishul Siddharthan M.D., Postdoctoral Fellow, Division of
Pulmonary and Critical Care Medicine, The Johns Hopkins
University, Baltimore, Maryland.

Elliot A. Stein, Ph.D., Chief, Neuroimaging Research
Branch, National Institute on Drug Abuse, Intramural
Research Program, National Institutes of Health, Baltimore,
Maryland.

xi

Smoking Cessation

CarolynR. T. Stoll, M.P.H., M.S.W., Staff Scientist, Division of
Public Health Sciences, Department of Surgery, Washington
University School of Medicine, St. Louis, Missouri.

Dennis R. Trinidad, Ph.D., M.P.H., Associate Professor,
Department of Family Medicine and Public Health,
University of California—San Diego, La Jolla, California.

James Tsai, M.D., M.PH., Epidemiologist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Michael A. Tynan, Public Health Analyst, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Rachel F. Tyndale, Ph.D., Canada Research Chair in
Pharmacogenomics, Centre for Addiction and Mental
Health; Professor, Department of Pharmacology and
Toxicology, Department of Psychiatry, University of
Toronto, Toronto, Ontario, Canada.

Graham Warren, M.D., Ph.D., Vice Chairman for Research,
Professor, Department of Radiation Oncology, Department
of Cell and Molecular Pharmacology and Experimental
Therapeutics, Medical University of South Carolina,
Charleston, South Carolina.

Lei Zhang, Ph.D., Health Scientist, Office on Smoking and
Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Reviewers were

Israel Agaku, D.M.D., Ph.D., M.P.H., Senior Scientist, Office
on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Brian S. Armour, Ph.D., Associate Director for Science,
Office on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Stephen Babb, M.P.H., Public Health Analyst, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.



A Report of the Surgeon General

R. Graham Barr, M.D., Dr.PH., Professor of Medicine
and Epidemiology, Columbia University Medical Center,
New York, New York.

Neal L. Benowitz, M.D., Professor of Medicine,
Bioengineering, and Therapeutic Sciences; Chief, Division
of Clinical Pharmacology, University of California, San
Francisco, California.

Carla J. Berg, Ph.D., M.B.A., L.P.,, Associate Professor,
Department of Behavioral Sciences and Health Education,
Rollins School of Public Health; Associate Director for
Population Sciences, Winship Cancer Institute, Emory
University Woodruff Health Sciences Center, Atlanta,
Georgia.

David Berrigan, Ph.D., M.P.H., Program Director, Health
Behaviors Research Branch, Behavioral Research
Program, Division of Cancer Control and Population
Sciences, National Cancer Institute, National Institutes of
Health, Bethesda, Maryland.

Michele Bloch, M.D., Ph.D., Chief, Tobacco Control
Research Branch, Behavioral Research Program, Division of
Cancer Control and Population Sciences, National Cancer
Institute, National Institutes of Health, Bethesda, Maryland.

Raymond Boyle, Ph.D., M.P.H., Director of Research
Programs, ClearWay Minnesota, Minneapolis, Minnesota.

Thomas H. Brandon, Ph.D., Chair, Department of Health
Outcomes and Behavior; Director, Tobacco Research and
Intervention Program, Moffitt Cancer Center; Professor,
Departments of Psychology and Oncologic Sciences,
University of South Florida, Tampa, Florida.

David M. Burns, M.D., Professor Emeritus, Department of
Family Medicine and Public Health, University of California—
San Diego, School of Medicine, San Diego, California.

Ralph Caraballo, Ph.D., M.P.H., Senior Advisor, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Frank J. Chaloupka, Ph.D., Director, Health Policy
Center, Research Professor, Division of Health Policy and
Administration, School of Public Health, University of
Illinois at Chicago, Chicago, Illinois.

xii

Graham A. Colditz, M.D., Dr.P.H., FAFPH.M., Niess-
Gain Professor of Surgery, Professor of Medicine; Chief,
Division of Public Health Sciences, Department of
Surgery; Associate Director Prevention and Control, Alvin
J. Siteman Cancer Center; Deputy Director, Institute for
Public Health, Washington University School of Medicine,
St. Louis, Missouri.

Jamie R. Cordova, M.P.H., Cancer Research Training Award
Fellow, Tobacco Control Research Branch, Behavioral
Research Program, Division of Cancer Control and
Population Sciences, National Cancer Institute, National
Institutes of Health, Bethesda, Maryland.

David B. Coultas, M.D., FA.C.P,, Associate Chief of Staff
Education, Veterans Affairs Portland Health Care System;
Professor of Medicine, Oregon Health and Science
University, Portland, Oregon.

Elizabeth Courtney-Long, M.A., M.S.P.H., Deputy Associate
Director for Science, Office on Smoking and Health,
National Center for Chronic Disease Prevention and Health
Promotion, Centers for Disease Control and Prevention,
Atlanta, Georgia.

K.Michael Cummings, Ph.D.,M.P.H., Professor, Department
of Psychiatry and Behavior Sciences; Co-Leader, Hollings
Cancer Center Tobacco Research Program, Medical
University of South Carolina, Charleston, South Carolina.

Sue Curry, Ph.D., Interim Executive Vice President and
Provost, Distinguished Professor of Health Management
and Policy, University of Iowa, Iowa City, Iowa.

Sean P. David, M.D., S.M., D.Phil., Associate Professor
of Medicine, Division of Primary Care and Population
Health, Stanford University School of Medicine, Palo Alto,
California.

Cristine D. Delnevo, Ph.D., M.P.H., Professor and Director,
Center for Tobacco Studies, Rutgers School of Public
Health, New Brunswick, New Jersey.

Dawn L. DeMeo, M.D., M.PH., Associate Professor of
Medicine, Harvard Medical School; Associate Physician,
Channing Division of Network Medicine and the Division
of Pulmonary and Critical Care, Brigham and Women’s
Hospital, Boston, Massachusetts.



Lucinda England, M.D., M.S.P.H., Medical Officer, Division
of Congenital and Developmental Disorders, National
Center on Birth Defects and Developmental Disabilities,
Centers for Disease Control and Prevention, Atlanta,
Georgia.

Eric J. Feuer, Ph.D., Chief, Statistical Research and
Applications Branch, Surveillance Research Program,
Division of Cancer Control and Population Sciences,
National Cancer Institute, National Institutes of Health,
Bethesda, Maryland.

Aaron F. Folsom, M.D., M.P.H., Professor, University of
Minnesota School of Public Health, Division of Epidemiology
and Community Health, Minneapolis, Minnesota.

Neal D. Freedman, Ph.D., M.P.H., Senior Investigator,
Metabolic Epidemiology Branch, Division of Cancer
Epidemiology and Genetics, National Cancer Institute,
National Institutes of Health, Rockville, Maryland.

Gary A. Giovino, Ph.D., M.S., Professor and Chair,
Department of Community Health and Health Behavior,
School of Public Health and Health Professions, University
at Buffalo, State University of New York (SUNY), Buffalo,
New York.

Meredith A Grady, M.PH., Co-Lead, Smokefree.gov
Initiative, Tobacco Control Research Branch, Behavioral
Research Program, National Cancer Institute, National
Institutes of Health, Bethesda, Maryland.

David C. Grossman, M.D., M.P.H., Senior Associate Medical
Director and Senior Investigator, Kaiser Permanente
Washington Health Research Institute; Professor, Department
of Health Service; Adjunct Professor, Department of
Pediatrics, University of Washington, Seattle, Washington.

Melissa B. Harrell, Ph.D., M.P.H., Associate Professor, The
University of Texas Health Science Center at Houston,
School of Public Health, Austin Regional Campus, Austin,
Texas.

Dorothy K. Hatsukami, Ph.D., Associate Director, Masonic
Cancer Center; Professor of Psychiatry, University of
Minnesota, Minneapolis, Minnesota.

Stephen T. Higgins, Ph.D., Director, Vermont Center on
Behavior and Health, Virginia H. Donaldson Professor
of Translational Science, Departments of Psychiatry
and Psychological Science; Vice Chair, Department of
Psychiatry, University of Vermont, Burlington, Vermont.

xiit

Smoking Cessation

Elizabeth S. Holland, M.PA., Senior Technical Advisor,
Quality Measurement and Value-Based Incentives Group,
Division of Health Information Technology, Center for
Clinical Standards and Quality, Centers for Medicare and
Medicaid Services, Baltimore, Maryland.

David Homa, Ph.D., M.P.H., Epidemiologist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Corinne G. Husten, M.D., M.P.H., Senior Medical Advisor,
Office of the Center Director, Center for Tobacco Products,
U.S. Food and Drug Administration, Silver Spring,
Maryland.

Maki Inoue-Choi, Ph.D., M.S., Staff Scientist, Metabolic
Epidemiology Branch, Division of Cancer Epidemiology
and Genetics, National Cancer Institute, National
Institutes of Health, Rockville, Maryland.

Prabhat Jha, 0.C., M.D., D.Phil,, F.CAH.S., FR.S.C,,
Professor, University of Toronto; Chair in Global Health
and Epidemiology, Dalla Lana School of Public Health;
Executive Director, Centre for Global Health Research,
St. Michael’s Hospital, Toronto, Canada.

Michelle C. Kegler, Dr.P.H., M.P.H., Professor, Department of
Behavioral Sciences and Health Education, Rollins School
of Public Health, Emory University, Atlanta, Georgia.

Paul J. Kenny, Ph.D., Ward-Coleman Professor and
Chairman, Department of Neuroscience, Icahn School of
Medicine at Mount Sinai, New York, New York.

Chris Kotsen, Psy.D., C.T.T.S.,N.C.T.T.P., Lead Psychologist,
Tobacco Quitcenter, Lung Cancer Institute, Steeplechase
Cancer Center, Robert Wood Johnson Barnabas Health
University Hospital Somerset, Somerville, New Jersey.

ThomasE. Kottke, M.D.,M.S.P.H.,Medical Director for Well-
Being and Senior Clinical Investigator, HealthPartners
Institute; Professor, Department of Medicine, University
of Minnesota, Minneapolis, Minnesota.

Stephanie R. Land, Ph.D., Program Director and
Statistician, Tobacco Control Research Branch, Behavioral
Research Program, Division of Cancer Control and
Population Sciences, National Cancer Institute, National
Institutes of Health, Bethesda, Maryland.



A Report of the Surgeon General

Frank T. Leone, M.D., M.S., Director, Comprehensive
Smoking Treatment Program; Professor, Division of
Pulmonary, Allergy and Critical Care, University of
Pennsylvania, Philadelphia, Pennsylvania.

Douglas E. Levy, Ph.D., Associate Professor of Medicine,
Harvard Medical School, Mongan Institute Health
Policy Center, Massachusetts General Hospital, Boston,
Massachusetts.

Shari M. Ling, M.D., Deputy Chief Medical Officer, Centers
for Medicare and Medicaid Services, Baltimore, Maryland.

Jay H. Lubin, Ph.D., National Institutes of Health Scientist
Emeritus, Biostatistics Branch, Division of Cancer
Epidemiology and Genetics, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland.

F. Joseph McClernon, Ph.D., Director, Center for Addiction
Science and Technology; Professor, Department of
Psychiatry and Behavioral Sciences, Duke University
School of Medicine, Durham, North Carolina.

Paul C. Melstrom, Ph.D., Pharm.D., Senior Research
Scientist, Office on Smoking and Health, National Center
for Chronic Disease Prevention and Health Promotion,
Centers for Disease Control and Prevention, Atlanta,
Georgia.

Glen D. Morgan, Ph.D., Psychologist, Tobacco Control
Research Branch, Behavioral Research Program, Division of
Cancer Control and Population Sciences, National Cancer
Institute, National Institutes of Health, Bethesda, Maryland.

Ajay K. Nangia, M.B.B.S., FA.C.S., Professor and Vice Chair
of Urology, Director of Andrology, Department of Urology,
University of Kansas Health System, Kansas City, Kansas.

Satomi Odani, M.P.H., Oak Ridge Institute for Science and
Education Fellow, Office on Smoking and Health, National
Center for Chronic Disease Prevention and Health
Promotion, Centers for Disease Control and Prevention,
Atlanta, Georgia.

S. Michael Owens, Ph.D., Director, Center for Alcohol and
DrugAbuse Studies; Professor, Department of Pharmacology
and Toxicology, College of Medicine, University of Arkansas
for Medical Sciences, Little Rock, Arkansas.

Xiv

Mark Parascandola, Ph.D., M.PH., Program Director,
Tobacco Control Research Branch, Behavioral Research
Program, Division of Cancer Control and Population
Sciences, National Cancer Institute, National Institutes of
Health, Bethesda, Maryland.

Terry F. Pechacek, Ph.D., Professor and Interim Division
Director of Health Management and Policy, School of
Public Health, Georgia State University, Atlanta, Georgia.

Megan E. Piper, Ph.D., Associate Professor, Department
of Medicine, School of Medicine and Public Health,
University of Wisconsin; Associate Director of Research,
University of Wisconsin Center for Tobacco Research and
Intervention, Madison, Wisconsin.

Elizabeth A. Platz, Sc.D., M.P.H., Professor, Department
of Epidemiology, Bloomberg School of Public Health, The
Johns Hopkins University, Baltimore, Maryland.

Elizabeth Reimels, J.D., Associate Director for Policy,
Office on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Carolyn Reyes-Guzman, Ph.D., M.PH., Epidemiologist
and Program Director, Tobacco Research Branch, Control
Behavioral Research Program, Division of Cancer Control
and Population Sciences, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland.

NancyA. Rigotti, M.D., Professor of Medicine, Harvard Medical
School; Director, Tobacco Research and Treatment Center,
Massachusetts General Hospital, Boston, Massachusetts.

Catherine Saucedo, Deputy Director, Smoking Cessation
Leadership Center, University of California, San Francisco,
California.

Robert Schnoll, Ph.D., Associate Professor and Program
Leader, Center for Interdisciplinary Research on Nicotine
Addiction, Department of Psychiatry; Associate Director
for Population Science and Co-Leader for Tobacco and
Environmental Carcinogenesis, Abramson Cancer Center;
Senior Fellow, Center for Public Health Initiatives,
University of Pennsylvania, Philadelphia, Pennsylvania.

Steven A. Schroeder, M.D., Professor, Distinguished
Professorship in Health and Health Care, Department of
Medicine; Director, Smoking Cessation Leadership Center,
University of California, San Francisco, California.



Donna R. Shelley, M.D., M.P.H., Professor, Department of
Population Health; Professor, Department of Medicine,
New York University School of Medicine; Co-Director,
Section for Tobacco, Alcohol, and Drug Abuse, New York,
New York.

Peter G. Shields, M.D., Deputy Director, Comprehensive
Cancer Center and James Cancer Hospital; Professor,
College of Medicine, The Ohio State University Wexner
Medical Center, Columbus, Ohio.

Sundar Shrestha, Ph.D., Senior Economist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Lia J. Sorgen, Cancer Research Training Award Fellow,
Tobacco Control Research Branch, Behavioral Research
Program, Division of Cancer Control and Population
Sciences, National Cancer Institute, National Institutes of
Health, Bethesda, Maryland.

Frank E. Speizer, M.D., E. H. Kass Distinguished Professor
of Medicine, Harvard Medical School, Channing Laboratory,
Department of Medicine, Brigham and Women’s Hospital,
Boston, Massachusetts.

Margaret R. Spitz, M.D., M.P.H., Professor, Dan L. Duncan
Comprehensive Cancer Center, Department of Molecular
and Cellular Biology, Baylor College of Medicine, Houston,
Texas.

Meir Stampfer, M.D., Dr.P.H., Professor of Epidemiology
and Nutrition, Harvard T.H. Chan School of Public Health,
Professor of Medicine, Channing Division of Network
Medicine, Department of Medicine, Brigham and Women'’s
Hospital and Harvard Medical School, Boston, Massachusetts.

Linda Topping Streitfeld, M.P.H., Social Science Research
Analyst, Center for Medicare and Medicaid Innovation,
Centers for Medicare and Medicaid Services, Baltimore,
Maryland.

Stephanie Sturgis, M.P.H., Program Analyst, Idoneous
Consulting Services (Contractor), Office on Smoking and
Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Van T. Tong, M.P.H., Epidemiologist, Division of Congenital
and Developmental Disorders, National Center for Birth
Defects and Developmental Disability, Centers for Disease
Control and Prevention, Atlanta, Georgia.

X0

Smoking Cessation

Brenna VanFrank, M.D., M.S.P.H., Medical Officer, Office
on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Robert E. Vollinger, Jr., Dr.P.H.,, M.S.PH., Program
Director, Tobacco Control Research Branch, Behavioral
Research Program, Division of Cancer Control and
Population Sciences, National Cancer Institute, National
Institutes of Health, Bethesda, Maryland.

KennethE.Warner, Ph.D.,Avedis Donabedian Distinguished
University Professor Emeritus of Public Health and Dean
Emeritus, School of Public Health, University of Michigan,
Ann Arbor, Michigan.

Gordon B. Willis, Ph.D., Tobacco Control Research Branch,
Behavioral Research Program, Division of Cancer Control
and Population Sciences, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland.

Shu-Hong Zhu, Ph.D., Director, Center for Research
and Intervention in Tobacco Control; Professor, Family
Medicine and Public Health, University of California
School of Medicine, San Diego, California.

Other contributors were

Katherine J. Asman, M.S.P.H., Statistician, Biostatistics and
Epidemiology Division, RTI International, Atlanta, Georgia.

Susan Bratten, Senior Editor, American Institutes for
Research, Washington, D.C.

Meghan N. Buran, M.P.H., Senior Professional Research
Assistant to Dr. Jonathan M. Samet, Department of
Epidemiology, Colorado School of Public Health, University
of Colorado, Aurora, Colorado.

Deborah A. Burnette, Expert Consultant, ICF International,
Atlanta, Georgia.

Amy de Boinville, Production Design Associate, American
Institutes for Research, Washington, D.C.

Phil Esra, Editor, American Institutes for Research,
Washington, D.C.

Carolyn Feola Rugamas, Production Design Specialist,
American Institutes for Research, Washington, D.C.



A Report of the Surgeon General

Jane Garwood, Senior Editor, American Institutes for
Research, Washington, D.C.

Andrea S. Gentzke, Ph.D., M.S., Health Scientist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Sondra Hammond, Production Design Associate, American
Institutes for Research, Washington, D.C.

William A. Harris, M.M., Northrop Grumman (Contractor),
Division of Adolescent and School Health, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Sean Hu, M.D., M.S., Dr. PH., Senior Epidemiologist,
Office on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Angela Jehle, Director, Publications & Creative Services,
American Institutes for Research, Washington, D.C.

Devon LaPoint, Project Associate, American Institutes for
Research, Washington, D.C.

Dara L. Ledford, Senior Manager, Production Design,
American Institutes for Research, Washington, D.C.

Pamela R. Lemos, M.S., Public Health Analyst, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Yong Liu, M.D., M.S., Statistician, Division of Population
Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Christine C. Maisano, Editor, Prana Enterprises,
Inc. (Contractor), American Institutes for Research,
Washington, D.C.

Kathleen Major, K Major Editorial Services (Contractor),
American Institutes for Research, Washington, D.C.

Kristen N. Mangold, M.S.W., Public Health Advisor,
National Cancer Institute, National Institutes of Health,
Rockville, Maryland.

Timothy L. McManus, M.S., Lead Health Scientist,
Division of Adolescent and School Health, Centers for
Disease Control and Prevention, Atlanta, Georgia.

xvi

Richard A. Miech, Ph.D., M.PH., Principal Investigator,
Monitoring the Future; Professor, Survey Research
Center at the Institute for Social Research, University of
Michigan, Ann Arbor, Michigan.

Matthew Mowczko, M.Des., Graphic Design Specialist,
American Institutes for Research, Washington, D.C.

Don Mullins, Jr., M.P.H., Project Director, American
Institutes for Research, Washington, D.C.

Stephanie Neuben, Editor, American Institutes for Research,
Washington, D.C.

Kim O’Brien, Editor, American Institutes for Research,
Washington, D.C.

Patrick M. O’Malley, Ph.D., Research Professor, Institute
for Social Research, University of Michigan, Ann Arbor,
Michigan.

Andrew Peterman, Lead Production Editor, American
Institutes for Research, Washington, D.C.

Elyse Phillips, Oak Ridge Institute for Science and Education
Fellow, Office on Smoking and Health, National Center for
Chronic Disease Prevention and Health Promotion, Centers
for Disease Control and Prevention, Atlanta, Georgia.

Ketra L. Rice, Ph.D., M.S., M.B.A., Senior Service Fellow,
Office on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Fatma Romeh Ali, Ph.D., Fellow, Office on Smoking and
Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

Helen A. Sacco, M.S.Ed., Editor, American Institutes for
Research, Washington, D.C.

Saida Sharapova, M.D., M.PH., C.PH., Epidemiologist,
Office on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention, Atlanta, Georgia.

Kathryn E. Szynal, Editorial Assistant, Idoneous
Consulting Services (Contractor), Office on Smoking and
Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.



Wendy E. Theobald, Ph.D., Researcher, University of
Wisconsin-Center for Tobacco Research and Intervention,
University of Wisconsin School of Medicine and Public
Health, Madison, Wisconsin.

Stacy Thorne, Ph.D., M.P.H., Health Scientist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Sarah Trigger, M.P.H., Social Scientist, Center for Tobacco
Products, U.S. Food and Drug Administration, Silver
Spring, Maryland.

Katrina Trivers, Ph.D., M.S.P.H., Epidemiologist, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Sharon Wallace, Production Design Specialist, American
Institutes for Research, Washington, D.C.

Kimp Walton, M.S., Health Statistician, Office on Smoking
and Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control and
Prevention, Atlanta, Georgia.

xvii

Smoking Cessation

Teresa Wang, Ph.D., M.S., Epidemic Intelligence Service
Officer, Lieutenant, U.S. Public Health Service, Office on
Smoking and Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease
Control and Prevention, Atlanta, Georgia.

Karen C. Ward, Production Design Specialist, American
Institutes for Research, Washington, D.C.

Xin Xu, Ph.D., Economist, Center for Tobacco Products, U.S.
Food and Drug Administration, Silver Spring, Maryland.

Conflict of Interest Disclosures: All senior scientific editors
and contributing authors have completed and submitted a
conflict of interest disclosure form. Unless otherwise noted
below, no potential conflicts of interest were reported.
Dr. Glenda Lassi reports being employed by AstraZeneca, a
research-based biopharmaceutical company. Dr. Marcus R.
Munafo reports receiving grant funding from Pfizer and
Rusan Pharma and obtaining products for use in research
from GlaxoSmithKline, a company that manufactures
smoking cessation products. Dr. Judith J. Prochaska reports
having served as an ad hoc advisor to Pfizer Inc, a company
that manufactures smoking cessation medications.






Smoking Cessation

Chapter 1  Introduction, Conclusions, and the Evolving Landscape of Smoking Cessation ]

Introduction 3

Organization of the Report 4

Preparation of the Report 5

Scientific Basis of the Report 5

Major Conclusions 6

Chapter Conclusions 7

The Evolving Landscape of Smoking Cessation 12
References 26

Chapter 2  Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth 35

Introduction 37

Data Sources 37

Key Epidemiologic Measures 42

Trends in Current and Former Cigarette Smoking 43

Changing Characteristics of Current Cigarette Smokers 47

Key Disparities in Current Cigarette Smoking Among Adults and Youth 57
Cigarette Smoking Cessation Among Adults and Youth 59

Other Tobacco Products: Use and Cessation 80

Clinical Interventions for Smoking Cessation: Prevalence and Trends 86
Key Disparities in Cessation Among Adults 100

Summary of the Evidence and Implications 102

Conclusions 104

References 105

Chapter 2  Appendices 111

Appendix 2.1: Sources of Data 113
Appendix 2.2: Measures of Cessation 116
References 121

Chapter 3  New Biological Insights into Smoking Cessation 123

Introduction 125

Cell and Molecular Biology of Nicotine Addiction 125

Vaccines and Other Immunotherapies as Treatments for Nicotine Addiction 137
Insights into Smoking Cessation from the Field of Neurobiology 139

Genetic Studies of Smoking Phenotypes 147

Summary of the Evidence 155

Conclusions 157

References 158

Chapter 4 The Health Benefits of Smoking Cessation 173

Introduction 177

Methodologic Challenges 177

Cancer 177

Smoking Cessation After a Cancer Diagnosis 206

Xix



Cardiovascular Disease 214

Smoking Cessation After a Diagnosis of Coronary Heart Disease 270
Chronic Respiratory Disease 305

Reproductive Health 320

References 402

Chapter 5 The Benefits of Smoking Cessation on Overall Morbidity, Mortality, and Economic Costs 437

Introduction 439

Benefits of Smoking Cessation on Overall Morbidity 439
Benefits of Smoking Cessation on All-Cause Mortality 461
Benefits of Smoking Cessation on Economic Costs 465
Summary of the Evidence 485

Conclusions 485

References 486

Chapter 6  Interventions for Smoking Cessation and Treatments for Nicotine Dependence 493

Introduction 495

Literature Review Methods 496

Behavioral and Psychological Treatments 496
Pharmacologic Treatments 509

Teachable Moments 532

Considerations for Subpopulations 537
Emerging Intervention Approaches 544
Summary of the Evidence 546

Conclusions 547

References 549

Chapter 7  Clinical-, System-, and Population-Level Strategies that Promote Smoking Cessation 577

Introduction 579

Literature Review Methods 579

Clinical- and Health System-Based Strategies on Smoking Cessation 581
Population-Based Strategies on Smoking Cessation 598

Modeling to Assess the Impact of Policy and Regulatory Changes on Cessation 613
Limitations and Methodologic Gaps 617

Summary of the Evidence 618

Conclusions 619

References 620

Chapter 8 A Vision for the Future 641

Introduction 643

Past: Historical Perspective 643

Present: Health Benefits of Cessation 649
Future: Ending the Tobacco Use Epidemic 651
References 661

List of Abbreviations 665

List of Tables and Figures 671

XX



Chapter 1
Introduction, Conclusions, and the Evolving Landscape
of Smoking Cessation

Introduction 3

Organization of the Report 4
Preparation of the Report 5
Scientific Basis of the Report 5
Major Conclusions 6

Chapter Conclusions 7

Chapter 2: Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth 7
Chapter 3: New Biological Insights into Smoking Cessation 7
Chapter 4: The Health Benefits of Smoking Cessation &8

Cancer &

Smoking Cessation After a Cancer Diagnosis 8

Cardiovascular Disease &

Smoking Cessation After a Diagnosis of Coronary Heart Disease 9

Chronic Respiratory Disease 9

Reproductive Health 9
Chapter 5: The Benefits of Smoking Cessation on Overall Morbidity, Mortality, and Economic Costs 10
Chapter 6: Interventions for Smoking Cessation and Treatments for Nicotine Dependence 10
Chapter 7: Clinical-, System-, and Population-Level Strategies that Promote Smoking Cessation 11

The Evolving Landscape of Smoking Cessation 12

Historical Context of Smoking Cessation 12
Addiction Versus Habit 12
Coverage of Smoking Cessation, Nicotine, and Addiction in Surgeon General’s Reports 13
Coverage of Smoking Cessation 13
Coverage of Nicotine and Addiction 14
Perspectives on Smoking Cessation 15
Development and Evolution of a Paradigm for Treating Nicotine Addiction 15
Epidemiologic Shifts in Smoking Cessation 16
Changes in the Patterns of Smoking and Population Characteristics of Smokers 16
Changes in the Products Used by Smokers 16
Developments in Approaches to Smoking Cessation at the Individual Level 17
Pharmacotherapy 17
Behavioral Interventions 17
Treating Tobacco Use and Dependence 18
Evolution of Approaches to Smoking Cessation at the Population Level 19
More Intensity Versus Higher Reach of Support Services 19
Population-Based Interventions 20



Quitlines 20

Mass Media Campaigns 20

Healthcare Systems 21

Health Insurance Coverage 22
E-Cigarettes: Potential Impact on Smoking Cessation 23

Implications of E-Cigarette Characteristics for Smoking Cessation 23
Summary 24

References 26



Introduction

Smoking Cessation

Tobacco smoking is the leading cause of preventable
disease, disability, and death in the United States (U.S.
Department of Health and Human Services [USDHHS]
2014). Smoking harms nearly every organ in the body and
costs the United States billions of dollars in direct medical
costs each year (USDHHS 2014). Although considerable
progress has been made in reducing cigarette smoking
since the first U.S. Surgeon General’s report was released
in 1964 (USDHHS 2014), in 2018, 13.7% of U.S. adults
(34.2 million people) were still current cigarette smokers
(Creamer et al. 2019). One of the main reasons smokers
keep smoking is nicotine (USDHHS 1988). Nicotine,
a drug found naturally in the tobacco plant, is highly
addictive, as with such drugs as cocaine and heroin; acti-
vates the brain’s reward circuits; and reinforces repeated
nicotine exposure (USDHHS 1988, 2010, 2014; National
Institute on Drug Abuse [NIDA] 2018).

The majority of cigarette smokers (68%) want to quit
smoking completely (Babb et al. 2017). The 1990 Surgeon
General'sreport, The Health Benefits of Smoking Cessation,
was the last Surgeon General’s report to focus on cur-
rent research on smoking cessation and to predominantly
review the health benefits of quitting smoking (USDHHS
1990). Because of limited data at that time, the 1990 report
did not review the determinants, processes, or outcomes
of attempts at smoking cessation. Pharmacotherapy for
smoking cessation was not introduced until the 1980s.
Additionally, behavioral and other counseling approaches
were slow to develop and not widely available at the time
of the 1990 report because few were covered under health
insurance, and programs such as group counseling ses-
sions were hard for smokers to access, even by those who
were motivated to quit (Fiore et al. 1990).

The purpose of this report is to update and expand
the 1990 Surgeon General’s report based on new scien-
tific evidence about smoking cessation. Since 1990, the
scientific literature has expanded greatly on the deter-
minants and processes of smoking cessation, informing
the development of interventions that promote cessa-
tion and help smokers quit (Fiore et al. 2008; Schlam and
Baker 2013). This knowledge and other major develop-
ments have transformed the landscape of smoking ces-
sation in the United States. This report summarizes this
enhanced knowledge and specifically reviews patterns
and trends of smoking cessation; biologic mechanisms;
various health benefits; overall morbidity, mortality, and
economic benefits; interventions; and strategies that pro-
mote smoking cessation.

From 1965 to 2017, the prevalence of current
smoking declined from 52.0% to 15.8% (relative percent

change: 69.6%) among men and from 34.1% to 12.2% (rel-
ative percent change: 64.2%) among women (Figure 1.1).
These declines have been attributed, in part, to prog-
ress made in smoking cessation since the 1960s, which
has continued since the 1990 Surgeon General’s report.
Specifically, clinical, scientific, and public health commu-
nities have increasingly embraced and acted upon the con-
cept of tobacco use and dependence as a health condition
that can benefit from treatment in various forms and levels
of intensity. Accordingly, a considerable range of effective
pharmacologic and behavioral smoking cessation treat-
ment options are now available. As of October 16, 2019, the
U.S. Food and Drug Administration (FDA) has approved
five nicotine replacement therapies (NRTs) and two non-
nicotine oral medications to help smokers quit, and the
use of these treatments has expanded, including stronger
integration with counseling support (Fiore et al. 2008).

In addition, the reach of smoking cessation inter-
ventions has increased substantially since 1990 with
the emergence of innovative, population-level inter-
ventions and policies that motivate smokers to quit and
raise awareness of the health benefits of smoking cessa-
tion (McAfee et al. 2013). This includes policies, such as
comprehensive smokefree laws, that have been shown
to promote cessation at the population level in addition
to reducing exposure to secondhand smoke (USDHHS
2014). The development and subsequent expansion of
telephone call centers (“quitlines”), mobile phone tech-
nologies, Internet-based applications, and other innova-
tions have created novel platforms to provide behavioral
and pharmacologic smoking cessation treatments (Ghorai
et al. 2014). However, the continued diversification of the
tobacco product landscape could have several different
potential impacts, ranging from accelerating the rates
of complete cessation among adult smokers to erasing
progress in reducing all forms of use of tobacco products,
especially among youth and young adults. For example,
the increasing availability and rapidly increasing use of
novel tobacco products, most notably electronic cigarettes
(e-cigarettes), raise questions about the potential impact
that such products could have on efforts to eliminate dis-
ease and death caused by tobacco use at the individual and
population levels. Therefore, when considering the impact
of e-cigarettes on public health, it is critical to evaluate
their effects on both adults and youth.

Collectively, the changes cited in this report pro-
vide new opportunities and challenges for understanding
and promoting smoking cessation in the United States.
However, the evidence-based clinical-, health system-,
and population-based tobacco prevention, control, and
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Figure 1.1 Trends in prevalence (%) of current and former cigarette smoking among adults 18 years of age and
older, by sex; National Health Interview Survey (NHIS) 1965-2017; United States
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cessation strategies that are outlined in this report are a
necessary but insufficient means to end the tobacco epi-
demic. Reaching the finish line will require coordination
across federal government agencies and other government

Organization of the Report

and non-government stakeholders at the national, state,
and local levels. To achieve success, we must work together
to maximize resources and coordinate efforts across a wide
range of stakeholders.

This chapter summarizes the report, identifies its
major conclusions, and presents the conclusions from each
chapter. It also offers an overview of the evolving landscape
of smoking cessation and key developments since the 1990
Surgeon General’s report. Chapter 2 (“Patterns of Smoking
Cessation Among U.S. Adults, Young Adults, and Youth”)
documents key patterns and trends in cigarette smoking
cessation in the United States among adults overall (per-
sons 18 years of age and older), young adults (18-24 years
of age), and youth (12-17 years of age). The chapter also
reviews the changing demographic- and smoking-related
characteristics of cigarette smokers with a focus on how
these changes may influence future trends in cessa-
tion. Chapter 3 (“New Biological Insights into Smoking
Cessation”) reviews several areas of intensive research
since the 2010 Surgeon General’s report on how tobacco
smoke causes disease: cellular and molecular biology of
nicotine addiction; vaccines and other immunotherapies as

4  Chapter 1

treatments for tobacco addiction; neurobiological insights
into smoking cessation obtained from noninvasive neuro-
imaging; and genetics of smoking behaviors and cessation.
Chapter 4 (“The Health Benefits of Smoking Cessation”)
reviews the more recent findings on disease risks from
smoking and benefits after smoking cessation for major
types of chronic diseases, including cardiovascular and
respiratory systems, cancer, and a wide range of repro-
ductive outcomes. Chapter 5 (“The Benefits of Smoking
Cessation on Overall Morbidity, Mortality, and Economic
Costs”) discusses general indicators of health that change
after smoking cessation, the health benefits of smoking ces-
sation on all-cause mortality, and the economic benefits of
smoking cessation. Chapter 6 (“Interventions for Smoking
Cessation and Treatments for Nicotine Dependence”)
reviews the evidence on current and emerging treatments
for smoking cessation, including research that has been
conducted since the 2008 U.S. Public Health Service’s



Clinical Practice Guideline, Treating Tobacco Use and
Dependence: 2008 Update (Fiore et al. 2008). Chapter 7
(“Clinical-, System-, and Population-Level Strategies
that Promote Smoking Cessation”) focuses on clinical-,
system-, and population-level strategies that combine indi-
vidual components of treatment for smoking cessation with

Preparation of the Report

Smoking Cessation

routine clinical care, making cessation interventions avail-
able and accessible to individual smokers and creating con-
ditions whereby smokers are informed of these interven-
tions and are motivated to use them. Chapter 8 (“A Vision
for the Future”) outlines broad strategies to accelerate the
progress that has been made in helping smokers quit.

This Surgeon General’s report was prepared by the
Office on Smoking and Health, National Center for Chronic
Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention (CDC), which is part of
USDHHS. This report was compiled using a longstanding,
peer-reviewed, balanced, and comprehensive process
designed to safeguard the scientific rigor and practical rel-
evance from influences that could adversely affect impar-
tiality (King et al. 2018). This process helps to ensure that
the report’s conclusions are defined by the evidence, rather
than the opinions of the authors and editors. In brief, under
the leadership of a senior scientific editorial team, 32 experts
wrote the initial drafts of the chapters. The experts were
selected for their knowledge of the topics addressed. These
contributions, which are summarized in Chapters 1-7,
were evaluated by 46 peer reviewers. After this initial stage
of peer review, more than 20 senior scientists and other

Scientific Basis of the Report

experts examined the scientific integrity of the entire man-
uscript as part of a second stage of peer review. After each
round of peer review, the report’s scientific editors revised
each draft based on reviewers’ comments. Chapter 8, which
summarizes and is founded upon the preceding content
in the report, was written by the senior scientific edito-
rial team once the content in Chapters 1-7 completed peer
review. Subsequently, the report was reviewed by various
institutes and agencies in the U.S. government, including
USDHHS. Throughout the review process, the content of
each chapter was revised to include studies and information
that were not available when the chapters were first drafted;
updates were made until shortly before the report was sub-
mitted for publication. These updates reflect the full scope
of identified evidence, including new findings that confirm,
refute, or refine the initial content. Conclusions are based
on the preponderance and quality of scientific evidence.

The statements and conclusions throughout this
report are based on an extensive review of the existing sci-
entific literature. Thus, the report focuses primarily on
cessation in the context of adults because this is the popu-
lation for which the preponderance of scientific literature
exists on this topic; however, data on youth and young
adults are also presented, when available. The report pri-
marily cites peer-reviewed journal articles, including
reviews that integrate findings from numerous studies
and books that were published between 2000 and 2018,
which reflects a period after the last Surgeon General’s
report on the topic of cessation. This report also refers, on
occasion, to unpublished research, such as presentations
at professional meetings, personal communications from
researchers, and information available in various media.
These references are used when acknowledged by the edi-
tors and reviewers as being scientifically valid and reli-
able, and a critical addition to the emerging literature on a
topic. Throughout the writing and review process, highest
priority was given to peer-reviewed, scientific research

that is free from tobacco industry interests. As noted in
the 2014 Surgeon General’s report, the tobacco industry
has a well-documented record of manipulating scientific
information about the extent of the harms from cigarette
smoking (USDHHS 2014).

Following the model of the 1964 report, this
Surgeon General’s report includes comprehensive compi-
lations of the evidence on smoking cessation. The evidence
was analyzed to identify causal associations according
to enunciated principles, sometimes referred to as the
“Surgeon General’s criteria” or the “Hill” criteria (after Sir
Austin Bradford Hill) for causality. The criteria, offered in
Chapter 3 of the 1964 report, included

e (Consistency of the association,
e Strength of the association,

e Specificity of the association,
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e Temporal relationship of the association, and

¢ Coherence of the association (U.S. Department of
Health, Education, and Welfare [USDHEW] 1964,
p. 20).

In the 2004 Surgeon General’s report (USDHHS
2004), the framework for interpreting evidence on smoking
and health was revisited in depth for the first time since
the 1964 report. The 2004 report provided a four-level
hierarchy of categories for interpreting evidence, and this
current report follows the same model:

a. “Evidence is sufficient to infer a causal relationship.

b. Evidence is suggestive but not sufficient to infer a
causal relationship.

c. Evidence is inadequate to infer the presence or
absence of a causal relationship (which encompasses

evidence that is sparse, of poor quality, or conflicting).

d. Evidence is suggestive of no causal relationship”
(USDHHS 2004, p. 18).

Answers to several questions helped to guide judg-
ment toward these categories:

¢ Do multiple high-quality studies show a consistent
association between smoking and disease?

Major Conclusions

e Are the measured effects large enough and statisti-
cally strong?

® Does the evidence show that smoking occurs before
the disease occurs (a temporal association)?

e Is the relationship between smoking and disease
coherent or plausible in terms of known scientific
principles, biologic mechanisms, and observed pat-
terns of disease?

e Is there a dose-response relationship between
smoking and disease?

o Isthe risk of disease reduced after quitting smoking?

The categories acknowledge that evidence can be
“suggestive but not sufficient” to infer a causal relation-
ship, and the categories allow for evidence that is “sug-
gestive of no causal relationship.” This framework also
separates conclusions about causality from the impli-
cations of such conclusions. Inference is sharply and
completely separated from policy or research implica-
tions of the conclusions, thus adhering to the approach
established in the 1964 report. However, consistent with
past Surgeon General’s reports on tobacco, conclusions
are not limited to just causal determinations and fre-
quently include recommendations for research, policies,
or other actions.

1. Smoking cessation is beneficial at any age. Smoking
cessation improves health status and enhances
quality of life.

2. Smoking cessation reduces the risk of prema-
ture death and can add as much as a decade to life
expectancy.

3. Smoking places a substantial financial burden on
smokers, healthcare systems, and society. Smoking
cessation reduces this burden, including smoking-
attributable healthcare expenditures.

4. Smoking cessation reduces risk for many adverse
health effects, including reproductive health out-
comes, cardiovascular diseases, chronic obstructive
pulmonary disease, and cancer. Quitting smoking
is also beneficial to those who have been diagnosed
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with heart disease and chronic obstructive pulmo-
nary disease.

5. More than three out of five U.S. adults who have ever
smoked cigarettes have quit. Although a majority of
cigarette smokers make a quit attempt each year, less
than one-third use cessation medications approved
by the U.S. Food and Drug Administration or behav-
ioral counseling to support quit attempts.

6. Considerable disparities exist in the prevalence of
smoking across the U.S. population, with higher
prevalence in some subgroups. Similarly, the preva-
lence of key indicators of smoking cessation—quit
attempts, receiving advice to quit from a health pro-
fessional, and using cessation therapies—also varies
across the population, with lower prevalence in
some subgroups.



7.

Smoking cessation medications approved by the
U.S. Food and Drug Administration and behavioral
counseling are cost-effective cessation strategies.
Cessation medications approved by the U.S. Food
and Drug Administration and behavioral counseling
increase the likelihood of successfully quitting
smoking, particularly when used in combination.
Using combinations of nicotine replacement thera-
pies can further increase the likelihood of quitting.

Insurance coverage for smoking cessation treat-
ment that is comprehensive, barrier-free, and widely
promoted increases the use of these treatment ser-
vices, leads to higher rates of successful quitting,
and is cost-effective.

Chapter Conclusions

9.

10.

Smoking Cessation

E-cigarettes, a continually changing and hetero-
geneous group of products, are used in a variety of
ways. Consequently, it is difficult to make general-
izations about efficacy for cessation based on clinical
trials involving a particular e-cigarette, and there
is presently inadequate evidence to conclude that
e-cigarettes, in general, increase smoking cessation.

Smoking cessation can be increased by raising the
price of cigarettes, adopting comprehensive smoke-
free policies, implementing mass media campaigns,
requiring pictorial health warnings, and main-
taining comprehensive statewide tobacco control
programs.

Chapter 2: Patterns of Smoking
Cessation Among U.S. Adults,
Young Adults, and Youth

1.

In the United States, more than three out of every
five adults who were ever cigarette smokers have
quit smoking.

Past-year quit attempts and recent and longer term
cessation have increased over the past 2 decades
among adult cigarette smokers.

Marked disparities in cessation behaviors, such
as making a past-year quit attempt and achieving
recent successful cessation, persist across certain
population subgroups defined by educational attain-
ment, poverty status, age, health insurance status,
race/ethnicity, and geography.

Advice from health professionals to quit smoking has
increased since 2000; however, four out of every nine
adult cigarette smokers who saw a health professional
during the past year did not receive advice to quit.

Use of evidence-based cessation counseling and/or
medications has increased among adult cigarette
smokers since 2000; however, more than two-thirds
of adult cigarette smokers who tried to quit during
the past year did not use evidence-based treatment.

A large proportion of adult smokers report using
non-evidence-based approaches when trying to quit
smoking, such as switching to other tobacco products.

Chapter 3: New Biological Insights
into Smoking Cessation

1.

The evidence is suggestive but not sufficient to infer
that increasing glutamate transport can alleviate
nicotine withdrawal symptoms and prevent relapse.

The evidence is suggestive but not sufficient to infer
that neuropeptide systems play a role in multiple
stages of the nicotine addiction process, and that
modulating the function of certain neuropeptides
can reduce smoking behavior in humans.

The evidence is suggestive but not sufficient to
infer that targeting the habenulo-interpeduncular
pathway with agents that increase the aversive prop-
erties of nicotine are a useful therapeutic target for
smoking cessation.

The evidence is suggestive but not sufficient to infer
that vaccines generating adequate levels of nicotine-
specific antibodies can block the addictive effects of
nicotine and aid smoking cessation.

The evidence is suggestive but not sufficient to infer
that dysregulated brain circuits, including prefrontal
and cingulate cortical regions and their connections
with various striatal and insula loci, can serve as
novel therapeutic targets for smoking cessation.

The evidence is suggestive but not sufficient to infer
that the effectiveness of nicotine replacement therapy
may vary across specific genotype groups.
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Chapter 4:The Health Benefits of
Smoking Cessation

Cancer

1. The evidence is sufficient to infer that smoking
cessation reduces the risk of lung cancer.

2. The evidence is sufficient to infer that smoking
cessation reduces the risk of laryngeal cancer.

3. The evidence is sufficient to infer that smoking
cessation reduces the risk of cancers of the oral
cavity and pharynx

4. The evidence is sufficient to infer that smoking
cessation reduces the risk of esophageal cancer.

5. The evidence is sufficient to infer that smoking
cessation reduces the risk of pancreatic cancer.

6. The evidence is sufficient to infer that smoking
cessation reduces the risk of bladder cancer.

7. The evidence is sufficient to infer that smoking
cessation reduces the risk of stomach cancer.

8. The evidence is sufficient to infer that smoking
cessation reduces the risk of colorectal cancer.

9. The evidence is sufficient to infer that smoking
cessation reduces the risk of liver cancer.

10. The evidence is sufficient to infer that smoking
cessation reduces the risk of cervical cancer.

11. The evidence is sufficient to infer that smoking
cessation reduces the risk of kidney cancer.

12. The evidence is sufficient to infer that smoking
cessation reduces the risk of acute myeloid leukemia.

13. The evidence is sufficient to infer that the relative

risk of lung cancer decreases steadily after smoking
cessation compared with the risk for persons con-
tinuing to smoke, with risk decreasing to half that
of continuing smokers approximately 10-15 years
after smoking cessation and decreasing further with
continued cessation.

Smoking Cessation After a Cancer Diagnosis

1.

8

The evidence is suggestive but not sufficient to infer
a causal relationship between smoking cessation

Chapter 1

10.

and improved all-cause mortality in cancer patients
who are current smokers at the time of a cancer
diagnosis.

Cardiovascular Disease
1.

The evidence is sufficient to infer that smoking
cessation reduces levels of markers of inflamma-
tion and hypercoagulability and leads to rapid
improvement in the level of high-density lipopro-
tein cholesterol.

The evidence is sufficient to infer that smoking ces-
sation leads to a reduction in the development of
subclinical atherosclerosis, and that progression
slows as time since cessation lengthens.

The evidence is sufficient to infer that smoking ces-
sation reduces the risk of cardiovascular morbidity
and mortality and the burden of disease from cardio-
vascular disease.

The evidence is sufficient to infer that the rela-
tive risk of coronary heart disease among former
smokers compared with never smokers falls rapidly
after cessation and then declines more slowly.

The evidence is sufficient to infer that smoking cessa-
tion reduces the risk of stroke morbidity and mortality.

The evidence is sufficient to infer that, after smoking
cessation, the risk of stroke approaches that of never
smokers.

The evidence is suggestive but not sufficient to infer
that smoking cessation reduces the risk of atrial
fibrillation.

The evidence is suggestive but not sufficient to infer
that smoking cessation reduces the risk of sudden
cardiac death among persons without coronary
heart disease.

The evidence is suggestive but not sufficient to infer
that smoking cessation reduces the risk of heart
failure among former smokers compared with per-
sons who continue to smoke.

Among patients with left-ventricular dysfunction,
the evidence is suggestive but not sufficient to infer
that smoking cessation leads to increased survival
and reduced risk of hospitalization for heart failure.



11.

12.

13.

14.

15.

The evidence is suggestive but not sufficient to infer
that smoking cessation reduces the risk of venous
thromboembolism.

The evidence is suggestive but not sufficient to
infer that smoking cessation substantially reduces
the risk of peripheral arterial disease among former
smokers compared with persons who continue to
smoke, and that this reduction appears to increase
with time since cessation.

The evidence is suggestive but not sufficient to infer
that, among patients with peripheral arterial dis-
ease, smoking cessation improves exercise toler-
ance, reduces the risk of amputation after peripheral
artery surgery, and increases overall survival.

The evidence is sufficient to infer that smoking ces-
sation substantially reduces the risk of abdominal
aortic aneurysm in former smokers compared with
persons who continue to smoke, and that this reduc-
tion increases with time since cessation.

The evidence is suggestive but not sufficient to infer
that smoking cessation slows the expansion rate of
abdominal aortic aneurysm.

Smoking Cessation After a Diagnosis of Coronary
Heart Disease

1.

In patients who are current smokers when diag-
nosed with coronary heart disease, the evidence
is sufficient to infer a causal relationship between
smoking cessation and a reduction in all-cause
mortality.

In patients who are current smokers when diag-
nosed with coronary heart disease, the evidence
is sufficient to infer a causal relationship between
smoking cessation and reductions in deaths due to
cardiac causes and sudden death.

In patients who are current smokers when diag-
nosed with coronary heart disease, the evidence
is sufficient to infer a causal relationship between
smoking cessation and reduced risk of new and
recurrent cardiac events.

Chronic Respiratory Disease

1.

Chronic Obstructive Pulmonary Disease

Smoking cessation remains the only established
intervention to reduce loss of lung function over time

Smoking Cessation

among persons with chronic obstructive pulmonary
disease and to reduce the risk of developing chronic
obstructive pulmonary disease in cigarette smokers.

The evidence is suggestive but not sufficient to infer
that airway inflammation in cigarette smokers per-
sists months to years after smoking cessation.

The evidence is suggestive but not sufficient to infer
that changes in gene methylation and profiles of
proteins occur after smoking cessation.

The evidence is inadequate to infer the presence or
absence of a relationship between smoking cessa-
tion and changes in the lung microbiome.

Asthma

The evidence is suggestive but not sufficient to infer
that smoking cessation reduces asthma symptoms
and improves treatment outcomes and asthma-
specific quality-of-life scores among persons with
asthma who smoke.

The evidence is suggestive but not sufficient to infer
that smoking cessation improves lung function
among persons with asthma who smoke.

Reproductive Health

1.

The evidence is sufficient to infer that smoking ces-
sation by pregnant women benefits their health and
that of their fetuses and newborns.

The evidence is inadequate to infer that smoking
cessation before or during early pregnancy reduces
the risk of placental abruption compared with con-
tinued smoking.

The evidence is inadequate to infer that smoking
cessation before or during pregnancy reduces the
risk of placenta previa compared with continued
smoking.

The evidence is inadequate to infer that smoking
cessation before or during pregnancy reduces the
risk of premature rupture of the membranes com-
pared with continued smoking.

The evidence is inadequate to infer that smoking
during early or mid-pregnancy alone, and not during
late pregnancy, is associated with a reduced risk of
preeclampsia.
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6.

10.

11.

12.

13.

14.

15.

16.

10

The evidence is sufficient to infer that women who
quit smoking before or during pregnancy gain more
weight during gestation than those who continue to
smoke.

The evidence is suggestive but not sufficient to infer
that women who quit smoking before or during
pregnancy gain more weight during gestation than
nonsmokers.

The evidence is inadequate to infer that smoking
cessation during pregnancy increases the risk of
gestational diabetes.

The evidence is sufficient to infer that smoking
cessation during pregnancy reduces the effects of
smoking on fetal growth and that quitting smoking
early in pregnancy eliminates the adverse effects of
smoking on fetal growth.

The evidence is inadequate to determine the gesta-
tional age before which smoking cessation should
occur to eliminate the effects of smoking on fetal
growth.

The evidence is sufficient to infer that smoking ces-
sation before or during early pregnancy reduces the
risk for a small-for-gestational-age birth compared
with continued smoking.

The evidence is suggestive but not sufficient to infer
that women who quit smoking before conception or
during early pregnancy have a reduced risk of pre-
term delivery compared with women who continue
to smoke.

The evidence is suggestive but not sufficient to infer
that the risk of preterm delivery in women who quit
smoking before or during early pregnancy does not
differ from that of nonsmokers.

The evidence is inadequate to infer that smoking ces-
sation during pregnancy reduces the risk of stillbirth.

The evidence is inadequate to infer that smoking
cessation during pregnancy reduces the risk of peri-
natal mortality among smokers.

The evidence is inadequate to infer that women who
quit smoking before or during early pregnancy have
a reduced risk for infant mortality compared with
continued smokers.

Chapter 1

17.

18.

19.

20.

21

The evidence is inadequate to infer an association
between smoking cessation, the timing of cessation,
and female fertility or fecundity.

The evidence is suggestive but not sufficient to infer
that smoking cessation reduces the risk of earlier age
at menopause compared with continued smoking.

The evidence is inadequate to infer that smoking
cessation reduces the effects of smoking on male
fertility and sperm quality.

The evidence is suggestive but not sufficient to infer
that former smokers are at increased risk of erectile
dysfunction compared with never smokers.

The evidence is inadequate to infer that smoking
cessation reduces the risk of erectile dysfunction
compared with continued smoking.

Chapter 5: The Benefits of Smoking
Cessation on Overall Morbidity,
Mortality, and Economic Costs

1.

The evidence is sufficient to infer that smoking ces-
sation improves well-being, including higher quality
of life and improved health status.

The evidence is sufficient to infer that smoking ces-
sation reduces mortality and increases the lifespan.

The evidence is sufficient to infer that smoking
exacts a high cost for smokers, healthcare systems,
and society.

The evidence is sufficient to infer that smoking ces-
sation interventions are cost-effective.

Chapter 6: Interventions for
Smoking Cessation and Treatments
for Nicotine Dependence

1.

2.

The evidence is sufficient to infer that behavioral
counseling and cessation medication interventions
increase smoking cessation compared with self-help
materials or no treatment.

The evidence is sufficient to infer that behavioral coun-
seling and cessation medications are independently



10.

11.

effective in increasing smoking cessation, and even
more effective when used in combination.

The evidence is sufficient to infer that proactive quit-
line counseling, when provided alone or in combina-
tion with cessation medications, increases smoking
cessation.

The evidence is sufficient to infer that short text
message services about cessation are independently
effective in increasing smoking cessation, particu-
larly if they are interactive or tailored to individual
text responses.

The evidence is sufficient to infer that web or Internet-
based interventions increase smoking cessation and
can be more effective when they contain behavior
change techniques and interactive components.

The evidence is inadequate to infer that smartphone
apps for smoking cessation are independently effec-
tive in increasing smoking cessation.

The evidence is sufficient to infer that combining
short- and long-acting forms of nicotine replacement
therapy increases smoking cessation compared with
using single forms of nicotine replacement therapy.

The evidence is suggestive but not sufficient to infer
that pre-loading (e.g., initiating cessation medica-
tion in advance of a quit attempt), especially with
the nicotine patch, can increase smoking cessation.

The evidence is suggestive but not sufficient to infer
that very-low-nicotine-content cigarettes can reduce
smoking and nicotine dependence and increase
smoking cessation when full-nicotine cigarettes are
readily available; the effects on cessation may be fur-
ther strengthened in an environment in which con-
ventional cigarettes and other combustible tobacco
products are not readily available.

The evidence is inadequate to infer that e-cigarettes,
in general, increase smoking cessation. However,
the evidence is suggestive but not sufficient to infer
that the use of e-cigarettes containing nicotine is
associated with increased smoking cessation com-
pared with the use of e-cigarettes not containing
nicotine, and the evidence is suggestive but not suf-
ficient to infer that more frequent use of e-cigarettes
is associated with increased smoking cessation com-
pared with less frequent use of e-cigarettes.

The evidence is sufficient to infer that certain life
events—including hospitalization, surgery, and

12.

13.

Smoking Cessation

lung cancer screening—can trigger attempts to quit
smoking, uptake of smoking cessation treatment,
and smoking cessation.

The evidence is suggestive but not sufficient to infer
that fully and consistently integrating standardized,
evidence-based smoking cessation interventions
into lung cancer screening increases smoking ces-
sation while avoiding potential adverse effects of this
screening on cessation outcomes.

The evidence is suggestive but not sufficient to infer
that cytisine increases smoking cessation.

Chapter 7: Clinical-, System-, and
Population-Level Strategies that
Promote Smoking Cessation

1.

The evidence is sufficient to infer that the develop-
ment and dissemination of evidence-based clinical
practice guidelines increase the delivery of clinical
interventions for smoking cessation.

The evidence is sufficient to infer that with adequate
promotion, comprehensive, barrier-free, evidence-
based cessation insurance coverage increases the
availability and utilization of treatment services for
smoking cessation.

The evidence is sufficient to infer that strategies that
link smoking cessation-related quality measures
with payments to clinicians, clinics, or health sys-
tems increase the rate of delivery of clinical treat-
ments for smoking cessation.

The evidence is sufficient to infer that tobacco quit-
lines are an effective population-based approach
to motivate quit attempts and increase smoking
cessation.

The evidence is suggestive but not sufficient to infer
that electronic health record technology increases
the rate of delivery of smoking cessation treatments.

The evidence is sufficient to infer that increasing
the price of cigarettes reduces smoking preva-
lence, reduces cigarette consumption, and increases
smoking cessation.

The evidence is sufficient to infer that smokefree
policies reduce smoking prevalence, reduce cigarette
consumption, and increase smoking cessation.
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8. The evidence is sufficient to infer that mass media
campaigns increase the number of calls to quitlines
and increase smoking cessation.

9. The evidence is sufficient to infer that comprehen-
sive state tobacco control programs reduce smoking
prevalence, increase quit attempts, and increase
smoking cessation.

10. The evidence is sufficient to infer that large, pictorial
health warnings increase smokers’ knowledge about
the health harms of smoking, interest in quitting,
and quit attempts and decrease smoking prevalence.

11. The evidence is suggestive but not sufficient to infer
that plain packaging increases smoking cessation.

12. The evidence is suggestive but not sufficient to infer
that decreasing the retail availability of tobacco
products and exposure to point-of-sale tobacco mar-
keting and advertising increases smoking cessation.

13. The evidence is suggestive but not sufficient to infer
that restricting the sale of certain types of tobacco
products, such as menthol and other flavored prod-
ucts, increases smoking cessation, especially among
certain populations.

The Evolving Landscape of Smoking Cessation

This section of the chapter reviews the history of
smoking cessation, from its early origins to the modern
era, including the changes that have occurred since pub-
lication of the 1990 Surgeon General’s report. It also high-
lights developments that have shaped current initiatives in
smoking cessation and will set the stage for the chapters
that follow. Finally, this section highlights a broad set of
interventions that have been implemented over the past
three decades and are proven to be effective at helping
people quit successfully. These interventions, which are
now being integrated into clinical care and societal policies,
include (a) low-intensity interventions, such as telephone
quitlines; (b) brief but systematically repeated interven-
tions in primary care settings; (c) over-the-counter medi-
cations; and (d) public policy approaches, such as increases
in tobacco prices (e.g., through taxation), comprehensive
policies to make indoor environments smokefree, and mass
media campaigns that increase motivation to quit and may
help sustain quit attempts (CDC 2014a; USDHHS 2014).

Historical Context of Smoking
Cessation

Addiction Versus Habit

In 2017, afederal court ordered the major U.S. tobacco
companies to run television and newspaper ads that tell the
American public the truth about the dangers of smoking
and secondhand smoke (U.S. Department of Justice 2017b).
The ads included several statements related to the addic-
tiveness of nicotine:

e “Smoking is highly addictive. Nicotine is the addic-
tive drug in tobacco”;
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e “Cigarette companies intentionally designed cigarettes
with enough nicotine to create and sustain addiction”;

e “It’s not easy to quit”; and

e “When you smoke, the nicotine actually changes the
brain—that’s why quitting is so hard” (U.S. Department
of Justice 2017a; Farber et al. 2018, p. 128).

However, previously secret documents from the
tobacco industry reveal that the tobacco industry was
aware of the addictive nature of nicotine for decades,
long before they publicly acknowledged it or were even-
tually ordered by the court to publicly acknowledge it
(Elias et al. 2018). In fact, the tobacco industry had been
engineering cigarettes for decades to improve the rapid
delivery of nicotine (Proctor 2011). For years, the tobacco
industry coordinated well-financed, systematic efforts to
deny the addictiveness of nicotine and the need for users
to quit smoking, thereby trivializing the harms of tobacco
use while promoting the benefits of nicotine (Hirschhorn
2009; USDHHS 2014). The industry did this using well-
documented tactics, including aggressive funding and
support for academic, medical, and community orga-
nizations that were sympathetic to this perspective
(Proctor 2011).

Addiction to any substance often brings on a variety
of efforts to overcome or treat it. However, until the late
twentieth century, clinical and public health approaches
to smoking cessation often treated smoking as a habit
rather than as an addiction (USDHEW 1964). The tobacco
industry has asserted for many years in public messaging
and litigation that smoking is a personal choice (Friedman
et al. 2015). Indeed, both smoking and smoking cessa-
tion were considered personal choices; the idea was that



if persons started smoking cigarettes, they could quit if
they truly wanted to, putting the onus on the individual
smoker to quit using his or her own motivation and desire
to do so. The Surgeon General first concluded in 1988 that
cigarettes and other forms of tobacco are addicting,” and
“nicotine is the drug in tobacco that causes addiction”
(USDHHS 1988, p. 9). Eventually, intensive medical treat-
ments and protocols—such as the use of multiple medi-
cations for long periods of time, long-term psychological
counseling, and inpatient hospitalization—were devel-
oped to address the highly addictive nature of nicotine
(Fiore et al. 2008). However, between 2000 and 2015, less
than one-third of U.S. adult cigarette smokers reported
using evidence-based cessation treatments, such as behav-
ioral counseling and/or medication, when trying to quit
smoking (Babb et al. 2017).

The first comprehensive clinical practice guide-
line for smoking cessation was produced by the federal
government in 1996 and emphasized the role of health-
care providers in providing assessment and treatment
interventions for smoking with patients who smoke
(Fiore et al. 1996). In 2008, an updated federal guide-
line, Treating Tobacco Use and Dependence: 2008 Update
(hereafter referred to as the Clinical Practice Guideline),
was published (Fiore et al. 2008). This guideline uses lan-
guage similar to that used in helping persons quit other
addictive substances and is discussed in more detail in
Chapter 7.

With the shift toward an improved understanding
of the nature of nicotine addiction, terminology used
to describe tobacco use has also shifted. The Diagnostic
and Statistical Manual of Mental Disorders (5th edition)
is the primary clinical source of diagnostic criteria for
mental health disorders. It provides diagnostic criteria for
“tobacco use disorder,” which includes physiologic depen-
dence, impaired control, and social impairment, among
others (American Psychiatric Association 2013). These
diagnostic criteria align with those for other substance use
disorders and acknowledge the physical, psychological,
and environmental components of addiction. However, as
noted in the Clinical Practice Guideline, although not all
tobacco use results in tobacco use disorder, any tobacco
use has risks and, therefore, warrants intervention (Fiore
et al. 2008). Accordingly, throughout this report, the term
“tobacco use and dependence” is used to be inclusive of
all patterns of use and to acknowledge the multifactorial
and chronic relapsing nature of nicotine addiction. The
term “nicotine dependence” is used specifically to refer
to physiologic dependence on nicotine. This terminology
aligns with that used in the Clinical Practice Guideline,
which further details why the term “tobacco use and
dependence” is most appropriate when discussing cessa-
tion interventions (Fiore et al. 2008).

Smoking Cessation

Coverage of Smoking Cessation,
Nicotine, and Addiction in Surgeon
General’s Reports

Coverage of cessation, nicotine, and addiction in
Surgeon General’s reports has evolved greatly since 1964,
reflecting the evolution of scientific understanding of
addiction to nicotine and its treatment.

Coverage of Smoking Cessation

Of the 34 Surgeon General’s reports on smoking
and health published to date, this is the second to address
smoking cessation as the main topic. Even so, beginning
with the first report in 1964, evidence reviewed in various
reports has supported some conclusions related to the
health benefits of smoking cessation. Over time, as the
epidemiologic findings from prospective cohort studies
became more abundant and covered longer periods of
time since quitting smoking, conclusions began to mount
on the decline in risks for major smoking-caused diseases
after cessation. In fact, declines in risk after cessation fig-
ured into the causal inference process presented in the
reports, which documented a decrease in health risks after
withdrawal of smoking—the presumptive causal agent.

The 1964 Surgeon General’s report reviewed find-
ings from seven prospective cohort studies that had
included sufficient numbers of former smokers to provide
estimates about cause-specific relative risk for mortality
from selected diseases (USDHEW 1964). The data from the
cohort studies were complemented by case-control studies
for some cancer sites that had also addressed a change in
risk after smoking cessation. For all-cause mortality, the
1964 report stated that compared with never smokers, rel-
ative mortality was 40% higher among former smokers
and 70% higher among current smokers. For lung cancer,
quantitative relationships with smoking patterns were
described as follows: “The risk of developing lung cancer
increases with duration of smoking and the number of
cigarettes smoked per day, and is diminished by discon-
tinuing smoking” (p. 37). In considering the causal nature
of the association between smoking and lung cancer, the
report stated, “Where discontinuance, time since discon-
tinuance, and amount smoked prior to discontinuance
were considered in either retrospective studies or, with
more detail, in prospective studies, these all showed lower
risks for ex-smokers, still lower risks as the length of time
since discontinuance increased, and lower risks among
ex-smokers if they had been light smokers” (p. 188). The
report did not conclude that smoking caused cardiovas-
cular disease, but it noted a lower risk of death from car-
diovascular disease among former smokers compared with
continuing smokers and stated, “Although the causative
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role of cigarette smoking in deaths from coronary disease
is not proven, the Committee considers it more prudent
from the public health viewpoint to assume that the estab-
lished association has causative meaning than to suspend
judgment until no uncertainty remains” (p. 32).

In ensuing Surgeon General’s reports through the
1970s, the health benefits of smoking cessation did not
receive systematic attention, but the results identified
a declining risk for some diseases after cessation. The
1979 report offered detailed reviews for major diseases,
and it concluded that compared with smokers, risks were
lower among former smokers for all-cause mortality,
atherosclerosis and coronary heart disease, lung cancer,
larynx cancer, lung function, and respiratory symp-
toms (USDHEW 1979). Three Surgeon General’s reports
released in the early 1980s focused on the health conse-
quences of smoking on specific major disease categories:
cancer (USDHHS 1982), cardiovascular disease (USDHHS
1983), and chronic lung disease (USDHHS 1984). Each
report also examined the impact of smoking cessation
on each of those disease categories. In 1988, the report
reviewed the evidence to date on nicotine and drew major
conclusions that nicotine was addictive (USDHHS 1988).

By 1990, the scope and depth of evidence on smoking
cessation was sufficiently abundant to justify a full report,
The Health Benefits of Smoking Cessation. The report’s
conclusions expanded on those of earlier reports, sum-
marizing descriptions of the temporal course of declining
risk for many of the diseases caused by smoking (USDHHS
1990). For example, the report concluded, “The excess risk
of [coronary heart disease] caused by smoking is reduced
by about half after 1 year of smoking abstinence and then
declines gradually. After 15 years of abstinence, the risk of
[coronary heart disease] is similar to that of persons who
have never smoked” (p. 11).

Importantly, the 1990 report was the first to address
smoking cessation and reproduction. That report offered
strong conclusions with clinical implications related to
reproduction and offered conclusions about the timing
of cessation across gestation and implications for birth-
weight (USDHHS 1990).

The 2004 Surgeon General’'s report, The Health
Consequences of Smoking, covered active smoking and
disease; and the 2014 Surgeon General’s report, The Health
Consequences of Smoking—rFifty Years of Progress, again
covered the full range of health consequences of smoking,
providing conclusions that drew on data from long-running
cohort studies that described how risks change in former
smokers up to several decades after quitting. For example,
the 2004 report concluded, “Even after many years of not
smoking, the risk of lung cancer in former smokers remains
higher than in persons who have never smoked” (USDHHS
2004, p. 25). In contrast, regarding the effect of smoking in
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accelerating the decline of lung function, the report deter-
mined “[t]he evidence is sufficient to infer a causal rela-
tionship between sustained cessation from smoking and a
return of the rate of decline in pulmonary function to that
of persons who had never smoked” (p. 27). The 2014 report
updated estimates of relative risks in former smokers,
drawing on more contemporary cohorts, and used the esti-
mates to calculate attributable mortality (USDHHS 2014).
The extended follow-up of the cohort studies documented
the benefits of cessation by early middle age for reducing
the risk of death from any cause.

Coverage of Nicotine and Addiction

The 1964 Surgeon General’s report suggested that
smoking was a form of habituation, stating that “[e]ven
the most energetic and emotional campaigner against
smoking and nicotine could find little support for the view
that all those who use tobacco, coffee, tea, and cocoa are
in need of mental care even though it may at some time in
the future be shown that smokers and nonsmokers have
different psychologic characteristics” (USDHEW 1964,
pp. 351-352). The report used such words as “compulsion”
and “habit” but did not consider nicotine to be addicting:
“Proof of physical dependence requires demonstration of a
characteristic and reproducible abstinence syndrome upon
withdrawal of a drug or chemical which occurs spontane-
ously, inevitably, and is not under control of the subject.
Neither nicotine nor tobacco comply with any of these
requirements” (USDHEW 1964, p. 352). Correspondingly,
the report emphasized habituation and not addiction: “The
habitual use of tobacco is related primarily to psycholog-
ical and social drives, reinforced and perpetuated by the
pharmacologic actions of nicotine on the central nervous
system” (USDHEW 1964, p. 354). In 1977, the National
Institute on Drug Abuse began to support studies of cig-
arette smoking as a “dependence process,” comparing it
to other drug addictions (Parascandola 2011). The mono-
graph, The Behavioral Aspects of Smoking (Krasnegor
1979), reflected an advancing understanding of the power
of nicotine as a pharmacologic agent: “Nicotine has been
proposed as the primary incentive in smoking [Jarvik 1973,
as cited in Krasnegor 1979] and may be instrumental in
the establishment of the smoking habit. Whether or not
it is the only reinforcing agent, it is still the most pow-
erful pharmacological agent in cigarette smoke” (p. 12).
The 1979 Surgeon General’s report, Smoking and Health,
devoted considerable attention to the behavioral aspects
of smoking, but it still did not use the term “addiction”
(USDHEW 1979). That report also concluded that there was
general acceptance of the existence of a tobacco withdrawal
syndrome, which was more prominent in heavy smokers.

The 1988 Surgeon General’s report explored the
clinical and public health implications of smoking, with



several major conclusions serving as an indictment of the
addictiveness of nicotine in cigarettes. In fact, this report
stated for the first time that cigarettes are addictive and
function in a similar fashion to cocaine and heroin use.
The three major conclusions of that report were:

e “Cigarettes and other forms of tobacco are addicting”;

e “Nicotine is the drug in tobacco that causes addic-
tion”; and

e “The pharmacologic and behavioral processes that
determine tobacco addiction are similar to those
that determine addiction to drugs such as heroin
and cocaine” (USDHHS 1988, p. 9).

Later Surgeon General’s reports on tobacco have
addressed the subsequent scientific advances in the
area of smoking and addiction, particularly the 2010
report on mechanisms by which smoking causes disease
(USDHHS 2010).

Perspectives on Smoking Cessation

In 2015, most smokers stated that they wanted to
quit smoking (68%), and about 56% of smokers made
a serious attempt to quit; however, only about 7% of
smokers reported that they had recently quit (Babb
et al. 2017). Despite evidence demonstrating that using
smoking cessation pharmacotherapy with behavioral sup-
port is more effective than quitting without these treat-
ments, most smokers who had recently quit reported
that they did not quit with medication or counseling
assistance (see Chapter 6). Proponents of encouraging
smokers to quit without treatment, often called quitting
“cold turkey,” point to data indicating that most smokers
who quit successfully do so without medications or any
type of formal assistance, as well as to population surveys
suggesting that cold-turkey quitters do as well or better
than those who use over-the-counter NRTs. Proponents of
this approach also suggest that medicalization may dis-
empower smokers and create artificial barriers to quitting
(Alpert et al. 2013; Polito 2013). In contrast, others note
that because of a lack of insurance coverage and other bar-
riers, many smokers have little choice but to quit without
formal treatment. Selection bias may also play a factor, as
the most heavily addicted smokers are those most likely to
use NRT, but these smokers also have a lower likelihood of
success. In addition, most of those who use NRT do so for
short periods of time or at lower-than-recommended doses
and do not have adjunctive support available from tobacco
cessation quitlines or other interventions (Amodei and
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Lamb 2008). There are also issues of recall and attribution
bias, which may make smokers more likely to report their
most proximal experiences with use or nonuse of pharma-
cologic smoking cessation aids and/or behavioral supports
and not to report previous quit attempts during which
they used pharmacologic aids and/or behavioral support.

During most of the twentieth century, smokers
who wanted to quit had limited resources to do so, espe-
cially smokers with mental health or substance use dis-
orders. For example, the investment in research required
for behavioral, pharmacologic, and systems-level inter-
ventions that increase successful cessation had been rel-
atively limited given the magnitude of tobacco-related
disease burden and the size of the population affected
(Dennis 2004; Carter et al. 2015; Hall et al. 2016). Even
when interventions developed in the 1980s and 1990s
were clearly shown to be effective, most health insurers
and health systems showed little interest in providing
coverage for or integrating into regular practice any new
pharmacologic, behavioral, or systems approaches to ces-
sation (see Chapter 6). Additionally, many medical schools
provide only a small amount of time, if any, in their aca-
demic curriculum or programs for developing clinical
skills to train future physicians in addressing tobacco use
and dependence in patients (Ferry et al. 1999; Montalto
et al. 2004; Powers et al. 2004; Association of American
Medical Colleges 2007; Geller et al. 2008; Richmond et al.
2009; Torabi et al. 2011; Griffith et al. 2013).

Development and Evolution of
a Paradigm for Treating Nicotine
Addiction

Clinicians’ views on smoking cessation shifted toward
the end of the twentieth century. Given the increasing
amount of evidence and awareness of the robust and wide-
spanning beneficial effects of smoking cessation on var-
ious chronic diseases (USDHHS 1990), clinicians began to
understand that promoting smoking cessation was among
the most powerful interventions for increasing health,
while merely advising patients to quit was insufficient in
promoting smokers to initiate quitting and sustain absti-
nence without relapsing. Concurrently, researchers began
to better understand the powerfully addictive properties
of nicotine and the complexities of the nicotine addiction
process (USDHHS 1988). This knowledge was dissemi-
nated widely to health professionals and the community
(Fiore et al. 1996).

Nicotine addiction is now increasingly empha-
sized as a main driver of both the initiation and contin-
uation of smoking. Thus, the medical community sees
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the morbidity and mortality associated with smoking as
clinical endpoints and nicotine addiction as the cause.
Correspondingly, a growing number of intensive behav-
ioral and pharmacologic treatments have become avail-
able to promote sustained abstinence.

Epidemiologic Shifts in Smoking
Cessation

Chapter 2 provides a detailed discussion of key pat-
terns and trends in cigarette smoking cessation in the
United States. It also reviews the changing demographic
and smoking-related characteristics of cigarette smokers,
with a focus on how these changes may influence future
trends in cessation.

Changes in the Patterns of Smoking and
Population Characteristics of Smokers

The typical profile of the smoker has evolved over
the years. The “hardening hypothesis” suggests that adults
who continue to smoke cigarettes in the face of strength-
ening tobacco control policies and the increasing avail-
ability of efficacious cessation interventions will tend to be
heavier smokers who are more highly addicted, less inter-
ested in quitting, and likely to have more difficulty in quit-
ting (National Cancer Institute [NCI] 2003). Only a lim-
ited amount of evidence supports this hypothesis (Hughes
2011). Instead of increases over time in the proportion of
smokers with frequent or heavy patterns of smoking, as
would be predicted by hardening, the proportion has actu-
ally decreased (Jamal et al. 2016). Furthermore, from 2005
to 2015, the percentage of current smokers who were daily
smokers declined from 80.8% to 75.7%, and the propor-
tion of current smokers who smoked on only some days
(i.e., nondaily smokers) increased from 19.2% to 24.3%
(Jamal et al. 2016). Similarly, among daily smokers, the
average number of cigarettes smoked per day declined
from 16.7 in 2005 to 13.8 in 2014. However, when con-
sidering other measures of dependence, some modest and
preliminary support exists for hardening among treat-
ment-seeking smokers. For example, in a summary review
by Hughes and colleagues (2011), two of four studies
showed increases in dependence and decreases in quit
rates, but similar trends were not found among the gen-
eral population of smokers who had quit.

Reductions in the frequency and heaviness of
smoking do not necessarily suggest that a simple continu-
ation of current approaches to increase smoking cessation
will increase or even maintain progress in successful quit-
ting. Nondaily or light smokers would be expected to be
less addicted to nicotine and, therefore, when motivated
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to make a cessation attempt, would find it easier to
quit than heavier smokers. Still, helping light and non-
daily smokers to quit presents challenges. For example,
some light and nondaily smokers do not self-identify as
smokers, do not believe that they are addicted to nicotine,
do not feel that they are at risk of smoking-related health
effects, and do not expect quitting to be difficult (Berg
etal. 2013; Scott et al. 2015; Chaiton et al. 2016). The 2008
Clinical Practice Guideline does not recommend cessa-
tion medications for use by light smokers, based on insuf-
ficient evidence of effectiveness in this population (Fiore
et al. 2008). Ten years later, this gap in knowledge about
treating light smokers is largely unchanged (Ebbert et al.
2016) (see Chapter 6) and presents a barrier for addressing
this growing subpopulation of smokers.

The prevalence of smoking is increasingly concen-
trated in the United States in populations that may face
barriers to quitting. These include persons with behav-
ioral health conditions (including mental health condi-
tions or substance use disorders); persons of low socio-
economic status; persons who are lesbian, gay, bisexual,
or transgender; American Indians/Alaska Natives; recent
immigrants from countries with a high prevalence of
smoking; residents of the South and Midwest; and per-
sons with a disability. Such populations have a markedly
higher prevalence of cigarette smoking than their respec-
tive counterparts, and the decline in the prevalence of
smoking in the United States as a whole has been slower
among these groups, particularly those with behavioral
health conditions and those of lower socioeconomic
status (Grant et al. 2004; Schroeder and Morris 2010; CDC
2013b, 2016; Cook et al. 2014; Szatkowski and McNeill
2015) (see Chapter 2).

Changes in the Products Used by Smokers

The emergence of a wide array of new tobacco prod-
ucts and the increasing use of those products, combined
with continued use of other conventional tobacco prod-
ucts, such as menthol cigarettes and smokeless tobacco,
could complicate cessation efforts aimed at cigarette
smoking (Trinidad et al. 2010; USDHHS 2014; Villanti
et al. 2016; Wang et al. 2016). These products include hoo-
kahs (water pipes), little cigars and cigarillos, e-cigarettes,
and heated tobacco products. Cigarette smokers who also
use one or more other tobacco products, generally known
as “dual” or “poly” use, have higher dependence on nic-
otine and greater difficulty quitting (Wetter et al. 2002;
Bombard et al. 2007; Soule et al. 2015).

As of July 26, 2019, 11 states and the District of
Columbia have passed laws legalizing nonmedical mari-
juana use (National Conference of State Legislatures
[NCSL] 2019). Although not a tobacco product, mari-
juana is frequently used in combination with conventional



cigarettes or other tobacco products (e.g., cigars,
e-cigarettes). For example, approximately 70% of adults
who are current users of marijuana are also current users
of tobacco (Schauer et al. 2016). Results from population-
based surveys and some clinical studies indicate an asso-
ciation between the use of menthol-flavored cigarettes or
marijuana and a lower probability of successful quitting
(Ford et al. 2002; Patton et al. 2005; Gandhi et al. 2009;
Schauer et al. 2017). The available longitudinal evidence
from rigorously conducted studies is limited, so it is too
soon to determine whether this association is correla-
tional or causal.

Developments in Approaches
to Smoking Cessation at the
Individual Level

This section summarizes the landmark developments
since the 1990 Surgeon General’s report that have shaped
treatment for tobacco dependence and corresponding
breakthroughs in smoking cessation interventions at the
individual level. Chapter 6 provides detailed evidence for
current and emerging smoking cessation treatments,
adding to the evidence presented in the Clinical Practice
Guideline (Fiore et al. 2008). It also explores approaches
to increasing the impact of tobacco cessation treatment
through improved efficacy and increased reach.

Pharmacotherapy

The scientific understanding of the neurobiologic
impact of chronic exposure to nicotine (USDHHS 2010)
has stimulated research and development that focuses
on identifying novel medications and improving existing
medications. The only FDA-approved smoking cessation
medication at the time of the 1990 Surgeon General’s
report was the gum form of NRT (USDHHS 1990). Since
then, several additional NRT formulations (transdermal
patch, lozenge, inhaler, and nasal spray) have been devel-
oped, with all but the inhaler and spray now approved for
over-the-counter sale. Additionally, FDA has approved
two non-NRT medications for smoking cessation: bupro-
pion and varenicline (GlaxoSmithKline 2017; FDA 2017,
Pfizer 2019).

Adding to the progress seen for individual agents,
favorable developments in pharmacologic treatment have
been seen in a variety of other areas over the past two
decades. For example, because of the modest efficacy of
monotherapy and the recognition that persons with nico-
tine addiction benefit from intensive treatments, a variety
of combination pharmacotherapies have been studied (see
Chapter 6).

Smoking Cessation

Behavioral Interventions

Discoveries in the behavioral and social sciences
have deepened our understanding of psychosocial influ-
ences on the nature and treatment of tobacco dependence,
which has propelled new approaches to behavioral treat-
ment. The evidence has clarified that during and long after
the dissipation of acute pharmacologic withdrawal from
nicotine during cessation, several factors—including
vacillation of negative emotional states, repeated urges
to smoke, diminished motivation, and having less con-
fidence in the ability to successfully quit—can persist
throughout the cessation process and undermine quitting
(Liu et al. 2013; Ussher et al. 2013). Furthermore, encoun-
tering environments and situations previously associated
with smoking, such as establishments that serve alcohol
or interacting with friends who smoke, has been demon-
strated to increase risk of relapse (Conklin et al. 2013).
Fortunately, behavioral treatment models for mental
health conditions and other substance use disorders have
been translated and adapted for nicotine addiction to
address these factors and have been shown to improve quit
rates (Hall and Prochaska 2009).

In addition to quitlines, which have been a long-
standing intervention to deliver population-based behav-
ioral smoking cessation support, technological innovations
have opened new service delivery platforms for sophisti-
cated behavioral cessation interventions in other modali-
ties. In the 1990s, computer-tailored, in-depth, personal-
ized mailings based on answers to a lengthy questionnaire
were developed and tested on smokers; the tailored or per-
sonalized mailings were more effective than mailings with
standard text (Prochaska et al. 1993; Strecher et al. 1994).
Receipt of personalized written feedback and self-help
materials was also found to increase cessation rates (Curry
et al. 1991). A systematic review by the U.S. Preventive
Services Task Force (USPSTF) (2015) found self-help mate-
rials that were tailored to the individual patient to be effec-
tive cessation interventions. Interactive program modal-
ities have been developed and tested (USPSTF 2015) for
desktop and laptop computers, first via programs operated
from a CD-ROM or hard drive, later via Internet down-
loads, and more recently from “the cloud” (Strecher et
al. 2005; Haskins et al. 2017). The current state of science
and technology also allows the leveraging of mobile phone
technology and applications to deliver cessation interven-
tions (Whittaker et al. 2016). These include applications
involving standardized motivation-enhancing texts or
quit-promoting strategies—some of which offer real-time,
live-peer, or professional advising or counseling within the
application (Smokefree.gov n.d.). Preliminary evaluations
have suggested that these applications may be beneficial
to users (Cole-Lewis et al. 2016; Squiers et al. 2016, 2017;
Taber et al. 2016) and that the cost of delivery is low.
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Treating Tobacco Use and Dependence

The 2000 and 2008 Clinical Practice Guidelines had
marked impacts on increasing understanding of and oper-
ationalizing the current paradigm of treating tobacco use
and dependence (Fiore et al. 2000, 2008). Until the 1990s,
synopses of the state of the evidence on smoking cessa-
tion usually relied on a somewhat informal aggregation
of clinical and population-based studies, an approach that
is prone to author bias in the choice of studies included
and in their interpretations. Markedly more formal review
processes, such as systematic literature reviews, were
applied to smoking cessation and treatment in the 1990s
and 2000s, as thousands of cessation-related studies accu-
mulated. These more formal reviews systematized the lit-
erature review process by using strict criteria for grading
studies and employing meta-analyses where appropriate;
they also included a more transparent and elaborate pro-
cess for synthesizing evidentiary findings into conclusions
and recommendations.

In addition, the standards and framing of cessation
research have evolved over the past several decades, which
is consistent with the increased sophistication of phar-
maceutical and population-based trials in general. For
example, clinical trials have evolved from examining the
success rates of persons completing the trial, often exam-
ining only the point prevalence of abstinence, into using
intent-to-treat, where all persons starting treatment are
considered in the denominator and those lost to follow-up
are counted as smokers or subject to data imputation tech-
niques (Hall et al. 2001; Mermelstein et al. 2002; SRNT
Subcommittee on Biochemical Verification 2002; Hughes
et al. 2003; Shiffman et al. 2004). Definitions of successful
abstinence often examine smoking status at 1 month,
6 months, and 1 year of abstinence after treatment.

Notably, some definitions of successful abstinence
allow for brief lapses in smoking cessation to more accu-
rately reflect the natural course of achieving long-term
abstinence (Zhu et al. 1996). Similarly, population-level
surveillance and research have evolved to include increas-
ingly more complex questions and techniques to more
accurately capture the nature of respondents’ use of
tobacco products and cessation behavior. For example,
sets of questions have been developed to better categorize
respondents’ use of healthcare services and the nature of
cessation support they received. In addition, new technol-
ogies have been deployed to better understand the patterns
of behavior among smokers, such as ecological momen-
tary assessment, which cues smokers to provide data on
their smoking urges and other thoughts, emotions, and
behaviors in real time (Shiffman 2009). Large clinical
trials have also examined the interplay between multiple
factors that affect quit success, such as different medica-
tions, dual-medication therapy, and different approaches
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and intensities of behavioral interventions (Redmond
et al. 2010).

The Clinical Practice Guidelines used formal sci-
entific review processes to analyze thousands of studies
produced in the 1990s and 2000s—analyses that included
detailed evidence reviews that resulted in practical rec-
ommendations for clinicians (Fiore et al. 2000, 2008).
Unlike most clinical guidelines, they also included rec-
ommendations at the health systems and policy levels
based on evidence and tools designed specifically for cli-
nicians to use in office practices. In addition, multiple
Cochrane reviews have been performed on medications
and counseling approaches (Hajek et al. 2013; Stead et
al. 2013; Lindson-Hawley et al. 2015), and USPSTF has
updated its literature on clinical preventive services (Siu
and USPSTF 2015; USPSTF 2015). Based on the findings
presented, the current paradigm for smoking cessation
conceptualizes nicotine addiction as a chronic, relapsing
disorder that benefits from long-term management and
intensive treatment approaches, as do other chronic dis-
eases. The major findings have shaped the way cessation
is currently viewed:

e Any level of treatment is beneficial, and more inten-
sive and longer behavioral and pharmacologic treat-
ment is generally better.

e Physicians, psychologists, pharmacists, dentists,
nurses, and numerous other healthcare professionals
can treat nicotine addiction in smokers. Thus, by
extension, the various settings in which such profes-
sionals work represent appropriate venues for pro-
viding these services.

e Behavioral interventions and FDA-approved phar-
macotherapies are effective for treating nicotine
dependence. A combination of behavioral interven-
tions and pharmacotherapy is the optimal treatment
based on overwhelming scientific evidence, with
superiority in efficacy over either intervention alone.

Advances in research and technology have shaped
how the clinical and scientific communities view and
approach treatment for nicotine addiction in smokers,
but this progress continues to lag the advances made in
treating other chronic diseases. For instance, in cancer,
cardiovascular disease, and other illnesses with multifac-
torial etiologies, major strides have been made toward pre-
cision treatment methods, which are based on the premise
that clinical outcomes can be enhanced by selecting,
adapting, and tailoring treatment on the basis of a patient’s
specific clinical profile and disease pathogenesis (Collins
and Varmus 2015). Such approaches have been endorsed



and promoted as part of the Precision Medicine Initiative
(Genetics Home Reference 2018), which reinforces that the
future of clinical care lies in basic and clinical research and
their translation to optimize health outcomes. Although
precision treatment has not advanced for smoking cessa-
tion at the same rate as it has for treating certain other ill-
nesses, emerging findings suggest that a personalized, pre-
cision approach has the potential to meaningfully improve
smoking cessation outcomes (Allenby et al. 2016).

Evolution of Approaches to
Smoking Cessation at the
Population Level

More Intensity Versus Higher Reach of Support
Services

Through the first decades in which cessation inter-
ventions were developed, most of the emphasis was on
improved efficacy—specifically, increasing the probability
that if smokers engaged and fully used an intervention ser-
vice, their chances of success would be increased. As inter-
ventions, both behavioral or pharmacologic therapies and
combination therapies have become increasingly effec-
tive, but despite the effectiveness of such therapies, they
are not being used as designed by substantial numbers of
smokers (Zhu et al. 2012). Several theoretical models sug-
gested that efforts to develop interventions need to con-
sider their population impact, not just their individual
efficacy for those taking part in the intervention.

In the 1990s, the potential for smoking cessation
interventions to make an impact on the tobacco epidemic
was overshadowed by the low rate at which smokers actu-
ally used interventions. Several factors contributed to this
phenomenon, and several other factors initially assumed
to be the main drivers were eliminated. One assumption
was that smokers were just not very interested in quit-
ting or in accessing help to quit. However, population-
level surveys over time and among diverse populations
showed that not only were smokers interested in quitting,
but more than half planned to quit in the next 6 months
and had attempted to quit in the past year (Babb et al.
2017). In addition, when physicians or other healthcare
providers systematically offered support for quitting, such
as medications or follow-up, a much larger than expected
fraction of smokers agreed to accept support. Even so, fur-
ther examination revealed that helping smokers quit pre-
sented unique obstacles. Up to the 1990s,

¢ Almost no health insurers provided any coverage
of smoking treatments—either medications, coun-
seling, or physician intervention.

Smoking Cessation

e Most physicians did not systematically address
smoking in the course of clinical practice for mul-
tiple reasons, including lack of time, perception that
patients are unready to quit, limited resources, and
inadequate clinical skills related to cessation.

e Although smokers generally understood that
smoking had unfavorable health effects, many did
not fully understand or accept the magnitude or
personal relevance of smoking’s effects on various
aspects of health and its dramatic overall effect on
longevity (USDHHS 1989; Chapman et al. 1993).
Even if smokers accept the theoretical possibility
of risk, they often do not believe that the hypothet-
ical future risk from smoking applies to them per-
sonally—for example, they believe they have “good
genes” or other healthy habits, or they smoke in a
less dangerous manner (Oakes et al. 2004).

e Smokers and physicians did not realize that effective
treatments were available.

e Even when smokers wanted to quit and were poten-
tially interested in getting help, evidence-based treat-
ments were not readily available to them because of
financial and practical barriers.

Thus, during the 1980s and 1990s, a series of system
and policy innovations were developed and tested to
address these barriers. These innovations included the use
of organizational system change and quality improvement
theory to systematically address opportunities to influ-
ence smokers during routine interactions with healthcare
systems (Solberg et al. 1990; Manley et al. 1992); experi-
ments providing different types of insurance coverage for
cessation treatments (Curry et al. 1998); the development
of more easily accessible treatments, such as phone-based
quitlines (Orleans et al. 1991; Zhu et al. 2012); integrated
promotion of cessation via mass media campaigns that
encouraged the use of cessation services (McAfee et al.
2013); and easily accessible, in-person cessation clinics
(Lee et al. 2016).

The lack of accessibility to cessation support was
addressed in several ways. One approach attempted to
bypass the lack of availability of support within healthcare
services by creating easily accessible, low-intensity ces-
sation supports, such as telephone quitlines or in-person
clinics, that were generally operated and funded out-
side the healthcare system. Another approach attempted
to integrate very brief but systematic, repeated support
for cessation into primary care clinical practices while
working to obtain insurance coverage and accessibility to
more intense services for those interested in quitting. In
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some instances, these approaches were combined syner-
gistically (McAfee et al. 1998). A few U.S. states and some
other countries, such as the United Kingdom, success-
fully developed—through funding from tobacco tax dol-
lars or government healthcare—networks of freestanding,
in-person cessation clinics that provided basic cessation
counseling and medications (Gibson et al. 2010; West et al.
2013). However, this model has not been sustained in any
geographic region of the United States, primarily because
of limited resources to maintain it over time. Still, a higher
intensity model, which includes more intensive and com-
prehensive cessation components, has continued to focus
on markedly improving the chances of success by treating
nicotine addiction via a tertiary treatment delivery model,
akin to how a cancer center approaches patients who are
referred for its services. For example, the Mayo Clinic and a
handful of similar referral clinics use such strategies as in-
depth evaluation by multidisciplinary staff; personalized
treatment plans; recurrent follow-up; and, in some cases,
admission to a residential facility or hospital (Hays et al.
2011). Although such programs often achieve high rates
of smoking cessation, their utility is greatly limited by the
high cost of implementation, unclear cost-effectiveness,
and limited reach. For example, during a 7-year period, in
a study of a large outpatient clinic, 2-3% of smokers used
the available nicotine dependence services, even when the
services were optimally promoted and delivered (Burke
et al. 2015).

Population-Based Interventions

Historically, tobacco control efforts have focused
on either helping smokers quit at the individual level,
such as through clinical interventions, or on providing
population-level interventions to decrease the preva-
lence of smoking. Potential synergies between these two
approaches have become increasingly apparent over the
past several decades. This section discusses four exam-
ples of attempts to combine individually delivered cessa-
tion support and population-based strategies to smoking
cessation: quitlines, health systems transformation, mass
media campaigns, and health insurance coverage of
smoking cessation treatment. Chapter 7 provides a more
in-depth review of the current literature on each of these
topics and on other population-based interventions that
have been shown to promote cessation, such as increasing
the prices of tobacco products and the implementation of
smokefree policies.

Quitlines

In the late 1980s and throughout the 1990s, re-
searchers interested in helping large numbers of smokers
quit smoking began to experiment with the provision of
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behavioral counseling support via telephone, in the hope
of overcoming such barriers to utilization as cost and the
reluctance of many smokers to attend face-to-face group
or individual sessions. Providing counseling centrally was
thought to provide more opportunities for systematically
improving the quality of the counseling and the research
infrastructures used to answer questions about the ces-
sation process. Protocols were developed and tested in
a variety of environments, ranging from academic cen-
ters (Ossip-Klein et al. 1991) to health systems (Orleans
et al. 1991) to state health departments (Zhu et al. 1996).
Multiple large, randomized trials have since established
the effectiveness of the telephone modality (Stead et al.
2013). The availability of quitlines grew rapidly during the
1990s and the early 2000s.

The adoption of quitlines by state health departments
was initially facilitated by the increased revenue provided
to states from the Master Settlement Agreement in 1998
and higher taxes on tobacco products. In 2003, CDC pro-
vided supplemental funding to state health departments to
establish quitlines in those that did not have them and to
enhance quitline services and access in those with existing
quitlines (Zhang et al. 2016). In 2004, a national network
of state quitlines was created with a single national portal
number (1-800-QUIT-NOW), which is serviced by NCI
(Cummins et al. 2007; CDC 2014b). By 2006, residents in
all 50 states, the District of Columbia, and U.S. territories
had access to quitlines, and the North American Quitline
Consortium had been developed to help set evaluation stan-
dards and enhance the collection of information, including
an agreed-upon minimum dataset to be collected from
all callers, with a data warehouse funded by CDC (North
American Quitline Consortium 2007; Keller et al. 2010).
Providers of quitline services grew from modest operations
with a few dozen employees to multiple large providers
based in a range of organizations, including for-profit and
nonprofit national healthcare organizations and academic
centers, some employing hundreds of “quit coaches.”

Mass Media Campaigns

Mass media educational campaigns on the hazards
of smoking have been used for decades, in part to moti-
vate quit attempts in the general population of current
smokers, and a considerable evidence base shows their
effectiveness in promoting successful cessation at the pop-
ulation level (NCI 2008; USDHHS 2014). These campaigns
are generally thought of as being unrelated to efforts
to provide direct assistance and support to individual
smokers in healthcare settings or through community
initiatives. However, since 1990, numerous efforts have
been made to create synergies and efficiencies between
mass media campaigns and the provision of individual
support for quit attempts. For example, CDC’s Tips From



Former Smokers (Tips) media campaign features ads with
real people (former smokers) who have suffered the health
consequences of smoking to increase awareness of suf-
fering caused by smoking. The ads are also tagged with a
quitline number (CDC 2012, 2013a). Tagging the ads with
an offer of assistance may help smokers absorb the mes-
sage of the ad by making it actionable rather than simply
negative. Chapter 7 discusses the effectiveness of mass
media campaigns, including Tips.

Healthcare Systems

Clinic-Based Integration of Health Systems

In the 1980s, NCI funded primary care-based
research showing that a systematic approach to addressing
tobacco use could help individual smokers in a clinical
practice to quit and could lower the prevalence of tobacco
use in the population served by a clinic (Solberg et al.
1990; Manley et al. 1992). Out of this research grew the
“4 As model,” a carefully crafted intervention for trans-
forming the approach of primary care clinics to tobacco
cessation that was developed and packaged for widespread
dissemination. This model differed from previous efforts
in that it emphasized a systems approach to effectively
address tobacco use in the context of primary care clin-
ical practice, rather than simply developing an interven-
tion that required for delivery its own separate health-
care or community infrastructure. The model had four
components:

e Ask: Systematically identify the smoking status of
all patients flowing through a practice, usually by
an assistant interviewing the patient rather than
relying on physician recall of patients’ smoking
status at every visit;

e Advise: Provide at every encounter very brief, non-
threatening recommendations to quit;

e Assist: Offer practical help for quitting, including
tips to make it through the first few weeks and brief
supportive counseling; and

e Arrange: Ensure that any smoker planning a quit
attempt will receive follow-up (e.g., during future
office visits and/or through off-site resources).

Despite being shown to have significant benefits to
smokers in clinical practices in the 1980s and 1990s,
the adoption, implementation, and subsequent mainte-
nance of this systematic approach was slow and uneven
(Ferketich et al. 2006).
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Based on an additional review of the evidence (Fiore
et al. 2008), a fifth step, “Assess,” was added between the
“Advise” and “Assist” components, thereby emphasizing
the importance of determining a patient’s level of interest
in quitting so that assistance and follow-up could be tai-
lored to that person’s specific circumstances. For example,
a brief interaction with a patient not interested in quitting
would focus on enhancing motivation rather than pro-
viding quit advice.

The 5 A's model is an example of an intervention
designed to maximize the probability of a smoker making
a quit attempt and the probability that he or she will be
successful during such an attempt. The model seeks to
accomplish these two tasks for a population of smokers.
Building on the effectiveness of the 5 A’'s model, the Ask,
Advise, Refer (AAR) model was developed as a shorter
alternative to the 5 A’s model in clinical settings where
there is less time afforded for the patient encounter
(Schroeder 2005). In addition, a different model, termed
Ask, Advise, Connect (AAC) (Vidrine et al. 2013) was
developed to ameliorate the low rate of participation
among persons passively referred to a smoking cessation
treatment, usually a quitline, through the AAR model.
In the AAC model, smokers who accept the referral are
subsequently contacted by the provider of smoking ces-
sation treatment, typically a quitline counselor. The
referral or connection services, such as to quitlines, have
very strong evidence for effectiveness (Vidrine et al. 2013;
Adsit et al. 2014) (also see Chapter 7). However, fewer
studies have assessed the overall population impact of
the AAR and AAC models compared with the 4 A’s and
5 A’'s models.

Although the identification of smoking status is now
routine in most healthcare systems, providing assistance
and follow-up to smokers occurs in only less than half of
primary care visits (King et al. 2013; Bartsch et al. 2016).
Health professionals have reported barriers to adopting
and implementing these healthcare-based treatment pro-
tocols, including

e Lack of time;

e Lack of reliable reimbursement for provision of
services;

e Lack of acceptance that addressing tobacco depen-
dence is part of a physician’s job;

e Lack of training and/or comfort addressing prob-
lems with substance abuse;

e Lack of reliable, accessible referral resources;
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e High prevalence of smoking, meaning that even
brief interventions significantly affect clinic flow,
as the interventions may need to be implemented
with a large number of patients (Vogt et al. 2005;
Association of American Medical Colleges 2007;
Blumenthal 2007); and

e Privacy concerns, fear of losing patients, the dis-
couraging belief that most patients will not be able
to stop, and concern about stigmatizing the smoker
(Schroeder 2005).

Responding to these issues, several professional orga-
nizations, including the American Academy of Family
Physicians, have recommended using the AAR model at
the clinical level to address smoking behaviors.

In recent years, increased attention has also been
paid to the importance of building linkages between public
health and the healthcare system and between community
and clinical healthcare resources. This draws on the recog-
nition that public health and healthcare stakeholders have
complementary strengths and perspectives; that ultimately
achieving lasting improvements in population health will
take the combined efforts of both; and that improved coor-
dination efforts will hasten this outcome. As part of this
broader trend, national public health organizations and
state tobacco control programs have begun to engage with
healthcare systems to encourage and help them integrate
treatment for tobacco dependence into their workflows
(CDC 2006). Some healthcare systems have broadened the
scope of their interventions to address upstream factors
that shape health outcomes. For example, some health-
care systems have championed evidence-based interven-
tions that go beyond the clinical sphere, such as smokefree
and tobacco-free policies, increases in the price of tobacco
products, and policies raising the age of sale for tobacco
products to 21 years (Campaign for Tobacco-Free Kids
2016). Predicting the evolution of cessation treatment in
the United States and the various roles of different seg-
ments of the healthcare system is challenging because of
the volatility and uncertain future structure of healthcare,
especially the nature of healthcare insurance. Regardless
of what type of delivery system emerges, efforts should
continue to integrate evidence-based tobacco treatment
and cessation supports into healthcare settings and expand
those supports. This would require further embedding of
smoking processes and outcomes in quality measures,
adequate funding, and routinization of training. Such ser-
vices could be provided in the general healthcare system,
as well as through specialized cessation clinics. The ability
to deliver services effectively would be aided by having suf-
ficient geographic locations for delivering care, promoting
services, and removing barriers to services.
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Health Insurance Coverage

Comprehensive insurance coverage for evidence-
based cessation treatments plays a key role in helping
smokers quit by increasing their access to proven treat-
ments that raise their chances of quitting successfully
(Fiore et al. 2008; CDC 2014a). Research in multiple
healthcare settings in the 1990s (Curry et al. 1998) and
2000s (Joyce et al. 2008; Hamlett-Berry et al. 2009; Smith
etal. 2010; Fu et al. 2014; Fu et al. 2016) has demonstrated
that comprehensive cessation coverage increases quit
attempts, the use of cessation treatments, and successful
quitting (Fiore et al. 2008). Accordingly, implementation
of comprehensive cessation coverage is important in both
private and public health insurance.

Significant milestones in the recognition that com-
prehensive insurance coverage for smoking cessation
plays a key role in helping smokers quit include (a) the
Community Preventive Services Task Force’s finding that
reducing tobacco users’ out-of-pocket costs for proven ces-
sation treatments increases the number of tobacco users
who quit (Hopkins et al. 2001), and (b) the recommenda-
tion in each of the Clinical Practice Guidelines that health
insurers cover the FDA-approved cessation treatments and
the behavioral treatments that the Guidelines found to be
effective (Fiore et al. 2000, 2008). These recommendations
draw on a body of research that has documented the out-
comes of insurance coverage for cessation, including its
cost-effectiveness. This research has also helped to iden-
tify the levels of coverage that influence tobacco cessation.
More recently, several studies have examined the utiliza-
tion of cessation treatments covered by health insurance,
especially cessation medications, and how this has changed
over time. Initial findings from these analyses suggest that
cessation treatments continue to be underused, especially
among Medicaid populations, and utilization varies con-
siderably across states (Babb et al. 2017).

Healthcare Insurance Policies

After 2010, several national levers were added to
make tobacco use and dependence treatment a part of
healthcare. Both Medicare and Medicaid required cov-
erage of certain smoking cessation treatments, and the
Affordable Care Act included several provisions that
required non-grandfathered commercial health plans to
provide in-network smoking cessation medications and
counseling without financial barriers because those two
treatments had “A” ratings from USPSTF (McAfee et al.
2015). Even with these new regulatory levers, many
national plans are not yet providing the required coverage
(Kofman et al. 2012). Chapter 7 provides an in-depth dis-
cussion of private and public health insurance coverage
for the treatment of tobacco use and dependence.



E-Cigarettes: Potential Impact on
Smoking Cessation

E-cigarettes (also called electronic nicotine delivery
systems [ENDS], vapes, vape pens, tanks, mods, and pod-
mods) are battery-powered devices designed to convert a
liquid (often called e-liquid)—which contains a humectant
(propylene glycol and vegetable glycerin) and also typically
contains nicotine, flavorings, and other compounds—
into aerosol for inhalation by the user. First introduced
in the United States in 2007 (USDHHS 2016), the advent
of e-cigarettes into the tobacco product marketplace was
seen by some as a potential harm-reduction tool for cur-
rent adult smokers if the products were used to transition
completely from conventional cigarettes (Fagerstrom et al.
2015; Warner and Mendez 2019). E-cigarette aerosol has
been shown to contain markedly lower levels of harmful
constituents than conventional cigarette smoke (National
Academies of Sciences, Engineering, and Medicine 2018).
Accordingly, interest remains in policies and approaches
that could maximize potential benefits of these devices
while minimizing potential pitfalls posed by the devices at
the individual and population levels, including concerns
about initiation among young people. The 2016 Surgeon
General’s report, E-Cigarette Use Among Youth and Young
Adults, examined many aspects of e-cigarettes related to
young people; however, it did not address the potential
impact of e-cigarettes on smoking cessation among adult
smokers (USDHHS 2016). It is also important to note that
the landscape of available e-cigarette products has rapidly
diversified since their introduction in the United States in
2007, including the introduction of “pod mod” e-cigarettes
that have dominated the e-cigarette marketplace in recent
years (Barrington-Trimis and Leventhal 2018; Office of the
U.S. Surgeon General n.d.). This section highlights salient
issues about how e-cigarettes may influence cessation,
which is reviewed in more depth in Chapter 6.

Implications of E-Cigarette Characteristics for
Smoking Cessation

Nicotine delivery through inhalation, as is the case
with cigarette smoking, results in rapid nicotine absorp-
tion and delivery to the brain. The pharmacokinetics of
nicotine delivery varies across products and is influenced
by user topography, with some, but not all, e-cigarette
products providing nicotine delivery comparable to con-
ventional cigarettes (National Academies of Sciences,
Engineering, and Medicine 2018). By contrast, the nicotine
inhaler, one of several FDA-approved NRTs, delivers nico-
tine primarily through the buccal mucosa; it is designed
to reduce nicotine withdrawal and cravings while mini-
mizing abuse liability (Schneider et al. 2001). For smokers
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of conventional cigarettes who seek a product with a rapid
delivery of nicotine similar to cigarettes, e-cigarettes that
deliver nicotine in a similar way to cigarettes may have
greater appeal than NRTs. Although rapid boluses of nico-
tine could increase the appeal, as well as addiction and
potential greater abuse liability, of e-cigarettes relative
to NRTs, whether this pharmacokinetic profile produces
an effective method of cessation is presently inconclusive
from the emerging base of empirical evidence (Shihadeh
and Eissenberg 2015).

Other features of e-cigarettes that may enhance their
appeal to smokers of conventional cigarettes include the
ways in which they mirror some of the sensorimotor fea-
tures of conventional cigarette smoking, including stimu-
lation of the airways, the sensations and taste of e-cigarette
aerosol in the mouth and lungs, the hand-to-mouth move-
ments and puffing in which e-cigarette users engage, and
the exhalation of aerosol that may visually resemble cig-
arette smoking. Given the potentially important role of
such sensorimotor factors in the reinforcing and addictive
qualities of conventional cigarettes (Chaudhri et al. 2006),
the presence of these attributes could make e-cigarettes
more appealing to smokers as a substitute for cigarettes
than NRTs because the NRTs either lack such sensorim-
otor features (e.g., the transdermal patch, nicotine gum)
or offer only partial approximations (e.g., the inhaler).

However, when considering e-cigarettes as a poten-
tial cessation aid for adult smokers, it is also important to
take into account factors related to both safety and efficacy.
NRT has been proven safe and effective, but there is no
safe tobacco product. Although e-cigarette aerosol gener-
ally contains fewer toxic chemicals than conventional cig-
arette smoke, all tobacco products, including e-cigarettes,
carry risks.

As noted in the 2016 Surgeon General’s report, many
of the characteristics that distinguish e-cigarettes from con-
ventional cigarettes increase the appeal of these new prod-
ucts to youth and young adults, particularly nonsmokers
(USDHHS 2016). These factors include appealing flavors,
high concentrations of nicotine, concealability of use,
and widespread marketing through social media promo-
tion and other channels (Barrington-Trimis and Leventhal
2018). Many e-cigarettes differ markedly in shape and feel
compared with conventional cigarettes; e-cigarettes come
in a variety of shapes, including rectangular tank-style
and USB-shaped devices (as discussed in Chapter 6 and
shown in Figure 6.1). For example, JUUL, the top-selling
e-cigarette brand in the United States in 2018 (Wells Fargo
Securities 2018), is shaped like a USB flash drive and offers
high concentrations of nicotine in the cartridges, which
are also known as “pods” (Huang et al. 2018). Notably,
the novelty, diversity, and customizability of e-cigarettes
appeal to youth (Chu et al. 2017; Office of the U.S. Surgeon
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General n.d.). For example, there are numerous scien-
tific reports documenting the appeal of, and dramatic rise
in, JUUL use among youth and young adults (Chen 2017;
Teitell 2017; Beal 2018; Bertholdo 2018; Coughlin 2018;
Grigorian 2018; Saggio 2018; Suiters 2018; FDA 2018;
Willett et al. 2018; Radding n.d.).

Of note, a growing number of e-cigarettes, including
JUUL, also use nicotine salts, which have a lower pH than
the freebase nicotine used in most other e-cigarettes and
traditional tobacco products, and allow particularly high
levels of nicotine to be inhaled more easily and with less
irritation. Although this type of product may be appealing
to adult smokers seeking e-cigarettes with potentially
greater nicotine delivery, the potency and appeal of such
products can also make it easier for young people to ini-
tiate the use of nicotine and become addicted (Office of the
U.S. Surgeon General n.d.).

The final chapter of the 2014 Surgeon General’s
report concluded that the use of e-cigarettes could have
both positive and negative impacts at the individual and
population levels (USDHHS 2014). One of its conclusions
was that “the promotion of noncombustible products is
much more likely to provide public health benefits only in
an environment where the appeal, accessibility, promotion,
and use of cigarettes and other combusted tobacco prod-
ucts are being rapidly reduced” (USDHHS 2014, p. 874).
Therefore, it is important to continue (a) monitoring
the findings of research on the potential of e-cigarettes
as a smoking cessation aid and (b) evaluating the positive
and negative impacts that these products could have at
the individual and population levels, so as to ensure that
any potential benefits among adult smokers are not offset
at the population level by the already marked increases
in the use of these products by youth. It is particularly
important to evaluate scientific evidence on the impact
of e-cigarettes on adult smoking cessation in the cur-
rent context of the high level of e-cigarette use by youth,
which increased at unprecedented levels in recent years
following the introduction of JUUL and other e-cigarettes
shaped like USB flash drives (Cullen et al. 2019).

Summary

Once erroneously considered a habit that could be
broken by simply deciding to stop, nicotine addiction is
now recognized as a chronic, relapsing condition. The
prevalence of cigarette smoking in the United States has
declined steadily since the 1960s; however, as of 2017,
there were still more than 34 million adult current ciga-
rette smokers in the United States (Wang et al. 2018).

Proven smoking cessation treatments are widely
available today. However, the reach and use of existing
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smoking cessation interventions remain low, with less than
one-third of smokers using any proven cessation treat-
ments (behavioral counseling and/or medication) (Babb
et al. 2017). A majority of smokers still attempt to quit
without using such treatments, contributing to a failure
rate in excess of 90% (Hughes et al. 2004; Fiore et al. 2008).

Medications and behavioral interventions with
increasing levels of efficacy and sophistication are becoming
more widely available, but there is considerable room for
improvement. Further, the challenge of getting behavioral
and pharmacologic interventions to be used concurrently
and disseminated more broadly to the public has only been
partially solved.

Full integration of treatment for nicotine depen-
dence into all clinical settings—including primary and
specialty clinics, hospitals, and cancer treatment set-
tings—can benefit from increases in barrier-free health
insurance coverage. Combining health service systems
and electronic media platforms for the delivery of smoking
cessation interventions has emerged as one promising
method to increase reach of smoking cessation treatment
to smokers (e.g., evidence-based cessation interventions
using phone lines and mobile phone applications, and
use of electronic health records to promote more timely
referral to cessation support services). Barrier-free health
insurance coverage (e.g., copays, coverage limits, prior
authorization) and access to services, coupled with the
use of quality improvement metrics and methodologies,
have been shown to increase smokers’ use of evidence-
based services.

Clinical-, system-, and population-level strategies are
increasingly taking a more holistic approach to decreasing
the prevalence of smoking, with interventions designed to
increase quit attempts and enhance the chances of success.
Examples include the national Tips From Former Smokers
media campaign, which used ads featuring smokers who
had suffered tobacco-related morbidity to increase aware-
ness of individual suffering caused by smoking while simul-
taneously enhancing the capacity of the national quitline
network to respond to upsurges in calls that were gener-
ated by tagging the ads with the phone number for the quit-
line. Millions of smokers made quit attempts as a result of
exposure to the ads, and hundreds of thousands have suc-
cessfully quit smoking. In addition, the development and
dissemination of the carefully crafted and research-tested
5 A's model in healthcare settings, combined with public
and private policy changes that encourage coverage of ces-
sation, have systematically encouraged more smokers to
try to quit and provided them with evidence-based sup-
port. Still, the potential of mass media campaigns, quit-
lines, and clinical support has been tapped only partially,
leaving many opportunities for further adoption, dissemi-
nation, and extensions of these approaches.



Use of e-cigarettes could have varied impacts on dif-
ferent segments of the population, including potential
benefits to current adult cigarette smokers who transition
completely; however, potential efficacy may depend on
many factors, such as type of devices and e-liquids used,
reason for use, and duration of use. Well-controlled, ran-
domized clinical trials and rigorous, large-scale observa-
tional studies with long-term follow-ups will be critical to
better understand the impact of e-cigarettes on cessation
under various conditions and settings. Nevertheless, the
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potential benefit of e-cigarettes for cessation among adult
smokers cannot come at the expense of escalating rates of
use of these products by youth. Accordingly, the current
science base supports a number of actions to minimize
population risks while continuing to explore the poten-
tial utility of e-cigarettes for cessation, including efforts
to prevent e-cigarette use among young people, regulate
e-cigarette products and marketing, and discourage long-
term use of e-cigarettes as a partial substitute for conven-
tional cigarettes rather than completely quitting.
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Introduction

Smoking Cessation

This chapter documents key patterns and trends in
cigarette smoking cessation in the United States among
adults overall (persons 18 years of age and older), young
adults (18-24 years of age), and youth (12-17 years of age).
The chapter also reviews the changing demographic and
smoking-related characteristics of cigarette smokers, with
a focus on how these changes may influence future trends
in cessation.

This chapter also describes persistent disparities
in cessation by age, race/ethnicity, level of education,
status of health insurance, and other demographic char-
acteristics. In addition, this chapter highlights trends and
recent findings for several different measures, including
the quit ratio (the proportion of ever smokers who are
former smokers); recent successful cessation; past-year

Data Sources

quit attempts; interest in quitting; receipt of cessation
advice from healthcare professionals; and use of effective
cessation strategies, such as counseling and medication.
As with previous Surgeon General’s reports, this chapter
focuses primarily on cigarette smoking (U.S. Department
of Health and Human Services [USDHHS] 1990, 2014);
however, given the shifting patterns of tobacco product
use in the United States, it also touches on cessation as
it relates to all tobacco products. Monitoring key trends
and current patterns in tobacco use and cessation is crit-
ical for informing the development and implementa-
tion of policies and programs to increase cessation and,
as a result, reduce the morbidity, mortality, and associ-
ated financial costs caused by tobacco product use in the
United States.

A variety of national surveillance systems in the
United States collect data on smoking cessation among
adults and youth. These systems typically collect an array
of information on cigarette smoking history; use of other
tobacco products; and various aspects of cessation, such
as quit intentions, quit attempts, and successful cessation.
These surveys use different data collection methods and
may define specific cessation behaviors using comparable,
but not identical, approaches. Accordingly, it is important
to monitor the results from national surveys that include
cessation-related data involving adults, young adults, and
youth to create a comprehensive picture of cessation prev-
alence and patterns.

Appendix 2.1 describes the surveys referenced in
this chapter, all of which are cross-sectional except for
the Population Assessment of Tobacco and Health (PATH)
Study. The primary source for data on adults was the
National Health Interview Survey (NHIS), and the pri-
mary sources for data on youth were the national Youth
Risk Behavior Survey (YRBS), conducted as part of the
Youth Risk Behavior Surveillance System (YRBSS), and
the National Youth Tobacco Survey (NYTS) (Table 2.1).
These surveys were chosen because of their scientific and
methodologic reliability and validity and because they
are conducted as part of long-standing surveillance sys-
tems (Thacker et al. 1988; Centers for Disease Control and
Prevention [CDC] 2001). Additionally, most of these sur-
veys have historically been used to track progress toward
national cessation goals, including the U.S. Department

of Health and Human Services’ Healthy People initiative
(Office of Disease Prevention and Health Promotion n.d.b).
These data systems have additional strengths,
including the timeliness of data releases and proven data
collection methodologies, which use anonymous or con-
fidential self-reported surveys that yield relatively high
response rates. Self-reported data have been found to
adequately reflect patterns of cigarette smoking among
adults, including whether a respondent who has smoked
in the past is currently not smoking, using scientifically
validated biomarkers and other approaches (Connor
Gorber et al. 2009; Wong et al. 2012); however, few studies
have examined the validity of other cessation-related mea-
sures (Brigham et al. 2010; Persoskie and Nelson 2013).
NHIS, which has been a major source of health data
among the U.S. adult population since the 1950s, is an
annual household interview survey of the civilian, non-
institutionalized population. At the time this report was
compiled, NHIS data on cigarette smoking among adults
18 years of age and older were available from 1965 to 2017,
and data on cigarette smoking cessation for daily smokers
and nondaily smokers were available from 1997 to 2017. In
addition, since 2000, NHIS has fielded a CCS every 5 years,
which includes detailed questions on cigarette smoking
cessation; NHIS also fielded the CCS in 1987 and 1992, but
the cessation questions were not consistent between these
surveys. Therefore, for analyses of adult cessation trends,
the present report uses the longest series of years available
for each cessation measure. Data on the characteristics of
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Table 2.1 Sources of national survey data on smoking cessation used for this report, 1965-2017; United States

BRFSS HINTS MTF NAMCS NATS NHIS NYTS PATH TUS-CPS YRBS
Sponsoring Centers for Health National Institute ~ Centers for Centers for National Center ~ Centers for U.S. Food National Cancer  Centers for
agency or Disease Control ~ Communication  on Drug Abuse, Disease Control ~ Disease Control ~ for Health Disease Control ~ and Drug Institute Disease Control
organization and Prevention; and Informatics ~ administered by  and Prevention and Prevention Statistics and Prevention Administration; (2014-2015 wave  and Prevention
Health Resources Research Branch, the University and U.S. Food (with support National Institute cosponsored by
and Services Division of of Michigan’s and Drug from U.S. Food on Drug Abuse the U.S. Food
Administration; ~ Cancer Control Institute for Administration and Drug and Drug
Administration and Population Social Research Administration Administration)
on Aging; U.S. Sciences, since 2011)
Department of National Cancer
Veterans Affairs;  Institute
and Substance
Abuse and Mental
Health Services
Administration
Type Cross-sectional Cross-sectional Cross-sectional Cross-sectional Cross-sectional Cross-sectional Cross-sectional Longitudinal Cross-sectional Cross-sectional
and longitudinal and longitudinal
Years 2017 2017 2011-2017 2004-2011 2013-2014 1965-2017; 1999, 2000, 2002, 2013-2014, 2001-2002, 1991, 1993, 1995,
Cancer Control 2004, 2006, 2009, 2014-2015 2003, 2006-2007, 1997, 1999, 2001,
Supplements 2015, and 2017 2010-2011,and 2003, 2005, 2007,
2000, 2005, 2010, 2014-2015 2009, 2011, 2013,
and 2015 2015, and 2017
Mode Telephone-based ~ Household- School-based, e Review medical Telephone-based Computer- School-based, Computer- Questionnaire School-based,
questionnaire based, mailed self-administered records for questionnaire assisted personal  self-administered assisted personal via telephone self-administered
that state health  questionnaire questionnaire information interview questionnaire interview and in-person questionnaire
departments about patient (paper-based) interviews (paper-based)

conduct monthly
over landline

and cellular
telephones using
a standardized
questionnaire
and technical and
methodologic
assistance
provided by CDC

visits
Interview
physicians and
community
health center
providers
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Table 2.1 Continued

Smoking Cessation

BRFSS HINTS MTF NAMCS NATS NHIS NYTS PATH TUS-CPS YRBS
Response rate 2017: 45.9% ® 2017:25.0% e 2015: e 2009: 62.4% 2013-2014: ° 2015% e 2015: e 2013-2014: 2014-2015: e 2015:

e HINTS-FDA: — 12th-grade ¢ 2010:57.3% 36.1% overall — Household: — School: - 74.0% Average self- — School:
34.1% (NCI RR: 83% e 2011:54.1% (47.6% landline 70.1% 72.6% (adult) response rate 69%
2017a) — Schools: 382 ¢ 2012:39.4% and 17.1%, — Family: — Student: - 78.4% (for all waves — Student:

e HINTS 5 e 2016: e 2013:40.4% cellular) 69.3% 87.4% (youth) combined) 54.2% 86%
Cycle 1 (2017): — 12th-grade ¢ 2014:39.0% — Sample — Overall: ° 2014-2015: — Overall:
32.4% (NCI RR: 80% e 2015:29.6% adult: 63.4% 63.4% - 83.1% 60%
2017b) — Schools: 372 ¢ 2016: 32.7% ° 20162 e 2016: (adult) ° 2017:

° 2017: — Household: — School: - 88.4% — School:
— 12th-grade 67.9% 81.5% (youth) 75%
RR: 79% — Family: — Student: — Student:
67.1% 87.9% 81%
— Sample — Overall: — Overall:
adult: 61.9% 71.6% 60%
° 2017 ° 2017:
— Household: — School:
66.5% 76.8%
— Family: — Student:
65.7% 88.7%
— Sample — Overall:
adult: 53.0% 68.1%
e For years

1997-2017, the
question about
a past-year
quit attempt
was asked of
all current
cigarette
smokers
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Table 2.1 Continued

BRFSS HINTS MTF NAMCS NATS NHIS NYTS PATH TUS-CPS YRBS
Sample size 2017: 450,016 e 2017: 3,335 e 2015: e Patient records 2013-2014: e Adults >18 e Students in e 2013-2014: 2014-2015: e Students in
e HINTS-FDA: — 12th-grade extracted: 75,233 years of age: grades 6-12: 45,971 (32,320 163,920 grades 9-12:
1,736 students: — 2009: respondents — 2015: 33,672 - 2015:17,711 adults/16,651 — 2015: 15,624
e HINTS 5 13,730 32,281 from  (70% landline — 2016: 33,028 — 2016: 20,675 youth) — 2017: 14,765
Cycle 1 (2017): — Schools: 382 a sample and 30% cellular) — 2017: 26,742 - 2017:17,872 o 2014-2015:
3,285 e 2016: of 3,319 e Overall 40,534 (28,362
— 12th-grade physicians households: adults/12,172
students: 2010: — 2015: 41,493 youth)
12,600 31,229 from — 2016: 30,220
— Schools: 372 a sample — 2017: 32,617
e 2017: of 3,525
— 12th-grade physicians
students 2011:
13,522 30,872 from
— Schools: 360 a sample
of 3,819
physicians
2012:
76,330 from
a sample
of 15,740
physicians

2013:
54,873 from
a sample

of 11,212
physicians
2014:
45,710 from
a sample

of 9,989
physicians
2015:
28,332 from
a sample

of 8,091
physicians
2016:
13,165 from
a sample

of 3,699
physicians
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Table 2.1 Continued

Smoking Cessation

BRFSS HINTS MTF NAMCS NATS NHIS NYTS PATH TUS-CPS YRBS
Cessation Quit ratio Use of Internet- Interest in e Screening for Advice to quit Quit ratio, Advice to quit and  Quit attempts, Past-year quit Past-year quit
measure(s) based programs quitting tobacco use recent successful  use of counseling  quit ratio, recent  attempts, interest attempt

or tools in quit
attempts

e Counseling
for use of or
exposure to
tobacco

cessation, past-
year quit attempt,
Cancer Control
Supplements,
interest in
cessation,
provider advice
to quit, and

use of effective
treatments

and medications
to quit?

successful
cessation; use of
NRT, medications,
or counseling

to quit

in quitting,
recent smoking
cessation, or
receipt of medical
doctor’s advice

to quit

Notes: BRFSS = Behavioral Risk Factor Surveillance System; CDC = Centers for Disease Control and Prevention; HINTS = Health Information National Trends Survey; MTF = Monitoring the Future;
NATS = National Adult Tobacco Survey; NAMCS = National Ambulatory Medical Care Survey; NHIS = National Health Interview Survey; NYTS = National Youth Tobacco Survey; PATH = Population
Assessment of Tobacco and Health; RR = relative risk; TUS-CPS = Tobacco Use Supplement to the Current Population Survey; YRBS = National Youth Risk Behavior Survey.

2RR for household component, and unconditional RR for family and sample adult components.
bThe measure of advice to quit has changed over time: 2009 (“During the past 12 months, did a medical doctor, dentist, or nurse tell you to stop smoking?”) and 2015 (“During the past 12 months,
did any doctor, dentist, or nurse give you advice not to use tobacco that is smoked or put in your mouth?”). In 2017, NYTS did not contain either of these measures (advice to quit; use of counseling/
cessation medications). There are other cessation measures that are not listed here (e.g., thinking about quitting during the past 12 months, and stopped using because trying to quit).
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cigarette smokers are reviewed beginning with the year
2000 to correspond with the available cessation data.
YRBSS monitors six categories of health-related
behaviors that contribute to the leading causes of death
and disability among youth and adults. In operation since
1991, the national YRBS is a biennial survey that utilizes
probability samples of students in public and private high
schools; students anonymously complete questionnaires
administered in schools. The survey is nationally repre-
sentative of the U.S. high school population. This Surgeon
General’s report uses biennial data from the national YRBS
to examine trends in youth cigarette smoking and past-
year quit attempts among current cigarette smokers. For
trends in cigarette smoking cessation among youth, this
report uses biennial data from 1991 to 2015 from the
national YRBS. However, this report does not include state
and local data from YRBS surveys because (a) only one state
and two districts produced weighted data for all years of
the YRBS and (b) some of these surveys had small sample
sizes for the measures examined in this report (CDC 2013).
NYTS is a cross-sectional, voluntary, school-based,
self-administered, pencil-and-paper survey of U.S. middle
and high school students. A three-stage cluster sampling
procedure is used to generate a nationally representative
sample of U.S. students who attend public and private
schools in grades 6-12. Because the NYTS is a tobacco-
focused survey as opposed to a general health survey, it
collects more comprehensive data than YRBS on a variety
of tobacco-related measures from middle school and high

Key Epidemiologic Measures

school students, including tobacco product use, smoking
cessation, exposure to secondhand smoke, tobacco-related
knowledge and attitudes, access to tobacco products, and
other tobacco-related indicators. The NYTS has been con-
ducted most years since 1999. This chapter examined data
from 2000, 2004, 2009, and 2015, corresponding roughly
with the years of adult data from the NHIS Cancer Control
Supplement (CCS). In 2017, the most recent wave of data
available at the time this report was compiled, cessation
of all tobacco products was assessed, and separate ques-
tions were not asked about cigarette smoking cessation
specifically.

As reviewed in more detail in Appendix 2.1, this
chapter also considers other sources of data, including
the Tobacco Use Supplement to the Current Population
Survey (TUS-CPS), the Behavioral Risk Factor Surveillance
System (BRFSS), the National Adult Tobacco Survey
(NATS), the National Ambulatory Medical Care Survey
(NAMCS), the Health Information National Trends Survey
(HINTS), and the Monitoring the Future (MTF) Study. Data
from Nielsen Retail Management Services were also used
to assess sales of over-the-counter nicotine replacement
therapy (NRT). The data contain projected NRT sales from
two major retail channels: expanded all outlets combined
and convenience stores. The former category includes
aggregated sales from food stores, drug stores, mass mer-
chandizers, club stores, dollar stores, and military com-
missaries. In addition, published baseline and longitudinal
analyses from the PATH Study are summarized.

Appendix 2.2 defines the survey measures used in
this chapter. In brief, this chapter examines a variety of
epidemiologic areas related to cigarette smoking and ces-
sation, including trends in current and former cigarette
smoking and the smoking characteristics of adult and
youth current cigarette smokers; disparities in current
smoking, trends in the quit ratio, recent successful ces-
sation, past-year quit attempts, current interest in quit-
ting, and ever trying to quit smoking cigarettes among
adult and youth smokers; tobacco screening and advice
to quit delivered by health professionals; counseling and
use of Food and Drug Administration (FDA)-approved
medications for smoking cessation; use of other strat-
egies for smoking cessation; and disparities in smoking
cessation. This chapter also briefly addresses cessation of
other tobacco products to the extent possible, given that
national surveys include few measures of cessation for
noncigarette tobacco products. Patterns of use of nonciga-
rette tobacco products were included in the 2014 Surgeon
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General’s report (USDHHS 2014). However, because lim-
ited cessation information is available for noncigarette
tobacco products, this report does not review trends in the
use of these products and changes in the characteristics of
the populations that use these products.

Data are presented in an order that first highlights
the primary public health goal of tobacco use cessation
(i.e., successful cessation), including the following three
measures: prevalence of former smoking (persons who
ever smoked >100 cigarettes who do not currently smoke),
quit ratio (the proportion of ever smokers who are former
smokers), and prevalence of recent smoking cessation (per-
sons who quit smoking for >6 months in the past year).
These measures are then followed by intermediary mea-
sures that reflect a smoker’s journey to cessation (i.e., the
cessation continuum), starting with the most proximate
measure (prevalence of past-year quit attempts) and moving
backward on the continuum from assessing a smoker’s cur-
rent interest in quitting completely to whether he or she



has ever made a quit attempt (Institute of Medicine 2007).
The chapter concludes by examining tobacco screening and
cessation interventions provided by health professionals
and the utilization of other selected cessation strategies.
For adults overall, the most recent year of data from
NHIS is presented for each indicator by key demographic
characteristics (e.g., sex, age [18-24, 25-44, and 45-64 years
of age and 65 years of age and older], race/ethnicity, level
of education, geographic region, and status of health
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insurance), followed by trends over time among adults
for men and women overall and for non-Hispanic Whites
(hereafter referred to as Whites), non-Hispanic Blacks
(hereafter referred to as Blacks), and Hispanics. These data
on adults are then followed by corresponding sections for
analyses on young adults (18-24 years of age) and youth
from various data sources. Some measures for young
adults are missing, and statistically stable estimates could
not be produced because of small sample sizes.

Trends in Current and Former Cigarette Smoking

Tests for linear and quadratic (nonlinear) trends were
performed and controlled for variations in sex and race/
ethnicity over time. Models for adults overall controlled for
age over time, and models for youth controlled for grade
level. A test for linear trend is statistically significant if a
straight line (indicating a consistent increase or decrease)
fits the adjusted data significantly better than no linear
trend (i.e., the null hypothesis of no linear trend over time
is rejected). Similarly, a test for quadratic trend is statisti-
cally significant if a curved line with one bend (indicating
an accelerated or decelerated rate of change during the
assessed period) fits the adjusted data better than no qua-
dratic trend. Quadratic trends were initially assessed. If the
quadratic trend was not statistically significant, then tests
for linear trends were performed. Tests for other time func-
tions (i.e., trend shapes) were not assessed; it is possible
that other time functions could also fit the data.

Adults

The NHIS definition of current cigarette smoking
has changed over time. For the purposes of this report,
the definition of current smoking has been standard-
ized. Specifically, current cigarette smokers are defined as
those who smoked at least 100 cigarettes in their lifetime
and who smoked every day or on some days at the time of
the survey. Former cigarette smokers are defined as those
who smoked at least 100 cigarettes during their lifetime
but were not smoking at the time of the survey.

Among adults in 2018, the prevalence of current
cigarette smoking was 13.8%, the lowest measured prev-
alence among U.S. adults since NHIS data collection for
this measure began in 1965; the prevalence of former
cigarette smoking was 20.9% (NHIS, public use data,
2018) (Blackwell and Villarroel 2018; Wang et al. 2018a).
From 1965 to 2017, the prevalence of current smoking
declined by 36.2 percentage points (relative percentage
change: 69.6%) among men (from 52.0% to 15.8%)

and 21.9 percentage points (relative percentage change:
64.2%) among women (from 34.1% to 12.2%) (p <0.001
for quadratic trend for both groups) (Figure 2.1). The
prevalence of former smoking among all men peaked in
1985 (at 30.9%), and the prevalence of former smoking
among women peaked in 1994 (at 20.0%) (p <0.001 for
quadratic trend for both groups). Among men, 1991 was
the first year in which the prevalence of former smoking
was higher than the prevalence of current smoking; how-
ever, not until 2010-2017 was the prevalence of former
smoking consistently greater each year than the preva-
lence of current smoking. Among women, the prevalence
of former smoking first surpassed the prevalence of cur-
rent smoking in 2011 and remained higher through 2017.

Declines in the prevalence of current smoking
were also observed across racial and ethnic subgroups
(Figure 2.2) (p <0.001 for linear trend for Whites from
42.2% in 1965 to 15.2% in 2017, Blacks [p <0.001 for linear
trend] from 46.0% in 1965 to 14.9% in 2017, and Hispanics
[p <0.0001 for linear trend] from 31.6% in 1978 to 9.9%
in 2017). Although the prevalence of former smoking
exceeded the prevalence of current smoking among
Whites during 2002-2017 and among Hispanics during
2014-2017, the prevalence of former smoking among
Blacks never exceeded the prevalence of current cigarette
smoking during 1965-2017 (p <0.001 for quadratic trends
for former smoking among Whites and Blacks and a linear
trend [p <0.001] for Hispanics). The pattern of lower prev-
alence of former smoking than current smoking among
Blacks may be the result of both their lower prevalence of
initiation and their lower quit ratios compared with other
racial/ethnic groups (USDHHS 2014).

It is important to note that the definition of a
former smoker is broad and contains both persons who
quit many years ago and persons who are actively trying
to quit (i.e., they were not smoking at the time of the
survey but could have quit for only 1 day). Decreases in
the prevalence of former cigarette smoking among adults
during the past 20-30 years primarily reflect decreases in
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Figure 2.1 Trends in prevalence (%) of current and former cigarette smoking among adults 18 years of age and
older, by sex; National Health Interview Survey (NHIS) 1965-2017; United States

60

U1
<)
|

N
=
|

—e— Current smokers,
male

—— Current smokers,

Prevalence (%)
w
(e
|

L female
209 g oL Eea . ---@--- Former smokers,
male
-
104 .-° ---m--- Former smokers,
.-‘
female
0 T T T T T T T T T T |
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

Source: NHIS, National Center for Health Statistics, public use data, 1965-2017.
Note: From 1965 to 2017, data were reported for the following years: 1965, 1966, 1970, 1974, 1976-1980, 1983, 1985, 1987, 1988,
1990-1995, and 1997-2017.

Figure 2.2 Trends in prevalence (%) of current and former cigarette smoking among adults 18 years of age and
older, by race/ethnicity; National Health Interview Survey (NHIS) 1965-2017; United States
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bData were statistically unreliable (relative standard error >30% or denominator <50 sample cases) for the following years: 1980,
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®Data were statistically unreliable (relative standard error >30% or denominator <50 sample cases) for 1992 and 2016.
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cigarette smoking initiation, as illustrated by data from
birth cohorts (USDHHS 2014). Specifically, this means
that the prevalence of former smoking has primarily
decreased because youth and young adults, in particular,
are less likely to initiate cigarette smoking than they might
have been in the past. Therefore, the pool of persons who
are eligible to quit has decreased over time. Nevertheless,
during the past decade, adult former cigarette smokers
have become more common than current smokers, with
the exception of Black adults.

Young Adults

Current cigarette smokers are defined as those
who smoked at least 100 cigarettes in their lifetime and
who smoked every day or on some days at the time of the
survey. Among U.S. young adults (18-24 years of age) in
2017, the prevalence of current cigarette smoking was
10.4%, and the prevalence of former cigarette smoking was
5.1% (NHIS, public use data, 2017) (Wang et al. 2018a).
Similar to data for adults overall, the prevalence of current
smoking during 1965-2017 declined by 42.3 percentage
points (relative percentage change: 77.9%) among young
adult men (from 54.3% in 1965 to 12.0% in 2015; p <0.001
for linear trend) and 29.6 percentage points (relative per-
centage change: 77.1%) among young adult women (from
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38.4% in 1965 to 8.8% in 2017; p <0.001 for quadratic
trend) (Figure 2.3). In contrast to the findings for adults
overall, the prevalence of former smoking among young
adult men peaked in 1977 (at 13.6%), and the prevalence
of former smoking among young adult women peaked
in 1978 (at 10.4%). Among young adult men and young
adult women, the prevalence of former smoking has never
exceeded the prevalence of current smoking (Figure 2.3).

Declines in the prevalence of current smoking
among young adults across racial and ethnic subgroups
were also similar to those for adults overall (Figure 2.4),
declining for young adult Whites from 45.4% in 1965 to
13.5% in 2017 (p <0.001 for quadratic trend), for young
adult Blacks from 49.2% in 1965 to 8.6% in 2017 (p <0.001
for quadratic trend), and for young adult Hispanics from
36.1% in 1978 to 5.6% in 2017 (p <0.001 for linear trend)
(Figure 2.4). In contrast to the findings for adults overall,
the prevalence of former smoking among young adults in
any of the three racial/ethnic groups never exceeded the
prevalence of current smoking (Figure 2.4).

Youth

Current cigarette smoking in YRBS is defined as
having smoked cigarettes on at least 1 day during the
30 days before the survey. In 2017, the prevalence of current

Figure 2.3 Trends in prevalence (%) of current and former cigarette smoking among young adults 18-24 years of
age, by sex; National Health Interview Survey (NHIS) 1965-2017; United States
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1990-1995, and 1997-2017.
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Figure 2.4 Trends in prevalence (%) of current and former cigarette smoking among young adults 18-24 years of
age, by race/ethnicity; National Health Interview Survey (NHIS) 1965-2017; United States
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Source: NHIS, National Center for Health Statistics, public use data, 1965-2017.
Note: From 1965 to 2017, data were reported for the following years: 1965, 1966, 1970, 1974, 1976-1980, 1983, 1985, 1987, 1988,

1990-1995, and 1997-2017.

@Data were not collected for 1965, 1966, 1970, 1974, 1976, and 1977.

bData were statistically unreliable (relative standard error >30% or denominator <50 sample cases) for the following years: 1980,

1987, 1992-1995, 2002, 2003, 2005, 2007-2013, and 2015-2017.

®Data were statistically unreliable (relative standard error >30% or denominator <50 sample cases) for 1992 and 2016.

smoking among U.S. students in grades 9-12 was 8.8%
(Kann et al. 2018). Many youth experiment with cigarette
smoking, and some progress to a more established pattern
of smoking. Those with a more established pattern may be
particularly important to study for future cessation trends,
as they are most likely to become adult smokers (USDHHS
2012). Among students in grades 9-12, the prevalence of
current frequent cigarette smoking (ever smokers who
had smoked 20 or more days during the past 30 days)
was 2.7% (Kann et al. 2018). The prevalence of current
smoking increased during 1991-1997 (27.5-36.4%) and
then decreased during 1997-2017 (36.4-8.8%), and a sig-
nificant quadratic trend was observed (Kann et al. 2018).
Similarly, the prevalence of current frequent smoking
increased during 1991-1999 (12.8-17.0%) and then
decreased during 2001-2017 (13.9-2.7%), and a signifi-
cant quadratic trend was also observed (Figure 2.5).

Similar nonlinear trends in these measures over time
were observed by sex (YRBS, public use data, 1991-2017)
and race/ethnicity (Figures 2.6a and 2.6b). The prevalence
of current frequent smoking was consistently and statisti-
cally higher in Whites than in Blacks and Hispanics.

The YRBS does not contain a measure of former
smoking that is similar to the NHIS measure of former
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smoking for adults (i.e., ever smoked at least 100 ciga-
rettes but was not a current smoker at the time of the
survey). However, during 2001-2013, the YRBS asked
students whether they had ever smoked daily. Students
who were former daily smokers (i.e., ever smokers who
were not smoking currently but reported smoking daily
in the past) presumably include the majority of youth who
had smoked at least 100 cigarettes and had since stopped
smoking. In 2013, the prevalence of former daily smoking
(i.e., ever daily smokers who reported no current smoking)
among students in grades 9-12 was 1.3%, and the preva-
lence of former nondaily smoking was 22.2% (Figure 2.5).
From 2001 to 2013, a nonlinear decrease was observed
in the prevalence of former daily smoking, and the prev-
alence of former nondaily smoking decreased linearly.
Similar patterns were observed among females (YRBS,
public use data, 2001-2013) and Whites (Figure 2.6b). In
contrast, males (YRBS, public use data, 2001-2013) and
Blacks (Figure 2.6b) had linear decreases for former daily
smoking, but changes in this measure were not observed
among Hispanics. In addition, nonlinear decreases in
former nondaily smoking occurred among Blacks.

For all years, the prevalence of former nondaily
smoking was higher than the prevalence of current



Smoking Cessation

Figure 2.5 Trends in prevalence (%) of current frequent?, former daily?, and former nondaily® cigarette smoking
among high school students; National Youth Risk Behavior Survey (YRBS) 1991-2017; United States
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Source: YRBS, Centers for Disease Control and Prevention, public use data, 1991-2017.
Nofte: The question about daily smoking was not asked in 2015 and 2017.

aStudents who answered “yes” to “have you ever smoked” and “yes” to “do you currently smoke?”; and reported smoking on >19 days

during the past 30 days.

bStudents who answered “yes” to “have you ever smoked” and “no” to “do you currently smoke?” and answered “yes” to “ever daily.”
CStudents who answered “yes” to “have you ever smoked” and “no” to “do you currently smoke?” and answered “no” to “ever daily.”

frequent and former daily smoking (Figure 2.5), indi-
cating high percentages of youth tried (i.e., experimented
with), but did not maintain, cigarette smoking. In con-
trast, the low prevalence of former daily smokers most

likely reflects the low prevalence of daily smoking among
students in grades 9-12 and the low prevalence of cessa-
tion among those who only recently became daily smokers
(Fiore et al. 2008; USDHHS 2014).

Changing Characteristics of Current Cigarette Smokers

Adults

Demographic characteristics of current adult cig-
arette smokers have changed in recent years, reflecting
changes in demographics of the U.S. population and
advancements in national and state tobacco prevention
and control policies (Howden and Meyer 2011; Humes
et al. 2011; Ryan and Bauman 2016; National Center for
Health Statistics 2018). These changes may have affected
levels of interest in quitting cigarettes, the prevalence
of quit attempts, and the prevalence of successful cessa-
tion. For example, during 2000-2017, notable changes
occurred across several demographic variables (Table 2.2):

e During 2000-2017, the proportion of current
smokers who were 45-64 years of age increased

from 30.9% to 39.9%, and the proportion of cur-
rent smokers who were 65 years of age and older
rose from 6.8% to 11.8%. Conversely, during this
period, the proportions of current smokers who were
18-24 or 25-44 years of age decreased, reflecting the
decreased initiation of smoking among youth since
1997 (USDHHS 2014).

e The proportion of current smokers who were Hispanic
increased from 8.4% in 2000 to 11.3% in 2017, and
the proportion of current smokers who were White
decreased from 76.4% in 2000 to 69.5% in 2017.

e The proportion of current smokers 25 years of age
and older whose highest level of education was
a high school diploma decreased from 33.4% in
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Figure 2.6a Trends in prevalence (%) of current frequent? cigarette smoking among high school students,
by race/ethnicity; National Youth Risk Behavior Survey (YRBS) 1991-2017; United States
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Figure 2.6b Trends in prevalence (%) of former daily? and former nondaily? cigarette smoking among high school
students, by race/ethnicity; National Youth Risk Behavior Survey (YRBS) 1991-2017; United States
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Source: YRBS, Centers for Disease Control and Prevention, public use data, 1991-2017.
Note: The question about daily smoking was not asked in 2015 and 2017.
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Table 2.2 Distribution of selected demographic characteristics of adult current cigarette smokers? 18 years of age and older; National Health Interview
Survey (NHIS) 2000, 2005, 2010, 2015, and 2017; United States

2000: % (95% CI) 2005: % (95% CI)
52.9 (51.6-54.3) 54.9 (53.5-56.4)

2010: % (95% CI)
53.8 (52.2-55.4)

2015: % (95% CI)
53.4 (51.5-55.3)

2017: % (95% CI)
54.7 (52.6-56.8)

Characteristic
Sex (% male)

Age group (in years)

18-24 15.2 (14.0-16.3) 15.2 (14.0-16.4) 13.4 (12.1-14.7) 10.6 (9.3-12.0) 8.9 (7.6-10.2)

25-44 47.2 (45.9-48.5) 43.4 (41.9-44.9) 40.3 (38.8-41.9) 40.1 (38.2-42.1) 39.4 (37.5-41.3)

45-64 30.9 (29.7-32.0) 34.8 (33.4-36.2) 38.1 (36.4-39.7) 38.6 (36.7-40.5) 39.9 (38.0-41.8)

>65 6.8 (6.2-7.3) 6.6 (6.0-7.2) 8.2 (7.4-9.1) 10.6 (9.6-11.7) 11.8 (10.7-12.9)
Race/ethnicity

White, non-Hispanic

Black, non-Hispanic

76.4 (75.2-77.7)
11.1 (10.3-11.9)

74.4 (72.9-76.0)
11.4 (10.4-12.4)

74.1 (72.6-75.6)
12.4 (11.2-13.5)

71.3 (69.5-73.1)
12.9 (11.7-14.2)

69.5 (67.1-71.8)
12.6 (11.0-14.2)

Hispanic 8.4 (7.7-9.2) 10.0 (9.0-10.9) 9.0 (8.2-9.8) 10.4 (9.3-11.5) 11.3 (9.5-13.1)
American Indian/Alaska Native, 0.8 (0.5-1.1) 0.8 (0.4-1.1) 0.8 (0.5-1.1) 0.9 (0.6-1.2) 1.2 (0.7-1.8)
non-Hispanic

Asian, non-Hispanic 2.0 (1.5-2.5) 2.3 (1.8-2.9) 2.2 (1.8-2.6) 2.6 (2.1-3.2) 3.0 (2.3-3.8)
Multiple races, non-Hispanic 1.2 (0.9-1.5) 1.1 (0.8-1.5) 1.5 (1.2-1.9) 1.9 (1.4-2.3) 2.3 (1.8-2.9)

Level of education®

<12 years (no diploma)

GED certificate

High school diploma

Some college (no degree)

21.5 (20.4-22.6)
5.5 (4.8-6.1)

33.4 (32.0-34.9)
18.0 (17.0-19.1)

19.8 (18.5-21.1)
5.6 (4.9-6.4)

32.0 (30.5-33.5)
19.0 (17.8-20.2)

18.4 (17.1-19.8)
6.7 (5.8-7.6)

29.4 (27.8-31.0)
21.2 (19.8-22.5)

19.8 (18.3-21.3)
6.1 (5.2-7.0)

27.4 (25.7-29.2)
20.5 (18.9-22.1)

18.0 (16.4-19.7)
7.0 (6.0-8.0)

27.2 (25.5-28.9)
20.0 (18.4-21.6)

Associate degree 8.7 (7.9-9.5) 10.5 (9.5-11.4) 10.7 (9.6-11.8) 13.0 (11.7-14.2) 12.6 (11.3-13.9)
Undergraduate degree 9.5 (8.6-10.3) 9.6 (8.7-10.5) 10.0 (8.9-11.0) 10.0 (8.8-11.2) 11.1 (9.7-12.4)
Graduate degree 3.4 (2.8-3.9) 3.5 (3.0-4.1) 3.7 (3.0-4.4) 3.2 (2.5-3.8) 4.0 (3.2-4.8)

Poverty status (% below poverty level)

Geographic region

14.8 (13.7-15.8)

16.3 (15.2-17.4)

19.5 (18.2-20.9)

21.0 (19.6-22.5)

19.2 (17.5-20.9)

Northeast 18.0 (16.7-19.3) 16.8 (15.5-18.2) 15.9 (14.6-17.2) 15.6 (13.9-17.2) 14.7 (12.8-16.6)
Midwest 27.8 (26.4-29.1) 28.7 (27.1-30.2) 26.2 (24.6-27.8) 27.8 (25.6-29.9) 26.4 (24.3-28.6)
South 37.9 (36.2-39.5) 37.7 (35.8-39.5) 38.7 (36.8-40.6) 37.7 (35.7-39.7) 40.3 (37.9-42.6)
West 16.4 (15.2-17.5) 16.8 (15.6-18.1) 19.2 (17.7-20.8) 19.0 (17.3-20.7) 18.6 (16.7-20.5)
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Table 2.2 Continued

Characteristic

2000: % (95% CI)

2005: % (95% CI)

2010: % (95% CI)

2015: % (95% CI)

2017: % (95% CI)

Health insurance coverage

Private

Medicaid (includes persons with
Medicaid and Medicare)

Medicare only
Other coverage

Uninsured

61.9 (60.5-63.3)
7.7 (7.0-8.5)

1.9 (1.6-2.3)
3.7(3.3-4.2)
24.0 (22.9-25.2)

56.4 (54.7-58.1)
11.0 (10.1-11.9)

1.8 (1.5-2.1)
4.3 (3.7-4.8)
26.3 (24.9-27.7)

48.3 (46.6-50.0)
13.4 (12.4-14.4)

2.8 (2.3-3.2)
5.7 (5.0-6.4)
29.5 (28.1-30.9)

48.1 (46.1-50.1)
21.6 (19.9-23.3)

4.0 (3.3-4.7)
6.7 (5.8-7.6)
18.8 (17.2-20.3)

48.7 (46.6-50.8)
20.9 (19.1-22.7)

4.6 (3.9-5.4)
7.6 (6.6-8.6)
17.7 (16.1-19.2)

Source: NHIS, National Center for Health Statistics, public use data, 2000, 2005, 2010, 2015, and 2017.
Notes: CI = confidence interval; GED = General Educational Development.
2Persons who reported smoking >100 cigarettes during their lifetime and who, at the time of the interview, reported smoking every day or some days.
bAmong only adults 25 years of age and older.
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2000 to 27.2% in 2017; the proportion of current
smokers with 12 or fewer years of education (with
no diploma) decreased from 21.5% in 2000 to 18.0%
in 2017; and the proportion of current smokers with
an associate degree increased from 8.7% to 12.6%
during the time period.

¢ The proportion of current smokers living below the
poverty level increased from 2000 (14.8%) to 2017
(19.2%).

e The proportion of current smokers covered by
Medicaid rose from 7.7% in 2000 to 20.9% in 2017,
and the proportion of current smokers with private
health insurance decreased from 61.9% in 2000 to
48.7% in 2017.

¢ The proportion of current smokers covered only by
Medicare increased from 1.9% in 2000 to 4.6% in
2017, and the proportion of current smokers who
were uninsured increased from 24.0% in 2000 to
29.5% in 2010 but then decreased to 17.7% in 2017.

Tobacco-use characteristics among current adult
cigarette smokers also changed during 2000-2017. The
proportion of current smokers who did not smoke every
day increased from 17.9% in 2000 to 25.1% in 2017
(Table 2.3), and the proportion of current smokers who
smoked fewer than 14 cigarettes per day also increased:
the proportion of smokers who smoked 1-4 cigarettes per
day rose from 4.0% in 2000 to 7.0% in 2017; and the pro-
portion of smokers who smoked 5-14 cigarettes per day
rose from 25.4% to 34.9%. The proportion of smokers
who usually smoked menthol cigarettes increased from
26.4% in 2005 to 31.6% in 2010 but did not change sig-
nificantly (31.5%) in 2015 (data on menthol cigarettes
were not available in 2017). Use of other tobacco products
(cigars, smokeless tobacco, and/or pipes) by current ciga-
rette smokers increased from 10.2% in 2000 to 14.5% in
2017. Current adult cigarette smokers who were also cur-
rent users of electronic cigarettes (e-cigarettes) decreased
from 13.6% in 2015 to 10.0% in 2017 (NHIS, public use
data, 2015, 2017). Current e-cigarette users who were also
current cigarette smokers decreased from 58.8% in 2015
t0 49.6% in 2017 (NHIS, public use data, 2015, 2017).

Young Adults

Trends in demographic characteristics among
young adult current smokers (18-24 years of age) were
similar to trends among all adults, except that the propor-
tion of young adult smokers living below the poverty level

Smoking Cessation

was the highest in 2010 (29.9%) (Table 2.4), and the pro-
portion of adult current smokers living below the poverty
level was highest in 2015 (21.0%) (Table 2.2). The pro-
portion of young adult current smokers who had private
insurance was lowest (38.2%) in 2010. Among adult cur-
rent smokers, the lowest proportion with private insur-
ance (48.1%) was in 2015 (Table 2.2).

Changes in the distribution of tobacco product use
over time among young adults are similar to those for all
adults (Table 2.5). In 2017, the proportion of cigarette
smokers who were some-day smokers was higher among
young adults (34.7%) than among adults overall (25.1%)
(Table 2.3), and the proportion who smoked 15-24 ciga-
rettes per day was lower among young adults (15.8%) than
among adults overall (27.8%). In addition, in 2017, the
prevalence of cigar smoking, smokeless tobacco use, and
pipe use among current smokers was higher among young
adults (19.2%, 9.3%, and 7.7%, respectively) (Table 2.5)
than it was among adults overall (10.6%, 3.5%, and 2.7%,
respectively) (Table 2.3); the same was also true for the
combined category of any cigar, smokeless tobacco, and/or
pipe use (28.4% vs. 14.5%).

Youth

Findings from the national YRBS indicate that,
among high school students (grades 9-12) who were cur-
rent frequent cigarette smokers (ever smokers who had
smoked >19 days during the past 30 days), the propor-
tion who were White decreased from 84.5% in 2001 to
75.6% in 2005 and remained lower through 2017 (73.7%,
p <0.001 for quadratic trend)), and the proportion who
were Hispanic increased from 6.2% in 2001 to 13.6% in
2015 to 14.5% in 2017 (Table 2.6; p <0.001 for quadratic
trend). The proportion who were Black remained statis-
tically unchanged during this period (3.9% in 2001 and
5.3% in 2017).

Use of smokeless tobacco increased during 2001-
2015 among frequent youth smokers (from 19.9% to
35.2%) (Table 2.7); comparable data were not available
from the 2017 YRBS because the smokeless tobacco ques-
tion changed. In 2017, the majority of frequent youth
smokers (68.0%) also used e-cigarettes. According to
NYTS, use of menthol cigarettes among high school stu-
dents increased among frequent smokers, from 33.7% in
2000 t0 52.9% in 2017 (Table 2.8) to 53.0% in 2018 (NYTS,
public use data, 2018). Similar findings were observed
among current youth cigarette smokers, in a comparison
of NYTS data between 1999-2009 and 2010-2013 using a
slightly different definition of use of menthol cigarettes
(Courtemanche et al. 2017). Of note, caution should be
taken when assessing trends among youth or comparing
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Table 2.3 Distribution of tobacco use characteristics among adult current cigarette smokers? 18 years of age and older; National Health Interview Survey
(NHIS) 2000, 2005, 2010, 2015, and 2017; United States

Characteristic

2000: % (95% CI)

2005: % (95% CI)

2010: % (95% CI)

2015: % (95% CI)

2017: % (95% CI)

Cigarette smoking frequency, amount

Some-day smokers
Daily smokers, 1-4 cpd

Daily smokers, 5-14 cpd
Daily smokers, 15-24 cpd

Daily smokers, 225 cpd
Usually smokes menthol

Yes

No

No usual type

Current use of other tobacco products

Cigars
Smokeless tobacco

Pipes

Any use of cigars, smokeless

tobacco, pipes

E-cigarettes

17.9 (16.8-19.0)
4.0 (3.4-4.4)

25.4 (24.2-26.6)
37.7 (36.4-39.0)
15.1 (14.1-16.1)

NA
NA
NA

7.4 (6.7-8.1)
2.7(2.2-3.2)
1.4 (1.1-1.7)
10.2 (9.4-11.1)

NA

19.4 (18.2-20.6)
4.4 (3.7-5.0)

29.4 (27.9-30.8)
35.4 (33.9-36.9)
11.4 (10.4-12.5)

26.4 (24.9-27.9)
71.3 (69.9-72.7)
2.3 (1.8-2.8)

8.0 (7.1-8.9)
3.5(2.7-4.3)
1.4 (1.0-1.8)
11.3 (10.3-12.4)

NA

21.9 (20.5-23.2)
5.9 (5.2-6.6)
32.5 (31.0-33.9)
32.5 (30.9-34.0)
7.3 (6.4-8.2)

31.6 (30.0-33.3)
66.3 (64.7-67.9)
2.0 (1.6-2.5)

10.3 (9.2-11.3)
3.6 (3.0-4.3)
NA

NA

NA

24.4 (22.8-26.0)
6.6 (5.8-7.5)
34.4 (32.6-36.2)
28.5(26.7-30.2)
6.1 (5.1-7.0)

31.5 (29.7-33.4)
66.0 (64.1-67.9)
2.4 (1.9-3.0)

8.7 (7.6-9.8)
4.0 (3.1-4.9)
2.6 (2.0-3.3)
13.3 (11.9-14.6)

13.6 (12.2-14.9)

25.1 (23.4-26.9)
7.0 (5.9-8.1)
34.9 (33.1-36.8)
27.8 (26.0-29.6)
5.1 (4.3-5.9)

NA
NA
NA

10.6 (9.1-12.0)
3.5(2.8-4.2)
2.7 (2.0-3.3)
14.5 (12.9-16.1)

10.0 (8.8-11.1)

Source: NHIS, National Center for Health Statistics, public use data, 2000, 2005, 2010, 2015, and 2017.
Notes: CI = confidence interval; cpd = cigarettes smoked per day; NA = not available.
aPersons who reported smoking >100 cigarettes during their lifetime and who, at the time of the interview, reported smoking every day or some days.
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Table 2.4 Distribution of selected demographic characteristics of young adult current cigarette smokers® 18-24 years of age; National Health Interview

Survey (NHIS) 2000, 2005, 2010, 2015, and 2017; United States

Characteristic

2000: % (95% CI)

2005: % (95% CI)

2010: % (95% CI)

2015: % (95% CI)

2017: % (95% CI)

Sex (% male)
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic

American Indian/Alaska Native,
non-Hispanic

Asian, non-Hispanic

Multiple races, non-Hispanic
Poverty status (% below poverty level)
Geographic region

Northeast

Midwest

South

West
Health insurance coverage

Private

Medicaid and persons with Medicaid
and Medicare

Other coverage

Uninsured

53.0 (49.5-56.6)

77.7 (74.6-80.6)
8.8 (6.7-10.8)

9.5 (7.5-11.5)
b

1.9 (0.9-3.0)
1.7 (0.8-2.6)
21.0 (17.7-24.2)

17.5 (14.1-20.9)
32.4 (28.3-36.5)
35.8 (31.6-39.9)
14.4 (11.9-16.9)
52.9 (49.0-56.9)
9.0 (7.0-10.8)

b

35.6 (31.7-39.5)

57.5 (53.0-61.9)

73.0 (68.9-77.0)
9.5 (6.9-12.1)
12.8 (10.3-15.2)

24.2 (19.5-28.9)

13.0 (9.8-16.3)

31.6 (27.5-35.8)
40.8 (35.8-45.8)
14.5 (11.9-17.2)

43.5 (39.0-48.0)
13.7 (10.8-16.5)

1.8 (0.8-2.8)
40.4 (36.0-44.8)

57.2 (51.9-62.5)

72.7 (68.3-77.1)
12.0 (8.7-15.4)

10.3 (7.5-13.1)
b

2.3 (1.3-3.4)
b

29.9 (25.1-34.7)

16.7 (12.2-21.2)
28.1 (23.8-32.5)
36.8 (31.8-41.7)
18.4 (14.6-22.2)
38.2 (33.1-43.3)
16.9 (13.2-20.6)

3.0 (1.4-4.7)
41.0 (35.9-46.2)

58.2 (51.5-64.8)

64.3 (58.1-70.6)
12.9 (8.5-17.4)

14.5 (10.2-18.9)
b

3.1(1.3-4.9)
b

24.5 (19.3-29.6)

16.2 (10.2-22.3)
30.0 (23.5-36.4)
33.3 (27.1-39.6)
20.5 (15.2-25.7)
47.4 (40.3-54.5)
26.2 (20.3-32.0)

b

22.0 (17.0-27.0)

57.6 (49.9-65.4)

71.2 (64.2-78.2)
11.4 (6.6-16.3)
12.1 (7.0-17.2)

24.5(17.7-31.3)

13.4 (6.5-20.3)

27.3 (21.2-33.4)
42.0 (34.3-49.7)
17.3 (11.7-22.8)

46.5 (39.4-53.6)
21.5 (15.2-27.8)

b

28.1 (21.4-34.7)

Source: NHIS, National Center for Health Statistics, public use data, 2000, 2005, 2010, 2015, and 2017.

Notes: CI = confidence interval.

aPersons who reported smoking >100 cigarettes during their lifetime and who, at the time of the interview, reported smoking every day or some days.
bprevalence estimates with a relative standard error 230% are not presented due to low precision.
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Table 2.5 Distribution of tobacco use characteristics of young adult current cigarette smokers® 18-24 years of age; National Health Interview Survey
(NHIS) 2000, 2005, 2010, 2015, and 2017; United States

Characteristic 2000: % (95% CI) 2005: % (95% CI) 2010: % (95% CI) 2015: % (95% CI) 2017: % (95% CI)

Cigarette smoking frequency, amount
Some-day smoker 21.8 (18.5-25.1)
Daily smoker, 1-4 cpd 5.4 (3.7-7.0)
36.2 (32.4-40.0)
30.9 (27.5-34.3)

24.4 (20.6-28.3)
7.6 (5.0-10.2)

38.7 (34.6-42.7)
24.0 (20.1-27.9)

30.0 (25.4-34.5)
8.8 (6.0-11.6)

36.6 (31.7-41.6)
21.9 (17.7-26.0)

40.8 (34.1-47.6)
9.5 (5.5-13.6)
36.2 (29.3-43.1)
12.1 (7.8-16.4)

34.7 (28.1-41.2)
8.6 (4.5-12.7)

40.6 (33.0-48.1)
15.8 (10.1-21.5)

Daily smoker, 5-14 cpd
Daily smoker, 15-24 cpd

Daily smoker, >25 cpd 5.8 (3.9-7.6) —b —b —b —b
Usually smokes menthol

Yes NA 30.7 (26.1-35.2) 43.8 (38.5-49.0) 35.4 (28.5-42.4) NA

No NA 66.3 (61.6-71.1) 52.7 (47.4-58.0) 58.7 (51.4-66.0) NA

No usual type NA 3.0 (1.7-4.3) 3.5 (1.6-5.4) 5.9 (2.5-9.2) NA

Current use of other tobacco products

Cigars

Smokeless tobacco

Pipes

Any use of cigars, smokeless
tobacco, and pipes

E-cigarettes

10.0 (7.6-12.4)
4.6 (2.6-6.5)
2.5 (1.3-3.6)
15.0 (12.0-18.1)

NA

10.8 (7.7-13.9)
8.1 (4.0-12.2)
2.4 (1.1-3.7)
17.3 (12.8-21.9)

NA

15.6 (11.8-19.4)
6.7 (4.1-9.3)
NA

NA

NA

10.0 (6.0-14.0)
10.6 (5.4-15.7)
6.1 (2.8-9.3)
21.5(15.3-27.8)

18.6 (13.1-21.7)

19.2 (13.3-25.1)
9.3 (5.2-13.3)
7.7 (4.0-11.5)
28.4 (21.7-35.0)

16.1 (11.0-21.1)

Source: NHIS, National Center for Health Statistics, public use data, 2000, 2005, 2010, 2015, and 2017.

Notes: CI = confidence interval; cpd = cigarettes smoked per day; NA = not available.

aPersons who reported smoking >100 cigarettes during their lifetime and who, at the time of the interview, reported smoking every day or some days.
bprevalence estimates with a relative standard error 230% are not presented due to low precision.
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Table 2.6 Distribution of demographic characteristics of high school students who are frequent cigarette smokers?; National Youth Risk Behavior Survey
(YRBS) 2001, 2005, 2009, 2015, and 2017; United States

Characteristic 2001: % (95% CI) 2005: % (95% CI) 2009: % (95% CI) 2015: % (95% CI) 2017: % (95% CI)
Sex (% male) 52.0 (48.1-55.9) 50.3 (46.4-54.3) 57.2 (53.2-61.0) 52.0 (47.0-56.9) 49.1 (42.0-56.3)
Grade

9 19.2 (15.4-23.7) 21.8 (18.5-25.5) 18.1 (15.1-21.6) 17.4 (11.0-26.6) 14.4 (9.9-20.5)

10 23.3 (20.0-26.8) 21.0 (17.3-25.2) 20.6 (17.9-23.6) 22.9 (17.4-29.5) 17.1 (12.1-23.6)

11 25.3 (21.0-30.3) 26.3 (23.0-30.0) 26.9 (23.1-31.0) 23.4 (17.3-30.8) 26.5 (20.0-34.2)

12 32.2 (28.5-36.1) 30.9 (26.8-35.4) 34.4 (31.0-38.1) 36.3 (30.6-42.4) 42.0 (35.2-49.2)
Race/ethnicity?

White, non-Hispanic
Black, non-Hispanic

Hispanic

84.5 (81.1-87.4)
3.9 (2.7-5.7)
6.2 (4.4-8.6)

75.6 (69.5-80.8)
5.4 (3.3-8.6)
10.5 (7.6-14.2)

78.9 (73.8-83.3)
4.2 (2.6-7.0)
10.2 (7.8-13.1)

66.0 (57.6-73.5)
7.1 (4.1-12.1)
13.6 (9.7-18.7)

73.7 (67.6-78.9)
5.3 (2.3-11.9)
14.5 (10.8-19.3)

Source: YRBS, Centers for Disease Control and Prevention, public use data, 2001, 2005, 2009, 2015, and 2017.

Noftes: CI = confidence interval.

aStudents who answered “yes” to “have you ever smoked?”; and “yes” to “do you currently smoke?”; and reported smoking on >19 days during the past 30 days.

bEstimates will not add up to 100% because data were not reported for students of other/multiple races/ethnicities.
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Table 2.7 Prevalence of use of other tobacco products among high school students who are frequent cigarette smokers?; National Youth Risk Behavior
Survey (YRBS) 2001, 2005, 2009, 2015, and 2017; United States

Other tobacco products 2001: % (95% CI) 2005: % (95% CI) 2009: % (95% CI) 2015: % (95% CI) 2017: % (95% CI)
CigarsP 44.3 (40.0-48.8) 47.6 (42.7-52.7) 52.7 (45.6-59.7) 54.1 (47.1-61.0) 54.8 (46.7-62.7)
Smokeless tobacco® 19.9 (15.9-24.5) 23.5 (19.9-27.6) 35.5 (31.1-40.2) 35.2 (29.2-41.7) NA

Electronic vapor productsd NA NA NA 76.4 (70.8-81.2) 68.0 (58.2-76.4)

Source: YRBS, Centers for Disease Control and Prevention, public use data, 2001, 2005, 2009, 2015, and 2017.

Notes: CI = confidence interval; NA = not available.

aStudents who answered “yes” to “have you ever smoked?”; “yes” to “do you currently smoke?”; and reported smoking >20 days during the past 30 days.
bSmoked cigars, cigarillos, or little cigars on at least 1 day during the 30 days before the survey.

CUsed chewing tobacco, snuff, or dip on at least 1 day during the 30 days before the survey.

dUsed e-cigarettes, e-cigars, e-pipes, vape pipes, vaping pens, e-hookahs, or hookah pens during the 30 days before the survey.

Table 2.8 Prevalence of use of menthol cigarettes among high school students who currently smoke cigarettes, by frequency of smoking?; National
Youth Tobacco Survey (NYTS) 2000, 2004, 2009, 2015, and 2017; United States

Usually smokes menthol cigarettes 2000: % (95% CI) 2004: % (95% CI) 2009: % (95% CI) 2015: % (95% CI) 2017: % (95% CI)

Yes 33.7 (28.7-38.7) 47.2 (40.3-54.1) 50.5 (44.1-56.9) 48.8 (39.8-57.8) 52.9 (41.0-64.7)
No 63.7 (58.7-68.6) 52.8 (45.9-59.7) 49.5 (43.1-55.9) 45.2 (36.6-53.8) 42.2 (30.0-54.3)
No usual brand 2.7(1.9-3.4) NA NA NA NA
Not sure NA NA NA 6.0 (1.9-10.0) —b

Source: NYTS, Centers for Disease Control and Prevention, public use data, 2000, 2004, 2009, 2015, and 2017.
Noftes: CI = confidence interval; NA = not available;

aStudents who answered “yes” to “have you ever tried cigarette smoking?” were categorized as (a) current infrequent smokers for smoking 1-19 days during the past 30 days
or (b) current frequent smokers for smoking >20 days during the past 30 days.

bprevalence estimates with a relative standard error 230% are not presented due to low precision.
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the timing of the increases among youth with the increases
among adults (Table 2.3) because wording of the question
in NYTS changed over time, which may have influenced
the likelihood of an affirmative response. For example,
in 2000, the question was, “Is the brand of cigarettes you

Smoking Cessation

usually smoked during the past 30 days mentholated?” but
in questionnaires in 2015 and 2017, the question changed
to, “Menthol cigarettes are cigarettes that taste like mint.
During the past 30 days, were the cigarettes that you usu-
ally smoked menthol?” (CDC 2018).

Key Disparities in Current Cigarette Smoking Among Adults

and Youth

Numerous Surgeon General’s reports have reviewed
disparities in the prevalence of current smoking (USDHHS
1998, 2001, 2012, 2014). In 2017, the prevalence of cur-
rent cigarette smoking was 20.0% or higher in a variety of
vulnerable or high-risk groups:

¢ 36.8% among those who had obtained a General
Educational Development (GED) certificate but
went no further in their education;

e 35.2% among persons with serious psychological
distress, a proxy variable for mental illness;

e 24.7% among persons with no health insurance;
e 24.5% among Medicaid enrollees;
e 24.0% among American Indians/Alaska Natives; and

e 20.3% among lesbian, gay, and bisexual adults
(Wang et al. 2018a).

Disparities by Behavioral Health
Condition

Data from the U.S. National Survey on Drug Use and
Health (NSDUH) from 2005 to 2013 indicate that current
smoking among adults reporting anxiety, depression, or
substance abuse disorders ranged from 39.6% to 56.3%
(Stanton et al. 2016). In the 2014 NSDUH, the preva-
lence of current smoking among persons who abused
or were dependent on illicit drugs other than marijuana
was 63.3%, and among those who abused or were depen-
dent on marijuana, it was 51.3% (Weinberger et al. 2018).
Data from the 2012 NHIS indicate that the age-adjusted

prevalence of current smoking was 53.0% among those
with a lifetime history of bipolar disorder, 31.5% among
those with a lifetime history of depression, 30.6% among
those with a lifetime history of attention deficit disorder or
attention deficit hyperactivity disorder, and 28.3% among
those with a lifetime history of phobias or fears (NHIS,
public use data, 2012).

Disparities by Chronic Disease
Status

Using 2017 NHIS data, the prevalence of cur-
rent smoking was high among persons with emphy-
sema (35.2%) and those with chronic bronchitis (29.7%).
Among those with other smoking-related diseases (lung
cancer, other cancers, coronary heart disease, and stroke)
(see Chapter 4), the prevalence of current smoking ranged
from 13.5% to 35.2% and was 14.8% among those with
other chronic diseases! and 12.2% among those with no
chronic diseases (NHIS, public use data, 2017).

Disparities by Geographic Location

The prevalence of current smoking varies widely
by geographic location. Data from the 2017 NHIS indi-
cate that by region, cigarette smoking was higher in
the Midwest (16.9%) and South (15.5%) than in the
Northeast (11.2%) and West (11.0%) (Wang et al. 2018a).
Data from the 2017 BRFSS indicate that by state, West
Virginia, Kentucky, and Louisiana had the highest prev-
alence of current cigarette smoking (26.0%, 24.6%, and
23.1%, respectively), and the states of Utah, California,
and Connecticut had the lowest prevalence (8.9%, 11.3%,
and 12.7%, respectively) (CDC 2017). Data from the 2013

10ther chronic diseases are defined as those that are not related to smoking, including hypertension; other heart condition or heart dis-
ease; ulcer; and cancers, including blood, bone, brain, breast, gallbladder, lymphoma, melanoma, ovarian, prostate, skin (non-melanoma

and other), soft tissue, testicular, thyroid, and other types of cancer.
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BRFSS indicate that persons who live in rural counties
have a higher prevalence of smoking than persons who
live in metropolitan areas, with estimates ranging from
a high of 25.1% in rural counties to a low of 16.1% in
large metropolitan centers (Matthews et al. 2017). In a
multivariate logistic regression model controlling for age,
sex, poverty, and geographic region, the 2013-2014 PATH
Study observed that, compared with urban residents,
rural residents had 25% greater odds of being current
cigarette smokers (smoked in the past 30 days) (Roberts
etal. 2017).

Disparities by Sexual Orientation
and Gender Identity

The prevalence of cigarette smoking among les-
bian, gay, bisexual, and transgender (LGBT) individuals
is higher than the prevalence of smoking among het-
erosexual or straight persons. According to NHIS data,
in 2017, current cigarette smoking was 20.3% among
lesbhian, gay, and bisexual adults compared with 13.7%
among heterosexual or straight adults (Wang et al.
2018a). Variations in the prevalence of cigarette smoking
also exist across sexual orientation and gender minority
subgroups. Data from the 2012-2013 NATS indicated that
cigarette smoking was particularly high among bisexual
women, and that sexual minority women started smoking
and transitioned to daily smoking earlier than their het-
erosexual or straight counterparts (Johnson et al. 2016).
Data from the 2009-2010 NATS indicated that menthol
cigarette smoking was significantly higher among LGBT
adult smokers, particularly among LGBT women, than
among their heterosexual counterparts (Fallin et al.
2015). Limited information exists on the prevalence of
cigarette smoking by gender identity. A 2013 cross-sec-
tional online survey of U.S. adults found that the prev-
alence of cigarette smoking was higher among trans-
gender adults than among cisgender adults (Buchting
et al. 2017).

Similar disparities in the prevalence of smoking
by sexual orientation and gender identity exist among
youth. Data from the 2017 YRBS indicated that current
cigarette smoking by high school students in grades
9-12 was higher among gay, lesbian, and bisexual stu-
dents (16.2%) than among heterosexual students (8.1%)
and those unsure of their sexual orientation (10.1%)
(Kann et al. 2018). Moreover, 2017 YRBS data from
19 states and large urban school districts found that ever
use of cigarettes was significantly higher among trans-
gender high school students (32.9%) than among cis-
gender male (23.2%) and cisgender female (22.0%) stu-
dents (Johns et al. 2019).
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Sexual orientation and gender identity are two sepa-
rate and distinct measures, and existing surveillance data
suggest disparities in smoking prevalence by both sexual
orientation and gender identity. Taken together, these
findings reinforce the heterogeneity of tobacco product
use by sexual orientation and the critical importance
of (a) tobacco control efforts designed to reach sexual
and gender minorities and (b) tobacco survey measures
designed specifically to ask adults and youth about gender
identity separately from sexual orientation.

Disparities in Smoking in Pregnant
Women

Smoking during pregnancy can have devastating
health consequences for the mother, such as the outcome
of the pregnancy, and for the future health of the child,
making quitting smoking an important part of prenatal
care (USDHHS 2014) (also see in this report related sec-
tions on smoking cessation and reproductive health in
Chapter 4). According to data from birth certificates of
children of women who gave birth in 2016, 7.2% of women
in the United States reported smoking during pregnancy
(Drake et al. 2018).

In a study using the first wave of data from the 2013—
2014 PATH Study, the prevalence of current cigarette
smoking among women of reproductive age was 20.1%,
and current cigarette smoking was highly correlated with
the use of other tobacco products (Lopez et al. 2018). Data
from the 2013 Pregnancy Risk Assessment Monitoring
System (PRAMYS) indicated that 21.1% of women had
smoked during the 3 months before pregnancy, and 14.0%
had smoked postpartum. Estimates of the prevalence of
smoking in working women of reproductive age and in
working pregnant women from the 2009-2013 NHIS are
generally lower than estimates in PRAMS, with 17.3% and
6.8% of these women, respectively, being current smokers
(Mazurek and England 2016).

In 2016, disparities in cigarette smoking during
pregnancy occurred by age, race/ethnicity, educational
level, and geographic location (Drake et al. 2018). For
smoking during pregnancy, women 2024 years of age had
the highest prevalence (10.7%) by age group; American
Indian/Alaska Native women had the highest prevalence
(16.7%) by race/ethnicity; and women with a high school
diploma or GED had the highest prevalence by level of
education (12.2%). Prevalence of current smoking among
pregnant women was highest in West Virginia (25.1%),
Kentucky (18.4%), and Montana (16.5%) and lowest in
Arizona, California, Connecticut, Hawaii, New Jersey, New
York, Nevada, Texas, Utah, and Washington, D.C. (each
<5.0%) (Drake et al. 2018).



Disparities in Smoking Among
Active Duty Service Members

Tobacco use can negatively impact the readi-
ness and resilience of active duty service members and
is a major concern to the Military Health System of the
U.S. Department of Defense (Bondurant and Wedge 2009).
In June 2019, the Surgeons General of the Air Force,
Army, Navy, and United States released an open letter
stating tobacco use is a threat to the health and fitness of
U.S. military forces and compromises readiness, which is
the foundation of a strong national defense (Adams et al.
2019). An estimated 38% of current cigarette smokers
in the military initiated smoking after enlisting (Carter
2016), and tobacco use has been associated with higher
dropout rates during basic training, poorer visual acuity,
higher rates of leaving military service during the first
year, and higher rates of absenteeism (Bondurant and
Wedge 2009). Factors that may promote tobacco use in
the military include stress, peer influence, and easy access
to less expensive tobacco products (Haddock et al. 2014).
Additionally, the tobacco industry has previously been
shown to target marketing toward active duty service
members (Smith and Malone 2009).

In addition to the health-related burden, tobacco
use also exacts significant financial costs to the mili-
tary. In 2009, it was estimated that tobacco use costs the
U.S. Department of Defense $1.6 billion a year for med-
ical care, increased hospitalizations, and absenteeism
(Bondurant and Wedge 2009). Additionally, in 2010,
Veterans Health Administration (VHA) spent $2.7 billion
on smoking-related ambulatory care, prescription drugs,
hospitalizations, and home healthcare (Barnett et al. 2015).

According to data from the 2015 Health Related
Behaviors Survey (HRBS) from the U.S. Department of
Defense, 13.9% of service members currently smoked ciga-
rettes, a prevalence that is two-fold higher among military

Smoking Cessation

personnel who have been deployed (28.0%) (Meadows
et al. 2018). Additionally, among active duty service mem-
bers, disparities exist by branch of service, sex, age group,
race/ethnicity, education, and pay grade. For example,
cigarette smoking is highest among those in the Marine
Corps (20.7%); men (14.4%); persons 17-24 years of age
(19.5%); those who reported being Other race/ethnicity
(16.1%), White (14.6%), or Hispanic (14.6%); those with a
high school education or less (25.1%); and those with low
salaries (E1-E4 pay grade) (17.9%).

Correlation of Smoking-Related
Risk Factors

As with many health behaviors and chronic dis-
eases, several risk factors for cigarette smoking are highly
correlated (Remington et al. 2016). For example, in 2017,
the prevalence of serious psychological distress was 9.6%
among those who completed grades 9-12 (with neither
a high school diploma nor a GED certificate) compared
with 2.8% among those with at least a high school edu-
cation (NHIS, public use data, 2017). Similarly, those
who completed grades 9-12 (with neither a diploma or a
GED certificate) were more likely than those with more
than a high school education to live below the poverty
level (27.9% vs. 7.2%, respectively) or to be uninsured
(20.3% vs. 7.3%, respectively) (NHIS, public use data,
2017). Persons with multiple risk factors for current
smoking had a higher prevalence of smoking than those
with a single risk factor. For example, the prevalence of
smoking was 58.5% among those with serious psycholog-
ical distress who completed 9-12 years of education with
neither a diploma or a GED certificate, but it was 32.7%
among those with serious psychological distress with
at least a high school education (Figures 2.7a and 2.7b
[NHIS, public use data, 2017]).

Cigarette Smoking Cessation Among Adults and Youth

Recent Successful Cessation

Recent successful cessation is defined as having
smoked during the past year but having quit for at least
6 months at the time of the survey interview. The denom-
inator in the prevalence calculation includes all persons
who smoked during the past year (i.e., both current ciga-
rette smokers and former smokers who reported quitting
during the past year). Furthermore, to be included in the
denominator, current smokers had to have smoked for at

least 2 years—corresponding to the Healthy People 2020
definition for recent smoking cessation success (mea-
sure TU-5.1) (Office of Disease Prevention and Health
Promotion n.d.a). Recent smoking cessation gives a more
proximate measure of current patterns in smoking cessa-
tion than prevalence of former smoking; however, recent
smoking cessation may overestimate sustained quitting
because some former smokers will relapse to smoking after
6 months (Hughes et al. 2008). Estimates of long-term sus-
tained quit rates using smoking prevalence and initiation
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Figure 2.7a Prevalence of current cigarette smoking by level of education and presence or absence of serious
psychological distress and poverty status among adults 25 years of age and older: National Health
Interview Survey (NHIS) 2017; United States
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Source: NHIS, National Center for Health Statistics, public use data, 2017.
Note: GED = General Educational Development.

Figure 2.7b Prevalence of current cigarette smoking by level of education and status of health insurance among
adults 25 years of age and older: National Health Interview Survey (NHIS) 2017; United States
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data from NHIS and NSDUH, as well as death rates of
smokers from the Cancer Intervention and Surveillance
Modeling Network, indicate that permanent annual quit
rates during 2008-2014 were 4.5% using NHIS data and
4.2% using NSDUH data (Mendez et al. 2017).

Adults

Data from the 2017 NHIS indicate that 7.6% of adults
who were ever cigarette smokers reported recent suc-
cessful cessation (Table 2.9). Recent successful cessation
generally decreased with age (14.0% among young adults
[18-24 years of age] and 6.3% among adults [65 years
of age and older]) (Table 2.9). Among the 50 states, the
District of Columbia, Guam, and Puerto Rico, the highest
prevalence of recent successful cessation was observed in
South Dakota, Connecticut, Minnesota, and the District
of Columbia. (7.5-7.9%), and the lowest prevalence was
observed in Mississippi, Indiana, Nevada, Pennsylvania,
and Tennessee (3.3-3.9%) (Table 2.10). It is important to
note that, because the BRFSS does not ask current smokers
about the number of years smoked, the BRFSS measure is
not restricted to current smokers who smoked for at least
2 years; therefore, this measure is not directly comparable
to that used in NHIS (see Appendix 2.2 for more informa-
tion). The PATH Study observed that (a) 15.5% of current
cigarette smokers at Wave 1 (September 2013—-December
2014) who reported at Wave 2 (October 2014—October 2015)
that they had attempted to quit in the past 12 months were
abstinent for 30 or more days at Wave 2 and (b) cigarette
smokers with a college degree had a higher prevalence of
cessation (i.e., abstinence of >30 days) (20.0%) than those
with lower levels of education (14.9%) (Benmarhnia et al.
2018). In a second analysis of the PATH Study, Berry and
colleagues (2019) did not limit the analysis to current
cigarette smokers who were trying to quit, but instead
examined quitting among all current cigarette smokers at
Wave 1. Through multivariate logistic regression models,
the study observed that (a) daily smokers were less likely
(odds ratio [OR] = 0.27; 95% confidence interval [CI], 0.19—
0.38) to quit than some-day smokers and (b) daily smokers
who had tried to quit during the year before Wave 1 were
more likely to quit (OR = 1.25; 95% CI, 1.00-1.57) for
30 or more days at Wave 2 than those who did not attempt
to quit during the previous year. In a third analysis of the
PATH Study, Rodu and Plurphanswat (2017) examined cor-
relates at Wave 1 of having quit smoking during the past
year. The study found that, among cigarette smokers who
tried to quit during the past year, the odds of having quit in
the past year decreased with increased age, with increased
number of quit attempts, and with increased level of edu-
cation; and odds of having quit in the past year were lower
among Blacks than they were among Whites (OR = 0.70;
95% CI, 0.50-0.97).

Smoking Cessation

During 2000-2015, a linear increase in recent suc-
cessful cessation was observed (from 5.7% to 7.4%), as
noted previously (Babb et al. 2017). Using data from NHIS,
Mendez and colleagues (2017) also observed an increase
in permanent annual quit rates from 2.4% (1990-1995)
to 4.5% (2008-2014). No significant trends for this mea-
sure were observed among young adults (NHIS, public use
data, 2000, 2005, 2010, and 2015).

Quit Ratio

The quit ratio represents the percentage of ever
smokers who have quit smoking and is defined as the
number of former smokers divided by the number of ever
smokers. Similar to the prevalence of former smoking,
quit ratio is a broad cessation measure encompassing cig-
arette smokers who quit many decades ago through those
who have quit for 1 day at the time of their survey inter-
view. However, although the denominator for the preva-
lence of former smoking includes all adults in the United
States, the denominator for quit ratio includes only per-
sons who have ever smoked 100 or more cigarettes in their
lifetime. Data from the 2017 NHIS show that the quit ratio
for U.S. adults was 61.7% (Table 2.9), indicating that there
are more former cigarette smokers in the United States
than current cigarette smokers (by a ratio of almost 3:2).
The quit ratio in 2017 represents a 6-percentage-point
increase over the quit ratio in 2012 (55.1%) and reflects
a continued increasing trend in the population-based quit
ratio since 1965 (USDHHS 2014).

Adults

Data from the 2017 NHIS indicate that the quit ratio
increased linearly with age, ranging from 32.7% among
18- to 24-year-olds to 82.9% among those 65 years of age
and older (Table 2.9). The quit ratio has been consistently
highest among adults 65 years of age and older and consis-
tently lowest among young adults (Figure 2.8a). The quit
ratio has increased in all adult age groups since 1965, with
some variability from year to year.

Data from the 2017 NHIS indicate that quit ratios
were lower among Blacks (46.1%) than Asians (64.3%),
Whites (63.9%), and Hispanics (61.5%) (Table 2.9). Persons
of multiple races (50.0%) had lower quit ratios than Whites
(63.9%). The quit ratio increased among White and Black
adults from 1965 to 2017, and it increased between 1980
and 2017 among Hispanics (data on Hispanics were not
available before 1980), with variability from year to year
(Figure 2.8b).

Data from the 2017 NHIS also indicate that the
quit ratio generally increased with level of education.
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Table 2.9 Percentage of ever cigarette smokers 18 years of age and older who have recently successfully quit and
quit smoking (quit ratio), by selected characteristics; National Health Interview Survey (NHIS) 2017;

United States
Recent successful cessation:?
Characteristic % (95% CI) Quit ratio: % (95% CI)
Total 7.6 (6.6-8.6) 61.7 (60.4-63.0)
Sex
Men 7.2 (5.9-8.5) 61.9 (60.2-63.6)
Women 8.1 (6.5-9.6) 61.5 (59.6-63.3)

Age group (years)

18-24 14.0 (9.4-18.7) 32.7 (26.6-38.8)
25-44 7.9 (6.5-9.4) 50.7 (48.4-53.0)
45-64 6.1 (4.5-7.6) 59.7 (57.7-61.7)
265 6.3 (3.9-8.6) 82.9 (81.3-84.5)
Race/ethnicity
White, non-Hispanic 7.4 (6.3-8.5) 63.9 (62.5-65.3)
Black, non-Hispanic 7.0 (4.0-10.1) 46.1 (42.3-50.0)
Hispanic 9.1 (5.7-12.5) 61.5 (57.3-65.7)
American Indian/Alaska Native, non-Hispanic —b —b
Asian, non-Hispanic —b 64.3 (57.3-71.2)
Multiple races, non-Hispanic —b 50.0 (41.2-58.8)
Level of education®
<12 years (no diploma) 5.8 (3.7-7.9) 50.6 (47.2-53.9)
GED certificate 6.1 (3.1-9.0) 42.4 (37.1-47.7)
High school diploma 6.1 (4.1-8.0) 58.4 (56.0-60.9)
Some college (no degree) 8.2 (5.6-10.8) 62.4 (59.9-65.0)
Associate degree 5.7 (3.5-8.0) 63.3 (60.2-66.5)
Undergraduate degree 8.7 (5.7-11.7) 76.1 (73.3-78.9)
Graduate degree 11.0 (6.0-16.0) 82.8 (79.8-85.8)

Poverty status

At or above poverty level 8.0 (6.9-9.2) 64.5 (63.2-65.8)
Below poverty level 5.8 (3.9-7.6) 42.2 (38.7-45.7)
U.S. Census region
Northeast 8.6 (5.8-11.4) 68.0 (65.0-70.9)
Midwest 6.8 (4.8-8.7) 59.3 (56.7-61.9)
South 7.7 (6.0-9.3) 56.6 (54.5-58.7)
West 7.8 (5.8-9.7) 67.6 (65.1-70.1)
Health insurance coverage
Private 8.5 (6.9-10.1) 67.9 (66.4—69.4)
Medicaid (includes persons with Medicaid and Medicare) 6.6 (4.6-8.7) 41.1 (37.5-44.6)
Medicare only —b 81.5 (78.6-84.4)
Other coverage 6.6 (3.7-9.5) 60.4 (56.4-64.4)
Uninsured 7.5 (5.0-10.0) 38.7 (35.0-42.5)
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Table 2.9 Continued

Smoking Cessation

Source: NHIS, National Center for Health Statistics, public use data, 2017; Babb and colleagues (2017).
Notes: CI = confidence interval; GED = General Educational Development.

2The numerator includes former smokers who quit smoking for >6 months during the past year. The denominator for this measure

includes both current smokers who smoked for >2 years and former smokers who quit during the past year.

bprevalence estimates with a relative standard error >30% are not presented due to low precision.

CAmong only adults 25 years of age and older.

Table 2.10 Percentage of current and ever smokers 18 years of age and older who quit smoking (quit ratio)? and

prevalence of recent successful cessation® and a past-year quit attempt,© by state; Behavioral Risk Factor
Surveillance System (BRFSS) 2017; United States

Recent successful cessation:

Past-year quit attempt:

State/territory Quit ratio: % (95% CI) % (95% CI) % (95% CI)
Overall 59.2 (57.0-61.4) — —

Alabama 52.8 (50.3-55.3) 4.7 (3.2-6.2) 67.5 (64.1-70.9)
Alaska 54.9 (50.6-59.3) 5.1 (2.8-7.4) 63.6 (57.2-70.0)
Arizona 61.3 (59.7-63.0) 6.3 (5.0-7.6) 66.6 (64.2—69.0)
Arkansas 53.4 (49.7-57.1) 5.2 (2.9-7.5) 66.7 (61.7-71.8)
California 66.3 (63.9-68.7) 7.0 (5.2-8.8) 68.0 (64.2-71.7)
Colorado 63.6 (61.6-65.6) 6.2 (4.5-7.8) 68.2 (65.2-71.1)
Connecticut 67.1 (65.0-69.2) 7.7 (5.6-9.9) 71.6 (68.3-74.9)
Delaware 59.5 (56.2-62.9) 6.3 (3.4-9.2) 71.0 (66.5-75.4)
District of Columbia 56.3 (53.0-59.6) 7.0 (4.7-9.3) 69.3 (64.9-73.8)
Florida 60.8 (58.5-63.1) 5.2 (3.8-6.7) 67.6 (64.4-70.8)
Georgia 53.8 (51.1-56.5) 4.4 (2.9-6.0) 64.3 (60.5-68.1)
Hawaii 67.6 (65.2-70.0) 6.6 (4.2-8.9) 67.0 (63.2-70.8)
Idaho 62.4 (59.3-65.6) 6.0 (3.1-8.9) 62.2 (57.2-67.1)
Illinois 59.8 (57.1-62.6) 5.4 (3.5-7.2) 64.8 (60.7-68.9)
Indiana 52.9 (51.2-54.6) 3.9 (3.0-4.9) 62.0 (59.6-64.3)
Towa 59.0 (57.0-61.1) 4.7 (3.5-6.0) 59.9 (56.9-63.0)
Kansas 58.3 (57.0-59.7) 5.0 (4.1-6.0) 64.3 (62.4-66.2)
Kentucky 51.0 (48.4-53.5) 4.3 (2.8-5.7) 62.1 (58.7-65.5)
Louisiana 49.9 (47.1-52.7) 5.3 (3.7-7.0) 69.7 (66.3-73.2)
Maine 64.7 (62.5-66.9) 6.1 (4.3-7.9) 62.2 (58.5-66.0)
Maryland 61.4 (59.2-63.6) 5.3 (3.5-7.1) 65.9 (62.4-69.3)
Massachusetts 64.7 (61.7-67.7) 5.0 (3.2-6.9) 64.6 (59.8-69.3)
Michigan 58.1 (56.2-59.9) 4.5 (3.4-5.6) 66.2 (63.6-68.8)
Minnesota 64.5 (63.0-66.0) 7.5 (6.2-8.7) 63.8 (61.5-66.1)
Mississippi 49.3 (46.2-52.4) 3.3 (1.9-4.6) 61.1 (56.8-65.5)
Missouri 55.4 (53.0-57.8) 5.5 (3.9-7.0) 59.7 (56.2-63.1)
Montana 61.4 (58.7-64.0) 4.8 (3.1-6.4) 60.6 (56.6—64.7)
Nebraska 61.5 (59.6-63.5) 5.7 (4.2-7.1) 63.9 (61.0-66.8)
Nevada 57.7 (53.9-61.5) 3.9 (2.2-5.7) 62.7 (57.2-68.2)
New Hampshire 65.9 (63.0-68.8) 5.6 (3.5-7.7) 63.7 (58.8-68.6)
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Table 2.10 Continued

Recent successful cessation: Past-year quit attempt:

State/territory Quit ratio: % (95% CI) % (95% CI) % (95% CI)

New Jersey 64.8 (62.4-67.2) 5.5 (3.8-7.2) 71.3 (67.7-74.9)
New Mexico 57.7 (55.0-60.5) 5.3 (3.5-7.1) 65.5 (61.7-69.3)
New York 62.1 (60.1-64.1) 6.2 (4.6-7.9) 66.4 (63.4-69.5)
North Carolina 60.1 (57.3-62.9) 4.8 (3.1-6.4) 65.4 (61.3-69.6)
North Dakota 57.7 (55.3-60.2) 4.2 (2.8-5.6) 62.2 (58.7-65.7)
Ohio 53.6 (51.6-55.6) 4.4 (3.1-5.7) 61.7 (58.9-64.6)
Oklahoma 54.9 (52.5-57.3) 5.9 (4.4-7.4) 65.9 (62.5-69.2)
Oregon 61.5 (59.1-64.0) 4.6 (3.1-6.0) 62.5 (58.8-66.2)
Pennsylvania 59.0 (56.6-61.3) 3.9 (2.7-5.1) 64.3 (60.9-67.6)
Rhode Island 65.6 (62.7-68.5) 6.3 (4.0-8.7) 69.6 (64.9-74.3)
South Carolina 58.5 (56.5-60.5) 4.7 (3.2-6.2) 65.8 (62.9-68.7)
South Dakota 57.1 (53.6-60.6) 7.9 (5.0-10.8) 64.5 (59.4-69.6)
Tennessee 51.2 (48.5-54.0) 3.9 (2.4-5.4) 60.3 (56.6-64.0)
Texas 55.8 (52.6-59.1) 5.4 (3.4-7.3) 70.7 (66.6-74.7)
Utah 62.8 (60.3-65.3) 6.1 (4.3-7.9) 66.4 (62.8-70.1)
Vermont 65.1 (62.6-67.6) 6.3 (4.1-8.5) 66.0 (62.0-70.0)
Virginia 59.2 (57.0-61.4) 5.6 (3.9-7.4) 66.4 (63.2-69.6)
Washington 66.8 (65.1-68.6) 6.3 (4.9-7.7) 68.1 (65.4-70.7)
West Virginia 50.2 (47.9-52.5) 5.8 (4.3-7.3) 61.6 (58.5-64.8)
Wisconsin 61.5 (58.8-64.2) 5.1 (3.2-6.9) 58.6 (54.3-62.8)
Wyoming 58.1 (55.2-61.0) 6.7 (4.4-9.1) 65.0 (61.0-69.0)
Guam 43.6 (38.5-48.7) 6.7 (3.8-9.7) 72.3 (66.7-77.9)
Puerto Rico 62.3 (58.5-66.1) 6.3 (2.9-9.6) 67.1 (61.5-72.7)

Source: BRFSS, Centers for Disease Control and Prevention, public use data, 2017.

Notes: CI = confidence interval.

2Quit ratio is calculated as the proportion of current smokers who reported having stopped smoking for >1 day during the past year
because they were trying to quit smoking, and former smokers who quit smoking during the past year (numerator), among all current

and former smokers who only quit in the past year (denominator).

bThe percentage of former smokers who quit smoking for >6 months during the past year among current smokers and former smokers

who quit during the past year.

CCurrent smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying to quit

smoking and former smokers who quit during the past year.

For example, in 2017, the quit ratio among those with
a graduate degree (82.8%) was far higher than the quit
ratio among those who had 12 or fewer years of education
(with no diploma) (50.6%) or a GED certificate (42.4%)
(Table 2.9). Those living below the federal poverty level
had a much lower quit ratio (42.2%) than persons at or
above the poverty level (64.5%). By geographic region, the
Northeast (68.0%) and West (67.6%) had higher quit ratios
than the Midwest (59.3%) and the South (56.6%). By status
of health insurance, those who were uninsured (38.7%) or
enrolled in Medicaid (41.1%) had the lowest quit ratios.
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Data from the 2017 BRFSS indicate that quit ratios
were greater than 50% in every state except Mississippi
(49.3%) and Louisiana (49.9%) (Guam also had a preva-
lence <50%) (Table 2.10). Thus, in the vast majority of
states, more than half of the persons who had ever smoked
cigarettes had quit smoking. In three states (Hawaii
[67.7%], Connecticut [67.1%], and Washington [66.8%]),
more than two-thirds of ever smokers had quit smoking,
and the quit ratio in 20 other states and Puerto Rico was
between 60.1% and 66.3%. These are marked improve-
ments from 2004, when only 34 states had quit ratios
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Figure 2.8a Percentage of ever smokers 18 years of age and older who quit smoking (quit ratio), by age group;

Quit smoking (%)
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Source: NHIS, National Center for Health Statistics, public use data, 1965-2017.
Note: From 1965 to 1996, data were reported for the following years (as indicated by the dotted line): 1965, 1970, 1974, 1978, 1980,
1983, 1985, 1987, 1990, 1993, and 1995. Data were reported annually for years 1997-2017 (as indicated by the solid line).

Figure 2.8b Percentage of ever smokers 18 years of age and older who quit smoking (quit ratio), by race/ethnicity;

Quit smoking (%)

National Health Interview Survey (NHIS), 1965-2017; United States
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greater than 50% and just 4 states had quit ratios greater
than 60% (CDC 2005). In 2004, the median quit ratio
across 49 states and the District of Columbia was 52.4%,
and in 2017, the median quit ratio for all 50 states and the
District of Columbia was 59.2%.

Young Adults

The quit ratio among young adults has consis-
tently been the lowest of all adult age groups since 1965
(Figure 2.8a). The quit ratio among young adult ever
smokers has increased since 1965 (from 13.1% in 1965
to 32.7% in 2017); however, little change has occurred
since the 1980s. The positive relationship between quit
ratio and age is due in part to the accumulation of quitters
with age; specifically, the numerator among older ever
smokers includes persons who quit many decades ago,
but among young adult ever smokers, a decade ago would
be when they were 8-14 years of age—a time when many
were smoking their first cigarette, not quitting (ISDHHS
2012). This positive relationship is also due, in part, to
the increased mortality among older current smokers
compared with long-term former smokers, which would
decrease the denominator among older versus younger
ever smokers (USDHHS 2014).

Youth

Compared with adults, smoking behaviors among
youth are less established and the prevalence of quitting
is much lower (USDHHS 2012). Therefore, quit ratios
among youth are not included in this report because they
would most likely reflect cessation attributable to both
quitting and experimentation, or discontinuation of non-
established smoking patterns (USDHHS 2012).

Trends in the Cessation Continuum
for Current Smokers

Data from TUS-CPS from 2006-2007, 2010-2011,
and 2014-2015 were used to develop a cigarette smoking
cessation continuum for adults 18 years of age and older
who were current smokers. A cessation continuum was con-
structed to describe more completely the dynamic process
of smoking cessation, including interest in quitting, quit-
ting history, and past-year quit attempts. The continuum
included six subgroups of current cigarette smokers:

¢ Persons who had never tried to quit and who were
currently not inferested in quitting,

e Persons who had never tried to quit but were cur-
rently inferested in quitting,
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e Persons who had ever tried to quit but did not try in
the past year and who were currently not interested
in quitting,

e Persons who had ever tried to quit but did not try to
quit in the past year and who were currently infer-
ested in quitting,

e Persons who tried to quit in the past year but were
currently not inferested in quitting, and

e Persons who tried to quit in the past year and were
currently inferested in quitting.

It is important to note that, although the definition
of those who ever tried to quit includes cigarette smokers
whose quit attempt lasted less than 1 day, the definition of
trying to quit in the past year includes only quit attempts
that lasted for 1 day or longer (i.e., not attempts that lasted
for less than 1 day) among current daily smokers and
some-day smokers who smoked 12 or more days in the past
30 days—thereby underestimating the prevalence of past-
year quit attempts (Hughes et al. 2013). The more con-
servative definition of past-year quit attempt was selected
to match more closely the past-year quit attempt question
on NHIS, which has the greatest number of years of data
on the prevalence of past-year quit attempts. Appendix 2.2
presents more information about the potential effect of
excluding past-year quit attempts of less than 1 day on
prevalence estimates.

The proportion of current adult smokers who had
never tried to quit but were interested in quitting increased
from 16.8% (95% CI, 16.2-17.3) in 2006-2007 to 23.7%
(95% CI, 22.9-24.4) in 2010-2011, and then decreased
to 20.3% (95% CI, 19.6-21.0) in 2014-2015 (Figure 2.9).
From 20062007 to 2010-2011, the proportions of three
groups changed: (a) the proportion of current adult
smokers who had never tried to quit and were not inter-
ested in quitting increased from 11.3% (95% CI, 10.8-11.8)
to 15.9% (95% CI, 15.3-16.6), (b) the proportion of cur-
rent adult smokers who had ever tried to quit but did not
try during the past year and at the time of the survey were
not interested in quitting decreased from 6.1% (95% CI,
5.7-6.4) t0 3.9% (95% CI, 3.6-4.2), and (c) the proportion
of current adult smokers who had ever tried to quit but did
not try during the past year and were interested in quit-
ting decreased from 23.2% (95% CI, 22.6-23.7) to 14.0%
(95% CI, 13.5-14.6). The proportion of those who had tried
to quit during the past year and were interested in quitting
increased from 39.1% (95% CI, 38.3-40.0) in 2010-2011
to 43.5% (95% CI, 42.7-44.3) in 2014-2015.

For all years, the proportion of those who were
interested in quitting was greater than the proportion of
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Figure 2.9 Cessation continuum for current cigarette smokers 18 years of age and older; Tobacco Use Supplement
to the Current Population Survey (TUS-CPS) 2006-2007, 2010-2011, 2014-2015; United States
Tried, Tried in the past year,
not interested?® not interested?®
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Source: TUS-CPS, public use data, 2006-2007, 2010-2011, and 2014-2015.

2Ever tried to quit but did not try to quit during the past year.

those who were not interested in quitting, regardless of
quit attempt status. In addition, the ratio between those
interested and those not interested in quitting increased
across the quit attempt continuum from those who had
never tried to quit to those who had tried to quit during
the past year. The following sections examine trends and
demographic differences in the cessation components of
this continuum.

Attempts to Quit Smoking During the Past Year

Adults

According to NHIS, in 2015, 55.4% of adult cigarette
smokers had made a past-year quit attempt (Table 2.11).
This included current smokers (those who had smoked
100 cigarettes in their lifetime and now smoked some days
or every day) who had made a quit attempt lasting at least
1 day during the past year and former smokers who had
quit during the past year. Persons younger than 45 years
of age had a higher prevalence of quit attempts than
those 45 years of age and older. Asians (69.4%) and Blacks
(63.4%) had a higher prevalence of quit attempts during
the past year compared with Whites (53.3%). Those with
Medicare had a lower prevalence of making a quit attempt
during the past year compared with those who had private
insurance. The prevalence of quit attempts did not change

during 2015-2017 (both 55.4%) (NHIS, public use data,
2017). Also, the prevalence of quit attempts did not change
within each of the demographic groups, and the quit
attempt patterns by demographic subgroups were similar
except for level of education and insurance status. In 2017,
the prevalence of past-year quit attempts was higher among
persons with graduate degrees (64.9%) than among those
with 12 or fewer years of education and no diploma (50.4%)
and those with a high school diploma (47.6%); prevalence
of past-year quit attempts was higher among those with
an associate degree (59.8%) than among those with a high
school diploma (47.6%) (NHIS, public use data, 2017). In
2017, the prevalence of past-year quit attempts was lower
among both those with Medicare (40.5%) and the unin-
sured (50.9%) than among those with private insurance
(58.6%) (NHIS 2017, public use data, 2017).

In 2015, quit attempts varied by smoking fre-
quency but not by status of smoking menthol cigarettes
(Table 2.12). Among adults 18 years of age or older in
2015, nondaily smokers had a higher prevalence of past-
year quit attempts (63.6%) compared with daily smokers
(44.6%). These findings are similar to those obtained in
previous analyses of nationally representative data (Tindle
and Shiffman 2011; Schauer et al. 2014b; Keeler et al.
2017) and to data in the 2017 NHIS (NHIS, public use
data, 2017). Although quit attempts during the past year
did not differ significantly across age groups of nondaily

Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth 67



A Report of the Surgeon General

Table 2.11 Prevalence of a past-year quit attempt? and interest in quitting smoking® among adult cigarette smokers
18 years of age and older, by selected characteristics; National Health Interview Survey (NHIS) 2015;

United States
Past-year quit attempt: Interest in quitting:
Characteristic % (95% CI) % (95% CI)
Total 55.4 (53.5-57.3) 68.0 (65.9-70.0)
Sex
Men 55.3 (52.7-57.9) 66.7 (63.8-69.6)
Women 55.6 (53.0-58.1) 69.4 (66.7-72.1)

Age group (years)

18-24 66.7 (61.0-72.4) 62.3 (55.7-69.0)
25-44 59.8 (57.3-62.3) 72.7 (69.7-75.7)
45-64 49.6 (46.8-52.5) 68.7 (65.8-71.6)
265 47.2 (42.2-52.3) 53.7 (48.4-58.9)
Race/ethnicity
White, non-Hispanic 53.3 (50.8-55.7) 67.5 (65.0-70.0)
Black, non-Hispanic 63.4 (59.0-67.9) 72.8 (68.2-77.4)
Hispanic 56.2 (51.6-60.9) 67.4 (61.9-72.8)
American Indian/Alaska Native, non-Hispanic 52.1 (32.1-72.2) 55.6 (35.8-75.4)
Asian, non-Hispanic® 69.4 (62.1-76.7) 69.6 (59.5-79.8)
Multiple races, non-Hispanic 57.8 (47.2-68.4) 59.8 (45.7-73.9)
Level of educationd
<12 years (no diploma) 50.4 (46.2-54.5) 68.0 (63.7-72.2)
GED certificate 48.1 (40.1-56.0) 65.7 (58.0-73.4)
High school diploma 52.2 (48.3-56.2) 65.5 (61.9-69.1)
Some college (no degree) 57.8 (53.6-61.9) 70.2 (66.1-74.4)
Associate degree 57.4 (52.2-62.7) 70.6 (65.3-76.0)
Undergraduate degree 57.6 (51.5-63.8) 73.3 (67.7-78.8)
Graduate degree 55.8 (46.0—-65.6) 74.0 (65.1-82.9)

Poverty status
At or above poverty level
Below poverty level

U.S. Census region

55.5 (53.3-57.7)
55.2 (51.6-58.8)

68.2 (65.9-70.4)
67.3 (63.4-71.1)

Northeast 58.8 (54.6-63.0) 74.5 (69.0-80.1)
Midwest 54.0 (49.7-58.4) 67.1 (63.1-71.1)
South 54.3 (51.6-57.0) 67.2 (64.0-70.4)
West 56.9 (52.5-61.3) 65.5 (60.7-70.2)
Health insurance coverage
Private 57.2 (54.6-59.9) 69.0 (66.1-71.8)
Medicaid (includes persons with Medicaid and Medicare) 56.3 (52.5-60.1) 69.2 (65.3-73.2)
Medicare only 42.3 (35.5-49.4) 47.7 (40.3-55.2)
Other coverage 50.7 (43.9-57.4) 63.6 (57.2-69.9)
Uninsured 53.5 (49.7-57.2) 69.5 (65.2-73.9)
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Table 2.11 Continued

Source: Babb and colleagues (2017).

Notes: CI = confidence interval; GED = General Educational Development.

aCurrent smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying to quit
smoking and former smokers who quit during the past year.

bCurrent smokers who reported that they wanted to stop smoking completely.

®Does not include Native Hawaiians or Other Pacific Islanders.

dAmong only adults 25 years of age and older.

Table 2.12 Prevalence of a past-year quit attempt?® among adult current cigarette smokers 18 years of age and older,
by selected smoking-related and demographic characteristics; National Health Interview Survey (NHIS)

2015; United States

Nondaily: Daily: Menthol: Nonmenthol:
Characteristic % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Total 63.6 (60.2-67.1) 44.6 (42.3-46.9) 51.5 (47.9-55.1) 48.3 (45.6-51.1)
Sex
Male 60.9 (56.3-65.4) 45.0 (41.7-48.3) 52.7 (47.5-57.9) 49.0 (45.4-52.7)
Female 67.8 (62.6-72.9) 44.2 (41.2-47.1) 50.5 (45.8-55.2) 474 (43.8-51.1)

Age group (years)

18-24 63.5 (53.8-73.3) 58.8 (50.3-67.3) 60.5 (50.2-70.7) 64.8 (54.4-75.1)

25-44 64.1 (59.0-69.2) 49.4 (45.9-52.9) 54.8 (49.7-60.0) 51.9 (48.0-55.8)

45-64 64.5 (59.1-69.9) 39.1 (36.0-42.2) 46.2 (40.7-51.7) 43.1 (39.4-46.8)

>65 57.4 (46.4-68.4) 37.4 (31.8-43.0) 42.7 (31.8-53.6) 42.1 (35.9-48.3)
Race/ethnicity

White, non-Hispanic
Black, non-Hispanic

Hispanic

American Indian/Alaska Native,

non-Hispanic
Asian, non-Hispanic
Multiple races, non-Hispanic

Level of education®

66.4 (61.6-71.1)
70.1 (62.0-78.1)

50.3 (42.3-58.3)
b

67.2 (53.0-81.4)
b

41.9 (39.2-44.7)
56.6 (51.0-62.3)

48.0 (41.7-54.3)
b

55.9 (43.3-68.5)
40.0 (26.6-53.4)

47.1 (42.2-52.0)
60.0 (54.2-65.8)
48.2 (39.6-56.8)

46.8 (43.7-50.0)
62.4 (52.9-72.0)

53.5 (46.6-60.3)
b

56.5 (42.7-70.2)
42.6 (25.1-60.2)

<12 years (no diploma) 67.4 (57.4-77.3) 40.7 (35.7-45.7) 50.7 (43.1-58.2) 43.4 (38.3-48.5)
GED certificate —b 40.2 (31.8-48.7) 55.3 (42.4-68.2) 39.1 (28.4-49.8)
High school diploma 67.0 (59.0-75.0) 41.5 (37.0-45.9) 49.1 (41.9-56.2) 45.9 (40.8-51.0)
Some college (no degree) 66.4 (59.2-73.7) 47.2 (42.2-52.2) 50.2 (42.5-58.0) 52.3 (46.9-57.7)
Associate degree 56.7 (47.1-66.3) 48.0 (41.6-54.5) 52.5 (41.5-63.5) 48.5 (40.8-56.1)
Undergraduate degree 61.1 (50.9-71.3) 43.2 (35.4-51.0) 53.9 (42.7-65.1) 46.3 (38.2-54.4)
Graduate degree 46.3 (30.4-62.2) 45.6 (31.5-59.7) —b 49.8 (37.2-62.3)

Poverty status
At or above poverty level
Below poverty level

U.S. Census region
Northeast

63.7 (59.8-67.6)
63.5 (55.5-71.4)

72.4 (64.1-80.7)

43.8 (41.1-46.5)
47.5 (43.1-51.9)

47.2 (41.6-52.8)

51.0 (46.7-55.2)
53.2 (46.9-59.6)

58.2 (49.7-66.7)

48.1 (44.9-51.3)
49.5 (44.6-54.4)

51.8 (43.7-60.0)
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Table 2.12 Continued

Characteristic

Nondaily:
% (95% CI)

Daily:
% (95% CI)

Menthol:
% (95% CI)

Nonmenthol:
% (95% CI)

U.S. Census region (continued)
Midwest
South
West

Health insurance coverage
Private

Medicaid (includes persons
with Medicaid and Medicare)

Medicare only
Other coverage

Uninsured

71.2 (63.2-79.3)
59.3 (54.2-64.3)
56.8 (49.8-63.8)

63.8 (59.1-68.4)
65.2 (57.2-73.2)

b

69.6 (56.1-83.1)
60.9 (52.9-69.0)

41.5 (36.5-46.5)
45.0 (41.7-48.2)
46.7 (41.1-52.2)

43.6 (40.4-46.9)
48.0 (43.2-52.8)

36.2 (28.0-44.3)
39.9 (32.7-47.0)
45.7 (40.9-50.4)

48.8 (41.0-56.7)
50.5 (45.2-55.7)
51.8 (43.5-60.0)

53.3 (48.5-58.1)
55.0 (48.2-61.8)

41.2 (24.2-58.1)
37.7 (25.7-49.7)
49.5 (42.2-56.8)

46.5 (40.7-52.4)
47.5 (43.9-51.1)
49.8 (43.7-55.8)

47.0 (43.0-51.0)
49.9 (44.6-55.2)

38.0 (28.8-47.3)
48.5 (40.5-56.5)
49.9 (44.6-55.2)

Source: NHIS, National Center for Health Statistics, public use data, 2015.
Noftes: CI = confidence interval; GED = General Educational Development.
aCurrent smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying to quit

smoking and former smokers who quit during the past year.

bprevalence estimates with a relative standard error >30% are not presented due to low precision.

¢Among only adults 25 years of age and older.

smokers, the prevalence of quit attempts among daily
smokers (Table 2.12) was higher among persons younger
than 45 years of age than among those 45 years of age and
older; in 2017, the prevalence of quit attempts was higher
among those younger than 45 years of age than among
only those 65 years of age and older. Among daily smokers,
Blacks had a higher prevalence of quit attempts compared
with Whites (NHIS, public use data, 2017). Among non-
daily smokers in 2015, Whites and Blacks were more likely
than Hispanics to make a quit attempt (Table 2.12); these
racial/ethnic differences were not observed in 2017: Whites
(55.9%), Blacks (67.8%), and Hispanics (57.8%) (NHIS,
public use data, 2017). Also, among nondaily smokers, for
all education levels below a graduate degree, the prevalence
of making a past-year quit attempt was greater than 50%,
although prevalence across educational groups was not
statistically significant. In contrast, among daily smokers,
the prevalence of making a past-year quit attempt was
greater than 50% in only three groups: those 18-24 years
of age, Blacks, and Asians (NHIS, public use data, 2017).

According to findings from the 2017 BRFSS, the
prevalence of having a past-year quit attempt among ciga-
rette smokers was greater than 60% in every state except
Wisconsin (58.6%), Missouri (59.7%), and Iowa (59.9%)
(Table 2.10). The prevalence of having a past-year quit
attempt exceeded 70% in four states and one U.S. terri-
tory: Connecticut (71.6%), New Jersey (71.3%), Delaware
(71.0%), Texas (70.7%), and Guam (72.3%).
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Young Adults

Quit attempts among young adults varied signifi-
cantly across demographic subgroups (NHIS, public use
data, 2017). During 1997-2017, significant nonlinear
increases in quit attempts among young adults were
found among males, females, and Whites (p <.05 for
quadratic trends), and significant linear increases were
found among Hispanics (p <.05 for linear trends), but
there were no significant changes in quit attempts among
Blacks (NHIS, public use data, 1997-2017). Since 2009,
across males and females and across Whites, Blacks, and
Hispanics, the majority of cigarette smokers had tried
to quit smoking during the past year. The prevalence of
quit attempts among young adults differed across states;
the prevalence of a quit attempt was highest in Vermont
(86.5%), Mississippi (85.7%), and Florida (85.5%) and
lowest in Oregon (58.9%), District of Columbia (59.6%),
and Illinois (60.5%) (BRFSS, public use data, 2017).

Youth

Using data from the 2015 national YRBS, among the
10.8% of students in grades 9—12 who currently smoked
cigarettes, 45.4% had tried to quit smoking cigarettes
during the 12 months preceding the survey (Kann et al.
2016). The prevalence of having tried to quit smoking
cigarettes was higher among female (52.8%) than male
(39.7%) students. The prevalence of having tried to quit



smoking cigarettes was higher among 9th-grade (47.8%),
10th-grade (51.6%), and 12th-grade (47.7%) students
than among 11th-grade students (37.9%). In contrast to
the report from the national YRBS, the analysis of data
from NYTS found that, in 2015, the prevalence of having a
past-year quit attempt among students in grades 9-12 was
57.8% (NYTS, public use data, 2015), or 12.4 percentage
points higher than the YRBS finding (Table 2.13a).
Appendix 2.2 discusses factors contributing to this differ-
ence and other differences between the two surveys. The
analysis of data from the 2017 NYTS also found that the
prevalence of a past-year quit attempt was 61.1% among
students in grades 9-12 and 67.2% among students in
grades 6-8 (Tables 2.13a and 2.13b) (the YRBS did not ask
this question in 2017).

Trends in Attempts to Quit Smoking During the
Past Year

Adults

According to data from NHIS, from 1997 to 2017,
the prevalence of a past-year quit attempt increased sig-
nificantly among men and women (p <0.05 for quadratic
trends) (Figure 2.10). The percentage of female cigarette
smokers who made a past-year quit attempt increased
from 1997 (49.5%) to 2008 (54.1%); this percentage was
50% or greater from 2005 to 2017 and peaked at 57.7%
in 2014; however, percentages from 2008 to 2017 were
not statistically significantly different. The prevalence of
past-year quit attempts among men also increased from
1997 (48.9%) to 2009 (52.2%) (Figure 2.10); it was 50% or
higher every year from 2009 to 2017 and peaked at 55.3%
in 2015; however, percentages from 2009 to 2017 were not
significantly different.

During 1997-2017, there were significant increasing
trends in quit attempts among Whites, Blacks, and
Hispanics (p <0.05 for quadratic trends among Whites
and Blacks and p <0.05 for linear trend among Hispanics).
Among Whites, the prevalence of past-year quit attempts
rose from 48.5% in 1997 to 54.4% in 2014; larger increases
were observed among Blacks from 1997 (49.0%) to 2016
(63.8%) and among Hispanics from 1997 (53.3%) to
2012 (61.1%) (Figure 2.11); prevalence was not statisti-
cally different from 2014 to 2017 for Whites, 2016 to 2017
for Blacks, and 2012 to 2017 for Hispanics. The preva-
lence of past-year quit attempts peaked in 2016 among
Blacks (63.8%), in 2014 among Whites (54.4%), and in
2012 among Hispanics (61.6%). From 2013 (Lavinghouze
et al. 2015) to 2017 (Table 2.10), the prevalence of a quit
attempt increased in Delaware, decreased in Missouri and
Wisconsin, and remained stable in all other states and the
District of Columbia.

Smoking Cessation

Young Adults

Among young adults, significant nonlinear increases
in quit attempts were found among males, females, and
Whites (p <0.05 for quadratic trends), and significant
linear increases were observed for Hispanics (p <0.05 for
linear trends) (NHIS, public use data, 1997-2017). Peak
prevalence of past-year quit attempts occurred in 2013
among young adult males (60.6%), in 2014 among young
adult females (65.6%), and in 2015 among young adult
Whites (66.6%).

Youth

Data from the national YRBS showed, among high
school students who were current cigarette smokers, a sig-
nificant linear decrease in the prevalence of past-year quit
attempts from 2001 to 2015 among males (from 53.4% to
39.7%) and females (from 61.4% to 52.8%) (Figure 2.12).
A similar linear decrease occurred in the prevalence of
past-year quit attempts among Whites (from 57.2% in
2001 to 44.1% in 2015), but no change occurred among
Hispanics (50.3% in 2001 and 49.6% in 2015) (YRBS,
public use data, 2001-2015). The sample size for Blacks
was insufficient to yield statistically stable estimates.

In contrast, data from the NYTS (Tables 2.13a and
2.13b) suggest a more stable trend in the prevalence of past-
year quit attempts among high school students between
2000 (59.3%) and 2017 (61.1%). These differences could
be the result of multiple factors, including variations in the
length of the questionnaire and its content, time of admin-
istration (i.e., spring vs. fall semester), periodicity of the
survey (i.e., biennial vs. annual), and sample demographics.
Analysis of data from NYTS indicates that the prevalence of
a past-year quit attempt among middle school students in
grades 6-8 increased from 59.9% in 2000 to 77.0% in 2015
and then remained unchanged in 2017 (67.2%).

Number and Duration of Quit Attempts During
the Past Year

Adults

Successfully quitting cigarette smoking usually
involves multiple quit attempts. For example, estimates
from a longitudinal study of adult smokers in Ontario,
Canada, indicated that among those currently trying to
quit, the highest probability of successful cessation on a
given quit attempt, accounting for self-reported lifetime
quit attempts, occurred on quit attempts 4-6 (Chaiton
et al. 2016). However, further life table analyses of these
smokers estimated that the average number of quit
attempts before successfully quitting for at least 1 year was
29.6 (95% CI, 27.6-31.7) (Chaiton et al. 2016). Analysis of
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Table 2.13a Quitting behaviors among current cigarette smokers? in high school (grades 9-12); National Youth Tobacco Survey (NYTS) 2000, 2004,
2009, 2015, and 2017; United States

Quitting behaviors 2000: % (95% CI) 2004: % (95% CI) 2009: % (95% CI) 2015: % (95% CI) 2017: % (95% CI)

Tried to quit cigarettes >1 days during 59.3 (57.4-61.2)
the past year

57.6 (54.9-60.3) 53.7 (49.8-57.7) 57.8 (53.0-62.6) 61.1 (54.8-67.4)

Number of times tried to quit cigarettes

during the past year?
1 35.0 (33.3-36.8) 23.7 (20.7-26.8) 22.2 (18.7-25.6) 24.6 (17.8-31.3) 24.8 (19.1-30.5)
2 29.8 (27.8-31.7) 22.0 (19.3-24.6) 22.0 (18.6-25.4) 20.0 (15.0-25.0) 19.5 (14.4-24.7)
3-5 23.7 (22.1-25.4) 26.5 (23.5-29.5) 25.1 (21.5-28.8) 25.2 (20.6-29.8) 18.2 (13.8-22.6)
6-9 4.4 (3.6-5.2) 8.8 (7.2-10.5) 8.8 (6.9-10.8) 7.7 (5.2-10.3) 10.5 (7.1-13.8)
>10 7.1 (5.9-8.3) 19.0 (15.9-22.1) 21.9 (18.1-25.7) 22.5(17.7-27.3) 27.0 (22.6-31.5)
Considered quitting cigarettes within
30 days NA 41.6 (36.5-46.6) 44.3 (39.8-48.9) 30.1 (25.0-35.1) 33.6 (29.4-37.8)
6 months NA 30.1 (26.1-34.1) 32.5 (28.6-36.5) 21.5 (15.4-27.5) 18.3 (13.6-23.1)
Not within 6 months NA 28.3 (24.5-32.2) 23.1(19.0-27.3) 48.5 (42.3-54.6) 48.1 (42.7-53.5)

Source: NYTS, Centers for Disease Control and Prevention, public use data, 2000, 2004, 2009, 2015, and 2017.
Noftes: CI = confidence interval; NA = not applicable, question not asked in this year.

aSmoked cigarettes during the past 30 days.

bAmong those who tried to quit smoking cigarettes during the past year.
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Table 2.13b  Quitting behaviors among current cigarette smokers? in middle school (grades 6-8); National Youth Tobacco Survey (NYTS) 2000, 2004,
2009, 2015, and 2017; United States

Quitting behaviors

2000: % (95% CI)

2004: % (95% CI)

2009: % (95% CI)

2015: % (95% CI)

2017: % (95% CI)

Tried to quit cigarettes >1 day during
the past year

Number of times tried to quit cigarettes
during the past year?

1
2
3-5
6-9
210
Considered quitting cigarettes within
30 days
6 months
Not within 6 months

59.9 (56.8-63.0)

35.2 (31.6-38.8)
27.6 (24.1-31.1)
18.6 (15.8-21.3)
6.3 (3.9-8.8)
12.3 (9.9-14.7)

NA
NA
NA

64.7 (60.2-69.2)

20.4 (16.4-24.4)
16.9 (14.1-19.7)
23.3 (19.5-27.1)
10.1 (7.4-12.7)

29.3 (26.0-32.5)

57.8 (51.0-64.6)
17.6 (13.2-22.1)
24.5(19.5-29.5)

63.2 (53.6-72.7)

22.8 (17.7-27.8)
20.0 (14.8-25.2)
21.9 (16.1-27.7)
7.0 (3.8-10.1)

28.4 (22.9-33.8)

56.7 (44.1-69.2)
25.6 (14.6-36.6)
17.8 (10.2-25.3)

77.0 (71.0-83.0)

21.7 (12.2-31.2)

©

21.8 (13.3-30.4)

C

23.9 (12.1-35.7)

51.7 (39.0-64.4)

c

38.8 (24.6-53.1)

67.2 (58.3-76.1)

15.3 (8.6-22.0)
19.1 (9.3-28.9)
24.0 (12.7-35.3)

(¢

33.3 (22.7-43.9)

45.5 (31.8-59.1)
18.4 (9.0-27.8)
36.2 (24.6-47.7)

Source: NYTS, Centers for Disease Control and Prevention, public use data, 2000, 2004, 2009, 2015, and 2017.
Noftes: CI = confidence interval; NA = not applicable, question not asked in this year.
aSmoked cigarettes during the past 30 days.
bAmong those who tried to quit smoking cigarettes during the past year.
CPrevalence estimates with a relative standard error >30% are not presented due to low precision.
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Figure 2.10 Prevalence of past-year quit attempts® among adult cigarette smokers 18 years of age and older, by sex;
National Health Interview Survey (NHIS) 1997-2017; United States
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Source: NHIS, National Center for Health Statistics, public use data, 1997-2017.

aCurrent smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying to quit
smoking and former smokers who quit during the past year.

Figure 2.11 Prevalence of past-year quit attempts® among adult cigarette smokers 18 years of age and older,
by race/ethnicity; National Health Interview Survey (NHIS) 1997-2017; United States
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Source: NHIS, National Center for Health Statistics, public use data, 1997-2017.

aCurrent smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying to quit
smoking and former smokers who quit during the past year.
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Figure 2.12 Prevalence of past-year quit attempts among students in grades 9-12 who currently smoke cigarettes?,
by sex; National Youth Risk Behavior Survey (YRBS) 2001-2015; United States
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Source: YRBS, Centers for Disease Control and Prevention, public use data, 2001-2015.
2Respondents who reported that they had smoked cigarettes on at least 1 day during the 30 days before the survey and also reported

that they had tried to quit smoking during the past 12 months.

the 2014-2015 TUS-CPS data found that, among current
daily smokers or some-day smokers who had smoked on
12 or more days during the past 30 days and had tried to
quit during the past year, the most common range of past-
year quit attempts was two or three (40.4%). The percent-
ages were 30.7% for one attempt and 28.9% for at least
four attempts (Table 2.14).

According to findings using the 2014-2015 TUS-CPS
data, for more than one-third of current smokers (daily
smokers plus some-day smokers who had smoked for
12 or more days during the past month) who had tried
to quit during the past year, their longest quit attempt
lasted between 1 and 6 days (35.7%), and 10.7% had a quit
attempt of 6 months or longer (Table 2.14). The percentage
with a past-year quit attempt lasting 6 months or longer
increased from 7.5% in 2001-2002 to 11.1% in 2006-2007
and 14.6% in 2010-2011 but declined to 10.7% in 2014—
2015. The percentage with a past-year quit attempt lasting
30 days to less than 6 months also declined from 32.8%
in 2010-2011 to 24.4% in 2015, and the percentage with
a quit attempt of 1-6 days increased from 21.5% in 2010-
2011 to 35.7% in 2014-2015.

Young Adults

Among young adult current cigarette smokers (daily
smokers plus some-day smokers who had smoked on 12 or

more days during the past 30 days) who had made a quit
attempt during the past year, the distribution of quit
attempts was similar to that for all adults (Table 2.15).
For all years except 2006-2007, a smaller proportion of
young adult smokers (compared with adult smokers
overall) reported a longest quit attempt during the past
year of 1-6 days. In contrast to adults overall, the preva-
lence of a long quit attempt—that is, 30 days to less than
6 months or 6 months or longer—did not change signifi-
cantly over time.

Youth

Findings from the 2017 NYTS indicate that among
high school current cigarette smokers who had tried to
quit during the past year, more than one-fourth (27.0%)
reported trying 10 or more times in the past year and
slightly less than one-fourth reported trying to quit one
time (24.8%) (Table 2.13a). In addition, approximately
one-fifth reported trying to quit two times (19.5%) or
three to five times (18.2%), and 10.5% reported trying to
quit six to nine times. Among current cigarette smokers
in middle school who tried to quit during the past year,
one-third (33.3%) reported trying to quit 10 or more
times, and a smaller percentage (15.3%) reported trying
to quit one time. Although the prevalence of one or two
quit attempts decreased from 2000 to 2004 among middle
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Table 2.14 Quitting behaviors among current cigarette smokers? 18 years of age and older, by year; Tobacco Use
Supplement to the Current Population Survey (TUS-CPS) 2001-2002, 2006-2007, 2010-2011, and
2014-2015; United States

Quitting behaviors

2001-2002:
% (95% CI)

2006-2007:
% (95% CI)

2010-2011:
% (95% CI)

2014-2015:
% (95% CI)

Ever tried to quit’

Tried to quit during the past year
Tried to quit >1 days during the

past year

Number of times tried to quit
during the past year®

1
2-3
>4

Duration of longest quit attempt

during the past 12 months®
1-6 days
7-29 days
30 days to <6 months
>6 months
Considered quitting within:®
30 days
6 months
Not within 6 months
Level of interest in quitting®
1 (not at all interested)
2-5
6-8
9 or 10 (extremely interested)

Think they would be likely to
succeed in quitting if tried
during the next 6 monthsd

Not likely

A little likely
Somewhat likely
Very likely

71.2 (70.5-71.8)
NA
50.0 (49.2-50.7)

31.9 (30.9-33.0)
40.7 (39.5-41.8)
27.4(26.4-28.4)

35.1(33.9-36.2)
32.7 (31.7-33.8)
24.7 (23.8-25.6)
7.5 (6.9-8.1)

18.2 (17.6-18.7)
26.5 (26.0-27.1)
55.3 (54.6-56.0)

NA
NA
NA
NA

NA
NA
NA
NA

72.2 (71.6-72.9)
42.5 (41.8-43.3)
35.5 (34.7-36.2)

36.1 (35.0-37.3)
37.9 (36.7-39.0)
26.0 (25.0-27.0)

33.4 (32.3-34.6)
30.0 (28.9-31.0)
25.5 (24.6-26.5)
11.1 (10.3-11.8)

17.9 (17.3-18.5)
26.5 (25.9-27.1)
55.6 (54.9-56.3)

20.2 (19.6-20.8)
31.9 (31.3-32.6)
23.3 (22.7-23.9)
24.6 (24.0-25.2)

11.8 (11.3-12.3
22.3 (21.6-23.0
37.1(36.4-37.9
28.8 (28.1-29.5

- =

60.4 (59.6-61.2)
42.6 (41.8-43.3)
37.2 (36.4-37.9)

32.3 (31.2-33.4)
41.2 (40.0-42.4)
26.5 (25.4-27.6)

21.5 (18.7-24.3)
31.1 (27.8-34.4)
32.8 (29.4-36.2)
14.6 (12.0-17.2)
16.4 (15.9-16.9)
24.2 (23.6-24.9)
59.4 (58.6-60.2)

23
32.2
21.3
23.3

22.4-24.0
31.5-33.0
20.7-21.9
22.6-23.9

—_ P . =N

)
)
)
)

11.0 (10.4-11.6
21.8 (21.0-22.5
379 (37.1-38.7
29.3 (28.5-30.1

—_—_ = =

64.4 (63.6-65.2)
46.7 (45.9-47.5)
41.3 (40.4-42.2)

30.7 (29.5-31.9)
40.4 (39.1-41.7)
28.9 (27.7-30.1)

35.7 (34.5-37.0)
29.1 (28.0-30.3)
24.4 (23.3-25.6)
10.7 (9.8-11.6)

19.7 (18.9-20.4)
25.8 (25.1-26.5)
54.5 (53.7-55.3)

22.5(21.7-23.2)
30.3 (29.6-31.1)
22.5(21.9-23.2)
24.7 (24.0-25.4)

10.8 (10.1-11.4
21.6 (20.9-22.3
38.4(37.5-39.3
29.3 (28.3-30.2

- =

Source: TUS-CPS, National Cancer Institute, public use data, 2001-2002, 20062007, 2010-2011, and 2014-2015.
Notes: CI = confidence interval; NA = not applicable.
aSmoked 12 or more days during the past 30 days and had tried to quit during the past year.

bFor 2001-2002, estimates are from the question, “Have you ever stopped smoking for one day or longer because you were trying to
quit smoking?” In other years, the question for current some-day smokers who smoked less than 12 days during past 30 days included,
“Have you ever tried to quit smoking completely?” and for current daily smokers and some-day smokers who smoked 12 or more days
during the past 30 days included, “Have you ever made a serious attempt to stop smoking because you were trying to quit—even if you
stopped for less than a day?” Also, in 2006-2007, current daily smokers and some-day smokers who smoked less than 12 days/month
were asked, “Have you ever stopped smoking one day or longer because you were trying to quit smoking?”

Among current daily smokers and some-day smokers who smoked 12 or more days during the past 30 days who tried to quit during the
past year.

dAmong those who were interested in quitting.
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Table 2.15 Quitting behaviors among current cigarette smokers® 18-24 years of age, by year; Tobacco Use Supplement
to the Current Population Survey (TUS-CPS) 2001-2002, 2006-2007, 2010-2011, 2014-2015;

United States

Quitting behaviors

2001-2002:
% (95% CI)

2006-2007:
% (95% CI)

2010-2011:
% (95% CI)

2014-2015:
% (95% CI)

Ever tried to quit’
Tried to quit during the past year

Tried to quit >1 day during the
past year

Number of times tried to quit
during the past year®

1
2-3
>4

Duration of longest quit attempt
during the past 12 months®

1-6 days
7-29 days
30 days to <6 months
>6 months
Considered quitting within:®
30 days
6 months
Not within 6 months
Level of interest in quitting®
1 (not at all interested)
2-5
6-8
9 or 10 (extremely interested)

Think they would be likely to
succeed in quitting if tried
during the next 6 monthsd

Not likely

A little likely
Somewhat likely
Very likely

67.7 (65.9-69.5)
NA
69.1 (67.0-71.3)

30.4 (28.2-32.6)
41.7 (39.2-44.2)
27.9 (25.6-30.1)

30.7 (28.3-33.0)
34.5 (32.0-36.9)
26.9 (24.5-29.3)
7.9 (6.5-9.4)

20.3 (18.6-22.0)
27.8 (26.1-29.4)
52.0 (50.1-53.8)

NA
NA
NA
NA

NA
NA
NA
NA

65.7 (63.7-67.7)
50.1 (47.8-52.4)
43.8 (41.5-46.1)

34.0 (30.8-37.3)
38.3 (35.2-41.5)
27.6 (24.8-30.5)

26.0 (23.1-28.9)
32.9 (29.9-35.8)
28.0 (25.2-30.9)
13.1 (10.8-15.3)

17.5 (15.8-19.2)
25.4 (23.7-27.1)
57.1 (54.8-59.4)

17.5 (15.9-19.1)
37.1 (35.0-39.1)
27.6 (25.5-29.7)
17.8 (16.1-19.4)

10.8 (9.2-12.5)

22.8 (20.9-24.6)
38.1 (35.9-40.4)
28.3 (26.2-30.3)

56.7 (54.4-58.9)
47.9 (45.5-50.2)
42.9 (40.5-45.4)

29.4 (25.9-32.9)
46.4 (42.5-50.2)
24.2 (20.9-27.6)

20.1 (12.2-28.0)
32.0 (22.5-41.5)
33.2 (24.2-42.2)
14.7 (8.4-21.1)

16.6 (14.9-18.3)
23.8 (21.6-26.0)
59.6 (57.0-62.2)

20.5 (18.3-22.7

36.9 (34.5-39.3

24.8 (22.8-26.7
(

)
)
)
17.9 (16.0-19.8)

11.0 (10.4-11.6
21.8 (21.0-22.5
379 (37.1-38.7
29.3 (28.5-30.1

—_—_ = =

61.6 (58.7-64.5)
52.6 (49.6-55.7)
50.0 (46.7-53.2)

30.4 (26.2-34.5)
42.1 (37.6-46.7)
27.5(23.5-31.4)

25.5 (22.0-29.0)
34.0 (29.8-38.2)
28.3 (24.7-31.8)
12.3 (9.2-15.3)

19.1 (16.6-21.6)
24.6 (22.0-27.3)
56.3 (53.1-59.5)

19.5(16.9-22.1)
36.9 (33.8-40.0)
23.8 (20.9-26.6)
19.8 (17.2-22.4)

8.8 (6.7-10.9)

18.4 (16.0-20.9)
39.3 (35.9-42.6)
33.5 (30.3-36.7)

Source: TUS-CPS, National Cancer Institute, public use data, 2001-2002, 2006-2007, 2010-2011, and 2014-2015.

Notes: CI = confidence interval; NA = not applicable.

aSmoked 100 cigarettes in their lifetime and currently smoked some days or every day.

bFor 2001-2002, estimates are from the question, “Have you ever stopped smoking for one day or longer because you were trying to
quit smoking?” In other years, questions for current some-day smokers who smoked less than 12 days during the past 30 days included,
“Have you ever tried to quit smoking completely?” and for current daily smokers and some-day smokers who smoked 12 or more days
during the past 30 days included, “Have you ever made a serious attempt to stop smoking because you were trying to quit—even if you
stopped for less than a day?” Also, in 2006-2007, current daily smokers and some-day smokers who smoked less than 12 days/month
were asked, “Have you ever stopped smoking one day or longer because you were trying to quit smoking?”

Among current daily smokers and some-day smokers who smoked 12 or more days during the past 30 days who tried to quit during
the past year.

dAmong those who were interested in quitting.
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and high school smokers who tried to quit during the past
year, the prevalence of one or two quit attempts remained
relatively stable from 2004 to 2017. In contrast, the preva-
lence of 10 or more quit attempts increased during 2000—
2004 among current cigarette smokers in both middle
school and high school who tried to quit in the past year
and increased further among high school students from
19.0% in 2004 to 27.0% in 2017.

Interest in Quitting Smoking

Adults

NHIS data for 2015 indicated that 68.0% of current
cigarette smokers were interested in quitting smoking
completely (Table 2.11). However, when a 10-point scale
was used for the 2014-2015 TUS-CPS (Table 2.14) to
determine any interest, the estimate was somewhat higher
(77.5%). In contrast to the prevalence of quit attempts,
the prevalence of interest in quitting was highest among
those 25-44 years of age (72.7%) and lowest among those
65 years of age and older (53.7%) and those 18-24 years of
age (62.3%) (Table 2.11). This age difference was reflected
in the results for health insurance: those with Medicare
only were less interested in quitting (47.7) than those with
other types of insurance. However, for 29 of the 30 demo-
graphic groups that were examined, only the group with
Medicare only did not have a majority of current cigarette
smokers who wanted to quit smoking completely. A more
proximate measure of interest in quitting smoking may be
whether the current cigarette smoker is interested in quit-
ting in the next 30 days or 6 months. According to data from
the 2014-2015 TUS-CPS, the majority of smokers were
not considering quitting within 6 months (54.5%), 25.8%
were considering quitting within 6 months, and 19.7%
were considering quitting within 30 days (Table 2.14).

Young Adults

In 2015, an estimated 62.3% of young adult
(18-24 years of age) current cigarette smokers wanted to
stop smoking completely (Table 2.11); this measure did
not vary across demographic subgroups (NHIS, public
use data, 2015). According to data from the 2014-2015
TUS-CPS, young adult current cigarette smokers (daily
smokers plus some-day smokers who had smoked on 12 or
more days during the past 30 days) had a lower prevalence
(19.8%) of having an extreme interest (determined by a
reportof “9” or “10” ona 10-point scale) in quitting smoking
(Table 2.15) than adults overall (24.7%) (Table 2.14). The
distribution of the periods in which young adult current
smokers were considering quitting (i.e., within 30 days,
within 6 months, or not within 6 months) (Table 2.15) was
similar to that for adults overall (Table 2.14).
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Youth

In the MTF Study, combined data from 2011 to
2017 (Table 2.16) indicated that 21.8% of high school
seniors (12th graders) who were current smokers wanted
to stop smoking “now.” Seniors whose parents had the
highest level of education were less likely to want to stop
smoking immediately (15.0%) than were those whose
parental education fell into the second-to-lowest category
(26.4%) and the middle category (22.1%). Another mea-
sure related to interest in quitting in the MTF Study is
whether the smoker thinks that he or she will be smoking
in 5 years. The majority of high school seniors who were
current smokers thought that they would probably or def-
initely not be smoking in 5 years (60.3%). The percentage
who thought that they would not be smoking in 5 years
increased with level of parental education, from 50.7%
among those with the lowest level to 68.8% among those
with the highest level.

According to NYTS, in 2017, 33.6% of students in
grades 9-12 and 45.5% of students in grades 6-8 who
were current cigarette smokers were considering quit-
ting smoking in the next 30 days, and 18.3% of students
in grades 9-12 and 18.4% of students in grades 6-8 were
considering quitting in the next 6 months (Tables 2.13a
and 2.13b).

Trends in Interest in Quitting Smoking

Adults

NHIS data showed no significant change from 2000
(70.0%) to 2015 (68.0%) in the prevalence of being inter-
ested in completely stopping cigarette smoking among
adults 18 years of age and older (Babb et al. 2017). Similarly,
during 2000-2015, no significant change was observed in
the prevalence of being interested in quitting among men,
women, Whites, and Hispanics (NHIS, public use data,
2000-2015). In contrast, interest in quitting increased
among Blacks from 2000 (68.4%) to 2010 (75.6%), then
remained stable in 2015 (72.8%) (p <0.05 based on
linear trend analysis; NHIS, public use data, 2000-2015).
However, data from the TUS-CPS indicate that the propor-
tion of current smokers who were considering quitting
within the next 30 days may have slightly increased from
2001-2002 (18.2%) to 2014-2015 (19.7%) (Table 2.14).

Young Adults

Similar to changes observed for adults overall, no
significant changes were observed from 2000 to 2015 in
interest in quitting among young adults overall. Unlike
changes observed for adults overall, no significant changes
were observed among any demographic subgroups (NHIS,
public use data, 2000-2015). As for considering quitting
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Table 2.16 Prevalence of cessation behaviors and attitudes among high school seniors who are current cigarette
smokers?; Monitoring the Future (MTF) Study 2011-2017 combined data; United States

Characteristic

Ever tried to
quit smoking:
% (95% CI)

Tried to stop
but could not:
% (95% CI)

Wants to stop
smoking now:
% (95% CI)

Will probably or

definitely not smoke in
5 years: % (95% CI)

Total
Sex
Male
Female
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Parental education®
1-2 (low)
2.5-3
3.5-4
4.5-5
5-6 (high)
U.S. Census region
Northeast
Midwest
South
West

44.8 (42.8-46.7)

43.9 (40.9-46.8)
44.2 (41.2-47.2)

43.6 (41.1-46.1)
47.7 (40.7-54.6)
42.8 (37.9-47.6)

44.7 (39.0-50.5)
48.9 (45.2-52.5)
45.1 (41.7-48.4)
39.8 (36.0-43.6)
38.8 (32.4-45.2)

47.7 (43.9-51.6
43.6 (39.0-48.2
45.2 (42.4-48.1
42.6 (37.9-47.3

L - = =

22.1(20.5-23.7)

21.3 (19.0-23.6)P
21.3 (19.0-23.7)b

21.9 (19.9-23.9)
24.9 (18.7-31.2)
17.8 (13.5-22.0)

21.9 (17.0-26.8)
249 (21.7-28.2)
21.8 (19.1-24.4)
18.9 (16.0-21.9)
15.5 (11.2-19.9)

23.2 (20.1-26.3)
22.0 (18.5-25.4)
23.0 (20.5-25.5)
19.2 (14.9-23.6)

21.8 (20.3-23.3)

21.4 (19.3-23.5)
22.7 (20.3-25.1)

22.8 (20.9-24.8)
20.4 (14.5-26.2)
18.0 (13.8-22.2)

20.7 (16.1-25.4)
26.4 (22.9-30.0)
22.1 (19.2-25.0)
19.8 (16.6-23.0)
15.0 (11.1-18.9)

24.0 (20.7-27.3
21.7 (18.6-24.8
22.6 (20.1-25.1
18.4 (15.1-21.7

- —_ = =

60.3 (58.5-62.1)

60.7 (58.3-63.2)
61.3 (58.6-64.0)

61.6 (59.4-63.7)
60.7 (52.6-68.7)
59.1 (53.5-64.8)

50.7 (44.8-56.6)
57.8 (54.0-61.6)
61.1 (58.1-64.1)
65.9 (62.3-69.5)
68.8 (62.9-74.8)

60.3 (56.2-64.4)
61.3 (57.8-64.8)
58.5 (55.4-61.6)
62.7 (58.4-66.9)

Source: MTF Study, University of Michigan, Institute for Social Research, 2011-2017 (unpublished data).

Notes: CI = confidence interval. Data come from a randomly selected 33% of the entire sample (questions on cessation and attitudes were
asked on two survey forms out of a total of six). The total weighted N for 30-day smoking is 4,320; variable-specific missing data reduce
the sample size slightly overall and in results for each sociodemographic subgroup presented here.

4Based on responses to the question, “How frequently have you smoked cigarettes during the past 30 days?” Respondents who reported
that they had smoked less than 1 cigarette per day or more were classified as current smokers.

bThe overall percentage does not fall between the sex-specific percentages because of missing values for sex.

CParental education is the average of a mother’s education and a father’s education based on answers from respondents about the
highest level of education achieved by each parent, using the following scale: completed (1) grade school or less, (2) some high school,
(3) high school, (4) some college, (5) college, and (6) graduate or professional school after college. Missing data were allowed for one

of the two parents.

in the next 30 days, unlike adults overall, data from the
TUS-CPS indicated that no significant change occurred
over time in the prevalence of young adults who were con-
sidering quitting in the next 30 days (Table 2.15).

Youth

According to the MTF Study, the prevalence of high
school seniors who were current smokers and wanted to
stop smoking “now” decreased from 31.0% in 2000-2004
to 16.5% in 2015-2017 (Table 2.17). The proportion who
believed they would probably or definitely not be smoking
in 5 years was similar between 2000-2004 (63.2%) and

2015-2017 (65.4%). Using data from the NYTS, among
current smokers in grades 9-12, the prevalence of con-
sidering quitting within 30 days decreased from 44.3% in
2009 to 33.6% in 2017 (Table 2.13a). Similarly, the preva-
lence in this group of wanting to quit in the next 6 months
decreased from 32.5% in 2009 to 18.3% in 2017.

History of a Quit Attempt

Adults

According to the TUS-CPS, in 2001-2002, 71.2%
of current adult cigarette smokers had ever tried to quit
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Table 2.17 Prevalence of cessation behaviors and attitudes among high school seniors who are current cigarette
smokers?, by year; Monitoring the Future (MTF) Study 2000-2004, 2005-2009, 2010-2014, and

2015-2017 combined data; United States

2000-2004:

2005-2009:

2010-2014: 2015-2017:

Characteristic % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Ever tried to quit smoking 49.6 (47.2-52.0) 44.2 (42.1-46.3) 45.0 (41.9-48.1) 40.2 (35.6-44.8)
Tried to stop but could not 28.8 (26.6-30.9) 22.3 (20.7-24.0) 22.9 (20.4-25.4) 17.6 (14.2-21.0)
Wants to stop smoking now 31.0 (28.9-33.2) 21.8 (20.2-23.4) 22.9 (20.5-25.2) 16.5 (13.3-19.7)
Will probably or definitely 63.2 (61.0-65.4) 62.5 (60.7-64.4) 58.7 (56.1-61.3) 65.4 (61.0-69.8)

not smoke in 5 years

Source: MTF, University of Michigan, Institute for Social Research, 2001-2017 (unpublished data).

Notes: CI = confidence interval.

2Respondents who reported that they had smoked one cigarette per day or more.

smoking, even just once. This percentage remained rel-
atively stable in 2006-2007 (72.2%), but by 2010-2011
it had decreased by more than 10 percentage points, to
60.4%. Although the percentage increased to 64.4% in
2014-2015, it was lower than in 2001-2002 or 2006-2007
(Table 2.14).

Young Adults

Through 2010-2011, young adult current smokers
had a lower prevalence of ever having tried to quit smoking
(Table 2.15) than adults overall (Table 2.14). But in 2014~
2015, the prevalence among young adults of ever having
tried to quit smoking (61.6%) (Table 2.15) was similar to
that of adults overall (64.4%, Table 2.14). The patterns of
change over time in ever trying to quit smoking were sim-
ilar between young adult smokers (Table 2.15) and adults
overall (Table 2.14).

Youth

The MTF Study found that in 2011-2017, 44.8% of
high school seniors who were current smokers had ever
tried to quit smoking (Table 2.16). A significant decrease in
this percentage was seen from 2000-2004 (49.6%) to 2015—
2017 (40.2%) (Table 2.17). Similarly, in 2015-2017, 17.6%
of youth had tried to quit smoking but could not, which
was lower than in 2000-2004 (28.8%) (Table 2.17). In 2011-
2017, high school seniors with parents with the second-
lowest level of parental education were more likely than stu-
dents with parents in the two highest categories of parental
education to have ever tried to quit (48.9% vs. 39.8% and
38.8%, respectively) (Table 2.16). In addition, high school
seniors with parents with the second-lowest level of parental
education were more likely to report that they had tried to
quit but could not (24.9%) than those with parents in the
highest category of parental education (15.5%).

Other Tobacco Products: Use and Cessation

Adults

Data from the 2017 NHIS indicate that 3.8% of
adults currently smoked cigars, cigarillos, or filtered little
cigars; 2.8% of U.S. adults currently used e-cigarettes;
2.1% used smokeless tobacco; 1.0% smoked regular pipes,
water pipes, or hookahs; and 3.7% used 2 or more types
of tobacco products (Wang et al. 2018a). The PATH Study
found that in 2013-2014, 17.7% of U.S. adult respondents
reported having ever tried e-cigarettes; among those, 3.8%
of 18- to 24-year-old respondents reported becoming reg-
ular users of e-cigarettes (Kasza et al. 2017). In addition,
5.5% of adults in Wave 1 (2013-2014) of PATH reported
currently using e-cigarettes (now uses e-cigarettes every
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day or some days); among those who used e-cigarettes,
42.2% reported infrequent use (current some-day use
and used 0-2 days in the past 30 days), 36.5% reported
moderate use (some-day use and used more than 2 days of
the past 30 days), and 21.3% reported daily use (Coleman
et al. 2017; Kasza et al. 2017). The 2013-2014 PATH Study
also observed that the prevalence of current established
use of cigarillos (1.7%; 95% CI, 1.5-1.8) was higher than
the prevalence of use of filtered cigars (0.9%; 95% ClI,
0.8-1.0), nonpremium cigars (other larger mass-market
cigars) (0.8%; 95% CI, 0.7-0.8), and premium cigars
(0.7%; 95 CI, 0.6-0.7) (the term “current established
users” was defined as persons who had ever heard of the
cigar type, ever smoked the cigar type “fairly regularly,”



and now smoked every day or some days) (Corey et al.
2017). In addition, in the 2013-2014 PATH Study, 31.9%
of adults reported smoking hookahs during the past year,
and among these, 10.7% were daily or weekly users, 13.7%
were monthly users, 42.1% used every couple of months,
and 33.5% used about once a year (Robinson et al. 2018).

For all four types of tobacco products (i.e., e-cigarettes,
cigars, smokeless tobacco, pipes), NHIS 2017 prevalence
was higher among men than women, decreased with
age and, correspondingly, was lower among those with
Medicare only than among those with other types of insur-
ance (Wang et al. 2018a). However, when each type of cigar
product was examined separately for the 2013-2014 PATH
Study, only use of cigarillos decreased with age; use of fil-
tered cigars increased with age; and prevalence of premium
cigars and nonpremium cigars was the highest among
persons 35-54 years of age (Corey et al. 2017). Prevalence
of cigar smoking was higher among Blacks than among
Whites and Hispanics (Wang et al. 2018a); however, for the
2013-2014 PATH Study, prevalence of premium and non-
premium cigar use was higher among Whites than Blacks
(Corey et al. 2017).

Data from the 2017 NHIS indicate that smokeless
tobacco use was higher among Whites than among Blacks
and Hispanics (Wang et al. 2018a). E-cigarette use was also
higher among Whites and persons of multiple races than
Hispanics and Asians. Prevalence of pipe and/or hookah
use was higher among Whites than Hispanics. Cigar use
and smokeless tobacco use were higher in the Midwest
than in the Northeast and the West, and the Midwest had
a higher prevalence of pipe and/or hookah use than the
Northeast. Data from the PATH Study suggest that there
are urban-rural differences in the use of noncigarette
tobacco products—for example, smokeless tobacco use
was more prevalent in rural than urban counties; and the
use of hookahs, cigarillos among women, and e-cigarettes
among men was more prevalent in urban areas than in
rural areas (Roberts et al. 2017).

Data from the 2017 NHIS indicate that the prevalence
of e-cigarette and smokeless tobacco use was lower among
those with a graduate degree than among those with an
associate degree or lower level of education. E-cigarette
use was higher among those with a GED than among
those with any other level of education, and e-cigarette
use was lower among those with an undergraduate degree
than among those with a GED, a high school diploma, or
those with some college and no degree. Smokeless tobacco
use was also lower among those with an undergraduate
degree than those with a high school diploma (Wang et al.
2018a). For the 2013-2014 PATH Study, use of premium
cigars increased as level of education increased, and use
of nonpremium cigars, cigarillos, and filtered cigars was
greatest among those with some college or an associate

Smoking Cessation

degree (Corey et al. 2017). Among pregnant women in the
2013-2014 PATH Study, 4.9% used e-cigarettes, 2.5% used
hookahs, and 2.3% used cigars (Kurti et al. 2017).

Cross-sectional evidence suggests that the majority
of adult e-cigarette users in the United States are either
current or former cigarette smokers. Among current adult
e-cigarette users in the 2017 NHIS, 49.6% were current
smokers of conventional cigarettes, 33.5% were former
cigarette smokers, and 17.0% had never been cigarette
smokers (NHIS, public use data, 2017).

Although significant declines in cigarette smoking
have occurred among U.S. adults during the past 5 decades,
the use of noncigarette tobacco products has increased
in recent years (USDHHS 2014; Hu et al. 2016), making
cessation of all tobacco products an important measure.
In addition, health risk behaviors, similar to cigarette
smokers, also tend to cluster among persons who use other
tobacco products. For example, an analysis of patterns of
alcohol, marijuana, and tobacco use in the PATH Study
revealed that co-use of alcohol, cigarettes, and e-cigarettes
was one of the top five use patterns among adults 25 years
of age and older (Cohn et al. 2018). In addition, among
young adults (18-24 years of age), mental health and sub-
stance use problems were associated with higher odds of
alcohol and hookah co-use (OR = 1.48; 95% CI, 1.03-2.13;
OR = 1.97; 95% CI, 1.04-3.74, respectively) than alcohol-
only use. Among adults (25 years of age and older) and
compared with alcohol-only users, mental health and sub-
stance use problems were associated with higher odds
of alcohol, cigarette, and e-cigarette co-use (OR = 1.55;
95% CI, 1.24-1.93; OR = 2.22; 95% CI, 1.43-3.44, respec-
tively) and with higher odds of alcohol and cigar co-use
(OR = 1.60; 95% CI, 1.20-2.14; OR = 4.64; 95% CI, 3.10-
6.94, respectively) (Cohn et al. 2018).

Data from the 2017 NHIS indicated that 8.0% of
adults were former users of smokeless tobacco; 11.6%
were former users of e-cigarette; 12.2% were former users
of pipes, water pipes, or hookahs; and 23.7% were former
users of cigars, cigarillos, or little cigars (NHIS, public use
data, 2017). In contrast to the measure of former cigarette
smoking, former users of noncigarette tobacco products
was defined as persons who ever used the product but were
not currently using. The quit ratio (defined as the ratio
of former smokers to ever smokers) was 92.1% for pipes,
water pipes, and hookahs; 86.2% for cigars, cigarillos, and
little cigars; 79.4% for smokeless tobacco; and 80.6% for
e-cigarettes (NHIS, public use data, 2017). The 2014-2015
TUS-CPS also examined the use of pipes: the prevalence of
former use was 5.4% for a regular pipe and 4.1% for water
or hookah pipes, and quit ratios were 93.9% for those who
had used a regular pipe and 87.8% for those who had used
a water or hookah pipe (TUS-CPS, public use data, 2014—
2015). In the 2013-2014 PATH Study, among women
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15-44 years of age, prevalence of former use was 3.8% for
e-cigarettes, 3.2% for cigars, 6.9% for hookah, 1.2% for
pipes, and 0.4% for smokeless tobacco and snus (Lopez
et al. 2018). Initial prospective longitudinal evidence from
Wave 1 (2013-2014) and Wave 2 (2014-2015) of the PATH
Study indicated that 48.8% of U.S. adult e-cigarette users
overall at Wave 1 had discontinued their use of e-cigarettes
at Wave 2 (Coleman et al. 2018). Cessation of e-cigarettes at
Wave 2 decreased with increasing frequency of e-cigarette
use at Wave 1. In addition, adjusted prevalence ratios indi-
cated that e-cigarette users who also used combustible
tobacco products at Wave 1 and e-cigarette users who used
customizable e-cigarette devices were less likely to quit
e-cigarette use at Wave 2. Among dual users of e-cigarettes
and conventional cigarettes at Wave 1, 44.3% had main-
tained dual use at Wave 2; 43.5% had discontinued the use
of e-cigarettes but maintained smoking conventional cig-
arettes; 7.0% had discontinued both products; and 5.1%
had discontinued conventional cigarettes but continued
smoking e-cigarettes (Coleman et al. 2018).

Additional longitudinal data from Kurti and col-
leagues (2018) from the PATH Study indicated that 1-year
quit rates among nonpregnant women 18-44 years of age
who were established tobacco users (i.e., used product
fairly regularly in the past and currently used) were
highest for users of cigars (60.6%), followed by hookah
users (45.4%) and e-cigarette users (32.8%). Quit rates
for users of these products were higher than the 1-year
quit rate (11.5%) among women who had smoked 100 or
more cigarettes in their lifetime. In separate multivar-
iate logistic regression models containing data on both
established and experimental users (used product in the
past but not fairly regularly and used some days or every
day at the time of the survey), experimental use was asso-
ciated with increased odds of quitting e-cigarette use,
hookah use, cigar use, and all tobacco use at Wave 2 com-
pared with established use. In addition, respondents who
used illicit drugs were more likely to quit e-cigarettes at
Wave 2 than those who did not use these drugs, and those
who belonged to a racial/ethnic group other than White,
Black, or Hispanic were less likely to quit hookah use at
Wave 2. Women with lower levels of education were less
likely than those with higher levels of education to quit
hookah use and all tobacco use. Hispanic women were
more likely to quit all tobacco use than White women
(Kurti et al. 2018).

Additional key cessation measures for individual
tobacco products other than cigarettes generally have not
been included in national surveillance systems. The 2014—
2015 TUS-CPS assessed past-year quit attempts for other
tobacco products, but the population for these questions
was limited to persons who used only one product. The
2012-2014 NHIS included a question about trying to quit
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all tobacco use during the past year, and the 2013-2014
NATS included a question about interest in quitting all
tobacco products. In contrast, the PATH Study has data on
interest and intentions to quit all tobacco products and on
quit attempts, as well as longitudinal data on quitting, as
described previously (Hyland et al. 2017).

In 2012-2014, 39.8% of persons who used two
or more tobacco products (cigarettes, cigars, smoke-
less tobacco, or pipes) had tried to quit all tobacco use
during the past year (NHIS, public use data, 2012-2014)
(Table 2.18). Among cigarette smokers who also used
another tobacco product, the prevalence of attempting to
quit all tobacco products during the past year (40.1%) was
lower than the prevalence of making an attempt to quit
cigarette smoking (48.9%). This lower prevalence of trying
to quit all tobacco use versus cigarette smoking was also
observed among men; persons 25—64 years of age, Whites,
Blacks, those with 12 or fewer years of education or a high
school diploma, those living at or above the poverty level,
those living in the South, and those without insurance.
Similarly, the PATH Study found that adult users of more
than one type of combustible tobacco product were less
likely to try to quit tobacco use completely during the
past year than cigarette-only users (OR = 0.82, p <0.05)
(Kypriotakis et al. 2018).

Among those who used two or more tobacco prod-
ucts, the associations between having tried to quit all
tobacco product use during the past year and demographic
characteristics (Table 2.18) were similar to those for a
past-year attempt to quit cigarette smoking (Table 2.11),
except for race/ethnicity; specifically, no differences were
observed among Whites, Blacks, and Asians (38.8%,
39.5%, and 43.2%, respectively) (Table 2.18). Overall, the
prevalence of trying to quit cigarette smoking during the
past year did not differ significantly between those who
smoked cigarettes only (47.1%) and cigarette smokers
who used other tobacco products (48.9%) (Table 2.18).
Thus, although cigarette smokers who use other tobacco
products (i.e., cigars, smokeless tobacco, and pipes) have
a similar prevalence of making a past-year cigarette quit
attempt to that of cigarette-only smokers, they have a
lower prevalence of trying to quit all tobacco use than
trying to quit cigarette smoking during the past year.

The PATH Study, using Wave 1 data, also compared
past-year tobacco quit attempts among adult users of var-
ious combinations of tobacco products and observed that
cigarette-only (OR = 0.59, p <0.01), smokeless tobacco-
only (OR = 0.39, p <0.001), and polycombustible tobacco
users (OR = 0.48, p <0.001) were less likely to attempt to
quit than those who used both e-cigarettes and hookah
(Kypriotakis et al. 2018). In addition, smokeless tobacco-
only users were less likely to attempt to quit than cigarette-
only users (OR = 0.66, p <0.001).
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Table 2.18 Prevalence of a past-year quit attempt for cigarette smoking? and all tobacco use? by type of tobacco used
among adult current tobacco users 18 years of age and older, by selected demographic characteristics;
National Health Interview Survey (NHIS) 2012-2014; United States

Characteristic

Attempted to quit cigarette smoking

Attempted to quit all tobacco use

Cigarette-only

smokers: % (95% CI)

Cigarette smokers

who used other

tobacco products:

% (95% CI)

Cigarette smokers

who used other

tobacco products:

% (95% CI)

Used >2 tobacco
products: % (95% CI)

Total

Sex
Male
Female

Age group (years)
18-24
25-44
45-64
265

Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic

American Indian/Alaska Native,
non-Hispanic

Asian, non-Hispanic
Multiple races, non-Hispanic

Level of educationd
<12 years (no diploma)
GED certificate
High school diploma
Some college (no degree)
Associate degree
Undergraduate degree
Graduate degree

Poverty status
At or above poverty level
Below poverty level

U.S. Census region
Northeast
Midwest
South
West

Health insurance coverage
Private

Medicaid and those with
Medicaid and Medicare

47.1 (46.0-48.3)

46.0 (44.4-47.7)
48.2 (46.6-49.7)

54.3 (49.5-59.2)
50.3 (48.6-52.0)
44.3 (42.7-46.0)
38.3 (35.3-41.3)

45.0 (43.6-46.4
52.9 (50.4-55.5
52.5 (49.5-55.5
39.7 (28.3-51.2

-_—— s

51.6 (45.0-58.2)
51.1 (43.5-58.7)

43.6 (41.3-45.8)
47.3 (42.9-51.4)
43.8 (41.6-46.0)
47.7 (45.2-50.1)
50.6 (47.4-53.9)
50.8 (47.5-54.1)
47.4 (42.3-52.4)

46.6 (45.2-48.0)
49.0 (46.9-51.0)

48.0 (45.2-50.8
46.8 (44.4-49.3
47.1 (45.3-48.8
46.7 (44.0-49.3

= = = L

47.1 (45.4-48.8)
50.8 (48.4-53.2)

48.9 (46.3-51.6)

47.2 (44.3-50.2)
55.3 (48.9-61.6)

57.6 (51.5-63.7)
49.7 (46.3-53.1)
43.0 (38.2-47.8)
31.4 (23.6-39.2)

47.8 (44.7-50.9)
50.3 (44.8-55.7)
60.4 (52.6-68.2)

(¢

48.8 (33.1-64.5)
39.8 (26.9-52.8)

45.8 (39.5-52.0)
48.9 (39.6-58.1)
40.3 (35.9-44.7)
49.6 (44.3-55.0)
51.5 (39.7-63.2)
45.7 (38.6-52.8)
40.7 (28.9-52.6)

50.4 (47.1-53.8)
43.9 (39.3-48.5)

50.2 (44.2-56.1)
49.2 (43.5-55.0)
48.7 (44.5-52.9)
48.3 (43.5-53.0)

51.0 (46.5-55.4)
48.2 (42.5-54.0)

40.1 (37.7-42.6)

38.7 (36.0-41.5)
45.2 (38.4-52.1)

50.6 (44.2-56.9)
40.3 (37.1-43.4)
33.4 (29.0-37.7)
23.7 (16.8-30.7)

39.3 (36.4-42.3)
38.0 (32.6-43.3)
50.1 (42.0-58.1)

(¢

43.4 (28.8-57.9)
35.8 (23.0-48.6)

33.1 (27.8-38.4)
43.4 (34.3-52.5)
30.2 (26.0-34.4)
39.4 (34.1-44.6)
42.9 (32.9-52.9)
39.6 (32.8-46.3)
36.3 (24.9-47.7)

41.4 (38.2-44.7)
35.7 (31.3-40.1)

39.9
40.7
39.1
41.2

33.7-46.0)
35.5-45.9)
35.1-43.1)
37.1-45.3)

— P P

43.1 (38.8-47.4)
39.2 (33.5-44.8)

39.8 (37.5-42.1)

38.5 (36.0-41.1)
45.0 (38.3-51.8)

50.3 (44.4-56.2)
39.5 (36.6-42.5)
33.8 (29.6-38.1)
23.0 (16.3-29.7)

38.8 (36.1-41.6)
39.5 (34.2-44.8)
49.2 (41.5-56.8)

c

43.2 (29.2-57.3)
35.3 (22.9-47.8)

33.6 (28.3-38.8)
43.4 (34.4-52.4)
31.1 (26.9-35.3)
39.0 (34.0-44.0)
42.4 (33.2-51.5)
35.8 (29.4-42.3)
35.0 (24.1-45.9)

40.7 (37.7-43.7)
36.6 (32.3-40.8)

37.6 (32.0-43.1)
40.8 (35.8-45.9)
38.6 (34.8-42.5)
41.6 (37.8-45.4)
41.9 (38.1-45.8)
38.7 (33.2-44.3)
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Table 2.18 Continued

Attempted to quit cigarette smoking

Attempted to quit all tobacco use

Cigarette smokers
who used other
tobacco products:
% (95% CI)

Cigarette-only

Characteristic smokers: % (95% CI)

Cigarette smokers
who used other
tobacco products:
% (95% CI)

Used >2 tobacco
products: % (95% CI)

Health insurance coverage
(continued)

Medicare only 36.5 (31.8-41.3)
47.3 (43.3-51.4)

46.7 (44.5-49.0)

Other coverage

Uninsured

31.2 (17.4-45.1)
47.8 (38.9-56.6)
47.4 (43.2-51.6)

24.9 (12.2-37.6)
40.0 (31.0-49.0)
36.5 (32.5-40.5)

25.7 (13.7-37.8)
39.5 (30.8-48.3)
37.2 (33.2-41.1)

Source: NHIS, National Center for Health Statistics, public use data, 2015.
Notes: CI = confidence interval; GED = General Educational Development.
aCurrent cigarette smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying

to quit smoking.

bCurrent users of at least two tobacco products—cigarettes, other smoked tobacco products (including cigars, pipes, water pipes or
hookahs, very small cigars, bidis, cigarillos), and smokeless tobacco (including chewing tobacco, snuff, dip, snus, dissolvable tobacco)—
who reported that they stopped using all kinds of tobacco products for >1 day during the past 12 months because they were trying to

quit using tobacco.

CPrevalence estimates with a relative standard error >30% are not presented due to low precision.

dAmong only adults 25 years of age and older.

Findings using data from the 2013-2014 NATS indi-
cated that the majority (87.2%) of U.S. adults who used
cigarettes and at least one other tobacco product were
thinking about quitting all tobacco products for good
(NATS, public use data, 2013-2014). This percentage was
significantly higher than the comparable estimate for
those who used at least two noncigarette tobacco products
but no conventional cigarettes, which was 52.8%.

The PATH Study also examined adult tobacco users’
intentions to quit at Wave 1 and observed that both poly-
combustible tobacco users and smokeless tobacco users
were somewhat less likely to be interested in quitting
(OR = 0.92, p <001; and OR = 0.94, p <0.01, respectively)
than cigarette-only smokers (Kypriotakis et al. 2018). In
addition, polycombustible tobacco users were also less
likely than cigarette-only smokers and smokeless tobacco-
only users to respond that they planned to quit for good
(OR=0.41,p <0.001; and OR = 0.48, p <0.01, respectively).

Young Adults

Findings using data from the 2017 NHIS indicated
that quit ratios for young adults (18-24 years of age)
who used other tobacco products ranged from 82.7% for
pipes, 79.6% for e-cigarettes, 80.6% for cigars, and 63.4%
for smokeless tobacco (NHIS, public use data, 2017).
According to the 2014-2015 TUS-CPS, the prevalence of
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former use of a regular pipe among young adults was 3.6%
(significantly lower than the prevalence among all adults
of 5.4%), and the prevalence of former use of a water or
hookah pipe was 9.5% (significantly higher than the prev-
alence among all adults of 4.1%) (TUS-CPS, public use
data, 2014-2015). Data from the PATH Study indicated
that among women who used tobacco at Wave 1, those
18-24 years of age were more likely to quit all tobacco use
at Wave 2 than those 25-44 years of age (Kurti et al. 2018).

Similar to data on adults overall, data from the 2012—
2014 NHIS indicated no differences in past-year quit attempts
for cigarette smoking among young adult cigarette-only
smokers and cigarette smokers who used another tobacco
product (i.e., cigars, smokeless tobacco, and pipes) (NHIS,
public use data, 2012-2014). In contrast to data on adults
overall, no significant differences were observed between
the prevalence of trying to quit all tobacco products (50.6%)
and trying to quit cigarettes (57.6%) among young adult
cigarette smokers who also used another tobacco product
(NHIS, public use data, 2012-2014).

Youth

Data from the 2017 YRBS indicate that 13.2% of stu-
dents in grades 9—-12 were current users (used on at least
1 day during the 30 days before the survey) of e-cigarettes;
8.0% currently smoked cigars, cigarillos, or little cigars;



and 5.5% currently used chewing tobacco, snuff, dip, snus,
or dissolvable tobacco products (Kann et al. 2018). For all
three types of assessed tobacco products (e-cigarettes,
cigars, and smokeless tobacco products), prevalence of
current use was higher among male than among female
students and increased as grade level increased. The
prevalence of current e-cigarette and smokeless tobacco
use was higher among Whites than among Blacks and
Hispanics, and higher among Hispanics than among
Blacks. Whites also had a higher prevalence of current
cigar use than Hispanics (Kann et al. 2018). Among stu-
dents in grades 9—-12 who used at least two tobacco prod-
ucts (cigarettes, e-cigarettes, cigar products, or smokeless
tobacco) (10.5% of students), 52.7% (95% CI, 47.9-57.5)
had tried to quit all tobacco product use in the past year
(YRBS, public use data, 2017). The prevalence of having
tried to quit using all tobacco products in the past year was
higher among 12th-grade students (61.9%) than among
9th-grade students (42.0%) (YRBS, public use data, 2017).

According to 2017 data from the NYTS, 9.2% of
high school students and 2.4% of middle school stu-
dents reported using two or more tobacco products, and
e-cigarettes were the most commonly used tobacco product
among high school (11.7%) and middle school (3.3%) stu-
dents (Wang et al. 2018b). However, trends in the use of dif-
ferent tobacco products have varied. For example, decreases
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in cigarette and cigar smoking during 2011-2016 were
offset by increases in hookah and e-cigarette use, resulting
in no significant change in any tobacco use (Jamal et al.
2017). E-cigarette use has continued to increase among
U.S. youth more recently. During 2017-2018, current use
of e-cigarettes among high school students rose 77.8%
(from 11.7% to 20.8%) and among middle school students
rose 48.5% (from 3.3% to 4.9%) (Gentzke et al. 2019). This
increase resulted in a corresponding increase in overall
tobacco product use among middle and high school stu-
dents during 2017-2018: Current use of any tobacco
product increased 38.3% (from 19.6% to 27.1%) among
high school students and 28.6% (from 5.6% to 7.2%)
among middle school students (Gentzke et al. 2019).

The majority of high school and middle school stu-
dents who used at least two tobacco products had tried
to quit all tobacco use for at least 1 day during the past
year (55.9% and 62.0%, respectively) (Table 2.19). Among
users who had tried to quit all tobacco products during
the past year, the distribution of their number of attempts
(Table 2.19) was similar to the distribution for quitting
cigarettes (Tables 2.13a and 2.13b). Similarly, among
those who used at least two tobacco products, the distri-
bution of the timeframes of when they considered quitting
all tobacco products (Table 2.19) was similar to the dis-
tribution for quitting cigarettes (Tables 2.13a and 2.13b).

Table 2.19 Quitting behaviors among current users of two or more tobacco products,? by grade in school; National
Youth Tobacco Survey (NYTS) 2017; United States

Quitting behaviors

High school (grades 9-12):
% (95% CI)

Middle school (grades 6-8):
% (95% CI)

Tried to quit all tobacco >1 days during the past year
Number of times tried to quit all tobacco during the past year?
1
2
3-5
6-9
>10
Considered quitting all tobacco within
30 days
6 months
Not within 6 months
Tried to quit cigarettes >1 day during the past year

55.9 (51.5-60.4)

22.7 (16.8-28.6)
16.0 (10.2-21.9)
24.1 (17.4-30.9)
12.5 (8.1-16.9)

24.7 (20.1-29.3)

25.3 (19.7-30.9)
17.9 (12.4-23.3)
56.8 (49.8-63.9)
63.1 (57.2-69.0)

62.0 (51.2-72.7)

15.6 (7.5-23.7)
21.9 (9.5-34.4)
22.8 (13.6-32.0)
RSE >30%

29.0 (16.2-41.7)

43.4 (27.9-58.9)
RSE >30%

39.4 (26.5-52.3)
68.2 (58.5-78.0)

Source: NYTS, Centers for Disease Control and Prevention, public use data, 2017.

Notes: CI = confidence interval; RSE = relative standard error.

2Among those who used at least two of the following tobacco products: cigarettes, e-cigarettes, cigars, cigarillos, little cigars, chewing
tobacco, snuff, dip, bidis, hookahs, waterpipe with tobacco, pipe filled with tobacco, snus, dissolvable tobacco products.
bAmong those who tried to quit all tobacco products at least once during the past year.

Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth 85



A Report of the Surgeon General

Clinical Interventions for Smoking Cessation: Prevalence

and Trends

The Clinical Practice Guideline for Treating Tobacco
Use and Dependence (Clinical Practice Guideline) rec-
ommends that healthcare providers screen all patients
for tobacco use and deliver brief advice to quit to all
tobacco users at every visit (Fiore et al. 2008). The Clinical
Practice Guideline specifically recommends following
the “5 A's” model to deliver a brief cessation intervention
in the primary care setting (i.e., Ask about tobacco use,
Advise to quit, Assess willingness to quit, Assist by offering
counseling and medication, and Arrange for follow-up).
Chapter 6 of this report provides detailed information
about these clinical interventions.

Two types of national data are available to track
screening for tobacco use and counseling on tobacco ces-
sation by healthcare professionals. The first type depends
on abstracting medical records from a sample of visits
to office-based physicians (e.g., NAMCS), which is used
to assess screening for tobacco use and the provision of
information on tobacco and/or prescriptions or orders
for cessation medication to identified users. The second
type of national surveillance data involves self-reports and
includes assessment by patients of the receipt of advice to
quit and the other 5 A’s, use of effective counseling and
medications for cessation, and the use of unproven cessa-
tion strategies (datasets include NHIS, TUS-CPS, NATS,
and NYTS).

Screening for Tobacco Use and
Receipt of Advice to Quit from
Health Professionals

Adults

Clinical Data from Abstractions of Medical
Records

Reports from NAMCS that were based on the
abstraction of medical records for outpatient visits to
office-based physicians showed that, in 2009-2011, adults
18 years of age and older made an estimated 2.5 billion
outpatient visits. NAMCS started including a panel of
community health centers in 2006, which included visits
to physicians and to non-physician clinicians. Data for
office-based and community health center-based physi-
cians were included in analyses for 2009-2011. According
to the review, screening for tobacco use was documented
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in 66.6% of the outpatient visits (average annual estimate)
(Table 2.20), an increase from 62.7% during 2005-2008
(CDC 2012). Of the total documented visits in 2009-2011,
16.4% were made by current tobacco users, a decrease
from 17.6% in 2005-2008. Among outpatient visits made
by patients who were identified as current tobacco users in
2009-2011, 20.1% reported counseling or education was
ordered or provided during their visits, a percentage that
reflects no change from 2005-2008 (CDC 2012), and 3.8%
received a prescription or an order for cessation medica-
tion (Table 2.20).

These estimates were similar to estimates made by
screening records for visits to outpatient departments of
nonfederal general and short-stay hospitals. From 2005
to 2010, screening for tobacco use occurred in 63.0% of
these visits; 24.5% of visits from patients who were iden-
tified as current tobacco users included counseling on
tobacco, prescriptions or orders for cessation medication,
or both (Jamal et al. 2015). No significant changes in these
measures occurred in hospital outpatient visits during
2005-2010 (Jamal et al. 2015).

During 2009-2011 (Table 2.20), visits to psychia-
trists had a lower proportion that included screening for
tobacco use (56.3%) compared with visits to general and
family practitioners (69.7%) or to obstetricians and gyne-
cologists” (69.8%). Patients who were identified as cur-
rent tobacco users varied by status of health insurance,
as those with Medicaid/State Children’s Health Insurance
Program (SCHIP)/Children’s Health Insurance Program
(33.9%), those who were self-payers (23.6%), and those
covered by other insurance (25.3%) were more likely to be
current tobacco users than those with private insurance
(15.3%) or Medicare (11.8%).

For office-based outpatient visits among current
tobacco users (i.e., the patient was identified as a cur-
rent tobacco user during screening), the prevalence of
visits that included tobacco counseling was lower among
patients 18-24 years of age (14.5%) than among patients
45-64 years of age (22.1%) (Table 2.20).

Visits by tobacco users with other types of insurance
(9.4%) were less likely to include counseling than were
visits among persons in any of the other insurance sub-
groups (e.g., worker’s compensation, no charge/charity).
Tobacco-using patients who visited their primary care
physicians were more likely to receive counseling
(25.0% of their visits) than were tobacco-using patients
who visited doctors who were not their primary care phy-
sicians (16.2% of visits). A similar finding was made in
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Table 2.20 Receipt of screening for tobacco use, counseling, and a prescription for a cessation medication during
outpatient visits to office-based physicians among adults 18 years of age and older, by patient and
physician characteristics; National Ambulatory Medical Care Survey (NAMCS) 2009-2011 combined
data; United States

Visits with current
tobacco use and

Visits with current prescription
Visits with screening  Visits with current tobacco use and of cessation
for tobacco use®: tobacco useP: tobacco counseling®:  medication:
Characteristic % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Total 66.6 (64.7-68.5) 16.4 (15.4-17.5) 20.1 (17.9-22.5) 3.8 (3.1-4.7)
Sex
Male 65.7 (63.2-68.2) 19.8 (18.4-21.2) 19.8 (17.2-22.7) 3.7(2.9-4.7)
Female 67.2 (64.7-69.6) 14.3 (13.3-15.3) 20.4 (17.9-23.1) 4.0 (3.1-5.1)
Age (in years)
18-24 67.2 (63.9-70.3) 17.8 (16.0-19.9) 14.5 (10.9-18.9) —¢
25-44 68.2 (65.7-70.7) 19.8 (18.1-21.6) 18.7 (15.9-21.8) 4.4 (3.1-6.1)
45-64 66.6 (64.0-69.1) 20.1 (18.7-21.6) 22.1 (19.2-25.2) 4.5 (3.7-5.6)
265 65.3 (62.7-67.9) 9.1 (8.3-9.9) 19.9 (16.5-23.8) 1.3 (0.8-2.1)
Race/ethnicity
White, non-Hispanic 67.8 (65.4-70.1) 17.1 (16.0-18.2) 20.0 (17.4-22.9) 4.1(3.3-5.1)
Black, non-Hispanic 61.7 (56.2-66.9) 18.2 (16.1-20.5) 23.4 (18.8-28.7) 2.8 (1.5-4.9)
Hispanic 64.3 (60.5-68.0) 11.3 (9.9-12.8) 18.5 (13.8-24.4) —
Other race/multiple race, 63.8 (55.8-71.1) 11.2 (8.6-14.5) 14.1 (8.6-22.2) —€
non-Hispanic
Health insurance coverage
Private insurance 68.3 (65.8-70.7) 15.3 (14.3-16.3) 20.4 (18.0-23.0) 4.2 (3.3-5.2)
Medicare 66.3 (63.5-69.0) 11.8 (10.8-12.9) 21.3 (18.0-24.9) 3.2(2.2-4.7)
Medicaid/SCHIP/CHIP 66.1 (61.2-70.8) 33.9 (30.3-37.6) 23.0 (17.6-29.5) 4.5 (3.0-6.7)
Self-pay 61.5 (55.9-66.9) 23.6 (20.6-27.0) 19.3 (14.8-24.8) 4.7 (3.1-7.0)
Other f 66.1 (60.4-71.4) 25.3 (21.4-29.5) 9.4 (6.2-14.2) —¢
Patient’s primary care physician
Yes 69.9 (66.8-72.8) 18.3 (16.6-20.1) 24.7 (21.4-28.9) 5.1 (3.8-6.7)
No 66.6 (64.2-68.8) 14.8 (14.0-15.8) 16.2 (14.0-18.7) 2.8 (2.2-3.5)
Physician specialty
General or family practice 69.7 (65.9-73.2) 21.6 (19.9-23.5) 22.1 (18.9-25.7) 4.8 (3.8-6.1)
Internal medicine 67.1 (60.7-72.9) 16.2 (13.9-18.9) 27.8 (22.3-34.1) 4.1 (2.5-6.9)
Obstetrics and gynecology 69.8 (64.4-74.7) 10.6 (9.0-12.5) 16.7 (11.1-24.3) —
Cardiovascular disease 67.8 (61.7-73.4) 12.3 (10.6-14.2) 38.6 (31.7-46.1) —€
Psychiatry 56.3 (49.4-63.1) 23.9 (19.6-28.8) 28.8 (19.0-41.1) 13.3(9.9-17.7)
All other specialties 64.8 (61.7-67.8) 14.6 (13.6-15.7) 12.9 (10.5-15.8) 2.1 (1.5-3.1)
Time spent with physician
<20 minutes 64.8 (61.9-67.7) 15.8 (14.8-16.9) 17.6 (15.3-20.1) 3.3 (2.6-4.2)
>20 minutes 68.8 (66.4-71.1) 17.0 (15.7-18.5) 22.8 (19.9-26.0) 4.4 (3.4-5.6)

Source: NAMCS, National Center for Health Statistics, public use data, 2009-2011.
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Table 2.20 Continued

Note: CHIP = Children’s Health Insurance Program; CI = confidence interval; SCHIP = State Children’s Health Insurance Program.
aVisits during which the status (yes, no) of current tobacco use (cigarettes, cigars, or snuff or chewing tobacco) was recorded.
Denominator includes current tobacco use, no current use, unknown, and blanks.

bDocumented visits during which current tobacco use (smoking cigarettes or cigars or using snuff or chewing tobacco) was recorded.
“Tobacco counseling refers to the provision of any information related to tobacco use in any form, including cigarettes, cigars, snuff,
and chewing tobacco, and also includes information about exposure to tobacco in the form of secondhand smoke, smoking cessation,
and the prevention of tobacco use; referrals to other healthcare providers for smoking cessation programs are also included.
dCessation medications include nicotine replacement therapy (nicotine patch, gum, lozenge, nasal spray, and inhaler), bupropion,

and varenicline.

€Prevalence estimates with a relative standard error >30% are not presented due to low precision.
fIncludes response options “Worker’s compensation, No charge/Charity, Other.”

the examination of the 2005-2010 data on visits to hos-
pital outpatient departments (Jamal et al. 2015). Among
patients who used tobacco, those who visited cardiovas-
cular disease specialists were more likely to receive coun-
seling on tobacco use (38.6%) than were patients who
visited general and family practitioners (22.0%), obstetri-
cians and gynecologists (16.7%), or all other specialists
(12.9%). Similar differences by type of healthcare insur-
ance, primary care physician, and physician specialty were
observed in the 2005-2008 NAMCS (CDC 2012).

Among current smokers who visited office-based
physicians, the percentage of visits at which tobacco ces-
sation medications were prescribed varied by age group.
The percentage was lower for visits by those 65 years of
age and older compared with those 25-44 or 45-64 years
of age (Table 2.20). Outpatient visits by current ciga-
rette smokers that included a prescription of cessation
medication also varied by whether the physician was the
patient’s primary care physician (5.1% of visits) or was
not (2.8% of visits). Visits to psychiatrists had a higher
proportion with prescribed medication (13.3%) than
visits to all other specialists. These differences by age and
physician specialty were also observed in the 2005-2008
NAMCS (CDC 2012).

Self-Reported Data from Cigarette Smokers

According to NHIS data, in 2015, 83.9% of adult
cigarette smokers saw a physician or other health profes-
sional during the past year, and among this group, 57.2%
reported receiving advice to quit smoking (Table 2.21).
The prevalence of smokers who received advice to quit
was higher among older age groups (45-64 years of age
[65.7%] and those aged 65 years of age and older [65.7%])
than among younger age groups (18-24 years of age
[44.4%] and 25-44 years of age [49.8%]). Whites were
more likely to receive advice to quit (60.2%) than were
Asians (34.2%), American Indians/Alaska Natives (38.1%),
or Hispanics (42.2%) (Table 2.21). Smokers living in the
Northeast were more likely to report being advised to quit
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smoking (65.1%) than smokers living in the West (50.6%)
or the South (55.2%). In addition, the prevalence of
smokers who received advice to quit was lower in the West
(50.6%) than it was in the Midwest (60.0%). Uninsured
smokers were less likely to report receiving advice to quit
(44.1%) than smokers with any type of insurance (range:
56.8-69.2%). There were no significant differences in
receipt of advice to quit between persons identifying as
lesbian, gay, or bisexual (57.7%) (Table 2.22) and those
identifying as heterosexual (57.1%). These demographic
differences were similar to those seen in the 2010 NHIS,
although sexual orientation was not assessed prior to the
2013 NHIS (CDC 2011).

According to the 2009-2010 NATS, the prevalence
of self-reported receipt of advice from a health profes-
sional to quit smoking was 65.8% among current ciga-
rette smokers who had seen a health professional during
the past year (King et al. 2013). This figure is higher than
the estimate using the 2010 NHIS, in which 48.3% of
current cigarette smokers and former smokers who quit
during the past year reported receiving cessation advice
(CDC 2011). Appendix 2.1 discusses NATS and NHIS, and
Appendix 2.2 discusses methodologic features that may
have contributed to this difference, including that NATS
was a tobacco-focused survey that may have contributed
to a social desirability bias among cigarette smokers to
answer that they received cessation advice. Using data
from the 2010-2011 TUS-CPS, 64.8% of current ciga-
rette smokers reported receiving advice to quit (TUS-CPS,
public use data, 2010-2011), which was similar to the esti-
mate from the 2009-2010 NATS. Although the TUS-CPS
was another tobacco-focused survey and may have been
subject to social desirability bias, it is also possible that
data from NHIS may underestimate the prevalence of cig-
arette smokers receiving advice to quit.

Also using the 2009-2010 NATS, 87.9% of current
smokers who visited a health professional recalled being
asked if they smoked cigarettes, and 42.6% recalled being
asked if they wanted to quit (King et al. 2013). Among
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Table 2.21 Prevalence of receiving a health professional’s advice to quit smoking? and use of counseling®
and medications® for cessation among cigarette smokers 18 years of age and older, by selected
characteristics; National Health Interview Survey (NHIS) 2015; United States

Received health

professional's advice

Used counseling:

Used medication:

Used counseling

and/or medication:

Characteristic to quit: % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Overall 57.2 (55.3-59.1) 6.8 (5.7-7.9) 29.0 (26.8-31.2) 31.2 (28.9-33.5)
Sex
Men 55.2 (52.5-57.9) 5.8 (4.3-7.4) 27.0 (24.0-30.0) 29.1 (26.0-32.2)
Women 59.3 (56.6-61.9) 7.9 (6.4-9.5) 31.3 (28.2-34.3) 33.6 (30.5-36.6)
Age group (in years)
18-24 44.4 (37.1-51.6) —¢ 15.6 (9.5-21.7) 16.8 (10.6-23.0)
25-44 49.8 (46.6-53.0) 6.1 (4.5-7.8) 25.5 (22.2-28.7) 27.4 (24.1-30.8)
45-64 65.7 (62.9-68.4) 8.8 (6.9-11.1) 37.7 (34.0-41.4) 40.2 (36.4-43.9)
265 65.7 (61.4-70.0) 9.2 (5.3-13.1) 33.7 (27.7-39.7) 37.0 (31.0-43.1)
Race/ethnicity
White, non-Hispanic 60.2 (58.0-62.4) 6.9 (5.5-8.3) 32.6 (29.8-35.4) 34.3 (31.4-37.2)
Black, non-Hispanic 55.7 (50.2-61.1) 7.6 (4.5-10.8) 25.2 (20.1-30.3) 28.9 (23.5-34.4)
Hispanic 42.2 (37.0-47.5) 5.1 (2.4-7.7) 16.6 (12.4-20.9) 19.2 (14.4-24.0)
American Indian/Alaska Native, 38.1 (21.4-54.8) —L — —€
non-Hispanic
Asian, non-Hispanicd 34.2 (24.2-44.3) —¢ 17.4 (9.4-25.4) 20.5 (12.2-28.8)
Multiple races, non-Hispanic 69.6 (59.2-80.1) —¢ 22.1 (10.5-33.6) 24.6 (12.7-36.4)
Level of education®
<12 years (no diploma) 60.8 (56.6-65.1) 5.4 (3.1-7.6) 26.5 (21.8-31.2) 28.7 (23.8-33.6)
GED certificate 61.6 (52.4-70.7) —¢ 30.8 (21.5-40.1) 31.4 (22.0-40.7)
High school diploma 58.1 (53.9-62.3) 7.0 (4.7-9.4) 30.3 (25.5-35.1) 33.1 (28.1-38.1)
Some college (no degree) 59.1 (55.3-63.0) 8.6 (6.0-11.1) 32.5 (28.1-36.9) 34.6 (30.1-39.2)
Associate degree 61.6 (56.4-66.8) 8.6 (5.1-12.2) 33.2 (27.4-39.0) 36.0 (29.8-42.3)
Undergraduate degree 52.6 (46.6-58.5) 7.4 (3.7-11.1) 33.2 (26.5-39.8) 35.1 (28.4-41.7)
Graduate degree 57.7 (48.5-66.8) —¢ 32.8 (22.9-42.6) 35.9 (25.7-46.0)
Poverty status
At or above poverty level 57.8 (55.6-60.1) 6.8 (5.6-8.1) 29.5 (27.1-31.8) 31.7 (29.2-34.2)
Below poverty level 54.7 (50.7-58.7) 6.7 (4.6-8.9) 27.0 (21.6-31.6) 29.0 (24.2-33.7)
U.S. Census region
Northeast 65.1 (60.2-70.1) 8.2 (4.9-11.5) 34.7 (27.9-41.5) 37.6 (30.9-44.2)
Midwest 60.0 (56.1-63.9) 4.9 (3.0-6.8) 28.9 (24.9-32.8) 30.2 (26.1-34.4)
South 55.2 (52.2-58.2) 7.2 (5.3-9.0) 27.2 (23.8-30.6) 29.3 (25.7-33.0)
West 50.6 (46.9-54.4) 7.5 (5.1-9.9) 28.0 (23.1-32.8) 30.7 (25.5-35.9)
Health insurance coverage
Private 56.8 (54.0-59.5) 6.8 (5.3-8.3) 29.9 (27.0-32.7) 32.1 (29.1-35.1)
Medicaid and dual eligibles 59.9 (55.7-64.1) 8.0 (5.3-10.7) 32.2 (27.3-37.2) 34.5 (29.3-39.6)
Medicare Advantage 66.6 (56.5-76.6) — 26.5 (15.5-37.4) 31.6 (19.7-43.4)
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Table 2.21 Continued

Received health
professional's advice

Used counseling:

Used counseling

Used medication: and/or medication:

Characteristic to quit: % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Health insurance coverage
(continued)
Medicare only 62.0 (51.7-72.3) —¢ 28.5 (15.5-41.5) 35.9 (22.6-49.1)
(excluding Advantage)
Other coverage 69.2 (62.8-75.7) 5.2 (2.7-7.7) 34.9 (26.2-43.6) 36.0 (27.3-44.7)
Uninsured 44.1 (38.8-49.3) 4.3 (2.2-6.4) 20.0 (15.6-24.6) 21.4 (17.0-25.8)

Source: Babb and colleagues (2017).

Notes: CI = confidence interval; GED = General Educational Development.
2Reported receiving advice from a medical doctor, dentist, or other health professional to quit smoking or quit using other kinds of
tobacco among current smokers and those who quit during the past year who saw a doctor or other health professional during the

past year.

bUsed one-on-one counseling; attended a stop-smoking clinic, class, or support group; and/or sought a telephone helpline or quitline
during the past year among current smokers who tried to quit during the past year or used when stopped smoking among former

smokers who quit during the past 2 years.

¢Used nicotine patch, nicotine gum or lozenge, nicotine-containing nasal spray or inhaler, varenicline (U.S. trade name Chantix), and/or
bupropion (including trade names Zyban and Wellbutrin) during the past year among current smokers who tried to quit during the past
year or used when they stopped smoking among former smokers who quit during the past 2 years.

dDoes not include Native Hawaiians or Other Pacific Islanders.
€Among only adults 25 years of age and older.

those wanting to quit, 78.2% were offered assistance, and
17.5% were scheduled for follow-up. Among persons who
received assistance, 50.6% were provided with access to
booklets, videos, websites, or other information; 37.5%
were referred to a quitline, class, program, or counseling;
and 57.8% received recommendations or prescriptions for
cessation medication. Thus, in the 5 A's model of clinician
cessation intervention, the prevalence of provider inter-
vention was higher for asking, assessing, and assisting
than for more time-comprehensive and time-intensive
components, such as scheduling for follow-up.

Trends

For 2000-2015, NHIS data indicate a nonlinear
(quadratic) trend in the prevalence of receiving advice
to quit smoking. Among adult current cigarette smokers
who had visited a healthcare professional during the
past year, prevalence of receiving advice to quit smoking
increased from 52.4% in 2000 to 57.0% in 2005, decreased
to 48.2% in 2010, but then increased again to 57.2% in
2015 (Babb et al. 2017). These trends did not differ by sex
(NHIS, public use data, 2000-2015). Similar trends were
observed among Whites, Blacks, and Hispanics. However,
among Asians, advice from healthcare professionals to
quit decreased linearly over time, from 54.7% in 2000 to
34.2% in 2015 (NHIS, public use data, 2000-2015).
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Young Adults

Clinical Data Obtained by Abstracting
Medical Records

According to combined data for 2004-2010 from
NAMCS, an average of 65.7% of physician visits among
patients 18-21 years of age included screening for tobacco
use; among these, an average of 16.1% visits were made
by current tobacco users (Jamal et al. 2014). Among visits
made by persons identified as current tobacco users,
19.1% received any assistance with cessation, including
counseling on tobacco in the form of health education
ordered or provided at the visit, a prescription or order for
a cessation medication, or both.

Using 2004-2010 data from NAMCS, Jamal and col-
leagues (2014) examined physician visits among 11- to
21-year-old patients and found that a higher proportion of
visits included screening for tobacco use among patients
with private insurance (71.0%) and Medicaid or SCHIP
(69.6%) than among patients with other types of insur-
ance (59.9%). In addition, a higher proportion of visits to
a patient’s primary care physician included screening for
tobacco use (72.7%) compared with visits with nonpri-
mary care physicians (67.9%), and a higher proportion of
visits to a pediatrician (74.7%) included tobacco screening
compared with visits to general or family practitioners
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Table 2.22 Prevalence of interest in quitting?, past-year quit attempt?, receipt of a health professional’s advice to quit¢, use of counselingd and/or
medication®, quit ratiof, and recent successful cessation® among smokers 18 years of age and older, by selected subpopulations; National
Health Interview Survey (NHIS) 2015, 2017; United States

Received health
Interested Past-year professional’s Used counseling Recent successful
in quitting: quit attempt: advice to quit: and/or medication:  Quit ratio: cessation:
% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Subpopulation (2015) (2017) (2015) (2015) (2017) (2017)
Cigarette smoking frequency
Some-day smokers 71.0 (67.4-74.7) 58.5 (54.5-62.5) 44.6 (40.2-49.0) 24.2 (19.7-28.7) NA NA
Daily smokers, 1-4 cpd 71.8 (65.0-78.7) 59.8 (52.0-67.6) 51.3 (43.7-59.0) 33.6 (24.4-42.7) NA NA
Daily smokers, 5-14 cpd 68.8 (65.6-72.0) 49.8 (46.5-53.2) 64.5 (61.1-67.8) 36.2 (31.5-41.0) NA NA
Daily smokers, 15-24 cpd 66.3 (62.6-70.0) 40.2 (36.7-43.7) 68.4 (64.4-72.3) 42.5 (36.5-48.4) NA NA
Daily smokers, >25 cpd 55.6 (48.1-63.2) 29.5 (22.6-36.4) 79.3 (73.1-85.6) 46.7 (32.5-60.9) NA NA
Usually smokes menthol?
Yes 71.3 (68.1-74.5) NA 58.6 (54.8-62.4) 32.8 (28.4-37.1) NA NA
No 67.3 (64.7-69.9) NA 62.8 (60.4-65.3) 35.9 (31.6-38.7) NA NA
No usual type 40.0 (28.2-51.9) NA 34.1 (21.8-46.4) — NA NA
Serious psychological distress
Yes (Kessler scorel >13) 67.4 (61.3-73.5) 58.2 (51.8-64.6) 70.1 (64.5-75.8) 41.6 (33.7-49.5) 40.7 (35.4-46.1) 7.2 (3.9-10.5)
No (Kessler score <13) 68.2 (66.0-70.3) 55.0 (53.1-56.9) 55.7 (53.7-57.7) 30.1 (27.8-32.5) 63.0 (61.6-64.3) 7.7 (6.7-8.8)
Chronic illness diagnosis
Any smoking-related 67.9 (65.1-70.8) 56.5 (54.0-58.9) 67.3 (64.7-69.8) 35.4 (32.0-38.8) 65.2 (63.6-66.8) 6.8 (5.6-8.0)
chronic diseasek
Other chronic disease! 69.4 (66.6-72.2) 55.8 (53.3-58.3) 66.5 (64.0-69.1) 37.2 (33.6-40.7) 67.6 (66.1-69.1) 6.5 (5.0-7.9)
No chronic disease 69.3 (66.8-71.8) 56.1 (54.0-58.3) 64.8 (62.6-67.1) 36.1 (33.0-39.2) 64.8 (63.4-66.2) 6.7 (5.5-7.8)
Disability/limitation™
Yes 66.4 (61.4-71.3) 54.0 (50.0-58.0) 71.8 (67.4-76.2) 39.0 (32.1-45.9) 59.4 (56.7-62.1) 5.4 (3.5-7.4)
No 66.8 (63.5-70.2) 54.6 (51.9-57.2) 53.6 (50.5-56.8) 28.5 (25.1-31.9) 62.6 (60.7-64.4) 8.4 (6.8-9.9)
Sexual orientation
Heterosexual 68.1 (65.9-70.2) 55.4 (53.4-57.3) 57.1 (55.1-59.1) 31.7 (29.3-34.1) 62.1 (60.8-63.4)

Lesbian/gay/bisexual

66.7 (56.9-76.6)

54.6 (46.4-62.9)

57.7 (48.5-66.9)

14.5 (7.9-21.1)

50.6 (44.1-57.0)

7.5 (6.4-8.5)

1
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Table 2.22 Continued

Received health
Interested Past-year professional’s Used counseling Recent successful
in quitting: quit attempt: advice to quit: and/or medication:  Quit ratio: cessation:
% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Subpopulation (2015) (2017) (2015) (2015) (2017) (2017)
Binge drinking (past month)
Yes 70.1 (66.0-74.2) 54.8 (51.2-58.4) 53.5 (49.3-57.7) 29.9 (25.2-34.5) 51.5 (48.7-54.4) 6.4 (4.8-8.1)
No 67.2 (64.8-69.6) 55.8 (53.6-58.0) 58.8 (56.6-61.0) 32.1 (29.5-34.7) 64.8 (63.4-66.1) 8.0 (6.7-9.2)

Source: NHIS, National Center for Health Statistics, public use data, 2015, 2017; Babb and colleagues (2017).

Notes: CI = confidence interval; cpd = cigarettes smoked per day; NA = not available.

aCurrent smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying to quit smoking and former smokers who quit
during the past year.

bCurrent smokers who reported that they wanted to stop smoking completely.

“Received advice from a medical doctor, dentist, or other health professional to quit smoking or quit using other kinds of tobacco among current smokers and those who
quit during the past year who saw a doctor or other health professional during the past year.

dUsed one-on-one counseling; attended a stop-smoking clinic, class, or support group; and/or sought a telephone helpline or quitline during the past year among current
smokers who tried to quit during the past year or among former smokers who quit during the past 2 years.

€Used nicotine patch, nicotine gum or lozenge, nicotine-containing nasal spray or inhaler, varenicline (U.S. trade name Chantix), and/or bupropion (including trade names
Zyban and Wellbutrin) during the past year among current smokers who tried to quit during the past year or among former smokers who quit during the past 2 years.

fThe percentage of ever smokers who have quit smoking. Defined as the number of former smokers divided by the number of ever smokers.

gHaving smoked during the past year but having been quit for at least 6 months at the time of the survey interview. The denominator in the prevalence calculation includes
all persons who smoked during the past year (i.e., both current cigarette smokers and former smokers who reported quitting during the past year).

hAnalysis limited to current smokers.

iPrevalence estimates with a relative standard error 230% are not presented due to low precision.

JThe Kessler Psychological Distress Scale was developed for mental health screening in population surveys. The 10-item questionnaire is intended to yield a global measure
of distress based on questions about anxiety and depressive symptoms that a person has experienced in the most recent 4-week period.

kIncludes lung cancer, other tobacco-related cancers (bladder, cervical, colon, esophageal, kidney, larynx-windpipe, leukemia, liver, mouth/tongue/lip, pancreas, rectum,
stomach, throat-pharynx, and uterine), coronary heart disease, stroke, emphysema, chronic bronchitis, asthma, diabetes, and arthritis.

IIncludes hypertension, other heart condition or heart disease, ulcer, and cancers including blood, bone, brain, breast, gallbladder, lymphoma, melanoma, ovarian, prostate,
skin (non-melanoma and other), soft tissue, testicular, thyroid, and other.

MDefined on the basis of self-reported presence of selected limitations, including vision, hearing, cognition, and movement. Limitations in performing activities of daily living
were defined on the basis of responses to the following question: “Does [person] have difficulty dressing or bathing?” Limitations in performing instrumental activities of daily
living were defined on the basis of responses to the following question: “Because of a physical, mental, or emotional condition, does [person] have difficulty doing errands
alone such as visiting a doctor’s office or shopping?” Any disability was defined as a “yes” response pertaining to at least one of the limitations (vision, hearing, cognition,
movement, activities of daily living, or instrumental activities of daily living). Results include responses from a random sample of half of the respondents from the 2017
Person File who were asked about limitations and weights from the Family Disability Questions File.
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or internal medicine physicians (68.3%), psychiatrists
(62.4%), or physicians in all other specialties, except
obstetrics and gynecology (65.0%). A higher proportion
of visits in which preventive care was the major reason for
the visit (28.9%) included cessation assistance (including
counseling, medication, or both) compared with visits for
other reasons (16.7%) (Jamal et al. 2014).

Data from Self-Reports of Cigarette Smokers

Among young adult current cigarette smokers
(18-24 years of age), differences in the prevalence of
receiving a health professional’s advice to quit were similar
to differences in the advice received by all adults in 2015.
However, regional differences were more pronounced, as
28.6% of smokers in the South were advised to quit com-
pared with 66.7% of smokers in the Northeast and 57.3%
of smokers in the Midwest (NHIS, public use data, 2015).

Trends

Among adults 18-24 years of age, NHIS data for
2000-2015 indicated that trends in receiving advice from a
provider to quit among men were similar to the quadratic
trends among all adults (Babb et al. 2017), but there was
no significant increase among women from 2010 (42.4%)
to 2015 (42.0%) (NHIS, public use data, 2000-2015).

Youth

Clinical Data Obtained by Abstracting
Medical Records

According to combined data for 2004-2010 from
NAMCS, an average of 71.5% of outpatient visits by patients
11-17 years of age included screening for tobacco use;
among these, an average of 3.0% outpatient visits were
made by current tobacco users (Jamal et al. 2014). Among
visits made by persons identified as current tobacco users,
21.8% included the receipt of any cessation assistance,
including tobacco counseling in the form of health edu-
cation ordered or provided at the visit, a prescription or
order for a cessation medication, or both. Using 2004—
2010 data from NAMCS, Jamal and colleagues (2014)
examined demographic differences in the screening and
provision of education and/or medication among visits by
patients 11-21 years of age; these were discussed previ-
ously in the section on young adults.

Self-Reported Data

In 2015, according to data from the NYTS, 46.2% of
high school students and 23.9% of middle school students
who had visited a healthcare provider during the past
year, were asked at any visit during that year if they had
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used tobacco (Tables 2.23a and 2.23b). Twelfth-grade stu-
dents (54.3%) were more likely than 9th-grade students
(40.6%) and 10th-grade students (41.6%) to report being
asked about tobacco use. This question was not asked in
the 2016 or 2017 NYTS.

According to 2017 data from the NYTS, 31.4% of
high school students and 28.1% of middle school stu-
dents who had smoked cigarettes during the past 30 days
had been advised by a doctor, dentist, or nurse not to use
tobacco. The prevalence of receiving advice to quit was
similar between these students and students who used
any type of tobacco (29.5% of high school students and
24.6% of middle school students) (NYTS, public use data,
2017). According to data from the 2011 NYTS, high school
students who smoked on more than 19 days during the
past 30 days were more likely to receive a health profes-
sional’s advice to not use tobacco (54.0%) than those who
smoked on 1-19 of the past 30 days (33.0%) (Schauer et al.
2014a). According to the 2013 NSDUH, 26.3% of past-
30-day tobacco users 12-17 years of age were screened
for tobacco use and advised to quit (Collins et al. 2017).
Furthermore, males were more likely to be advised to quit
than females, and Hispanics were less likely to be advised
to quit than Whites.

Use of Counseling and Medications
to Quit Smoking

Adults

In 2015, according to data from the NHIS, the use
of cessation counseling and/or medication among cur-
rent smokers who had tried to quit during the past year
and former smokers who had successfully quit during the
past 2 years was 31.2% (Table 2.21). In all, 6.8% had used
counseling, 29.0% had used medications, and 4.7% had
used both (Babb et al. 2017). Counseling services (alone
or in combination) included a telephone quitline (4.1%);
one-on-one counseling (2.8%); and a stop-smoking clinic,
class, or support group (2.4%). Medications included the
seven FDA-approved medications for smoking cessation
(alone or in combination); the prevalence of medication
use was 16.6% for the nicotine patch, 12.5% for nicotine
gum or lozenges, 2.4% for nicotine nasal spray or inhaler,
7.9% for varenicline, and 2.7% for bupropion.

According to NHIS, in 2015, the use of effective treat-
ment (counseling and/or medications) was lower among
persons 18-24 years of age (16.8%) than in any of the
other age groups (Table 2.21). In addition, prevalence of
the use of counseling and/or medication was lower among
smokers 25-44 years of age (27.4%) than among smokers
45-64 years of age (40.2%) or those 65 years of age and
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Table 2.23a  Prevalence of being asked about tobacco use?® and being advised not to use tobacco® among high school
students (grades 9-12) who saw a healthcare provider during the past year, by grade in school; National
Youth Tobacco Survey (NYTS) 2015; United States

Current cigarette smokers advised not
Characteristic Asked about tobacco use: % (95% CI) to use tobacco: % (95% CI)

Total
Sex
Male
Female
Grade
9
10
11
12
Race/ethnicity
White, non-Hispanic
Black, non-Hispanic
Other, non-Hispanic
Hispanic

46.2 (43.6-48.8)

45.2 (42.2-48.2)
47.4 (44.4-50.4)

40.6 (36.8-44.4)
41.6 (38.2-45.0)
49.7 (46.1-53.4)
54.3 (51.5-57.2)

47.5 (44.2-50.8)
45.9 (42.0-49.9)
44.8 (40.2-49.4)
44.3 (40.5-48.1)

30.2 (28.0-32.4)

34.1 (27.3-41.0)
32.9 (26.4-39.4)

27.2 (18.9-35.5)
28.6 (19.7-37.5)
38.1 (29.8-46.3)
36.6 (28.8-44.3)

33.1(27.8-38.4)
33.5 (16.8-50.2)
33.5(14.9-52.1)
35.4 (24.6-46.1)

Source: NYTS, public use data, 2015.

Noftes: This question was not asked in the 2016 or 2017 NYTS. CI = confidence interval.

4Being asked about tobacco use was defined as being asked at any visit to a doctor, dentist, or nurse during the past year if the student
used tobacco that is smoked or put in the mouth.

bBeing advised not to use tobacco was defined as being advised by a doctor, dentist, or nurse during the past 12 months not to use tobacco
that is smoked or put in the mouth among current cigarette smokers (smoked cigarettes during the 30 days preceding the survey).

Table 2.23b  Prevalence of being asked about tobacco use? and being advised not to use tobacco? among middle school
students (grades 6—8) who saw a healthcare provider during the past year, by grade in school; National
Youth Tobacco Survey (NYTS) 2015; United States

Current cigarette smokers advised not
Characteristic Asked about tobacco use: % (95% CI) to use tobacco: % (95% CI)

Total 23.9 (21.9-26.0) 22.9 (21.0-24.8)
Sex

Male 23.4 (21.2-25.5) 31.5 (17.0-46.0)

Female 24.7 (22.1-27.2) 25.6 (14.7-36.5)
Race/ethnicity

White, non-Hispanic 24.0 (20.9-27.0) 26.5 (17.5-35.4)

Black, non-Hispanic 28.6 (24.0-33.2) —¢

Other, non-Hispanic 21.2 (17.4-25.0) —

Hispanic 23.5(21.3-25.8) —¢

Source: NYTS, public use data, 2015.

Notes: This question was not asked in the 2016 or 2017 NYTS. CI = confidence interval; RSE = relative standard error.

2Being asked about tobacco use was defined as being asked at any visit to a doctor, dentist, or nurse during the past year if the student
used tobacco that is smoked or put in the mouth.

bBeing advised not to use tobacco was defined as being advised by a doctor, dentist, or nurse during the past 12 months not to use tobacco
that is smoked or put in the mouth among current cigarette smokers (smoked cigarettes during the 30 days preceding the survey).
®Data are not shown because sample size was <50 and the relative standard error of the estimate was >30%.
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older (37.0%). Hispanics used effective treatments less
often than Whites (19.2% vs. 34.3%). Uninsured smokers
were less likely to use effective treatments (21.4%) than
were smokers who were privately insured (32.1%), had
Medicaid (34.5%), or had other coverage (36.0%). Use of
counseling and/or medication was also lower among les-
bian, gay, and bisexual smokers than among heterosexuals
(14.5% vs. 31.7%) (Table 2.22).

According to data from the 2014-2015 TUS-CPS,
the prevalence of using a telephone quitline for cessa-
tion was 3.5% among current cigarette smokers who had
tried to quit during the past year (Table 2.24), a figure
that was quite similar to the prevalence using the 2015
NHIS for using such a quitline among current smokers
who had tried to quit during the past year combined with
former smokers who had quit during the past 2 years
(4.1%) (Babb et al. 2017). Use of a telephone quitline by
current cigarette smokers during the last time they tried
to quit within the past year was higher among women
(4.2%) than men (2.8%), among those 45-64 years of age
(4.4%) than those aged 65 years and older (2.1%), and
among those living below the poverty level (5.2%) than
among those living at or above the poverty level (3.0%)
(Table 2.24).

Young Adults

In 2015, according to data from the NHIS, 16.8% of
young adult current smokers 18-24 years of age who had
tried to quit during the past year and former smokers who
successfully quit during the past 2 years used cessation
counseling and/or medications (Table 2.21) (Babb et al.
2017). This included 15.6% who used only medications,
but because of small numbers and low precision (relative
standard error >30%), the percentages who used either
counseling only or both counseling and medication could
not be estimated (Babb et al. 2017). Regardless, both per-
centages were lower than those for smokers 25 years of
age and older (Babb et al. 2017). The association between
demographic characteristics and treatment use among
young adults could not be examined using 2015 NHIS
data because of small sample sizes and the low precision
of estimates (relative standard error >30%).

Youth

In 2015, according to data from the NYTS, 17.8%
of high school current cigarette smokers who had tried
to quit during the past year used a program, counseling,
and/or medication to quit during the past 12 months, and
69.9% reported that they had “tried to quit on my own
or quit cold turkey” (Table 2.25). Among middle school
students, 30.4% of current cigarette smokers used a pro-
gram, counseling, and/or medication to quit, and 81.9%
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tried to quit cold turkey. However, caution is warranted
in interpreting these results because a large proportion
of middle school students reported using both a strategy
to quit and quitting cold turkey, suggesting that they had
different interpretations of what was meant by “quitting
on their own” or quitting cold turkey.

Among high school students who were current ciga-
rette smokers and had attempted to quit during the past
year, the use of a program, counseling, and/or medication
was higher among males (22.8%; 95% CI, 15.6-30.1) than
females (8.9%; 95% CI, 4.2-13.6) (NYTS, public use data,
2015; not shown in Table 2.25). Estimates for other demo-
graphic characteristics were of low precision and there-
fore were not examined (relative standard error >30%).

Trends Among Adults

The prevalence among current cigarette smokers of
using effective cessation treatments increased nonlinearly
during 2000-2015. A significant increase was observed
from 2000 (21.9%) to 2010 (31.7%), but there was no
change during 2010-2015 (31.2%) (Babb et al. 2017).
A similar trend was observed among women (2000, 22.4%;
2005, 32.7%; 2010, 35.1%; and 2015, 33.6%). Among men,
a linear increase in the use of effective treatments was seen
from 2000 (21.4%) to 2015 (29.1%) (NHIS, public use data,
2000-2015). Trends in the use of cessation aids also differed
by race/ethnicity: Trends among Whites and Hispanics were
similar to those for adults overall, but a linear increase was
observed for Blacks (Figure 2.13). Data from Nielsen Retail
Management Services showed sales of NRT gum, lozenge,
and patch totaled $1.0 billion in 2018 (adjusted for infla-
tion to 2018 dollars) (Figure 2.14). From Quarter 2 of 2014
to Quarter 4 of 2018, NRT gum had the highest sales fol-
lowed by NRT lozenge and NRT patch. During this time
period, sales of NRT gum increased steadily from Quarter 2
of 2014 to Quarter 4 of 2015, peaked in Quarter 2 of 2016
at $145.6 million, and then decreased through Quarter 4
of 2018 ($132.0 million). In contrast, sales of NRT loz-
enge increased fairly steadily from Quarter 2 of 2014 to
Quarter 4 of 2018, when sales peaked at $78.2 million.
Sales of NRT patch appeared to have a seasonal pattern
from 2014 to 2018, as sales peaked in the first quarter of
each year and then generally declined throughout the year.
Sales of NRT patch peaked in Quarter 1 of 2016 ($48.3 mil-
lion) but then decreased generally through 2018 despite its
annual first-quarter peaks.

Trends Among Young Adults

Among young adults 18-24 years of age, trends in
the use of effective cessation treatments among female
smokers and White smokers were similar to trends among
adults overall; but among men, use of effective cessation

Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth 95



A Report of the Surgeon General

Table 2.24 Prevalence of using strategies to quit cigarette smoking® among current cigarette smokers? 18 years of
age and older who tried to quit during the past year, by selected characteristics; Tobacco Use Supplement
to the Current Population Survey (TUS-CPS) 2014-2015; United States

Used Internet Used switching

Used telephone or web-based to smokeless Used switching Used switching
quitline: program or tool:  tobacco: to cigar or pipe:  to e-cigarettes:

Characteristic % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)
Overall 3.5(3.1-3.9) 2.1(1.8-2.4) 5.4 (4.8-6.0) 2.7(2.4-3.1) 34.7 (33.6-35.7)
Sex

Men 2.8 (2.3-3.4) 1.7 (1.3-2.1) 7.7 (6.7-8.7) 4.0 (3.3-4.6) 32.7 (31.2-34.3)

Women 4.2 (3.6-4.7) 2.5 (2.0-3.0) 3.0 (2.4-3.5) 1.5 (1.0-1.9) 36.8 (35.3-38.3)
Age group (in years)

18-24 2.7 (1.4-4.0) 2.4 (1.1-3.6) 7.8 (5.6-10.0) 3.7 (2.2-5.1) 39.2 (35.2-43.2)

25-44 3.2 (2.6-3.8) 2.3 (1.7-2.8) 5.8 (4.8-6.7) 2.3 (1.7-2.8) 38.0 (36.3-39.8)

45-64 4.4 (3.7-5.1) 1.9 (1.4-2.4) 4.5 (3.8-5.3) 3.0 (2.4-3.6) 32.2 (30.6-33.7)

265 2.1 (1.2-3.0) 1.8 (1.0-2.6) 3.8 (2.5-5.1) 2.5 (1.6-3.5) 23.7(20.7-26.7)
Race/ethnicity

White, non-Hispanic 3.2 (2.8-3.7) 2.1 (1.7-2.5) 5.5 (4.8-6.1) 2.5 (2.0-2.9) 38.8 (37.6-40.0)

Black, non-Hispanic 4.0 (2.8-5.2) 2.3 (1.3-3.2) 4.6 (3.3-6.0) 4.0 (2.7-5.3) 23.1 (20.3-25.9)

Hispanic 4.3 (2.6-6.1) 2.2 (1.0-3.3) 4.7 (3.0-6.5) 3.0 (1.5-4.4) 22.8 (19.6-26.0)

American Indian/Alaska —¢ —¢ —¢ —¢ 24.5 (16.7-32.2)

Native, non-Hispanic

Asian, non-Hispanic — — —¢ — 25.4 (18.1-32.7)

Multiple races, non-Hispanic —¢ —¢ —¢ —¢ 50.6 (42.4-58.9)
Level of educationd

<12 years (no diploma) 4.3 (3.2-5.3) 1.0 (0.6-1.5) 4.5 (3.4-5.7) 3.5 (2.4-4.5) 28.4 (25.9-31.0)

High school diploma 3.0 (2.4-3.7) 1.7 (1.2-2.2) 5.5 (4.6-6.5) 2.6 (2.0-3.2) 34.6 (32.7-36.4)

Some college (no degree) 3.2 (2.5-4.0) 2.5(1.8-3.2) 5.9 (4.8-7.1) 2.9 (2.1-3.8) 37.8 (35.4-40.2)

Associate degree 4.6 (3.1-6.1) 2.2 (0.9-3.6) 5.2 (3.8-6.7) 2.0 (0.9-3.0) 37.7 (34.8-40.6)

Undergraduate degree 3.5 (2.2-4.8) 4.1 (2.7-5.5) 5.0 (3.4-6.6) 2.0 (0.9-3.1) 35.7 (32.3-39.1)

Graduate degree 3.1 (0.5-5.8) 3.4 (1.2-5.7) 6.2 (2.8-9.6) 3.5 (1.3-5.7) 32.4 (26.3-38.6)
Poverty status

At or above poverty level 3.0 (2.6-3.4) 2.1 (1.7-2.5) 5.5 (4.9-6.1) 2.4 (2.0-2.8) 35.1 (34.0-36.3)

Below poverty level 5.2 (4.2-6.2) 2.1 (1.5-2.6) 5.1 (4.1-6.1) 3.9 (2.9-4.8) 33.2 (30.7-35.7)
U.S. Census region

Northeast 3.9 (2.7-5.0) 2.3(1.4-3.1) 4.7 (3.4-6.1) 3.0 (1.9-4.1) 32.2 (29.2-35.1)

Midwest 3.1(2.3-3.9) 1.7 (1.2-2.3) 5.6 (4.4-6.8) 2.2 (1.5-2.8) 35.6 (33.5-37.7)

South 3.2 (2.7-3.8) 2.2 (1.6-2.7) 5.3 (4.5-6.2) 3.1 (2.4-3.7) 35.3 (33.5-37.1)

West 4.2 (3.2-5.1) 2.4(1.6-3.2) 5.9 (4.7-7.2) 2.6 (1.7-3.5) 34.5 (31.7-37.2)

Source: TUS-CPS, National Cancer Institute, public use data, 2014-2015.

Notes: CI = confidence interval.

aUsed during their last quit attempt among those who tried to quit for at least 1 day during the past 12 months.

bpersons who reported smoking more than 100 cigarettes during their lifetime and who, at the time of the interview, reported smoking
every day or some days.

CPrevalence estimates with a relative standard error >30% are not presented due to low precision.

dAmong only adults 25 years of age and older.
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Table 2.25 Strategies used to quit smoking among high school and middle school current cigarette smokers® who
tried to quit during the past year; National Youth Tobacco Survey (NYTS) 2000, 2004, 2009, and 2015;

United States

Quitting behaviors 2000: % (95% CI)

2004: % (95% CI)

2009: % (95% CI) 2015: % (95% CI)

High school (grades 9-12)

Used a program, counseling,
and/or medication?

16.5 (15.0-18.0)

4.7 (3.8-5.6)
12.2 (10.9-13.5)

Attended a program in my school

Used nicotine gum, nicotine
patch, or any medicine to quit

Tried to quit on my own or quit NA NA

“cold turkey”
Middle school (grades 6-8)

Used a program, counseling,
and/or medication?

31.8 (27.8-35.9)

9.9 (7.4-12.5)
19.7 (16.4-23.0)

Attended a program in my school

Used nicotine gum, nicotine
patch, or any medicine to quit

Tried to quit on my own or quit NA NA

“cold turkey”

11.8 (9.3-14.3)

17.4 (13.8-20.9)

10.2 (6.7-13.7) 17.8 (12.9-22.7)

2.6 (1.2-4.0) —¢ —¢
8.9 (6.9-10.9)

7.8 (5.0-10.7) 10.8 (7.1-14.5)

NA 69.9 (58.3-81.5)

26.1 (19.4-32.7) 30.4 (18.4-42.3)

3.0 (1.6-4.3) —¢ —¢
13.4 (10.5-16.2)

19.7 (13.1-26.2) 23.7 (13.4-33.9)

NA 81.9 (77.4-86.4)

Source: NYTS, Centers for Disease Control and Prevention, public use data, 2000, 2004, 2009, and 2015.

Notes: CI = confidence interval; NA = not available.
aSmoked cigarettes during the past 30 days.

bAttended a program in school or a program in the community; called a telephone helpline or telephone quitline; and/or used nicotine

gum, nicotine patch, and/or any medication to quit.

CPrevalence estimates with a relative standard error >30% are not presented due to low precision.

treatments increased from 2000 (5.7%) to 2005 (15.9%)
and then remained unchanged through 2015 (17.2%)
(NHIS, public use data, 2000-2015). Estimates for other
racial/ethnic groups are not presented because of low pre-
cision (relative standard error >30%).

Trends Among Youth

Use of cessation treatments (e.g., school or commu-
nity programs, telephone quitlines, nicotine patches, nic-
otine gum, or any other medications) among high school
and middle school students decreased during 2000-2004,
and the use of cessation treatments in 2015 was similar to
that seen in 2000 (Table 2.25).

Use of Other Cessation Strategies

Adults

According to the 2014-2015 TUS-CPS, among adult
cigarette smokers who tried to quit smoking during the
past year, switching to e-cigarettes was the most prevalent

strategy (34.7%) used the last time they tried to quit
(Table 2.24), despite inconclusive data on the efficacy of
these products for promoting long-term cessation (see
Chapter 7) (Hartmann-Boyce et al. 2016; Kalkhoran and
Glantz 2016; Coleman et al. 2017; Verplaetse et al. 2018;
Young-Wolff et al. 2018; Berry et al. 2019). The percentage
of adult smokers switching to e-cigarettes was similar to
the percentage of adult cigarette smokers (as estimated
in the 2015 NHIS) who used any evidence-based cessa-
tion treatment (31.2%) (Table 2.21). According to the
TUS-CPS data, switching to e-cigarettes in an attempt to
quit smoking conventional cigarettes was more common
among women (36.8%) than men (32.7%). Cigarette
smokers younger than 45 years of age were more likely
to try to quit by switching to e-cigarettes than were
older smokers, and their use of e-cigarettes to try to
quit was greater than their use of proven cessation treat-
ments (Table 2.21). Whites (38.8%) and persons of mul-
tiple races (50.6%) were more likely than smokers of all
other racial/ethnic groups to switch to e-cigarettes in an
attempt to quit (Table 2.24), and the percentage of those
who switched to e-cigarettes in an attempt to quit was
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Figure 2.13 Prevalence of use of counseling or medications for cessation® among adult smokers 18 years of age and
older, by race/ethnicity; National Health Interview Survey (NHIS) 2000-2015; United States
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Source: NHIS, National Center for Health Statistics, public use data, 2000, 2005, 2010, and 2015.

aFor 2010 and 2015, used one-on-one counseling; a stop-smoking clinic, class, or support group; telephone helpline or quitline;
nicotine patch, nicotine gum, or lozenge; nicotine-containing nasal spray or inhaler; or varenicline (U.S. trade name Chantix) and/or
bupropion (including trade names Zyban and Wellbutrin) during the past year among current smokers who tried to quit during the
past year or among former smokers who quit during the past 2 years. For 2005, the list included a nicotine tablet and excluded var-
enicline, as that drug was not approved by the Food and Drug Administration until 2006. For 2000, the list included a stop-smoking
program and excluded a stop-smoking class or support group, nicotine lozenge (not approved by the Food and Drug Administration

until 2002), and varenicline.

higher than the percentage of smokers who used effective
cessation treatments (Table 2.21) for both groups. Persons
with 12 or fewer years of education (with no high school
diploma) were less likely to switch to e-cigarettes in an
attempt to quit smoking than those with higher levels of
education, with the exception of those with a graduate
degree (Table 2.24). The use of e-cigarettes for cessation
was also a commonly reported strategy among cigarette
smokers in Wave 1 of the PATH Study: 25.2% reported
using e-cigarettes to quit, and 23.5% reported using an
FDA-approved cessation medication—NRT (18.7%), var-
enicline (5.7%), or bupropion (3.1%) (Benmarhnia et al.
2018). Similar to the TUS-CPS, younger (18-34 years of
age) cigarette smokers in the PATH Study who were trying
to quit had a higher prevalence of using e-cigarettes as
a cessation aid than those 35 years of age and older
(Benmarhnia et al. 2018). In their analysis of data from the
PATH Study, Harlow and colleagues (2018) observed that,
among cigarette-only smokers at Wave 1, Whites, persons
with greater than a high school education, and persons
living at or above 200% of the poverty level were more
likely to become exclusive e-cigarette users at Wave 2
than Blacks and Hispanics, persons with a high school
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education or GED, and persons living below the poverty
level, respectively. Whites were also more likely than
Blacks and Hispanics to become dual users of e-cigarettes
and cigarettes at Wave 2, and Whites were more likely
to have quit conventional cigarettes (with no uptake of
e-cigarettes) than Blacks at Wave 2. Persons with greater
than high school education and those living at or above
200% of the poverty level were also more likely to quit
conventional cigarettes (with no uptake of e-cigarettes)
than those with lower levels of education and persons with
less income, respectively.

According to 2013-2014 data from the NATS,
among former smokers who quit during the past year
and had ever used e-cigarettes, 45.9% had completely
switched to e-cigarettes from conventional cigarettes at
some time during the past 12 months (NATS, public use
data, 2013-2014). Among the recent former smokers who
reported having switched to e-cigarettes during the past
year, 66.0% were current e-cigarette users (NATS, public
use data, 2013-2014). In contrast, among recent former
smokers who had ever used e-cigarettes but did not
report switching to e-cigarettes during the past year, just
13.4% were current e-cigarette users (NATS, public use
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Figure 2.14 Quarterly, inflation-adjusted? dollar sales of over-the-counter nicotine replacement therapy, by type;
Quarter 2, 2014—-Quarter 4, 2018; United States
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Nofte: Nielsen Retail Measurement Services data, including projected sales from expanded all outlet combined and convenience stores.
Types of outlets include food and grocery stores, drug stores, mass merchandizers, club stores, dollar stores, military commissaries,
and convenience stores. Data do not include food stores with annual sales volume <$2 million, certain specialty food stores, drug
stores with annual volume <$1 million, certain club stores, certain dollar stores, and Internet sales (including those from point-
of-sale retailers). Data do not include the category of “other” NRT, which represented 0.07% of sales during this period. Nielsen did
not participate in the data analysis, summary, or interpretation. CTP = Center for Tobacco Products; FDA = U.S. Food and Drug

Administration; NRT = nicotine replacement therapy.

aAdjusted to 2018 dollars using data from the Bureau of Labor Statistics on the Consumer Price Index for all items.

data, 2013-2014). In their analysis of data from the PATH
Study, Harlow and colleagues (2018) found that cigarette
smokers at Wave 1 who reported new use of e-cigarettes at
Wave 2 had almost the same prevalence of quitting ciga-
rettes from Wave 1 to Wave 2 (8.06%) as those who did
not begin using e-cigarettes at Wave 2 (8.42%). However,
using multivariate logistic regression models, Berry and
colleagues (2019) found that adult cigarette smokers who
initiated daily e-cigarette use at Wave 1 had 7.88 times the
odds of having quit cigarette smoking at Wave 2 than those
who did not use e-cigarettes. In contrast, adult cigarette
smokers who initiated experimental e-cigarette use (cur-
rent e-cigarette use but no regular use) were less likely
to quit cigarette smoking than those who were not using
e-cigarettes (OR = 0.51; 95% CI, 0.26-1.00). Similarly,
findings from Wave 1 to Wave 2 of the PATH Study indi-
cated that cigarette smokers who were daily e-cigarette
users at Wave 1 had higher odds of quitting cigarette
smoking at Wave 2 (OR = 1.56; 95% CI, 1.12-2.18) than
never e-cigarette users. But among men, former ciga-
rette smokers who were daily or nondaily e-cigarette users
at Wave 1 were more likely than men who were never

e-cigarette users to relapse to cigarette smoking at Wave 2
(OR = 2.96; 95% CI, 1.49-5.86 and OR = 3.05; 95% ClI,
1.29-7.17, respectively) (Verplaetse et al. 2018).
According to the 2014-2015 TUS-CPS data, more
cigarette smokers reported switching to e-cigarettes
(31.2%) in an attempt to quit than switching to smoke-
less tobacco (5.4%), switching to cigars or pipes (2.7%), or
using the Internet or a web-based program or tool (2.1%)
(Table 2.24). The estimate for switching to smokeless
tobacco in an attempt to quit cigarette smoking is similar
to that from the 2013-2014 NATS, where 4.9% of former
cigarette smokers who had quit during the past year had
switched to smokeless tobacco to quit smoking (NATS,
public use data, 2013-2014). According to data from the
2014-2015 TUS-CPS, higher percentages of men than
women switched to cigars or pipes in an attempt to quit
(4.0% vs. 1.5%) or switched to smokeless tobacco in an
attempt to quit (7.7% vs. 3.0%) (Table 2.24). Also, 18- to
24-year-old smokers were more likely to switch to smoke-
less tobacco in an attempt to quit than smokers who were
45 years of age and older. In addition, persons living below
the poverty level were more likely to switch to cigars or
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pipes (3.9%) in an attempt to quit than those living at or
above the poverty level (2.4%). Finally, smokers with an
undergraduate degree (4.1%) were more likely to use the
Internet for help with cessation than those with a high
school education or less.

Although the estimate for use of specific Internet or
web-based programs or tools for quitting smoking was low
(2.1%) in the 2014-2015 TUS-CPS (Table 2.24), according
to the 2017 HINTS, 43.7% of current cigarette smokers
who were 18 years of age and older and were Internet
users had used the Internet during the past 12 months
to look for information about quitting smoking. Of note,
the HINTS did not ask whether they used specific Internet
programs or tools in their quit attempt (Graham and
Amato 2018).

Data from the 2010-2011 TUS-CPS assessed different
cessation strategies from those described above for the
2014-2015 version. According to the 2010-2011 TUS-CPS,
the most common cessation strategy among smokers who
had tried to quit during the past year was trying to quit
abruptly (78.0%), followed by gradually reducing consump-
tion (43.0%) and receiving help from friends and family
(32.4%) (Schauer et al. 2015). In the 2013-2014 PATH
Study, the three most prevalent cessation methods among
current smokers who tried to quit in the past 12 months
and former smokers who quit during the past 12 months
were unaided quit attempts (i.e., no reported use of sup-
port or cessation strategy) (47.1% and 47.7%, respectively),
support from friends and family (18.7% and 16.5%, respec-
tively), and use of other tobacco products (18.3% and
24.8%, respectively) (Rodu and Plurphanswat 2017).

Young Adults

According to the 2014-2015 TUS-CPS, the preva-
lence of young adults’ (18-24 years of age) use of other ces-
sation strategies, including switching to another tobacco
product and using the Internet, was similar to the esti-
mates for adults overall (Table 2.24). Similar to the case
with adults overall, no differences in use were observed by
race/ethnicity and geographic region among young adults;
however, estimates were of low statistical precision for other
cessation strategies among young adults, and e-cigarette
use could not be examined by poverty status because esti-
mates were of low precision (relative standard error >30%)
and statistically unstable (TUS-CPS, public use data, 2014—
2015). In contrast to findings for all adults (Table 2.24), the
prevalence of switching to e-cigarettes in an attempt to quit
cigarette smoking among young adults did not differ by sex
(men: 38.7%; 95% CI, 33.1-44.3; women: 39.8%; 95% CI,
33.8-45.8) (TUS-CPS, public use data, 2014-2015).

Youth

Unlike surveillance systems for adults, surveillance
systems that focus on youth do not assess whether ciga-
rette smokers in that age group who were trying to quit
during the past year had switched to another tobacco
product. However, in the 2017 NYTS, among youth who
had ever used e-cigarettes, an estimated 5.3% of middle
school students (grades 6-8) and 5.6% of high school stu-
dents (grades 9-12) reported one of the reasons they had
used e-cigarettes was to try to quit using other tobacco
products (NYTS, public use data, 2017).

Key Disparities in Cessation Among Adults

In addition to the disparities in key measures of ces-
sation by age, race/ethnicity, geographic region, status
of health insurance, and sexual orientation that were
described previously, important disparities exist by the
amount and frequency of cigarette smoking and other
health-related and demographic factors (Babb et al. 2017).

With regard to the frequency of cigarette smoking,
in 2015, current daily smokers who smoked >25 cigarettes
per day had a lower prevalence of being interested in quit-
ting (55.6%) than current some-day smokers (71.0%) and
daily smokers of 1-14 cigarettes per day (daily, 1-4 cig-
arettes per day: 71.8%; daily, 5-14 cigarettes per day:
68.8%) (Table 2.22). In addition, in 2017, current daily
smokers who smoked >25 cigarettes per day had a lower
prevalence of a past-year quit attempt (29.5%) than some-
day smokers (58.5%) and daily smokers of lesser amounts
(daily, 1-4 cigarettes per day: 59.8%; daily, 514 cigarettes
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per day: 49.8%; daily, 1524 cigarettes per day: 30.2%). In
contrast, in 2017, both the prevalence of having received
advice to quit and use of counseling and/or medication
for cessation increased with the frequency and amount of
smoking. Current some-day smokers had the lowest prev-
alence of using counseling and/or medications (24.2% vs.
46.7% for daily smokers who smoked 25 or more ciga-
rettes per day), a finding likely related to (a) their lower
prevalence of receiving advice from a health professional
and (b) the lack of evidence for medication utilization by
some-day smokers (Fiore et al. 2008).

Persons who had serious psychological distress, a
smoking-related chronic disease, or a disability/limitation
were more likely to receive a health professional’s advice
to quit than those without these conditions (70.1% vs.
55.7%, 67.3% vs. 64.8%, and 71.8% vs. 53.6%, respectively)
(Table 2.22). This may be because such persons have more



contact with the healthcare system and because quitting
could improve, or avoid exacerbating, conditions that are
related to smoking. Those who had serious psychological
distress or a disability/limitation were more likely to use
cessation treatments than those without such conditions
(41.6% vs. 30.1% and 39.0% vs. 28.5%, respectively).
Disparities also exist in rates of quitting smoking
while pregnant. In a study based on birth certificates,
which included 46 states and the District of Columbia,
10.9% of women who gave birth in 2014 smoked during the
3 months before pregnancy (Curtin and Mathews 2016).
Of these women, 24.2% reported smoking no cigarettes
during each trimester of pregnancy and thus presum-
ably quit before becoming pregnant, and 20.6% of women
who smoked in the first or second trimesters quit by the
third trimester. By level of education, cessation during the
3 months before pregnancy was lowest among those with
less than a high school education (14.1%) and highest
among those with a bachelor’s degree or more education
(53.7%). By insurance status, cessation was lowest among
those with Medicaid insurance or who self-paid (18.9%
and 17.3%, respectively) and highest among those with
private insurance (38.3%). In addition, Asian women ciga-
rette smokers were more than twice as likely to quit during
the 3 months before their pregnancy (45.0%) as American
Indian or Alaska Native women (21.8%). In an analysis of
data from the PATH Study, Kurti and colleagues (2018)

Smoking Cessation

observed that, among nonpregnant women, 18-44 years
of age who used tobacco at Wave 1 and became pregnant
at Wave 2, 98.3% had quit hookah use, 88.0% had quit
cigar use, 81.3% had quit e-cigarette use, and 58.7% had
quit any tobacco use. The prevalence of quitting hookah,
cigars, and e-cigarettes was higher than the prevalence of
quitting cigarettes (53.4%).

Residing in a rural or nonmetropolitan area as
opposed to an urban area or a metropolitan area is also
associated with cessation-related disparities. According
to the 2017 BRFSS, the quit ratio (see the “Quit Ratio”
section earlier in this chapter) and the prevalence of a
past-year quit attempt were significantly lower among
cigarette smokers who lived in micropolitan (54.8% and
61.1%, respectively) and rural (54.8% and 62.2%, respec-
tively) counties than among those who lived in large fringe
(62.8% and 66.2%, respectively) or large central metro-
politan areas (59.9% and 68.2%, respectively) (Table 2.26).
Quit ratios were also lower among persons in micropol-
itan and rural counties than among those in small and
medium metropolitan counties, and prevalence of a past-
year quit attempt was also lower among persons in micro-
politan counties than among those in medium metropol-
itan counties. In addition, recent successful cessation was
significantly higher among persons living in large metro-
politan fringe areas (5.9%) compared with those living in
micropolitan (4.3%) counties.

Table 2.26 Percentage of ever cigarette smokers 18 years of age and older who quit smoking (quit ratio)? and
prevalence of recent successful cessation? and a past-year quit attempt, by urban or rural status;
Behavioral Risk Factor Surveillance System (BRFSS) 2017; United States

Quit ratio: % (95% CI)

Recent successful cessation:
% (95% CI)

Past-year quit attempt:
% (95% CI)

Overall 59.3 (58.8-59.8)
Large metropolitan center 59.9 (58.6-61.1)
Large fringe metropolitan 62.8 (61.8-63.8)
Medium metropolitan 59.4 (58.5-60.3)
Small metropolitan 57.5 (56.3-58.7)
Micropolitan 54.8 (53.6-56.1)
Noncore 54.8 (53.4-56.2)

5.3 (5.0-5.7) 65.5 (64.7-66.2)
5.8 (5.0-6.7) 68.2 (66.5-69.9)
5.9 (5.2-6.7) 66.2 (64.7-67.6)
5.1 (4.6-5.8) 65.3 (63.9-66.6)
5.1 (4.5-5.9) 63.8 (62.0-65.6)
4.3 (3.6-5.1) 61.1 (59.4-62.9)
4.5 (3.8-5.3) 62.6 (60.7-64.5)

Source: BRFSS, Centers for Disease Control and Prevention, public use data, 2017.
Notes: CI = confidence interval. A metropolitan statistical area is defined as a group of counties that contain at least one urbanized area
of 50,000 or more inhabitants. A micropolitan statistical area is defined as a group of counties that contain at least one urban cluster of

at least 10,000 but less than 50,000 inhabitants.

aQuit ratio is calculated as the proportion of current smokers who reported having stopped smoking for >1 day during the past year
because they were trying to quit smoking, and former smokers who quit smoking during the past year (numerator), among all current

and former smokers who only quit in the past year (denominator).

bThe percentage of former smokers who quit smoking for >6 months during the past year among current smokers and former smokers

who quit during the past year.

¢Current smokers who reported that they stopped smoking for >1 day during the past 12 months because they were trying to quit

smoking and former smokers who quit during the past year.
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Summary of the Evidence and Implications

In the United States, 61.7% of adults who have
ever been a cigarette smoker have now quit, highlighting
the marked progress in smoking cessation observed
in this chapter. Among adults, past-year quit attempts
and recent (i.e., recent successful cessation) and longer
term (i.e., quit ratio) cessation measures have increased
over the past 2 decades. Nevertheless, survey data indi-
cate that several subpopulations—including those with
less education, racial/ethnic minorities, and those who
are older in age—are less likely to try to quit each year
than those in the general population. These disparities, in
turn, may be affected by other variables, such as receiving
advice from a health professional to quit smoking, using
evidence-based resources, and patterns and frequency of
cigarette smoking.

Disparities across cessation-related variables existed
by level of educational attainment, which is closely cor-
related with income, poverty, overall socioeconomic
status, status of health insurance, and geographic loca-
tion. Notably, smokers with the lowest levels of education
(<12 years or GED certificate) had significantly lower quit
ratios compared with smokers with the highest levels of
education (undergraduate or graduate degree).

These socioeconomic disparities also may be partly
explained by emerging geographic disparities, given that
rural populations, who tend to have lower socioeconomic
status (U.S. Department of the Census 2016), have lower
quit ratios and a lower prevalence of recent successful ces-
sation than metropolitan populations, despite having a
similar prevalence of past-year quit attempts. In addition,
quit ratios and the prevalence of recent successful cessa-
tion and past-year quit attempts vary widely across U.S.
states and territories. These variations might be linked
to differences in state and local tobacco control policies,
healthcare coverage and policies, and historical relation-
ships of resident populations with tobacco (e.g., growers
of tobacco). Tobacco growing, pervasive tobacco adver-
tising and marketing (e.g., sponsorships of rodeos and
auto races), and more prevalent exposure to secondhand
smoke in public and private settings may also be influen-
tial environmental factors that make quitting more diffi-
cult among rural residents compared with urban residents
(Chaloupka et al. 2002; Roeseler et al. 2010; USDHHS 2011;
Vander Weg et al. 2011). Rural areas may also have fewer
resources, including a more limited capacity to implement
comprehensive tobacco control programs (American Lung
Association 2012).

Persons of lower socioeconomic status, including
lower levels of education, have a higher incidence of
lung cancer and other tobacco-related diseases than
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persons in higher socioeconomic groups (Clegg et al.
2009; Singh et al. 2011), making persons of lower socio-
economic status a critical population for treating nico-
tine dependence. Challenges to quitting smoking among
this subpopulation may include heavier patterns of ciga-
rette smoking and earlier initiation (Siahpush et al. 2010;
Ham et al. 2011). In addition, predatory marketing by the
tobacco industry, reflected in part by an increased density
of retail outlets and more retail and point-of-sale promo-
tions in low-income areas, may contribute to an environ-
ment that is challenging for successful cessation (Brown-
Johnson et al. 2014; Center for Public Health Systems
Science 2014, 2016).

Disparities also exist by race/ethnicity. For example,
Black adult smokers have a higher prevalence of past-
year quit attempts than White adult smokers. However,
prevalence of recent successful cessation does not vary
by race/ethnicity, suggesting that a higher percentage of
Black adults are trying to quit cigarette smoking than
White adults but are less successful. This may also be
reflected in the lower quit ratio among Blacks compared
with Whites. The use of menthol cigarettes may play a
role in this disparity, as Black smokers are more likely to
use menthol cigarettes than other racial/ethnic groups
(Giovino et al. 2015); however, research findings on the
relation between menthol use and successful cessation are
mixed (Delnevo et al. 2011; Levy et al. 2011; Keeler et al.
2017). Although data presented in this chapter show that
Blacks who smoke menthol cigarettes are just as likely
to try to quit smoking as those who do not smoke men-
thol cigarettes (Table 2.12), menthol use might increase
dependence on nicotine and make quitting more difficult
(Hoffman and Simmons 2011). In addition, similar to tar-
geting populations with low socioeconomic status, pred-
atory marketing by the tobacco industry is common in
geographic areas with large numbers of Black residents,
which may negatively influence cessation (Yu et al. 2010;
Richardson et al. 2015; Alexander et al. 2016).

Age is another demographic factor with pronounced
cessation disparities. To date, both past-year quit attempts
and recent successful cessation decrease as adult cigarette
smokers’ ages increase. Although quitting smoking at any
age is beneficial, smokers who quit by the time they are
35-44 years of age avoid most of the risk of dying from a
smoking-related disease (Doll et al. 2004; Jha et al. 2013).
Continued public health strategies that specifically target
adults 45 years of age and older are needed to increase quit
attempts, given the inverse relationships between age and
both quit attempts and the prevalence of recent successful
cessation. In addition, among youth, trends in past-year



quit attempts have remained stable or slightly declined,
depending on the data source. More research is needed to
better understand how the growing use of other tobacco
products will affect cigarette smoking cessation and to
assess cessation from other tobacco products that youth
and young adults are using regularly.

Factors contributing to the previously noted dis-
parities could also be affected by a health professional’s
advice to quit tobacco and by the use of evidence-based
cessation approaches, such as counseling and medica-
tion. For example, receiving advice from a health profes-
sional to quit smoking and using evidence-based cessation
resources increased from 2000 to 2015; however, 42.8%
of cigarette smokers who saw a healthcare professional
during the past year did not receive advice to quit, and
less than one-third (31.2%) of cigarette smokers who tried
to quit during the past year used evidence-based cessa-
tion resources. Cigarette smokers younger than 45 years
of age were less likely than older cigarette smokers to be
advised to quit or to use an evidence-based cessation treat-
ment. One potential explanation for these findings is that
young adult cigarette smokers are more likely than older
smokers to be some-day smokers (also called intermittent
or nondaily smokers) and light daily smokers (smoking
<5 cigarettes per day) (Babb et al. 2017).

Data presented previously in this chapter suggest
that light daily and some-day smokers are among the most
interested in quitting, and they have the highest preva-
lence of past-year quit attempts. Nevertheless, many do
not consider themselves to be smokers (Levinson et al.
2007; Smith et al. 2012) and, thus, may not be identi-
fied as a smoker by clinical screening. Furthermore, light
daily and nondaily smokers may be able to abstain from
cigarettes on some days but continue smoking on other
days. As discussed in Chapter 6, existing clinical guid-
ance concludes that there is insufficient evidence for the
use of pharmacotherapy to assist with cessation in light
smokers (Fiore et al. 2008). Given these challenges and
the increasing prevalence of some-day and light daily
smokers, new approaches may be needed to help persons
in these subgroups quit successfully.

Clinical interventions may also play an important
role in helping youth quit smoking cigarettes. Although
screening for tobacco use among 11- to 17-year-olds is
fairly high in ambulatory care settings (71.5%), only
approximately 20% of tobacco users were provided assis-
tance for tobacco cessation (Jamal et al. 2014). The 2008
update of the Clinical Practice Guideline on Treating
Tobacco Dependence recommends that clinicians provide
counseling interventions to aid youth smokers in quitting
(Fiore et al. 2008). Far less is known about how to help
youth quit compared with how to help adults, and use of
effective cessation strategies is lower among youth than
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adults (Fiore et al. 2008). Because many youth, like the
young adults discussed previously, are some-day smokers,
more research is needed on how to address these occa-
sional users and on effective and appropriate clinical
interventions for youth overall.

Data presented in this chapter suggest that fewer
than 2 of every 3 of adult smokers who saw a healthcare
provider in the past year were advised to quit smoking,
fewer than 1 of every 3 reported using cessation medi-
cations to help them quit, and fewer than 1 of every
10 reported using counseling. Taken together, these find-
ings reinforce the need for the implementation of addi-
tional public health interventions that aim to increase ces-
sation counseling in clinical settings and the number of
quit attempts among adults and youth (Fiore et al. 2008;
The Community Guide 2014).

Encouraging and helping tobacco users to quit
remains the quickest approach to reducing tobacco-related
disease, death, and healthcare costs (Institute of Medicine
2007), including through both individual (see Chapter 6)
and population-based (see Chapter 7) interventions.
However, as is noted in this chapter, use of tobacco ces-
sation resources among persons who use tobacco remains
low: among adults, 18 years of age and older, only 29.0%
used cessation medication, just 6.8% used any counseling,
and only 4.1% used a telephone-based quitline, which is a
freely available resource in all states (see Chapter 6). Use
of counseling and/or medication was lower among young
adults (16.6%) than among all adults (31.2%) (Babb et al.
2017). To further increase cessation among adults and
youth, public health efforts can continue the aforemen-
tioned strategies and encourage healthcare providers
to consistently identify smokers, advise them to quit,
and offer them cessation treatments (Fiore et al. 2008;
U.S. Preventive Services Task Force 2015). Nevertheless,
it is also important to recognize that a majority of cig-
arette smokers who quit do so without using evidence-
based treatments. As is described in Chapter 6, identi-
fying ways to continue to promote quit attempts to help
cigarette smokers in quitting, even among those who do
not intend to use treatment or are not interested in using
treatment, is still needed. Furthermore, continuing to
include questions in population-based surveys to assess
(a) the prevalence of tobacco screening and interven-
tions and (b) the proportion of smokers who use cessation
counseling and medication is needed for ongoing tracking
of smokers’ engagement with evidence-based treatments
that can improve the odds of quitting and staying quit.

Importantly, this chapter’s review of epidemiologic
data focused on cigarette smoking because measures
of other tobacco product use and cessation are limited.
Therefore, many of the analyses centered on cigarettes may
underestimate the impact that the use of other tobacco
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products, such as little cigars and e-cigarettes, has on
tobacco cessation. Although limited national surveillance
data are available on cessation of noncigarette tobacco
products, survey data indicate that adult cigarette smokers
who use cigars, smokeless tobacco, and/or pipes are less
likely to try to quit all tobacco products than to try to quit
cigarette smoking; however, this is not the case among
young adult cigarette smokers, who are as likely to try to
quit all tobacco products as they are to try to quit cigarette
smoking (NYTS, public use data, 2017). Polytobacco use,
which is the use of two or more tobacco products, is now
common (3.7% in 2017) (Wang et al. 2018a), especially
among youth and young adults (USDHHS 2014), and
e-cigarettes have been the most prevalent tobacco product
used among middle and high school students since 2014
(Wang et al. 2018b). Therefore, enhanced national surveil-
lance of both use and cessation of these tobacco products
is warranted (USDHHS 2014), Since the PATH Study is
a nationally representative, longitudinal cohort study of
adults and youth 12 years of age and older, it will continue
to contribute key information on patterns of use of these
tobacco products, including initiation, cessation, relapse,
and transitions between tobacco products (Hyland et al.
2017; Coleman et al. 2018; Kurti et al. 2018; Kypriotakis
et al. 2018; Lopez et al. 2018). However, comprehensive
surveillance of all of the diverse tobacco products being
used by the American public is essential to effectively
inform tobacco control policies, planning, and practices.
In addition, continued surveillance of the use of
switching to other tobacco products by smokers who are
trying to quit cigarettes is needed. Switching to smokeless

Conclusions

tobaccoand cigars as a quit strategy is relatively uncommon
(see “Other Tobacco Products: Use and Cessation” in this
chapter). However, switching to e-cigarettes in an attempt
to quit cigarette smoking (34.7% in 2014-2015) was as
popular a cessation strategy among those who tried to
quit during the past year as was the use of counseling
and/or the seven FDA-approved smoking cessation med-
ications (31.2% in 2015) (Fiore et al. 2008; Babb et al.
2017), even though the efficacy of using e-cigarettes for
smoking cessation is inconclusive. For example, switching
to e-cigarettes in an attempt to quit cigarette smoking is
the most prevalent cessation strategy among all demo-
graphic groups, despite the lack of clear evidence for the
long-term effectiveness and safety of e-cigarettes as a ces-
sation approach (Hartmann-Boyce et al. 2016; Kalkhoran
and Glantz 2016). More research is needed to better
understand the patterns of usage of noncigarette prod-
ucts and their relationship with quitting cigarettes and
all tobacco use. In addition, research is needed to under-
stand long-term outcomes among cigarette smokers who
report switching to noncigarette products to quit ciga-
rette smoking, including dual usage, the substitution
of noncigarette products use for cigarette smoking, and
the potential use of noncigarette products as temporary
cessation aids with eventual cessation of all tobacco use.
The findings on the use of switching to another tobacco
product to quit conventional cigarettes underscore the
pressing need to (a) consider more effective and efficient
ways to reach smokers with evidence-based cessation sup-
port and (b) continue to research the efficacy of emerging
strategies to reduce combustible tobacco use.

1. In the United States, more than three out of every
five adults who were ever cigarette smokers have
quit smoking.

2. Past-year quit attempts and recent and longer term
cessation have increased over the past 2 decades
among adult cigarette smokers.

3. Marked disparities in cessation behaviors, such
as making a past-year quit attempt and achieving
recent successful cessation, persist across certain
population subgroups defined by educational attain-
ment, poverty status, age, health insurance status,
race/ethnicity, and geography.
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4. Advice from health professionals to quit smoking has
increased since 2000; however, four out of every nine
adult cigarette smokers who saw a health professional
during the past year did not receive advice to quit.

5. Use of evidence-based cessation counseling and/or
medications has increased among adult cigarette
smokers since 2000; however, more than two-thirds
of adult cigarette smokers who tried to quit during
the past year did not use evidence-based treatment.

6. A large proportion of adult smokers report using
non-evidence-based approaches when trying to quit
smoking, such as switching to other tobacco products.



References?

Smoking Cessation

Adams J, West N, Faison F, Hogg D. Tobacco product use
threatens military readiness, July 7, 2019; <https://www.
stripes.com/opinion/tobacco-product-use-threatens-
military-readiness-1.589063>; accessed: July 24, 2019.

Alexander LA, Trinidad DR, Sakuma KL, Pokhrel P, Herzog
TA, Clanton MS, Moolchan ET, Fagan P. Why we must
continue to investigate menthol’s role in the African
American smoking paradox. Nicotine and Tobacco
Research 2016;18(Suppl 1):S91-S101.

American Lung Association. Cutting Tobacco’s Rural Roots:
Tobacco Use in Rural Communities. Washington (DC):
American Lung Association, 2012; <http://www.lung.
org/assets/documents/research/cutting-tobaccos-rural-
roots.pdf>; accessed: September 25, 2017.

Babb S, Malarcher A, Schauer G, Asman K, Jamal A.
Quitting smoking among adults—United States,
2000-2015. Morbidity and Mortality Weekly Report
2017;65(52):1457-64.

Barnett PG, Hamlett-Berry K, Sung HY, Max W. Health care
expendituresattributable to smoking in military veterans.
Nicotine and Tobacco Research 2015;17(5):586-91.

Benmarhnia T, Pierce JP, Leas E, White MM, Strong DR,
Noble ML, Trinidad DR. Can e-cigarettes and pharma-
ceutical aids increase smoking cessation and reduce
cigarette consumption? Findings from a nationally
representative cohort of American smokers. American
Journal of Epidemiology 2018;187(11):2397-404.

Berry KM, Reynolds LM, Collins JM, Siegel MB, Fetterman
JL, Hamburg NM, Bhatnagar A, Benjamin EJ, Stokes A.
E-cigarette initiation and associated changes in smoking
cessation and reduction: the Population Assessment of
Tobacco and Health Study, 2013-2015. Tobacco Control
2019;28(1):42-9.

Blackwell DL, Villarroel MA. Tables of Summary Health
Statistics for U.S. Adults: 2017 National Health
Interview Survey. Hyattsville (MD): National Center for
Health Statistics, 2018.

Bondurant S, Wedge R, editors. Combating Tobacco Use
in Military and Veteran Populations. Washington (DC):
The National Academies Press, 2009.

Brigham J, Lessov-Schlaggar CN, Javitz HS, Krasnow
RE, Tildesley E, Andrews J, Hops H, Cornelius MD,
Day NL, McElroy M, et al. Validity of recall of tobacco
use in two prospective cohorts. American Journal of
Epidemiology 2010;172(7):828-35.

Brown-Johnson CG, England LJ, Glantz SA, Ling PM.
Tobacco industry marketing to low socioeconomic

status women in the U.S.A. Tobacco Control 2014;23(e2)
e139-e146.

Buchting FO, Emory KT, Scout, Kim Y, Fagan P, Vera LE,
Emery S. Transgender use of cigarettes, cigars, and
e-cigarettes in a national study. American Journal of
Preventive Medicine 2017;53(1):e1—e7.

Carter A. Policy Memorandum 16-001, Department of
Defense Tobacco Policy, April 8, 2016; <https:/www.med.
navy.mil/sites/nmcphc/Documents/health-promotion-
wellness/tobacco-free-living/INCOMING-CARTER-
Tobacco-Policy-Memo.pdf>; accessed: June 14, 2019.

Center for Public Health Systems Science. Point-of-Sale
Report to the Nation: The Tobacco Retail and Policy
Landscape. St. Louis (MO): Center for Public Health
Systems Science at the Brown School at Washington
University in St. Louis and the National Cancer Institute,
State and Community Tobacco Control Research
Initiative, 2014.

Center for Public Health Systems Science. Point-of-Sale
Report to the Nation: Realizing the Power of States and
Communities to Change the Tobacco Retail and Policy
Landscape. St. Louis (MO): Center for Public Health
Systems Science at the Brown School at Washington
University in St. Louis and the National Cancer Institute,
State and Community Tobacco Control Research
Initiative, 2016.

Centers for Disease Control and Prevention. Updated
guidelines for evaluating public health surveillance sys-
tems: recommendations from the Guidelines Working
Group. Morbidity and Mortality Weekly Report
2001;50(RR13):1-35.

Centers for Disease Control and Prevention. State-specific
prevalence of cigarette smoking and quitting among
adults—United States, 2004. Morbidity and Mortality
Weekly Report 2005;54(44):1124-7.

Centers for Disease Control and Prevention. Quitting
smoking among adults—United States, 2001-
2010. Morbidity and Mortality Weekly Report
2011;60(44):1513-9.

Centers for Disease Control and Prevention. Tobacco use
screening and counseling during physician office visits
among adults—National Ambulatory Medical Care
Survey and National Health Interview Survey, United
States, 2005-2009. Morbidity and Mortality Weekly
Report: Supplement 2012;61(2):38-45.

Centers for Disease Control and Prevention.
Methodology of the Youth Risk Behavior Surveillance

ZFor reference entries that contain URLSs, those URLs were active on the access date presented in the respective reference entry.

Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth 105


https://www.stripes.com/opinion/tobacco-product-use-threatens-military-readiness-1.589063
https://www.stripes.com/opinion/tobacco-product-use-threatens-military-readiness-1.589063
https://www.stripes.com/opinion/tobacco-product-use-threatens-military-readiness-1.589063
http://www.lung.org/assets/documents/research/cutting-tobaccos-rural-roots.pdf
http://www.lung.org/assets/documents/research/cutting-tobaccos-rural-roots.pdf
http://www.lung.org/assets/documents/research/cutting-tobaccos-rural-roots.pdf
https://www.med.navy.mil/sites/nmcphc/Documents/health-promotion-wellness/tobacco-free-living/INCOMING-CARTER-Tobacco-Policy-Memo.pdf
https://www.med.navy.mil/sites/nmcphc/Documents/health-promotion-wellness/tobacco-free-living/INCOMING-CARTER-Tobacco-Policy-Memo.pdf
https://www.med.navy.mil/sites/nmcphc/Documents/health-promotion-wellness/tobacco-free-living/INCOMING-CARTER-Tobacco-Policy-Memo.pdf
https://www.med.navy.mil/sites/nmcphc/Documents/health-promotion-wellness/tobacco-free-living/INCOMING-CARTER-Tobacco-Policy-Memo.pdf

A Report of the Surgeon General

System—2013. Morbidity and Mortality Weekly Report
Recommendations and Reports 2013;62(RR-1):1-20.
Centers for Disease Control and Prevention. BRFSS prev-
alence and trends data, September 13 2017; <https://
www.cdc.gov/brfss/brfssprevalence/index.html>;

accessed: November 19, 2018.

Centers for Disease Control and Prevention. National
Youth Tobacco Survey, May 9, 2018; <https://www.cdc.
gov/tobacco/data_statistics/surveys/nyts/index.htm>;
accessed: August 14, 2018.

Chaiton M, Diemert L, Cohen JE, Bondy SJ, Selby P,
Philipneri A, Schwartz R. Estimating the number
of quit attempts it takes to quit smoking success-
fully in a longitudinal cohort of smokers. BMJ Open
2016;6(6):e011045.

Chaloupka F, Hahn E, Emery S. Policy levers for the con-
trol of tobacco consumption. Kentucky Law Journal
2002;90:1009-42.

Clegg LX, Reichman ME, Miller BA, Hankey BF, Singh GK,
Lin YD, Goodman MT, Lynch CF, Schwartz SM, Chen
VW, et al. Impact of socioeconomic status on cancer
incidence and stage at diagnosis: selected findings
from the surveillance, epidemiology, and end results:
National Longitudinal Mortality Study. Cancer Causes
and Control 2009;20(4):417-35.

Cohn AM, Johnson AL, Rose SW, Pearson JL, Villanti
AC, Stanton C. Population-level patterns and mental
health and substance use correlates of alcohol, mari-
juana, and tobacco use and co-use in U.S. young adults
and adults: results from the Population Assessment for
Tobacco and Health. American Journal on Addictions
2018;27(6):491-500.

Coleman B, Rostron B, Johnson SE, Persoskie A, Pearson
J, Stanton C, Choi K, Anic G, Goniewicz ML, Cummings
KM, et al. Transitions in electronic cigarette use among
adults in the Population Assessment of Tobacco and
Health (PATH) Study, Waves 1 and 2 (2013-2015).
Tobacco Control 2018.

Coleman BN, Rostron B, Johnson SE, Ambrose BK, Pearson
J, Stanton CA, Wang B, Delnevo C, Bansal-Travers M,
Kimmel HL, et al. Electronic cigarette use among U.S.
adults in the Population Assessment of Tobacco and
Health (PATH) Study, 2013-2014. Tobacco Control
2017;26(e2):e117—-e126(e2).

Collins L, Smiley SL, Moore RA, Graham AL, Villanti AC.
Physician tobacco screening and advice to quit among
U.S. adolescents—National Survey on Drug Use and
Health, 2013. Tobacco Induced Diseases 2017;15:2.

Connor Gorber S, Schofield-Hurwitz S, Hardt J, Levasseur
G, Tremblay M. The accuracy of self-reported smoking:
a systematic review of the relationship between self-
reported and cotinine-assessed smoking status. NVicotine
and Tobacco Research 2009;11(1):12-24.

106  Chapter 2

Corey CG,Holder-Hayes E, Nguyen AB, Delnevo CD, Rostron
BL, Bansal-Travers M, Kimmel HL, Koblitz A, Lambert
E, Pearson JL, et al. U.S. adult cigar smoking patterns,
purchasing behaviors, and reasons for use according to
cigar type: findings from the Population Assessment of
Tobacco and Health (PATH) Study, 2013-2014. Nicotine
and Tobacco Research 2017;20(12):1457-66.

Courtemanche CJ, Palmer MK, Pesko MF. Influence of the fla-
vored cigarette ban on adolescent tobacco use. American
Journal of Preventive Medicine 2017;52(5):e139—e146.

Curtin SC, Mathews TJ. Smoking prevalence and cessa-
tion before and during pregnancy: data from the birth
certificate, 2014. National Vital Statistics Reports
2016;65(1):1-14.

Delnevo CD, Gundersen DA, Hrywna M, Echeverria SE,
Steinberg MB. Smoking-cessation prevalence among
U.S. smokers of menthol versus non-menthol cig-
arettes. American Journal of Preventive Medicine
2011;41(4):357-65.

Doll R, Peto R, Boreham J, Sutherland I. Mortality in rela-
tion to smoking: 50 years’ observations on male British
doctors. BMJ 2004;328(7455):1519.

Drake P, Driscoll AK, Mathews TJ. Cigarette Smoking
During Pregnancy: United States, 2016. NCHS Data
Brief, Number 305. Hyattsville (MD): National Center
for Health Statistics, 2018.

Fallin A, Goodin AJ, King BA. Menthol cigarette smoking
among lesbian, gay, bisexual, and transgender
adults. American Journal of Preventive Medicine
2015;48(1):93-7.

Fiore MC, Jaén CR, Baker TB, Bailey WC, Benowitz NL, Curry
SJ, Dorfman SF, Froelicher ES, Goldstein MG, Healton
CG, et al. Treating Tobacco Use and Dependence: 2008
Update. U.S. Public Health Service Clinical Practice
Guideline. Rockville (MD): U.S. Department of Health
and Human Services, 2008.

Gentzke AS, Creamer M, Cullen KA, Ambrose BK, Willis
G, Jamal A, King BA. Vital signs: tobacco product use
among middle and high school students, United States,
2011-2018. Morbidity and Mortality Weekly Report
2019;68(6):157-64.

Giovino GA, Villanti AC, Mowery PD, Sevilimedu V, Niaura
RS, Vallone DM, Abrams DB. Differential trends in ciga-
rette smoking in the U.S.A.: is menthol slowing prog-
ress? Tobacco Control 2015;24(1):28-37.

Graham AL, Amato MS. Twelve million smokers look
online for smoking cessation help annually: Health
Information National Trends Survey data, 2005-2017.
Nicotine and Tobacco Research 2018.

Haddock CK, Hyder ML, Poston WS, Jahnke SA, Williams
LN, Lando H. A longitudinal analysis of cigarette prices
in military retail outlets. American Journal of Public
Health 2014;104(4):e82—e87.


https://www.cdc.gov/brfss/brfssprevalence/index.html
https://www.cdc.gov/brfss/brfssprevalence/index.html
https://www.cdc.gov/tobacco/data_statistics/surveys/nyts/index.htm
https://www.cdc.gov/tobacco/data_statistics/surveys/nyts/index.htm

Ham DC, Przybeck T, Strickland JR, Luke DA, Bierut LJ,
Evanoff BA. Occupation and workplace policies predict
smoking behaviors: analysis of national data from the
current population survey. Journal of Occupational
and Environmental Medicine 2011;53(11):1337-45.

Harlow A, Stokes A, Brooks D. Socio-economic and racial/
ethnic differences in e-cigarette uptake among ciga-
rette smokers: Longitudinal analysis of the Population
Assessment of Tobacco and Health (PATH) Study.
Nicotine and Tobacco Research 2018.

Hartmann-Boyce J, McRobbie H, Bullen C, Begh R, Stead
LF, Hajek P. Electronic cigarettes for smoking cessa-
tion. Cochrane Database of Systematic Reviews 2016,
Issue 9. Art. No.: CD010216. DOI: 10.1002/14651858.
CD010216.pub3.

Hoffman AC, Simmons D. Menthol cigarette smoking
and nicotine dependence. Tobacco Induced Diseases
2011;9(Suppl 1):S5.

Howden LM, Meyer JA. Age and Sex Composition 2010: 2010
Census Briefs, May 2011; <https://www.census.gov/prod/
cen2010/briefs/c2010br-03.pdf>; accessed: November 19,
2018.

Hu SS, Neff L, Agaku IT, Cox S, Day HR, Holder-Hayes E,
King BA. Tobacco product use among adults—United
States, 2013-2014. Morbidity and Mortality Weekly
Report 2016;65(27):685-91.

Hughes JR, Peters EN, Naud S. Relapse to smoking after
1year of abstinence: a meta-analysis. Addictive Behaviors
2008;33(12):1516-20.

Hughes JR, Solomon LJ, Fingar JR, Naud S, Helzer
JE, Callas PW. The natural history of efforts to stop
smoking: a prospective cohort study. Drug and Alcohol
Dependence 2013;128(1-2):171-4.

Humes KR, Jones JA, Ramirez RR. Overview of Race and
Hispanic Origin: 2010: 2010 Census Briefs, March 2011;
<https://www.census.gov/prod/cen2010/briefs/c2010br-
02.pdf>; accessed: November 19, 2018.

Hyland A, Ambrose BK, Conway KP, Borek N, Lambert E,
Carusi C, Taylor K, Crosse S, Fong GT, Cummings KM,
et al. Design and methods of the Population Assessment
of Tobacco and Health (PATH) Study. Tobacco Control
2017;26(4):371-8.

Institute of Medicine. Ending the Tobacco Problem: A
Blueprint for the Nation. Washington (DC): National
Academies Press, 2007.

Jamal A, Dube SR, Babb SD, Malarcher AM. Tobacco
use screening and cessation assistance during physi-
cian office visits among persons aged 11-21 years—
National Ambulatory Medical Care Survey, United
States, 2004-2010. Morbidity and Mortality Weekly
Report Supplement 2014,63(2):71-9.

Jamal A, Dube SR, King BA. Tobacco use screening and
counseling during hospital outpatient visits among

Smoking Cessation

US adults, 2005-2010. Preventing Chronic Disease
2015;12:E132.

Jamal A, Gentzke A, Hu SS, Cullen KA, Apelberg BJ, Homa
DM, King BA. Tobacco use among middle and high
school students—United States, 2011-2016. Morbidity
and Mortality Weekly Report 2017;66(23):597-603.

Jamal A, King BA, Neff LJ, Whitmill J, Babb SD, Graffunder
CM. Current cigarette smoking among adults—United
States, 2005-2015. Morbidity and Mortality Weekly
Report 2016;65(44):1205-11.

Jha P, Ramasundarahettige C, Landsman V, Rostron B, Thun
M, Anderson RN, McAfee T, Peto R. 21st-century hazards
of smoking and benefits of cessation in the United States.
New England Journal of Medicine 2013;368(4):341-50.

Johns MM, Lowry R, Andrzejewski J, Barrios LC, Demissie
Z, McManus T, Rasberry CN, Robin L, Underwood JM.
Transgender identity and experiences of violence vic-
timization, substance use, suicide risk, and sexual
risk behaviors among high school students—19 states
and large urban school districts, 2017. Morbidity and
Mortality Weekly Report 2019;68(3):67-71.

Johnson SE, Holder-Hayes E, Tessman GK, King BA,
Alexander T, Zhao X. Tobacco product use among sexual
minority adults: findings from the 2012-2013 National
Adult Tobacco Survey. American Journal of Preventive
Medicine 2016;50(4):e91—-e100.

Kalkhoran S, Glantz SA. E-cigarettes and smoking ces-
sation in real-world and clinical settings: a systematic
review and meta-analysis. Lancet Respiratory Medicine
2016;4(2):116-28.

Kann L, McManus T, Harris WA, Shanklin SL, Flint KH,
Queen B, Lowry R, Chyen D, Whittle L, Thornton J, et al.
Youth Risk Behavior Surveillance—United States, 2017.
Morbidity and Mortality Weekly Report Surveillance
Summaries 2018;67(8):1-114.

Kann L, McManus T, Harris WA, Shanklin SL, Flint
KH, Hawkins J, Queen B, Lowry R, Olsen EO, Chyen
D, et al. Youth Risk Behavior Surveillance—United
States, 2015. Morbidity and Mortality Weekly Report
Surveillance Summaries 2016;65(6):1-174.

Kasza KA, Ambrose BK, Conway KP, Borek N, Taylor K,
Goniewicz ML, Cummings KM, Sharma E, Pearson
JL, Green VR, et al. Tobacco-product use by adults and
youths in the United States in 2013 and 2014. New
England Journal of Medicine 2017;376(4):342-53.

Keeler C, Max W, Yerger V, Yao T, Ong MK, Sung HY. The
association of menthol cigarette use with quit attempts,
successful cessation, and intention to quit across
racial/ethnic groups in the United States. Nicotine and
Tobacco Research 2017;19(12):1450-64.

King BA, Dube SR, Babb SD, McAfee TA. Patient-reported
recall of smoking cessation interventions from a health
professional. Preventive Medicine 2013;57(5):715-7.

Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth 107


https://www.census.gov/prod/cen2010/briefs/c2010br-03.pdf
https://www.census.gov/prod/cen2010/briefs/c2010br-03.pdf
https://www.census.gov/prod/cen2010/briefs/c2010br-02.pdf
https://www.census.gov/prod/cen2010/briefs/c2010br-02.pdf

A Report of the Surgeon General

Kurti AN, Redner R, Bunn JY, Tang K, Nighbor T, Lopez
AA, Keith DR, Villanti AC, Stanton CA, Gaalema DE,
et al. Examining the relationship between pregnancy
and quitting use of tobacco products in a U.S. national
sample of women of reproductive age. Preventive
Medicine 2018;117:52-60.

Kurti AN, Redner R, Lopez AA, Keith DR, Villanti AC,
Stanton CA, Gaalema DE, Bunn JY, Doogan NJ, Cepeda-
Benito A, et al. Tobacco and nicotine delivery product
use in a national sample of pregnant women. Preventive
Medicine 2017;104:50-6.

Kypriotakis G, Robinson JD, Green CE, Cinciripini PM.
Patterns of tobacco product use and correlates among
adults in the Population Assessment of Tobacco and
Health (PATH) Study: a latent class analysis. Nicotine
and Tobacco Research 2018;20(Suppl 1):S81-S87.

Lavinghouze SR, Malarcher A, Jama A, Neff L, Debrot K,
Whalen L. Trends in quit attempts among adult ciga-
rette smokers—United States, 2001-2013. Morbidity
and Mortality Weekly Report 2015;64(40):1129-35.

Levinson AH, Campo S, Gascoigne J, Jolly O, Zakharyan
A, Tran ZV. Smoking, but not smokers: identity among
college students who smoke cigarettes. Nicotine and
Tobacco Research 2007;9(8):845-52.

Levy DT, Blackman K, Tauras J, Chaloupka FJ, Villanti AC,
Niaura RS, Vallone DM, Abrams DB. Quit attempts and
quit rates among menthol and nonmenthol smokers in
the United States. American Journal of Public Health
2011;101(7):1241-7.

Lopez AA, Redner R, Kurti AN, Keith DR, Villanti AC,
Stanton CA, Gaalema DE, Bunn JY, Doogan NJ, Cepeda-
Benito A, et al. Tobacco and nicotine delivery product
use in a U.S. national sample of women of reproductive
age. Preventive Medicine 2018;117:61-8.

Matthews KA, Croft JB, Liu Y, Lu H, Kanny D, Wheaton
AG, Cunningham TJ, Khan LK, Caraballo RS, Holt JB,
et al. Health-related behaviors by urban-rural county
classification—United States, 2013. Morbidity and
Mortality Weekly Report Surveillance Summaries
2017;66(5):1-8.

MazurekJM, England LJ. Cigarette smoking amongworking
women of reproductive age—United States, 2009-2013.
Nicotine and Tobacco Research 2016;18(5):894-9

Meadows SO, Engel CC, Collins RL, Beckman R, Cefalu M,
Haws-Dawson J, Doyle M, Kress AM, Sontag-Padilla L,
Ramchand R, et al. 2015 Department of Defense Health
Related Behaviors Survey (HRBS). Santa Monica (CA):
RAND Corporation, 2018; <https://www.rand.org/pubs/
research_reports/RR1695.html>; accessed: June 14,
2019.

Mendez D, Tam J, Giovino GA, Tsodikov A, Warner KE. Has
smoking cessation increased? An examination of the

108  Chapter 2

U.S. adult smoking cessation rate 1990-2014. Nicotine
and Tobacco Research 2017;19(12):1418-24.

National Cancer Institute. Health Information
National Trends Survey 4 (HINTS 4): HINTS-FDA2
Methodology Report, July 2017a; <https://hints.cancer.
gov/docs/methodologyreports/HINTS_FDA_Cycle2_
Methodology_Rpt.pdf>; accessed: April 30, 2019.

National Cancer Institute. Health Information National
Trends Survey 5 (HINTS 5): Cycle 1 Methodology
Report, July 2017b; <https:/hints.cancer.gov/docs/
methodologyreports/HINTS5_Cycle_1_Methodology_
Rpt.pdf>; accessed: April 30, 2019.

National Center for Health Statistics. Health, United States,
2017: With Special Feature on Mortality. Hyattsville
(MD): National Center for Health Statistics, 2018.

Office of Disease Prevention and Health Promotion. Tobacco
use: objectives, n.d.a; <https://www.healthypeople.
gov/2020/topics-objectives/topic/tobacco-use/
objectives>; accessed: July 26, 2017.

Office of Disease Prevention and Health Promotion. Tobacco
use: overview, n.d.b; <https://www.healthypeople.
gov/2020/topics-objectives/topic/tobacco-use>;
accessed: May 1, 2017.

Persoskie A, Nelson WL. Just blowing smoke? Social desir-
ability and reporting of intentions to quit smoking.
Nicotine and Tobacco Research 2013;15(12):2088-93.

Remington PL, Brownson RC, Wegner MV. Chronic
Disease Epidemiology, Prevention and Control. 4th ed.
Washington (DC): American Public Health Association,
2016.

Richardson A, Ganz O, Pearson J, Celcis N, Vallone D,
Villanti AC. How the industry is marketing menthol
cigarettes: the audience, the message and the medium.
Tobacco Control 2015;24(6):594—600.

Roberts ME, Doogan NJ, Stanton CA, Quisenberry AJ, Villanti
AC, Gaalema DE, Keith DR, Kurti AN, Lopez AA, Redner R,
et al. Rural Versus Urban Use of Traditional and Emerging
Tobacco Products in the United States, 2013-2014.
American Journal of Public Health 2017;107(10):1554-9.

Robinson JN, Wang B, Jackson KJ, Donaldson EA, Ryant
CA. Characteristics of hookah tobacco smoking ses-
sions and correlates of use frequency among U.S. adults:
findings from Wave 1 of the Population Assessment
of Tobacco and Health (PATH) Study. Nicotine and
Tobacco Research 2018;20(6):731-40.

Rodu B, Plurphanswat N. Quit methods used by
American smokers, 2013-2014. International Journal
of FEnvironmental Research and Public Health
2017;14(11):E1403.

Roeseler A, Feighery EC, Cruz TB. Tobacco marketing
in California and implications for the future. Tobacco
Control 2010;19(Suppl 1):i21-i29.


https://www.rand.org/pubs/research_reports/RR1695.html
https://www.rand.org/pubs/research_reports/RR1695.html
https://hints.cancer.gov/docs/methodologyreports/HINTS_FDA_Cycle2_Methodology_Rpt.pdf
https://hints.cancer.gov/docs/methodologyreports/HINTS_FDA_Cycle2_Methodology_Rpt.pdf
https://hints.cancer.gov/docs/methodologyreports/HINTS_FDA_Cycle2_Methodology_Rpt.pdf
https://hints.cancer.gov/docs/methodologyreports/HINTS5_Cycle_1_Methodology_Rpt.pdf
https://hints.cancer.gov/docs/methodologyreports/HINTS5_Cycle_1_Methodology_Rpt.pdf
https://hints.cancer.gov/docs/methodologyreports/HINTS5_Cycle_1_Methodology_Rpt.pdf
https://www.healthypeople.gov/2020/topics-objectives/topic/tobacco-use/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/tobacco-use/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/tobacco-use/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/tobacco-use
https://www.healthypeople.gov/2020/topics-objectives/topic/tobacco-use

Ryan CL, Bauman K. Educational Attainment in the
United States: 2015: Population Characteristics, March
2016; <https://www.census.gov/content/dam/Census/
library/publications/2016/demo/p20-578.pdf>; accessed:
November 19, 2018.

Schauer GL, Agaku IT, King BA, Malarcher AM. Health care
provider advice for adolescent tobacco use: results from
the 2011 National Youth Tobacco Survey. Pediatrics
2014a;134(3):446-55.

Schauer GL, Malarcher AM, Babb SD. Gradual reduc-
tion of cigarette consumption as a cessation strategy:
prevalence, correlates, and relationship with quitting.
Nicotine and Tobacco Research 2015;17(5):530-8.

Schauer GL, Malarcher AM, Berg CJ. Differences in
smoking and cessation characteristics among adult
nondaily smokers in the United States: findings from
the 2009-2010 National Adult Tobacco Survey. Nicotine
and Tobacco Research 2014b;16(1):58—-68.

Siahpush M, Singh GK, Jones PR, Timsina LR. Racial/
ethnic and socioeconomic variations in duration of
smoking: results from 2003, 2006 and 2007 Tobacco
Use Supplement of the Current Population Survey.
Journal of Public Health 2010;32(2):210-8.

Singh GK, Williams SD, Siahpush M, Mulhollen A.
Socioeconomic, rural-urban, and racial inequali-
ties in U.S. cancer mortality: part I—all cancers and
lung cancer and part II—colorectal, prostate, breast,
and cervical cancers. Journal of Cancer Epidemiology
2011;2011:107497.

Smith EA, Malone RE. Tobacco promotion to military per-
sonnel: “the plums are here to be plucked”. Military
Medicine 2009;174(8):797-806.

Smith KH, Stutts MA, Zank GM. An exploratory study
of the behavior and perceptions of college students
with respect to regular, light, and ultralight cig-
arettes. Journal of Public Policy and Marketing
2012;31(2):206-22.

Stanton CA, Keith DR, Gaalema DE, Bunn JY, Doogan NJ,
Redner R, Kurti AN, Roberts ME, Higgins ST. Trends
in tobacco use among U.S. adults with chronic health
conditions: National Survey on Drug Use and Health
2005-2013. Preventive Medicine 2016;92:160-8.

Thacker SB, Parrish RG, Trowbridge FL. A method for
evaluating systems of epidemiological surveillance.
World Health Statistics Quarterly 1988;41(1):11-8.

The Community Guide. Reducing tobacco use and sec-
ondhand smoke exposure: comprehensive tobacco
control programs—task force finding and ratio-
nale statement, September 29, 2014; <https:/www.
thecommunityguide.org/sites/default/files/assets/
TFFRS-Tobacco-Comprehensive-Control-Programs.
pdf>; accessed: August 29, 2017.

Smoking Cessation

Tindle HA, Shiffman S. Smoking cessation behavior
among intermittent smokers versus daily smokers.
American Journal of Public Health 2011;101(7):e1—e3.

U.S. Department of Health and Human Services. The
Health Benefits of Smoking Cessation: A Report of the
Surgeon General. Rockville (MD): U.S. Department
of Health and Human Services, Centers for Disease
Control, National Center for Chronic Disease Prevention
and Health Promotion, Office on Smoking and Health,
1990. DHHS Publication No. (CDC) 90-8416.

U.S. Department of Health and Human Services. Tobacco
Use Among U.S. Racial/Ethnic Minority Groups-
African Americans, American Indians and Alaska
Natives, Asian Americans and Pacific Islanders, and
Hispanics. A Report of the Surgeon General. Atlanta
(GA): U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health, 1998.

U.S. Department of Health and Human Services. Women
and Smoking. A Report of the Surgeon General.
Rockville (MD): U.S. Department of Health and Human
Services, Public Health Service, Office of the Surgeon
General, 2001.

U.S. Department of Health and Human Services. The
Health and Wellbeing of Children in Rural Areas:
A Portrait of the Nation 2007. Rockville (MD): U.S.
Department of Health and Human Services, Health
Resources and Services Administration, Maternal and
Child Health Bureau, 2011.

U.S. Department of Health and Human Services. Preventing
Tobacco Use Among Youth and Young Adults: A Report
of the Surgeon General. Atlanta (GA): U.S. Department
of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Chronic
Disease Prevention and Health Promotion, Office on
Smoking and Health, 2012.

U.S. Department of Health and Human Services. The
Health Consequences of Smoking—50 Years of
Progress: A Report of the Surgeon General. Atlanta
(GA): U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health, 2014.

U.S. Department of the Census. New census data show dif-
ferences between urban and rural populations [press
release CB16-210], December 08, 2016 2016; <https://
www.census.gov/newsroom/press-releases/2016/cb16-
210.html>; accessed: April 5, 2018.

U.S. Preventive Services Task Force. Final Update Summary:
Tobacco Smoking Cessation in Adults, Including
Pregnant Women: Behavioral and Pharmacotherapy

Patterns of Smoking Cessation Among U.S. Adults, Young Adults, and Youth ~ 109


https://www.census.gov/content/dam/Census/library/publications/2016/demo/p20-578.pdf
https://www.census.gov/content/dam/Census/library/publications/2016/demo/p20-578.pdf
https://www.thecommunityguide.org/sites/default/files/assets/TFFRS-Tobacco-Comprehensive-Control-Programs.pdf
https://www.thecommunityguide.org/sites/default/files/assets/TFFRS-Tobacco-Comprehensive-Control-Programs.pdf
https://www.thecommunityguide.org/sites/default/files/assets/TFFRS-Tobacco-Comprehensive-Control-Programs.pdf
https://www.thecommunityguide.org/sites/default/files/assets/TFFRS-Tobacco-Comprehensive-Control-Programs.pdf
https://www.census.gov/newsroom/press-releases/2016/cb16-210.html
https://www.census.gov/newsroom/press-releases/2016/cb16-210.html
https://www.census.gov/newsroom/press-releases/2016/cb16-210.html

A Report of the Surgeon General

Interventions, September  2015;  <https:/www.
uspreventiveservicestaskforce.org/Page/Document/
UpdateSummaryFinal/tobacco-use-in-adults-and-
pregnant-women-counseling-and-interventions1>;
accessed: May 24, 2017.

Vander Weg MW, Cunningham CL, Howren MB, Cai X.
Tobacco use and exposure in rural areas: Findings
from the Behavioral Risk Factor Surveillance System.
Addictive Behaviors 2011;36(3):231-6.

Verplaetse TL, Moore KE, Pittman BP, Roberts W,
Oberleitner LM, Peltier MR, Hacker R, Cosgrove KP,
McKee SA. Intersection of e-cigarette use and gender on
transitions in cigarette smoking status: findings across
Waves 1 and 2 of the Population Assessment of Tobacco
and Health (PATH) Study. Nicotine and Tobacco
Research 2018.

Wang TW, Asman K, Gentzke AS, Cullen KA, Holder-
Hayes E, Reyes-Guzman C, Jamal A, Neff L, King
BA. Tobacco product use among adults—United
States, 2017. Morbidity and Mortality Weekly Report
2018a;67(44):1225-32.

110  Chapter 2

Wang TW, Gentzke A, Sharapova S, Cullen KA, Ambrose BK,
Jamal A. Tobacco product use among middle and high
school students—United States, 2011-2017. Morbidity
and Mortality Weekly Report 2018b;67(22):629-33.

Weinberger AH, Gbedemah M, Wall MM, Hasin DS,
Zvolensky MJ, Goodwin RD. Cigarette use is increasing
among people with illicit substance use disorders in the
United States, 2002—-14: emerging disparities in vulner-
able populations. Addiction 2018;113(4):719-28.

Wong SL, Shields M, Leatherdale S, Malaison E, Hammond
D. Assessment of validity of self-reported smoking
status. Health Reports 2012;23(1):47-53.

Young-Wolff KC, Klebaner D, Folck B, Tan ASL, Fogelberg
R, Sarovar V, Prochaska JJ. Documentation of e-cigarette
use and associations with smoking from 2012 to 2015
in an integrated healthcare delivery system. Preventive
Medicine 2018;109:113-8.

Yu D, Peterson NA, Sheffer MA, Reid RJ, Schnieder JE.
Tobacco outlet density and demographics: analysing
the relationships with a spatial regression approach.
Public Health 2010;124(7):412—6.


https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/tobacco-use-in-adults-and-pregnant-women-counseling-and-interventions1
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/tobacco-use-in-adults-and-pregnant-women-counseling-and-interventions1
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/tobacco-use-in-adults-and-pregnant-women-counseling-and-interventions1
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/tobacco-use-in-adults-and-pregnant-women-counseling-and-interventions1

Chapter 2 Appendices

Appendix 2.1: Sources of Data 113

National Health Interview Survey 113

Youth Risk Behavior Surveillance System 113

Tobacco Use Supplement to the Current Population Survey 113
Behavioral Risk Factor Surveillance System 114

National Adult Tobacco Survey 114

National Ambulatory Medical Care Survey 114

Population Assessment of Tobacco and Health Study 114
Health Information National Trends Survey 115

Monitoring the Future Study 115

National Youth Tobacco Survey 115

Appendix 2.2: Measures of Cessation 116

Validity of Measures of Cessation Among Youth 116
Validity of Measures of Tobacco Use Among Adults 116
Definitions 117

Current and Former Cigarette Smoking 117

Quit Ratio 117

Recent Successful Cessation 117

Cessation Continuum 718

Past-Year Quit Attempts 118

Number and Duration of Quit Attempts 118

Interest in Quitting 719

Ever Tried to Quit Smoking 119

Cessation of Other Tobacco Products 7119

Screening for Tobacco Use 119

Advice to Quit—Clinical Data from Abstractions of Medical Records

Advice to Quit—Self-Reported Data 120

Use of Counseling and Medications to Quit Smoking 120

Use of Other Cessation Strategies 120

References 121

119

111






Appendix 2.1: Sources of Data

Smoking Cessation

Data summarized in this chapter come from two
national surveys, the National Health Interview Survey
(NHIS) and the National Youth Risk Behavior Survey
(YRBS) (Table 2.1), which are described below. After
descriptions of NHIS and YRBS, brief summaries of other
national surveys that provided limited information for this
chapter are provided.

National Health Interview Survey

NHIS, a multipurpose survey conducted by the
National Center for Health Statistics of the Centers for
Disease Control and Prevention (CDC), is the principal
source of information on the health of the civilian, non-
institutionalized population of the United States. NHIS
has been conducted continuously since 1957. Questions
on smoking have been included in selected survey years
since 1965, and detailed items allowing classification by
race/ethnicity have been included since 1978. Information
on quit attempts among all cigarette smokers has been
assessed since 1991. Detailed questions on tobacco use
cessation are included in a CCS to NHIS, which was initi-
ated in 1987 and subsequently conducted in 1992, 2000,
2005, 2010, and 2015, with relatively consistent ques-
tions on cessation included from 2000 to 2015. Face-to-
face interviews are used to collect confidential data from a
representative sample of the population using the place of
residence of individual respondents.

The sampling plan follows a multistage area prob-
ability design that permits the representative sampling
of households and noninstitutional group living quarters
(e.g., college dormitories) in all 50 states and the District
of Columbia. Non-Hispanic African American or Black,
Hispanic or Latino, and Asian persons were oversampled
during 2006-2015. For each family included in NHIS,
one sample child (younger than 18 years of age) and one
sample adult are randomly selected, and information on
each is collected. For children and those adults not capable
of doing so, information is provided by a knowledgeable
adult family member. Since 1974, only self-reports of cig-
arette smoking and use of other tobacco products have
been used, and thus no proxy data have been used since
that year on questions of importance to this report. Since
1997, NHIS has been conducted using computer-assisted
personal interviewing by interviewers from the U.S.
Census Bureau; sampling and interviewing are continuous
throughout each year. CDC (2017¢) has detailed informa-
tion on NHIS questionnaires and sampling on its website.

Youth Risk Behavior Surveillance
System

Developed in 1990 by CDC, the Youth Risk Behavior
Surveillance System (YRBSS) monitors priority health
risk behaviors, including past-year quit attempts among
current cigarette smokers, among high school students
in the United States. In addition to the surveys that are
conducted by state, local, territorial, and tribal health
and education agencies, there is the national YRBS con-
ducted by CDC. The current report includes data from
the national YRBS only, which has a sampling frame of
all public and private school students in grades 9-12 in
the 50 states and the District of Columbia. A three-stage
cluster sample design is used to sample (1) large-sized
counties or groups of smaller adjacent counties, (2) public
and private schools with a probability proportional to the
schools’ enrollment, and (3) one or two randomly selected
classes in each grade. Examples of classes include home-
rooms, classes of a required discipline (e.g., English or
social studies), and all classes meeting during a required
period (e.g., second period). All students in a sampled class
are eligible to participate. Oversampling is used to achieve
sufficiently large subsamples of Black or African American
and Hispanic or Latino students to enable separate anal-
yses of these subgroups. Schools that decline to participate
in the original sample are not replaced. Students complete
self-administered, paper-and-pencil questionnaires and
record their answers directly in the questionnaire booklet
(CDC 2013). Local procedures to obtain the permission
of parents are followed. Trained personnel administer the
questionnaires to students in their classrooms for the
national survey. The participation of students is both vol-
untary and anonymous (CDC 2013).

Tobacco Use Supplement to the
Current Population Survey

The Tobacco Use Supplement to the Current
Population Survey (TUS-CPS) is a National Cancer
Institute-sponsored survey of tobacco use that has been
administered as part of the U.S. Census Bureau’s Current
Population Survey approximately every 3-4 years since
1992-1993 (since 2000, surveys were conducted for 2001—
2002, 2003, 2006-2007, 2010-2011, and 2014-2015). In
each cycle, the TUS-CPS collects nationally representative
data from about 240,000 adults (data collected between
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1992 and 2006 also included youth 15-17 years of age).
About two-thirds of respondents complete the question-
naire by telephone, and responses for the remaining one-
third are obtained through in-person interviews. More
detailed information about the TUS-CPS is available from
the National Cancer Institute (NCI) (n.d.b).

Behavioral Risk Factor Surveillance
System

In 1984, CDC initiated the state-based Behavioral
Risk Factor Surveillance System (BRFSS), a cross-sectional
telephone survey that state health departments conduct
monthly over landline and cellular telephones (included
since 2011), using a standardized questionnaire and tech-
nical and methodologic assistance provided by CDC. The
BRFSS is used to collect data among U.S. adults 18 years
of age and older regarding their risk behaviors and preven-
tive health practices that can affect their health status. Data
from respondents are forwarded to CDC to be aggregated
for each state, returned with standard tabulations, and pub-
lished at year’s end by each state. In 2011, BRFSS adopted
new methods, including the addition of cellular tele-
phone households to its sample, and used new methods of
weighting to adjust survey data for differences between the
demographic characteristics of respondents and the survey
population (CDC 2012). As a result of these methodologic
changes, data from 2011 to 2017 cannot be compared with
years before 2011. In 2017, more than 450,000 interviews
were conducted with respondents from all 50 states, the
District of Columbia, and participating U.S. territories
and other geographic areas. The number of completed
interviews at each site ranged from 1,508 to 22,059, and
the median response rate was 45.9%. For this Surgeon
General’s report, data have been weighted to reflect the
age, race/ethnicity, and sex distribution of each partici-
pating state. CDC (2017a) offers detailed information about
the BRFSS.

National Adult Tobacco Survey

The 2013-2014 National Adult Tobacco Survey
(NATS)—a stratified, random-digit-dialed (RDD), tele-
phone survey of noninstitutionalized adults 18 years of age
and older—was conducted from October 2013 to October
2014. The survey was part of a collaborative effort between
CDC and the U.S. Food and Drug Administration (FDA).
The survey sought to determine the prevalence and cor-
relates of tobacco use behaviors among a nationally rep-
resentative sample of U.S. adults. The 2013-2014 NATS
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included 75,233 respondents (70% landline, 30% cellular),
and the overall response rate was 36.1% (47.6%, landline;
17.1%, cellular). Data were weighted to provide nationally
representative estimates of prevalence. Detailed informa-
tion on NATS is available at CDC (2016).

National Ambulatory Medical Care
Survey

The National Ambulatory Medical Care Survey
(NAMCS), conducted by CDC’s National Center for Health
Statistics, is a survey designed to meet the need for objec-
tive, reliable information about the provision and use of
ambulatory medical care services in the United States.
Findings are based on a sample of visits to nonfederal,
office-based physicians who are primarily engaged in
direct patient care. Abstraction of medical records includes
documentation of screening for tobacco use, counseling
on tobacco cessation in the form of health education
ordered or provided during the visit, and tobacco cessa-
tion medications ordered or continued during the visit.
In 2009, 32,281 records were abstracted from a sample of
3,319 physicians, with a response rate of 62.4% (in 2010,
31,229 records were abstracted from a sample of 3,525 phy-
sicians, with a response rate of 57.3%, and in 2011,
30,872 records were abstracted from a sample of 3,819 phy-
sicians, with a response rate of 54.1%). CDC (2017b) offers
on its website more detailed information about NAMCS.

Population Assessment of Tobacco
and Health Study

The Population Assessment of Tobacco and Health
(PATH) Study was launched in October 2011 through
a collaboration between the FDA Center for Tobacco
Products and the National Institutes of Health, National
Institute for Drug Abuse. PATH is a nationally represen-
tative, longitudinal cohort study that uses computer-
assisted interviews to collect information from approxi-
mately 49,000 current, never, and former tobacco users,
including noninstitutionalized youth (12-17 years of age)
and adults (18 years of age and older). The study also col-
lects biospecimens (i.e., buccal cell, urine, blood) from
consenting adults. Wave 1 of data collection was com-
pleted in 2014 (September 2013-December 2014), and
four subsequent waves have been completed: Wave 2
(October 2014-October 2015), Wave 3 (October 2015-
October 2016), Wave 4 (December 2016-November 2017),
and an additional wave among only 12- to 17-year-old
youth (December 2017 to November 2018).



The goal of the Path Study is to monitor and assess
behavioral and biological between-person differences and
within-person changes over time in tobacco product use
patterns and behaviors, attitudes and risk perceptions,
tobacco-related biomarkers of exposure and harm, and
health conditions. The findings may inform FDA regula-
tory activities related to product standards (e.g., toxicity,
appeal, abuse liability/addictiveness), health warnings,
and the authorization of new and modified risk tobacco
products, as well as FDA’s public education efforts.

Health Information National Trends
Survey

The Health Information National Trends Survey
(HINTS) was developed by the Health Communication
and Informatics Research Branch of the Division of Cancer
Control and Population Sciences of NCI. The HINTS is a
biennial, cross-sectional survey that routinely collects data
about the use of cancer-related information, including
information on quitting smoking, from a nationally rep-
resentative sample of adults 18 years of age and older in
the civilian noninstitutionalized population of the United
States. Data from the survey are used to assess the impact
of the health information environment. There have been
nine iterations of the HINTS: in 2003, 2005, 2007, 2011,
2012, 2013, 2014, 2015, and 2017. The 2017 survey, which
was used for this report, was conducted primarily by tele-
phone (95%) with incentives promised of either $0, $5, or
$15 upon survey completion (there were 3,335 completed
surveys, a 25.0% response rate). More detailed informa-
tion about the HINTS is available from NCI (n.d.a).

Monitoring the Future Study

The Monitoring the Future (MTF) Study, conducted
annually since its inception in 1975, is conducted by the
University of Michigan’s Institute for Social Research and
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supported through grants from the National Institute on
Drug Abuse. The MTF—a study of American youth, col-
lege students, and adults through 45 years of age—moni-
tors changes in the beliefs, attitudes, and behaviors rele-
vant to drug use and other health and social issues among
young persons in the United States. This report presents
data on high school seniors from confidential, self-admin-
istered paper-and-pencil questionnaires used to survey
nationally representative samples of 12th-grade students
in public and private schools in 48 of the 50 states (all but
Alaska and Hawaii). From 2011 to 2015, the years used in
this report, sample sizes for the 12th-grade students (from
121 to 129 schools) who participated in the MTF Study
ranged from 13,015 to 14,855, and response rates ranged
from 82% to 83% (Miech et al. 2016).

National Youth Tobacco Survey

The National Youth Tobacco Survey (NYTS) was devel-
oped by CDC to assist with the evaluation of the National
Tobacco Control Program (NTCP) and state tobacco con-
trol programs. CDC and FDA have co-administered the
survey since 2011. The NYTS, which provides nationally
representative data on tobacco-related behaviors among
middle school (grades 6-8) and high school (grades 9-12)
students, was first conducted in fall 1999 and was subse-
quently conducted in 2000, 2002, 2004, 2006, 2009, and
2011-2017. The NYTS sampling frame consists of all stu-
dents enrolled in public, Catholic, and other private middle
schools and high schools (grades 6-12) in the 50 states
and Washington, D.C. Participation is voluntary and anon-
ymous. Participants complete a self-administered paper-
and-pencil questionnaire and record their responses on
a computer-scannable questionnaire booklet. For the
NYTS years used in this report (2000, 2004, 2009, 2015,
and 2017), sample sizes were as low as 17,711 and as high
as 35,828; the number of participating schools ranged
from 185 to 324; and response rates ranged from 63.4%
to 84.8% (Office on Smoking and Health et al. 2001; CDC
2010; Singh et al. 2016).
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Appendix 2.2: Measures of Cessation

Validity of Measures of Cessation
Among Youth

All of the data on cessation among youth that are pre-
sented in this report are based on self-reported responses
to questionnaires. Because tobacco use is viewed by many
as a socially undesirable behavior, there is a risk of inaccu-
rate or dishonest responses. Because it was not feasible to
verify the self-reported data included here, it is important for
researchers to interpret these data with some caution and an
understanding of possible sources of inaccuracy. Many fac-
tors can affect the validity of self-reported data—factors that
can be categorized as cognitive or situational. Cognitive pro-
cesses that affect responses include comprehension of the
question, retrieval of relevant information from memory,
decision making about the adequacy of the information
retrieved, and the generation of a response (Brener et al.
2003). Each of these processes can contribute to errors in
responses and, subsequently, to problems with validity.

Situational factors that affect the validity of self-
reported data refer to characteristics of the external envi-
ronment in which the survey is being conducted. These
include the setting (i.e., school or home based), the
method (i.e., self-administered questionnaire or in-person
interview), the social desirability of the behavior being
reported, and the perception of privacy and/or confidenti-
ality of responses (U.S. Department of Health and Human
Services [USDHHS] 1994; Brener et al. 2003).

Many studies have found that youth are more likely
to report engaging in sensitive behaviors when a survey is
completed in a school setting rather than in their homes
(Gfroerer et al. 1997; Hedges and Jarvis 1998; Kann et al.
2002). A study that compared the school-based National
Youth Risk Behavior Survey (YRBS) with the household-
based YRBS supplement to the National Health Interview
Survey (NHIS) found that the school-based survey pro-
duced a significantly higher reporting of many sensi-
tive behaviors, such as driving after drinking alcohol,
binge drinking, and current use of marijuana and cocaine
(Brener et al. 2006). Four measures of various stages of the
smoking uptake process were higher in the school-based
survey, but estimates for current cigarette use and frequent
cigarette use, although elevated in the school-based survey,
did not differ significantly from estimates generated in the
household-based survey. Few differences in nonsensitive
behaviors were observed. Two other studies (Gfroerer et al.
1997; Brener et al. 2003) indicated that, although estimates
based on self-reports of current use of alcohol and illicit
drugs were higher in school-based than in household-based
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surveys, estimates of current cigarette smoking were quite
similar across settings. It is noteworthy that all three of
these studies use self-administered rather than interviewer-
administered interviews/questionnaires. Nevertheless, the
privacy that school surveys provide is important, espe-
cially if smoking becomes more socially unacceptable over
time. Household-based surveys, however, are more likely
to include youth who drop out of school or are frequently
absent from school, and youth in these groups are more
likely to smoke. In addition, the Population Assessment of
Tobacco and Health (PATH) Study (which uses audio, com-
puter-administered self-interviews in a respondent’s house-
hold) recently conducted a reliability and validity study of
current use of a variety of tobacco products among youth
12-17 years of age, finding high levels of agreement across
interviews conducted 6-24 days apart (Tourangeau et al.
2018). There was also a high level of agreement between
self-reported current tobacco use and salivary cotinine
tests among a combined sample of adults and youth (87.5%
of the reports and tests agreed).

Overall, the factors described above may affect point
estimates of cessation. If these factors remain stable over
the years, however, they should not affect the trends seen
over time.

Validity of Measures of Tobacco
Use Among Adults

All of the data on tobacco use among adults pre-
sented in this report were based on self-reported responses
to questionnaires. Biochemical validation studies suggest
that data on self-reported cigarette smoking are generally
valid, except in certain situations, such as when data are col-
lected in conjunction with intense smoking cessation pro-
grams or with certain populations, such as pregnant women
(Velicer et al. 1992; Kendrick et al. 1995). Misclassification
may also be more common among intermittent smokers,
who may not classify themselves as smokers because they
do not perceive themselves as being addicted or because of
social desirability bias. Additionally, smokers may misreport
the number of cigarettes they smoke per day because of
“digit preference” (a preference for multiples of 10) (Klesges
et al. 1995). Although self-reported data have been found
to adequately reflect cigarette smoking patterns (including
whether a respondent who has smoked in the past is cur-
rently not smoking) (Connor Gorber et al. 2009; Wong et al.
2012; Tourangeau et al. 2018), few studies have examined the
validity of other cessation measures (Brigham et al. 2010;



Persoskie and Nelson 2013). It should be noted, however,
that much of the research literature on the validity of self-
reported data is restricted to cigarette smoking—and not
measures of cessation or other tobacco products. However,
among adult tobacco users, a recent PATH Study found
high levels of agreement at initial interview and subsequent
re-interview 6-24 days later between self-reported current
use of cigarettes, electronic nicotine products, traditional
cigars, cigarillos, filtered cigars, pipes, snus, hookahs, and
smokeless tobacco (Tourangeau et al. 2018). High agree-
ment was also found for self-reported information on cur-
rent tobacco use and salivary cotinine among a combined
sample of youth and adults (Tourangeau et al. 2018). Thus, a
discussion of the factors that may affect validity is important
so that the data presented in this report are interpreted with
some caution and an understanding of possible sources of
inaccuracy. Clearly, many factors can affect the validity of
self-reported data, such as response biases and the particular
methodologic features of the surveys. For example, method-
ologic differences in survey administration include but are
not limited to timing, order of survey questions, sampling,
mode of data collection (e.g., computer-assisted personal
interviewing vs. computer-assisted telephone interviewing),
participation rates, and operational definitions (Ryan et al.
2012). In addition, responses to questions may be subject to
more social desirability biases in surveys that are focused
solely on tobacco use versus those where tobacco use is just
one of several health behaviors being assessed, as research
has found that the context in which sensitive questions are
asked can effect responses to survey questions (Tourangeau
and Yan 2007; Krumpal 2013).

Definitions

Measures of cessation differ between surveys of
youth and those focused on adults. Three surveys (NHIS,
Behavioral Risk Factor Surveillance System [BRFSS],
and Tobacco Use Supplement to the Current Population
Survey [TUS-CPS]) included in this chapter provide infor-
mation about cessation among adults and young adults,
while three other surveys (YRBS, Monitoring the Future
[MTF] Study, and National Youth Tobacco Survey [NYTS])
provide information about smoking among youth. For
each smoking measure, the definitions used in the various
surveys are summarized below.

Current and Former Cigarette Smoking

Adults and Young Adults

In NHIS from 1965 to 1991, current cigarette
smokers were defined as respondents who had smoked at
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least 100 cigarettes and who answered “yes” to the question,
“Do you smoke cigarettes now?” Beginning in 1992, NHIS
assessed whether respondents smoked cigarettes every day,
some days, or not at all. Persons who smoked every day
or some days were classified as current cigarette smokers.

Also in NHIS, former cigarette smokers were those
who reported smoking at least 100 cigarettes during their
lifetime but currently did not smoke.

Youth

The YRBS defines current cigarette smoking among
students as having smoked cigarettes on at least 1 day
during the 30 days before the survey. To be classified as a
current smoker, students had to answer “yes” to questions
about ever smoking and current smoking. In addition, stu-
dents who were current smokers and reported smoking on
20 or more of the past 30 days were categorized as current
frequent cigarette smokers. This measure was examined
for youth because current frequent cigarette smokers most
likely have a more established pattern of use and are more
likely to smoke as adults, thereby potentially representing
the future group of adult smokers who are trying to quit.

Former smoking among youth in the YRBS was cat-
egorized as either (a) former daily smokers, representing
those who had an established pattern of smoking daily
but were not currently smoking and perhaps reflecting
youth who had quit smoking; and (b) former nondaily
smokers, who may contain a higher proportion of youth
who experimented with smoking, in addition to those
who quit smoking. Students who answered “yes” to ever
smoke and “no” to currently smoke were categorized as
(a) former daily smokers, if they answered “yes” to ever
daily; or (b) former nondaily smokers, if they answered
“no” to ever daily.

Quit Ratio

Adults

In NHIS, the quit ratio is defined as the ratio of
former smokers to ever smokers; ever smokers were those
who had smoked at least 100 cigarettes in their lifetimes.
Former smokers were defined as ever smokers who did not
currently smoke at the time of the survey. Because smoking
behaviors are less established among youth and young
adults, this measure was not examined for those groups.

Recent Successful Cessation

Adults and Young Adults

In NHIS, the recent smoking cessation percentage
includes in the numerator only former smokers who quit
smoking 6-12 months ago (i.e., persons who reported
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having smoked 100 cigarettes in their life but were not
smoking at time of interview and had quit smoking
6-12 months prior). The denominator for this measure
includes both current smokers who smoked for at least
2 years and former smokers who quit during the past
year. This measure was not examined for youth. Because
the BRFSS did not include a question about the length
of time that current cigarette smokers had smoked, the
estimate from BRFSS does not include this restriction
in its denominator and, therefore, is not comparable to
the estimate from NHIS. Nevertheless, when the restric-
tion of having smoked for at least 2 years is removed from
the denominator in NHIS, the resulting estimate of the
prevalence of recent successful cessation is 7.4% (95% CI,
6.4-8.4%) (NHIS, NCHS, public use data, 2017), which is
similar to the estimate with this restriction (7.6%, 95%
CI, 6.6-8.6%) (Table 2.13).

Cessation Continuum

Using TUS-CPS data, a cessation continuum was
constructed to more completely describe the dynamic
process of smoking cessation. This measure was examined
only for adult current smokers. The continuum included
the proportion of current smokers who had ever tried to
quit smoking, whether they had attempted to quit during
the past year, and their current interest in quitting.

Past-Year Quit Attempts

Adults and Young Adults

NHIS defines past-year quit attempts among cur-
rent smokers as those who answer “yes” to, “During the
past 12 months, have you quit smoking for one day or
longer?” In the 1998 NHIS, the question was revised to,
“During the past 12 months, have you stopped smoking
for more than one day because you were trying to quit
smoking?” This measure also includes former smokers
who quit during the past year. It is important to note that
in addition to excluding those who may have quit for 1 day
during the past year, this measure does not include past-
year quit attempts of less than 1 day. Therefore, the mea-
sure may underestimate quit-attempt prevalence. Data
from the 2014-2015 TUS-CPS indicated that among cur-
rent cigarette smokers, the prevalence of past-year quit
attempts increased by 5.4 percentage points from 41.3% to
46.7% when self-reported quit attempts of less than 1 day
were included (Table 2.14). Questions defining past-year
quit attempts in the 2014-2015 TUS-CPS included asking
some-day smokers who smoked fewer than 12 days in the
past 30 days, “During the past 12 months, have you tried
to quit smoking completely?” and asking daily smokers
and some-day smokers who smoked on 12 or more days
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during the past 30 days, “During the past 12 months, have
you stopped smoking for one day or longer because you
were trying to quit smoking?” Those who answered “no”
to this question were asked, “During the past 12 months,
have you made a serious attempt to stop smoking because
you were trying to quit—even if you stopped for less than a
day?” Quit attempts of less than 1 day comprised 12.9% of
past-year quit attempts among current daily smokers and
some-day smokers who smoked on 12 or more days during
the past 30 days (TUS-CPS, public use data, 2014-2015).

It is also important to note that Table 2.14 estimates
past-year quit attempt prevalence in 2014-2015 TUS-CPS
only among current smokers and does not include former
smokers who quit in the past year; therefore, the quit
attempt prevalence in Table 2.14 (41.3%) is much lower
than the quit attempt prevalence in Table 2.11, which
is estimated from the 2015 NHIS and includes former
smokers who quit during the past year (55.4%). However,
the absence of former smokers who quit during the past
year from the 2014-2015 TUS-CPS estimate does not
entirely explain the difference in prevalence. In the com-
bined 2014-2015 NHIS among current smokers only, the
quit attempt prevalence was 48.9% (NHIS, public use
data, 2014-2015), which was still above the quit attempt
prevalence of 41.3% among the same group in the 2014—
2015 TUS-CPS.

Youth

In the YRBS, students were asked the question,
“During the past 12 months, did you ever try to quit
smoking cigarettes?”

The NYTS defines past-year quit attempts as those
made by current smokers who reported having tried to
quit smoking for a day or longer during the past year.

Number and Duration of Quit Attempts

Adults and Young Adults

In the 2014-2015 TUS-CPS, among current daily
smokers and some-day smokers who smoked at least 12 or
more days during the past 30 days, the question, “How
many TIMES during the past 12 months have you stopped
smoking for one day or longer because you were trying to
quit smoking?” was asked of those who responded “yes”
to the question, “During the past 12 months, have you
stopped smoking for one day or longer because you were
trying to quit smoking?”

Duration of quit attempts was examined with the
questions, “During the past 12 months, what is the length
of time of this single quit attempt where you stopped
smoking because you were trying to quit smoking” and
“Thinking of those attempts during the past 12 months,



what was the length of time of the one attempt that lasted
the longest?”

Youth

In the 2017 NYTS, middle and high school stu-
dents who were current smokers and had tried to quit
smoking during the past year were asked, “During the
past 12 months, how many times have you stopped using
all tobacco products for one day or longer because you
were trying to quit all tobacco products for good?” The
response options were “I did not smoke cigarettes during
the past 12 months,” “I did not try to quit during the
past 12 months,” “1 time,” “2 times,” “3 to 5 times,” “6 to
9 times,” and “10 or more times.”

Interest in Quitting

Adults and Young Adults

In the 2014-2015 TUS-CPS, among current daily
and some-day smokers, interest in quitting was assessed
using a 10-point scale. Participants were asked, “Overall,
on a scale from 1 to 10, where 1 is not at all interested and
10 is extremely interested, how interested are you in quit-
ting smoking?”

NHIS defines interest in quitting as current smokers
who reported that they wanted to stop smoking completely.

Youth

In the 2011-2015 MTF Study, interest in quitting
was assessed by asking high school seniors who were
current smokers whether they wanted to stop smoking
“now.” Another measure included in this survey con-
cerned whether the smoker thought that he or she would
be smoking in 5 years.

In the 2015 NYTS, interest in quitting was assessed
by asking current smokers, “Are you seriously thinking
about quitting cigarettes?”

Ever Tried to Quit Smoking

Adults and Young Adults

In the 2001-2002 TUS-CPS, estimates for ever
trying to quit smoking relied on one question, “Have you
ever stopped smoking for one day or longer because you
were trying to quit smoking?” In other years, questions for
current some-day smokers who had smoked fewer than
12 days during the past 30 days were asked, “Have you
ever tried to quit smoking completely?” and current daily
smokers and some-day smokers who had smoked 12 or
more days during the past 30 were asked, “Have you ever
made a serious attempt to stop smoking because you were
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trying to quit—even if you stopped for less than a day?”
For the 2006-2007 TUS-CPS, current daily smokers and
some-day smokers who smoked 12 or more days during
the past 30 days were also asked, “Have you ever stopped
smoking one day or longer because you were trying to quit
smoking?”

Youth

In the MTF Study, high school seniors who were
current smokers were asked if they had ever tried to quit
smoking.

Cessation of Other Tobacco Products

Adults and Young Adults

In NHIS, cessation of other tobacco products was
examined using past-year quit attempts (“During the past
12 months, have you stopped using all kinds of tobacco
products for more than one day because you were trying
to quit using tobacco?” “All kinds” meant trying to quit
using tobacco completely, including smoking cigarettes,
smoking products other than cigarettes, and using smoke-
less tobacco products.). This question was asked of cur-
rent cigarette smokers who used another tobacco product
or who used two or more tobacco products.

Screening for Tobacco Use

Adults and Young Adults

Screening for tobacco use was examined using
2009-2011 NAMCS data, based on abstraction of medical
records for visits to office-based physicians during which
current tobacco use (smoked cigarettes or cigars or used
snuff or chewing tobacco) or no current use was recorded.
The same measure was used for youth. Because of meth-
odologic changes, this chapter does not report the most
recent NAMCS data (2012-2013).

Advice to Quit—Clinical Data from Abstractions
of Medical Records

Adults and Young Adults

Using 2009-2011 NAMCS data, receipt of advice to
quit was based on abstraction of medical records for visits
to office-based physicians by identified current tobacco
users (i.e., the patient was identified as a current tobacco
user during screening). Receipt of advice is defined as
visits where tobacco counseling was recorded. Tobacco
counseling refers to any information provided that related
to tobacco use in any form, including cigarettes, cigars,
snuff, and chewing tobacco, and on exposure to tobacco
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in the form of secondhand smoke, smoking cessation, and
prevention of tobacco use, as well as referrals to other
healthcare providers for smoking cessation programs.
The same measure was used for youth. Because of meth-
odologic changes, this chapter does not report the most
recent NAMCS data (2012-2013).

Advice to Quit—Self-Reported Data

Adults and Young Adults

In the 2015 NHIS, receipt of advice to quit was
assessed among current smokers and former smokers who
quit during the past year and also saw a doctor or other
health professional during the past year. Receipt of advice
to quit was defined as having been given advice from a
medical doctor, dentist, or other health professional to quit
smoking or to quit using other kinds of tobacco among
current cigarette smokers and former smokers who quit
during the past year.

Youth

In the 2013 NYTS, high school and middle school
students were asked whether at any visit to a doctor, den-
tist, or nurse during the time covered by the survey, they
had been asked by the provider whether they used tobacco
that is smoked or put in the mouth. A separate measure,
being advised not to use tobacco, was defined using cur-
rent cigarette smokers (smoked cigarettes during the
30 days preceding the survey) as being advised by a doctor,
dentist, or nurse during the past 12 months not to use
tobacco that is smoked or put in the mouth.

Use of Counseling and Medications to Quit
Smoking

Adults and Young Adults

To define the use of counseling, NHIS considers
two groups, current smokers who tried to quit during the
past year and former smokers who quit during the past
2 years. Counseling is defined as having used one-on-one
counseling; a stop-smoking clinic, class, or support group;
and/or a telephone helpline or quitline during the past year,
among current smokers who tried to quit in the past year
and among former smokers who quit in the past 2 years.
The 2014-2015 TUS-CPS asked current smokers who tried

120  Chapter 2 Appendices

to quit during the past year about their use of a telephone
helpline or quitline the last time they tried to quit.

NHIS defines use of medications as having used
during the past year the nicotine patch, nicotine gum
or lozenge, a nicotine-containing nasal spray or inhaler,
varenicline (U.S. trade name Chantix), and/or bupropion
(including trade names Zyban and Wellbutrin).

Youth

The 2000, 2004, and 2009 NYTS asked high school
and middle school students if they did any of the fol-
lowing during the past 12 months to help themselves stop
smoking: attend a program in their school, attend a pro-
gram in their community, call a helpline or quitline, use
nicotine gum or lozenge, use a nicotine patch, and/or use
any medication. (In 2000, the strategies of using nicotine
gum and using a nicotine patch were asked together as
one strategy.) The same cessation strategies were assessed
in the 2015 NYTS but the question changed to, “In the
past 12 months, did you do any of the following to help
you quit using tobacco of any kind for good?” and the word
“telephone” was added before “helpline” and “quitline.”

Use of Other Cessation Strategies

Adults and Young Adults

The 2014-2015 TUS-CPS asked current smokers
who tried to quit during the past year about their use
of the Internet or a web-based program or tool the last
time they tried to quit. Current smokers were also asked
if they did any of the following the last time they tried to
quit: tried to quit by switching to (a) smokeless tobacco,
such as chewing tobacco, snuff, or snus; (b) regular cigars,
cigarillos, little filtered cigars, or any pipes filled with
tobacco, and (c) electronic or e-cigarettes. The survey did
not operationalize what switching meant (i.e., completely
switching vs. dual use while reducing cigarette smoking).

Youth

The 2015 NYTS asked high school and middle school
students if they had tried to quit “on my own” or cold turkey
during the past 12 months to help themselves quit using
tobacco of any kind for good. The 2015 NYTS also asked if
one of the reasons why they had used e-cigarettes was to
try to quit using tobacco products, such as cigarettes.
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Introduction

Smoking Cessation

The 1988 Surgeon General’s report on nicotine
addiction was the first in this series to conclude that
“[nlicotine is the drug in tobacco that causes addic-
tion” (U.S. Department of Health and Human Services
[USDHHS] 1988, p. 9). The biologic mechanisms under-
lying nicotine addiction continue to be a subject of great
research interest, and several promising pharmacothera-
peutic targets have emerged. For example, acquisition of
basic knowledge about the function of nicotinic acetyl-
choline receptors (nAChRs) led to the development of tar-
geted smoking cessation medications currently in use, and
research would benefit from an additional understanding
of molecular mechanisms (USDHHS 2010). The 2010
Surgeon General’s report on how tobacco causes disease
described the pharmacokinetics of nicotine, the behav-
ioral pharmacology of nicotine addiction, and the known
genotypes and receptor subtypes that contribute to nico-
tine addiction (USDHHS 2010). This chapter focuses on
how biology can influence smoking cessation and reviews
four areas of intensive research since the publication of
the 2010 Surgeon General’s report.

1. Cell and molecular biology of nicotine addiction
focuses on the nAChRs as the primary target of cur-
rently available medications and on the following
potential targets for medication development: gluta-
matergic signaling, neuropeptide systems, habenulo-
interpeduncular pathway, and noradrenergic system.
This section describes the preclinical basis for

understanding nicotine addiction and the ways that
this knowledge could be used to enhance smoking
cessation.

2. Vaccines and other immunotherapies as treat-
ments for tobacco addiction focuses on the concep-
tual basis of vaccine treatment, vaccine mechanistic
design, and vaccine animal studies; progress made
and barriers encountered with the early generation
vaccines; and approaches to next-generation treat-
ments and passive immunization.

3. Insights into smoking cessation from the field of
neurobiology describes the brain circuitry involved
in nicotine dependence, as understood primarily
through advances in brain imaging techniques; the
role of stress, craving, and reward; and changes in
cognitive control. Findings provide insight into the
effects of smoking on the brain and the potential to
identify new types of targets for smoking cessation.

4. Genetic studies of smoking phenotypes focuses on
the further mechanistic understanding gained from
the interindividual differences that genetics creates
and from some of the methodologic approaches that
can be used to examine genetics in humans. Findings
provide insight into distinct classes of genes that rep-
resent potential targets for novel smoking cessation
therapeutics and optimizing choice of treatment.

Cell and Molecular Biology of Nicotine Addiction

Literature Review Methods

For this section of the chapter, PubMed was searched
in January 2017 for studies published between 2010 and
2017 that focused on the neurobiologic mechanisms
underlying nicotine addiction in model organisms and in
human subjects. Such search teams included “nACh” and
“nicotinic receptor,” and these terms were combined with
such terms as “addiction” and “behavior.” Studies about
nicotinic acetylcholine receptor mechanisms that were
cited in these articles were also reviewed to identify pri-
mary research articles. These studies and a current search
of clinical trials websites were used to identify molecular
targets for the development of novel smoking cessation

aids and ongoing clinical trials of relevant therapeutic
agents. One reviewer conducted a full review and identi-
fied 76 articles for this section. The cited references for
preclinical work represent a compilation of the current
knowledge base obtained from rodent studies, but the base
cannot be considered completely comprehensive because
of the large volume of studies in this area.

Neurobiology of Nicotine Addiction
Nicotine, the main addictive constituent of ciga-

rette smoke, binds to nAChRs, a class of ligand-gated ion
channels that, following the binding of acetylcholine or
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nicotine, open and allow the trafficking of cations (positive
ions [e.g., Ca*™™, Na*, K*]) (USDHHS 2010). nAChRs play
an important role in transmitter release, cell excitability,
and neuronal integration. Through these processes, nico-
tine stimulates the release of many different neurotrans-
mitters throughout the brain. In particular, nicotine acti-
vates the mesocorticolimbic dopamine system, which can
induce both reward or aversion (USDHHS 2010).

The mesocorticolimbic system, which is char-
acterized by the ventral tegmental area (VTA) located
in the midbrain, transmits dopamine to two main tar-
gets: one cortical, the prefrontal cortex (PFC); and one
limbic, the nucleus accumbens (NAc) in the ventral stri-
atum (Figure 3.1). Nicotine increases extracellular dopa-
mine in all of these structures but mainly in the NAc.
The reward associated with the release of dopamine is
one of the underlying mechanisms of the development of
nicotine dependence. In fact, the dopaminergic pathway
is targeted by existing pharmacotherapies for smoking
cessation. At present, the approved pharmacologic treat-
ments in the United States or Europe are nicotine replace-
ment therapy (NRT), varenicline, and bupropion (U.S.
Food and Drug Administration [FDA] 2016). Varenicline
(trade names: Chantix, Champix) partially blocks the
a4p2 nAChRs, and bupropion (trade names: Wellbutrin,
Zyban) is a norepinephrine/dopamine reuptake inhibitor
that also can decrease the function of nAChRs by acting
as an antagonist of the receptors (Mansvelder et al. 2007).
These two medications act indirectly and directly on the
dopamine pathway.

Nicotinic Acetylcholine Receptors

nAChRs are ion channels that normally are activated
by the neurotransmitter acetylcholine, but the nicotine
in tobacco products “hijacks” nAChRs. In humans, these
receptors are assembled from combinations of 17 known
subunits, 12 of which are expressed in the brain (a2—-al10
and B2-p4) (Picciotto et al. 2008; Picciotto and Kenny
2013). Importantly, co-assembly of specific combinations
of subunits results in a set of nAChR subtypes that vary in
their properties, location in the brain, and sensitivity to nic-
otine (Figure 3.2). For example, o7 can form a functional
nAChR on its own [(¢7)5,], while all other nAChRs contain
at least one a subunit and one B subunit [e.g., (a4)2(B2)3].
The 04 and B2 subunits, which are expressed throughout
the brain and body in many types of cells, nearly always
assemble together, sometimes with additional subunits,
and their interface forms a high-affinity nicotine binding
site (Kutlu and Gould 2016). Activation of these a4- and
B2-containing receptors is required for many of the neu-
robiologic and behavioral effects associated with nicotine
reward. The a6 subunit also can associate selectively with
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these receptors in dopamine and norepinephrine neurons
(Kutlu and Gould 2016).

Nicotine and the endogenous ligand acetylcholine
bind to the extracellular interface between two nAChR
subunits. Upon binding of either nicotine or acetylcholine,
the receptors undergo a structural change that causes the
ion channel to open, permitting the influx of cations and
membrane depolarization. Cellular responses to nico-
tine depend on the composition of nAChR subunits and
their subcellular localization. For example, activation of
nAChRs located on nerve terminals stimulates the release
of neurotransmitters, and activation of cell body recep-
tors increases neuronal excitability and can induce action
potentials. Nicotine also binds to intracellular receptors in
the endoplasmic reticulum and promotes their assembly
and trafficking. Long-term exposure to nicotine increases
the surface expression of nAChRs, particularly the high-
affinity o4- and B2-containing receptors. Cells in the
brains of smokers, therefore, have an increased capacity
for nicotine binding, which may result in altered neuronal
signaling once nicotine is cleared from the brain and these
nAChRs become available for acetylcholine signaling. In
fact, heightened expression of nAChRs is observed in
the brains of smokers for weeks following cessation; this
might contribute to craving and withdrawal symptoms
(Cosgrove et al. 2012). Although low levels of nicotine
activate nAChRs, leading to nicotine reinforcement, con-
tinued exposure to nicotine desensitizes the receptors,
which contributes to tolerance. The extent of desensiti-
zation varies with the composition of receptors and con-
centration of nicotine. B2 subunit-containing nAChRs,
which are required for the rewarding effects of nicotine,
desensitize rapidly in response to very low concentrations
of nicotine (Picciotto et al. 2008). o7 receptors, however,
will continue to respond in the presence of sustained low
concentrations of nicotine.

The physiologic consequences of NnAChR desensitiza-
tion are complex and not entirely understood, but chronic
exposure to nicotine in the brains of users of tobacco
products likely results in phases of activation and desensi-
tization of nAChRs that contribute to nicotine reinforce-
ment and tolerance, respectively. The variability in this
balance also may contribute to individual differences in
susceptibility to nicotine addiction. In addition, receptors
are reactivated once nicotine is removed from the system.
Thus, increases in the number of nAChRs and receptor
reactivation when nicotine is cleared from the system that
last at least 4 weeks after cessation (Cosgrove et al. 2012)
result in robust potentiation of nAChR signaling following
abstinence, which then contributes to withdrawal symp-
toms (Millar and Harkness 2008; Picciotto et al. 2008;
Changeux 2010).
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Figure 3.1 Stages of the addiction cycle
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Notes: “Binge and intoxication” and “feeling euphoric” are not relevant to nicotine. “During intoxication, drug-induced activation of
the brain’s reward regions (in blue) is enhanced by conditioned cues in areas of increased sensitization (in green). During withdrawal,
the activation of brain regions involved in emotions (in pink) results in negative mood and enhanced sensitivity to stress. During pre-
occupation, the decreased function of the prefrontal cortex leads to an inability to balance the strong desire for the drug with the will
to abstain, which triggers relapse and reinitiates the cycle of addiction. The compromised neurocircuitry reflects the disruption of the
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Figure 3.2 Structure and properties of nAChRs
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Notes: o, = alpha; p = beta; nAChR = nicotinic acetylcholine receptor. nAChRs in the brain assemble as pentameric (5-member)
structures from 12 subunits: 02—a10 and B2—p4. The most common combinations are formed as homomers (all subunits the same)
of the a7 subunit, or heteromers of the a4 and B2, or a3 and B4 subunits. Many subunit combinations with different properties are
possible, with variability particularly at the fifth position in the receptor (indicated in grey as a choice of a or B subunit in this figure).
Assembled receptors form a channel through the membrane, with a pore that is closed under resting conditions. The neurotransmitter
acetylcholine normally binds to interfaces between subunits in the assembled nAChRs, activating the receptors and allowing ions to
flow through the opened pore into cells expressing them. Nicotine binds to the same site in the nAChR as acetylcholine and can open
the channel, although with different open times and likelihood of desensitization.

Nicotine Reward

As for all drugs of abuse, the primary reinforcing
(i.e., initial rewarding or addictive) effects of nicotine
are driven by its activation of the mesolimbic dopamine
system, commonly known as the brain’s reward circuit.
Nicotine promotes phasic firing of dopamine neurons in
the VTA through several nAChR-mediated mechanisms
(USDHHS 2010). Activation of a4- and B2-containing
nAChRs on dopamine cell bodies increases their excit-
ability and is required for the reinforcing properties of nic-
otine. Nicotine also acts through a7 nAChRs located on
glutamatergic terminals in the VTA to promote glutamate
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release onto dopamine neurons, further enhancing their
excitation (USDHHS 2010). Similarly, nicotine stimula-
tion of nAChRs made of the a4, B2, and a6 subunits that
are found on dopamine terminals promotes the release of
dopamine in NAc and other regions (Picciotto and Kenny
2013; Wickham et al. 2013; Picciotto and Mineur 2014).

Nicotine Withdrawal and Relapse

Chronic nicotine use can induce a physical depen-
dence severe enough that cessation induces a series of
negative withdrawal symptoms in humans and in labora-
tory animals (Picciotto et al. 2008; USDHHS 2010). Thus,



in addition to being drawn to the primary reinforcing
properties of nicotine, many persons return to smoking
to avoid negative effects of abstinence, such as irritability,
anxiety, depression, insomnia, and difficulty concen-
trating. Additionally, environmental cues (sights, sounds,
or other sensations) associated with nicotine often elicit
drug cravings that can be sufficient to induce relapse to
regular smoking after a quit attempt (USDHHS 2010).
For example, former smokers who used to have a ciga-
rette with their morning coffee may experience intense
nicotine cravings at the smell of coffee, which could
trigger relapse to smoking (Bevins and Palmatier 2004).
Importantly, drug-paired cues (things in the environ-
ment that are associated with nicotine being on board)
can become themselves reinforcing after repeated pair-
ings, and this conditioned reinforcement may be at least
partially responsible for continuing drug use and relapse.
Mechanistically, perseverative drug use and high relapse
rates happen because of persistent neurobiologic adap-
tations (tolerance), particularly within the mesocorti-
colimbic dopamine system. Thus, although developing
therapies aimed at reducing the reinforcing properties
of nicotine itself is reasonable, this strategy is unlikely to
be completely effective in combating relapse to smoking
(USDHHS 2010). For this reason, several research efforts
have focused on elucidating the neurobiologic underpin-
nings of relapse.

Animal Models of Nicotine Addiction

Studies of animal models of disease have contrib-
uted to much of our understanding of the neurobio-
logic basis of nicotine addiction. Although animal models
cannot capture the full range of human addiction, mice
and rats do develop addiction-like behaviors, and several
reliable paradigms have been established to measure spe-
cific aspects of the disease in animals. The drugs that ani-
mals self-administer correspond well with drugs that have
high abuse liability in humans (Carter and Griffiths 2009).
As described in detail below, nicotine-dependent animals
will work to obtain nicotine and to relieve nicotine with-
drawal symptoms (Koob and Simon 2009). Therefore,
animal models are useful for measuring the abuse liability
of addictive drugs, such as nicotine, and identifying phar-
macotherapies that make addictive drugs less reinforcing
or that mitigate withdrawal symptoms.

Modeling Nicotine Reward

The conditioned place preference (CPP) and self-
administration paradigms are two common models used
to evaluate nicotine reinforcement and drug-seeking
behavior. CPP is established by repeatedly pairing nicotine
administration with exposure to a particular environmental
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context. Over time, the animal learns to associate the con-
text with nicotine and develops a preference for that envi-
ronment over an adjacent, similar environment that is not
paired with nicotine. The development of such a prefer-
ence is considered to be an indication of the rewarding
effects of the drug.

In the self-administration model, animals are trained
to complete an operant task, such as pressing a lever to
receive an infusion of nicotine. Once the task is learned,
changes in operant behavior are thought to indicate
changes in drug reinforcement or craving. Variations of
this task also can be used to measure motivation (i.e., how
hard an animal is willing to work for nicotine), extinction,
and relapse. Interestingly, self-administration of nicotine
is more robust if infusion is paired with a cue versus with
the drug alone (Caggiula et al. 2001).

Modeling Nicotine Withdrawal and Relapse

Human smokers often relapse in response to one of
three stimuli: exposure to environmental cues associated
with nicotine, aversive or stressful life events, or a small
amount of the drug (i.e., a “lapse”) (USDHHS 2010). Each of
these types of stimuli is also sufficient to induce reinstate-
ment of nicotine-seeking behavior in rodents after forced
extinction of the behavior. In the cue-induced reinstate-
ment model, animals are trained to self-administer nico-
tine that is paired with an innocuous cue, such as a light
or a tone. After self-administration of nicotine is acquired,
the operant behavior can be extinguished by placing the
animals in the same context but in the absence of the drug
and the associated cue. Following extinction, animals will
resume responding to the cue alone, even in the absence of
nicotine. Similar paradigms have been developed to model
stress-induced reinstatement and drug-induced rein-
statement in animals, all of which may be valid for nico-
tine relapse in humans (Mantsch et al. 2016). Preclinical
studies using these paradigms have been useful in identi-
fying cellular and molecular processes that contribute to
drug reinstatement, as discussed in this section.

Molecular Targets of Current
Pharmacotherapies

As a consequence of our understanding of the neuro-
biology of nicotine addiction, several successful pharmaco-
therapies have been developed to aid in smoking cessation
(Table 3.1) (Cochrane Tobacco Addiction Group n.d.), most
of which alter nAChR signaling (Cahill et al. 2013, 2016).
These include varenicline (a partial agonist of nAChRs)
and bupropion (an atypical antidepressant with the ability
to block nAChRs). Various forms of NRT—including
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Table 3.1 Current pharmacotherapies for smoking cessation

FDA approved
for smoking

Line Trade name(s) Target Action cessation: Yes/no  Other information
First-line
Bupropion e Wellbutrin Catecholemine Norepinephrine or  Yes Atypical antidepressant;
¢ Elontril system/nAChRs dopamine reuptake also approved for
e Zyban (multiple subtypes) inhibitor/nAChR ADHD and obesity
antagonist
NRT e Nicoderm nAChRs (multiple  Agonist Yes —

e Commit subtypes)

e Nicorette

e Others

Varenicline ¢ Chantix nAChRs (multiple  Partial agonist Yes —
e Champix subtypes)
Second-line
Nortriptyline e Sensoval Serotonin and Serotonin or No Tricyclic antidepressant

e Aventyl norepinephrine norepinephrine

e Pamelor systems reuptake inhibitor

e Norpress

e Allegron

e Noritren

e Nortrilen

Clonidine e Catapres Adrenergic Agonist No Also indicated for high

e Kapvay receptors blood pressure, ADHD,

e Duraclon anxiety, migraine,

e Nexiclon withdrawal (opiates,
alcohol, and nicotine),
and other

Others

Cytisine o Tabex nAChR Partial agonist No Popular in Eastern
Europe but not
available in the United
States; relatively
inexpensive

Naltrexone ® Revia Opioid receptors Antagonist No Commonly used to

e Vivitrol (W, ) treat alcoholism and

opioid dependence

Notes: k = kappa; p = mu; ADHD = attention-deficit/hyperactivity disorder; FDA = U.S. Food and Drug Administration;
nAChR = nicotinic acetylcholine receptor; NRT = nicotine replacement therapy.

the patch, gums, lozenges, and nasal sprays—also act
on nAChRs. Varenicline activates nAChRs, although to
a lesser extent than nicotine, and blocks the binding of
nicotine from tobacco to the nAChR, thereby resulting
in reduced withdrawal symptoms and less reward from
a lapse to smoking. Although not currently approved for
use in the United States, cytisine is another nAChR partial
agonist and has been used as an herbal smoking cessa-
tion aid for decades in Eastern European countries and
Canada (Gémez-Coronado et al. 2018). Repeated efficacy
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studies, including a Phase 3 clinical trial in New Zealand,
have found cytisine to be effective for smoking cessation
at levels similar to varenicline (Etter 2006). Because cyti-
sine is a naturally occurring compound, it is less expen-
sive than currently available cessation aids, making it a
potentially promising tool for reducing smoking rates in
certain populations, including low-income individuals.
With withdrawal-induced negative affect a major problem
for smokers trying to quit, antidepressants are often pre-
scribed, and several of these drugs have shown efficacy



in reducing smoking (Hughes et al. 2014). Bupropion
can alleviate withdrawal symptoms and reduce the
severity of nicotine cravings. Overall, its efficacy for ces-
sation is about double that of placebo (Wu et al. 2006).
Notably, bupropion is also an nAChR antagonist that alters
nicotine-mediated dopamine responses, which likely con-
tributes to its efficacy in reducing smoking (Mansvelder
et al. 2007). Although it has not been approved by FDA for
smoking cessation, nortriptyline (trade names: Sensoval,
Pamelor, Aventyl, and others), a tricyclic antidepressant
and serotonin/norepinephrine reuptake inhibitor, also has
shown off-label efficacy in improving rates of smoking
cessation (Hughes et al. 2005).

Novel Targets for Smoking Cessation

Glutamatergic Signaling

Although enhanced dopamine signaling is critical
for the initial reinforcing properties of nicotine, both
the maintenance and reinstatement of nicotine-seeking
behavior require long-lasting alterations in the actions of
glutamate, the major excitatory neurotransmitter in the
brain (Knackstedt and Kalivas 2009; Li et al. 2014; Marchi
et al. 2015). Glutamate levels are elevated in both the NAc
and the VTA after exposure to nicotine, and glutamate
inputs to the VTA mediate the increases in the activity
of dopamine neurons in response to nicotine. Repeated
exposure to nicotine results in a long-term potentiation
(or long-lasting increase in activation) of these synapses,
which contributes to elevated excitability of dopamine
neurons. Furthermore, sustained low levels of nicotine,
as would be observed in the brains of smokers, can desen-
sitize nAChRs located on inhibitory nerve terminals in
the VTA. This may reduce the inhibition of dopamine
neurons, further shifting the excitatory—inhibitory bal-
ance in the VTA. Nicotine dependence also is associated
with long-term potentiation of glutamate synapses in the
NAc, and disruption of glutamate signaling in this region
alters nicotine-mediated physiology and behavior. Thus,
chronic use of nicotine causes long-lasting changes to the
mesolimbic dopamine system, many of which are driven
by alterations in glutamate transmission. Behaviorally,
these adaptations sustain drug cravings and contribute
to a vulnerability to relapse. Glutamate binds to and acti-
vates two types of receptors: ionotropic, which are ion
channels that allow current to pass through and activate
cell membranes; and metabotropic, which are G-protein-
coupled receptors that activate downstream cell signaling
cascades. Neuroadaptive mechanisms in the glutamate
system, perhaps on both types of glutamate receptors,
may be targets for pharmacologic intervention.

Smoking Cessation

lonotropic Glutamate Receptors

Glutamate signaling through the ionotropic gluta-
mate receptors N-methyl-D-aspartate (NMDA) and a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) is
implicated in the neurobiologic mechanisms of nicotine
dependence (Li et al. 2014; D’Souza 2015). Pharmacologic
blockade of both NMDA and AMPA receptors in the VTA
attenuates nicotine-induced dopamine release in the NAc,
and inhibition of NMDA receptors impairs nicotine-seeking
behaviors (Kenny et al. 2009; Mao et al. 2011). Conversely,
blockade of NMDA receptors in the shell region of the NAc
increases the self-administration of nicotine, suggesting
that glutamatergic transmission in this region may offset
the rewarding effects of nicotine (D’Souza and Markou
2014). The mechanisms underlying this effect are not fully
understood, but one hypothesis is that medium spiny neu-
rons in the shell region of the NAc are activated by glu-
tamate, and these medium spiny neurons project to and
inhibit dopamine neurons in the VTA (Yang et al. 2018).
Regardless, glutamatergic signaling in mesocorticolimbic
regions clearly contributes to nicotine reinforcement.

Gipson and colleagues (2013) demonstrated that
long-lasting changes in glutamate signaling are central
to post-withdrawal reinstatement of nicotine-seeking
behavior in rats. Long-term potentiation of glutamatergic
synapses in the NAc was apparent after 2 weeks of nico-
tine withdrawal, with further strengthening observed fol-
lowing cue-induced reinstatement of nicotine seeking.
Furthermore, blocking the function of NMDA receptors
in the core region of the NAc prevented cue-induced rein-
statement of nicotine-seeking behavior. Similar observa-
tions have been made with other drugs of abuse, such as
cocaine and alcohol. These data suggest that dampening
mesolimbic glutamate signaling, potentially by inhib-
iting the function of NMDA receptors in the core of the
NAc, may be a useful strategy for reducing vulnerability to
smoking relapse in humans.

Although blockade of ionotropic glutamate recep-
tors is effective in reducing addiction-like behaviors in
animal models, systemic use of these drugs in humans is
likely not feasible using current pharmacologic agents,
given the crucial role of glutamate in the function of the
nervous system. Also, because glutamate plays different
roles in different regions of the brain, a more targeted,
region-specific approach is warranted.

Metabotropic Glutamate Receptors

Metabotropic glutamate receptors (mGluRs) are
widely expressed, G-protein-coupled receptors that use
second-messenger systems (key distributors of an external
signal) to modulate neuronal excitability. Two of these
receptors, mGluR5 and mGIuR2, have been implicated in
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the neurobiology of nicotine addiction. Because pharma-
cologic manipulation of metabotropic glutamate signaling
may have a more subtle effect on the function of the nervous
system than do ionotropic drugs, targeting these receptors
may be a more feasible clinical approach for smoking ces-
sation (D’Souza 2015; Mihov and Hasler 2016; Acri et al.
2017; Chiamulera et al. 2017). Table 3.2 summarizes novel
pharmacologic targets for smoking cessation.

mGluR5. mGIluR5 is localized postsynaptically
where it signals through the excitatory G-protein Go?,
to enhance neuronal excitability. Reducing the function
of mGIuR5 with MPEP (2-methyl-6-(phenylethynyl pyri-
dine), a negative allosteric modulator (NAM) in the NAc
shell, attenuates nicotine self-administration and dopa-
mine release (Paterson et al. 2003; Tronci et al. 2010), sug-
gesting a role for this receptor in the primary reinforcing
properties of nicotine. Additionally, both drug- and cue-
induced reinstatement of nicotine-seeking behavior
are reduced in animals that have been pretreated with
mGluR5 antagonists (Bespalov et al. 2005). In humans,
studies using selective mGluR5 radiotracers have revealed
a significant reduction of binding sites in the brains of per-
sons addicted to nicotine, which is normalized after cessa-
tion (Akkus et al. 2013; Hulka et al. 2014). The mechanism
for this reduction is not entirely understood, but it may be
a compensatory action meant to limit aberrant glutamate
signaling in the brains of smokers.

The preclinical efficacy of mGluR5 NAMs in reducing
drug-seeking behavior is well documented, but higher
doses of the same drugs also have been reported to impair
food-seeking behaviors in animals (Mihov and Hasler 2016).
Although the curbing of appetite during smoking cessation
may seem like an appealing side effect, such overly gener-
alized effects may be dangerous or undesirable. mGIluR5
NAMs also have been shown to increase the severity of
nicotine withdrawal symptoms (Chiamulera et al. 2017),
which could limit their feasibility for clinical use.

mGluR2. In contrast to mGluR5, mGIluR2 is
expressed on presynaptic glutamate terminals, acting as an
autoreceptor that inhibits the release of this neurotrans-
mitter. Therefore, dopamine neurons can be inhibited
by the activation of mGIuR2 receptors on glutamatergic
inputs to the VTA.

Stimulation with the nonselective mGluR2/3 ago-
nist LY379268 can reduce drug- and cue-induced rein-
statement of nicotine responding, and these effects can be
blocked by an mGIuR2 antagonist (Justinova et al. 2016).
mGluR2/3 stimulation also can reduce the primary rein-
forcing properties of nicotine, but these effects are smaller
and less consistent than the effects on reinstatement. In
nicotine-experienced rats, LY379268 reduced nicotine-
induced increases in dopamine levels in the NAc only in
the presence of drug-predicting cues (D’Souza et al. 2011),
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supporting the hypothesis that mGIluR2/3 stimulation is
more effective at reducing the conditioned effects of nico-
tine than its primary reinforcing effects.

Although a selective mGIuR2 positive allosteric
modulator (PAM) was not shown to improve schizo-
phrenia symptoms in a Phase 2 clinical trial, it has been
repurposed as a possible therapy for nicotine addiction
because of its good safety profile and preclinical efficacy in
reducing nicotine reinstatement (Justinova et al. 2015).
A Phase 2 clinical trial of this drug for smoking cessa-
tion was completed in January 2017, but results are not
yet available. This study enrolled 210 female cigarette
smokers and evaluated abstinence from nicotine as a pri-
mary endpoint. Although GluR5 and GluR2 have been
linked to addiction-like behaviors in animals, Acri and
colleagues (2017) argued that mGIluR2 may be a more fea-
sible drug target because of its relatively mild side-effect
profile compared with mGluR5 antagonists.

Glutamate Transporters

Alterations in the function of glutamate trans-
porters also contribute to nicotine-mediated disruptions
in the excitatory—inhibitory balance. Mesocorticolimbic
expression of glutamate transporter 1 (GLT-1), the cystine/
glutamate exchanger, and excitatory amino acid trans-
porter 3 are all decreased after chronic administration
of nicotine in rodents (Knackstedt and Kalivas 2009;
Knackstedt et al. 2009; Yoon et al. 2014). In addition, rein-
statement of nicotine-seeking behavior is associated with
decreased expression of GLT-1 and elevated concentration
of extracellular glutamate (Gipson et al. 2013). In mice,
upregulation of GLT-1 with ceftriaxone had no effect on
CPP acquisition but reduced withdrawal symptoms and
significantly attenuated nicotine-primed reinstatement
of nicotine CPP (Alajaji et al. 2013). Stimulating cystine/
glutamate exchanger activity with N-acetylcysteine also
may be effective in reducing nicotine consumption. An
open-label pilot study of a combination therapy of var-
enicline and N-acetylcysteine showed a favorable safety
profile. Although the study was not designed to evaluate
differences in cessation efficacy, patients receiving both
therapies smoked fewer cigarettes than those receiving
only varenicline (McClure et al. 2015). In addition, a
double-blind, randomized controlled trial (RCT) found
that, in combination with group behavioral therapy,
N-acetylcysteine was effective in reducing the number of
cigarettes smoked and in increasing quit rates versus a
placebo control group (Prado et al. 2015).

Neuropeptide Systems

Neuropeptides are a class of short-chain polypep-
tides that serve as neurotransmitters (Table 3.2). Acting



Table 3.2 Novel pharmacologic targets for smoking cessation
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Expected Expected
neurobiologic behavioral Stage of drug
Target Pharmacology effect outcome development Other information
Glutamate system
mGluR5 NAM e Decreased Glu e Decreased Preclinical —
transmission nicotine intake
¢ Decreased relapse
vulnerability
mGIuR2 PAM e Decreased Glu e Decreased relapse Phase 2 —
transmission vulnerability
e Decreased
nicotine intake
GLT-1 Agonist ¢ Decreased Glu e Decreased relapse Preclinical —
transmission vulnerability
xCT Agonist e Decreased Glu e Decreased Phase 2 —
(N-acetylcysteine) transmission nicotine intake
Neuropeptides
CRF-1 Antagonist e Decreased e Decreased relapse Preclinical Failed Phase 2 anxiety
(Paxacerfont) reactivity to vulnerability trial
withdrawal e Decreased
e Decreased nicotine intake
dopamine
response
DOR Antagonist e Decreased e Decreased Preclinical Naltrexone is a non-
dopamine nicotine intake selective opioid receptor
response antagonist used to treat
alcoholism and opioid
dependence
KOR Antagonist e Decreased e Decreased relapse Preclinical Naltrexone is a non-
reactivity to vulnerability selective opioid receptor
withdrawal antagonist used to treat
alcoholism and opioid
dependence
MHb-IPN pathway
ob PAM e Increased e Decreased Preclinical —
nicotine- nicotine intake
mediated MHb-
IPN activation
Noradrenergic system
al Antagonist e Decreased e Decreased — —
norepinephrine nicotine intake
signaling e Decreased relapse
vulnerability
02 Agonist (clonidine) e Decreased e Decreased relapse Off-label use Potent side effects
norepinephrine vulnerability include sedation and
signaling low blood pressure

Notes: a = alpha; CRF = corticotropin-releasing factor; DOR = delta (8) opioid receptor; GLT = glutamate transporter; KOR = kappa
(x) opioid receptor; mGluR = metabotropic glutamate receptor; MHb-IPN = medial habenulo-interpeduncular nucleus; NAM = nega-
tive allosteric modulator; PAM = positive allosteric modulator; XCT = cystine/glutamate exchanger.
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on designated G-protein-coupled receptors, these mole-
cules can modulate neuronal activities. As outlined in the
upcoming sections of this chapter, a substantial amount of
preclinical evidence suggests that multiple neuropeptide
systems can contribute to the development of nicotine
dependence. Additionally, because several neuropeptides
can modulate mood, manipulating these systems may be
an effective strategy for improving success rates for cessa-
tion by reducing the severity of negative withdrawal symp-
toms. Although at least a dozen neuropeptides have been
linked to nicotine dependence, this section focuses on two
primary promising targets: corticotropin-releasing factor
(CRF) and the opioid system.

Corticotropin-Releasing Factor

CRF is a peptide hormone known best for its role
in the stress response. Chronic nicotine administra-
tion increases CRF levels in the VTA of rats, and genetic
knockdown of this peptide attenuates self-administration
of nicotine (Grieder et al. 2014). In addition, blockade of
the peptide’s receptor, CRF1, in rats prevented the nor-
mally observed increase in nicotine self-administration
following a period of forced abstinence and prevented
the aversive effects of withdrawal (Cohen et al. 2015). In
an intracranial self-stimulation paradigm, the sensitivity
of the brain reward pathway can be assessed by mea-
suring the intensity of a stimulus required to elicit self-
stimulation behavior, such that higher stimulation thresh-
olds indicate a less sensitive reward system. Exposure to
nicotine (or other drugs of abuse) causes animals to per-
form for much less intense stimulation (i.e., they have
lower thresholds), indicating a drug-induced potentiation
of the reward system. Conversely, a period of abstinence
from a drug elicits a large increase in the intracranial self-
stimulation threshold, indicating reduced excitability of
the reward system and signifying a depression-like brain
state (reflected in elevations of brain reward thresholds)
(Stoker et al. 2012).

In nicotine-dependent animals, withdrawal-induced
increases in the intracranial self-stimulation threshold
are absent in animals treated systemically with CRF1
receptor antagonists, or only in the central amygdala,
a brain region known to regulate mood (Marcinkiewcz
et al. 2009; Bruijnzeel et al. 2012). Similarly, withdrawal-
induced, anxiety-like behavior is exacerbated by infusion of
CRF into the interpeduncular nucleus (IPN), and blockade
of CRF1 alleviates this behavior (Zhao-Shea et al. 2015).
Thus, CRF signaling, particularly in the amygdala and IPN,
contributes to the negative affect associated with nicotine
withdrawal. Lastly, inhibition of the CRF1 receptor can
block both stress-induced potentiation of nicotine CPP and
stress-induced reinstatement of self-administration (Zislis
et al. 2007). Together, these studies suggest that CRF

134  Chapter 3

signaling is central to changes in nicotine-seeking behavior
in response to stress. Although clinical data regarding the
role of CRF in smoking behavior are not available, many
studies in animal models of nicotine dependence suggest
that CRF antagonists may be useful for reducing smoking
in humans (Bruijnzeel 2017).

Notably, several small-molecule CRF ligands can
cross the blood-brain barrier. Although most are being
used only for preclinical research, several have been evalu-
ated clinically to treat anxiety and depression. In a clinical
trial of 260 patients, Paxacerfont (a CRF1 receptor ago-
nist) was no more effective than placebo for treating gen-
eralized anxiety disorder (Coric et al. 2010); however, this
drug has not been evaluated for smoking cessation.

The Opioid System

Mounting evidence has implicated the endoge-
nous opioid system in both neurobiologic and behavioral
responses to nicotine. The opioid system consists of three
G-protein-coupled opioid receptors that are activated by
endogenous peptide ligands. Delta (d) opioid receptors
(DORs) are activated primarily by enkephalins; kappa
() opioid receptors (KORs) are activated by dynorphins;
and mu (p) opioid receptors (MORs) are activated by
B-endorphins. Each of these receptor—ligand pairs appears
to play a role in nicotine addiction. Nicotine-induced
dopamine release is attenuated in mice lacking DORs,
and these animals do not acquire a CPP for nicotine
(Berrendero et al. 2012). Genetic ablation or pharmaco-
logic blockade of DORs with naltrindole also substantially
reduces self-administration of nicotine (Berrendero et al.
2012). Although DORs do not appear to play an impor-
tant role in the somatic responses to nicotine (Berrendero
et al. 2012), animals treated with the KOR antagonist
JDTic have diminished physical and affective nicotine
withdrawal symptoms (Jackson et al. 2010a).

Interestingly, KOR activity does not appear to be
necessary for the initial reinforcing properties of nico-
tine (Jackson et al. 2010a), but pharmacologic blockade
of the receptor reduces the anxiogenic effects of nicotine
withdrawal and prevents stress-induced reinstatement of
nicotine-seeking behavior (Jackson et al. 2010a; Nygard
et al. 2016). In addition, withdrawal-mediated activation
of the amygdala was reduced in mice pretreated with
the KOR antagonist norbinaltorphimine (Nygard et al.
2016). Together, these data suggest that DORs and KORs
play discrete roles in the physiological and behavioral
responses to nicotine. Although DOR contributes to dopa-
mine release and nicotine reinforcement, KOR appears
to be more involved in the physiologic effects of nicotine
withdrawal.

In humans, MORs have been linked to craving
and addiction severity among smokers. Compared with



nonsmoking controls, smokers had fewer available
MOR-binding sites in the basal ganglia and thalamus, and
the number of binding sites in the basal ganglia was nega-
tively associated with baseline craving levels (Nuechterlein
et al. 2016). Additionally, the availability of MOR-binding
sites in both the basal ganglia and temporal cortex was
inversely correlated with the severity of physical depen-
dence on nicotine, as assessed by the Fagerstrom Test
for Nicotine Dependence (FTND) (Kuwabara et al. 2014;
Nuechterlein et al. 2016). Interestingly, a MOR gene variant
(OPRM1 A118G) was found to be potentially associated
with reduced availability of MOR binding (Nuechterlein
et al. 2016).

Naltrexone (trade names: Revia, Vivitrol), a nonse-
lective opioid receptor antagonist, is commonly used to
treat alcoholism and opioid dependence. A clinical trial
of 121 smokers found that combining naltrexone with
bupropion was associated with higher rates of abstinence
from smoking after 7 weeks of treatment compared with
bupropion alone, but these rates did not differ signifi-
cantly between the bupropion-plus-placebo group and the
bupropion-plus-naltrexone group at 6 months (Mooney
et al. 2016). Similarly, a Cochrane review of eight trials
showed no effect of naltrexone alone or as an adjunct to
NRT (David et al. 2013a).

Finally, preclinical studies have implicated orexin/
hypocretin peptides, originally thought to be involved
mainly in feeding and arousal but now shown to modu-
late the rewarding effects of nicotine, as potential ther-
apies for smoking cessation (Plaza-Zabala et al. 2010;
Hollander et al. 2012). An orexin/hypocretin receptor 2
polymorphism has been associated with nicotine depen-
dence in human smokers (Nishizawa et al. 2015), and in
rats the selective receptor 2 antagonist (2-SORA 18) can
block both cue-induced reinstatement of nicotine self-
administration and motivation to respond to nicotine cues,
as determined by a progressive ratio experiment in which
animals had to press a lever exponentially more times to
receive each successive nicotine-paired cue (Uslaner et al.
2014). Similarly, the orexin/hypocretin receptor 1 antag-
onist SB-334867 decreased the reward-enhancing effects
of nicotine in rats, as well as their cue-induced reinstate-
ment of nicotine-seeking behaviors (Hollander et al.
2008; Plaza-Zabala et al. 2013). Interestingly, stimulation
of nAChRs increased the activity of orexin/hypocretin
neurons (Zhou et al. 2015), suggesting that stimulation
of this system may contribute to the physiologic effects
of nicotine.

Summary

Neuropeptide systems play a role in multiple stages
of the addiction process. Experiments in animals have
shown that CRF and the opioid system, neuropeptide Y,

Smoking Cessation

hypocretin, galanin, ghrelin, and vasopressin and addi-
tional peptides not discussed here are associated with nic-
otine dependence (Bruijnzeel 2017). Thus, modulating the
function of neuropeptides may effectively reduce smoking
behavior in humans. Even so, the role that neuropeptide
systems play in human addiction should be investigated
further. Several drugs targeting neuropeptide receptors
are already in use for treatment of other disorders, but
none are approved by FDA for use in smoking cessation.

The Habenulo-Interpeduncular Pathway

Aversive Effects of Nicotine

As discussed previously, nicotine stimulates dopa-
mine pathways to generate the rewarding effects that
contribute to addiction. At the same time, activation of
nAChRs in the brain and elsewhere results in highly aver-
sive effects, such as nausea, dizziness, and irregular heart-
beat. In fact, most first-time smokers report a largely
unpleasant experience with nicotine, and sensitivity to
the aversive effects of cigarette smoke is inversely corre-
lated with the likelihood of developing habitual smoking
(Sartor et al. 2010).

Animal studies of nicotine withdrawal and aver-
sion have identified a crucial role for the habenulo-
interpeduncular pathway in mediating these responses.
The medial habenula (MHb) is composed mostly of cholin-
ergic neurons that also express Substance P and co-release
glutamate. MHb neurons project to the IPN, and activation
of this circuit is required for many of the negative effects
associated with exposure to nicotine, including the seda-
tive effects induced by high concentrations of this chem-
ical and negative symptoms of withdrawal. Furthermore,
stimulation of the MHb or IPN reduces the reinforcing
properties of nicotine, but disrupting neuronal signaling
in these connected brain regions has the opposite effect—
resulting in increased self-administration of nicotine in
rodents (Fowler and Kenny 2014).

Potential Molecular Targets

Nicotinic receptors are highly expressed on MHb
and IPN neurons, and these regions have the highest
expressions of a3, B4, and a5 nAChR subunits in the brain.
Several human genomewide association studies (GWAS)
have linked variants in the CHRNA3-CHRNA5-CHRNB4
gene cluster (genes that encode the a3, o5, and B4
nAChR subunits, respectively) to susceptibility to tobacco
use, and preclinical studies in rodents have revealed an
important role for these subunits in moderating nicotine
intake. o5 knockout mice lacking the a5 nAChR subunit
acquired a CPP for high doses of nicotine, but such doses
were aversive to their wild-type littermates (Jackson et al.
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2010b). Similarly, a5 knockout animals failed to titrate
their responses in a self-administration paradigm when
increasing doses of nicotine were offered, and this effect
was rescued by expression of a5 in MHb (Fowler et al.
2011). Interestingly, a5 knockout mice were indistin-
guishable from controls at low doses of nicotine in both
CPP and self-administration paradigms (Jackson et al.
2010b; Fowler et al. 2011), indicating that the o5 nAChR
subunit is not required for the rewarding properties of
nicotine. Furthermore, overexpression of the p4 nAChR
subunit in MHb resulted in increased aversion to nicotine
(Frahm et al. 2011). Mice overexpressing p4 nAChRs—
with or without a 4 mutation, which is associated with
decreased risk of smoking in humans—displayed larger
nicotine-evoked current amplitudes and enhanced aver-
sive behavior (Slimak et al. 2014). Together, these studies
suggest that a5- and p4-containing nAChRs in the MHb
are essential for encoding the aversive properties of nico-
tine, and they likely serve to limit nicotine intake.

Characterization of the MHb to IPN aversive circuit
offers a novel and intriguing approach to addiction phar-
macotherapy, in which the goal is to enhance the aversive
effects of nicotine rather than to reduce its reinforcing
effects. a5- and B4-containing nAChRs are obvious tar-
gets. Unfortunately, continuous stimulation of this aver-
sive pathway likely will warrant the use of full agonists
of these receptors and is, therefore, clinically unreal-
istic, because the pB4-containing nAChRs are also highly
expressed in the autonomic ganglia and a full agonist
would likely be poorly tolerated. Instead, the use of PAMs
that would enhance signaling only in the presence of an
agonist may be more feasible (Fowler and Kenny 2014).
Recent findings show that galantamine, which acts as a
positive allosteric modulator of a5 subunit-containing
nAChRs at low doses, can reduce nicotine intake in rats
and smoking in humans (Ashare et al. 2016), supporting
the rationale for developing a5 PAMs as novel smoking
cessation agents. Notably, other brain regions and neu-
ronal systems, including the mesocorticolimbic dopamine
pathway and autonomic nervous system, also contribute
to the aversive effects of nicotine. However, the specific
mechanisms by which aversive pathways communicate
with reward pathways are uncertain.

The Noradrenergic System

Norepinephrine (also known as noradrenaline) is a
monoamine neurotransmitter that signals through al,
a2, and B G-protein-coupled adrenoceptors. Like other
neuromodulators, norepinephrine receptors are found
throughout the brain, and norepinephrine is well known
for its role in arousal and the stress response. The norad-
renergic system has also been implicated in neurobiologic
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responses to nicotine, contributing to both nicotine
reward and reinstatement (Fitzgerald 2013). Nicotine
increases activity of adrenergic neurons in the locus coe-
ruleus, resulting in increased levels of norepinephrine in
the brain. In animal models of nicotine addiction, blocking
the transmission of norepinephrine with prazosin, the ol
receptor antagonist, reduced nicotine-induced dopamine
signaling and attenuated nicotine self-administration
and reinstatement (Forget et al. 2010). In other studies,
reducing the tone of norepinephrine by stimulating a2, an
inhibitory autoreceptor, with clonidine or dexmedetomi-
dine diminished stress-induced reinstatement of nicotine-
seeking behavior in rats (Zislis et al. 2007; Yamada and
Bruijnzeel 2011).

In humans, long-term smoking is associated with
reduced expression of a2- and B-adrenergic receptors,
which normalize after a period of abstinence (Klimek et al.
2001). In addition, guanfacine, the a2 agonist, reduced
stress-induced nicotine craving and smoking in a study
of 33 smokers (McKee et al. 2015). Thus, both clinical and
preclinical evidence suggest that nicotine increases nor-
adrenergic activity and that correction of this increase
may be an effective strategy for reducing smoking.

Clonidine (trade names: Catapres, Kapvay, Nexiclon),
the a2a receptor agonist, has consistently shown some
efficacy in improving cessation rates by alleviating nega-
tive withdrawal symptoms (Gourlay et al. 2004), but cloni-
dine is not an FDA-approved cessation aid, and prominent
adverse side effects, mainly sedation and low blood pres-
sure, limit its practicality. Notably, bupropion and nor-
triptyline, the antidepressant smoking cessation aids, are
norepinephrine reuptake inhibitors.

Summary

Although current pharmacotherapies are effective
in reducing smoking in some persons, many are unable to
maintain abstinence. With continued interest in the neu-
robiologic mechanisms of addiction, preclinical advances
have improved considerably our understanding of the
pathophysiology of nicotine dependence, withdrawal, and
relapse. Correspondingly, dozens of novel targets for phar-
macologic intervention have emerged, and further inves-
tigation into the role of these targets in human smoking
is warranted.

Moving forward, the need to develop individual-
ized, multifaceted approaches to smoking cessation is
becoming apparent. For instance, drugs that reduce the
initial rewarding properties of nicotine are unlikely to
normalize the long-lasting neuroadaptations associated
with persistent drug use, which underlie craving, with-
drawal, and vulnerability to relapse. Another approach
may be combination therapy that targets multiple aspects



of addiction behavior, such as a combination of bupro-
pion with NRT or varenicline, which has been successful
in human clinical trials. Current evidence is conclusive
that current pharmacotherapies for smoking cessation,
including such combination therapies as bupropion with
NRT or varenicline, improve quit rates (see Chapter 6) but
many persons still relapse to smoking (see Chapter 2).
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Finally, the pathophysiology underlying addiction to
other drugs of abuse, particularly stimulants like cocaine,
is similar to that of nicotine. Thus, research that leads to
improved smoking cessation therapies also may benefit
the treatment of other addictions. The literature should
be mined to identify novel targets for interventions that
promote smoking cessation.

Vaccines and Other Immunotherapies as Treatments for

Nicotine Addiction

Nicotine vaccines are a new class of medication
being developed for smoking cessation; interest in these
vaccines stems from their novel mechanism of action.
Unlike existing cessation medications that act on neu-
rotransmitter receptors in the brain to reduce the rein-
forcement or withdrawal associated with the use of
tobacco products, vaccines act directly on nicotine, the
principal addictive constituent of tobacco (Pentel and
LeSage 2014). Vaccines stimulate the immune system
to produce antibodies that can bind and retain nicotine
in the blood, thereby reducing or slowing its delivery
to the brain (LeSage et al. 2006b; Esterlis et al. 2013).
Interrupting nicotine delivery to its site of action blocks
or reduces its behavioral effects (Jefferson et al. 2004;
Goniewicz and Delijewski 2013; Maglione et al. 2014). If it
proves feasible for nicotine vaccines to produce very high
levels of antibodies in blood, efficacy for this approach to
smoking cessation should be possible. Because vaccines
act in a different manner than existing medications for
smoking cessation, such as varenicline or bupropion,
combining a nicotine vaccine with those medications to
enhance overall efficacy may be possible. An additional
potential benefit of nicotine vaccines is that their effects
last for many months (Cornuz et al. 2008; Hatsukami
et al. 2011), avoiding the need to take a medication each
day or, for some products, even more often (Prochaska
and Benowitz 2016).

Literature Review Methods

For this section of the chapter, PubMed was searched
in January 2017 for studies published between January
1966 and January 2017 about active or passive immuniza-
tion against nicotine in vitro in animals or humans. The
following terms were searched alone or in combination:
nicotine, tobacco, smoking, cigarette, vaccine, vaccina-
tion, immunogen, immunization, antibody, linker, hapten,
conjugate, adjuvant, addiction, dependence, cessation,

and monoclonal. Articles identified in this manner were
also reviewed to find additional primary references. One
reviewer conducted a full review and identified 35 articles
for this section.

Design and Mechanism of Action

The human immune system can recognize foreign
(nonhuman) proteins present on infectious agents, such as
bacteria or viruses, and can form antibodies to help defend
against them. Nicotine is a much smaller molecule than
a protein and lacks the structure needed to be recognized
as foreign. Even so, nicotine can be chemically linked to a
foreign carrier protein to stimulate the production of anti-
bodies against it (Pentel et al. 2000; Isomura et al. 2001;
Maurer et al. 2005). This nicotine—protein immunogen is
typically administered with an adjuvant, a chemical or mix
of chemicals that generally enhances immune responsive-
ness. Administration of such a vaccine results in the pro-
duction of antibodies that circulate in the blood and bind
nicotine tightly and with high specificity. Because these
antibodies do not bind appreciably to anything other than
nicotine, they might not disrupt the actions of other drugs
or medications, and they might not interfere with normal
physiologic functions.

Nicotine vaccines have not shown any serious side
effects in animals and humans (Hatsukami et al. 2005;
Fahim et al. 2013). Autoimmune reactions from vaccine-
generated antibodies have not been observed (Hatsukami
et al. 2005). Nicotine-specific antibodies do not bind ace-
tylcholine (the endogenous ligand that nicotine mimics),
and nicotine itself is a small molecule that should not be
able to cross-link antibodies and form immune complexes
(Pentel et al. 2000).

Nicotine-specific antibodies in blood cannot enter
the brain because of their large size (Satoskar et al. 2003).
In addition, nicotine that binds to an antibody cannot enter
the brain to interact with the receptors that mediate its
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actions. As a consequence, vaccination can attenuate many
of the effects of nicotine, provided a sufficient amount of
antibody is present (Lindblom et al. 2002; LeSage et al.
2006a). After vaccination, levels of nicotine-specific anti-
bodies in blood decline slowly, over months, and periodic
booster doses of vaccine are needed to maintain high levels
of antibody (Cornuz et al. 2008; Hatsukami et al. 2011).
Because smoking cessation medications generally are
required for only 3-6 months, vaccine efficacy should be
obtainable after an initial three or four monthly doses of
vaccine to achieve high serum antibody concentrations and
perhaps a booster dose 3—-6 months after that (Hatsukami
et al. 2011).

After vaccination, nicotine in blood exists as an equi-
librium between a large amount of nicotine bound to anti-
body and a much smaller amount that remains unbound.
Nicotine that is bound to antibody cannot be metabolized,
but the unbound nicotine is metabolized normally. As the
concentration of unbound nicotine in blood is reduced by
metabolism, bound nicotine dissociates from the antibody
to re-establish equilibrium and is, in turn, metabolized. In
this manner, nicotine can be eliminated even in the pres-
ence of antibody, albeit more slowly than otherwise. For
example, in rats, immunization doubled the elimination
half-life of nicotine from 1 hour in controls to 2 hours in
rats vaccinated against nicotine (Keyler et al. 2005). This
process frees the antibody of its bound nicotine so that it
is once again available to bind newly delivered nicotine
(e.g., from the next cigarette).

Examining Data from Animals to
Confirm Vaccine Activity

In rats and mice, nicotine vaccination reduces by
up to 80% the delivery of single doses of clinically rele-
vant nicotine (equivalent to one or two cigarettes) to the
brain (Cerny et al. 2002; Maurer et al. 2005; Pravetoni
et al. 2011). Vaccine efficacy is lower with chronic doses
of nicotine that approximate regular smoking, but the
entry of nicotine into the brain is still slowed (Hieda
et al. 2000). In rats, which are thought to provide the best
animal models for smoking behavior in humans, vaccina-
tion markedly reduces addiction-relevant behaviors, such
as nicotine self-administration (Lindblom et al. 2002;
LeSage et al. 2006a). Animal studies consistently show
that vaccine efficacy is greatest when the level of nicotine-
specific antibodies in the blood is high, maximizing the
nicotine-binding capacity provided in relation to the
amount of nicotine present (Maurer et al. 2005; Pravetoni
et al. 2011). For the same reason, vaccination is more
effective in blocking the effects of fewer or lower doses of
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nicotine than against regular or higher doses (Keyler et al.
1999). Extrapolating these findings to humans, it appears
that nicotine vaccines will be most useful for preventing
relapse, which is often triggered by taking just a few puffs
or smoking just a few cigarettes, and may be less effec-
tive for encouraging smoking cessation among regular
smokers who are not motivated to quit.

Clinical Trials of Nicotine Vaccines

Several nicotine vaccines have progressed through
Phase 2 or 3 clinical trials (i.e., have been tested for
safety, efficacy, and effectiveness relative to other treat-
ments), in combination with standard behavioral coun-
seling (Cornuz et al. 2008; Hatsukami et al. 2011; Fahim
et al. 2013; Tonstad et al. 2013). All of these studies pro-
vide preliminary evidence of safety, but levels of antibody
in the blood have been substantially lower than those
achieved in rats or mice. Mean levels of antibody in par-
ticipants in human studies have reached approximately
40 micrograms per milliliter (ng/mL), but levels of 200—
500 pg/mL can be produced in mice or rats (Maurer et al.
2005; Keyler et al. 2008). Part of this difference comes
from the ability to administer higher doses of immuno-
gens and stronger adjuvants in animals than would be
tolerated in humans without producing side effects. Not
surprising, therefore, is that the overall efficacy of vac-
cines for enhancing smoking cessation has not been dem-
onstrated. In several studies, however, participants with
the highest levels of serum antibody also had higher rates
of smoking cessation compared with those who received
a placebo vaccine (Cornuz et al. 2008; Hatsukami et al.
2011). This key observation suggests that the vaccine
strategy has merit and has the potential to be effective.
At this time, FDA has not approved any nicotine vaccines.

Next-Generation Vaccines

Next-generation vaccines hold promise for pro-
ducing higher levels of antibody than those studied to
date; several approaches are being evaluated:

e Improving the way in which nicotine is attached
to its carrier protein to provide tighter binding to
the immune cells that initiate antibody production
(Moreno et al. 2012);

e Using more immunogenic carrier proteins or
designing and synthesizing carrier proteins that are
optimized to enhance the interaction of nicotine



with immune cells (McCluskie et al. 2013; Rosenberg
et al. 2013; Miller et al. 2014; Jacob et al. 2016);

e Mixing or combining the nicotine—protein immu-
nogen with newer adjuvants (e.g., CpG oligonucle-
otides, water/lipid emulsions) that enhance the pro-
duction of antibodies by activating novel molecular
pathways, or using combinations of adjuvants that
provide additive efficacy (McCluskie et al. 2013;
Jacob et al. 2016); and

e Attaching nicotine to synthetic nanoparticle scaf-
folds that are designed to more precisely control
and optimize interactions between nicotine and
the immune system (Lockner et al. 2013; Desai and
Bergman 2015; Liu et al. 2016).

Combining Vaccines with
Medications

Nicotine vaccines can be designed to display dif-
ferent surfaces of the nicotine molecule to the immune
system. Because the immune system sees each surface as
a distinct stimulus, two or three suitably designed nico-
tine vaccines can be co-administered to get an additive
antibody response (Keyler et al. 2008; de Villiers et al.
2013). Nicotine vaccines also can be combined with small-
molecule medications because those drugs act by separate
mechanisms. For example, nicotine-specific antibodies
can be combined with mecamylamine, a nicotine antago-
nist that blocks the action of nicotine on its receptors in
the brain and has been used experimentally to promote
smoking cessation. This combination is more effective
in rats than either of these treatments alone for blocking
nicotine discrimination, a measure of whether the animal
recognizes that it has received nicotine (LeSage et al.
2012). However, a clinical trial of a nicotine vaccine com-
bined with another drug for smoking cessation, vareni-
cline, found no additional effect from vaccination com-
pared with the drug alone (Hoogsteder et al. 2014).

Smoking Cessation

Passive Immunization with
Monoclonal Antibodies or
Gene Transfer

The amount of antibody produced by vaccination is
limited by the capacity of the immune system. Thus, it
could be possible to produce nicotine-specific monoclonal
antibodies in bacterial cultures or other in vitro systems
and bypass the need for vaccination by administering the
preformed antibodies directly (passive immunization). In
animals, this approach mimics vaccination, but greater
efficacy is possible because very large doses of antibody
can be safely administered (Carrera et al. 2004; Keyler
et al. 2005). The main limitations to this approach in
humans are its high cost and the likely need to administer
the antibodies intravenously (Skolnick 2015). An alterna-
tive approach to passive immunization is to administer a
harmless virus (not capable of replication) that contains
DNA coding for the production of the desired antibody.
This virus can take up temporary residence in tissues and
produce nicotine-specific antibodies that are independent
of the host’s immune system. In rodents, extremely high
levels of antibody have been achieved using this strategy
for periods of up to several months (Hicks et al. 2012).
This approach holds promise for human therapies if mea-
sures to ensure its safety can be established.

Summary

Animal studies and early clinical trials have pro-
vided proof-of-principle that drug-specific antibodies
can block the addictive effects of nicotine and serve as an
adjunct to smoking cessation. The main benefit of this
approach may be preventing relapse. Anticipated prog-
ress in vaccine design and enhancement of the immune
response should (a) provide substantially more effective
vaccines and other approaches to providing nicotine-
specific antibodies and (b) create opportunities to better
explore their therapeutic potential.

Insights into Smoking Cessation from the Field of Neurobiology

Smokers trying to quit often can maintain absti-
nence for short periods, ranging from days to weeks.
However, quitting smoking usually requires several
attempts (USDHHS 2000, 2010; Garcia-Rodriguez et al.
2013). Evidence shows that smokers often require mul-
tiple quit attempts (even more than 20, depending on the

metrics used) and many years to obtain long-term (greater
than 1 year) smoking abstinence (Chaiton et al. 2016).
This clinical observation highlights the often-mistaken
assumption made by both practitioners and smokers
trying to quit that the absence of the behavior (smoking)
reflects the absence of the disease (dependence). Thus, to
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enhance treatment outcomes, a better understanding of
the neurobiologic basis of the disease is required. Until
the development of noninvasive brain imaging (initially
positron emission tomography [PET] and more recently
and prominently, functional magnetic resonance imaging
[fMRI]), such an understanding of affected humans has
been difficult to obtain. In contrast, considerable preclin-
ical data (Leslie et al. 2013) have convincingly supported
the proposition that chronic self-administration of nico-
tine—like that of other dependence-producing drugs,
including stimulants and opiates—alters specific long-
term regional neurobiologic processes that have been
hypothesized to explain the high rates of recidivism in
persons who are trying to quit smoking (Sutherland and
Stein 2018).

During the past two decades, noninvasive brain
imaging has repeatedly demonstrated differences in
brain structure and function in smokers compared with
matched, never-smoking, healthy persons. Thus, it is
plausible that such differences might be applied usefully
and clinically to develop better behavioral interventions
and pharmacologic treatment strategies to improve the
current rates of cessation. There are, however, no cur-
rently available brain-based neuroimaging biomarkers of
treatment outcome, and much of the historic behavioral
and personality characterizations that have been shown
to differ between smokers and nonsmokers have failed to
serve as accurate predictors of treatment success.

Why, after consistent demonstrations of differences
in brain and behavior between groups, have these data
not been effective in predicting treatment outcomes? One
working hypothesis is that the differences are not a result
of the addiction process, but rather that they reflect a pre-
dispositional trait that preceded drug use and dependence
and are more likely to reflect risk factors for addiction than
consequences of drug use. If so, it would seem unlikely
that differences identified from cross-sectional popula-
tion studies would or should signal outcome changes in
brain circuits.

The alternative hypothesis is that the aforemen-
tioned brain differences are indeed caused by chronic
drug use and reflect dependence-induced, neuroplastic
brain changes. If so, this would suggest that longitudinal,
within-participant neuroimaging data collected along the
trajectory from the onset of treatment through short- and
long-term recovery might serve as a biomarker of current
disease severity and, importantly, be predictive of disease
remission. Such a biomarker also could determine the
possible liability risk for addiction of potential novel phar-
macologic agents and help match treatment options with
the highest probability of aiding the individual smoker.
A review of the neuroimaging literature reveals a min-
iscule number of studies performed on former smokers
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(Neuhaus et al. 2006; Nestor et al. 2011, 2018a,b; Kronke
et al. 2015; Zanchi et al. 2015, 2016; Weywadt et al. 2017;
Ono et al. 2018), leaving mostly unknown the answer to
the question of what a former smoker’s brain actually
looks like.

Once the data become available in greater numbers,
noninvasive brain imaging could:

e Identify differences in brain structure and function
between smokers and nonsmokers;

e Follow persons along the course of treatment to
identify brain circuits and networks that uniquely
change in those whose treatments induce prolonged
abstinence versus those who relapse (i.e., whether
the above-group differences return to a [presumed]
pre-addicted state vs. whether other neurobiological
systems strengthen to compensate for the dysregu-
lated brain system and networks);

e Make post hoc predictions of treatment outcomes
by using pretreatment data and posttreatment
outcomes;

e Develop brain-based biomarkers in clinical trials
that predict treatment outcomes;

e Identify intermediate phenotypes of brain circuits
and networks that can be used to fractionate the
phenotype of the individual smoker to allow for per-
sonalized medicine and identify treatments with the
highest probability of successful outcomes.

The ultimate goal of this strategy is to develop a
system to individualize predictions of health outcomes
on the basis of a model developed from group studies
(Gabrieli et al. 2015).

Literature Review Methods

For this section of the chapter, PubMed was searched
in January 2017 for articles that were published between
2014 and 2017 about studies that focused on the inter-
section of human neuroimaging and nicotine addiction.
The following terms were searched: fMRI, PET, MRI, nico-
tine, and nicotine addiction. The references cited repre-
sent publications in this domain since the 2014 Surgeon
General’s report. From these articles, some studies con-
ducted between the publication of the 2010 and 2014
Surgeon General’s reports were also included. One
reviewer conducted a full review and identified 77 articles
for this section. Articles were omitted if the studies were



considered to be underpowered or if quality could not be
assessed because of incomplete descriptions.

Methodology of Neuroimaging
Studies

In contrast to PET technology, which is best suited
to identify molecular changes in neurotransmitter sys-
tems (for a review, see Lameka et al. 2016), MRI can be
used to study brain structure, including gray matter den-
sity and cortical thickness, and the microstructure and
integrity of white matter tracts (diffusion tensor imaging).
MRI also can measure certain biochemical constituents of
the brain using magnetic resonance spectroscopy. Finally,
fMRI measures changes in brain activity (as inferred from
changes in blood flow, blood volume, and oxygenation).
The strength of fMRI is that it can measure brain activity
while persons perform various cognitive and emotionally
laden tasks, linking the behavioral performance of such
nicotine addiction-related processes as working memory,
attention, cue reactivity, and inhibitory (cognitive) con-
trol to the localization and magnitude of brain activity
(for a review, see Huettel et al. 2014).

Data from fMRI also can be acquired in the absence
of a directed task (i.e., the participant is at rest) (Biswal
et al. 1995). Studies using resting-state fMRI have dem-
onstrated that specific brain connections (i.e., circuits and
networks) are apparent in the absence of a directed task,
with the strength of connections at rest sufficient to pre-
dict the strength of subsequent task activation and behav-
ioral performance (Kelly et al. 2008; Baldassarre et al.
2012). Differences in resting-brain circuits may reflect
neuropsychiatric disease, including nicotine dependence
(Fedota and Stein 2015).

Despite their increasing applicability, neuroimaging
studies are inherently correlative. Nevertheless, designs
that include a pharmacologic intervention and incorpo-
rate a parametric manipulation of the task or drug (dose-
response) enable more precise interpretations. Finally,
the advent of noninvasive brain stimulation (NIBS)
(e.g., transcranial magnetic stimulation and transcranial
direct [or alternating] current stimulation) may enable
more direct probes of and interventions directed at puta-
tive neural circuit plasticity. The rationale for applying
NIBS in addiction is that it could enhance circuits related
to cognitive control or weaken circuits that are sensitive
to provocations from cues. Although these circuits are
also targets for many of the behavioral therapies applied in
addiction (e.g., cognitive behavioral therapy), brain elec-
trical stimulation has the potential to improve the efficacy
of the treatment intervention by directly engaging the
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affected circuits. Having achieved some modest success,
transcranial magnetic stimulation, an FDA-approved treat-
ment for depression, has been proposed as a treatment for
addiction in general (Barr et al. 2008; Gorelick et al. 2014;
Dunlop et al. 2017) and for smoking in particular (Fraser
and Rosen 2012; Li et al. 2013b; Dinur-Klein et al. 2014;
Pripfl et al. 2014). However, the data for NIBS are too pre-
liminary to evaluate its efficacy in smoking cessation.

Differences in Brain Circuitry and
Cognitive Constructs in Nicotine
Dependence

The neuroimaging studies reviewed in this section
have examined the effects of chronic cigarette smoking,
acute versus extended abstinence, treatment interventions,
and smoking cessation on the major cognitive and affective
constructs hypothesized to be involved in nicotine addic-
tion (for a general review of addiction neurobiology, see
earlier discussion, Koob and Volkow 2016, and USDHHS
2010). Although different drugs of abuse initially bind to
receptors specific to that drug’s pharmacology (e.g., opiate
receptors [opioids]; psychostimulants [monoamine trans-
porters]; tobacco [various nicotinic receptor subtypes]),
the “downstream” neurobiologic circuits and mechanisms
generally are believed to share a common substrate across
all (or most) addictions. The cyclic nature of addiction and
the underlying circuitry and neuroplastic consequences of
chronic drug administration provide a theoretical frame-
work to discuss the circuitry of nicotine addiction (Koob and
Volkow 2016; Volkow et al. 2016). A better understanding of
these neurobiologic mechanisms may yield more effective
tools to aid in smoking cessation and also may be achiev-
able using many fewer participants than are necessary in
a behavior-only-based clinical trial, because the effect size
of a brain response, which is more proximal to the caus-
ative mechanism, is significantly greater than the more
distal behavioral response (Rasetti and Weinberger 2011).
A review of the literature by Menossi and colleagues (2013)
summarized the role of neuroimaging in pharmacologic
treatment for smoking and nicotine dependence. They iden-
tified multiple brain regions—including the anterior and
posterior cingulate cortex, orbitofrontal cortex, ventral stri-
atum, amygdala, thalamus, and insula—that are involved
in both the maintenance of smoking and processes related
to nicotine withdrawal, such that two reasonably efficacious
drugs used to treat nicotine dependence, varenicline and
bupropion, modulated activity in these areas. In contrast,
although NRT improves cognitive symptoms related to
withdrawal, it does not generally alter the activity of neural
circuits that are associated with nicotine addiction.
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Smoking Cues and Craving
Provocation

Exposure to cues related to smoking is thought to
activate brain circuits related to the salience (i.e., of imme-
diate relevance) of the stimuli and to engage memory, affec-
tive, and cognitive processes that promote drug seeking
and, in most cases, drug taking. Moreover, smoking cues
can directly interfere with the abstinent person’s ability to
concentrate and to focus attention on performing a task
or on a therapeutic intervention that involves behavioral
change (Luijten et al. 2011). Accordingly, a better under-
standing of the brain circuits and neurobiologic mech-
anisms engaged by cues might lead to novel targets for
treatment interventions and potentially the development
of a biomarker of outcome efficacy. For example, treatment
with bupropion is associated with improved ability to resist
cue-induced cravings and a reduction in cue-induced acti-
vation of limbic and prefrontal brain regions, including the
ventral striatum, medial orbitofrontal cortex (OFC), and
anterior cingulate cortex (ACC) (Culbertson et al. 2011).
Similarly, responses to varenicline in the medial OFC (as a
function of reward) and in the lateral OFC (during reward
evaluation) may play a role in a diminished response to
smoking cues, which may contribute to the drug’s clinical
efficacy (Franklin et al. 2011). Consistent with these find-
ings, Hartwell and colleagues (2013) found that successful
smoking cessation with varenicline was associated with
increased activation, before a quit attempt, in brain areas
related to attentiveness and memory while the person
resisted the urge to smoke, suggesting the drug may exert
its effects by reducing craving and enhancing resistance to
urges to smoke during cue-elicited craving.

More mechanistically, activation in the amygdala—
a structure long associated with stress processing, rein-
forcement learning, and risk of relapse—is dampened by
both varenicline and nicotine, but a report by Sutherland
and colleagues (2013b) found that this was only in a subset
of smokers who appeared most susceptible to the negative
consequences of nicotine abstinence for behavioral per-
formance (in this case, forced choice reaction time). This
finding on individual difference may provide a useful step
toward fractionating the smoker phenotype by discrete
neurobiologic characteristics, which in turn could lead
to differential treatment algorithms. Furthermore, the
functional connectivity between the amygdala and insula
and, in turn, of the insula to components of the default
mode network (DMN) (which is composed of the ventro-
medial PFC, parahippocampal gyrus, and posterior cingu-
late cortex [PCC] and is thought to process interoceptive
states, ruminations, reflective thoughts, and similar phe-
nomena) is downregulated by both varenicline and nico-
tine in abstinent (but not sated) smokers, and the circuit
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reduction is linked to reduced symptoms of nicotine with-
drawal, which may help to promote cessation (Sutherland
et al. 2013a).

Consistent with a role for the amygdala and insula in
cessation, 3 months of mindfulness treatment was found
to reduce both behavioral reactivity and responsivity in
both brain regions and to predict successful cessation
(Kober et al. 2017). In another study, 2 weeks of meditation
training (vs. a relaxation control) resulted in an average
60% reduction in smoking that correlated with increased
activity in the ACC and PFC, which are brain areas related
to self-control (Tang et al. 2013). Taken together, these
studies suggest that reducing DMN-insula-amygdala circuit
activity (via pharmacologic or behavioral interventions)
may promote abstinence by modulating the interoceptive,
negative affective, and ruminatory consequences (i.e., crav-
ings) of cessation and point toward reduced strength of dis-
crete circuit connectivity, contributing in turn to the ame-
lioration of subjective withdrawal symptoms.

Sutherland and colleagues (2012) hypothesized that
the balance between various large-scale brain networks
modulates both normal and addiction-related behaviors.
The