NATIONAL CANCER INSTITUTE

A Socioecological
Approach to
Addressing
Tobacco-Related
Health Disparities

U.S. Department of Health & Human Services | National Inst




Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

NCI Tobacco Control Monographs

To cite this monograph in other works, please use the following format:
U.S. National Cancer Institute. A Socioecological Approach to Addressing Tobacco-
Related Health Disparities. National Cancer Institute Tobacco Control Monograph 22.

NIH Publication No. 17-CA-8035A. Bethesda, MD: U.S. Department of Health and
Human Services, National Institutes of Health, National Cancer Institute; 2017.

This monograph and its supplemental materials may be found electronically at
http://cancercontrol.cancer.gov/brp/tcrb/monographs/22/index.html.

All NCI Tobacco Control Monographs are available from the Web page
http://cancercontrol.cancer.gov/brp/tcrb/monographs.

Recently Published Monographs

The Economics of Tobacco and Tobacco Control. NCI Tobacco Control Monograph No. 21. NIH
Publication No. 16-CA-8029A, December 2016.

Phenotypes and Endophenotypes: Foundations for Genetic Studies of Nicotine Use and Dependence.
NCI Tobacco Control Monograph No. 20. NIH Publication No. 09-6366, August 20009.

The Role of the Media in Promoting and Reducing Tobacco Use. NCI Tobacco Control Monograph No.
19. NIH Publication No. 07-6242, August 2008.

Greater than the Sum: Systems Thinking in Tobacco Control. NCI Tobacco Control Monograph No. 18.
NIH Publication No. 06-6085, May 2007.

Evaluating ASSIST: A Blueprint for Understanding State-level Tobacco Control. NCI Tobacco Control
Monograph No. 17. NIH Publication No. 06-6058, October 2006.

ASSIST: Shaping the Future of Tobacco Prevention and Control. NCI Tobacco Control Monograph No.
16. NIH Publication No. 05-5645, May 2005.

Those Who Continue to Smoke: Is Achieving Abstinence Harder and Do We Need to Change Our
Interventions? NCI Smoking and Tobacco Control Monograph No. 15. NIH Publication No. 03-5370,
September 2003.

Changing Adolescent Smoking Prevalence. NCI Smoking and Tobacco Control Monograph No. 14. NIH
Publication No. 02-5086, November 2001.

Risks Associated with Smoking Cigarettes with Low Machine-Measured Yields of Tar and Nicotine. NCI
Smoking and Tobacco Control Monograph No. 13. NIH Publication No. 02-5047, October 2001.


http://cancercontrol.cancer.gov/brp/tcrb/monographs/22/index.html
http://cancercontrol.cancer.gov/brp/tcrb/monographs/

Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

|

Contents

Lo O CeES= a0 I o =TSSR vii
0 1511V (o PSSP SURSRS xiil
ACKNOWIBAGMENES. ... .ottt et e et e st e e te e seesbeeseeseesbeenteaneesreensennaenneaneeas XVii
F AN o] o] o)V T V[0 ] PSPPSR XV

Section [I—Overview and Epidemiology

Chapter 1. Introduction and OVEIVIEW...........ccccceirescrrnescssss s sas s e s sssassssssnsss s e e sasans 1
L1 00 U od o] TP RTRI 3
HEAITN DiISPAITEIES. ... eveeie ettt e st et e e e s te e teesa e s aeesteeneeste e teaneesseesseeneeaneenneans 3
History 0f RESEAIC 0N TRHD .......ooiiiici ettt sreeste e sreenne e 4
TRHD: A MUIHEVEI PEIrSPECLIVE. .....c.viiiieiiee ettt ettt re e te e aneesreeneenes 7
ADOUL THIS MONOGIAPN ...t bbbttt bbb e e 9
Monograph Organization and Chapter OVEIVIEWS ...........c.cieeiueiieiieiie e seesie e sre e e e sae e e eneeanes 12
Future Directions in TRHD RESEAICN ...........oiiiiie e 15
(O] T [ 1S [ ] o KSR USSP 16
R =T =] 0TSSR 18
ApPendiX I: MonOgraph TEIMS . ..cvi ittt te e st e e te e e e s teesreeneearaenbeeneennes 20
Chapter 2. The Epidemiology of Tobacco-Related Health Disparities..........c.coonmrernmnnnnensesssssnesesesesssnes 23
L1 0o U od o] PSSRSO 27
YOuth TODACCO USE BENAVIOIS ..ottt bbb 32
Cigarette Smoking Prevalence Among Young AdUILS ..........ccuoiiiiiiiniiieeeee e 43
Menthol Cigarette Smoking Among Youth and Young AdUIS ...........cceieeieiie e 45
Adult TODACCO USE BENAVIOIS ..ottt eseeneeeseenneeneennes 46
Secondhand Smoke and Prenatal TODacCo EXPOSUIE .......cc.ecveiieiieiieiiecie et 59
Tobacco-Related Cancer Incidence and MOTalItY ..o 61
Methodological Limitations and Challenges in the TRHD Literature...........cccccceovvevieveiieieeie e 67
CRAPTET SUMIMEAIY ...ttt e e bbbt bbbt et et e b e bt b bt e bt e ne e e e 69
R (=T 1<) (0TSSP PR 71

Section ll—Intrapersonal/lndividual Factors Associated With Tobacco-Related Health
Disparities

Chapter 3. Genetics, Physiological Processes, and Tobacco-Related Health Disparities .........c.cccccevrererenne. 79
L1 oo U od o] o ISR PPPPRRR 81
Genetic Factors Associated With Nicotine and SMOKING.........ccoreriiiiiiiiinieeee e, 83
Genetic Factors Associated With the Risk for LUNG CanCers.........cccooviiieiiieiiii i 96
Genetics and TRHD: Current Knowledge and Future DIreCtions ...........cccooeviriiieiene e 103
R (=T 1=] (TSP PSRRI 110
Chapter 4. Flavored Tobacco and Chemosensory ProCeSSEeS ........cccuurmerermmmsesmssssssesesssssssssssssssssssssssssssssssens 125
L1 0o 1 od o] USSR 127
The Menthol COMPOUNG .........ioii e e e et e et e e sreeanbe e reeenree e 128
Brief Review Of the ChemiCal SENSES. ......cccuiiiiie e enre e reenne e 129



Contents
I ———————————,——

Cigarette Smoking and the ChemiCal SENSES............coiiiiiiiiiieee s 130
Characteristics of Flavor Additives and CONSTITUENTS...........cccviiiriireieiiereseseeee e 131
Chemical SENSES aNd VAITATION .......ccveiiiiiiieie ettt ettt ereesreeneeenes 135
Taster Group and Variance ACross POPUIALIONS .........cc.coiiiiiieie i 137
SMOKING AMONG TASIEN GIOUDS ...ttt bbbttt b et b ettt 137
Chemosensation and TRHD .........ooiiiiiiiie bbbt sb et e b es 138
CRAPLET SUMIMEIY ...ttt b b bbbt bt e bt s et e b e bt b e et bt et 139
RESEAICN INBEUS ...ttt bbb bbbt e b bbbt b e e bt e st e e b et st e e ke s beabeeneene e e 140
R C =T =] 0TSRRI 141
Chapter 5. Stress-Related Processes and Tobacco-Related Health Disparities............coconnennnesesesesnsereseresens 149
Lol 18T (o] 4 OSSOSO ORTSRP 152
Stress Processes and TRHD: Literature and Conceptual Frameworks............cccovoeieiiiiniininicee 152
Physiological Stress Processes and Health in Racial/Ethnic and LGBT Groups ........c.ccceevevveiieniecvennnn. 156
Perceived Stress and TODACCO USE: OVEIVIEW.........ccuiiieiieieeiesieesieseeseesie e steesee e sreesaeeseesseessesneessens 159
Racism and Discrimination and Their Relationship to DiSparities.........cccccoveviveieiiieie e, 166
Psychological Disorders and TRHD .........cooiiiiiiiiiee e 172
Examining Specific Psychological Stress, Trauma, and Smoking: Women and Intimate Partner

R0 1= o PSSR TRSPR 178
(@8 =T (T g U 1] =Y RS SS 183
RESEAICI INBBUS ...ttt e s e et e s te e s e sse e s beeseeebe e beaseesneenteeneeareeneens 185
RS (5] ][00 SRRSO S PO PRUR PRSP 187

Section lll—Interpersonal and Contextual Factors That Contribute to
Tobacco-Related Health Disparities

Chapter 6. Social Relationships and Tobacco-Related Health Disparities ...........coounnnnnsnsnssmsssssnsesenennnens 197
Lol [8Tox (o] o ISR 200
Social Relationships and Disparities Across the Tobacco Use CoNtinuuM...........cccoevvvieereerereeseneneennes 200
Measures of Social Relationships and TODACCO USE ..........ccuviieiiciiiieiece e 204
LIterature SEArCH STrAtBOY .......coiuiiiiiii ittt b ettt 206
Social Network Structure and SMOKING........coouiiiiiiiiie st 206
Social Influence, Social Comparison, and SMOKING.........cccueriiiriiierree e e 208
Social Control aNd SMOKING ........coveiieice et e st e e s te e s teebesreesraeneeenes 211
Social SUPPOrt AN SMOKING......cc.oiiiiiiii bbb 213
Discrimination and SMOKING .........civiiiiiiii ettt e e st e e b e saeesreesresraesreens 216
EVIOENCE SUMIMAIY ...ttt bbb bbb e e bbb bbb e e ene e 222
CAPLEN SUMIMAIY ..ottt et e s a e et e e e hb e et e e sae e e s be e e beeeabeesseeanteeateeenteesneeanres 224
RESEAICI INBEUS ...ttt e e et e s e et e s te e st e saeesteeneeese e teeseenneenteeneenreeeeens 225
R (=T 1=] (TSP PSRRI 227
Chapter 7. Tobacco-Related Health Disparities Among Immigrant Populations...........cccccovnnnnnnnnnnennnens 235
L1 0o 1 od o] USRS 237
U.S. Immigration Patterns 1800—20L10........cccuiiiiiiiieiiiiiie et re e aae e e e aeenrne s 237
Countries of Origin and SMOKING BENAVIOT ..........coiiiiiiiiiiiie s 238
Impact of Acculturation and Assimilation to the United States ..........cccccvevieiii i 241

liv



Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

|

LIterature SEArCH STratBOY .........ciue i b et 242
Acculturation, Immigrant Status, and SmoKing BeNAVIOr .............ccceiieiiiiiiiiic e 243
Gender, Acculturation, Immigrant Status, and Smoking Behavior/OUtCOMES............cccoeverireiieiennenn 258
Socioeconomic Status, Acculturation, Immigrant Status, and Smoking Behavior.............c.cccccevvennne. 259
Immigrant Ethnicity and SmoKing BENAVION ... 260
(@8 =T T AU 1] = Y SRS 261
RESEAICI INBEUS ...ttt ettt e b e et e s ae e st e e st e be e beeneesneenteeneesreeee e 262
R BT ENICES ...ttt bbb bbb E bR Rt Rt R e b et bbbt e e e e e 264
Chapter 8. Occupation, the Work Environment, and Tobacco-Related Health Disparities.............cvrerennnnnnes 269
L1 0o U od o] o TP 272
LIterature SEArCH SIFALEOY .......couiiieieeie i sttt s et et e et et e e e s e e s teesaeste e beenbesneesreeneeareenseens 273
Disparities Across the Tobacco Use Continuum, by Occupational Characteristics...........c.ccoovvvvvvenenne. 274
Effect of Occupation and Tobacco Smoking on Cancer RISK ..........cccecvevieiiieiieie e 285
Contributions of the Work Environment to Disparities Along the Tobacco Use Continuum................. 287
EVIAENCE SUMMAIY .....eciiieiee ettt ettt e st e et e e te e e be et esae e s teeseeste e teanbesneenteenneareenreans 293
CRAPLET SUMIMEIY ...ttt bt bbbt b e bbb et bbbt bttt ee 295
RESEAICN INBEUS ...ttt b bbbttt e bbb bt b e e bt e s e et e b et e sbeebesbesbeeneeneeneas 296
R E =T =] 0TSSR 298
Chapter 9. Socioeconomic Status and Tobacco-Related Health Disparities ............ccouneinnnrnnsnsnsessnsesesesenens 307
L1 0o 1 od o] USSR 310
LIterature SEArCH SIFTALEOY .......ccuiiieieeie ettt e e et et e e s s e s teeae s re e teebesneenreennesreenreens 317
Educational Attainment and TRHD ..........ooioiii et nee e 318
INCOME ANA TRHD ...ttt b e bbbt r et e et e stesbesbesbeabeereeneenens 328
WEAITN @NA TRHD ..ottt e e s e sre e teeseeereeteaneesneeteeneenreenseens 335
Neighborhood SES and TRHD ..........ciiiiiiice ettt sre e ra e re e 336
Life-Course SES an0 TRHD .......cooiiii ettt re e teaneesneenteeneeareenseens 341
EVIAENCE SUMMAIY ..ottt sttt e et et e et e e a e st e et e s st e steessesbe e beentesaeenteensesraenreens 342
CRAPLET SUMIMAIY ...ttt bbb bbbt e bt e b e bbb e bt b et n e 348
RESEAICN INBEUS ...ttt b et b et s et et st be et e et e e st e s e e st e b e benbeebeebeereeneeneeneas 349
R E =T =] 0TSSP 350

Section IV—Societal Level Influences on Tobacco Use

Chapter 10. Communication, Marketing, and Tobacco-Related Health Disparities...........cccocoerenrrerernserererenens 357
L0003 { o] o TR 360
Understanding Communication INEQUAITTIES. .........c.oiiiiiiiiiieieiee e 361
Anti-Tobacco Communication, Marketing, and TRHD ..........cccooiiiiiiiic i 365
Pro-Tobacco Communication, Marketing, and TRHD ..o 391
The News Media and Tobacco COMMUNICALIONS ........cociiiuiiiiiiiiiii ettt ebrae e 406
New Communications Technologies: The Web and BeYONd ............cccocoviriiiiininienenc e 407
CAPLEN SUMIMAIY ..ottt e st e et e e s hb e e beesbe e e s be e e beeeabeesaeeanteeabeeenteesneeanees 418
[T L (o T N LT 420
e = (T oL SRR 423



Contents
I ———————————,——

Chapter 11. Federal, State, and Local Tobacco Control Policy and Tobacco-Related Health Disparities.....443
LT oo [N T4 o] [PPSR PRTSPR 445
Comprehensive Tobacco Control Programs iN STALES ..........cccecvereerieeiieiiese e 445
Federal ToDacCo CONLIOl POIICY ........cooiiiiiieice s 452
Youth Access Policies and Gender and RaCe/ELNNICILY .........cccviieiiiii i 458
TobacCo TaX POIICIES @NU PIICE .......iiiiiieiiee ettt nre e e nnes 462
SMOKE-FIEE PONICY ...ttt e st et e s b e e te e e e s re e teeneesreesteeneennes 474
TODACCO TreatMENT POIICY ...ttt 482
(@8 T T (T U1 1] = Y SRS 486
R (=] (T 1o OSSO P USSR 488
Chapter 12. Simulation Modeling of Tobacco-Related Health Disparities: SimSmoke...........cccoconrrirererene 501
L1 0o o1 £ o] USSR 504
The Modified SImSmoke Model: MEtNOUS .........ccviiiiiee e 505
Predicted Results of the Recommended Policies Compared With the Status QUO..........ccccccevvverieiiennen. 514
(@0 o Tod 11551 o] 0 LSOO 528
R C =T =] 0TSSR 531

i



Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

Figures and Tables

Figures
Figure 1.1

Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6

Figure 2.7
Figure 2.8

Figure 2.9

Figure 2.10
Figure 2.11
Figure 2.12

Figure 2.13
Figure 2.14

Figure 2.15
Figure 2.16
Figure 2.17
Figure 2.18
Figure 2.19
Figure 2.20

Figure 2.21
Figure 2.22

The Socioecological Model: Factors Influencing TRHD Across the Tobacco Use
ContinUUM AN LITE COUISE.....iiuiiiieiieie ettt ettt re e e 8

Percentage of U.S. Current Smokers Who Initiated Regular Smoking After Age 18,

by Race/Ethnicity, 1992/1993—-2014/2015........cccceimrmiiiiiiieiieeeee e e 33
Percentage of U.S. Current Smokers Who Initiated Regular Smoking After Age 18,

by Poverty Status, 1998/1999-2014/2015 .........ccceiieeieiieieeie e 34
Percentage of U.S. Current Smokers Who Initiated Regular Smoking After Age 18,

by Educational Attainment, 1992/1993-2014/2015 .........cccccoveieiieeie i 35
30-Day Prevalence of Cigarette Use Among U.S. 12th Graders, by Race/Ethnicity,
19912016, ...ttt bttt bbb e nes 37
30-Day Prevalence of Cigarette Use Among 12th Graders, by Parental Educational
AAINMENT, 1991-2016......ccciiiiiiii ittt e e s et r e e s e b e e e e s sebbe e e e sebbeeeeseares 38
30-Day Prevalence of Cigarette Use Among 12th Graders, by College Plans, 1991

L0 TSR 39
Ever-Use of Tobacco Products, by Product Type and Sex, 2013-2014...........cccccevvvennene. 40
30-Day Prevalence of Tobacco Product Use, by Product Type and Race/Ethnicity,
20013-2004 ...ttt bbbt b r s 41
Prevalence of Current Smoking of Any Type of Cigar Among U.S. High School

Students, by SeX, 1997—2015........cccciieiece e e 42
Prevalence of Current Smoking of Any Type of Cigar Among U.S. High School

Students, by Race/Ethnicity, 1997—2015........cccccoceiiieiiiieseese e 42
30-Day Prevalence of Cigarette Use Among Adults Ages 18-25, by Poverty Level,
20072004 ..ottt ettt bbb e reere et e s 44
30-day Prevalence of Menthol Cigarette Smoking Among Youth and Young

Adults, by Age Group and SexX, 2015 .......ccciiiiiiiiieeeee e 45
Current Smoking Among U.S. Adults, by Poverty Status, 1994-2015...........cc.cceovvvennene. 49
Percentage of U.S. Adults Smoking <10 Cigarettes per Day, by Race/Ethnicity,
1992/1993-2014/2015 .....ocviieeeeeeeeeee ettt es 50
Percentage of U.S. Adult Smokers Whose Usual Cigarette Brand Was Menthol, by

AQE, 2003-2014/2015.....c.coe et ettt re e e 52
Percentage of U.S. Adult Smokers Whose Usual Cigarette Brand Was Menthol, by

SeX, 2003201472015 ......ooeeieeee ettt et n s 52
Percentage of U.S. Adult Smokers Whose Usual Cigarette Brand Was Menthol, by
Race/Ethnicity, 2003—2014/2015.......ccocoeiieeeiie st se e nae e 53
30-day Prevalence of Tobacco Product Use Among U.S. Adults, by Product Type

and Race/Ethnicity, 2013-2014.........ccooi et enes 54
30-Day Prevalence of Cigar Use Among Young Adults Ages 18-25, by Poverty

LeVel, 2005-2014 .....cooereeieiee ettt ettt aeare et nens 55
NHIS Participants Under Age 65 Who Lacked Health Insurance Coverage at Time

of Interview, by Race/Ethnicity, 2009-2015.........ccccevieieiiieiieie e 58
State Medicaid Coverage of Tobacco Dependence Treatments, 2008 and 2015 .............. 59

Age-Adjusted U.S. Incidence of Lung and Bronchus Cancers, by Sex, 1975-2014......... 63



Figures and Tables
.  ——

Figure 2.23
Figure 2.24
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 4.1
Figure 4.2
Figure 5.1
Figure 5.2

Figure 6.1
Figure 6.2

Figure 7.1

Figure 8.1
Figure 9.1
Figure 9.2
Figure 9.3
Figure 9.4
Figure 10.1
Figure 10.2
Figure 10.3
Figure 10.4
Figure 10.5
Figure 10.6

Figure 10.7

I viii

Age-Adjusted U.S. Mortality from Lung and Bronchus Cancers, by Sex, 1975—

Contribution of Genetic Factors t0 TRHD..........cccooiiiiiiiiie e
Biology of Nicotine AddICHION.........c.civiiiiiece e e
Phase 1 and Phase 2 Drug-Metabolizing ENZymes...........ccoooiiiiiiiniinicee
Relative Contributions of Genetic and Environmental Factors to Smoking Initiation....
Genetic Factors Influence Cancer Risk by Modulating Smoking Behaviors,

Activity of Carcinogens, and Susceptibility to Damage Caused by Carcinogens...........
Types of Biomarkers and -Omics Technologies That Could Help Understanding of

Cigarette Packs: Spud Menthol Cooled Cigarettes, 1924, and Kool Cigarettes, 1950....
Chemical Structure of Menthol............ccooieiii i

Hypothalamic-Pituitary-Adrenal AXIS .........cccuieiiiiii i
Relationships Between Biopsychosocial Factors and Tobacco Use Among
Racial/Ethnic and LGBT Groups and Their Effects on Health ..............ccoooveiiiiinenne

Influences of Social Relationships Across the Tobacco Use Continuum............cccceue...
Percentage of Adolescents Who Report Having One or More Friends Who Smoke,
by Race/Ethnicity and Gender, 2013 ..o

Five Source Countries With the Largest Populations in the United States as
Percentages of the Total Foreign-Born Population, 2010............ccccceveviiiciicie e,

Conceptual Model of Stress-Mediated Pathways to Smoking..........c.ccceeevveiviiciienen,

Current Cigarette Smoking Among Black or African American Women, by
Educational Attainment, Selected Years, 1974-2014........cccceoviveiirenenieseene e
Current Cigarette Smoking Among White Women, by Educational Attainment,
Selected YEArS, 19742014 ........coo ettt e e st e e e
Current Cigarette Smoking Among Black or African American Men, by

Educational Attainment, Selected Years, 1974-2014.........ccccoooviveiveieiieseene e
Current Cigarette Smoking Among White Men, by Educational Attainment,

Selected YEArS, 19742014 ...ttt e e e e e

The Structural Influence MOdEl ..o
Advertising Image, Florida “truth” Campaign, 2001 ..........cccooiiiiiiiiiiniiiieee
A “truth” Body Bags Campaign Message, 2000 ...........cccooieriiiieneineeseesee e
A “truth” Singing Cowboy Campaign Message, 2000 ............ccocveriiiiiiiiniinninienieeen
Print Advertisement, EX Campaign, 2007 ........cccooieiieeieiieiiere e
EX Advertisement: Image of a Blue-Collar Worker Trying To “Relearn” Drinking

Coffee Without Cigarettes, 2007 .........cceiivereiieeieeieseeseese e e see e sre e sree e eneesneeseeens
Advertising Image, CDC’s Tips From Former Smokers™ ............cccccvviininininineinennn,



Figure 10.8
Figure 10.9

Figure 10.10
Figure 10.11

Figure 10.12
Figure 10.13
Figure 10.14
Figure 10.15

Figure 11.1
Figure 11.2

Tables
Table 2.1

Table 2.2
Table 2.3
Table 2.4

Table 2.5
Table 2.6

Table 2.7

Table 4.1
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 6.1

Table 6.2
Table 6.3

Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

Advertisement for Salem Menthol Cigarettes, Maxim Magazine, March 2004 .............. 396
Displays of Tobacco Brand Prices at the Point of Sale, Including Special Discounts,

40 USSR 399
Distribution of U.S. Cigarette Advertising and Promotional Expenditures, 2014........... 401
Distribution of U.S. Smokeless Tobacco Advertising and Promotional

EXPENAITUIES, 2014 ..ottt sttt et te e e nreeneenes 402
Salem Menthol Print Advertisement With Coupon, 2003 ...........cccoveienieninneeieseeeen, 403
Advertisement in OUT Magazine, January 2002............cccooviieieereeiiesieeseseeseesie e 404
Advertisement from a 1995 Issue of OUT Magazine ..........ccovvrveieienenineniseeeeeeee, 405
Screenshot from FIavor MONSIErS GAME .........couviiiiiiiie i 413
100% Smoke-Free Policies in the United States, 2017.........cccvvvvrvrerenenenineseseeeees 475
Local Smoke-Free Laws Covering Workplaces, Restaurants, and Bars, 2002—2017 .....476
Summary of State and National Surveys/Studies on Youth and Adult Tobacco Use

Referenced in ThiS Chaper ........ccvciieiiiicce e 28
Prevalence of Current Cigarette Smoking Among U.S. Youth Ages 12 to 17, by
Race/Ethnicity and Sex, 2013-2015.........cccciiiiieiieie e 36
Prevalence of Current Cigarette Smoking Among U.S. Young Adults Ages 18-25,

by Race/Ethnicity and Sex, 2013-2015.........ccceeiiiiieiiiieie e 43
Prevalence of Current Cigarette Smoking Among U.S. Adults Age 18 and Older,

by Sex, Race/Ethnicity, Poverty Status, and Educational Attainment, 1994-2015........... 47
Tobacco-Related Cancers: Estimated New Cases and Deaths in 2017 ............ccoceeveneneee. 62
Tobacco-Related Cancer Incidence per 100,000 People in the United States, by
Race/EthniCity and SeX, 2014 ........ooi oot sre e 65
Tobacco-Related Cancer Mortality per 100,000 People in the United States, by
Race/Ethnicity and SeX, 2014 ........ccviiiiieieee et 65
Sample Characteristics Of TaSter TYPES......cvviiieiieieiie st 136
Studies Examining Perceived Stress and Tobacco Use Among Racial/Ethnic and

LGBT Groups, 1991-2013 ...ttt s e et saee e e snee s 160
Summary of Studies on Racial Discrimination and Smoking Status Among

Racial/Ethnic and LGBT Groups, 2000—2014..........ccooeiieieee e se e 169
Studies Examining Stress/Trauma and Tobacco Use Among Racial/Ethnic Groups,
2003-2002......ceeeeeeie ettt et r et e b et e aenreereanaera et etens 174
Weighted Prevalence of Type of Intimate Partner Violence for Men and Women

During Their Lifetimes and in Past 12 Months, 2011 ........ccccocovvveiiieieiieseee e 180
Data Sources on Intimate Partner Violence and SmoKing..........cccccovvveviiivecicciec e, 181

Studies of Social Support Smoking Cessation Interventions Among Specific

POPUIALIONS.....c.eeeee ettt te e e e s te et e e s e s teesteeneenreesteeneesneenneens 215
Studies of Discrimination and SMOKING .......cccvviiiiiieiiiciie e 217
Summary: Social Relationships, Smoking Behavior, and TRHD ........c..cccccceviviiiiienenn. 222



Figures and Tables
.  ——

Table 7.1

Table 7.2

Table 7.3

Table 8.1

Table 9.1

Table 9.2

Table 9.3

Table 10.1

Table 10.2

Table 10.3

Table 11.1
Table 11.2

Table 11.3

Table 11.4
Table 11.5

Table 12.1
Table 12.2

Table 12.3

Table 12.4

Table 12.5

Table 12.6

Table 12.7

Total and Country-Specific Foreign-Born Populations Living in the United States,

1960201000 eueeeeierieie ettt ettt bt b bt r et e neerenrerene s 239
Tobacco Use Behaviors and Knowledge Among Adults (%), by Country, 2009 ........... 240
Summary of Reviewed Studies Examining Smoking Behavior Among Immigrants

LCLIET1e) OO 244

Cigarette Use Across the Tobacco Use Continuum, Nationally Representative Data,
by OCCUPALIONAL CIaSS.......cviiiieiieic et re e e 275

Age-Adjusted Percentages and Means for Indicators on the Tobacco Use
Continuum Among Adults, by Educational Attainment and Race/Ethnicity, 2010 ........ 327
Age-Adjusted Percentages and Means for Indicators on the Tobacco Use

Continuum Among Adults, by Poverty Level and Race/Ethnicity, 2010...........cccccceee.. 334
Summary of Findings on SES Measures, Stage of the Tobacco Use Continuum, and
TRHD 2000-2011.......cctiteeeieieiese ettt ettt e e e aesrestesresneaneeneenee s 343
Summary of Youth-Focused Anti-Tobacco Communication and Marketing

CampPaigNS REVIEWEG........ccueeiiiieiieecie ettt e st e e e re e steeneesreenre e 369
Summary of Adult-Focused Anti-Tobacco Communication and Marketing

CampPaigNS REVIEWE........ccueeiiiie ettt e st e e ra e ste e e sreenre e 379
Internet Access and Use Patterns in the United States, 2015-2016 ...........ccocvvvvvrvenne. 409
FY 2017 Funding for State Tobacco Prevention Programs...........ccccceevenerenenneineneenen, 446
Percentage and Number of U.S. High School Students Who Usually Obtained Their

Own Cigarettes by Buying Them in a Store or Gas Station, 2001-2015...........ccccceevenee. 459
High School Students’ Usual Source of Tobacco Products in the Past Month,

I A IS T < T USRS 460
Federal Cigarette Excise Taxes for Selected Dates, 1993-2016 ...........ccccccvevvereerirenenne. 463
State/Local Cigarette EXCISE TaX, 2017 .....cccvieeiieieeieseeie et 463
Policy Inputs and Effect Size for SimSmoke Projection ...........cccccvveiiiiencinincncen 509
Smoking Prevalence by Age and Income Quintile, TUS-CPS, 2006-2007

(PEICENTAGES) ...ttt bbbt b bbbt ettt bbbt et 514
Smoking Prevalence by Age and Income Quintile, TUS-CPS, 2010-2011

(PEICENTAGES) ...ttt bbbttt bt bbbt e sttt sb et b et e 515
Smoking Prevalence by Income Quintile (Lowest and Second-Lowest) and by Age,

Sex, and Year, as Predicted by SimSmoke’s Status Quo Scenario (Percentages)............ 515
Smoking-Attributable Deaths by Income Quintile (Lowest and Second-Lowest) and

by Sex and Year, as Estimated by SimSmoke’s Status QUO Scenario..........c.ccceevvvrveennenn. 517

Comparison of Status Quo Policies With SimSmoke-Recommended Policies:

Smoking Prevalence and Percentage Change Among Men Ages 18 to 85, Lowest

Income QUINtile (PEIrCENTAJES).....cccuii it 519
Comparison of Status Quo Policies With SimSmoke-Recommended Policies:

Smoking Prevalence and Percentage Change Among Women Ages 18 to 85,

Lowest Income Quintile (PErcentages)........ccoieiererereneninieieeeie s 520



Table 12.8

Table 12.9

Table 12.10
Table 12.11

Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

Comparison of Status Quo Policies With SimSmoke-Recommended Policies:

Smoking Prevalence and Percentage Change Among Men Ages 18 to 85, Second-
Lowest Income Quintile (PErCentages) ......ccoivveueiirreniriieneeie s 521
Comparison of Status Quo Policies With SimSmoke-Recommended Policies:

Smoking Prevalence and Percentage Change Among Women Ages 18 to 85,

Second-Lowest Income Quintile (PErcentages)........cccvvvvereriieieeiesiese e seese e 522
Smoking-Attributable Deaths, from SimSmoke Model, Lowest Income Quintile........... 523
Smoking-Attributable Deaths, from SimSmoke Model, Second-Lowest Quintile........... 524

xifl






Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

A Socioecological Approach to Addressing Tobacco-Related Health Disparities

Foreword

Use of tobacco products remains the leading preventable cause of death and disability for all population
groups in the United States. The special effect of tobacco use on minority health and health disparities
has received moderate attention over the past 30 years. National Cancer Institute (NCI)—funded
programs have led many of these research efforts, and the Master Settlement Agreement energized
subsequent public health mobilization efforts. This monograph is a comprehensive report covering
cutting edge and state-of-the-art summaries of research on tobacco-related health disparities from the
perspectives of epidemiology, individual behavior, biology, cultural context, and societal structures.
This multilevel approach reflects the appropriate methodology to address the science of minority health
and health disparities research and creates a foundation for future topics that the National Institute of
Minority Health and Health Disparities will focus on. In consideration of advancing the field and adding
emphasis to specific issues, | will comment on five areas.

The success of tobacco control in the United States over the past 50 years is unprecedented. Smoking
rates have been decreased by more than 50% among men, and cardiovascular mortality has decreased
across all populations by an even greater proportion. Reductions in secondhand smoke exposure have
been found even when using the most sensitive measures of detectable cotinine in children under

5 years, although further reductions in exposure are needed, especially among African Americans and
people living in poverty. Despite this remarkable progress, tobacco smoking has been causally linked to
about 4 out of 5 lung cancer deaths in the United States.? Fifty years after the landmark Surgeon
General’s report Smoking and Health of 1964, the 2014 Surgeon General’s report stated that in the
United States 83.7% of lung cancer deaths among men and 80.7% of those among women were
attributed to tobacco smoking.? There is potential to further decrease the tobacco epidemic through
implementation of evidence-based interventions to prevent uptake and promote cessation. A
complementary proposal to require a gradual decrease in nicotine content of manufactured cigarettes
over a decade would likely lead to even less tobacco dependence and lower overall use.* Indeed, on
July 28, 2017, Food and Drug Administration Commissioner Dr. Scott Gottlieb announced that the
agency will take a comprehensive approach to regulating nicotine, including an exploration of reducing
nicotine in combustible cigarettes to render them minimally or non-addictive.’

The approach to smoking cessation for most of the past 30 years has been designed around the nicotine
addiction paradigm. However, as has been well documented, nearly half of racial/ethnic minority
smokers are either non-daily smokers or very light smokers (NDVL) who consume fewer than

5 cigarettes per day.® The addiction paradigm does not apply to this increasingly prevalent pattern of
smoking because these smokers are not dependent on nicotine and do not have classic withdrawal
symptoms when they try to quit. The research community has failed to focus on the challenge of how to
assist non-daily and very light smokers in quitting, and by doing so, has ignored the most prevalent
smoking behavior pattern of minority populations. In fact, eligibility criteria for most smoking cessation
trials have included smoking 10 or more cigarettes per day, thus systematically avoiding empirical
evidence on what intervention components may work in NDVL smokers. One possible approach would
incorporate the availability of underused evidence-based cessation interventions such as quitline advice
with clinician referrals and the electronic medical record. Clinician educational interventions have had
limited but tangible benefits in promoting cessation using strategies based on the stages of change model
and prescribing medication adjuncts.” Referral to a quitline through an electronic consultation platform
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is now feasible and would continue to allow clinicians to motivate, advise, and assist with medication.
Given that most smokers visit a clinician at least yearly, this approach would potentially expand
cessation efforts to reach underserved and minority populations.

The immigrant paradox continues to present a perplexing observation that most scientists try to explain
by endorsing the concept that as immigrants acculturate, behaviors will change and disease rates will go
up. Among Asian and Latino immigrants to the United States, increasing acculturation among women is
strongly associated with greater use of tobacco, although the patterns are either absent or reversed
among men. Despite this, and the fact that over half of Latinos were born in the United States, overall
smoking rates among Latina and Asian women are below 10%.% Although overall smoking rates are
lower for both Latinos and Asians, much higher smoking rates have been found in some demographic
subgroups, such as Cuban and Puerto Rican men and women and Vietnamese men. In considering the
influence of acculturation on behavior, scientists need to take socioeconomic status into account in an
integral way. Acculturation is not a linear process; it often results in a bicultural individual and is
strongly influenced by the social class background of the immigrant family and the change in status and
social mobility they experience in the United States.? This complex interaction has not been well studied
and will require greater attention when evaluating tobacco-related health disparities.

Much discussion in the past has focused on the relative importance of race/ethnicity and social class in
influencing health outcomes. Tobacco use behavior is an excellent example of how these factors
interact, how they explain mutually independent variance and assist scientists and public health leaders
in determining approaches. In tobacco-related health disparities, some demographic groups stand out as
needing special emphasis in the future. First, people with co-incident chronic and severe mental
disorders (SMD) smoke at exceedingly high rates,*® and only recently have programs been developed to
provide greater cessation assistance. Similarly, individuals with other substance use problems have
excess smoking rates, and like those with SMD, suffer from societal marginalization and stigmatization
that affect their quantity and quality of life. Second, the social class gradient in smoking behavior is
quite striking as measured by smoking rates that approach 40% among persons with 9 to 11 years of
education or even among those with general education diplomas (GEDs), compared to less than 5%
among college graduates.® This disparity cuts across racial/ethnic groups but is most accentuated among
poor whites. Finally, sexual and gender minorities (SGM) have higher smoking rates,** suffer from
structural discrimination, and have not been well studied for long-term health outcomes; only recently
have public health researchers begun to abandon the “Don’t ask, don’t know” mantra.

My last comment is to reflect on the importance of multilevel approaches that incorporate biological
pathways. There is unequivocal evidence of the causal effect of tobacco smoking on lung cancer, even if
not fully quantified in all population groups. The incidence of lung cancer does not completely mirror
smoking behavior even after accounting for at least a 10-year lag time. An observation made in the
Multi-Ethnic Cohort Study highlights the unknown factors in this causal pathway.*? In that observational
study of African Americans, Native Hawaiians, whites, Latinos, and Japanese participants, the relative
risk of the 1,749 cases of lung cancer identified was calculated by level of cigarette smoking intensity.
For a similar level of smoking, Latino, white, and Japanese participants had a 30% to 75% lower risk of
lung cancer compared with African Americans and Native Hawaiians. It was not until a smoking
intensity of 30 cigarettes per day was reached that the differences in relative risk became non-
significant.’? Multiple possible explanations may be considered, including greater use of mentholated
brands by African Americans, nicotine metabolism differences influencing smoking behavior, genetic
markers linked to ancestry that have not been discovered, gene—environment interactions that have not
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been studied, and smoking topography. Although this is one smoking-related example, the underlying
principle is that studying different racial/ethnic groups provides opportunities for scientific discovery
that otherwise would not be available.

Minority health and health disparities research has been predominantly framed in a context of social
disadvantage and social determinants of health. Without discounting these factors, this NCI monograph
is an outstanding example of where the field needs to move to advance the science—that is, toward
multilevel discovery that incorporates advances in behavioral, social, clinical, population, and biological
sciences in addressing the determinants of health outcomes in minorities and other disparity populations.
This tobacco-related health disparities monograph is an excellent illustration of this pathway.

Eliseo J. Pérez-Stable, M.D.

Director

National Institute of Minority Health and Health Disparities

Division of Intramural Research, National Heart, Lung and Blood Institute
National Institutes of Health
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Introduction

The 1964 Surgeon General’s report, Smoking and Health, is now widely viewed as a transformative
report that helped initiate concerted efforts to reduce tobacco use in the United States."* Decades of
research and implementation of evidence-based measures have produced significant declines in cigarette
smoking, reduced exposure to secondhand smoke (SHS), and reduced tobacco-related mortality.® For
example, the overall prevalence of cigarette smoking among U.S. adults declined from 42% in 1965° to
15.1% in 2015.* Additionally, tobacco control efforts dating from 1964 are credited with averting an
estimated 8 million premature deaths by 2012.°

However, progress in reducing tobacco use and related morbidity and mortality has not been equally
distributed across population groups. Indeed, the 2014 Surgeon General’s report, The Health
Consequences of Smoking—50 Years of Progress, concluded that “although cigarette smoking has
declined significantly since 1964, very large disparities in tobacco use remain across groups defined by
race, ethnicity, education level, and socioeconomic status (SES) and across regions of the country.”*"’
As of 2016, few groups have met the Healthy People 2020 objective of reducing adult cigarette smoking
prevalence to 12.0%. Some racial/ethnic and other vulnerable population groups have made less
progress toward meeting this objective than others,® and these population groups experience substantial
disparities in smoking-related disease and death.

Tobacco use, particularly in the form of cigarette smoking, remains the leading preventable cause of
death in the United States, causing nearly one-third of deaths from cancer.” Today, many of the major
aggregate U.S. racial/ethnic groups, particularly African Americans or Blacks, American Indians and
Alaska Natives, and Native Hawaiians and Other Pacific Islanders, continue to experience health
disparities from the adverse effects of tobacco use and SHS exposure. Studies have also documented
higher smoking prevalence among lesbian, gay, bisexual, and transgender (LGBT) populations.® As with
racial/ethnic minorities, people who live in poverty or have low educational attainment, blue-collar and
service workers, and other vulnerable groups continue to experience disproportionately greater adverse
effects of tobacco use and SHS exposure.

The persistence of disparities in tobacco use and subsequent tobacco-related disease underscores the
importance of focusing on understanding tobacco-related health disparities (TRHD). The goal of this
NCI monograph, A Socioecological Approach to Addressing Tobacco-Related Health Disparities, is to
synthesize the research literature on the many factors that influence and contribute to TRHD across the
tobacco use continuum, and to provide guidance for future research studies.

Health Disparities

In 2002, Carter-Pokras and Baquet published what may be the first review of definitions of health
disparities; these authors suggested that “a health disparity should be viewed as a chain of events signified
by a difference in: (1) environment, (2) access to, utilization of, and quality of care, (3) health status, or
(4) a particular health outcome that deserves scrutiny.”*?*?" During the early 1990s, researchers,
government agencies, and public health practitioners began referring to health differences in population
groups in the United States as “health disparities,” reflecting a focus on eliminating disparities at local,
state, and national levels. Other authors have also contributed to our understanding of health disparities,
health inequalities, and related concepts.’*™*3
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As definitions of disparities have evolved in the scholarly literature, Healthy People, which delineates
10-year national objectives for improving the health of the U.S. population,® has also refined its
definition of disparities and changed its goals in relation to them.** Healthy People 2000 established the
goal of reducing health disparities,*> which was expanded to eliminating health disparities in Healthy
People 2010.%* Healthy People 2020 includes addressing both health equity and health disparity:

1. Health equity: “attainment of the highest level of health for all people. Achieving health equity
requires valuing everyone equally with focused and ongoing societal efforts to address avoidable
inequalities, historical and contemporary injustices, and the elimination of health and health care
disparities.”**

2. Health disparity: “a particular type of health difference that is closely linked with social,
economic, and/or environmental disadvantage. Health disparities adversely affect groups of
people who have systematically experienced greater obstacles to health based on their racial or
ethnic group; religion; socioeconomic status; gender; age; mental health; cognitive, sensory, or
physical disability; sexual orientation or gender identity; geographic location; or other
characteristics historically linked to discrimination or exclusion.”**

The Healthy People 2020 goal combines both concepts: “to achieve health equity, eliminate disparities,
and improve the health of all groups.”*

History of Research on TRHD

Recognition of the importance of studying TRHD has grown over time. This section discusses major
milestones in this effort: two landmark Surgeon General’s reports, the first U.S. national conference
devoted to this topic, and the Tobacco Research Network on Disparities, a research network funded by
the National Cancer Institute (NCI) in partnership with the American Legacy Foundation (now known as
the Truth Initiative).

The Surgeon General’s Report on the Health Consequences of Smoking in the Workplace

The 1985 Surgeon General’s report, The Health Consequences of Smoking: Cancer and Chronic Lung
Disease in the Workplace,*® focused on the role of cigarette smoking and occupational exposures in the
development of lung cancer and chronic lung disease. This report helped set the stage for more in-depth
investigations of the relationship between social and occupational class and tobacco use, exposure to
secondhand smoke, and disease outcomes. The report highlighted the intersection of racial disparities
and occupational status, and drew several conclusions relevant to health disparities by race/ethnicity,
sex, and employment, which include:

1. “Among men, a substantially higher percentage of blue-collar workers than white-collar
workers currently smoke cigarettes. Operatives and kindred workers have the highest rate of
current smoking (approaching 50 percent), with professional, technical, and kindred workers
having the lowest rates of current smoking (approximately 26 percent).”1¢->3

2. “Blue-collar occupations have a lower percentage of former smokers than white-collar
occupations; this difference is most pronounced among men. Among women, the pattern for
homemakers closely parallels that of white-collar women.”**P>°
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3. “Black workers have higher smoking rates than white workers, with black male blue-collar
workers exhibiting the highest smoking rate. Black workers also have lower quit rates than white
workers. In contrast, white workers of both sexes are more likely to be heavy smokers regardless
of occupational category.”'®?=°

One chapter of this Surgeon General’s report highlighted research on workplace smoking intervention
programs, concluding that they should be a major component of worksite-based health promotion
efforts.

The Surgeon General’s Report on Tobacco Use Among Racial/Ethnic Minority Groups

Although several previous Surgeon General’s reports have addressed differences in tobacco use by
various subgroups, the tobacco disease burden among racial and ethnic groups in the United States was
the specific focus of the 1998 Surgeon General’s report Tobacco Use Among U.S. Racial/Ethnic
Minority Groups: African Americans, American Indians and Alaska Natives, Asian Americans and
Pacific Islanders, Hispanics.'” This landmark report summarized information on risk factors and
patterns of tobacco use as well as national and regional efforts to reduce tobacco use among four major
racial and ethnic minority groups. The report reached five major conclusions:

1. “Cigarette smoking is a major cause of disease and death in each of the four population groups
studied in this report. African Americans currently bear the greatest health burden. Differences in
the magnitude of disease risk are directly related to differences in patterns of smoking.”

2. “Tobacco use varies within and among racial/ethnic minority groups. Among adults, American
Indians and Alaska Natives have the highest prevalence of tobacco use, and African American
and Southeast Asian men also have a high prevalence of smoking. Asian American and Hispanic
women have the lowest prevalence.”

3. “Among adolescents, cigarette smoking prevalence increased in the 1990s among African
Americans and Hispanics after several years of substantial decline among adolescents of all four
racial/ethnic minority groups. This increase is particularly striking among African American
youths, who had the greatest decline of the four groups during the 1970s and 1980s.”

4. “No single factor determines patterns of tobacco use among racial/ethnic minority groups; these
patterns are the result of complex interactions of multiple factors, such as socioeconomic status,
cultural characteristics, acculturation, stress, biological elements, targeted advertising, price of
tobacco products, and varying capacities of communities to mount effective tobacco control
initiatives.”

5. “Rigorous surveillance and prevention research are needed on the changing cultural, psychosocial,
and environmental factors that influence tobacco use to improve our understanding of
racial/ethnic smoking patterns and identify strategic tobacco control opportunities. The capacity
of tobacco control efforts to keep pace with patterns of tobacco use and cessation depends on
timely recognition of emerging prevalence and cessation patterns and the resulting development
of appropriate community-based programs to address the factors involved.”"®

Recognizing the disproportionate burden of tobacco-related disease for the four major racial/ethnic
groups, the 1998 report also concluded that “rates of tobacco-related cancers (other than lung cancer)
vary widely among members of racial/ethnic groups, and they are particularly high among African
American men.”"P1% The report also concluded that “levels of serum cotinine (a biomarker of tobacco
exposure) are higher in African American smokers than in white smokers for similar levels of daily

51
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cigarette consumption. Further research is needed to clarify the relationship between smoking practices
and serum cotinine levels in U.S. racial/ethnic groups. Variables such as group-specific patterns of
smoking behavior (e.g., number of puffs per cigarette, retention time of tobacco smoke in the lungs),
rates of nicotine metabolism, and brand mentholation could be explored.”*" 1%

Tobacco Use Among U.S. Racial/Ethnic Minority Groups was also the first Surgeon General’s report to
document the historical context of tobacco use for various groups. As the report describes:

e Blacks contributed to the British and American economies by working in tobacco fields as
slaves; after emancipation, they farmed tobacco as a cash crop in the same southern states where
slavery had previously been legal.

e Many North and South American Indians and Alaska Native groups cultivated and traded
tobacco and used it for ceremonial, sacred, and medicinal purposes. Some American Indians
continue these traditional practices, and some American Indians have come to rely on revenue
derived from tobacco sales on reservations.

e Migrants to the United States bring with them the cultural attitudes and practices characteristic of
tobacco use in their native countries, such as the custom of giving gifts of tobacco in some Asian
countries.

This Surgeon General’s report also discusses tobacco industry support for racial/ethnic minority
communities, including direct employment, advertising revenue, support for community organizations,
and financial support for education, cultural, civic, sporting, arts, and other programs and events.*’

The National Conference on Tobacco and Health Disparities

The first comprehensive definition of TRHD was developed by the 2002 National Conference on
Tobacco and Health Disparities: Forging a National Research Agenda to Reduce Tobacco-Related
Health Disparities, co-sponsored by NCI, the Centers for Disease Control and Prevention (CDC), the
American Legacy Foundation (now known as the Truth Initiative), the Robert Wood Johnson
Foundation, the American Cancer Society, the Campaign for Tobacco-Free Kids, the National African
American Tobacco Prevention Network, and the National Latino Council on Alcohol and Tobacco. The
2002 National Conference sought to follow up on recommendations in the 1998 Surgeon General’s
report and galvanize research aimed at reducing disparities. This conference brought together
practitioners and researchers from multiple disciplines to review current research, identify gaps, and
develop a comprehensive research agenda to eliminate TRHD, which resulted in more than

100 recommendations from the meeting participants.

The conference defined TRHD as “differences in patterns, prevention, and treatment of tobacco use; the
risk, incidence, morbidity, mortality, and burden of tobacco-related illness that exist among specific
population groups in the United States; and related differences in capacity and infrastructure, access to
resources, and environmental tobacco smoke exposure.”*®P?** Fagan and colleagues'® later modified the
definition to capture more details about patterns of tobacco use that affect prevention and treatment—
that is, differences in the tobacco use continuum: exposure to tobacco, tobacco use initiation, current
use, number of cigarettes smoked per day, quitting/treatment, relapse, and health consequences. In
addition, the authors specified that differences in capacity, infrastructure, and access to resources include
differences in access to care, quality of health care, socioeconomic indicators that impact health care,
and psychosocial and environmental resources.*® The definitions were intended to help guide empirical

ls
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inquiry into the proximal and distal determinants of tobacco use, nicotine addiction, and the health
consequences of tobacco use among understudied and historically underserved populations in the
United States.

The Tobacco Research Network on Disparities

In 2004, NCI in partnership with the American Legacy Foundation launched the first national research
initiative focused on TRHD, the Tobacco Research Network on Disparities (TReND), with the mission
of “eliminating tobacco related disparities through transdisciplinary research that advocates the science,
translates this scientific knowledge into practice and informs public policy.”?**"® TReND’s specific
purposes were to advance the science on TRHD by stimulating new studies, challenging existing
paradigms, and addressing significant gaps in research on understudied and underserved populations.
TReND sought to:

e Encourage collaborations among multiple research disciplines
e Serve as a forum for generating new ideas and research projects focusing on TRHD

e Establish a translation mechanism for communicating and interacting with other networks and
community advocacy groups

e Promote the involvement and training of junior investigators and the participation of senior
researchers in health disparities research, and

e Provide scientific information and serve as a resource on tobacco and health disparities issues.

During its tenure, TReND engaged its core members as well as other U.S. and internationally based
experts in its research mission. Among its many accomplishments, TReND was the first research
network to study the effects and unintended consequences of tobacco control policies on low-SES
women and girls.?>?*> TReND also played a critical role in providing scientific evidence on the potential
harm of menthol cigarette smoking in relationship to initiation, current smoking, nicotine dependence,
and quitting behaviors.?

Collectively, the aforementioned reports, conferences, and initiatives have demonstrated the complexity
of TRHD. This monograph aims to summarize the extant literature so as to better understand the many
factors associated with TRHD, as discussed below.

TRHD: A Multilevel Perspective
Conceptual Framework: The Socioecological Model

Many factors cause different population groups to experience the effects of tobacco use in different
ways. This was recognized in the 1998 Surgeon General’s report, Smoking and Health, which stated:

No single factor determines patterns of tobacco use among racial/ethnic groups; the
patterns are a result of complex interactions of multiple factors such as socioeconomic
status, cultural characteristics, acculturation, stress, biological elements, targeted
advertising, price of products, and varying capacities of communities to mount effective
tobacco control initiatives.'""®

This monograph uses the socioecological model (SEM), which provides a framework for examining
how multilevel factors can influence TRHD across the life span.?* The SEM is a commonly used
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framework for examining multiple levels and interrelated influences on human behavior and the health
of individuals within a system.?* In addition to explicating these multiple interrelated influences, the
model has been used to design interventions to influence health behaviors and the health of individuals.
The socioecological model evolved from Bronfenbrenner’s conceptual ecological systems model and
has undergone multiple iterations over the years.” Bronfenbrenner hypothesized that human behavior
could be understood in terms of the individual’s entire ecological system, made up of four subsystems
that influence behaviors: individual; interpersonal; community/organizational; and policy/society.?

As shown in Figure 1.1, individual/intrapersonal, interpersonal, community/neighborhood, and
societal/policy factors influence TRHD across the tobacco use continuum and across the life course.
These systems do not operate in isolation, and the interactions between them are complex. Exposures to
a number of factors may occur early in life, cumulatively, and chronically; they may help explain TRHD
observed among racial/ethnic minority groups and low-SES groups, and at the intersection of these
groups.

Figure 1.1 The Socioecological Model: Factors Influencing TRHD Across the Tobacco Use Continuum
and Life Course

Initiation —@ SH$exposure —@ Current use —@ Frequency & intensity —@ Quitting—®Relapse—@Mothidity—®Mortality

Community/

neighborhood Societal/policy

Individual/intrapersonal Interpersonal

In uteco—® Early childhood ——® Adolescence ——@® Adulthood —® Later adult life

Notes: In addition to the experience of TRHD over time, there may be critical periods during development and throughout the life course when tobacco use
or secondhand smoke exposure is significantly more detrimental than at other times. SHS = secondhand smoke.

The system within which many minority racial/ethnic and low-SES groups live and work incorporates
substantial disparities. That is, the neighborhoods in which they live are often largely segregated®®*’ and
have fewer neighborhood resources, including resources related to health care, education, economic
opportunity and security, and political capital, relative to more advantaged groups. Among African
Americans and Hispanics, poverty rates are approximately double those of whites and Asian Americans;
these groups also have lower median incomes than whites and Asian Americans.?® As the monograph

Is
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will describe, tobacco advertising is often disproportionately targeted toward low-income and minority
communities, which typically lack the resources to prevent and treat tobacco use; some of these
communities also have a cultural or economic connection to tobacco and/or to the tobacco industry. In
2014, African American men had the highest incidence of and mortality from several tobacco-related
cancers, including cancer of the lung and bronchus, kidney and renal pelvis, pancreas, and larynx (see
chapter 2).

The socioecological model underscores the interrelationships between tobacco use and multiple
disparate circumstances—social, educational, health, residential, economic, and political disparities—
and how each influences the other. This model makes it possible to critically examine the dynamic
influences of factors (e.g., stressors, social or financial difficulties) on tobacco—disease trajectories, the
timing of exposure to these factors, and the clustering of these factors at different points in relationship
to disease outcomes. The socioecological model calls attention to the chronicity and incidence of
disadvantages (e.g., discrimination, disenfranchisement, low SES) and how these disadvantages
influence disparities even if conditions improve for individuals or population groups.

About This Monograph

This NCI monograph, A Socioecological Approach to Addressing Tobacco-Related Health Disparities,
is the most comprehensive review of tobacco use among racial/ethnic minority and low socioeconomic
status populations since publication of the 1998 Surgeon General’s report. The monograph takes a
socioecological approach to describe differences between population groups across the tobacco use
continuum (i.e., initiation, secondhand smoke exposure, current tobacco use, number of cigarettes
smoked per day, cessation, morbidity, and mortality) as well as differences in access to tobacco
dependence treatment among minority racial/ethnic and low socioeconomic status groups.’®*® Where
possible, the monograph presents the evidence by age, sex, sexual orientation, and gender identity within
the context of racial/ethnic and socioeconomic status groups. (The appendix to this chapter provides
information about terminology regarding race/ethnicity and sexual orientation as used in this
monograph.)

Additionally, where possible, the monograph takes an intersectionality approach, by focusing on the
intersection or interrelationship among two or more demographic factors that are associated with TRHD,
including race/ethnicity, sex, and socioeconomic status. Individuals and population groups experience
all aspects of their identity simultaneously, and these social distinctions or systems may work together to
produce health disparities. Researchers suggest that the interaction of sociodemographic factors shapes a
person’s unique life experiences, which ultimately affect their health status.?*

It is important to note that this monograph is not a review of TRHD for all socially, economically, and
otherwise disadvantaged populations in the United States, because no single report could adequately
capture the entire range of tobacco use behaviors for all at-risk populations. For example, future reports
might describe the complex associations surrounding tobacco use among people with mental health
disorders, or examine tobacco use in the context of the addiction, relapse, and recovery cycle as it relates
to other substance use (e.g., alcohol, marijuana, and other drugs).

The development of this monograph was informed by several previous efforts to study population
differences, strengthen capacity to address differences, and develop interventions to eliminate or reduce
TRHD. In particular, major recommendations from the 2002 National Conference on Tobacco and
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Health Disparities resulted in a scientific blueprint for examining the complex nature of TRHD.*® This
evidence-based blueprint recommended a renewed focus on surveillance as well as a more
comprehensive understanding of the roles that biology, psychosocial factors, socioeconomic factors,
tobacco marketing, and tobacco control policy play in preventing tobacco use and treating tobacco
dependence. This renewed focus and more complete understanding could help develop the research
infrastructure needed to address TRHD.*®

Other nationally funded initiatives that have addressed TRHD include NCI’s Special Population
Networks,** and a number of cooperative agreements with the CDC, including the Consortium of
National Networks to Impact Populations Experiencing Tobacco-Related and Cancer Health
Disparities,* A Comprehensive Approach to Good Health and Wellness in Indian Country,*® Racial and
Ethnic Approaches to Community Health,** Communities Putting Prevention to Work,*® and
Community Transformation Grants.*

Goals of the Monograph

The goal of this NCI monograph is to synthesize the research literature on the many factors that
influence and contribute to TRHD across the tobacco use continuum so as to guide future research on
TRHD, and to inform the design and implementation of interventions to improve the health of
individuals and populations that bear the greatest burden of TRHD. It is hoped that such interventions
can be applied at critical points along the tobacco use continuum, at the appropriate times and places
during the lives of individuals, and for populations at risk for continued tobacco use and SHS exposure.

The review of the literature presented in this monograph is intended to inform researchers,

policymakers, funding agencies, community-based organizations, faith-based institutions, stakeholders
in diverse communities, institutions of higher education, and organizations that focus on reducing health
disparities. Because this monograph was written to meet the different needs of these varied groups, some
chapters are written in more technical language than others.

Preparation of the Monograph

This monograph underwent a rigorous development process that drew upon the expertise of

many subject matter specialists—52 contributing authors, 8 section editors, a senior volume editor, and a
scientific advisor—with extensive experience in the science of TRHD. The Senior Volume Editor and
the Scientific Advisor led the editorial team, which developed the shared vision of the monograph’s
purpose, focus, and content; they also provided guidance and feedback on the monograph’s content.
Section editors were selected based on their expertise in areas aligned with the conceptual framework of
the monograph. Given responsibility for specific topics, the section editors helped develop chapter
outlines; identified authors and reviewers; and contributed to development, review, and editing of
chapters. Chapter authors were selected by the editors and NCI based on their expertise and its relevance
to the monograph. In addition to multiple internal reviews by the editorial team, each chapter was
reviewed by external expert peer reviewers, and the monograph also underwent a full volume review.
The monograph also received a final review by NCI before publication. In all, 47 reviewers participated
in this process.
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In general, the monograph examines the research literature through December 2013. Where necessary,
key publications and reports published after 2013 were added to individual chapters. The landscape of
tobacco use and tobacco control continued to change during the development of this monograph. For
example, the use of emerging products such as electronic cigarettes and flavored cigars increased among
some populations, and policies implemented by the Food and Drug Administration (FDA) under the
Family Smoking Prevention and Tobacco Control Act of 2009 took effect. Because cigarette smoking is
the leading cause of preventable death in the United States, this monograph focuses primarily on
cigarette smoking and secondhand smoke exposure; where possible, studies on TRHD related to the use
of other tobacco products are also included.

Major Conclusions of the Monograph
The five broad conclusions that emerge from this volume are as follows:

1. Enormous progress has been made in reducing overall tobacco use. However, some
population groups have benefited less or at a slower pace from efforts to reduce tobacco
use. As a result, they experience higher tobacco-related morbidity and mortality, including
mortality from cancer. Progress in reducing tobacco use has been uneven in the United States,
and substantially higher rates of tobacco use persist among population groups defined by
race/ethnicity, occupation, socioeconomic status, sexual orientation, and other factors. Currently,
individuals with low levels of education are at especially high risk of tobacco use, and African
Americans have the highest incidence and mortality rates of tobacco-related cancer of all
races/ethnicities.

2. Many factors at multiple levels contribute to TRHD. Our understanding of TRHD is
enhanced by considering the interaction of factors at the individual, interpersonal,
community/neighborhood, and societal/policy levels and by considering the impact of
diverse factors across the tobacco use continuum over the life span.

3. Research, including simulation modeling, indicates that broader implementation of known
effective strategies to reduce tobacco use would contribute substantially to reducing TRHD.
However, it is likely that additional strategies will be needed to accelerate reductions in
tobacco use among all population groups. The Family Smoking Prevention and Tobacco
Control Act (2009), which gives the FDA the authority to regulate the manufacture, marketing,
and distribution of tobacco products to protect public health and to reduce tobacco use, has
strong potential to reduce TRHD. In addition, continued innovation in policies and programs at
the state and local levels holds promise to address TRHD.

4. Research to understand and address TRHD is of increasing importance to reducing the
burden of tobacco use and tobacco-related cancer in the United States. Disparities in tobacco
use contribute substantially to disparities in the burden of cancer by race/ethnicity, SES, and
other factors. As overall tobacco use rates have declined, the persistence of higher rates of
tobacco use among groups based on race/ethnicity, socioeconomic status, sexual orientation, and
other factors plays a larger role in slowing progress towards ending the tobacco epidemic.

5. Improved surveillance of individual populations and factors that contribute to TRHD wiill
increase our ability to understand and address TRHD. The marketplace of tobacco products
is increasingly diverse, and youth and adult patterns of tobacco use—including light and
intermittent use and dual/poly use—are complex and dynamic. Communication technologies
continue to evolve at a rapid pace, increasing the need for surveillance of tobacco industry
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communication strategies. Enhancing surveillance to allow population-wide categories (such as
race/ethnicity) to be disaggregated by sub-groups will facilitate research to understand TRHD.

Monograph Organization and Chapter Overviews
This monograph’s organization in four sections reflects the socioecological model.

Section I: Overview and Epidemiology
Chapter 1: Introduction and Overview

Chapter 1 provides an introduction to TRHD research, gives a brief history of research in this area, and
introduces the reader to the socioecological model, before describing the goals and preparation of this
NCI monograph. The chapter also includes the overall monograph conclusions and brief descriptions of
topics addressed by the other chapters of this volume, and discusses cross-cutting issues for future
research.

Chapter 2: The Epidemiology of TRHD

Chapter 2 presents a detailed overview of the epidemiology of TRHD across the tobacco use continuum
among youth (12-17 years old), young adults (18—-25 years old), and adults in the United States. Using
nationally representative data, the chapter highlights trends and current patterns of tobacco use for
racial/ethnic minority groups, low-SES, and LGBT populations. This chapter presents the
epidemiological data for sociodemographic groups, including trends in (1) youth and young adult
susceptibility to cigarette smoking, cigarette smoking initiation, cigarette smoking prevalence and
prevalence of other tobacco product use; (2) adult cigarette smoking prevalence, cigarette consumption,
cigarette smoking duration, quitting behaviors, and other tobacco use; (3) secondhand and prenatal
tobacco smoke exposure; (4) insurance coverage of tobacco dependence treatment; and (5) tobacco-
related cancer morbidity and mortality. The chapter concludes with a discussion of some methodological
limitations and challenges in the TRHD literature.

Section II: Intrapersonal/lndividual Factors Associated With TRHD
Chapter 3: Genetics, Physiological Processes, and TRHD

Chapter 3 explores the relationships between genetic factors and tobacco use behaviors and tobacco-
related cancers. First, the chapter discusses genetic factors associated with nicotine metabolism and
smoking initiation, progression to established smoking, smoking prevalence, and smoking cessation.
Genetic risk factors typically vary in prevalence across racial/ethnic populations and thus can contribute
to TRHD among racial/ethnic groups. Second, the chapter describes genetic factors associated with
tobacco-related cancers, specifically lung cancer, as well as genetic factors that may influence how the
body responds to carcinogens in tobacco smoke. The chapter closes with a discussion of the current state
of knowledge about genetic influences on TRHD, including critical knowledge gaps such as the
contribution of genetic factors to TRHD in the context of complex socioeconomic environments.

Chapter 4: Flavored Tobacco and Chemosensory Processes

Chapter 4 focuses on the chemosensory effects of flavors in cigarettes and, in particular, on menthol.
Flavor additives and ingredients are used to make the experience of smoking more palatable. Menthol,
the most common characterizing flavor in cigarettes, has been added to cigarettes since the 1920s.
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Menthol is the primary focus of this chapter because when used in cigarettes as a characterizing flavor,
the compound affects multiple chemical senses, including the olfactory, gustatory, and trigeminal
systems. The chapter describes the characteristics of the menthol compound, the role of the chemical
senses in sensory response, the genetics of taste/sensory factors, the characteristics of flavor additives in
tobacco, and menthol’s effect on the chemical senses and how this may contribute to TRHD.

Chapter 5: Stress-Related Processes and TRHD

Chapter 5 provides an overview of stress processes and relevant conceptual frameworks, discusses
physiological responses to stress, how perceived stress may influence tobacco use, and specific stressors
such as racism and discrimination and their relationship to tobacco use. It also discusses how stressful
events and stress-related processes, such as post-traumatic stress disorders resulting from childhood
trauma, or stress as a function of interpersonal factors such as intimate partner violence, may also play a
role in TRHD. Where possible, the research is presented separately by sex, race/ethnicity, and sexual
orientation.

Section llI: Interpersonal and Contextual Factors That Contribute to TRHD
Chapter 6: Social Relationships and TRHD

Chapter 6 addresses the various aspects of social relationships and how they may influence stages of the
tobacco use continuum and potentially contribute to TRHD. The chapter begins with a discussion of the
structural and functional characteristics of social relationships and then describes measures of social
relationships and tobacco use, including social network structure, social influence and comparison,
social control, social support, and discrimination. This chapter then reviews the evidence on how social
relationships can create or exacerbate TRHD for youth and adults across racial/ethnic groups, SES
groups, and sexual orientation groups over the tobacco use continuum.

Chapter 7: TRHD Among Immigrant Populations

Chapter 7 examines how immigration status, nativity, sex, SES, and ethnicity operate individually and
synergistically to influence smoking behavior. Patterns of immigration to the United States are briefly
discussed, and the literature on the smoking behavior of foreign-born people in the United States is
reviewed, including differences within and between immigrant groups, comparisons between immigrant
groups and the majority population, and differences between immigrants and their U.S.-born
racial/ethnic counterparts. Where possible, the data for adolescents and adults are explored within the
context of race/ethnicity, sex, and SES. Issues related to immigrant health generally and smoking
behavior specifically are also discussed, and intersections of tobacco use, immigration, and demographic
and socioeconomic factors are highlighted.
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Chapter 8: Occupation, the Work Environment, and TRHD

Occupational status and the work environment help shape patterns of tobacco use. Chapter 8 examines
occupational disparities across the tobacco use continuum and the causal pathway in the progression of
smoking to disease, including initiation, current use and intensity, intentions to quit and quit attempts,
cessation, relapse, and tobacco-related morbidity and mortality. This chapter also discusses the
contributions of the work environment and job experiences to disparities in tobacco use. Because
disparities by occupation can interact with other indicators of social disadvantage, this chapter explores
the intersections between occupation and race/ethnicity, sex, age, and sexual orientation. Disparities by
employment status are also reviewed, given the potential influence of the work environment, working
conditions, and social status on tobacco use behaviors.

Chapter 9: Socioeconomic Status and TRHD

Socioeconomic status, whether measured by educational attainment or economic measures, influences
health through multiple direct, indirect, and overlapping causal pathways. Chapter 9 provides an
overview of the literature on the relationship between SES indicators and TRHD across the tobacco
continuum; it reviews this evidence using nationally representative and non-nationally representative
data sets for adolescents, racial/ethnic groups, LGBT groups, and pregnant women. The chapter also
discusses neighborhood socioeconomic status and the influence of life-course socioeconomic status.
Studies show that education—a key factor influencing other socioeconomic indicators such as
occupation, income and wealth, and the neighborhood where people live—is closely linked with tobacco
use across the continuum.

Section IV: Societal-Level Influences on Tobacco Use
Chapter 10: Communications, Marketing, and TRHD

As discussed in NCI Tobacco Control Monograph 19, The Role of the Media in Promoting and
Reducing Tobacco Use, both pro-tobacco and anti-tobacco communications and marketing help shape
the public’s knowledge, attitudes, beliefs, and behaviors around tobacco. Chapter 10 expands and
updates the literature to examine the effects of tobacco-related communications on population groups
based on age, race/ethnicity, socioeconomic status, and sexual orientation. It begins by describing
theoretical frameworks for understanding communications inequalities, then discusses research on the
influence of diverse anti-tobacco and pro-tobacco communications on TRHD and on the role of the
news media. Studies of how new communication technologies may serve as channels for anti- and
pro-tobacco communications are discussed, recognizing that the rapid pace of change in
communications technology poses a challenge for researchers.

Chapter 11: Federal, State, and Local Tobacco Control Policy and TRHD

As explained in the 2014 Surgeon General’s report, The Health Consequences of Smoking—50 Years of
Progress, “public health efforts to control tobacco use have been bolstered by policies at the national,
state, and local levels.”*""® Chapter 11 provides an overview of research on the ability of specific
tobacco control policies (including those focused on restricting youth access to tobacco, tobacco tax and
price, smoke-free environments, and tobacco treatment) and state-level comprehensive tobacco control
programs to reduce TRHD. The chapter also discusses the potential for FDA regulation of the
manufacturing, marketing, and distribution of tobacco products (authorized by the Family Smoking
Prevention and Tobacco Control Act of 2009) to contribute to reducing TRHD. It also provides
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examples of local approaches to reducing the prevalence of youth tobacco use, such as efforts to ban
flavored tobacco products and to raise the minimum age of legal access to tobacco products to 21 years.

Chapter 12: Simulation Modeling of TRHD: SimSmoke

This chapter discusses a modified version of the SimSmoke tobacco control simulation model, a
statistical model that examines trends in smoking and smoking-attributable death rates and projects the
possible effects of various policies. The modified version was developed to examine trends in smoking
rates related to income disparities and the potential effects of tobacco control policies on smoking
trends. The modified version of SimSmoke considers policies in seven areas: cigarette taxes, smoke-free
laws, mass media anti-tobacco campaigns, marketing restrictions, health warnings, cessation treatment
policies, and preventing youth access. The model’s predicted results are presented for recommended
policies using the status quo scenario and scenarios with stronger policies. Best-case scenarios with a set
of comprehensive policies are also described. This chapter illustrates the potential of broader
implementation of evidence-based tobacco control policies to reduce tobacco use and tobacco-related
mortality among low-income populations.

Future Directions in TRHD Research
Cross-Cutting Research Issues

Several cross-cutting issues are relevant to future research, particularly as the cultural, policy, and
communications contexts of tobacco use and TRHD continue to change. Most studies of TRHD have
focused on race/ethnicity, with an emphasis on the largest population groups: African Americans and
Hispanics. Although research among these groups remains vital, research is also needed on less
populous racial/ethnic groups with high smoking prevalence, including American Indians/Alaska
Natives, Native Hawaiians/Pacific Islanders, and Asian American groups such as Filipinos, Koreans,
and Vietnamese. In addition, it is now recognized that aggregating ethnic and nationality groups into a
larger category can mask underlying differences in smoking prevalence. For example, the Asian
American group includes people of Indian, Chinese, Filipino, Japanese, Korean, and Vietnamese origin,
and the Hispanic group includes people from Central or South America, Cuba, Mexico, and Puerto Rico.
Examining more specific ethnic or nationality groups is important, but can lead to smaller sample sizes,
which limits statistical power and/or the generalizability of findings. Thus, the desirability of examining
specific ethnic or nationality groups separately must be weighed against the benefits of aggregating
groups into a larger category. In addition, although surveys indicate that LGBT groups are at increased
risk for tobacco use, there is limited evidence on their tobacco use knowledge, attitudes, and behaviors,
and disease-related disparities. The inclusion of questions about sexual orientation and gender identity in
national and sub-national surveys will facilitate research in this area.

Most studies reviewed in this monograph have focused on the impact of membership in a single
population group (by race/ethnicity, SES, or sexual orientation); however, people who are part of more
than one vulnerable population group may be at especially high risk of experiencing TRHD. Currently,
we lack sufficient data on which to base conclusions about how identification with multiple minority
groups might create or exacerbate TRHD. How membership in more than one vulnerable group affects
tobacco-related morbidity and mortality is an area requiring further research.
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The degree to which tobacco control interventions should be adapted to different cultures and
populations remains unclear. Research is needed to determine whether and to what extent programs that
are effective among the general population are sufficient to address tobacco use among specific
populations, or whether tailored programs are needed. Tailoring can be time-consuming and costly but
may increase the effectiveness of the intervention. How to best develop culturally relevant programs to
reduce tobacco use and TRHD among populations of interest (i.e., not simply tailoring existing
programs) is also an important area for further inquiry and may help determine if such programs lead to
faster declines in smoking prevalence.

Tracking trends in the use of new and emerging tobacco products, such as electronic cigarettes, among
vulnerable population groups is important and may require expansion of existing surveillance systems or
the creation of new ones. Future research on TRHD should also address the use of flavored tobacco
products, including menthol products, particularly among youth and young adults. Research to prevent
future TRHD related to the use of new and emerging tobacco products is an important area of focus.

Linking national studies and surveillance systems to systems for monitoring federal, state, and local
policies would result in more robust surveillance systems and contribute to a more complete picture of
tobacco use behaviors and TRHD. Multiple linked surveillance systems are critical to tracking the
rapidly changing tobacco marketplace. As measures of emerging tobacco product use are fine-tuned, it
will be important to standardize them across these studies and surveillance systems. Including
population groups targeted by the tobacco industry in federal, state, and local surveillance systems will
be critical to effectively monitor tobacco industry marketing practices across various levels. Surveillance
systems should be augmented by the study of contextual factors that affect TRHD, including social
norms, cultural values, and community factors, and how they interact with individual psychosocial,
genetic, and biological factors.

New challenges to TRHD will continue to emerge. For example, changes in state marijuana laws
(including laws that decriminalize or legalize marijuana use or permit the use of medical marijuana) may
well influence tobacco use behaviors.*”* Understanding how changing marijuana laws may influence
tobacco use initiation, progression to established tobacco use, successful cessation, and dual/poly
product use across populations is likely to be increasingly important. Rapidly evolving communications
technologies pose both challenges to and opportunities for tobacco control; these deserve attention from
researchers.

Conclusion

As noted above, no single monograph can encompass the science of TRHD for all at-risk populations.
This monograph focuses on TRHD among groups defined by race/ethnicity and socioeconomic status,
presenting the evidence by age, sex, and sexual orientation where possible. It explains the complex and
multifactorial nature of TRHD, gleaned by countless researchers and practitioners working to eliminate
TRHD. This review of the evidence demonstrates that continued effort is needed to accelerate declines
in tobacco use and SHS exposure in order to both reduce current TRHD and to prevent TRHD from
increasing in the future.

Improving federal, state, and local infrastructure and resources for designing, delivering, and evaluating
programs and policies aimed at reducing tobacco use and SHS exposure is critical to advancing our
understanding of TRHD and to reducing the disproportionate burden of tobacco-related cancer among
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at-risk populations. Training and mentoring the next generation of TRHD researchers is essential to
accelerate progress in reducing TRHD. Collaborative networks and partnerships between researchers
and community groups may contribute to this effort.

Over time, tobacco use has evolved from a mainstream behavior to one that is highly concentrated
among population groups defined by socioeconomic status, race/ethnicity, sexual orientation, and other
factors. Decades of research have documented the extraordinary hazards of tobacco products, helping to
transform tobacco-related social norms, policies, and patterns of tobacco use behaviors. The result has
been striking declines in tobacco-related deaths, including deaths from lung cancer. Indeed, it has been
estimated that 20th-century tobacco control programs and policies are responsible for preventing more
than 795,000 lung cancer deaths in the United States from 1975 through 2000.*** As this monograph
demonstrates, a central challenge for cancer control is to ensure that all Americans benefit from
advances in tobacco control research and practice.
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Appendix I: Monograph Terms
Racial/Ethnic Groups

The term race/ethnicity recognizes both racial and ethnic identities. Race is a term that has been used to
classify groups based on skin color, physical traits, ancestry, genetics, and social relations. The
characterization of race has often been reduced to a simple biological construct; this monograph views
race as a social, rather than a biological, construct that has historical and cultural context. In 1997, the
U.S. Office of Management and Budget (OMB) provided guidelines for classifying individuals by race.
The OMB standards permit the reporting of more than one race and rely on self-identification.! The five
OMB categories are as follows:

e White — A person having origins in any of the original peoples of Europe, the Middle East, or
North Africa.

e Black or African American — A person having origins in any of the black racial groups of Africa.

e American Indian or Alaska Native — A person having origins in any of the original peoples of
North and South America (including Central America) and who maintains tribal affiliation or
community attachment.

e Asian — A person having origins in any of the original peoples of the Far East, Southeast Asia, or
the Indian subcontinent, including, for example, Cambodia, China, India, Japan, Korea,
Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

e Native Hawaiian or Other Pacific Islander — A person having origins in any of the original
peoples of Hawaii, Guam, Samoa, or other Pacific Islands.

The term ethnicity refers to distinct groups that have a common culture, heritage, and place of origin.
Ethnic groups can be characterized to some extent by the norms, values, and attitudes that arise from
their culture of origin and may shape their behavior. However, culture and race/ethnicity are not
equivalent, and cultures change over time as groups adapt to new settings and historical contexts. The
distinctions between culture and race/ethnicity are particularly important when considering how
historical context, psychosocial factors, and psychological processes influence health behaviors and
outcomes.

Ethnic groups are also distinguished by more than their culture, and may have attributes associated with
their status as minorities within the United States. For example, some ethnic groups are over-represented
in lower socioeconomic strata and are subject to stereotypes and prejudices and discrimination related to
social class or race. Thus, psychosocial processes related to their experiences, in addition to their culture
of origin, may differentiate particular racial/ethnic groups. This monograph uses the term racial/ethnic
group to encompass the full spectrum of identities within and between groups.

The categorization of blacks or African Americans includes the diverse terminology people use to
identify themselves as members of the group. For example, people born in the United States might
identify as African American, a social—political term used to affirm ancestry, culture, history in the
United States, and U.S. citizenry that goes beyond skin color. People of Caribbean descent or
immigrants from other countries might identify as black, the term used in their countries of origin.
Where possible, this monograph uses black and African American or black/African American to capture
different self-identities and racial/ethnic terms used in national surveys or, when standardizing terms is
not appropriate, the terms appear as they do in the literature referenced.
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The monograph uses Hispanic/Latino American, Hispanic/Latino, Hispanic, or Latino because various
ethnic groups within this aggregate category self-identify with different terms.? This aggregate group
includes people of Spanish origin, Puerto Ricans, Cubans, Chicanos, Mexican Americans, and ethnic
groups from South or Central America.

American Indians and Alaska Natives include descendants of the original peoples of North, South, and
Central America, many of whom maintain their tribal affiliation or community attachment.>* In 1997,
the U.S. OMB expanded its definition of American Indians to include people of South and Central
American Indian descent. The approximately 566 federally recognized tribes* and non-federally
recognized tribes have their own cultures, languages, beliefs, and practices. Over 200 tribes are located
in Alaska alone.® These populations live across the United States in urban and rural areas and on or off
reservations or land trust areas. Nearly 60% of American Indians and Alaska Natives live in
metropolitan areas.® American Indians and Alaska Natives are the only groups whose tribes are
recognized as sovereign nations within the United States. Unfortunately, individual tribal data are often
masked within this aggregate category because as a whole, American Indians and Alaska Natives
represent 2% of the U.S. population.®

The current categorization of Asian Americans and Native Hawaiians and Other Pacific Islanders differs
slightly from what was reported in the 1998 Surgeon General’s report. The 1997 OMB guidelines
required that Asians be considered a separate group from Native Hawaiian and Other Pacific Islanders.
A distinction was made between these racial/ethnic groups because Native Hawaiians (descendants of
the original people of the Hawaiian Islands, whose origins can be traced back to Polynesian and other
cultures) made up only 3% of the Asian and Other Pacific Islander population. Other Pacific Islander is
a broad term that may include Samoans, Guamanians, and Chamorros; Polynesians such as Tahitians,
Tongans, and Tokelauans; Micronesians such as Chuukese, Palauans, Marshallese; or Melanesians such
as Fijians, Guineans, or Solomon Islanders.’

All five minority racial/ethnic groups are aggregate categories that include multiple ethno-linguistic
groups and multiple ancestries. These groups may have different histories of entry to the United States,
settlement in this country, and evolution as racial, ethnic, and minority groups. Race and ethnicity are
socially based constructs, but each category, whether in aggregate or disaggregate form, is used to
describe the data and explain more about how people who identify as members of aggregate or
disaggregate racial/ethnic groups experience TRHD. National, state, and local survey data rely on self-
identification for each racial/ethnic group.

Lesbian, Gay, Bisexual, and Transgender Groups

LGBT is an aggregate category that includes groups that are defined by sexual orientation, gender
identification, and gender expression. Sexual orientation includes three dimensions—self-identification,
sexual behavior, and sexual attraction.® Sexual orientation is most often used to assess health behaviors
among LGBT groups. The survey question most often asked to elicit respondents’ identification of
sexual orientation is, “Do you consider yourself to be . . . heterosexual/straight, gay or lesbian, or
bisexual?”® The question that assesses sexual behaviors asks about the sex of the respondent’s sexual
partners (e.g., men only, women only, both, or no sexual partners). Sexual attraction is often assessed by
asking respondents to describe their feelings related to their attractions (e.g., attractions to males and
females). Gender identification questions assess the sex of the respondent at birth and the gender
reported at the time of the survey.® According to analyses conducted by Flores and colleagues,®
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individuals who identify as transgender are less likely to be white and more likely to be African
American/black or Hispanic/Latino than the general U.S. adult population. Those who identify as
transgender are often marginalized and are among the most disadvantaged groups in the United States.
Many other terms are used to describe LGBT groups, which reflect diversity in identification within the
aggregate category.’

Note: Socioeconomic status, an overarching theme of this monograph, is defined in chapter 9.
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Introduction

Tobacco use is the leading cause of preventable premature death in the United States, causing an
estimated 480,000 deaths annually.! Although smoking prevalence has declined substantially over time,*
40 million U.S adults were current smokers in 2014.2 The 2014 Surgeon General’s report, The Health
Consequences of Smoking—50 Years of Progress,* noted that disparities in tobacco use persist by race,
ethnicity, education level, socioeconomic status (SES), and U.S. geographical region, among other
factors.

This chapter presents a detailed overview of the epidemiology of tobacco-related health disparities
(TRHD) across the tobacco use continuum (defined as exposure to tobacco, tobacco use initiation,
current use, number of cigarettes smoked per day, quitting/treatment, relapse, and health consequences)
among youth (12-17 years old), young adults (18-25 years old), and adults (26+) in the United States.
Using nationally representative data, this chapter highlights trends and current patterns for minority
racial/ethnic groups; people of low SES; and lesbian, gay, bisexual, and transgender (LGBT)
populations. This chapter presents the available epidemiological data for sociodemographic groups,
including trends in (1) youth and young adult susceptibility to cigarette smoking, cigarette smoking
initiation, and cigarette and other tobacco use prevalence; (2) adult cigarette smoking prevalence,
consumption, smoking duration, quitting behaviors, and other tobacco use; (3) secondhand and prenatal
tobacco smoke exposure; (4) insurance coverage of tobacco dependence treatment; and (5) tobacco-
related cancer incidence and mortality. The chapter concludes with a discussion of some methodological
limitations and challenges in the TRHD literature. The epidemiological data that describe disparities
across the tobacco use continuum can inform prevention and cessation efforts to reduce the
disproportionate burden of tobacco-related diseases and deaths on minority racial/ethnic, low-SES, and
LGBT populations, and the intersection of these groups.

Data Sources

Table 2.1 describes the national and state surveys/studies that inform this chapter, with examples of
measures used to report smoking prevalence and other smoking behaviors. Wording of survey questions
can vary across surveys, which can lead to small differences in reported data; however, the trends across
surveys are very consistent. (Note that this table does not include all surveys that measure tobacco use
behaviors.)

In light of the limitations of aggregate data for explaining certain disparities, this monograph reports,
where available, national data disaggregated for specific racial/ethnic groups. Although data are
generally available for the larger racial/ethnic groupings (African Americans, Hispanics/Latinos, Asian
Americans, Native Hawaiians/Other Pacific Islanders, and American Indian/Alaska Natives, as defined
by the U.S. Office of Budget and Management), aggregate or disaggregated data may sometimes yield
unstable estimates for individual years. In addition, poverty status variables in this monograph were
constructed using the U.S. Census Bureau’s poverty threshold, which accounts for family income, size,
and number of children, adjusted annually for inflation (for additional information, see U.S. Census
Bureau 2016°).
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Table 21  Summary of State and National Surveys/Studies on Youth and Adult Tobacco Use Referenced in This Chapter

Population and survey

Survey Description methodology Example(s) of a measure(s)  Website
Monitoring the  MTF is an annual, ongoing Nationally representative sample Current cigarette smoking: How  http://monitoringthefuture.org
Future Study  study of beliefs, attitudes, and  of 8th-, 10th-, and 12th-grade ~ frequently have you smoked
(MTF)* behavior of American secondary students take a group- cigarettes during the past
school students, college administered school-based 30 days?
students, and young adults. survey.
Funded by the National Institute
on Drug Abuse. Follow-up surveys are mailed to

a randomly selected sample
from each senior class, with
biannual follow-up after high
school on a continuing basis.

National Youth  NYTS provides nationally Nationally representative sample Current cigarette smoking: https://www.cdc.gov/tobacco/data_statistics/surveys/nyts
Tobacco Survey representative data about of middle and high school During the past 30 days, on how
(NYTS)* middle and high school youths’  students (grades 6-12) many days did you smoke

tobacco-related beliefs, cigarettes?

attitudes, behaviors, and Self-administered school-based

exposure to pro- and anti- survey Current cigar smoking: During

tobacco influences. Conducted the past 30 days, on how many

biennially by the Centers for days did you smoke cigars,

Disease Control and Prevention cigarillos, or little cigars?

(CDC).
Youth Risk YRBS is conducted biennially ~ Nationally representative Current cigarette smoking: https:/fwww.cdc.govimmwr/pdf/rr/r6201.pdf
Behavior by the CDC to monitor priority ~ sample of high school students  Smoked on at least 1 day during
Survey (YRBS)* health-risk behaviors and the (grades 9-12) the 30 days before the survey

prevalence of obesity and
asthma among youth and young  Self-administered school-based  Current cigar smoking: Smoked
adults. survey cigars, cigarillos, or little cigars
on at least 1 day during the
30 days before the survey

saljliedsiQ Y)|eaH paje|ay-099eqo] Jo


http://monitoringthefuture.org/
https://www.cdc.gov/tobacco/data_statistics/surveys/nyts/
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Table 2.1 continued

Population and survey

Survey Description methodology Example(s) of a measure(s)  Website

National Health NHIS is conducted annually by ~ Representative sample of the Current cigarette smoking: https://www.cdc.gov/nchs/nhis
Interview the CDC to monitor the health of U.S. population Persons who reported smoking

Survey (NHIS)t the U.S. population. Collects =100 cigarettes during their

and analyzes data on a broad
range of health topics, including
tobacco use, by various
demographic and
socioeconomic characteristics.

Cross-sectional in-person
household interview survey

lifetime and who, at the time of
interview, reported smoking
every day or some days.

Interest in quitting: Current
smokers who reported that they
wanted to stop smoking
completely

Past-year quit attempt: 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

Recent smoking cessation:
Former smokers who quit
smoking for 26 months during
the past year
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Table 2.1 continued

Survey

Description

Population and survey
methodology

Example(s) of a measure(s)

Website

National Health
and Nutrition
Examination
Survey
(NHANES)t

National Survey
on Drug Use
and Health
(NSDUH)t

Population
Assessment of
Tobacco and
Health (PATH)
Studyt

NHANES is a program of
studies to assess the health and
nutritional status of adults and
children in the U.S. Conducted
by the CDC. The survey is
unique in that it combines
interviews and physical
examinations.

NSDUH is an annual survey
sponsored by the Substance
Abuse and Mental Health
Services Administration. It
provides national and state-level
data on the use of tobacco,
alcohol, illicit drugs (including
non-medical use of prescription
drugs) and mental health in the
us.

PATH is a national longitudinal
study of tobacco use and how it
affects the health of people in
the U.S. Jointly conducted by
the National Institutes of Health
and the Food and Drug
Administration.

Nationally representative sample
of the U.S. population of all ages

Interviewer-administered home-
based survey and physical
examination by physicians

Random sample of U.S. civilians
age 12 or older

Interviewer-administered home-
based survey

Sample of people ages 12 and
older in the U.S.

3 annual home-based in-person
interviews including audio
computer-assisted self-
interviewing and biospecimen
collection

Home secondhand smoke
exposure: A report of 21
household cigarette smokers
and the number of cigarettes
smoked per day

Age of initiation: Age when first
smoked a whole cigarette

Ever tried: Ever tried cigarette
smoking, even a few puffs

Current cigarette smoking:
Smoked a whole cigarette on at
least 1 day during the 30 days
before the survey

Current cigarette smoking:
During the past 30 days, have
you smoked part or all of a
cigarette?

Current cigarette smoking:
Persons who reported smoking
=100 cigarettes during their
lifetime and who, at the time of
interview, reported smoking
every day or some days.

https://www.cdc.gov/nchs/nhanes

https://lwww.samhsa.gov/data/population-data-nsduh

https://pathstudyinfo.nih.gov
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Table 2.1 continued

Population and survey

Survey Description methodology Example(s) of a measure(s)  Website

Behavioral Risk BRFSS, a project of the CDC,  Representative sample of U.S.  Cigarette smoking prevalence:  https://www.cdc.gov/brfss
Factors collects state data annually adults age 18 or older Do you now smoke cigarettes

Surveillance about U.S. residents regarding every day, some days, or not at

System their health-related risk Home-based in person or phone all?

(BRFSS)t behaviors, chronic health
conditions, and use of
preventive services.

Pregnancy Risk PRAMS is a surveillance project

Assessment of the CDC and state health

Monitoring departments. PRAMS collects

System state-specific, population-based

(PRAMS)t data on maternal attitudes and
experiences before, during, and
shortly after pregnancy in 47
states, as of 2017.

Tobacco Use ~ TUS-CPS is a National Cancer
Supplement Institute-sponsored survey of

to the Current  tobacco use that is administered
Population as part of the U.S. Census
Survey Bureau’s Current Population
(TUS-CPS)t Survey every 3—4 years.

administered interviews via
random digit dialing

Stratified samples of women Smoking status is recorded for
who have recently given birth to  the 3 months before pregnancy,
live infants are selected from the last 3 months of pregnancy,
birth certificates in participating  and postpartum: How many
states. The survey is sent cigarettes did/do you smoke on
2-6 months after delivery. an average day?

Self-administered survey

Nationally representative sample Age of initiation: Age started

of adults (youth ages 15-17 smoking cigarettes “fairly

were included in 1992-2006 regularly’ (refers to age when

cycles) respondent started smoking
cigarettes on a routine basis, as

Telephone survey or in-person  opposed to age when tried first

interview collection cigarette)

Current cigarette smoking: Now
smoking cigarettes every day or
some days

https://www.cdc.gov/prams

https://cancercontrol.cancer.gov/brp/tcrb/tus-cps

*Survey/study includes youth only.
tSurvey/study includes youth and adults.
$Survey includes adults only.
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Youth Tobacco Use Behaviors
Youth Susceptibility to Cigarette Smoking, by Race/Ethnicity

Susceptibility to smoking is often measured among never-smokers to predict the likelihood of smoking
in the future.” Never-smokers who show a firm commitment not to smoke in the future and not to smoke
cigarettes offered by a friend are less likely to ever smoke,” experiment,*®® or initiate smoking® than
youth who do not make this commitment.*® A few studies have examined racial/ethnic differences in
susceptibility to smoking. Among youth ages 12—17 who have never smoked, Hispanic youths had the
highest susceptibility to smoking (24.2%), followed by American Indian/Alaska Natives (19.7%),
blacks/African Americans (19.4%), non-Hispanic whites (19.0%), Native Hawaiians or Other Pacific
Islanders (16.0%), and Asian Americans (15.1%).'° Among Asian Americans, susceptibility to smoking
was highest among Filipinos (18.6%) and lowest among Chinese (11.7%). Among U.S. Hispanics,
Mexicans were the most susceptible to smoking (25.8%) and Puerto Ricans were the least (18.3%).%°

Youth Smoking Initiation, by Race/Ethnicity and SES

Age of smoking initiation is measured by asking smokers what age they were when they first smoked all
or part of a cigarette (National Survey on Drug Use and Health [NSDUH]), or when they first smoked a
whole cigarette (Youth Risk Behavior Survey [YRBS]), or when they first tried cigarette smoking, even
one or two puffs (National Youth Tobacco Survey [NYTS], Population Assessment of Tobacco and
Health [PATH] study). As highlighted in the 1994 Surgeon General’s report Preventing Tobacco Use
Among Young People,” most cigarette smokers began smoking during adolescence. According to data
from the 2008—2010 NSDUH presented in the 2012 Surgeon General’s report Preventing Tobacco Use
Among Young People,’® among adults ages 30-39 years who had ever tried cigarette smoking, 82% first
tried before age 18, and nearly 99% first tried before age 25.

NSDUH data analyzed by Caraballo and colleagues™* show that the age of initiation of smoking during
adolescence varies by race/ethnicity. Among youths ages 12—-17, American Indian/Alaska Native youths
and Native Hawaiian and Other Pacific Islander youths initiated smoking at mean ages of 11.5 and 11.8
years, respectively, compared with 12.3 years among non-Hispanic white youths, 12.4 years among
African American youths, 12.5 years among Hispanic youths, and 12.8 years among Asian American
youths.™ Data from the National Health and Nutrition Examination Survey (NHANES) also show that
among 12- to 17-year-old youths, Mexican American and non-Hispanic black youths initiated smoking
at older ages than non-Hispanic white youths.*?

National-level data reported in the 2012 Surgeon General’s report show a lower rate of smoking
initiation among non-Hispanic black youths compared with non-Hispanic white and Hispanic youths.*
This pattern parallels data from the Tobacco Use Supplement to the Current Population Survey
(TUS-CPS) that show differences by race/ethnicity in the percentage of U.S. adult smokers who initiated
regular smoking after age 18. As shown in Figure 2.1, the majority of Asian American/Pacific Islander
and non-Hispanic black smokers initiated regular smoking after age 18, in contrast to other racial/ethnic
groups.
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Figure 2.1  Percentage of U.S. Current Smokers Who Initiated Regular Smoking After Age 18, by
Race/Ethnicity, 1992/1993-2014/2015
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Note: Survey respondents were asked, “How old were you when you first started smoking cigarettes fairly regularly?”
Source: Based on data from the Tobacco Use Supplement to the Current Population Survey 1992/1993-2014/2015.13

National data indicate that youths and young adults from low-SES backgrounds are at higher risk of
smoking than their more advantaged counterparts.*®*? Data from the 19992004 NHANES show that
youth ages 12-17 living in poverty are significantly more likely to try smoking cigarettes and to report
current smoking compared with more advantaged youth.'? Trend data from the TUS-CPS also reveal
differences in the age of onset of regular smoking by poverty status and educational attainment. Since
1998/1999, a higher percentage of current adult smokers living above the poverty line initiated regular
smoking after age 18 (47% in 2014/2015) compared with those living below the poverty line (41% in
2014/2015) (Figure 2.2)." Similarly, since 1992/1993 more educated adults are more likely to have
initiated smoking after age 18 than their less educated counterparts (Figure 2.3). The age of smoking
initiation is an important behavior for surveillance and intervention efforts, because numerous studies
have linked earlier initiation to greater nicotine dependence and longer duration of smoking.™
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Figure 2.2  Percentage of U.S. Current Smokers Who Initiated Regular Smoking After Age 18, by Poverty
Status, 1998/1999-2014/2015
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Notes: Survey respondents were asked, “How old were you when you first started smoking cigarettes fairly regularly?” Unknown indicates that
respondents were not part of a family to calculate poverty level (e.g., unmarried partners or roommates).
Source: Based on data from the Tobacco Use Supplement to the Current Population Survey 1998/1999-2014/2015.13
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Figure 2.3  Percentage of U.S. Current Smokers Who Initiated Regular Smoking After Age 18, by
Educational Attainment, 1992/1993-2014/2015
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Notes: GED = General Educational Development certificate. Data collection by GED certificate began in 1998/1999. Survey respondents were asked,
“How old were you when you first started smoking cigarettes fairly regularly?”
Source: Based on data from the Tobacco Use Supplement to the Current Population Survey 1992/1993-2014/2015.13

Cigarette Smoking Prevalence Among Youth

YRBS data show that cigarette smoking prevalence among high school youth reached a high of 36.4%
in 1997, fell sharply to 21.9% in 2003,* and then declined to 15.7% in 2013 and 10.8% by 2015."
Data on middle and high school students collected by the NYTS between 2000 and 2015 also show a
linear downward trend in current cigarette use—from 10.7% to 2.3% among middle school youths, and
from 27.9% to 9.3% among high school youths.'®*° Despite this overall progress, significant disparities
in youth and young adult cigarette smoking rates persist by race/ethnicity and SES.**8

Current Cigarette Smoking Among Youth, by Race/Ethnicity

Trends in youth cigarette smoking prevalence are typically reported only for the three largest
racial/ethnic groups in the United States: non-Hispanic whites, Hispanics, and non-Hispanic blacks.
Data from the YRBS show that historically, smoking prevalence has been highest among non-Hispanic
white youth, followed by Hispanic and non-Hispanic black youth.™
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As shown in Table 2.2, pooled NSDUH data from 2013-2015 show that the prevalence of current
cigarette smoking among youth ages 12-17 was highest among American Indians/Alaska Natives
(7.0%) followed by non-Hispanic whites (6.3%), Native Hawaiians or Other Pacific Islanders (3.4%),
Hispanics (3.4%), non-Hispanic blacks/African Americans (2.7%), and Asians (1.6%). NSDUH? also
collects cigarette smoking prevalence data for Asian and Hispanic subgroups. Among Asians, Asian
Indian youth reported the highest prevalence of smoking (3.2%), and Chinese youth reported the lowest
(0.7%). Among Hispanic youth, Mexicans reported the highest prevalence of smoking (3.6%), and
Central or South American youth reported the lowest (2.4%).%° Overall, and for most racial/ethnic
groups, current smoking prevalence was higher among males than females.

Table 2.2  Prevalence of Current Cigarette Smoking Among U.S. Youth Ages 12 to 17, by Race/Ethnicity
and Sex, 2013-2015

Total Males Females
Race/Ethnicity % (95% CI) % (95% CI) % (95% CI)
Total* 4.9 (4.7-5.1) 5.1 (4.8-5.4) 4.6 (4.3-5.0)
Not Hispanic or Latino* .3 (5.1-5.6) 6 (5.2-5.9) 1(4.7-5.4)
White .3 (6.0-6.7) 5(6.1-7.0) 6.1 (5.6-6.6)
Black/African American 7 (2.3-3.1) 3.1(2.5-3.9) 2.2 (1.7-2.9)
American Indian/Alaska Native .0 (4.9-10.0) 6.5 (3.5-11.7) 7(4.8-12.0)
Native Hawaiian or Other Pacific Islander 4 (1.4-8.1) 9(1.3-6.1) —
Asian* 6 (1.1-2.5) 0(1.2-3.4) 1.2 (0.6-2.5)
Chinese .7(0.2-2.1) — 0.8 (0.2-3.4)
Filipino 9(0.3-2.7) 0.3 (0.1-1.3) 1.6 (0.4-6.1)
Japanese — — —
Asian-Indian 3.2 (1.7-6.1) 4.8 (2.3-10.0) 1.9 (0.5-7.1)
Korean 3.1(1.4-7.1) — —
Vietnamese — — —
Hispanic* 4(3.0-3.9) 6 (3.04.2) 2(2.7-3.9)
Mexican 6(3.1-4.2) 0(3.34.9) 2 (2.5-4.0)
Puerto Rican 3.3 (2.4-4.6) 3.1(1.9-4.3) 6 (2.3-5.6)
Central or South American 4(1.6-3.7) 9(1.1-3.4) .0(1.7-5.2)
Cuban 5(1.1-5.4) 0(1.6-9.8) 1(0.3-4.2)

Notes: Based on responses to the question, “During the past 30 days, have you smoked part or all of a cigarette?” Respondents who chose “Yes” were
classified as current smokers. Cl = confidence interval. Em dash (—) = low precision; no estimate reported.

*Totals include data on respondents who reported being of racial or ethnic subgroups not shown and on respondents who reported being of more than one
racial or ethnic group.

Source: Based on data from the National Survey on Drug Use and Health 2013-2015.20
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An analysis of the 2014 NYTS reported cigarette smoking prevalence for high school and middle school
students by race/ethnicity.'® Current cigarette use among middle school youth was highest among
Hispanic youths (2.8%) followed by non-Hispanic whites (2.1%), and non-Hispanic blacks (1.0%).
Among high school students, non-Hispanic whites had the highest cigarette smoking prevalence
(10.2%), followed by Hispanics (9.0%) and non-Hispanic blacks (5.7%).

Data from the Monitoring the Future (MTF) study show that 30-day smoking prevalence estimates have
consistently been higher among non-Hispanic white and Hispanic high school seniors compared with
African American high school seniors (Figure 2.4). Between 1991 and 2016, smoking prevalence
declined from 32.2% to 13.2% among non-Hispanic white high school seniors, from 24.0% to 8.2%
among Hispanic high school seniors, and from 10.6% to 6.0% among African American high school
seniors.”! These data show a narrowing of the difference in smoking prevalence for African American
compared with non-Hispanic white and Hispanic youth. Data are not reported for other racial/ethnic
groups due to small sample sizes.?

Figure 2.4  30-Day Prevalence of Cigarette Use Among U.S. 12th Graders, by Race/Ethnicity, 1991-2016
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Source: Miech et al. 2016.%!

Current Cigarette Smoking Among Youth, by SES

Parental educational attainment, often used as a proxy for SES, is also associated with disparities in
youth smoking prevalence. As shown in Figure 2.5, data from the MTF study show that differences in
youths’ smoking prevalence by parental educational status have changed over time.?* In 1991, smoking
prevalence was fairly similar among youth whose parents were in the highest educational group
compared to youths with parents in the lowest and second-lowest educational groups (27.1% compared
with 31.3% and 28.7%, respectively). However, by 2006, differences in youth smoking prevalence by
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parental educational attainment had increased, particularly between the second-lowest parental
educational group (24.7%) and the highest educational group (17.4%). As of 2016, differences between
these two groups appear to be converging (12.0% for the second- and third-lowest parental educational
group and 7.6% for the highest educational group).?

Figure 2.5  30-Day Prevalence of Cigarette Use Among 12th Graders, by Parental Educational Attainment,
1991-2016

30-day cigarette use (%)
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Notes: Parental educational attainment was assessed by taking the average of the mother’s reported education and the father’s reported education and
was categorized as follows: 1 = completed grade school or less, 2 = some high school, 3 = completed high school, 4 = some college, 5 = completed
college, and 6 = graduate or professional school after college.

Source: Miech et al. 2016.%!

Youths’ own plans for educational attainment are also strongly associated with disparities in current
smoking.'® Data from MTF (Figure 2.6) show that between 1991 and 2016 there have been striking
differences in the smoking prevalence of 12th graders who plan to pursue a 4-year college degree
compared with those who do not. The difference in smoking prevalence increased slightly until 2011,
after which it began to decrease.”* Additionally, based on data from NSDUH (2006-2010), prevalence
of current smoking among adolescent school dropouts ages 16-19 was far greater than that of
adolescents of the same age who were currently enrolled in 12th grade (57.0% versus 18.6%,
respectively).™®
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Figure 2.6  30-Day Prevalence of Cigarette Use Among 12th Graders, by College Plans, 1991-2016
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Some research suggests that the effects of SES on cigarette smoking among youths could be moderated
by race, ethnicity, and cultural factors.'® For example, data from the 1994-2002 National Longitudinal
Study of Adolescent to Adult Health (Add Health) suggest that neighborhood poverty might be
associated with smoking among non-Hispanic white but not black adolescents,?* and an analysis of
1999-2008 MTF data by Bachman and colleagues®* found that the effects of parental education on
cigarette smoking were strongest among non-Hispanic whites compared with Hispanics and non-
Hispanic blacks. The authors note that the weaker association between educational attainment and
smoking among minority youth might be partially explained by the higher percentage of black and
Hispanic youths whose parents are in the lower educational attainment categories.*

Current Cigarette Smoking Among Youth, by Sexual Orientation

Differences in current smoking prevalence are also seen among adolescents by sexual orientation.
Nationally representative data for lesbian, gay, and bisexual populations from the PATH study show that
gay/lesbian and bisexual youths ages 14-17 have a significantly higher prevalence of cigarette smoking
and of any tobacco use. Prevalence of cigarette use was highest among bisexual youth (20.1%; 95% ClI
15.8-25.3), as was prevalence of any tobacco use (29.8%; 95% CI 24.4-35.8), compared to heterosexual
youth (cigarette use: 5.8%; 95% CI 5.3-6.4) (any tobacco use: 11.8%; 95% Cl 10.9-12.7).%
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Use of Other Tobacco Products Among Youth

As novel tobacco products and marketing strategies emerge, and tobacco control policies alter the social
environment, patterns of tobacco consumption among youth may become more complex and
challenging to study. Other tobacco products discussed in this section include smokeless tobacco and
combustible products such as cigars (including cigarillos and little cigars), hookah (waterpipe), and pipe
tobacco. Another group of products has emerged more recently, often called electronic nicotine delivery
systems (e.g., electronic cigarettes [e-cigarettes], e-hookah, vape pens, tank systems). These products are
battery-powered devices designed to heat a liquid, which typically contains nicotine and a variety of
flavors, into an aerosol for inhalation by the user.?® Use of these and other tobacco products by youth
may contribute to TRHD in the future.

Data from the 2013-2014 PATH study show that patterns of using other tobacco products among youths
(12-17 years) differ by sex, race/ethnicity, and sexual orientation. With the exception of hookah, males
were more likely than females to ever use other tobacco products, including e-cigarettes, traditional
cigars, cigarillos, smokeless tobacco, snus pouches, and pipe tobacco (Figure 2.7).2° Non-Hispanic white
youth and multiracial (>2 races) youth reported the highest current use of any tobacco product, of
cigarettes, and of e-cigarettes; multiracial youth also reported the highest current use of cigars and
cigarillosngigure 2.8). Non-Hispanic white youth reported the highest ever-use of smokeless tobacco
and snus.

Figure 2.7  Ever-Use of Tobacco Products, by Product Type and Sex, 2013-2014
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Figure 2.8  30-Day Prevalence of Tobacco Product Use, by Product Type and Race/Ethnicity, 2013-2014
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*Data not shown for hookah use by people who were non-Hispanic 2 or more races because the relative standard error was greater than 30%.
Source: Kasza et al. 2017.%5

Gay/lesbian, and bisexual youth reported higher ever-use of any tobacco product compared to
heterosexual youth, with the highest use among bisexual youth, according to 2013-2014 PATH study
data. Gay/lesbian youth reported the highest prevalence of current e-cigarette use (13.4%).

National Cancer Institute (NCI) Tobacco Control Monograph 9, Cigars, Health Effects and Trends,
noted that “promotional activities for cigars have increased the visibility of cigar consumption,
normalized cigar use, and broken down barriers to cigar use.”?"*?*" Research has shown that various
cigar products are popular among youth and young adults.?® According to NYTS data, past-month cigar
use by youths in the United States increased during 2011-2012, declined for 2013-2014, and remained
unchanged for 2014-2015.% Among high school students, the prevalence of current cigar use was
similar across racial/ethnic groups: 8.3% among non-Hispanic whites, 8.8% among non-Hispanic
blacks, and 8.0% among Hispanics.” Among middle school students, Hispanic youths had the highest
proportion of current cigar use (2.9%), followed by non-Hispanic blacks (2.0%) and non-Hispanic
whites (1.4%).% Other research shows that from 2012 to 2014 among middle and high school students,
ever-use of cigars declined overall combined racial/ethnic groups (21.2% to 17.6%) and particularly
among Hispanic youth (23.1% to 18.1%) and black youth (27.8% to 20.8%).%

Results from the 1997-2015 YRBS show that cigar use was relatively stable among female high school
students and generally declined among male students (Figure 2.9). Cigar use among Hispanic and non-
Hispanic white high school students generally declined, whereas a fluctuating pattern was seen among
non-Hispanic black high school students (Figure 2.10).1%46:1731
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Figure 2.9
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Notes: Based on responses to the question, “During the past 30 days, on how many days did you smoke cigars, cigarillos, or little cigars?” Respondents
who reported that they had smoked any of these tobacco products on 1 or 2 days or more were classified as current cigar smokers.
Sources: Data based on the National Youth Risk Behavior Survey 1997-20091; 201131; 20136; 2015.17

Figure 2.10 Prevalence of Current Smoking of Any Type of Cigar Among U.S. High School Students, by
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who reported that they had smoked any of these tobacco products on 1 or 2 days or more were classified as current cigar smokers.
Sources: Data based on the National Youth Risk Behavior Survey 1997-200910; 201131; 20136; 2015.17
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Flavored Tobacco Products

Research has found that youth and young adult cigar smokers are more likely than cigar smokers in
other age groups to report having a usual cigar brand that is flavored.?® Other research shows that the
majority of youth tobacco product ever-users report that their first tobacco product was flavored.*
Overall, 70% of middle and high school students who were current users of any tobacco product—or
nearly 3.3 million youth—reported past-month use of at least one flavored tobacco product.*®* Among
high school students overall, e-cigarettes (8.8%) were the most commonly used flavored tobacco
product, followed by hookah (6.0%), cigars (5.3%), menthol cigarettes (5.0%), any smokeless tobacco
(4.1%), and pipes (0.7%).** Non-Hispanic black students reported lower use of flavored tobacco
products than non-Hispanic whites, except that use of flavored cigarettes was highest among
non-Hispanic black students (see the section “Menthol Cigarette Smoking Among Youth and

Young Adults”).

Cigarette Smoking Prevalence Among Young Adults
Current Cigarette Smoking Among Young Adults, by Race/Ethnicity

The patterns of current cigarette smoking among young adults ages 18-25 are generally similar to the
patterns among youths. Smoking prevalence is highest among American Indian/Alaska Native young
adults (41.8%), followed by non-Hispanic whites (33.3%), Native Hawaiian and Other Pacific Islanders

(24.5%), non-Hispanic blacks/African Americans (23.2%), Hispanics (22.5%), and Asians (15.1%).

Among Asian American young adults, smoking prevalence is highest among Koreans (21.0%) and
lowest among Chinese (10.0%). Among Hispanic young adults, smoking prevalence is highest among

Cubans (25.7%) and lowest among Central or South Americans (19.6%) (Table 2.3).%°

Table 2.3  Prevalence of Current Cigarette Smoking Among U.S. Young Adults Ages 18-25, by
Race/Ethnicity and Sex, 2013-2015

Total Males Females
Race/Ethnicity % (95% Cl) % (95% Cl) % (95% ClI)
Total* 28.6 (28.0-29.1) 33.5 (32.7-34.3) 23.6 (22.9-24.3)
Not Hispanic or Latino* 30.2 (29.6-30.8) 34.7 (33.8-35.6) 25.7 (24.9-26.4)
White 33.3(32.6-34.1) 37.6 (36.6-38.7) 29.0 (28.1-29.9)
Black/African American 23.3 (22.0-24.7) 29.2 (27.2-31.2) 17.9 (16.4-19.6)
American Indian/Alaska Native 41.8 (36.3-47.6) 41.3 (33.2-50.0) 42.4 (35.3-49.9)
Native Hawaiian or Other Pacific Islander 24.5(19.1-30.8) 27.8 (19.7-37.8) 20.5 (14.3-28.5)
Asian* 15.1(13.4-16.9) 20.3 (17.7-23.3) .9 (8.0-12.2)
Chinese 10.0 (7.4-13.3) 13.1(9.3-18.1) 1 (4.2-11.8)
Filipino 20.4 (15.7-26.1) 25.7 (18.5-34.4) 15.6 (10.0-23.5)
Japanese — — —
Asian-Indian 12.7 (9.7-16.5) 17.7 (13.1-23.5) 7.1(3.6-13.4)
Korean 21.0 (15.1-28.3) 30.6 (20.9-42.3) 12.0 (6.9-19.8)
Vietnamese 13.8 (9.4-19.9) 19.0 (12.2-28.4) 9.0 (4.5-17.2)
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]
Table 2.3 continued
Total Males Females
Race/Ethnicity % (95% Cl) % (95% CI) % (95% ClI)
Hispanic* 22.5(21.4-23.7) 29.2 (27.5-31.0) 15.5 (14.2-16.8)

Mexican 22.2 (20.8-23.6) 29.7 (27.6-32.0) 14.2 (12.7-15.8)

Puerto Rican 24.5(21.3-28.0) 27.2 (22.5-32.5) 21.6 (17.6-26.2)

Central or South American 19.6 (17.0-22.4) 25.9 (22.0-30.2) 12.3 (9.7-15.5)

Cuban 25.7 (19.8-32.6) 34.9 (24.9-46.5) 17.0 (11.9-23.8)

Notes: Based on responses to the question, “During the past 30 days, have you smoked part or all of a cigarette?” Respondents who chose “Yes” were
classified as current smokers. Cl = confidence interval. Em dash (—) = low precision; no estimate reported.

*Totals include data on respondents who reported being of racial or ethnic subgroups not shown and on respondents who reported being of more than one
racial or ethnic group.

Source: Based on data from the National Survey on Drug Use and Health 2013-2015.20

Current Cigarette Smoking Among Young Adults, by SES

Data from the NSDUH show a slow but steady decline in smoking prevalence for all three poverty level
groups between 2009 and 2014 (Figure 2.11). However, there was no narrowing of the gap in prevalence
between young adults living at 200% above the poverty threshold compared with those living at less
than 100% of the poverty line during this period.

Figure 2.11  30-Day Prevalence of Cigarette Use Among Adults Ages 18-25, by Poverty Level, 2007-2014
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Menthol Cigarette Smoking Among Youth and Young Adults

Various studies have documented the use of menthol cigarettes by youth and young adults over time.
For example, an analysis of NSDUH data from 2007 to 2010 found that more than half (51.7%) of new
cigarette smokers smoked menthol cigarettes, compared with 41.7% of new smokers between
2004-2006.%* Additionally, NSDUH data shows that, in 2015, an estimated 50.9% of youth ages 12—17
and 49.9% of young adults ages 18-25 reported smoking menthol cigarettes; among young adults aged
18-25, menthol smoking prevalence was highest among females (56%) (Figure 2.12).2° An analysis of
2014 NYTS data found that for current cigarette-smoking youth, prevalence of menthol cigarette
smoking was 70.5% among non-Hispanic blacks, 52.3% among Hispanics, and 51.4% among
non-Hispanic whites.*

Figure 2.12 30-Day Prevalence of Menthol Cigarette Smoking Among Youth and Young Adults, by
Age Group and Sex, 2015
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Source: Based on data from the National Survey on Drug Use and Health 2015.20

Giovino and colleagues® estimated the use of menthol cigarettes using data from the 2004-2010
NSDUH, adjusting for self-reported menthol status for selected brands either exclusively menthol or
non-menthol. Their study found that menthol cigarette smoking was more common among youth
(56.7% among 12- to 17-year-olds) and young adults (45.0% among 18 to 25-year-olds) than among
older adults (30.5%—-34.7%). Additionally, between 2004 and 2010, the rate of non-menthol cigarette
use decreased among youth, but the rate of menthol cigarette use remained constant. Among young
adults, non-menthol cigarette use also declined, but menthol smoking rates increased. The authors
concluded that “young people are heavy consumers of mentholated cigarettes. Progress in reducing
youth smoking has likely been attenuated by the sale and marketing of mentholated cigarettes, including
emerging varieties of established youth [non-mentholated] brands.”*>#2
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A number of factors may contribute to the high rates of menthol cigarette use among youth. As
discussed in chapter 4, menthol produces a variety of sensory effects. Beyond serving as a flavorant, the
multisensory effects of menthol—which acts on the olfactory, gustatory, and trigeminal systems—may
appeal to youth, and may contribute to the addictive potential of cigarettes.**%’ Current young adult
menthol smokers may perceive menthol cigarettes as safer than non-menthol cigarettes.*® An analysis of
tobacco industry documents found that cigarette companies carefully researched the menthol segment of
the market and tracked menthol cigarette use by age, sex, and race; this analysis concluded that
“menthol is a prominent design feature used by cigarette manufacturers to attract and retain new,
younger smokers.3%P112

Adult Tobacco Use Behaviors
Cigarette Smoking Prevalence Among Adults

Table 2.4 presents National Health Interview Survey (NHIS) prevalence data on adult smoking between
1994 and 2015 by sex, race/ethnicity, and SES. As with youth, current smoking among adults has
decreased substantially over time. In 1994, 25.5% of U.S. adults reported current smoking,*® compared
with 15.1% in 2015.*" Although declines in smoking prevalence have occurred among adults of both
sexes, from all racial/ethnic groups, and at all poverty and educational levels, disparities in smoking
prevalence remain. For example, in 2015, males continued to have a higher prevalence of current
smoking than females (16.7% versus 13.6%).**

i 46



I

Table 2.4  Prevalence of Current Cigarette Smoking Among U.S. Adults Age 18 and Older, by Sex, Race/Ethnicity, Poverty Status, and
Educational Attainment, 1994-2015
Category 1994 1998 2002 2006 2010 2011 2012 2013 2014 2015
Total 255 241 225 20.8 19.3 19.0 18.1 17.8 16.8 15.1
Sex
Male 28.2 264 25.2 23.9 215 21.6 20.5 20.5 18.8 16.7
Female 23.1 22.0 20.0 18.0 17.3 16.5 15.8 15.4 14.8 13.6
Race/Ethnicity*
White 26.3 25.0 23.6 21.9 21.0 20.6 19.7 19.4 18.2 16.6
Black 27.2 247 224 23.0 20.6 19.4 18.1 18.3 17.5 16.7
Hispanic/Latino 19.5 19.1 16.7 15.2 12.5 12.9 12.5 12.1 11.2 10.1
American Indian/ 42.2 40.0 40.8 324 314 31.5 21.8 26.1 29.2 21.9
Alaska Native
Asian/Pacific Islander 13.9 13.7 — — — — — — — —
Asian — — 13.3 10.4 9.2 9.9 10.7 9.6 9.5 7.0
Multiple race — — — — 25.9 27.4 26.1 26.8 27.9 20.2
Poverty Status
At or above 241 23.5 22.2 20.4 18.3 17.9 17.0 16.2 15.2 13.9
Below 34.7 32.3 32.9 30.6 28.9 29.0 27.9 29.2 26.3 26.1
Unknown 28.8 22.5 19.7 18.3 16.0 15.0 13.6 16.0 16.4 10.5
Educational Attainmentt
<8 23.7 21.9 19.3 17.4 16.2 15.0 15.2 154 13.7 144
9-11 38.2 36.8 34.1 35.4 33.8 34.6 321 33.2 29.5 31.6
0-12 (no degree) — — 27.6 26.7 25.1 255 247 24.2 22.9 24.2
12 (no degree) — — 31.0 25.6 21.7 251 24.7 19.7 25.7 26.3
GED certificate — — 42.3 46.0 45.2 45.3 41.9 41.4 43.0 34.1
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Table 2.4 continued

Category 1994 1998 2002 2006 2010 2011 2012 2013 2014 2015
12 (degree) 29.8 274 25.6 23.8 23.8 23.8 231 22.0 21.7 19.8
Associate’s degree — — 21.5 21.2 18.8 19.3 17.9 17.8 171 16.6
Some college — — 23.1 22.7 23.2 22.3 20.9 20.9 19.7 18.5
Undergraduate — — 12.1 9.6 9.9 9.3 9.1 9.1 7.9 7.4

degree

Graduate degree — — 7.2 6.6 6.3 5.0 5.9 5.6 54 3.6

13-15 25.7 24.6 — — — — — — — —

=16 12.3 11.3 — — — — — — — —

Notes: Em dash (—) = data not collected in a category for a particular year. GED = general educational development certificate. Current smokers include those who smoked 100 cigarettes per day
and who smoked every day or some days. Data were not collected in 1996. NHIS was redesigned in 1997, and trend analysis and comparison with data years before 1997 should be conducted with
caution.

*All racial/ethnic groups are non-Hispanic except those categorized as Hispanic. In 1997 the Office of Management and Budget changed its data collection guidelines to require that Native Hawaiian
and Other Pacific Islander data be collected separately from Asian. Limited data were collected on American Indians/Alaska Natives, and data for a single year could be unstable or unreliable due to
a small sample size. Data on current smoking among Native Hawaiians/Pacific Islanders are not reported.

tAdditional categories were added to education in 1999.

Source: Based on data from the National Health Interview Survey 1994-2015,240414447,132-135
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Current Smoking Among Adults, by Race/Ethnicity and SES

American Indian/Alaska Native adults have long had the highest prevalence of current smoking of all
U.S. racial/ethnic groups.”** NHIS data show that in 2015, 21.9% of American Indian/Alaska Native
adults reported current smoking compared with 16.7% of blacks, 16.6% of non-Hispanic whites,

10.1% of Hispanics, and 7.0% of Asian adults (Table 2.4).* Significant disparities in cigarette smoking
also persist among adults with lower educational attainment compared with those with higher
educational attainment. Additionally, smoking prevalence has long been higher among adults living
below the poverty level, and is declining at a slower pace among these adults, compared with those
living at or above poverty (Figure 2.13). In 1994, 34.7% of adults living below the poverty level smoked
cigarettes, compared to 24.1% of those at or above poverty.*’ In 2015, 26.1% of adults living below the
poverty line smoked cigarettes compared to 13.9% of adults living at or above poverty.**

Figure 2.13 Current Smoking Among U.S. Adults, by Poverty Status, 1994-2015
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Source: Based on data from the National Health Interview Survey 1994-2015,240414447,132-145

Current Smoking Among Adults, by Sexual Orientation

The first nationally representative study to show a higher prevalence of smoking among LGBT adults
ages 18 and older compared with heterosexual/straight adults (32.8% vs. 19.5%), used data from the
2009-2010 NATS.* Data on sexual orientation has been collected by NHIS beginning in 2013, and by
NSDUH beginning in 2015. NHIS data show that, as with other populations, the prevalence of smoking
among lesbian, gay, and bisexual individuals has declined over time. However, significantly higher
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smoking levels are found among lesbian, gay, and bisexual populations for both men and women,
compared to heterosexuals. In 2013, 26.6% of individuals who identified as leshian, gay, or bisexual
reported current smoking compared to 17.6% of heterosexuals.** In 2015, 20.6% of individuals who
identified as lesbian, gay, or bisexual reported smoking compared to 14.9% of heterosexuals.** NSDUH
data show a similar trend: 32.8% of those who identified as bisexual and 30.4% of lesbians reported
smoking within the past month compared to 20.7% of heterosexuals.?’ Data collected by the PATH
study in 2013-2014 show a higher prevalence of current smoking among gay, lesbian, and bisexual
adults compared to heterosexual adults; smoking was highest among bisexual individuals (32.6%).°

Adult Cigarette Consumption—Light and Intermittent Smoking

Recent trends in smoking patterns and behaviors indicate a higher prevalence of light smoking
(variously defined as less than 9 or 10 cigarettes/day) and intermittent (non-daily) smoking in the United
States and abroad.*>*® National-level data show declines in the percentage of daily smokers who smoke
30 or more cigarettes per day (from 12.6% in 2005 to 6.8% in 2015) and a significant increase in the
proportion of daily smokers who smoke 9 or fewer cigarettes per day (from 16.4% in 2005 to 25.1% in
2015).*4" As shown in Figure 2.14, the trend toward light (<10 cigarettes/day) smoking is seen among
all racial/ethnic groups, but historically, the prevalence of light smoking has been higher among
racial/ethnic minority groups compared with non-Hispanic whites. A similar pattern is also seen among
low-income adult light smokers, by race/ethnicity; nearly 80% of low-income Hispanic smokers
consume 10 or fewer cigarettes per day.*

Figure 2.14 Percentage of U.S. Adults Smoking <10 Cigarettes per Day, by Race/Ethnicity,
1992/1993-2014/2015
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Other research also indicates that the trend toward increased light and intermittent smoking is
significantly more pronounced among smokers from racial/ethnic minority groups than non-Hispanic
white smokers.*®*#49 Data from the 2003 TUS-CPS show that African American and non-Hispanic
white smokers reported a higher prevalence of current daily smoking (49.2% and 43.9%, respectively),
regardless of smoking intensity (assessed by cigarettes per day [CPD]) compared with Hispanic/Latino
and Asian/Pacific Islander smokers (36.9% and 38.1%, respectively).”® However, the prevalence of
current intermittent smoking was significantly higher among African Americans (15.9%), Asians/Pacific
Islanders (16.1%), and Hispanics/Latinos (20.8%) compared with non-Hispanic whites (8.5%). In other
research modeling the odds of being a light (<10 CPD) and/or intermittent smoker (adjusting for other
characteristics), Hispanics (odds ratio [OR] 5.38; 95% CI 4.38-6.61), non-Hispanic African Americans
(OR 3.67; 95% CI 2.92-4.60), and people of other races (OR 1.81; 95% CI 1.40-2.34), were much more
likely to be light/intermittent smokers compared to non-Hispanic whites. A similar pattern was observed
among light/daily smokers but with more attenuated risk estimates.*®

Smoking Duration Among Adults

Using data from the 2003 and 2006/2007 TUS-CPS, Siahpush and colleagues found substantial
differences in smoking duration by race/ethnicity, SES, and other demographic factors. The highest
median duration of smoking was found among American Indians (32 years), followed by blacks and
“other” races (30 years), whites (28 years), and Hispanics (24 years). The authors also found a strong
gradient based on SES; for example, the median duration of smoking among people living at or below
the poverty level was 40 years, compared with 22 years among people living at least three times above
poverty. Median duration of smoking also differed by occupation, employment status, age at smoking
initiation, and region of the country.”

Menthol Cigarette Smoking Among Adults

The NSDUH has collected nationally representative data on menthol cigarette smoking among people
age 12 years and older annually since 2004. The TUS-CPS has collected nationally representative data
on menthol cigarette smoking among adults periodically since 2003. In addition, questions about
menthol cigarette use have sometimes been included in other survey instruments. (See chapter 4 for
information about menthol as an ingredient in cigarettes.)

Based on the four nationally representative surveys of U.S. adults (NHANES [1999-2010], NHIS [2005
and 2010], TUS-CPS [2003 and 2006/2007], and NSDUH [2000-2009]), it was estimated that
approximately 26%-30% of all adult smokers smoke menthol-flavored cigarettes.> TUS-CPS data from
2014/2015 showed that 32.5% of U.S. smokers reported typically smoking menthol-brand cigarettes.™
According to NSDUH data, 35.5% of adult smokers age 26 or older reported current smoking of
menthol cigarettes in 2015.%° An analysis by Villanti and colleagues®® comparing 2008-2010 and
20122014 NSDUH data found that while the prevalence of current menthol cigarette smoking
increased across all age groups, the largest increase was among 26- to 34-year-olds (34.6% in
2008-2010 to 43.9% in 2012-2014). TUS-CPS data (Figure 2.15) also show increased use of menthol
cigarettes since 2006/2007, especially among young adults (18-24) and adults ages 25 to 34.
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Figure 2.15 Percentage of U.S. Adult Smokers Whose Usual Cigarette Brand Was Menthol, by Age,
2003-2014/2015
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An upward trend in menthol cigarette smoking is seen for both sexes, with a higher prevalence of
menthol cigarette smoking among women than men (38.1% vs. 27.7% in 2014/2015) (Figure 2.16)."

Figure 216 Percentage of U.S. Adult Smokers Whose Usual Cigarette Brand Was Menthol, by Sex,
2003-2014/2015
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As shown in Figure 2.17, African Americans consistently report the highest prevalence of menthol
cigarette smoking of any racial/ethnic group. TUS-CPS data from 2014/2015 suggest that the prevalence
of menthol cigarette smoking may be increasing among Hispanics (Figure 2.17).

Figure 217 Percentage of U.S. Adult Smokers Whose Usual Cigarette Brand Was Menthol, by
Race/Ethnicity, 2003—-2014/2015
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The most recent TUS-CPS data also show differences in current use of menthol cigarettes by
employment and educational attainment. In 2014/2015, 42.0% of current smokers who were
unemployed smoked menthol cigarettes, compared with 32.2% of smokers who were employed and
30.8% of smokers not in the labor force. Additionally, service industry workers who currently smoke
reported a higher prevalence of menthol cigarette smoking (41.0%) than smokers who were white-collar
workers (31.3%), blue-collar workers (30.6%), or workers in other industries (30.9%). Smokers with
9-11 years of education reported a higher prevalence of current menthol cigarette smoking (35.4%) than
a high school degree (31.6%), those with some college (31.5%), a college education or greater (24.7%),
or 8 years or less of education (23.5%).*®

Use of Other Tobacco Products Among Adults

Use of other (non-cigarette) tobacco products is common among adults. Data from the PATH study
found that, in 2013-2014, nearly 28% of adults were current users of at least one tobacco product, and
approximately 40% of these adults currently used multiple tobacco products. Use of traditional
cigarettes and e-cigarettes was the most common tobacco product combination.”® According to the
2013-2014 PATH study data, young adults (18- to 24-years-old) reported a higher proportion of ever-
use of e-cigarettes, cigarillos, hookah, filtered cigars, and snus pouches compared to adults age 25 years
and older. Young adults also reported more frequent use of e-cigarettes, cigarillos, hookah, and
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smokeless tobacco compared to older adults. Men were more likely than women to use any type of
non-cigarette product.

As shown in Figure 2.18, the prevalence of current use of other tobacco products (as well as use of
cigarettes) varies by race/ethnicity. Adults reporting multiple races had the highest rates of use of many
different tobacco products, except for smokeless products. Among people of a single race, American
Indian/Alaska Natives had the highest use of e-cigarettes (10.1%); non-Hispanic blacks had the highest
use of cigarillos (9.6%); and Asians had the highest use of hookah (6.1%). Bisexual adults reported the
highest current use of any type of cigars (6.2%, traditional cigars; 11.4%, cigarillos; 5.3%, filtered
cigars). Prevalence of current e-cigarette use was around 12% for both bisexual and gay adults.
Prevalence estimates of use of any type of tobacco product were higher among lesbian, gay, and
bisexual adults than among heterosexual adults.®

Figure 2.18 30-Day Prevalence of Tobacco Product Use Among U.S. Adults, by Product Type and
Race/Ethnicity, 2013-2014
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Adults with a General Educational Development (GED) certificate reported the highest current use of
e-cigarettes (10.6%), any type of cigar (13.1%), and smokeless tobacco (5.9%) compared to people of
other education levels.

Electronic Cigarettes

Both awareness and use of e-cigarettes have increased over time among adults: HealthStyles survey data
for the years 2010-2013 found increased awareness (from 40.9% to 79.7%), ever-use (3.3% to 8.5%),
and current use (1.0% to 2.6%).>* NATS, conducted in 2013-2014, found that overall, 3.3% of adults
age 18 or older used e-cigarettes every day or some days.>* Use was higher among men (4.0%) than
women (2.8%) and was also higher among young adults ages 18-24 (5.5%) than other age groups.
E-cigarette use was also high among people with a GED (8.0%), and lesbian, gay, or bisexual
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individuals (6.9%). Analysis of data from the 2013-2014 PATH study found that overall, 5.5% of adults
were current e-cigarette users; of these, 21.3% reported using e-cigarettes on a daily basis.>

Cigars

In the United States, there is wide variation in the landscape of cigar products in relation to cigar type
(traditional/premium/large cigars, cigarillos, little filtered cigars [LFC]), flavor, pack size, and brand.?®
Data from the 2012-2013 NATS show that 7.3% of U.S. adults smoke cigars “every day,” “someday,”
or “rarely.” Of these, 61.8% reported usually smoking cigarillos; 19.9%, premium cigars; and 18.4%,
LFCs.® A majority of male and female cigar smokers reported cigarillos as their usual cigar type (61.6%
and 59.4%, respectively); 23.9% of men reported premium cigars as their usual cigar type, and LFCs
were the usual cigar type of 35.3% of women compared to 14.5% of men. Additionally, 72.1% of adults
ages 18-29 reported cigarillos as their usual cigar type, but 15.1% of people in this age group smoked
premium cigars and 12.8% smoked LFCs. Differences in cigar type are also found by race/ethnicity:
82.6% of non-Hispanic blacks reported cigarillos as their usual type, whereas 26.7% of non-Hispanic
whites reported premium cigars as their usual type. Generally, adults with higher educational levels and
annual household incomes had a lower prevalence of usual use of cigarillos and of LFCs and a higher
prevalence of usual use of premium cigars. The prevalence of LFCs as the usual type was higher among
lesbian, gay, and bisexual adults (35.6%) than among heterosexual adults (17.6%).>® Figure 2.19 shows
NSDUH data on trends in cigar use among young adults (18-25 years) by poverty level; these data
reveal a generally decreasing trend.

Figure 2.19 30-Day Prevalence of Cigar Use Among Young Adults Ages 18-25, by Poverty Level,
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Flavored Tobacco Products

Non-cigarette tobacco products are increasingly common and available in a growing number of
flavors.>” Research analyzing data from the 2013-2014 NATS found that reported prevalences of using
flavored tobacco products in the past month by U.S. adults were: hookah, 82.3%; e-cigarette, 68.2%;
smokeless tobacco, 50.6%; cigar, 36.2%; and pipe smoking, 25.8%.> Specific flavors varied by product
type, but overall, the most commonly used flavors were menthol or mint; clove, spice, or herb; fruit;
alcohol; and candy, chocolate, or other sweet flavors. Disparities in flavored tobacco product use were
observed by age, sex, income, education, and sexual orientation, with more use of flavored products
among young adults (ages 18-24), women, gay/lesbian and bisexual individuals, and people of less
income or education. Among e-cigarette users, non-Hispanic blacks reported the highest prevalence of
flavored use (87.5%).%®

Quitting and Cessation Behaviors Among Adults

Quit attempts and smoking cessation behaviors vary by racial/ethnic group and SES. As discussed in the
1998 Surgeon General’s report Tobacco Use Among U.S. Racial/Ethnic Minority Groups®® and
elsewhere, more white ever-smokers than African American ever-smokers report successfully quitting
for at least 30 days.>® ® Data from the 2015 NHIS show that non-Hispanic black adult smokers report
greater interest in quitting smoking (72.8%; 95% CI 68.2—77.4) than Asians (69.6%; 95% CI 59.5-79.8),
non-Hispanic whites (67.5%; 95% CI 65.0-70.0), Hispanics (64.7; 95% CI 61.9-72.8), and American
Indians/Alaska Natives (55.6%; 95% CI| 35.8-75.4).°* The highest rate of past-year quit attempts was
made by Asians (69.4%; 95% CI 62.1-76.7), followed by non-Hispanic blacks (63.4%; 95% CI
59.0-67.9), Hispanics (56.2%; 95% CI 51.6-60.9), non-Hispanic whites (53.3%; 95% CI 50.8-55.7),
and American Indians/Alaska Natives (52.1%; 95% CI 32.1-72.2). However, rates of recent smoking
cessation (for 6 months or more during the past year) were lower among non-Hispanic blacks (4.9%;
95% CI 3.2-6.6) compared with Asians (17.3%; 95% CI 10.1-24.5), Hispanics (8.2%; 95% ClI
5.5-10.9), and non-Hispanic whites (7.1%; 95% CI 6.0-8.2).%

Trinidad and colleagues* conducted an in-depth examination of quitting and cessation behaviors across
U.S. racial/ethnic groups using data from the 2003 TUS-CPS. Among current daily smokers, they found
that members of racial/ethnic minority groups were significantly less likely than non-Hispanic whites to
report a quit attempt lasting at least 1 day in the past year. Only 58.6% (+2.3) of African Americans,
59.6% (5.8) of Asians/Pacific Islanders, and 60.3% (+£3.1) of Hispanics/Latinos reported a quit attempt
that lasted 1 day or longer in the past year, compared with 69.4% (+1.0) of non-Hispanic whites. Among
current intermittent smokers, the rate of quit attempts was even lower across racial/ethnic groups, and
significantly lower among Hispanic/Latino smokers compared with members of other racial/ethnic
groups. In this same study, multivariable analyses found that African American smokers were only
about 50% as likely to achieve smoking cessation for at least 6 months compared with non-Hispanic
whites (OR =0.51; 95% CI 0.36, 0.72), after age, sex, education, income, and nicotine dependence were
controlled for. No statistically significant differences in 6-month smoking cessation were reported for
Asians/Pacific Islanders or Hispanic/Latino smokers compared with non-Hispanic whites. Trinidad and
colleagues® also found that the prevalence of former smoking among ever-smokers was lower among
African Americans (30.4% + 1.6), Hispanics (36.6% = 1.8), and Asians/Pacific Islanders (39.8% = 3.6)
compared with non-Hispanic whites (42.9% + 0.6); however, the difference was statistically significant
only for African American and Hispanic smokers.
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Several nationally representative studies show that low-income smokers are less likely to quit than
higher income smokers.**®*% Trinidad and colleagues*® conducted multivariable analyses using data
from the 2003 TUS-CPS and found that those with annual household incomes two times below the U.S.
Census Bureau poverty threshold were significantly less likely than more advantaged smokers to
achieve 6 months of smoking abstinence. Data from the 2015 NHIS did not show differences in quitting
interest, recent quit attempts, or smoking cessation by poverty status, but did find differences by health
insurance coverage. Recent smoking cessation was higher among smokers with private insurance (9.4%;
95% CI 7.9-10.9), compared with smokers covered through Medicaid (5.9%; 95% CI 4.1-7.7) and those
who were uninsured (5.2%; 95% CI 3.3-7.0).%

National-level data also show significant disparities in quitting and smoking cessation behaviors by
educational attainment.****® In an analysis of 2003 TUS-CPS data, Trinidad and colleagues* found
that smokers with a college degree were 1.7 times (95% CI 1.39-2.12) more likely to report a 6-month
smoking cessation period than those without a high school diploma. Reid and colleagues® also reported
that smokers with higher education were more likely to intend to quit, make a quit attempt, and be
abstinent for at least 1 month or 6 months. Data from the 2015 NHIS show that a lower percentage of
smokers with less than a high school education report recent smoking cessation (4.4%; 95% Cl 2.7-6.1)
compared with those with an associate degree (9.2%; 95% CI 7.4-15.0) and those with an undergraduate
college degree (11.2%; 95% CI 7.4-15.0).%?

Insurance Coverage of Tobacco Dependence Treatment

Health insurance coverage is associated with increased access to medical care, including preventive
services such as smoking cessation treatment. Disparities in health care access and quality might
contribute to higher smoking initiation and SHS exposure rates, higher current smoking prevalence, and
lower quitting success among members of racial/ethnic minorities and people with lower incomes. The
percentage of the overall U.S. population who are uninsured declined from 22.3% in 2010 to 12.8% in
2015.% However, as shown in Figure 2.20, there are substantial differences in uninsurance rates, with
Hispanic/Latino adults the least likely to have health insurance of any racial/ethnic group. Among adults
younger than 65, higher rates of uninsurance are also found among younger age groups and among those
who are poor or near poor.
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Figure 2.20 NHIS Participants Under Age 65 Who Lacked Health Insurance Coverage at Time of Interview,
by Race/Ethnicity, 2009-2015
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Various steps have been taken to provide tobacco dependence treatments for Americans, including low-
income Americans, through insurance coverage. The 2008 Public Health Service Clinical Practice
Guidelines recommended that all state Medicaid insurance programs provide coverage for tobacco
dependence treatment medications (i.e., gum, patch, lozenge, nasal spray, inhaler, varenicline, bupropion
hydrochloride) and behavioral counseling (i.e., individual, group, telephone).®” The Affordable Care Act
(ACA) mandated that all United States Preventive Services Task Force A and B level recommendations
must be covered by private health plans without cost-sharing, which includes tobacco cessation
interventions.®® Additionally, in October 2010, the ACA mandated Medicaid coverage of tobacco
dependence treatments for pregnant women. As of January 2014, state Medicaid programs were required
by the ACA to cover the costs of FDA-approved tobacco dependence medications for all Medicaid
recipients. The 2014 report on state Medicaid coverage for tobacco dependence treatments finds that
while all states cover tobacco dependence treatments for some enrollees, only nine states cover all nine
evidence-based cessation methods (excluding telephone counseling) (Figure 2.21).%° While this is a
marked improvement from previous years, barriers to access still exist, including duration limits
(applicable in 40 states), annual limits on quit attempts, pre-authorization requirements, and co-pays. In
addition, studies indicate that many smokers with Medicaid insurance are unaware of programs that
provide coverage for smoking cessation pharmacotherapies,”®"* and that Medicaid programs that offer
treatment lack the necessary outreach efforts to inform clients of those benefits.”® Increasing coverage of
tobacco dependence treatment and awareness of this coverage by both smokers and health care providers
can increase quit attempts, use of effective treatment, and quit rates, and contribute to reducing
TRHD.?"%®
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Figure 2.21 State Medicaid Coverage of Tobacco Dependence Treatments, 2008 and 2015
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Secondhand Smoke and Prenatal Tobacco Exposure

The 2006 Surgeon General’s report, The Health Consequences of Involuntary Exposure to Secondhand
Smoke, concluded that “secondhand smoke exposure causes premature death and disease in children and
in adults who do not smoke”">"** and that, among nonsmoking adults, SHS exposure is causally related
to heart disease and lung cancer. The 2014 Surgeon General’s report confirmed a causal relationship
between secondhand smoke (SHS) exposure and stroke.* Children exposed to SHS are at a higher risk of
sudden infant death syndrome (SIDS), acute respiratory infections, ear problems, and poor lung
function.” Prenatal smoke exposure is causally linked to reduced fertility, pregnancy complications, and
poor birth outcomes, including impaired lung development, low birth weight, and preterm delivery.”"

The burden of SHS exposure is experienced disproportionately among nonsmoking racial/ethnic
minority individuals and people from low-SES backgrounds, including nonsmoking pregnant women, as
detected by biomarkers of exposure (e.g., cotinine). From 1999 to 2012, the percentage of the
nonsmoking population age 3 and older with detectable serum cotinine levels >0.05 ng/mL declined
across all racial/ethnic groups.”® However, a significantly higher proportion of non-Hispanic black
nonsmokers continued to have serum cotinine levels of >0.05 ng/mL, compared to Mexican American
and non-Hispanic white nonsmokers. For example, in 2011-2012, nearly 50% of non-Hispanic black
nonsmokers had serum cotinine levels of >0.05 ng/mL, compared with 22% of non-Hispanic white and
24% of Mexican American nonsmokers.”® Also between 1999 and 2012, serum cotinine levels of
>0.05 ng/mL declined significantly among nonsmokers age 3 years and older regardless of poverty
status. However, in 2011-2012, a significantly greater percentage of nonsmokers living in poverty had
serum c%tinine levels of >0.05 ng/mL compared with their higher income counterparts (43.2% vs.
31.7%).
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Data from the Pregnancy Risk Assessment Monitoring System (PRAMS) show that the prevalence of
maternal smoking during pregnancy declined significantly between 2000 and 2010.”® However, PRAMS
data also show differences in the prevalence of smoking during pregnancy by race/ethnicity. In 2010,
smoking during pregnancy was highest among American Indians/Alaska Natives (26.0%), followed by
non-Hispanic whites (14.3%), non-Hispanic blacks (8.9%), Hispanics (3.4%), and Asians/Pacific
Islanders (2.1%).” Birth certificate data from 2014 show a similar trend: American Indians/Alaska
Natives had the highest prevalence of smoking during pregnancy (18.0%) followed by non-Hispanic
whites (12.2%); lower prevalence rates were found for non-Hispanic blacks (6.8%), Hispanics (2.0%),
and Asians (0.7%)."”

Birth certificate data for 2014 show that, overall, about 8.4% of women smoked at any time during their
pregnancy, and differences between groups in the prevalence of maternal smoking during pregnancy
closely followed differences between groups in the prevalence of smoking before pregnancy. Higher
rates of smoking during pregnancy were seen in women with fewer than 12 years of education (14.1%),
women with Medicaid coverage (14.0%), women ages 20-24 (13.0%), unmarried women (14.7%), and
non-Hispanic American Indian/Alaska Native women (18.0%).”” National data also show that a
mother’s educational level and smoking during pregnancy independently increase the risk of smoking
among her offspring.”® Additionally, being black non-Hispanic (adjusted prevalence ratio [aPR] = 1.25;
95% CI 1.14-1.38) compared with being white non-Hispanic and having 12 years of education

(aPR =1.09; 95% CI 1.01-1.17) compared with having more than a high school education were found to
be associated with postpartum relapse to smoking.” Data from the 2010 PRAMS also indicate
disparities in the prevalence of smoke-free home rules postpartum.’® Overall, 93.6% of women with a
recent live birth reported having a complete smoke-free home rule; women who smoked during
pregnancy and postpartum had the lowest percentage of smoke-free home rules (77.6%). Lower
percentages of smoke-free home rules were also found among non-Hispanic black women (86.8%),
American Indian/Alaska Native women, women with an annual income below $15,000 (87.6%), women
with fewer than 12 years of education (88.6%), women with Medicaid coverage during pregnancy or
delivery (89.7%), and women enrolled in the Special Supplemental Nutrition Program for Women,
Infants and Children (WIC) (90.6%).”

Disparities also exist regarding SHS exposure among children and adolescents. While overall SHS
exposure, measured by serum cotinine, declined from 52.5% in 1999-2000 to 25.3% in 2011-2012,
declines have been slower and rates of exposure have remained higher among children ages 3 to 11
(40.6%) and adolescents ages 12 to 19 (33.8%) compared with adults (21.3%).”> NHANES data from
2011-2012 show that 67.9% of non-Hispanic black children (3-11 years old) were exposed to SHS
compared with 37.2% of non-Hispanic white and 29.9% of Mexican American children.” Using
NHANES data from 2003 to 2006, Marano and colleagues® found that 24.1% of non-Hispanic black
youth (3-19 years old) were exposed to SHS in the home compared with 19.4% of non-Hispanic white
and 6.6% of Mexican American youth. Even among children and youths who were not exposed to SHS
in the home, non-Hispanic blacks had significantly higher serum cotinine levels compared with
non-Hispanic whites.*

NHANES data from 2003 to 2006 also show that SHS exposure in the home was significantly higher
among children and adolescents from families with annual family incomes of less than $20,000
compared with those from families with annual family incomes of $20,000 or more (26.4% vs. 15.5%,
respectively).®
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Prevalence of SHS exposure in the home among children and adolescents also varied by the educational
attainment level of the household reference person, defined as an adult resident 18 years old or older
owning or renting the residence sampled. When the household referent had less than a high school
education, prevalence of exposure was 24.9%; with a high school education or equivalent, 19.7%; and
with more than a high school education, 11.8%. These data also show significantly higher serum
cotinine levels among children and youths from families with lower annual family incomes and lower
householder educational levels, regardless of SHS exposure in the home.®

Tobacco-Related Cancer Incidence and Mortality

Approximately half of all people who continue to smoke will die from tobacco-related diseases,®* and
smoking contributes to at least 30% of all cancer deaths in the United States.®? Cigarette smoking and
exposure to SHS are estimated to result in more than 480,000 premature deaths in the United States each
year.! Annual smoking-attributable costs for the years 2009—2012 are estimated at $289-$332.5 billion,
which includes $132.5-$175.9 billion for adult direct medical care, $151 billion for lost productivity due
to premature deaths, and $5.6 billion for lost productivity due to exposure to SHS.!

There are at least 7,000 chemicals in tobacco smoke, and at least 69 are known to cause cancer.®®
Tobacco smoking, SHS, and smokeless tobacco were listed as human carcinogens in the U.S.
Department of Health and Human Services Report on Carcinogens, 9th edition (2000).2* The
International Agency for Research on Cancer (IARC) has designated tobacco smoking, SHS exposure,
and smokeless tobacco as carcinogenic to humans.?>® As of 2014, the Surgeon General has causally
linked cigarette smoking to 12 different cancers: acute myeloid leukemia, and cancers of the lung,
trachea, and bronchus; oropharynx; esophagus; larynx; stomach; bladder; kidney and ureter; pancreas;
uterine cervix; colon and rectum; and liver. The evidence for a causal relationship between active
smoking, SHS exposure, and breast cancer was found to be suggestive but not sufficient.! The 2014
Surgeon General’s report, as well as many previous reports, confirms a causal link between smoking and
many serious chronic diseases, including chronic obstructive pulmonary disease (COPD), coronary heart
disease, stroke and atherosclerotic peripheral vascular disease, diabetes, and overall diminished health
status. The 2014 Surgeon General’s report estimated that the leading causes of annual average smoking-
attributable mortality (SAM) among adults age 35 and older between 2005 and 2009 were lung and
other cancers (163,700 deaths), followed by cardiovascular diseases (160,600 deaths) and respiratory
diseases (113,100 deaths). Lung cancer alone contributed to 158,530 deaths annually (88,730 deaths
among men, 69,800 deaths among women).

The 2010 Surgeon General’s report, How Tobacco Smoke Causes Disease: The Biology and Behavioral
Basis for Smoking-Attributable Disease,®® summarizes the science on how tobacco smoking harms
health. The conclusions of the 2010 Surgeon General’s report include:

Inhaling the complex chemical mixture of combustion compounds in tobacco smoke
causes adverse health outcomes, particularly cancer and cardiovascular and pulmonary
diseases, through mechanisms that include DNA damage, inflammation, and oxidative
stress.

Through multiple defined mechanisms, the risk and severity of many adverse health
outcomes caused by smoking are directly related to the duration and level of exposure to
tobacco smoke.33P?
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Cigar smokers have an increased risk of oral, esophageal, laryngeal, and lung cancer®™®’ and “regular

cigar smokers who inhale, particularly those who smoke several cigars per day, have an increased risk of
coronary heart disease and chronic obstructive pulmonary disease.”®” ™ As with cigarettes, cigar
smoking involves the burning of tobacco; cigars have the potential to deliver as much nicotine and may
contain the same or higher levels of carcinogens and toxicants as cigarettes.”” A systematic review of the
literature on the health risks of cigar smoking concluded that mortality from cigar smoking varies by
level of smoke exposure (measured by cigars per day, inhalation level) and can equal or exceed the
mortality risk of cigarette smoking; even among cigar smokers who do not inhale, mortality risk from
oral, esophageal, and laryngeal cancers was elevated.® In another study examining the SAM of regular
cigar smoking, cancers of the trachea, lung, and bronchus were the leading causes of premature death,
followed by cancers of the larynx and lip, oral cavity, and pharynx.® This study estimated that in 2010,
cigar smoking caused more than 9,000 premature deaths among adults age 35 years and older, with lung
cancer as the leading cause of premature death. SAM estimates for men (>8,000) were higher than for
women (>1,000), reflecting men’s higher cigar smoking rates.

The estimated number of new cancer cases and deaths (in 2017) for selected tobacco-related cancers,
based on incidence data from the North American Association of Central Cancer Registries (1999-2013)
and mortality date from the National Center for Health Statistics, Centers for Disease Control and
Prevention (2000—-2014), is shown in Table 2.5.°° Among men, the highest number of new cases were
lung/bronchial, bladder, and kidney/renal cancers, and the highest number of deaths were
lung/bronchial, pancreatic, and esophageal cancers. Among women, both the highest number of new
cases and the highest number of deaths were lung/bronchial, pancreatic, and kidney/renal cancers.*® The
proportion of cancer deaths attributed to cigarette smoking varies by cancer site, from an estimated 80%
of lung, bronchus, and trachea cancer deaths to 10% of deaths from colorectal cancer.®*

Table 2.5 Tobacco-Related Cancers: Estimated New Cases and Deaths in 2017

Expected New Cases in 2017 Estimated Deaths in 2017

Tobacco-Related Cancer Total Men Women Total Men Women
Lung and bronchus 222,500 116,990 105,510 155,870 84,590 71,280
Bladder 79,030 60,490 18,540 16,870 12,240 4,630
Kidney and renal pelvis 63,990 40,610 23,380 14,400 9,470 4,930
Pancreas 53,670 27,970 25,700 43,090 22,300 20,790
Cervix/uterus 12,820 N/A 12,820 4,210 N/A 4,210
Oral cavity and pharynx 49,670 35,720 13,950 9,700 7,000 2,700
Stomach 28,000 17,750 10,250 10,960 6,720 4,240
Esophagus 16,940 13,360 3,580 15,690 12,720 2,970
Acute myeloid leukemia 21,380 11,960 9,420 10,590 6,110 4,480
Larynx 13,360 10,570 2,790 3,660 2,940 720

Note: N/A = not applicable.
Source: American Cancer Society 2017.%0
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Tobacco-Related Cancer Incidence and Mortality, by Sex

Lung cancer is the leading cause of cancer-related deaths among both men and women in the United
States.®? Lung cancer deaths also account for the largest fraction of smoking-attributable cancer deaths.*
In 2014, lung/bronchial cancer incidence and mortality per 100,000 people were higher among men
(59.3 and 51.9, respectively) than women (47.2 and 34.7, respectively).* (See Figure 2.22 for incidence
data, and Figure 2.23 for mortality data.) However, lung cancer incidence and mortality among men
have been steadily declining since the 1980s and 1990s, respectively. Lung cancer incidence and
mortality among women have now begun to decrease as well. Differences in lung cancer incidence and
mortality trends for males and females largely reflect historical patterns in smoking prevalence, which
began falling more quickly among men than women beginning in the 1950s.

Figure 2.22 Age-Adjusted U.S. Incidence of Lung and Bronchus Cancers, by Sex, 1975-2014
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Figure 2.23 Age-Adjusted U.S. Mortality from Lung and Bronchus Cancers, by Sex, 1975-2014
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Tobacco-Related Cancer Incidence and Mortality, by Race/Ethnicity

The 1998 Surgeon General’s report concluded that African Americans currently bear the greatest health
burden of disease and death from cigarette smoking.>® In 2014, African American men had the highest
incidence of and mortality from several tobacco-related cancers, including cancers of the lung and
bronchus, kidney and renal pelvis, pancreas, and larynx, compared with men from other racial/ethnic
backgrounds (Tables 2.6 and 2.7).%* As noted in the 1998 Surgeon General’s report, “the higher lung
cancer incidence and death rates among African American men have not been fully explained,”sg’p'140
and this remains true today. Factors that have been proposed to explain the higher rate of tobacco-related
cancer mortality in African American men, given their lower level of cigarette smoking than men of
other races/ethnicities, include: historical patterns of cigarette smoking®**; genetic factors (discussed in
chapter 3); smoking topography®°; the disproportionate use of mentholated cigarettes by African
Americans™; barriers to receiving timely, appropriate, and high-quality medical care”’; as well as the
many other social and environmental factors discussed in this monograph. However, DeSantis and
colleagues® note that disparities in lung cancer death rates between African American men and white
men have decreased substantially over time (from >40% in the early 1990s to 20% in 2012) and have
been eliminated in adults younger than 40. In 2014, white women had a higher lung cancer incidence
and death rate than African American women, and both had higher rates than women of other
races/ethnicities (Table 2.7).%
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Table 2.6  Tobacco-Related Cancer Incidence per 100,000 People in the United States, by Race/Ethnicity
and Sex, 2014

White (Non- African Asian/Pacific American Indian/
Hispanic) American Hispanic/Latino Islander Alaska Native*

Cancer Type Male Female Male Female Male Female Male Female Male  Female
Lung and bronchus 66.4 53.8 79.0 46.9 32.5 224 41.6 26.9 39.5 22.8
Bladder 39.1 9.5 19.8 6.5 18.8 4.7 14.5 3.9 16.1 =
Kidney and renal pelvis 22.2 10.8 25.2 12.1 20.7 11.2 10.9 6.0 17.3 10.7
Pancreas 14.7 11.1 17.4 14.4 12.1 10.1 10.3 8.8 1.4 7.7
Cervix/uterus N/A 71 N/A 8.2 N/A 8.8 N/A 6.0 N/A 74
Oral cavity and pharynx 19.7 6.9 14.0 5.1 9.5 4.1 10.7 4.9 9.6 4.4
Stomach 7.9 3.5 13.5 71 12.6 8.2 13.7 7.3 13.0 7.8
Esophagus 8.0 1.9 5.8 2.0 4.6 1.1 3.5 0.8 5.2 =
Acute myeloid leukemia 5. 3.9 4.6 3.1 3.9 2.9 3.7 3.1 & =
Larynx 5.2 1.3 8.5 15 3.1 04 1.5 = & =

Notes: Rates are per 100,000 population and are age-adjusted to the 2000 U.S. Standard Population (19 age groups — Census P25-1130). N/A = not
applicable. ~Indicates less than 16 cases; statistic not displayed.

*Rates are higher for American Indians/Alaska Natives when analyses are restricted to Contract Health Service Delivery Areas (CHSDA).147

Source: Based on data from the National Cancer Institute Surveillance, Epidemiology, and End Results Program 2014.%3

Table 2.7  Tobacco-Related Cancer Mortality per 100,000 People in the United States, by Race/Ethnicity
and Sex, 2014

White (Non- African Asian/Pacific American Indian/
Hispanic) American Hispanic/Latino Islander Alaska Native*

Cancer Type Male Female Male Female Male Female Male Female Male  Female
Lung and bronchus 54.6 384 62.5 32.8 254 13.4 29.7 17.6 443 29.5
Bladder 8.3 22 5.6 25 3.7 1.2 2.8 1.0 2.8 2.3
Kidney and renal pelvis 5.7 2.3 5.9 2.2 5.0 22 2.8 1.2 8.0 3.1
Pancreas 12.9 9.6 15.0 11.8 9.3 7.5 7.8 7.2 9.9 7.5
Cervix/uterus N/A 2.1 N/A 3.6 N/A 2.6 N/A 1.5 N/A 23
Oral cavity and pharynx 4.1 14 4.9 1.3 24 0.8 3.2 0.9 4.2 =
Stomach 3.3 1.7 8.2 3.7 6.7 4.0 6.5 41 8.7 3.9
Esophagus 7.9 1.5 5.5 1.8 3.9 0.8 29 0.7 7.3 =
Acute myeloid leukemia 3.8 24 2.8 1.8 2.5 1.7 24 1.6 & =
Larynx 1.7 0.4 3.3 0.5 14 0.1 0.6 = 25 =

Notes: Rates are age-adjusted to the 2000 U.S. Standard Population (19 age groups - Census P25-1130). N/A = not applicable. ~Indicates less than 16
cases; statistic not displayed.

*Rates are higher for American Indians/Alaska Natives when analyses are restricted to Contract Health Service Delivery Areas (CHSDA).147

Source: Based on data from the National Cancer Institute Surveillance, Epidemiology, and End Results Program 2014.93
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Lung cancer incidence and mortality were lowest among Hispanic/Latino men and women in 2014
(Tables 2.6 and 2.7). However, lung cancer was the leading cause of cancer death for Hispanic men and
the second leading cause of cancer death for Hispanic women.® In addition, a larger fraction of lung
cancers are diagnosed at distant stage among Hispanics (59%) than among non-Hispanic whites (52%),
and fewer cases are diagnosed at localized stage among Hispanics (13%) than among non-Hispanic
whites (17%), contributing to a lower survival rate for Hispanics than for non-Hispanic whites.*®

Lung cancer incidence rates among American Indian/Alaska Native and Asian/Pacific Islander men
were 39.5 and 41.6, respectively, in 2014 (Table 2.6), but mortality was higher among American
Indian/Alaska Native males (43.9) than Asian/Pacific Islander males (29.7) (Table 2.7). After Hispanic
women, lung cancer incidence and mortality were lowest among Asian/Pacific Islander women, and
Indian/Alaska Native women.*® Despite lower lung cancer incidence, the 5-year survival rate was lower
among American Indian/Alaska Natives than non-Hispanic whites, and American Indian/Alaska Native
populations were more likely to be diagnosed with advanced stage cancers and less likely to undergo
resection compared with whites.*®

As discussed earlier in the chapter, smoking prevalence may vary significantly among populations
within the broad categories of Hispanics/Latinos, Asian Americans, and American Indian/Alaska Native
populations, a fact that has important implications for the burden of tobacco-related cancer.

Tobacco-Related Cancer Incidence and Mortality, by SES

Significant disparities in lung cancer incidence/mortality also exist by SES. Analysis of data from the
SEER-National Longitudinal Mortality Study (NLMS) project show that between 1979 and 1998, men
with a high school education or less had significantly higher lung cancer incidence rate ratios (high
school, 2.32; less than high school, 3.01) than men with a college education.® Women who had a high
school education or less had significantly higher lung cancer incidence rate ratios (high school, 1.74;
less than high school, 2.02) compared with women with at least a college degree.’® According to
national data for 2003-2007 for all major cancers combined, the largest SES disparity was seen for lung
cancer.'® Among all races, people who completed 12 years or less of high school were much more
likely to develop lung cancer (five times more likely for men, and four times more likely for women)
than those who completed a college degree or more.'® Other research indicates that lung cancer
incidence increases with decreasing SES, except among Hispanic men and women, where there is an
inverse effect of SES.'%

NLMS data also show that people with lower incomes are at higher risk of lung cancer. Incidence of
lung cancer among men and women with annual family incomes of less than $12,500 was more than

1.7 times higher than lung cancer incidence among those with incomes of $50,000 or higher.'®
Unemployed men and women also had a higher lung cancer incidence than employed people (rate

ratios = 1.83 and 2.09, respectively).®® Research also shows that low SES is associated with lower
survival rates among lung cancer patients.’*>** The disparities in smoking prevalence between low SES
and high SES undoubtedly contribute to disparities in rates of lung and other tobacco-related cancers.

Tobacco-Related Cancer Incidence and Mortality and HIV

Infections such as HIV are associated with certain cancers, which may also contribute to TRHD. Data
from the United States suggest that tobacco use is higher among persons living with HIV/AIDS
(PLWHA) compared with their uninfected counterparts.®>*% Smoking is also more prevalent among
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population subgroups that are highly affected by the HIV epidemic. For example, lower SES, including
lower income and education, is associated with both HIV morbidity and mortality®"*** and with
tobacco use. Additionally, men who have sex with men are the population most affected by HIV in the
United States'**'**; they also have high smoking rates.™***® This convergence of smoking and HIV
among vulnerable populations could further contribute to cancer-related health disparities. As the use of
highly active antiretroviral therapy has significantly prolonged the lives of PLWHA, more PLWHA are
reaching ages where chronic diseases such as cancer are more common. Moreover, lung cancer is the
leading cause of cancer death in HIV-infected individuals.*® This is largely due to higher smoking rates
in PLWHA, but even after controlling for smoking status, HIV-infected individuals still have a 2 to

3 times higher risk of developing lung cancer than the overall population.*****° Evidence also suggests
that HIV-related immunosuppression and inflammatory processes can further increase cancer risk in
PLWHA.11&124

Methodological Limitations and Challenges in the TRHD Literature

The 1998 Surgeon General’s report delineated four main categories of methodological limitations in the
TRHD literature: (1) nongeneralizability, (2) noncomparability, (3) sample size and aggregation
problems, and (4) nonreporting.®® These and other methodological limitations and challenges remain
relevant today, as discussed below.

Aggregate data can mask significant disparities in smoking prevalence and cancer outcomes both within
and across racial/ethnic and other population groups. National data are not available in disaggregate
form for some races/ethnicities, and for many populations trend data cannot be reported. A lack of
disaggregated data often makes it difficult to report TRHD by sex, race/ethnicity, and sexual orientation,
or stratified by SES indicators such as poverty status, education, and occupation. In some cases,
surveillance data for groups known to be at higher risk of tobacco use, such as LGBT groups, are
limited.

Examples of disaggregated data show the type and value of the information that can be gained. For
example, Hawaii’s Behavioral Risk Factors Surveillance System (BRFSS) surveys are unique because
they disaggregate race/ethnicity and report smoking by Native Hawaiians, Filipinos, and Japanese as
separate groups. The data show marked differences in smoking prevalence between males and females
in non-white racial/ethnic groups, with Filipino males and Native Hawaiian females reporting the
highest smoking prevalence, and Japanese women and Filipino women reporting the lowest smoking
prevalence (Figure 2.24). Disaggregated data show that lung cancer incidence and mortality rates in
Hawaii are higher among Native Hawaiians and Filipinos than among whites.*? In addition, data from
the Multiethnic Cohort Study of Diet and Cancer show that Native Hawaiians and African Americans
have an elevated risk of lung cancer compared with other racial/ethnic groups when light smoking
(fewer than 10 cigarettes a day) is considered.*?
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Figure 2.24 Smoking Prevalence in Hawaii, by Ethnicity and Sex, 2008
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Source: Adapted from Pobutsky and Lowery St. John 2010.%

Confidence intervals may be wide for some populations when group-specific data are reported. Wide
confidence intervals reflect a lack of precision of the population parameter estimate, such that if the
survey were conducted again in a different sample of the population, a different estimate might be
observed, resulting in diminished reliability of the findings. In addition, the data are subject to
misinterpretation if a finding is not statistically significant when it is (or vice versa). Regional survey
data may result in better estimates for some aggregate and disaggregated groups, and may reflect more
stable estimates of tobacco use and a more accurate picture of the presence or absence of disparities, but
these advantages come at the cost of being representative of only that region. One strategy to report data
on small populations and increase statistical stability is to collect and combine survey data across years,
but this strategy has limitations as well.

Studies may not adequately examine how contextual factors contribute to disparities in tobacco use and
related disease outcomes. For example, American Indians/Alaska Natives have had consistently higher
smoking prevalence and longer durations of smoking compared with blacks/African Americans.** Other
intrapersonal, interpersonal, community/neighborhood, or societal/policy-level factors may help explain
the disparities that exist between racial/ethnic groups.*?"*?® The constructs of race/ethnicity and culture
may differentially influence psychosocial processes that lead to harmful health behaviors or

outcomes, 2%+

Studies may not collect adequate data on aspects of tobacco use that are important or unique to specific
groups, or collect adequate data among specific populations, such as LGBT groups. Researchers have
recently (2015) suggested expanding data collection on cigarette type (menthol vs. non-menthol) to
improve our understanding of how menthol tobacco products may contribute to disparities among
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youths and adults.®***! National surveys have recently begun collecting data on emerging tobacco
products, including e-cigarettes. In addition, national data are increasingly being collected on flavors in
tobacco products, especially related to premium cigars, LFCs, cigarillos, and hookah. However, not all
national surveys collect data on these products, distinguish by type of product, or monitor the type of
flavors used by different racial/ethnic or socioeconomic groups.

Chapter Summary

This chapter presents information on tobacco use behaviors among youths and adults, including young
adults and pregnant women, using data from a number of state and national surveys. Cigarette smoking
has declined substantially over time among adults of both sexes, among all racial/ethnic groups, and
among adults at all poverty and educational levels. However, there are approximately 40 million current
smokers in the United States, and significant disparities in prevalence persist by race/ethnicity, level of
educational attainment, income, sexual orientation, and other factors.

Among youth, cigarette smoking prevalence has steadily declined since the mid-1990s, but the research
still finds evidence of disparities by race/ethnicity and SES. For example, pooled NSDUH data from
2013 to 2015 show that the prevalence of current cigarette smoking among youth ages 1217 was
highest among American Indians/Alaska Natives (7.0%) followed by non-Hispanic whites (6.3%),
Native Hawaiians or Other Pacific Islanders (3.4%), Hispanics (3.4%), non-Hispanic blacks/African
Americans (2.7%), and Asians (1.6%). Cigarette smoking prevalence is also far higher among youth
who do not plan to complete 4 years of college compared with those who do (19.2% vs. 8.4% in 2016).
Additionally, nationally representative data from the PATH study show that gay/lesbian and bisexual
youth ages 14-17 have a significantly higher prevalence of cigarette smoking and of any tobacco use,
compared with heterosexual youth.? Patterns of cigarette smoking among young adults (ages 18-25) are
generally similar to patterns found among youth. In addition to differences by race/ethnicity, substantial
differences by poverty level are found among young adults.

Use of other tobacco products, including e-cigarettes, cigars, hookah, and smokeless tobacco, is also
found among youth. Research suggests that flavored tobacco products (including menthol), are
especially attractive to youth and young adults; indeed, a majority of youth who have ever used tobacco
report that their first tobacco product was flavored.** Based on NSDUH data from 2004 to 2010,
menthol cigarette use is especially common among youths and young adult cigarette smokers (56.7%
and 45.0%, respectively), compared with adult cigarette smokers over the age of 25 (range 30.5% to
34.7%).% (Menthol as a tobacco flavorant is discussed in chapter 4.)

In 2015, 21.9% of American Indian/Alaska Native adults reported current smoking compared with
16.7% of non-Hispanic blacks, 16.6% of non-Hispanic whites, 10.1% of Hispanics, and 7.0% of Asian
adults.** Significant disparities in cigarette smoking also persist among adults with lower educational
attainment compared to those with higher educational attainment. Smoking prevalence is also higher and
is declining at a slower pace among adults living below the poverty level, compared with adults living at
or above poverty. In 2015, 26.1% of adults living below the poverty level smoked cigarettes compared
to 13.9% of adults living at or above poverty.**

Among adults, light and intermittent (non-daily) smoking is increasingly common in the United States.

A trend towards light smoking (<9 or 10 cigarettes per day) is seen among all racial/ethnic groups, with
levels of light smoking highest among racial/ethnic minorities. Additionally, it is estimated that
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approximately one-third (32.5%) of all adult smokers use menthol-flavored cigarettes, and African
American cigarette smokers report the highest prevalence of menthol cigarette smoking of any
racial/ethnic group, with levels of menthol smoking consistently exceeding 70%."* About two-thirds of
all adult smokers are interested in quitting, but rates of recent smoking cessation (=6 months during the
past year) were lower among non-Hispanic blacks (4.9%; 95% CI 3.2—6.6) compared with non-Hispanic
Asians (17.3%; 95% CI 10.1-24.5), Hispanics (8.2%; 95% CI 5.5-10.9), and non-Hispanic whites
(7.1%; 95% CI 6.0-8.2) in 2015.%% Quit rates were also lower among low-income smokers and those
with lower levels of educational attainment, compared with their more advantaged counterparts.

Secondhand smoke exposure is causally linked to premature death and disease in nonsmoking youths
and adults.”® Although SHS exposure has been decreasing overall, a disproportionate burden of SHS
exposure remains among nonsmoking racial/ethnic minority groups and people from low-SES
backgrounds, including nonsmoking pregnant women, as detected by biomarkers of exposure (e.g.,
cotinine). These disparities are particularly evident among children and adolescents compared with adult
nonsmokers. In 2014, an estimated 8.4% of mothers smoked at some time during their pregnancy, but
higher rates of maternal smoking were seen among less-educated and low-income women, young

women, American Indian/Alaska Native women, and white women, compared with women overall.”’

As summarized in the 2010 Surgeon General’s report, “inhaling the complex chemical mixture of
combustion compounds in tobacco smoke causes adverse health outcomes—particularly cancer, and
cardiovascular and pulmonary disease—through mechanisms that include DNA damage, inflammation,
and oxidative stress”®?9 and “through multiple defined mechanisms, the risk and severity of many
adverse health outcomes caused by smoking are directly related to the duration and level of exposure to
tobacco smoke.”%3P9

Lung cancer deaths comprise the largest fraction of smoking-attributable cancer deaths. Largely because
of declines in smoking prevalence, lung cancer incidence and mortality among men have been steadily
declining since the 1980s and 1990s, respectively, and have recently begun to decline among women as
well. However, disparities persist in tobacco-related cancer incidence and mortality by race/ethnicity,
SES, and other factors. As noted in the 1998 Surgeon General’s report, “the higher lung cancer
incidence and death rates among African American men have not been fully explained,”*"* and this
remains true today. In 2014, African American men had the highest incidence of and mortality from
several tobacco-related cancers including cancers of the lung and bronchus, kidney and renal pelvis,
pancreas, and larynx. However, disparities in lung cancer death rates between African American men
and white men have decreased substantially over time (from >40% in the early 1990s to 20% in 2012)
and have been eliminated in adults younger than 40 years.”’

Finally, this chapter points to a number of methodological limitations and challenges in the TRHD
literature: aggregate data can mask significant disparities in prevalence and cancer outcomes both within
and across racial/ethnic and other population groups; confidence intervals may be wide for some
populations when group-specific data are reported; studies have not adequately examined how
contextual factors (e.g., community/neighborhood factors) contribute to disparities in tobacco use and
related disease outcomes; and studies may not collect adequate data on aspects of tobacco use that are
important or unique to specific population groups, such as use of menthol versus non-menthol tobacco
products, or on specific populations, such as LGBT groups.
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Introduction

This chapter explores the relationships between genetic factors and tobacco use behaviors and tobacco-
related cancers. First, the chapter discusses genetic factors associated with nicotine metabolism and
smoking initiation, progression to established smoking, smoking prevalence, and smoking cessation.
Genetic risk factors typically vary in prevalence across racial/ethnic populations and thus can contribute
to the manifestation of tobacco-related health disparities (TRHD) among racial/ethnic groups. Second,
the chapter describes genetic factors associated with tobacco-related cancers, specifically lung cancer,
and genetic factors that may influence how the body responds to carcinogens in tobacco smoke. It is
important to keep in mind that complex interactions between genetic and environmental factors, many of
which are correlated, influence interindividual susceptibility to harmful smoking behaviors and to the
risk of tobacco-related diseases (Figure 3.1). More data are needed on high-risk segments of the
population to pursue important leads about the relative role of genetic factors in TRHD.

The information presented in this chapter is based on a survey of the genetic factors for which the
evidence is stronger (i.e., larger, more powered studies and/or replicated associations), not a meta-
analysis of each gene investigated with respect to tobacco use and smoking behaviors. Broad search
terms pertaining to genetics and smoking were first used to identify specific genetic factors, which were
then individually investigated using the relevant gene name or gene region. The absence of a description
of a specific genetic factor should not be interpreted as a negative result. Given that the overall purpose
of this monograph is to explore and understand TRHD, there is a focus on discussing genetic factors that
have been investigated across multiple racial/ethnic groups.

The chapter closes with a discussion of the current state of knowledge about genetic influences on
TRHD, including critical knowledge gaps, such as the contribution of genetic factors in the context of
complex socioeconomic environments.

Figure 3.1  Contribution of Genetic Factors to TRHD
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Genetic factors influence each stage of the tobacco use continuum, from initiation to cessation and to
tobacco-related diseases. Tobacco use, smoking behaviors, and tobacco-related diseases are not seen
uniformly across populations, and specific racial/ethnic and socioeconomic groups tend to bear a
disproportionate burden of tobacco-related health outcomes. For example, African Americans report
smoking fewer cigarettes per day compared with Americans of European descent, yet they are less likely
to quit smoking and more likely to develop lung cancer.? Smoking initiation and progression to daily
smoking also differ across racial/ethnic groups even after differences in socioeconomic status (SES) are
accounted for.>* In addition to race/ethnicity and SES, another important marker of tobacco-related
health risk is sexual orientation: Smoking prevalence is significantly elevated in lesbian, gay, bisexual,
and transgender (LGBT) groups.® The importance of these factors for different racial/ethnic groups is
highlighted, where known. As of 2017, little research evidence is available on genetic factors and
smoking behaviors stratified by SES or LGBT status.

Data Limitations on Genetic Factors Related to Disparate Populations

The evidence for a genetic contribution to smoking behaviors has largely been established in twin
studies conducted mostly in European and European American populations. These twin studies have
estimated that the heritability of smoking initiation is 36%—75%, and the heritability of cigarette
consumption is 51%-86%.%° Genetic factors also play a strong role in nicotine dependence (59%—75%)
and smoking cessation (50%-58%).°*! The broad range for estimated heritability of a given smoking
measure reflects the differing relative impacts of genetic and environmental influences and depends on
multiple variables, including time (cohort), age, race/ethnicity, and societal and cultural context.'?*®

It is noteworthy that the genetic components of each smoking measure are only modestly correlated with
each other, indicating that there are unique and common genes contributing to each measure.®**¢
Specific genes and gene variants associated with smoking measures have been identified in candidate
gene studies, which investigate variants chosen for their purported biological role, and genome-wide
linkage and association studies have identified genomic regions of interest by testing the association of
single nucleotide polymorphisms (tag SNPs) that label intervals across the genome with smoking
measures.

Due to the complexity of smoking as a behavior, large-scale genetic association approaches involving
data from many thousands of individuals have been favored to facilitate the detection of individual
genetic signals. Out of necessity, such approaches tend to simplify or disregard the influence of the
socioenvironmental context on the manifestation of genetic factors. Furthermore, investigations have
largely been carried out within epidemiology studies primarily or exclusively conducted with people of
European descent. Hence, for reasons of statistical power and the avoidance of population stratification,
analyses have typically been restricted to the European subgroup, which is an impediment to our
understanding of genetic factors in other racial/ethnic groups. In situations where genomic regions were
first identified in a population of European descent and then were subsequently investigated in
additional racial/ethnic populations, e.g., African Americans, Chinese, the tag SNPs tested in other
populations might not be inherited with the same causal genetic variants because patterns of genetic
variation are different across racial/ethnic populations.'” %% Until the causal variants are identified, it can
be difficult to compare the relative impact of variations in a gene across different racial/ethnic groups or
to investigate the role of genetic variants between sociodemographic and environmental contexts
relevant to TRHD.
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Genetic Factors Associated With Nicotine and Smoking
Overview

Genetic factors associated with smoking behaviors include genetic variations in neurotransmitter
systems within the brain reward pathways, neuronal plasticity and connectivity, and nicotine
metabolism. In particular, and as expected, genetic variations in the nicotinic cholinergic system have
been associated with a range of smoking behaviors, including smoking quantity and intensity, the risk of
being nicotine dependent, and the level of nicotine dependence. The binding of nicotine to nicotinic
acetylcholine receptors in the brain results in the release of neurotransmitters, such as dopamine, which
is thought of as a neurotransmitter that signals reward-related events. For this reason, the genes coding
for nicotinic receptor subunits have been the subject of intensive research efforts.?*** The 04 and 2
nicotinic receptor subunits, coded by the CHRNA4 and CHRNB2 genes, respectively, were leading
candidates; these subunits are the most populous in the brain, form receptors with the highest affinity for
nicotine, and alter nicotine self-administration in animals (as investigated using genetic and
pharmacological manipulations).”*** However, genetic variations in other nicotinic receptor subunits are
the most strongly associated with smoking behaviors.?*

Genetic variations in the dopaminergic system also modulate smoking behaviors. Cigarette smoking
increases dopamine in the brain,?* and genes in this neurotransmitter system have been investigated as
potential modifiers of smoking behaviors. However, genetic associations in the dopaminergic system are
less universally reproducible than variations in nicotinic receptor subunits, possibly because dopamine
release is a downstream consequence of nicotine binding to nicotinic receptors in the brain. In addition,
the dopaminergic system is not specific to smoking; this system is a convergent pathway for many
addictive (and other) behaviors, and genetic variations have been associated with multiple substance
dependencies.?®*’

Associations between genetic variations in other neurotransmitter systems and smoking behaviors are
more equivocal. However, the glutamate receptor subunit gene GRIN3A is associated with smoking
quantity and nicotine dependence scores (as determined by the Fagerstrom Test for Nicotine
Dependence [FTND], a 6-item questionnaire scored from 0 to 10, which is predictive of relapse and
primarily assesses aspects of withdrawal and the urge to smoke).?®*° Moreover, the gamma-
aminobutyric acid (GABA) receptor subunit genes GABRA2 and GABRA4 are associated with an
increased risk of being a dependent (FTND > 4) versus a nondependent (FTND = 0) smoker.*! Studies
focused on genetic variations in the serotonergic system, which are generally centered on a serotonin
transporter variant with reduced expression, have largely failed to demonstrate significant associations
with smoking initiation, behaviors, or cessation.*?*’

Aside from genes in neurotransmitter pathways, genes involved with the formation and strengthening of
neural connections are also associated with smoking behaviors. NRXW1, which codes for the neurexin 1
cell surface protein, was the strongest signal in a genome-wide association study (GWAS) on the risk of
being a dependent (FTND > 4) versus a nondependent (FTND = 0) smoker.*® In addition, NTRK2, which
codes for the brain-derived neurotrophic factor (BDNF) receptor, is associated with smoking quantity
and FTND scores.* The association between variations in these genes, smoking quantity, and nicotine
dependence suggests that genetic differences in learning and memory processes influence smoking
behaviors.*?
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Genetic factors that influence nicotine metabolism are also associated with smoking behaviors. Nicotine
is the main psychoactive ingredient in cigarettes that establishes and maintains dependence.*! The
complex biology of nicotine addiction is shown in Figure 3.2. Nicotine from inhaled cigarette smoke is
rapidly and extensively metabolized by the liver. On average, less than 10% of absorbed nicotine is
excreted in the urine unchanged.*? Smokers adapt their smoking behaviors to maintain a preferred level
of nicotine. The manipulation of nicotine clearance, through changes in nicotine metabolism or renal
elimination, is associated with compensatory changes in smoking behavior.**** Thus, genetic factors
that affect the amount of nicotine available to bind to receptors in the brain, such as variations in the
main nicotine metabolism gene, CYP2AG6, are associated with cigarette consumption patterns, nicotine
dependence, and smoking cessation.

Figure 3.2  Biology of Nicotine Addiction
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Nicotine Metabolism

Based on the existing evidence, overall rates of nicotine metabolism tend to be faster among populations
of European descent; slower in Africans; and slowest in Asians, with Japanese as the slowest
characterized population.**™’ Early evidence in the Yupik population, a subgroup of Alaska Natives,
indicates that nicotine metabolism could be highest in that population.*® Within a population, rates of
nicotine metabolism also show large interindividual variations.**#*>

Genetic factors can account for a substantial proportion of the variability observed in the rate of nicotine
clearance among individuals and racial/ethnic populations.**%* A twin study in European Americans
estimated that additive genetic factors explained 59% of the variability in nicotine clearance.*?

Cytochrome P450 genes produce enzymes whose action forms (synthesizes) chemicals or breaks them
down (metabolizes them) to either non-reactive or reactive metabolites (Figure 3.3). In humans, names
of the many different cytochrome P450 genes and their enzymes begin with “CYP.” These CYP
enzymes are extensively involved in metabolizing the carcinogens and toxicants such as nicotine found
in cigarettes, and other forms of tobacco, drugs, and environmental chemicals typically influence
whether the metabolism is fast or slow. These genes can be classified as Phase 1 and Phase 2 genes.
Phase 1 genes can activate carcinogens by creating a reactive metabolite that binds to proteins or DNA
or metabolize them to metabolites that are excreted.>® Phase 2 genes generally de-activate these reactive
substances, which are also then excreted, as shown in the figure.

Figure 3.3  Phase 1 and Phase 2 Drug-Metabolizing Enzymes

Xenobiotic
(drug or environmental chemical)

’| Phase 1 enzymes |

Non-reactive Reactive
metabolite metabolite

| Phase 2 enz;ﬁs\

Binding to proteins
or DNA

|

Toxicity,
Excretion carcinogenesis

Conjugation

Source: Sozzani et al. 2005.53

85 ]



Chapter 3: Genetics, Physiological Processes, and Tobacco-Related Health Disparities

Most nicotine (80%) is metabolically inactivated to cotinine,>® and the CYP2A6 enzyme mediates
approximately 90% of this inactivation pathway.> In individuals who lack functional CYP2AS, there is a
dramatic reduction in the rate of nicotine clearance.*®****" |n addition to CYP2A6, other CYPs (e.g.,
CYP2B6) make a minor contribution to the inactivation of nicotine to cotinine.*®

Further metabolism of cotinine to trans-3’-hydroxycotinine is exclusively mediated by CYP2A6.>*° The
ratio of trans-3’-hydroxycotinine to cotinine, often referred to as the nicotine metabolic ratio, is
correlated with nicotine clearance and serves as a phenotypic marker for the rate of nicotine metabolism
and for CYP2A6 activity.>* Nicotine is also inactivated to several minor metabolites, including nicotine
N-oxide (~4%) and nicotine N-glucuronide (~4%); these pathways of inactivation are catalyzed by
flavin-containing monooxygenases (FMOs) such FMO3, and by uridine diphosphate (UDP)
glucuronosyltransferases (UGTSs) such as UGT2B10, respectively. #2053

Genetic variants in CYP2A6 are the most established genetic factors associated with nicotine clearance
owing to the substantial contribution of CYP2AG6 to nicotine metabolism and to the characterization of
numerous CYP2AG6 alleles (variant forms of the gene) with altered activity. The CYP2A6 genotype
influences many measures of nicotine metabolism and clearance, such as total and nonrenal clearance,
clearance to cotinine, nicotine half-life, and the ratio of trans-3’-hydroxycotinine to cotinine.>>*! Genetic
variants in CYP2AG6 that affect activity include SNPs as well as gene deletions, duplications, and
conversions.®*

Examples of CYP2AG alleles encoding CYP2A6 enzymes that are inactive toward nicotine include the
CYP2A6*2, *4, *7, and *17 alleles.®* ®® The CYP2A6*4 allele is an example of a deletion allele; it has
0% enzymatic activity relative to the nonvariant (wild-type) allele—CYP2A6*1. Individuals generally
possess two alleles for each gene; thus, individuals possessing two copies of CYP2A6*4 have no
CYP2A6 enzymatic activity, resulting in nearly undetectable levels of cotinine and no detectable trans-
3’-hydroxycotinine, and the small amount of cotinine formation that takes place is catalyzed by other
enzymes.*®>"®" possession of one copy each of the 0% activity (i.e., inactive) CYP2A6*4 allele and the
100% activity CYP2A6*1 allele is associated with a 50% reduction in both CYP2A6 activity and total
nicotine clearance, on average, compared with the possession of two copies of the CYP2A6*1 allele.>*%®

Some CYP2AG alleles have decreased, rather than absent, nicotine metabolic activity; as examples, the
CYP2A6*9 and *12 alleles have approximately 50% lower activity compared with CYP2A6*1.%* On
average, individuals possessing one copy of the 50% activity CYP2A6*9 or *12 allele and one copy of
the 100% activity CYP2A6*1 allele have 75% of the CYP2A6 activity and 80% of the total nicotine
clearance of CYP2A6*1/*1 individuals.®*®®

Due to the large number of low-frequency CYP2AG6 alleles, individuals with reduced-activity alleles are
commonly grouped together as CYP2A6-reduced (<75% activity) metabolizers for data analyses.®
CYP2A6-reduced metabolizers can be further subdivided by genotype into CYP2A6-slow (<50%
activity) and CYP2A6-intermediate (~75% activity) metabolizers.®"®" A small number of CYP2A6
alleles with increased activity, such as CYP2A6*1B and the duplication allele CYP2A6*1X2, have also
been characterized.”> ™

Thus, genetic variations in CYP2A6 result in a wide range of enzyme activity and, consequently, are
associated with a wide range of nicotine metabolism and clearance rates. Consistent with the prominent
role of CYP2A6 in the metabolic inactivation of nicotine and total nicotine clearance, genetic variations
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in CYP2AG6 are strongly associated with multiple smoking behaviors. The most robust genetic
associations pertain to cigarette consumption, followed by nicotine dependence and smoking cessation
(discussed in subsections below).

Variations in CYP2A6 contribute to the racial/ethnic differences observed in nicotine metabolism.
Although CYP2AG alleles have a similar impact on CYP2A6 activity and nicotine metabolism among
different racial/ethnic populations,***"" the frequency of alleles varies significantly across populations,
resulting in large differences in the relative rates of nicotine metabolism. The collective frequency of
reduced-activity genetic variants parallels the population rates of nicotine metabolism; overall, ~20% of
whites, ~40% of African Americans, ~55% of Chinese, and ~80% of Japanese populations have
CYP2A6-reduced metabolism genotypes.®* Recent investigations into populations that are less well
characterized in terms of CYP2AG6, such as Alaska Natives, suggest that novel increased-activity
CYP2A6 gene variants could be contributing to the comparatively high rates of nicotine metabolism that
persist after accounting for known genetic variants.*®

Genetic variants such as the CYP2A6*4 and *9 alleles are found in all populations tested to date, albeit
at different allele frequencies. For example, the frequency of the CYP2A6*4 deletion allele ranges from
0% to 4% in white, 0% to 2% in African American, 5% to 15% in Chinese, and 17% to 24% in Japanese
populations. Other variants are found predominantly in one population; the CYP2A6*7 allele is typically
only detected in Asian populations (6%—13% frequency),*®">"" and the CYP2A6*17 allele is typically
only detected in African American or black populations (7%-11% frequency).*®"* On a population
level, the overall percentage of individuals possessing altered-activity CYP2A6 gene variants (i.e., the
portion of the population with reduced activity) matters more to the overall rate of nicotine metabolism
than the specific gene variants that are found in that racial/ethnic population, because the impact of
characterized CYP2A6 variants is similar across populations, as assessed using genotype-to-phenotype
measurements.

In addition to CYP2A6, CYP2B6 also converts nicotine to cotinine, and there are CYP2B6 genetic
variants with increased and decreased enzymatic activity.’® However, CYP2B6 plays a comparatively
minor role in nicotine metabolism, and variations in the CYP2B6 gene have not been associated with
differences in nicotine metabolism when activity at the adjacent CYP2A6 gene was accounted for.”*%
Similarly, variations in the genes coding for other enzymes involved with the metabolic inactivation of
nicotine, such as FMOs and UGTs, have a small influence on the total removal of nicotine. Therefore,
although not studied extensively, these genes have not been shown to significantly alter smoking
behaviors.®*%8 However, although much of the research has focused on clearance of nicotine in major
body compartments, some of these non-CYP2A6 pathways such as FMO may affect the clearance of
nicotine from the central nervous system.®

Smoking Initiation

Smoking initiation occurs predominantly in adolescence, a time when environmental influences account
for a greater proportion of risk of initiation, in contrast with early and middle adulthood, when genetic
factors increase in importance (Figure 3.4).1%% Investigating the role of genetic versus environmental
factors in smoking initiation is made more challenging by the fact that the relative contributions of these
factors change with age. Smoking initiation in adolescence is particularly characteristic of populations of
European descent; as outlined in chapter 2, a greater proportion of African Americans and Asian
Americans initiate regular smoking after age 18. For a review of twin studies in adolescents, refer to
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chapter 6 of National Cancer Institute (NCI) Monograph 20, Phenotypes and Endophenotypes:
Foundations for Genetic Studies of Nicotine Use and Dependence.®*

Figure 3.4  Relative Contributions of Genetic and Environmental Factors to Smoking Initiation

Adolescence » Adulthood

*Societal and cultural contexts influence the role of environment.

Specific genetic factors involved with smoking initiation have been less well characterized than genetic
influences on later stages of the tobacco use continuum. Studies conducted in adult populations are
hampered by recall bias and might fail to account for important environmental influences; thus,
prospective longitudinal studies in adolescents are better suited to investigating genetic risk factors for
smoking initiation in the context of changing socioenvironmental influences. However, these studies are
often difficult to conduct, and few have been undertaken to date. (For recommendations on the genetic
modeling of smoking trajectories, see NCI Monograph 20, chapter 6.34) Nevertheless, one longitudinal
study of adolescents assessed tobacco use over a period of years and found that having a higher genetic
risk score based on variants in genes involved in tobacco dependence was associated with more rapid
progression to tobacco dependence and heavier smoking and more failures in cessation attempts, but
was not related to smoking initiation.®

Smoking initiation has been associated with variations in the dopaminergic system in particular.
Variations in the TTC12-ANKK1-DRD2 gene cluster and in the dopamine receptor gene DRD4 are
associated with an increased risk of ever smoking.2®*° Of note, the relationship between smoking
initiation and variations in the TTC12-ANKK1-DRD?2 gene cluster and in the DRD4 gene is influenced
by novelty-seeking and depressive symptoms.2®®% This finding highlights the importance of
incorporating endophenotypes (heritable observable characteristics) such as personality traits, through
which gene variants could be operating, to influence the risk for smoking initiation.”* Not all studies in
adolescents find that TTC12-ANKK1-DRD?2 variations are implicated in smoking initiation; these
variations are associated with continued smoking, progression to higher levels of smoking, and daily

smoking, but not initiation, in other adolescent populations. ¢

Variations in genes involved with neural connectivity and plasticity are also associated with smoking
initiation. Cell adhesion genes such as CDH13 and the BDNF receptor gene NTRK2 are associated with
adults’ risk of ever having been a smoker versus never having been a smoker, as are variations in the
glutamatergic receptor subunit genes GRIN2B, GRIN2A, GRIK2, and GRM8.*>% These studies were
mainly conducted in European and European American populations,® thus data are currently
insufficient to determine whether genetic factors contribute to racial/ethnic differences in the
epidemiology of smoking initiation.
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Smoking Quantity, Dependence, and Age of Smoking Initiation

Genetic factors influence cigarette consumption and nicotine dependence, which differ by race/ethnicity
and SES and are important contributors to tobacco-related health outcomes. This section describes the
most robust genetic associations and discusses genetic factors within the nicotinic cholinergic and
dopaminergic neurotransmitter systems and variations in the nicotine metabolism gene CYP2AG6. These
genetic factors currently do not explain differences in average cigarette consumption by race/ethnicity,
but they contribute to differences among individual smokers of a given race/ethnicity.

Nicotinic Cholinergic System Genetic Factors

Within the nicotinic cholinergic system, genetic variations in the CHRNA5-CHRNA3-CHRNB4 gene
cluster are most strongly associated with nicotine dependence and daily cigarette consumption; large-
scale meta-analyses of GWASs confirm the association.?’ % Although the genetic association is strong,
the effect size of variations in the gene cluster is modest; each minor allele of the most significant
genetic marker accounts for only 0.5% of the variance in cigarettes per day, for an increase in daily
cigarette consumption of approximately one cigarette.”* However, using cigarette consumption as a
surrogate for daily nicotine dose could underestimate the influence of variations in the CHRNA5-
CHRNA3-CHRNB4 gene cluster on nicotine intake. Even at a given level of cigarette consumption,
individuals differ in how intensively they smoke each cigarette.** Compared with cigarettes per day,
biomarkers of cigarette exposure, such as cotinine and urinary total nicotine equivalents, better reflect
smoking level and nicotine intake and can be used to estimate smoking intensity per cigarette.** %

There are caveats to comparing cotinine levels among individuals, however since nicotine metabolism
varies by age, sex, race, diet, and pregnancy status.**"*® Variations in the CHRNA5-CHRNA3-CHRNB4
gene cluster are also associated with differences in cotinine levels among smokers and account for
comparatively more of the variation in cotinine than cigarettes per day, which is indicative of more
intensive smoking.**® For instance, Keskitalo and colleagues discovered that each copy of the genetic
variant was associated with an increase in serum cotinine of 77 ng/mL, which would be equivalent to
~6 cigarettes per day, assuming 12—-13 ng/mL of cotinine per cigarette, whereas an increase in only

1.2 cigarettes per day per allele was reported, suggesting that the increase in cotinine largely reflected
more intensive smoking.**'% Further evidence for an association of variations in the CHRNAS5-
CHRNA3-CHRNB4 gene cluster and greater smoking intensity comes from a multiracial/ethnic
population study of heavy smoking (greater than 10 cigarettes per day), which assessed total nicotine
equivalents adjusted for cigarette consumption.

Variations in the CHRNA5-CHRNA3-CHRNB4 gene cluster are also associated with nicotine
dependence, as indicated by smoking heaviness and the FTND. Genetic variations in this chromosomal
region increase the risk for being a heavy smoker (25 or 30 cigarettes per day) rather than a light smoker
(fewer than or equal to 5 cigarettes per day).’***% (The typical cutoff employed for a light smoker is less
than or equal to 10 cigarettes per day.) FTND scores and the risk for being a dependent (FTND > 4)
versus a nondependent (FTND = 0) smoker also increase with genetic variations in the cluster. 3106107

The GWAS that identified the CHRNA5-CHRNA3-CHRNBA4 gene cluster were conducted in European
and European American populations.?-?2191% imnortant risk variants in populations of European origin
include a specific variation in SNP rs16969968 in exon 5 of CHRNAS, in linkage disequilibrium with
rs1051730 in CHRNA3, as well as rs578776 in CHRNA3, a separate SNP.''° Tag SNPs within the region
have been subsequently tested in additional racial/ethnic populations. They were found to be a
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significant risk factor for cigarette consumption and nicotine dependence in Hispanics, African
Americans, and Asians,'®%*13 although the risk SNPs may differ between race/ethnic groups.™? The
cluster was also associated with a biomarker of smoking quantity (total nicotine equivalents) among
Alaska Native smokers.*** Moreover, multiple distinct loci within the CHRNA5-CHRNA3-CHRNB4
gene cluster have been associated with smoking behaviors, but the precise functional variants in the
region remain to be confirmed.?***#''> Once the causal genetic variants have been identified and
characterized, it will be feasible to evaluate the role of nicotinic receptor variants in the context of
environmental factors that are important to TRHD.

Variations in the CHRNA5-CHRNA3-CHRNB4 gene cluster might also interact with age to influence
smoking behaviors. Certain variations in the CHRNA5-CHRNA3-CHRNB4 are also associated with age
of onset of smoking.™® In another study, Weiss and colleagues**’ found that the association between the
genomic region and the severity of nicotine dependence was limited to individuals who began daily
smoking at or before age 16, whereas Ducci and colleagues® found that variations in the region
conferred the same degree of risk for smoking at age 14 (regular versus nonsmoker) as at age 31 (heavy
versus nonsmoker). A meta-analysis of the CHRNA5-CHRNA3-CHRNB4 SNP rs16969968 compared
smoking heaviness among individuals with one risk allele and found that those who started smoking by
age 16 were at greater risk for heavy smoking compared with those who started smoking after age 16.™®
Given that the age of smoking initiation varies substantially by race/ethnicity and SES (see chapter 2),
age could be an important consideration when interpreting the association of the CHRNA5-CHRNA3-
CHRNB4 gene cluster with smoking behaviors.

Additional nicotinic receptor subunit genes associated with smoking include CHRNB3 and CHRNA4.
Variations in CHRNB3 are associated with smoking quantity and the risk of being a dependent versus a
nondependent smoker.?%1% Variations in CHRNA4 are associated with nicotine dependence, as
defined by the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-1V)™® and the
FTND.*2 variations in CHRNB2 might also influence the risk for being a dependent smoker but only
through interactions with variations in other genes, such as CHRNA4.'? Finally, other variants in the
cholinergic receptor subunit genes may also be important in African Americans and European-origin
populations.'%®

Aside from nicotinic receptor subunits, variations in the choline acetyltransferase gene (ChAT), which
codes for a key enzyme in the synthesis of endogenous acetylcholine, are also associated with smoking
quantity and FTND scores.?**? Other chromosomal regions and genes might also be important risk
factors for cigarette consumption and nicotine dependence in populations of non-European descent. For
example, in one study, risk variants for a population of African American but not European origin were
found in regions on chromosome 8 and chromosome 14, but not with the CHRNA5-CHRNA3-CHRNA4
cluster.*® In an Asian population, variants in FRMD4A genes were identified which were associated
with nicotine dependence and also age of initiation.**’

Dopaminergic Neurotransmitter System Genetic Factors

Within the dopaminergic system, genetic variations in the dopamine receptor subunit gene DRD2 have
received much attention because of this gene’s central role in the dopamine reward system.?*?’ The
DRD2 gene is part of the TTC12-ANKK1-DRD?2 gene cluster, and variations in the cluster are associated
with cigarette consumption and the degree of nicotine dependence, as assessed by FTND scores and the
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heaviness of smoking index.**2% |n addition, variations in TTC12-ANKK1-DRD2 are also associated
with the risk for being nicotine dependent as assessed by the DSM-1V.**!

The cluster likely influences smoking behaviors through dopamine receptor expression. The commonly
investigated TaglA variant, which resides in the ANKK1 gene, is associated with reduced DRD2 mRNA
and dopamine D2 receptor density.?”**° This genetic region is associated with smoking quantity and
nicotine dependence in African Americans and European Americans.*** However, different locations
within the TTC12-ANKK1-DRD2 gene cluster are associated with dependence risk, possibly owing to
differences in the underlying pattern of genetic variations among these racial/ethnic populations.****3!

Few studies have investigated genetic variations in dopamine receptor genes aside from DRD2, in part
because these other receptors and their genetic variants are not as well characterized.?® However,
functional genetic variants in the DRD1 and DRD3 dopamine receptor subunit genes have also been
associated with smoking quantity and FTND scores.'?***2133 The relative importance of variations in
dopamine receptor genes differs across racial/ethnic populations; family studies suggest that genetic
variations in DRD1 modulate smoking quantity and FTND scores preferentially in African Americans,
whereas genetic variations in DRD3 modulate smoking quantity and FTND scores preferentially in
European Americans. >33

Nicotine Metabolism Gene CYP2A6 Genetic Factors

It is well established that variations in the nicotine metabolism gene CYP2A6 affect the amount of
cigarette consumption. Cigarette smokers who possess CYP2A6 genotypes that are associated with
reduced rates of nicotine metabolism smoke fewer cigarettes per day compared with those who possess
normal CYP2A6 metabolizer genotypes, particularly among racial/ethnic groups characterized by
heavier smoking.®®7%727613413> Among European American smokers, those with CYP2A6-reduced
metabolizers smoked an average of 20 cigarettes per day, compared with those with CYP2A6-normal
metabolizers, who smoked 26 cigarettes per day.™*> Among Japanese smokers, cigarette consumption
ranged from approximately 15 cigarettes per day in those without functional CYP2A6 (CYP2A6*4/*4) to
as many as 30 cigarettes per day in predicted normal metabolizers (CYP2A6*1/*1).”®*** Chinese
smokers with CYP2A6-reduced metabolizers also smoked fewer cigarettes per day, but the role of
genetic factors in smoking behaviors has not been investigated as extensively in this population.”’ In
contrast to heavy-smoking populations, cigarette consumption is not associated with CYP2A6 genotype
groups among African American light smokers’***® or Alaska Native light smokers.**’ Light smoking is
also prevalent among Hispanic Americans and in the Asian American aggregate group,**® but less is
known about CYP2A6 and smoking in these populations.

Among light smokers, biomarkers that operate as reliable indicators of smoking levels in European
heavy-smoking populations, such as plasma cotinine, and exhaled carbon monoxide, have limited
utility.****® The relationship between self-reported cigarette consumption and either exhaled carbon
monoxide or plasma cotinine is substantially weaker in African American light smokers, making it
difficult to investigate the role of CYP2A6 genotype groups.™*® As of 2015, it was unclear whether
differences in the utility of biomarkers could be ascribed to light smokers generally or to African
American light smokers specifically.®®**® Further complicating the utility of cotinine, the most
commonly used marker of nicotine intake, it has been demonstrated that the relationship between
cotinine and nicotine dose is affected by CYP2A6 genetics and sex.®” Future studies employing more
reliable biomarkers of nicotine intake, such as urinary total nicotine equivalents, are necessary to
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determine whether variations in CYP2AG6 are an important determinant of smoking behaviors in light-
smoking populations. Another biochemical indicator of consumption, carbon monoxide, appears to yield
strong associations with CHRNA5-CHRNA3-CHRNB4 as well as CYP2A6.1%°

As with the CHRNA5-CHRNA3-CHRNB4 gene cluster, the use of cigarette consumption as a surrogate
for daily nicotine dose can underestimate the influence of variations in CYP2A6 on nicotine intake.
Smokers might titrate (i.e., adjust) nicotine levels through their cigarette smoke inhalation patterns as
well as change the number of cigarettes smoked. The CYP2A6 genotype is associated with smoking
intensity among European American smokers, with CYP2A6-reduced metabolizers taking smaller
volume puffs compared with CYP2A6-normal metabolizers.**® Nicotine titration was also evident in an
open-label clinical trial of nicotine replacement therapy (NRT), where CYP2A6-reduced metabolizers
achieved similar nicotine plasma levels when compared with normal metabolizers by using fewer daily
sprays of nicotine nasal spray.®®

Variations in CYP2AG6 also influence smokers’ progression toward nicotine dependence and final level
of dependence. In European American adolescents, CYP2A6-slow metabolizers progress in nicotine
dependence at a slower rate and reach a stable level of dependence more quickly compared with normal
metabolizers.**** Slow CYP2A6 metabolism, however, is a risk factor for acquiring nicotine
dependence in adolescence, and the existence of one to two copies of the inactive alleles, CYP2A6*2 or
*4 increases the risk of conversion to nicotine dependence.*** Once dependent, slow metabolizers
consume fewer cigarettes compared with normal metabolizers.*****? Thus, longitudinal cohort studies of
adolescents have suggested that CYP2A6-slow metabolizers acquire nicotine dependence sooner (after
initial exposure to nicotine), reach a plateau in their degree of dependence earlier, and have lower levels
of cigarette consumption and nicotine dependence compared with normal metabolizers.*® Given the
importance of environmental influences in adolescence, the association of CYP2A6 and dependence
trajectories must be assessed by race/ethnicity and SES.

Lower levels of nicotine dependence in CYP2A6-reduced versus CYP2A6-normal metabolizers are also
seen in adult European American cigarette smokers, with CYP2A6-reduced (<75% activity, as predicted
by genotype) versus CYP2A6-normal metabolizers having significantly lower FTND scores.*®* A
component of the FTND is the time to first cigarette in the morning; CYP2A6-slow metabolizers trend
toward a reduced likelihood of smoking within the first 5 minutes of waking compared with normal
metabolizers.®® Japanese smokers with CYP2A6-reduced metabolism genotypes also have lower FTND
scores and are less likely to smoke their first cigarette within 5 minutes of waking compared with
CYP2A6-normal metabolizers.'*

Smoking Cessation

Genetic factors have been demonstrated to affect smoking cessation. Disparities in the ability to quit
smoking and the ability to quit smoking with and without nicotine pharmacotherapy are both important
risk factors for tobacco-related adverse health outcomes. As outlined in chapter 2, the frequency and
success of quit attempts differ by race/ethnicity and SES. For instance, African Americans are less likely
to achieve smoking cessation than European Americans. In addition, light smokers appear to have lower
abstinence rates compared with moderate-to-heavy smokers on either placebo or pharmacotherapy;
however, this finding has not been tested directly. >4
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As with smoking behaviors, multiple neurotransmitter systems are implicated in the ability to quit
smoking, with the most replicated associations found among genetic variants in the dopaminergic
system. In this system, two variants in the TTC12-ANKK1-DRD2 gene cluster, Tag1lA (ANKK1
rs1800497 C>T) and DRD2-141 Ins/Del C, are associated with smoking cessation in clinical trials and in
a general care setting,®"**"* although an earlier meta-analysis found no association between variations
in the TTC12-ANKK1-DRD2 gene cluster and smoking cessation.* Individuals with the TaglA T/T
(also known as A1/A1) genotype are more likely to be abstinent, regardless of the type of treatment,
compared with those with the Tag1A C/C (A2/A2) genotype,** but individuals with the TaglA C/C
genotype benefit more from bupropion versus placebo.*”****° Regarding the DRD2-141 Ins/Del C
variant, individuals with a Del C allele have higher quit rates with transdermal NRT compared with
those with the InsC/InsC genotype in an open-label NRT study. Individuals with the InsC/InsC genotype
benefit more from bupropion versus placebo.?”**" In addition to the TTC12-ANKK1-DRD2 gene cluster,
variations in DRD4 are associated with a reduced likelihood of abstinence, regardless of therapy.™ In
contrast, genetic variations in DRD2 were not associated with spontaneous cessation in a large
population-based sample of smokers.*®* It is noteworthy that sex might modify the influence of genetic
factors in the dopaminergic system; the strength of the association between variations in DRD2 and
smoking cessation is related to the proportion of men in the study population.®>2

The catechol-O-methyltransferase (COMT) enzyme, which metabolizes catecholamines, including
dopamine, is also associated with transdermal NRT quit rates. Specifically, individuals homozygous for
the decreased-activity rs4680 A variant (rs4680 G>A, also known as Val'%***®Met) have a greater
probability of quitting with NRT than placebo compared with individuals with the G/G or G/A
genotype.* 1> variations in the COMT gene have also been associated with responses to bupropion
in which only individuals with the rs4680 A allele benefit from bupropion rather than placebo.*
Moreover, variations in the dopamine transporter gene, SLC6A3, were associated with cessation in a
meta-analysis™° but not in a more recent population-based study.*" In addition to clinical studies of
drug therapies, an association between the CHRNA5-CHRNA3-CHRNB4 gene cluster and smoking
cessation in large human population studies has been observed.*" %

In the cholinergic system, variations in the nicotinic acetylcholine receptor subunit CHRNB2 are
associated with the ability to quit smoking on either bupropion or placebo even 6 months following
treatment.®* Variations in CHRNB2 were also associated with the ability to remain abstinent for a
longer period on transdermal NRT versus placebo in a crossover study.*®? Variations in the choline
acetyltransferase gene ChAT are associated with cessation outcomes on transdermal NRT in open-label
studies.'®* Initially, variations in the CHRNA5-CHRNA3-CHRNB4 gene cluster appeared to have a
negligible role in smoking cessation.***31% However, subsequent investigations revealed an
association between SNPs in this cluster and a reduced ability to quit unaided, which was mitigated by
pharmacological treatment (NRT in particular).****® One study also suggested that variants in CHRNB2,
CHRNA4, and CHRNAY7 and in the CHRNA5-CHRNA3-CHRNB4 gene cluster influence abstinence
while an individual is taking varenicline, a pharmacological treatment that acts at nicotinic receptors by
partially mimicking the effects of nicotine."®” Variation in the CHRNA5-CHRNA3-CHRNB4 gene cluster
may also influence response to the investigational cessation aid selegiline.*®® Importantly, variation in
this gene cluster is also associated with smoking abstinence on active pharmacotherapy among African
American smokers.**

Genetic variations in the p-opioid receptor have also been implicated in smoking cessation. Nicotine
stimulates the release of endorphin, which binds to p-opioid receptors, and these receptors mediate
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feelings of withdrawal.*”® Hence, candidate gene studies have investigated the association between
variations in the p-opioid receptor gene OPRM1 and smoking cessation—in particular, the rs17999971
A>G variant, because the G allele is associated with reduced receptor expression.*’ In an open-label
study of NRT, individuals with the rs17999971 G/G or G/A genotype had higher abstinence rates on
transdermal NRT,'"* whereas in a placebo-controlled trial of NRT, individuals with the rs17999971 A/A
genotype had higher abstinence rates on active treatment.*’? These observations, coupled with the DRD2
and CHRNA5-CHRNA3-CHRNBA4 findings, highlight the importance of treatment condition in genetic
association studies of smoking cessation; the effect of a genetic variant that reduces general quit ability
might be mitigated by pharmacotherapy.

Genetic variations in CYP2AG6 are associated with smoking cessation, both unassisted and assisted by
pharmacotherapy. CYP2A6-reduced metabolizers appear to have higher levels of smoking cessation, as
European, European American, and Japanese individuals possessing the inactive CYP2A6*4 allele have
a lower likelihood of being a current smoker and have a greater likelihood of quitting compared with
CYP2A6-normal metabolizers.”*"*™ Consistent with these findings, the proportion of CYP2A6-slow
metabolizers (<50% activity, as predicted by genotype) among current smokers decreases as smoking
duration increases.”® The influence of CYP2A6 is even apparent in adolescent ever-smokers, as a greater
proportion of slow versus normal metabolizers had quit smoking for at least 1 year.*” Additional
evidence for an increased ability to quit smoking among CYP2A6-slow metabolizers comes from the
placebo arm of clinical trials. The slowest quartile of nicotine metabolizers, as assessed by the nicotine
metabolic ratio (a biomarker of CYP2A6 activity and genotype), have higher quit rates on placebo
compared with the fastest three quartiles of nicotine metabolizers in European Americans and African
Americans.’*"

Rates of nicotine metabolism, which influence how nicotine levels fluctuate after a cigarette, can affect
the development of conditioned responses among smokers; functional brain imaging has demonstrated
greater neural responses to smoking cues in faster versus slower CYP2A6 genotypes.'”” Slow versus fast
nicotine metabolism is also predictive of higher abstinence rates on transdermal NRT and of less intense
cigarette cravings in the week following the target quit date in populations of predominantly European
descent.*”®*"® Furthermore, in a clinical trial comparing normal and extended NRT, only those with
CYP2A6-reduced metabolism genotypes were found to benefit from extended therapy.® CYP2A6 is
related to cessation success in those getting NRT. There is evidence that cessation success is related to
NRT and not to bupropion pharmacotherapy, and that the contribution of CYP2AG is independent of that
of CHRNA5-CHRNA3-CHRNBA4.'¥ Together, these studies suggest that variations in CYP2A6 modulate
smoking cessation outcomes; CYP2A6-reduced metabolizers benefit more from transdermal NRT
compared with normal metabolizers and, more importantly, are able to quit more easily even without the
use of pharmacotherapy. A clinical trial found that normal nicotine metabolizers were more successful
in smoking cessation on varenicline than on nicotine patches, but this was not the case among the slow
nicotine metabolizers who also experienced more side effects on varenicline than did the normal
metabolizers. This suggests the potential for nicotine metabolism testing to help in identifying who may
benefit most from specific cessation therapies. ™

Genetic variations in CYP2B6 also appear to influence smoking cessation outcomes. CYP2B6 genetic
variants could be a risk factor for a reduced likelihood of quitting smoking, as reduced-expression
variants are associated with increased cigarette craving and reduced abstinence rates in the placebo arm
of clinical trials.®*®2'% |mportantly, CYP2B6 is the main enzyme that metabolizes the smoking
cessation drug bupropion,*® and variations in CYP2B6 are associated with bupropion treatment response
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and with altered levels of hydroxybupropion (an active metabolite) in pharmacogenetic studies of
smoking cessation.**”® Thus, although variations in CYP2B6 might not be a significant genetic factor
in nicotine metabolism and cigarette consumption, they might predict the likelihood of quitting smoking
unassisted or assisted by bupropion, but possibly not assisted by nicotine replacement therapy.*®

Summary for Tobacco Smoking Initiation, Nicotine Dependence, and Cessation

Smoking is a complex behavior, with genetic and environmental influences operating at each stage
along the tobacco use continuum. The relative contribution of genetic and environmental factors to a
given smoking behavior differs by cohort, age, race/ethnicity, and sociocultural context, and genetic
factors characterized in one context cannot be readily extrapolated to another. Most of the evidence
concerning genetic factors comes from studies in populations of European descent.

This section described genetic factors in neurotransmitter systems, neuronal connectivity and plasticity,
and nicotine metabolism and their effects on smoking behaviors. Common and unique genetic risk
factors in neurotransmitter systems and neural connectivity are associated with smoking behaviors along
the tobacco use continuum, from initiation to cessation.'®® Genetic factors related to smoking initiation
include variations in dopamine receptor genes and neuronal connectivity genes. Nicotine dependence
and smoking levels are strongly associated with variations in nicotinic receptor genes, in particular the
CHRNA5-CHRNA3-CHRNB4 gene cluster. Variations in dopaminergic and neuronal connectivity genes
are also associated with nicotine dependence, and variations in dopaminergic genes are associated with
smoking cessation. Although racial/ethnic populations appear to share certain genetic factors, such as
variations in the CHRNA5-CHRNA3-CHRNB4 and TTC12-ANKK1-DRD2 gene clusters, the specific
risk SNPs are sometimes different in the different population groups. Studies encompassing each
racial/ethnic group are necessary to determine the precise genetic variants operating within each
population and the importance of genetic factors relative to sociocultural factors.

Variations in nicotine metabolism genes are also associated with smoking behaviors. CYP2AG6 is the
main enzyme that metabolically inactivates nicotine, and variations in the CYP2A6 gene are an
established genetic factor affecting nicotine metabolism and, consequently, nicotine clearance. In line
with evidence that cigarette smokers titrate their nicotine intake from cigarettes to maintain a preferred
level of nicotine, individuals with CYP2A6-reduced metabolism genotypes smoke fewer cigarettes per
day and take smaller puff volumes compared with CYP2A6-normal metabolizers. CYP2A6-reduced
metabolizers progress more slowly in their level of nicotine dependence as youths and have lower
nicotine dependence scores as adults. Variations in CYP2AG are also associated with increased smoking
cessation, both the ability to quit without pharmacotherapy and the ability to quit on transdermal NRT.
Although the frequency of CYP2A6-reduced metabolism genotypes varies according to race/ethnicity,
the functional impact of CYP2A6 genotypes on nicotine metabolism appears to be consistent across
racial/ethnic groups. In heavier smoking populations, principally men of Japanese, Chinese, and
European descent, a consistent association between variations in CYP2A6 and smoking behaviors such
as cigarette consumption is emerging. Less is known about the effects of CYP2A6 genetic variations in
lighter smoking populations, such as African Americans. Genetic factors that influence smoking
behaviors among racial/ethnic populations characterized by lighter smoking are not well understood in
part due to the inadequacy of common cigarette smoke exposure biomarkers in light smokers.
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Genetic Factors Associated With the Risk for Lung Cancers

Multiple factors contribute to the risk for developing tobacco-related cancers and to population
disparities in risk such as differences in smoking behaviors (e.g., the prevalence and/or amount of
smoking) and socioeconomic and environmental influences. One such factor, genetic factors,*®’ is the
focus of this section. Cigarette smoking and secondhand smoke exposure are associated with numerous
cancers, including those of the oral cavity, oropharynx, nasopharynx, and hypopharynx, oesophagus
(adenocarcinoma and squamous cell carcinoma), stomach, colorectum, liver, pancreas, nasal cavity and
paranasal sinuses, larynx, lung, uterine cervix, ovary (mucinous), urinary bladder, kidney (body and
pelvis), ureter, and bone marrow (myeloid leukemia).*®**%

Cigarette smoking is the leading risk factor for lung cancer: 80% of all lung cancer deaths in the United
States are attributable to tobacco smoke exposure.™* The risk for lung cancer increases with the level of
daily cigarette consumption and the duration of cigarette smoking. *? Despite a strong association
between increasing cigarette exposure and increasing lung cancer risk, susceptibility to lung cancer
varies greatly among smokers,'** particularly among racial/ethnic, low SES, and LGBT groups,**!*°
and genetic factors have been shown to modulate the risk of developing lung cancer.****® Although the
biological impact of individual genetic variants is predicted to be similar, the frequency of risk factors
varies across populations.*® Furthermore, although heavier cigarette smoking is itself such a strong
predictor of lung cancer risk, genetic risk factors are often more pronounced and detectable at lower
levels of cigarette smoke exposure.'#*®

This section introduces the general mechanisms by which genetic factors influence cancer risk among
smokers, with a specific focus on lung cancer risk, and provides examples, where possible, of genetic
factors and their importance by race/ethnicity. As of 2015, there was limited, if any, evaluation of
genetic factors and lung cancer risk stratified by SES or LGBT status. The intersection of those
environments affects health and health services use®* and could obscure the detection and
understanding of genetic factors.

Genetic factors modulate cancer risk among smokers via three general mechanisms (Figure 3.5). First,
genetic factors influence cigarette smoke exposure levels by modifying smoking behaviors and smoking
cessation outcomes, as discussed in the previous section. Second, genetic factors influence the body’s
response to carcinogenic compounds in cigarette smoke, such as the processing of carcinogens for
removal, and the ability of carcinogens to interfere with endogenous growth-signaling pathways. The
genetic influence on both of these factors, which act proximate to carcinogen exposure, will be the focus
of this section. Lastly, genetic factors influence the body’s underlying susceptibility to the damage
caused by carcinogens. Gene variations that regulate DNA repair, the cell cycle, and apoptosis are
associated with the risk of developing lung cancer—for example, the cell cycle genes p53 and p27; the
chromosome 6p21.33 region, which contains a DNA mismatch repair gene, MSH5; and an apoptosis and
DNA damage response gene BAT3.2°22% such genetic factors are beyond the scope of this review, but
have been discussed by others.?*>?% Genetic factors might also modulate cancer risk through more than
one of the mechanisms described above. For example, genetic variations in CYP2A6 and in CHRNAS-
CHRNA3-CHRNB4, which will be discussed, modulate lung cancer risk both indirectly, by influencing
smoking behaviors, and directly, by influencing the carcinogenicity of tobacco smoke compounds.
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Figure 3.5  Genetic Factors Influence Cancer Risk by Modulating Smoking Behaviors, Activity of
Carcinogens, and Susceptibility to Damage Caused by Carcinogens
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Cigarette smoke delivers at least 69 carcinogens,”®’ of which nitrosamines, polycyclic aromatic

hydrocarbons (PAHS), aromatic amines, volatile organic chemicals, and heavy metals are among the
most potent.?®® 2% Many of the chemicals in cigarette smoke are procarcinogens—chemicals that exert
their full carcinogenicity following metabolic activation. In general, chemicals that enter the body,
including cigarette smoke carcinogens entering through the lungs, undergo sequential steps of
biotransformation (metabolic processing). Initially, such enzymes as CYPs typically make chemical
substrates more hydrophilic and more reactive by adding polar chemical groups. These more polar
metabolites then become the substrates of classes of transferase enzymes, such as UDP-glucuronosyl
transferases (UGTSs) and glutathione S-transferases (GSTs), which facilitate elimination by conjugating
large, bulky hydrophilic groups onto the metabolites. Alternatively, these transferases could also directly
interact with procarcinogens. Thus, in general, CYPs metabolically activate procarcinogens into reactive
species capable of damaging DNA, and genetic variations that result in reduced CYP activity are
anticipated to reduce cancer risk. In contrast, transferase enzymes metabolically inactivate (i.e.,
detoxify) carcinogens, and genetic variations that result in reduced transferase activity are anticipated to
increase cancer risk by allowing carcinogens to reside in the body for longer periods.*®’ In addition to
DNA damage, nitrosamines might also foster carcinogenesis by interfering with endogenous nicotinic
receptor signaling, which is vital to managing proper cell growth,*#*2 and genetic variations in
nicotinic receptor subunits are associated with lung cancer risk among smokers.*

97 11



Chapter 3: Genetics, Physiological Processes, and Tobacco-Related Health Disparities

Genetic factors associated with lung cancer risk could offer insight into disparities in the smoking-
related risk for lung cancer among racial/ethnic populations. Differences in cigarette consumption
cannot readily explain racial/ethnic susceptibility to lung cancer, as African American smokers, a
typically light-smoking population, appear to be at a higher risk of lung cancer than European American
and Japanese smokers, both of whom are generally heavier smoking populations.?*®” The excess risk
observed among African Americans may result from the interplay of genetic and environmental factors
that need more detailed study.

Lung cancer is a heterogeneous disease defined by histological subtypes and increasingly by molecular
signatures.?!* Lung cancers are broadly classified as small cell carcinomas and non-small-cell
carcinomas; the latter includes two of the most prevalent histological subtypes of lung cancer—
adenocarcinoma and squamous cell carcinoma.“*> Adenocarcinoma is the most prevalent histological
subtype overall and within smokers (40% of all lung cancers in the United States), followed by
squamous cell carcinoma (20% of lung cancers).?'® Smoking is a risk factor for all histological subtypes
of lung cancer.?!” The heterogeneity of lung cancer can confound genetic investigations, as genetic risk
factors are unlikely to be uniformly associated with all histological subtypes of lung cancer and could
predominantly influence a single subtype. There is a trend in this direction. For example, in a GWAS of
lung cancer involving almost 30,000 cases and 56,000 controls, certain susceptibility loci were specific
to lung adenocarcinoma.?*®

In addition to smoking behavior, cigarette brand could affect lung cancer histology. The shift from a
predominance of squamous cell carcinoma to adenocarcinoma over the past 50 years has coincided with
changes in cigarette composition and design, resulting in greater relative exposure to tobacco-specific
nitrosamines than PAHs and fostering deeper inhalation.?™® Thus, product preference and trends in use
might further complicate the relationship between genetic factors and lung cancer and could possibly
contribute to TRHD.

PAHSs and nitrosamines are the procarcinogens most strongly associated with lung cancer.?®®
Nitrosamines can also foster carcinogenesis by binding to nicotinic receptors, and evidence for the
association of variations in nicotinic receptor signaling with lung cancer follows. The next section
discusses (1) genetic variations in enzymes that metabolize PAHs and are associated with lung cancer
risk, then (2) variations in enzymes that metabolize nitrosamines. Aromatic amines are also strong
procarcinogens, but they are more strongly associated with bladder cancer than with lung cancer,**’
therefore genetic variations in metabolizing enzymes that predominantly interact with aromatic amines
(such as N-acetyltransferases) are not discussed here.??%?%*

Genetic Factors Associated With Carcinogen Metabolism

Variations in genes involved with the metabolism of PAHSs are associated with differences in lung
cancer risk. PAHSs such as benzo[a]pyrene are metabolically activated into epoxides and further into diol
epoxides capable of reacting with DNA.2®® CYP1A1 and myeloperoxidase (MPO) are among the
enzymes capable of metabolically activating benzoga] pyrene intermediates and have been studied widely
as potential genetic risk factors in lung cancer.**®%%%%2 Genetic variations in CYP1A1 have been
associated with lung cancer in several populations, including African Americans, Asians, Europeans,
European Americans, and Indians.?®* > They have also been associated with other respiratory cancers,
such as oral and pharyngeal cancers.??® Large-scale meta-analyses supported an association between the
CYP1A1 Mspl variant and increased lung cancer risk in Asian and non-Asian populations, whereas the
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CYP1A1 lle*®?Val variant is predominantly associated with increased lung cancer risk in Asian
populations, probably because of the lower prevalence of this variant in non-Asian populations.?*-2*
Variations in CYP1A1 appear to be predominantly associated with squamous cell carcinoma.?**#*
MPO genetic variants with decreased transcription are associated with a reduction in lung cancer risk
in populations of European descent,?*® but not all studies have supported this association.?** Variations
in CYP1BL1 have also been investigated, albeit to a lesser extent, and study results have been
mixed.196,235—237

Detoxification enzymes for PAHs include GSTs.?”® Genes coding for GSTs, such as GSTM1, GSTT1,
and GSTP1, have been widely studied as genetic factors in cancer risk,'*® and many studies have found
them to be associated with lung cancer and head and neck cancer risk in smokers,>**?*° but not all
studies report an association.?*’ Some investigations have confirmed the association of the GSTM1
deletion allele with increased lung cancer risk in Asian populations.???*+2%2 A meta-analysis of the
GSTT1 deletion allele also reported a significant association between GSTT1 and lung cancer risk in
Asians but not in Europeans, which was likely due to the lower frequency of the deletion allele in people
of European descent, thereby reducing the power to detect the association.?** The results were more
equivocal for a reduced-activity GSTP1 allele in a combined meta-analysis and pooled analysis in Asian
and European populations.?*%*

Variations in genes involved with the metabolism of nitrosamines are also associated with lung cancer
risk. The drug-metabolizing enzymes CYP2A6 and CYP2A13 activate tobacco-specific nitrosamines
such as 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and N’-nitrosonornicotine (NNN).4°
Cigarette smokers with CYP2A6-reduced metabolism genotypes are associated with a reduction in lung
cancer risk compared with CYP2A6-normal metabolizers; this finding has been observed in Japanese,
European, and European American populations.'**3>19%:247-249 | contrast, one study found that the loss-
of-activity CYP2A6*4 allele was associated with increased lung cancer in a Chinese population®’;
however, a subsequent larger Chinese study found no association between CYP2A6*4 and lung
cancer,” and a small study in a Thai population also failed to find an association between CYP2A6*4
and nasopharyngeal cancer.?>? The relevance of these findings to smokers is unclear; the Chinese studies
included a significant proportion of never-smokers, whereas the Thai study provided no details on the
smoking status of participants.

Earlier studies among European populations also did not find an association between CYP2A6 and the
risk for developing lung cancer, but these studies assessed only one or two variants of low frequency in
Europeans (~1%).%* In terms of histology, Japanese studies have reported an association between
variations in CYP2A6 and squamous and small cell carcinomas, whereas in a European American
population a stronger association with adenocarcinoma was noted.****>%*" Some researchers offer the
caveat that genetic association studies in cancer are typically not powered to assess genetic risk within
each lung cancer subtype, and they can be further confounded by differences in smoking level, which
contribute unequally to the risk of each histological subtype of cancer.?%*

CYP2A6-reduced metabolism genotypes are also associated with lower cigarette use and lower
nitrosamine exposure.3*1%2> However, even after controlling for cigarette exposure, the association
between CYP2A6 variations and lung cancer risk remains significant, suggesting that genetic differences
in the CYP2A6-mediated activation of nitrosamines contribute to differing lung cancer risk in addition to
CYP2A6-mediated influences on smoking behavior.*3*1%
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The involvement of CYP2A6 metabolic activation in carcinogenesis is corroborated by human data
showing that the inhibition of CYP2AG6 in cigarette smokers is associated with increased routing of NNK
to the metabolite NNAL (i.e., evidence of the reduced activation of NNK),?*® and by mouse data
demonstrating that the inhibition of the mouse version of CYP2A6 reduces the occurrence of NNK-
induced adenomas.”’ Variations in CYP2A6 are also associated with other respiratory tract cancers—
oral cancer in North Indians,?*® head and neck cancers in Sri Lankans,?® and upper aerodigestive
cancers in Europeans.”®

Genetic variations in CYP2A13 are less well characterized, but two different functional variants have
been associated with altered lung cancer risk in Chinese and European populations.??* Variations in
another nitrosamine-activating gene, CYP2E1, have been extensively investigated as potential genetic
risk factors for lung cancer, but results have largely been equivocal.“®?

Although CYP2A6 and CYP2A13 metabolically activate nitrosamines, UGTSs typically detoxify the
metabolites of nitrosamines and PAHSs into noncarcinogenic glucuronide conjugates, and there is
growing evidence that genetic variations in UGTSs can influence the risk of lung cancer and other
tobacco-related cancers. A UGT2B17 deletion variant with a reduced ability to detoxify nitrosamines
was associated with increased lung cancer risk in European American female smokers.?*® Reduced-
activity variants in the UGT1A7 gene were associated with an increased risk for lung cancer among
Japanese,*® increased orolaryngeal cancer among European Americans and African Americans,”®® and
increased proximal digestive cancers (e.g., esophageal, orolaryngeal, and gastric cancers) among
Europeans,®®® presumably because of the reduced ability of these gene variants to detoxify PAHS.
However, increased activity UGT1A7 variants were associated with an increased risk, as opposed to a
decreased risk, of head and neck cancers,”®’ underscoring the need to better characterize the functional
and biological consequences of variations in UGT genes.

Variations in UGT1A10, another UGT involved with the detoxification of PAHSs, are also associated
with the risk for orolaryngeal cancer in African Americans but are unlikely to be detected as a risk factor
for cancer in Europeans or Asians due to the lower prevalence of the variants in these other populations
(less than 1%).2°® Genetic variations in UGTs could also be an important consideration in biomarker
studies. The ratio of NNAL-glucuronide to NNAL (the main metabolites of NNK) is a proposed
biomarker for nitrosamine detoxification®® and for cancer risk?’’; thus, variations in UGTs could
confound the interpretation of this biomarker.

Hereditary factors, in addition to diet and cigarette design, are hypothesized to contribute to lower lung
cancer incidence in Japanese men compared with American men, despite a higher prevalence of
smoking and heavier smoking.?’* Genetic variations that result in reduced metabolic activation of
carcinogens could contribute to the lower lung cancer susceptibility. For example, the CYP2A6 deletion
allele is significantly more prevalent in Japanese compared with Europeans, European Americans, and
African Americans,”’? and cigarette smokers homozygous for the deletion allele have a substantially
lower risk of lung cancer compared with CYP2A6-normal metabolizers, with an odds ratio of 0.29 (95%
confidence interval 0.15-0.56)."** Therefore, the high prevalence of the CYP2A6 deletion allele could
contribute to the lower average lung cancer risk observed in Japanese smokers. However, genetic
variants in CYP1A1 and GSTs, which are associated with increased lung cancer risk, are also more
prevalent in Asian versus non-Asian populations.'*®?* Thus, variations in metabolic genes associated
with increased and decreased cancer risk are prevalent in Japanese populations, underscoring the need to
assess the concurrent impact of variations in multiple genes.
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In African Americans, genetic variations in the glucuronidation detoxification pathway of carcinogens
could increase the risk of lung cancer, as a greater proportion of African Americans have a slow
glucuronidation phenotype compared with European Americans.*>?">*"* On the other hand, a greater
proportion of African Americans are CYP2A6-reduced metabolizers compared with populations of
European descent,® which should confer protection from lung cancer. Thus, the impact of CYP2A6-
reduced activity might be opposed by an increased risk conferred by impaired glucuronidation. Finally,
among smokers CYP2AG6 faster-metabolizing genotypes increase smoking intensity, thus increasing their
exposure to carcinogens. This is another mechanism by which CYP2A6 may affect lung cancer risks.*’

Nonmetabolic Genetic Risk Factors

In addition to metabolic genes, genes involved with nicotinic receptor signaling have also been
associated with lung cancer risk. GWASs of lung cancer have been conducted. GWASs examine many
single nucleotide polymorphisms (SNPs) across the genome of thousands of lung cancer cases and
thousands of controls and are useful in identifying SNPs associated with lung cancer and help rule out
chance findings. Lung cancer GWASs have found more than two dozen common loci associated with
this cancer.?®

Chromosome 15p25.1

GWASs have found a strong association between genetic variations in the chromosome 15g25.1 region
and lung cancer.?”’ 2" The 15g25.1 region encompasses the nicotinic receptor subunit gene cluster
CHRNA5-CHRNA3-CHRNBA4. Variations in this cluster are associated with multiple histological
subtypes of lung cancer, including adenocarcinoma, squamous cell carcinoma, and small cell
carcinoma®**?® and with an earlier age of cancer onset.”®! Genetic association studies of the 15g25.1
region initially were conducted in European and European American populations. The tag SNP (genetic
variant) most highly associated with increased lung cancer risk within CHRNA5-CHRNA3-CHRNB4
occurs at a frequency of 37% in European populations but only 10% in African Americans and ~1% in
Asian populations.?®*?%% A two-fold elevated risk is associated with being homozygous for the risk
alleles at rs588765-rs16969968 compared to being wildtype at those SNPs.?*

Subsequent association studies in Japanese, Chinese, and African American populations have also
implicated the region in lung cancer risk.?***%% Many of the SNPs in the CHRNA5-CHRNA3-
CHRNB4 gene cluster contribute to lung cancer susceptibility in African-Americans and Asian
populations as well as European/American white populations. However, there are many other variants of
potential importance in the CHRNA5-CHRNA3-CHRNBA4 region among African Americans and
ASianS.276,2857288

In addition to lung cancer risk, genetic variations in the 15925.1 region are associated with a modest
increase in cigarette consumption and an increased nitrosamine exposure,”® %1% potentially increasing
the risk of lung cancer through increased carcinogen exposure.’® However, cancer risk remains elevated
after controlling for cigarette smoke exposure, "**>2! which suggests that genetically determined
alterations in nicotinic receptor signaling might contribute directly to the risk of lung cancer as well as
indirectly through increased cigarette consumption. The CHRNA5-CHRNA3-CHRNBA4 subunits are
expressed in the lung and participate in nicotinic receptors with a high affinity for nitrosamines in
addition to nicotine and the endogenous ligand acetylcholine.?*?* Nitrosamines could foster the
development and progression of cancer by binding to nicotinic receptors, thereby disrupting the balance
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between inhibitory and stimulatory receptor signaling and resulting in increased cell proliferation,
invasion, angiogenesis, and reduced apoptosis.**?

GWASs found that variations in the chromosome 15g25.1 region, but not specifically the CHRNA5-
CHRNA3-CHRNB4 subunits, were implicated in lung cancer risk. Thus, other genes in this region, such
as IREB2 (iron-sensing response element) and PSMA4 (proteasome a 4 subunit isoform 1), could
contribute to lung cancer risk in addition to or instead of the nicotinic receptor subunit genes,'07277-279:2%

Because the CHRNA5-CHRNA3-CHRNB4 region has been associated with both tobacco smoking
behaviors and lung cancer, investigators have examined whether the region influences smoking
behaviors and is thus associated with lung cancer, or whether the region is associated with lung cancer
independent of its effect on smoking behaviors. Evidence on this question among African Americans is
inconsistent, 112270284

Chromosome 5p15.33 and Other Loci

Another region on chromosome 5, specifically 5p15.33, is near the gene telomerase reverse transcriptase
(TERT) and is associated with lung cancer.?* Among African Americans, a variant located on 5p15.33,
specifically at locus rs2853677, is associated with adenocarcinoma of the lung, but not other lung cancer
types, with an odds ratio of 1.32 (95% CI 1.20-1.44),%”° confirming previous studies of this SNP and
lung adenocarcinoma in African Americans.?® Variants in CHRNAG5 (rs 2036527) are associated with
lung cancer risk and smoking frequency in African Americans.?’*?® In African Americans there are
other loci in the nicotinic cholinergic receptor genes and in others, such as TERT.?%¢28829 | studies of
nonsmoking Asian women, associations were observed with multiple variants that are associated with
longer telomere length and loci for lung cancer®®® or lung adenocarcinoma® that are different from
those found in other populations. GWASs of Iung cancer among Asians have identified a number of
SNPs of importance to this population group.**

Other common genes associated with lung cancer based on GWASs include PRPF62%® and NEXN-
AS1.% In addition to common genes, rarer genes such as BRCA2 and CHEK2, are also associated with
lung cancer risk.*®

Several other developments have provided further insights about the genetics of lung cancer. The
GWAS approaches used to identify loci for specific cancers have been extended to examine whether
some SNPs are associated with multiple cancers including lung cancer. For example, both lung cancer
and breast cancer are associated with variants at 1922.%°* Risk prediction models that include tobacco
smoking behaviors as well as genetic factors are being developed to help identify subgroups of people
who are at greatest risk of lung cancer. For example, lung cancer risk prediction models have been
developed, but the inclusion of top genetic hits in the model have not improved its utility for African
Americans.**? And finally, research studies are exploring the functional implications of various risk
alleles.3%33%

Summary for Lung Cancer

Genetic factors, along with smoking behaviors and socioeconomic and environmental influences,
contribute to population disparities in the risk for developing tobacco-related cancers. This section
introduced the general mechanisms by which genetic factors influence cancer risk among smokers,
discussed lung cancer risk specifically, and provided key examples of genetic risk variants.
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Variations in the genes involved with carcinogen processing and carcinogen signaling pathways
modulate lung cancer risk. Variations in the CYP2A6 gene, which metabolically activates nitrosamines,
are an important genetic risk factor for lung cancer,4particu|ar|y in Asian populations in which the
frequency of CYP2A6-slow metabolism is high.'%®%*® The evidence for other drug-metabolizing
enzymes, such as CYP1A1 and GSTs, which metabolize PAHSs, is more equivocal, possibly owing to
fewer characterized functional variants.® The association between CYP2A6 and cancer in European
populations only became significant as more prevalent functional genetic variants were identified and
evaluated. The association between lung cancer risk and variations in CYP2A6 has two potential
mechanisms—altered carcinogen exposure through smoking behaviors and altered metabolic activation
of nitrosamines.

The nicotinic receptor subunit genes CHRNA5-CHRNA3-CHRNB4 have also emerged as significant
candidate genetic risk factors for lung cancer across multiple racial/ethnic populations. Recent GWASs
have found loci in African Americans and nonsmoking Asian women that were previously identified in
European populations; these studies have also found loci unique to those populations. Variations in these
genes could influence lung cancer risk by modulating smoking behaviors by influencing the degree to
which nitrosamines and/or nicotine interfere with endogenous signaling pathways. A number of other
loci have emerged as important in lung cancer risk, but limited evidence about them in populations other
than people of European origin is available. Some genetic loci are more important for adenocarcinoma
than for other histologic forms of lung cancer. Until the specific cancer-causing genetic variants are
determined and the frequencies of these variants (as opposed to tag SNPs) are assessed in each
racial/ethnic population, it is difficult to determine whether variations in nicotinic receptor subunits
could be contributing to population differences in lung cancer risk.

As more genetic variants are identified and characterized within different genes and among diverse
populations and are investigated in the context of smoking behaviors, a clearer picture of disparities in
the genetic risk for smoking-related cancers should emerge.

Genetics and TRHD: Current Knowledge and Future Directions
Genetic factors can contribute to tobacco use and its consequences by affecting:

e Use of tobacco including amounts used, tobacco dependence, age of onset, and reduced cessation
success, and

e Risk of lung and other cancers.

Some major classes of genes that have been found through candidate gene and GWASs and affect use of
tobacco are involved in:

¢ Nicotine metabolism, especially CYP2A6

e The dopaminergic system, especially relating to smoking initiation

e The nicotinic cholinergic system, especially the CHRNA5-CHRNA3-CHRNB4 gene cluster,
related to tobacco quantity and dependence as well as cessation.

Many of the earlier types of studies involved selecting genes thought to be involved in a pathway and
studying that set (i.e., candidate gene approach). Technological advances enabled GWASs that compare
loci (specifically SNPs) across hundreds of thousands of loci in groups of people with particular diseases
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or characteristics and those without them to identify SNP alleles that differ in the compared groups.
These studies need to be very large, involving thousands of people, to help rule out chance as a reason
for differences, given the very large number of statistical comparisons being made. Many loci have been
identified through this approach. However, most of the evidence has come from populations of
European origin. The relatively few studies of African American populations and studies of Asian
women who did not smoke find both similarities and differences in the genetic regions involved.

As of this writing (2017), the contribution of genetic factors to TRHD, specifically tobacco-related
cancers, cannot be estimated precisely because of the insufficient evidence available on this subject
particularly about non-European-origin populations. Progress has been made in identifying and
characterizing specific genetic variants that influence stages along the tobacco use continuum as well as
in estimating the risk of developing tobacco-related cancers, as detailed in this section, but the inventory
of genetic risk factors is far from complete for different population groups.3® In addition, these genetic
studies have been undertaken primarily to determine disease etiology rather than to address TRHD*"’;
therefore, these studies have typically been performed within a restricted range of sociodemographic
groups, which has limited the ability to translate findings to TRHD. Also, genetic investigations have
favored methodological approaches that circumvent the heterogeneity of smoking behaviors and cancer
risk in order to be able to detect genetic signals—an approach that minimizes the complexity of
interactions between genes and environmental factors that lead to disease as opposed to investigating
these interactions.>”’

As of 2017, genetic factors do not readily explain TRHD because genetic variants account for a modest
proportion of the heritable variance in smoking behaviors, and because of the scarcity of genetic studies
in relevant populations such as racial/ethnic and LGBT groups. Large, replicated studies conducted
primarily with populations of European origin have clearly established genetic susceptibility loci as
involved in tobacco dependence, quantity of use, cessation, and lung cancer risk, both tobacco-related
and not tobacco-related. These genetic factors have a modest effect on risk of tobacco behaviors and
cancer risk, yet help elucidate the biological mechanisms underlying tobacco behaviors and lung cancer
risk and may have important implications for stratifying groups for interventions, such as cessation
treatments, that may be most effective for them.

Some large-scale studies of African American populations and studies of Asian women who did not
smoke find both similarities and differences compared to populations of European origin in the genetic
regions involved in both smoking behaviors and lung cancer risk. Similarities include the importance of
loci in CYP2AG6 involved in nicotine metabolism and the nicotinic cholinergic system, especially the
CHRNA5-CHRNA3-CHRNB4 gene cluster. The latter is related to tobacco quantity and dependence as
well as cessation and may also be involved in lung cancer risk independent of its role in tobacco use
behaviors. However, African Americans and Asians each have other distinct loci, both in those and other
genetic regions. These genetic factors are only part of a complex web of behavioral, biological,
environmental, social, and other characteristics that contribute to TRHD.

The state of knowledge about the genetic risk for smoking behaviors and lung cancer continues to be
characterized by significant gaps and a need for further research. To more fully understand TRHD, more
research is needed, as described below.
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More Large Studies in a Wider Range of Populations

Data on the numerous genetic regions and genes that have been investigated as potential risk factors in
the etiology of lung cancer come primarily from Asian, European, and European American populations;
additional genetic association studies are needed for minority populations.*®

Many of the studies of African Americans have achieved the large sample sizes needed by pooling data
from multiple studies. The associations observed in a number of studies of nonsmoking women in Asia,
specifically China,?**?** may or may not apply to women in the United States. It would be very difficult
to obtain an adequate sample size of Asian Americans for GWASs. There are very few studies in
Hispanic populations or in populations defined by sexual orientation. It is important to conduct studies
in other ethnic groups because they account for the majority of the human population (Asians) and
genetic variation (Africans). There are also few studies in these populations that have examined in detail
smoking phenotypes such as age of initiation and cessation. And most studies that break ground in new
areas, such as the functional implications of these variants, are done in populations of European origin
first because the large number of study participants needed are easier to assemble, and studies in other
populations come much later.

Some ways to help achieve the large sample sizes needed for assessing genetic risks in these relevant
populations include fostering pooling data whenever possible. Although pooling projects have been
successfully conducted and are critical to research progress, racial and ethnic minority individuals are
still significantly under-represented in existing human population studies. Large-scale cohorts and case-
control studies with good representations by race/ethnicity and SES are necessary to further our
understanding of racial/ethnic disparities in the risk for lung cancer. One such cohort, described in the
Southern Community Cohort Study, offers the potential to assess genetic risk factors among African
Americans and European Americans of similar socioeconomic backgrounds while incorporating
biomarkers of cigarette exposure and accounting for environmental factors such as menthol smoking.**

Furthermore, to understand underlying risk differences among populations and the specific role of
genetic factors, analyses should address interacting and interrelated environmental factors, such as SES,
education level, diet, smoking behaviors, and other carcinogen exposures.*'° Most importantly, a
concrete understanding of the prevalence, amount, and intensity of smoking within each high-risk group
(e.g., race/ethnicity, SES, sexual orientation) is necessary because smoking is the predominant risk
factor for lung cancer; thus all other risk factors (genetic or environmental) need to be understood in the
context of smoking. However, it will be challenging to obtain the large sample sizes needed for such
studies.

By furthering our understanding of the biological basis of smoking behaviors and by disaggregating
high-risk populations by interindividual risk, genetic factors will help guide novel treatments and help
tailor intervention strategies. Although there is a small body of research that suggests that having certain
genotypes may influence smoking cessation success with different cessation treatment approaches, this
has not been examined within different population groups.

Most of the effects of individual gene variants on lung cancer risk found to date have been modest.
However, it is possible that risk models incorporating genetic variations across multiple genes could
capture more of the variance in lung cancer susceptibility than is captured by any of these factors acting
alone. For example, a greater proportion of lung cancer risk could be accounted for by the combined
effect of: (1) two metabolic-activating enzymes, CYP1Al and MPO; or (2) a metabolic-activating
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enzyme, CYP1A1, and a metabolic-inactivating enzyme, GSTM1; or (3) a metabolic-activating enzyme,
CYP2A6, and nicotinic receptors, CHRNA5-CHRNA3-CHRNB4, 3240511

Lung Cancer Heterogeneity

The heterogeneity of lung cancer might also confound investigations. Lung cancer is a disease with
multiple histological subtypes, each having a different relationship with smoking behaviors.*>® For
example, adenocarcinoma is currently the most prevalent lung cancer type among smokers,** but
adenocarcinoma shows a more modest association with cigarettes smoked per day and with years of
smoking relative to other subtypes.?®® As such, the smoking patterns of a population under study and the
proportion of a given histological lung cancer subtype could influence a researcher’s ability to detect
genetic and nongenetic associations, and future research on TRHD would benefit from separate studies
of cancer subtypes or from correcting for cancer subtypes by using procedures analogous to those
employed to correct for population stratification.** Fortunately, investigators are increasingly
publishing genetic data associations for specific lung cancer histologic types and finding that some
susceptibility loci are specific for certain histologic types.?*®

Although lung cancer has been the focus of this chapter, a better understanding of genetic contributions
to other cancers would be valuable. Studies on never-smokers could also shed light on understanding
disparities in racial/ethnic, sex, and LGBT groups.

Gene-Environment Interactions

The importance of environmental factors is highlighted by migration studies, which find that the cancer
risks of generations born after the original immigration resemble the risks found in the adopted country
rather than the ancestral land.**°

In addition to combined gene risk models, further progress in understanding the genetic factors
associated with cancer risk requires a diligent assessment of gene—environment interactions. Such
studies are challenging to conduct because they require large sample sizes. The degree of interaction
between variations in metabolic genes and cigarette smoke exposure typically varies with the level of
exposure.?”’ For instance, at lower versus higher levels of cigarette exposure, variations in genes such as
CYP2A6, CYP2A13, CYP1Al1, GSTML1, and MPO are more prominently associated with lung cancer
risk 13°224225.251313314 | contrast, the association of variations in the CHRNA5-CHRNA3-CHRNB4
subunit genes with lung cancer changes little with the level of cigarette smoke exposure.’** Future
genetic association studies employing biomarkers of smoking dose and quantitative records of historical
cigarette exposure will help characterize gene—environment interactions and their relationship to lung
cancer risk.*®’ In addition to smoking dose, environmental factors that are unique to high-risk groups
such as LGBT and lower socioeconomic groups must be investigated.

In the future, as more genetic association studies employ analytical approaches that incorporate and
evaluate gene—environment interactions, population heterogeneity, biomarkers, and more precise
behavioral measures, more of the genetic variance in smoking behaviors will be explained.*!*> Multigene
models that assess the combined effect of multiple genetic variants on smoking characteristics may be
more informative than studying genetic factors one at a time.

Jl 106



Monograph 22: A Socioecological Approach to Addressing Tobacco-Related Health Disparities

Biomarkers

Biomarkers of smoking dose could offer insight into the paradox of worse health outcomes among
African American smokers despite their greater proportion of light smoking. Differences in lung cancer
risk between African Americans, Native Hawaiians, and other racial/ethnic groups are greatest at lower
levels of cigarette consumption (e.g., no more than 10 cigarettes per day).? However, there is emerging
evidence that African Americans smoke more intensively at lower levels of daily cigarette consumption
than other racial/ethnic groups.*®='® The higher rates of lung cancer could be explained by greater
carcinogen exposure despite consuming fewer cigarettes daily, coupled with the fact that a greater
proportion of African Americans have slower carcinogen detoxification capabilities.

In addition to amassing genetic data on the relevant populations of interest, it is critical to incorporate
better biomarkers and surrogates for cigarette smoke exposure. As smoking is the predominant risk
factor for lung cancer, smoking biomarkers must be properly validated among different groups of
interest and incorporated and/or controlled for to investigate the contribution of other risk factors,
genetic or nongenetic, to TRHD. For example, African American smokers would be predicted to have
lower cigarette exposure compared with European American smokers based on self-reported number of
cigarettes smoked; however, using such biomarkers as total nicotine equivalents, it becomes apparent
that African American smokers can achieve comparable levels of cigarette exposure despite smoking
fewer cigarettes per day.?**!® The fact that this amount of cigarette exposure can be achieved despite
smoking fewer cigarettes suggests differences in smoking topography. Topography could also interact
with genetic factors to influence disease risk, given that the depth of inhalation, an aspect of topography,
is believed to contribute to disease risk.3*” Thus, without properly accounting for cigarette exposure,
relevant genetic and nongenetic factors could be obscured by differing self-reported smoking behaviors
among populations.

Expanded Genetic Characterization and Other High-Throughput Characterization Approaches (“-Omics”)

Cigarette smoke exposure is causally associated with numerous cancers and is the leading risk factor for
lung cancer.'®®*! Cigarette smoke contains more than 69 carcinogens, among which PAHs and
nitrosamines have the strongest causal association with lung carcinogenesis.?’’ Variations in the genes
that influence smoking behaviors might indirectly influence lung cancer risk by altering carcinogen
exposure (i.e., tobacco intake). Variations in genes such as DNA repair genes can also increase
individuals’ underlying susceptibility to the damage caused by carcinogens.

Increasingly, more sophisticated data is being generated: exome sequencing, gene expression, epigenetic
data from shared online databases and consortia. It will be important to study the role of epigenetic
changes and gene expression in addition to the genetic changes. Also, functional studies are helping
unravel the basis for the effect of the genes involved. It will be very important that these studies are
performed in multiple population groups to better understand TRHD. Epigenetics is another promising
research avenue to better understand the environmental component of gene—environmental interactions
influencing TRHD as both smoking and social environmental stressors appear to influence epigenetic
patterns.®**3%° These and many other examples of -omics and biomarkers approaches are shown in
Figure 3.6.
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Figure 3.6  Types of Biomarkers and -Omics Technologies That Could Help Understanding of TRHD

Epigenetics

Metabolomics Telomeres
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and -Omics

Circulating DNA

DNA adducts

Complex Interrelationships

It is important to understand the impact of all other environmental and host factors of smoking. Sexual
orientation is important and understudied. Poverty and many associated exposures (diet, obesity,
work/home environment, geographic location), pollution, health care access, education, and many other
factors contribute as well. Comorbidities, such as chronic obstructive pulmonary disease and immune-
related conditions such as HIV, and family history of cancers and other conditions are also important.

The challenges in applying genetic findings from one population to another, even when dealing with a
causative variant as opposed to a tag SNP, are numerous. There is also the issue of the potential
contribution of correlated and as yet poorly defined risk factors. For example, race/ethnicity, which
genetic researchers typically use to represent geographic/ancestral origin and genomic variability, also
encompasses correlated environmental, economic, and sociocultural factors that can influence disease
risk.21322 |_jkewise, the effect of a gene variant on a particular outcome (e.g., smoking persistence) is
likely influenced by multiple interacting genetic and environmental components that could differ across
populations.’® Similarly, other populations experiencing TRHD, such as lower SES groups and LGBT
groups, may experience environmental risk factors that could interact with genetic risk factors. Thus,
without a better understanding of genetic and nongenetic risk factors and their potential interactions in
the manifestation of tobacco-related diseases, it is not straightforward to extrapolate genetic findings
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from one population to another, even when the impact of a genetic variant on the function of a gene is
known.

As our knowledge of genetic and nongenetic factors and their interactions with each other and with
smoking behaviors increases, a clearer picture of TRHD will emerge. In addition, as key genetic and
nongenetic risk factors become uncoupled from race/ethnicity, SES, and LGBT status, it should become
feasible to predict whether a particular individual will suffer disproportionately from TRHD without
having to rely on these demographic categories.
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Introduction

Flavor additives such as menthol, ginger, vanilla, nutmeg, licorice, cocoa, and sugars are examples of
ingredients that are added to cigarettes.? This chapter focuses on the chemosensory effects of flavors in
cigarettes and, in particular, on menthol. The most common characterizing flavor in cigarettes, menthol
has been added to cigarettes since the 1920s.® Menthol is the primary focus of this chapter because when
used in cigarettes as a characterizing flavor, the compound affects multiple chemical senses, including
the olfactory (smell), gustatory (taste), and trigeminal (burning, tingling, touch, temperature,
nociception) senses.*®

Three months after the date of its enactment, the Family Smoking Prevention and Tobacco Control Act
of 2009 (Tobacco Control Act) banned characterizing flavors, other than menthol and tobacco, in
cigarettes.” The Tobacco Control Act also required that within 1 year after its establishment, the U.S.
Food and Drug Administration (FDA) Tobacco Products Scientific Advisory Committee (TPSAC)
submit a report and recommendations on menthol in cigarettes and public health, including use among
children, African Americans, Hispanics, and other racial and ethnic minorities. In its report Menthol
Cigarettes and Public Health: Review of the Scientific Evidence and Recommendations, the FDA
TPSAC concluded that “the availability of menthol cigarettes has led to an increase in the number of
smokers and that this increase does have adverse public health impact in the United States.”®?%% (Other
provisions of the Tobacco Control Act and their relationship to tobacco-related health disparities
[TRHD] are discussed in chapter 11.)

Background

“Flavored” tobacco was made popular with the inadvertent invention of menthol cigarettes in 1924 by
Lloyd F. (Spud) Hughes, a resident of Mingo Junction, Ohio. Hughes used menthol for medicinal
purposes, inhaling the menthol crystals to treat his asthma. After hiding his cigarettes in a tin can that
contained menthol crystals and baking powder, Hughes discovered that the menthol cigarette flavor
created a cooling and soothing effect.” In 1924, he filed for a U.S. patent that specified the treatment of
cigarettes with menthol, alcohol, and cassia oil derived from the Cinnamomum cassia tree. In his patent
application, Hughes stated:

This invention relates to a process of treating tobacco for use in the production of
cigarettes, and it has for its object to provide a cigarette tobacco which, while cooling

and soothing to irritated membranes of the mouth and throat of the smoker, is absolutely
non-injurious and is pleasant to taste. The process consists in spraying upon the tobacco
which is to be rolled into cigarettes a solution consisting of menthol (C1oH200), cassia oil,
and alcohol .®

The patent was granted on September 29, 1925, and production of the new product began soon after.
Hughes formed the Spud Cigarette Corporation in Wheeling, West Virginia, and Spud cigarettes were
manufactured for Hughes’s corporation by Bloch Brothers Tobacco Company (Figure 4.1). Hughes sold
his cigarettes door to door, out of his car, and to railroad and mill workers who frequented his father’s
restaurant.’® In 1926, Hughes sold his patent to the Axton Fisher Tobacco Company of Louisville,
Kentucky, for $90,000. Spud was the fifth largest selling tobacco company in the United States until
Brown and Williamson introduced two cheaper menthol cigarettes, Penguin in 1931 and Kool in 1933
(see Figure 4.1).

127 ||



Chapter 4: Flavored Tobacco and Chemosensory Processes

Figure 41  Cigarette Packs: Spud Menthol Cooled Cigarettes, 1924, and Kool Cigarettes, 1950

TMenthol Cooled
CIGARETTES

CORK TIP

Sources: Trinkets & Trash.186.187

The pleasing mint flavor and cooling sensation of menthol in tobacco were used to market menthol
cigarettes as “healthy,” and they increased in popularity in the 1950s.'? In 1956 R.J. Reynolds Tobacco
Company (RJR) introduced Salem, the first filter-tipped menthol cigarette. RJR sold the Kool and
Salem brands to Imperial Tobacco Company in 2015.*! In 1957, Lorillard Tobacco introduced the
Newport menthol brand, which Reynolds America, RIR’s parent company, purchased in 2015.
According to 2016 sales data, Newport is the second most popular cigarette brand in the United States,
having 13% of the market share. The domestic share of menthol cigarettes increased from 16% in 1963
to 30% in 2014.">

As described in chapter 2, menthol cigarettes are disproportionately smoked by youth, women, and
African Americans. For example, the prevalence of menthol cigarette use in the past 30 days among
black adolescent smokers is 95%.'> Some populations groups, such as African Americans and Native
Hawaiians and Pacific Islanders, have higher rates of tobacco-caused morbidity and mortality than
others, and it has been suggested that menthol in cigarettes may play a role in the chronic disease
pathway. 6%

The effects of menthol as a characterizing flavor can be immediately perceived by the consumer,
whether the product is inhaled, chewed, smoked, or comes in contact with the skin. Other additives and
constituents, such as cocoa and licorice, which are common additives in menthol cigarettes and other
tobacco products, also act on the chemical senses.

The Menthol Compound

Menthol is a complex compound (C1oH200, molecular weight 156.27 g/mol) that has multiple biological
effects on the human body. The chemical structure of menthol is shown in Figure 4.2. Menthol is a
white or colorless crystalline substance that is solid at room temperature, partly soluble in water, and
freely soluble in alcohol, diethyl ether, or chloroform.?*# This cyclic monoterpene alcohol has three
asymmetric carbon atoms®*?* and is present as four pairs of optical isomers: (+) and () menthol;

(+) and (-) neomenthol; (+) and (~) isomenthol; and (+) and (~) neoisomenthol.??2* The menthol isomer
(=) menthol (L-menthol), the isomer most widely found in nature,? is known for its flavor and cooling
properties.??
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Figure 42  Chemical Structure of Menthol

Menthol is found naturally in peppermint (Mentha piperita)®® and cornmint plant oils (Mentha
arvensi).?> Menthol constitutes 50% of peppermint oil, and it can be extracted or synthesized from other
essential oils like citronella, eucalyptus, and Indian turpentine oil.*

Menthol has been added to food and used in cosmetics and pharmaceutical products. Mint teas and
peppermint candy and gum are widely used around the world. Menthol is commonly used in hygiene
products such as toothpaste, mouthwash, %% shampoo, and soap.2*** Menthol has been used as a local
analgesic and an anesthetic, and for its antibacterial, antifungal,?? and antipruritic properties. As an
analgesic, menthol is an ingredient in topical rubs. Products that involve inhaling menthol are used to
reduce res3piratory discomfort due to colds and flu, because they inhibit airway irritation that leads to
coughing.** Cough drops containing menthol are often used as an anesthetic to soothe throat irritation.
Menthol inhibits the growth of bacterial strains®** such as Streptococcus pneumonia.® It also has
synergistic effects with antibiotics such as oxacillin and erythromycin.* As an antifungal agent, menthol
compounds such as peppermint 0il*® have been known to be effective against Candida albicans.*’

Tobacco industry documents suggest that menthol is the primary additive that creates multiple sensory
effects.*> Menthol is the only flavor additive that, when added at different concentrations, is known to
act on the olfactory, gustatory, and trigeminal systems®*>*®*! to produce “desired” sensory effects for
different types of smokers. Unlike strawberry, grape, or cherry characterizing flavors, menthol when
used in cigarettes produces sensory effects that go beyond taste, flavor, and aroma; certain
concentrations of menthol create cooling/tingling, analgesic, and smoothing effects. These sensory
effects may serve as positive reinforcement for behavioral abuse of nicotine®*?*® and may affect the
abuse liability of menthol.** As the World Health Organization Study Group on Tobacco Product
Regulation has stated, “menthol is not only a flavouring agent but also has drug-like characteristics that
modulate the effects of nicotine and tobacco smoke,”*>?%

Brief Review of the Chemical Senses

Physiology and psychology meet in the study of the chemical senses.*® To understand how menthol’s
use in cigarettes influences experimentation, current use, and nicotine dependence, it is important to
understand the complexities of the chemical senses and menthol’s effects on them. Much is known and
much is still to be learned about how the chemical senses operate, interact, and signal each other to
produce unique flavor sensations and experiences among smokers.*’
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The perception of chemical stimuli by sensory means is called chemosensation or chemoreception.*®
Flavor results from the complex interaction of the chemical senses*® and will not be discussed in detail
in this chapter. The primary chemical senses for distinguishing flavors include the olfactory and
gustatory systems.*® The trigeminal somatosensory system (cooling and pain) also plays a role in
chemosensation and how flavor is experienced.*® No compound activates only one sensory channe
and a single compound may not have the same smell, taste, and cooling or pain thresholds either in
different individuals or on each of the independent sensory channels in the human trigeminal system.>**
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Olfaction allows us to detect odors such as the minty smell of menthol cigarettes. Odors stimulate a
series of biochemical activities within the cell when the odor molecule binds to an odor receptor in the
ciliary membrane.>* Olfaction is not, strictly speaking, an oral sense; however, olfactory sensations that
arise from odorants in the mouth are perceptually localized to the oral cavity. Much of the sensation of
taste is olfactory.” Olfactory receptors facilitate a sequence of events that lead to flavor sensation,
perception, and cognition.*®

Gustation, or taste, is another well-known chemical sense. When chemical stimuli come in contact with
taste cells embedded in the taste buds in fungiform papillae on the surface of the tongue, taste is
detected, and it is experienced in different ways. There are five basic classes of taste: salty, sour, sweet,
bitter, and umami.>® For example, compounds such as sugar may stimulate multiple receptors that
translate into a sweet taste.*® Bitter taste is evoked by more receptors than sweetness, and some of the
bitter receptors have been identified, such as TAS2R.*®*’ Research suggests that bitter taste prevents
mammals from ingesting potentially harmful food constituents.®®*° Sensations arising from the oral and
nasal cavities vary considerably; some of this variation is attributable to genetics, and some to common
pathologies. This variation in oral sensations plays an important role in health by affecting dietary
choices, drinking alcohol, and smoking cigarettes.

The capacity of the trigeminal nerve to detect chemicals is called chemesthesis.*® The sensory properties
evoked by smoking result from stimulation of the cranial nerves that innervate the oral and nasal
cavities. Sensations from the tongue include taste and somatosensation (irritation/pain, temperature,
touch). Taste is mediated by the chorda tympani nerve (CN VII) on the anterior tongue and the
glossopharyngeal nerve (CN 1X) on the posterior tongue. Somatosensation is mediated by the trigeminal
nerve (CN V) on the anterior tongue and is mediated along with taste by the glossopharyngeal nerve on
the posterior tongue. The endings of the trigeminal nerve can also be activated by physical stimuli and
chemical agents®® and can evoke sensations of touch, temperature, and pain“® even in the absence of
olfactory perceptions.®* The trigeminal system produces protective responses through salivation, tearing,
coughing, respiratory depression, and sneezing.*® The trigeminal system is the least understood of the
chemical senses, but this system is known to play an important role in the consumption of food and
other substances.

Cigarette Smoking and the Chemical Senses

Cigarette smoking impairs the senses of smell and taste. Studies have shown that, compared to
nonsmokers, smokers have less ability to identify the presence of a taste (i.e., low odor threshold), to
identify a particular taste, and to discriminate between tastes.®*®®* Number of pack-years (number of
packs smoked per day multiplied by number of years smoking occurred), a measure of cigarette dose, is
inversely associated with odor thresholds, discrimination, and identification.®
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The mechanisms by which smoking influences olfaction are under investigation, but several studies
suggest that smoking damages the nasal epithelium and increases cell apoptosis, thus causing nasal
congestion.®* Some studies have found that smoking impairs olfaction,®® but other data suggest that
olfaction returns to normal in smokers who quit.®® Some researchers have found that smokers are less
likely than nonsmokers to perceive bitter taste.®® Few studies, however, have examined the relationship
between olfaction and smoking, particularly as it relates to menthol cigarette smoking. Little research
has examined how menthol cigarettes’ effects on olfaction differ from the effects of non-menthol
cigarettes or how this might affect the likelihood of smoking initiation and continuation.

Characteristics of Flavor Additives and Constituents

Cigarette smoke is irritating,’®®” and nicotine has a bitter flavor.?® The chemosensory effects of menthol
make menthol cigarettes easier to smoke and may contribute to continued smoking. Analysis of tobacco
industry documents shows that the industry has conducted research to understand consumers’ perception
of menthol cigarettes for many decades.®

There are over 7,000 chemicals in cigarette smoke.” Flavor additives and constituents of tobacco
products can act on the chemical senses to create specific expectations of the product, entice new users,
neutralize the negative experiences of nicotine and tobacco, and create positive experiences that make it
easier for current users to continue to use a product that causes chronic disease and death. The number
of flavor additives and constituents in tobacco that stimulate the chemical senses is unknown. A 1994
report from the six major American cigarette companies listed 599 ingredients used in cigarettes; many
of these—including vanillin, valerian root extract, rosemary oil, raisin juice concentrate, honey, cocoa,
coriander, basil oil, almond bitter, licorice, and ginger—appear to be used as flavor additives.” Few
studies have investigated how these and other known flavor ingredients affect the chemical senses and
impact TRHD. The following sections describe the use of cocoa, licorice, and menthol as additives to
cigarettes and other tobacco products.

Cocoa as an Additive

Derivatives of cocoa beans have been used for different purposes throughout history, and research is still
being conducted on their pharmacological and phytochemical properties.”* Records from the 1500s
show that cocoa beans, derived from the Theobroma cacao tree, were used as a medicine by Maya and
Aztec civilizations of South America to treat gastrointestinal, cardiovascular, and nervous system
ailments.”* Twentieth-century studies have suggested that cocoa has pharmaceutical value as a flavor to
improve the taste and facilitate delivery of medicines.”

Cocoa powder, cocoa butter, and cocoa liquor, derived from cocoa beans, have been used as both
characterizing and non-characterizing flavors in cigarettes since as early as 1932,**"% and analysis of
tobacco industry documents shows that the industry has “experimented with manipulating cocoa levels
as a means of achieving sensory properties that appeal to women and youth.”*"%* These products can
contain protein, amino acids, polyhydroxy phenols, starch, sugars, theobromine, caffeine, or fatty acid
triglycerides when processed.”® Cocoa enhances the taste and reduces the harshness of cigarettes when
burned. Cocoa and cocoa extract are often used in the cigarette casing’® to enhance the aroma and flavor
of cigarettes and improve the overall smoking quality of blended cigarettes, but used in this way, cocoa
is not detected as cocoa flavor by the smoker.” Tobacco industry documents state that cigarette
companies have found cocoa useful because cocoa butter in tobacco products creates a smoother,
enhanced tobacco flavor.”™
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Like menthol, cocoa derivatives are added to tobacco during cigarette manufacturing,”®’” and

industry documents suggest that levels typically do not exceed 0.5% (5,000 ppm total weight of
tobacco) for cocoa and 0.1% (1,000 ppm) for cocoa extract.”” Cocoa is used as a characterizing flavor
in little cigars or chocolate-flavored electronic cigarette juice/liquid, which are advertised and marketed
as flavored products.

Other than enhancing the taste of tobacco, it is not clear that cocoa as a characterizing or
non-characterizing flavor in cigarettes has other sensory or pharmacological effects. A few in vivo

and in vitro studies suggest that Theobroma cacao bean extract, known for its polyphenols, can suppress
trigeminal nerve activity’® and reduce inflammatory responses that cause pain,”®*° but it is unclear what
the effects of cocoa are on the trigeminal nerve system when cocoa is added to cigarettes. One study
suggests that cigarettes do not contain enough theobromines, the primary bitter-tasting compound in
cocoa, to have an effect on trigeminal nerve activity®'; evidence from tobacco industry documents
supports this as well.*?

Licorice as an Additive

Although not a common characterizing flavor, licorice as a flavor additive has been used since the late
1800s in pipe tobacco and snuff.?? The licorice plant is used for medicinal purposes, and licorice extract
is also used as a sweet flavorant. Most of the sweet flavor comes from glycyrrhizin, which is found in
the plant’s root. A single company manufactures 70% of all licorice in the world, and almost 63% of its
sales are to the tobacco industry.®

Unlike menthol, licorice is a non-volatile material added to cigarettes both as a flavorant and casing
material.® Available in block, powder, and liquid forms, licorice has various effects when used in
cigarettes. It is thought to enhance the smoke flavor, reduce dryness in the mouth and throat, reduce
irritation, improve the absorption of flavors uniformly in tobacco, and minimize rough smoke by
balancing the overall flavor of tobacco smoke.®

Licorice has been investigated for its potential health effects, such as its anti-inflammatory and
immunoregulatory effects,® but it is also thought to raise blood pressure and induce hypertension.
Little is known of the health effects of licorice as an additive to cigarettes or how the amounts of
licorice in sub-brands differentially influence the three chemical senses.

Menthol as an Additive

Research on menthol’s effects on the olfactory, gustatory, and trigeminal chemical senses is more
developed than research on the effects of other flavors. This research continues to clarify the role of
menthol as a characterizing flavor in cigarettes and its multiple effects upon sensory processes.
Enactment of the Tobacco Control Act in 2009 stimulated renewed interest in how this flavor additive
may influence the harm of tobacco products.

As explained earlier in this chapter, menthol has been used in its natural and synthetic forms®’ in
cigarettes since 1924. Menthol can be added by spraying it on tobacco during blending, applying
menthol to the foil or filter,2® *® injecting it into the tobacco stream in the cigarette maker, placing a
menthol thread into the filter, inserting it into a crushable capsule (e.g., Camel Crush), or by a

combination of these methods.? Regardless of the application process used, the volatility of menthol
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ensures that it diffuses through the cigarette, creating flavors and sensations that appeal to some
smokers.

Manufacturers add menthol to an estimated 90% of cigarettes sold in the United States.”™ A study of

45 U.S. cigarette brands found menthol content varied widely; as expected, the menthol content of
brands labelled as “menthol” (2.9-19.6 mg menthol/cigarette) was far higher than that of brands not
labelled as menthol (0.002—0.07 mg/cigarettes).”? Menthol, interacting with other compounds in tobacco
smoke, can produce a variety of physiological effects. Nicotine and tobacco are bitter, irritating, and
harsh, causing sensations of burning or pungency, which may signal the user to refrain from using the
product.®® Menthol and nicotine activate the olfactory, gustatory, and trigeminal systems, and menthol
can greatly alter the sensory properties of tobacco smoke.

In their review of published research analyzing the tobacco industry documents, Kreslake and Yerger
conclude that “the tobacco industry has conducted extensive research on the chemosensory and
physiological effects of menthol in tobacco smoke and has actively promoted menthol’s sensory
characteristics,”%*%® and “the industry has established internally that menthol’s effects extend far
beyond its use as a characterizing flavor, and have used it to ease inhalation and reduce irritation from
smoking.”**% They note that previous studies of internal tobacco industry documents have described
tobacco industry research on a variety of menthol’s properties including stimulation of nociceptors and
cold receptors in the trigeminal nerve and stimulation of olfactory and gustatory receptors. The
researchers also find evidence that menthol is added to cigarettes in concentrations to achieve “desired”
effects and to appeal to smokers with different chemosensory perceptions. The properties of menthol
have also been studied by other authors. For example, menthol has been shown to reduce irritation and
sensitivity to nicotine.* Its analgesic and anesthetic effects reduce irritation from nicotine on the
tongue® to make it easier to smoke. A study found that applying menthol to the side of the tongue of
study participants significantly diminished the irritation from nicotine, compared with the non-treated
side.®* Menthol flavor additives may also influence the self-administration of nicotine.*®*%’

Four possible mechanisms by which menthol may alter tobacco smoking are highlighted in a review by
Wickham: (1) menthol may reduce the initially aversive experiences of tobacco smoking; (2) menthol
may serve as a highly reinforcing sensory cue when associated with nicotine and thus may promote
smoking behavior; (3) menthol’s actions on nicotinic acetylcholine receptors may alter the reinforcing
value of nicotine; and (4) menthol may alter nicotine metabolism and increase nicotine bioavailability.*
Regarding chemical sensation, the review states,

Recent publicly available data from tobacco company records strongly suggested the
reason for including menthol as an additive was to minimize the aversive experiences
associated with tobacco smoking and, thus, decrease smoking’s perceived health risk.
These documents revealed that smokers of mentholated cigarettes report using them
because they have less harsh, less irritating, and more soothing sensory profiles.
Moreover, the flavor profile of mentholated cigarettes [was] reported to be improved
compared to non-mentholated cigarettes, likely due to the appetitive minty flavor of
menthol as well as its ability to mask aversive flavors of tobacco.*?P?%
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How Menthol Produces Chemical Sensations

Menthol reduces the negative sensations of the smoking experience through its interaction with

the chemical senses. When it is added to the cigarette and sprayed on the foil and package of
cigarettes,?®*° menthol likely acts on the olfactory system before, during, and after combustion.
Odorants like menthol can reach the olfactory cleft from the mouth to the nasal cavity,*® and even low
concentrations of menthol, just above detection level, can activate the olfactory receptors, which results
in odor sensation.*®°2°3 Medium concentrations evoke both the smell and the cooling sensation.*****®
Because menthol itself is bitter, higher concentrations can result in the sensation of pain in addition to
the smell and cooling sensation.>* Menthol may independently affect each of the senses of smell,
cooling, and pain.*®

Menthol produces these various sensations by acting on transient receptor potential (TRP) ion channels.
The ions TRPM8, TRPV1, and TRPA1 are primarily expressed in the neurons of the trigeminal and
dorsal root ganglia.”® TRPM8 is associated with cooling and easing of pain sensations. Menthol also
stimulates heat-activated TRPV3,%%° which is mainly expressed in keratinocytes (skin cells)® and also
has thermal and nociceptive properties, activating TRPV1.%> At 16 ppm, which is less than the amount in
mentholgciigarettes, menthol can activate TRP receptors and halt irritant responses via TRPA1 and
TRPVL1.

The menthol isomer (-) menthol (L-menthol) is known for its flavor and cooling properties.?* Whether
at low or high concentrations, menthol produces a cooling sensation when it is applied topically,
ingested, inhaled, or chewed,'® and this cooling sensation alters smokers’ sensory perceptions. The
cooling and refreshing effects are experienced when the concentration of menthol is high enough to
activate TRPM8 ion channels*®™ % and when menthol is inhaled. Menthol increases intracellular
calcium influx through the channels. One study showed that the cooling effects can last up to 70 minutes
in about 65% of study participants.'® The cooling effect is not a result of lowering of body temperature;
studies have not shown that menthol causes any change increase in body temperature.*®

The cooling sensation of menthol distracts from the pain of nicotine and blocks pain by inhibiting
TRPAL.X It also reduces irritation and sensitivity to nicotine,'® an irritant known to act on TRPA1
receptors as menthol does, "% and reduces sensitivity to tobacco smoke. "% If, by stimulating cold
receptors, menthol results in the smoker holding his or her breath for extended periods, exposure to
nicotine and the particulate matter of cigarette smoke would be increased.

Menthol’s analgesic effects are a result of TRP activity as well. L-menthol can induce analgesia via
TRPMB8.? Because menthol cigarette brands vary in their analgesic effects, it is important to understand
the levels of menthol used in particular tobacco products. It has been suggested that menthol’s analgesic
properties may mask early respiratory problems caused by smoking cigarettes.*®*° The cooling effect
plus the analgesic properties of mentholated cigarettes may give the smoker a false sense of well-being
and reduce the likelihood of seeking medical attention for respiratory distress.*®

Menthol’s induction of various sensations depends not only on the concentration of menthol, but also on
the part of the body to which it is applied.™*** Although at high concentrations menthol itself is an
irritant, studies show that menthol reduces irritation from nicotine when applied to the tongue,* and
menthol desensitizes the oral cavity to irritation.**> Menthol may be a more effective stimulus to the
mouth than it is to skin.""*
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Menthol may increase the bioavailability of nicotine.*? Menthol has been shown to inhibit the
metabolism of nicotine''* and may also increase nicotine absorption.**® If menthol’s cooling effects
facilitate smoke inhalation® or its smell reinforces smoking, these sensory effects could help explain
higher levels of nicotine dependence and smoking maintenance among smokers of menthol cigarettes.
Modern psychophysical tools now permit accurate assessment of sensory variability and thus have made
it possible to link such sensory variation with specific health risks such as risk for smoking. The next
section describes what is known about sensory variability and its importance to TRHD.

Chemical Senses and Variation

Variations in taste physiology, particularly in relation to gender and race/ethnicity, have been the subject
of research on preference for menthol cigarettes. One source of this variation in taste makeup is the
ability to taste the bitterness of 6-n-propylthiouracil (PROP) or phenylthiocarbamide (PTC).

Genetic variation in taste was discovered in the 1930s thanks to an accident in the laboratory of Arthur
Fox at DuPont. Fox was synthesizing PTC when some of it blew into the air. A colleague nearby noted a
bitter taste, which Fox did not perceive. A test revealed other “tasters” who could perceive the bitter
taste of PTC (and other chemically related compounds like PROP, a less toxic bitter compound) and
“nontasters” who could not.*'® A test of attendees at a meeting of the American Association for the
Advancement of Science found that 28% of the 2,550 individuals tested were nontasters.*” Snyder*'®
tested families and concluded that nontasting was due to a single recessive gene. In the 1960s, Fischer
and colleagues began to relate this genetic variation to health issues (e.g., nontasters were more likely to
be smokers).*'° PROP sensitivity has also been associated with sweet preferences among children.'2%*%
Studies show that there are fewer nontasters among children than among adults because taste perception

changes over time'?*'2%; with age, experience, and diseases, people become less sensitive to PROP.'?*

Multiple studies have further documented the finding that sensitivity to bitter tastes is a genetic
trait***'?* mediated by TASR38 and possibly 25 other bitter taste receptors expressed on the tongue.'*®
PTC and PROP are perceived as bitter by 70%-75% of the po{gaulation.lzﬁ*128 PTC and PROP have been
used as markers of genetic variability in perceptions of taste™® and to help distinguish three taster
groups. Although earlier studies using PTC suggested that taste was bimodal, substantial evidence
shows that taste sensitivity is a continuous measure of intensity extending from nontasters, to medium
tasters, to supertasters. 2627130

Earlier work on taste sensitivity used thresholds to classify individuals as nontasters (high thresholds)
and tasters (low thresholds). In the 1960s, the pioneering work of S.S. Stevens introduced direct scaling
methods (especially magnitude estimation) that enabled researchers to assess the rate at which the
bitterness of PTC and PROP grew with concentration. In the 1970s, a new method (ultimately called
“magnitude matching”)lsl’132 permitted comparisons of taste intensities across individuals with varying
genetic abilities.****** Magnitude matching is based on cross-modality matching, a phenomenon studied
by Stevens and his students**>**® and extended in the modern era by the work of Luce and colleagues.**
Essentially, cross-modality matching refers to matching sensations for intensity across different
qualitative continua. This permits an investigator to select a standard from a continuum unrelated to the
continuum of primary interest. For example, nontasters and tasters of PROP were asked to compare
PROP bitterness to loudness. This rests on the assumption that taste and loudness are not related; thus,
any variation in the perception of loudness should be similar across nontasters and tasters of PROP.
Surprisingly, three groups emerged. Nontasters of PROP matched the bitterness they perceived in PROP
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to a very soft sound. Tasters of PROP fell into two groups. One group (later called supertasters of
PROP) matched their bitterness to a very loud sound; another group (medium tasters of PROP) matched
their bitterness to an intermediate sound. Since loudness and taste intensity are not related, average
loudness for the three groups is assumed to be the same, which permits a comparison of PROP bitterness
across the three groups. Subsequent research using magnitude matching has provided considerable
information about chemosensory variation across these three groups (see Table 4.1).

Table 41  Sample Characteristics of Taster Types

Highly sensitive tasters Moderately sensitive tasters Mildly sensitive tasters

(supertasters) (medium tasters) (nontasters)

Strong sensations from PROP as a bitter Moderate to strong bitterness from PROP; ~ Weak or no bitterness from PROP; weak
flavor; strong sensation from mint, which moderate sensation from mint sensation from mint

is more pleasant

High FPD Less FPD than supertasters Less FPD than medium tasters

Less likely to smoke than nontasters Less likely to smoke than nontasters More likely to smoke than tasters

Higher perception of irritation and pain Moderate perception of irritation and pain Lower perception of irritation and pain
from oral irritants; higher tactile perception  from oral irritants; moderate tactile from oral irritants; lower tactile perception
in mouth perception in mouth in mouth

Food flavors important Food flavors important Food flavors not that important

Smell perception very strong Smell perception moderately strong Smell perception not very strong

Notes: PROP = 6-n-propylthiouracil; FPD = density of fungiform papillae on the tongue.

The three taster groups can be distinguished by examining variations in the density of fungiform
papillae, structures that hold the taste buds on the anterior dorsal surface of the tongue. Supertasters have
more fungiform papillae than medium tasters or nontasters. Studies show that PROP sensitivity is highly
correlated with fungiform papillae density: Supertasters have more than twice as many taste buds per
square centimeter as medium tasters.*** %2 Fungiform papillae are the primary sensor of chemesthetic
stimuli on the front of the tongue®**where cigarettes are smoked.

It is important to note that supertasting is not limited to bitter taste.**® In addition to bitter compounds
such as PTC and PROP, Bartoshuk suggests that supertasters perceive stronger taste intensities from
sweet compounds.?**** Compared to the perceptions of medium tasters and nontasters, supertasters
perceive virtually all tastes as more intense.

Supertasters who have the most fungiform papillae’*® experience more intense sensations from oral burn
(e.g., chili peppers, ethanol) and oral touch (e.g., fats, thickeners in foods).** These properties of
supertasting presumably result from anatomy; fungiform papillae are innervated by nerve fibers
mediating oral burn and touch as well as by those mediating taste.

Olfactory sensations can be evoked in two different ways. (1) Sniffing odorants from the outside world
(orthonasal olfaction) draws odorants through the nostrils into the olfactory cavity where turbinate bones
cause a sample to be directed upward through the olfactory cleft and onto the olfactory mucosa. There,
odorants contact the olfactory receptors; this is called “smell.” (2) When food is placed in the mouth,
chewing and swallowing forces any odors emitted from the food up behind the palate into the nasal
cavity from the rear (retronasal olfaction). Taste combined with retronasal olfaction make up what is
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usually called “flavor.” As predicted by Rozin'*® and confirmed by functional magnetic resonance
imaging (FMRI) studies,**’ orthonasal and retronasal olfaction do not project to identical central areas,
and these areas apparently do not interact in the same way with taste. Taste can enhance retronasal
olfaction without enhancing orthonasal olfaction.** Thus, supertasters experience more intense
retronasal olfaction (i.e., perception of flavor).**® In other words, supertasters live in a “neon food
world” compared to the “pastel food world” of those who have the fewest fungiform papillae.

Confusion Between Individual Bitter Genes and Supertasters

Although supertasters were originally discovered in the context of PROP research, supertasting cannot
be explained by PROP genetics. It is now known that the PROP gene expresses a receptor that is quite
specific to PROP. This receptor cannot be responsible for supertasters’ perception of more intense
non-bitter tastes, oral burn, oral touch, and flavor. Clearly, density of fungiform papillae is a crucial part
of supertasting. The density of fungiform papillae is essentially independent of the PROP genotype.>’ To
clarify the terminology, “nontaster” should only be used in the context of PTC or PROP. Nontasters are
not the opposite of supertasters. This point is important to understanding associations between smoking
and chemosensory genetics.

Taster Group and Variance Across Populations

In addition to the existence of three taster groups in the world’s populations, prior data show that
perceptions of taste vary by gender,* age,***™>! and ethnicity.'****2!*® Studies suggest that about 75%
of the population are tasters (medium tasters or supertasters) and 25% are nontasters********" and that
35% of women and 15% of men are supertasters.” Asians and African Americans may be more likely
than whites to be supertasters.® Since the early research on this variability, studies have shown that
women are more responsive to the bitter taste of PROP and PTC.'*

As discussed above, analysis of tobacco industry documents indicates that menthol is added to cigarettes
in part to reduce the negative sensory characteristics of smoking. Does menthol facilitate smoking
among African Americans and women? The targeting of blacks and women through advertisements for
menthol cigarettes may have encouraged smoking among people who would be less likely to smoke,
based on their chemosensory physiology. To examine this possibility, the next section discusses some
chemosensory issues related to the addition of menthol to cigarettes.

Smoking Among Taster Groups

The idea that variation in the unpleasant sensory properties of cigarette smoke as it affects users’ ability
to perceive these properties may lead to differences in smoking behavior is an old one. Nicotine and
tobacco are generally perceived as bitter tastes.®®*® Studies suggest that PTC/PROP tasters are likely to
find cigarettes adversely bitter, and taster status may protect against smoking bitter toxic compounds
like tobacco.™* %% In the 1960s, investigators studying individual differences in taste perception
observed that heavy smokers were less sensitive to the bitterness of PTC/PROP than nonsmokers.*'%*%°
Subsequent studies have produced similar findings, indicating that being a “taster” of PTC or PROP may
protect against consuming bitter toxic compounds like tobacco.>**##1%015%161 pifferences in smoking and
taster status have been found among American Indians as well. American Indian nonsmokers and social
smokers tend to be PTC/PROP tasters, and regular smokers tend to be nontasters.**°
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Variations in the bitter taste receptor TAS2R38 in particular are associated with smoking behaviors.
Black women expressing the “nontaster” form of this gene are especially likely to smoke, and whites
expressing the “taster” variant report that tobacco-related sensations do not drive their motivation to
smoke.*®* Smoking-related links with other oral sensory receptor genes are likely to generate interest as
sequence analysis for those genes becomes available. Recent data suggest that variations in the TRPA1
irritant receptor gene are linked to stronger preferences for menthol cigarettes among heavy smokers.*®

Two oral sensations associated with menthol—Dbitter and burn—can lead to rejection by the user if they
are sufficiently intense. To better assess the potential role of menthol cigarettes in TRHD, bitter and
burn should be further studied.

Inhibition of oral burn is commonly invoked as one of the reasons why menthol is added to cigarettes.*®*
On the tongue, menthol desensitizes polymodal nociceptors responsive to heat and to mechanical and
chemical irritation,>* similar to its inhibitory action on respiratory irritation leading to cough.®! At first
glance, menthol’s effects on oral irritation would appear unrelated to any effects menthol might have on
bitterness, but this is not actually the case. Bitter taste receptors would not be expected to respond to
irritants, but bitterness and irritation are connected through supertasting. Supertasters perceive bitter
taste and oral irritation more intensely because they express the most fungiform papillae. Thus, if
investigators use genotyping to classify PROP nontasters and tasters, they will not capture the full range
of variation in bitterness or irritant perception. Attempts to relate sensory variability to variability in
smoking behavior would profit from an examination of multiple sources of sensory variability.”’

To illustrate, the authors compared white smokers and nonsmokers in terms of TAS2R38 genetics
(which differentiates tasters from nontasters) and suprathreshold PROP bitterness (which identifies
supertasters among tasters). Consistent with earlier reports,*®* genetic analysis alone showed no
relationship with smoking behavior. However, a study that combined genetic and psychophysical
analysis found that smokers are less likely to perceive PROP bitterness, attributing this finding largely to
an absence of supertasters among smokers.*® In other words, using methods that capitalize on the full
range of oral sensory variation revealed that differences in bitter taste perception predict tobacco use in

whites'® just as they do in other racial/ethnic groups.®®**

Alexander and colleagues have suggested “that there is an interactive effect of age, race/ethnicity, bitter
taste sensitivity, and trigeminal sensitivity related to menthol” which could help explain low rates of
smoking among African American youth, followed by transitions to regular smoking as young
adults.’*P% As these authors note, this hypothesis remains to be tested.

Chemosensation and TRHD

Chemosensory alterations that result from radiation therapy for head and neck cancer are of particular
interest. Radiation therapy for head and neck cancer typically damages the glossopharyngeal nerve
because the radiation is directed toward the rear of the oral cavity, the location of many head and neck
tumors. Although some studies claim that any damage to taste by radiation for head and neck cancer is
of short duration, other studies contradict this conclusion.*®"**® Damage produced by radiation is
generally limited to the glossopharyngeal nerve, leaving the chorda tympani intact. These two taste
nerves project to the brain where they interact via inhibitory connections.'®**"* Damage to one nerve
releases inhibition on the intact nerve, thus intensifying the sensations mediated by the intact nerve.
Thus, many survivors of head and neck cancer may experience changes in chemosensory experience that
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could not only influence their quality of life but also affect future behavior so as to increase risk factors
for other health problems. For example, damage to the glossopharyngeal nerve by tonsillectomy is
associated with enhanced fat preference produced by release of inhibition on fat sensations'’%; increased
fat intake is hypothesized to lead to the weight gain associated with tonsillectomy.'”® Similar changes
among survivors of head and neck cancer might not lead to weight gain (given eating problems among
head and neck cancer survivors) but might increase fat intake, leading to increased risk for

cardiovascular disease.

A second phenomenon involving interactions between taste and pain in non-oral body locations may be
of special interest with regard to head and neck cancer. In patients with more extensive taste damage
(e.g., damage to both cranial nerves VII and 1X), pain sensations may be intensified in a variety of body
locations.'™ A study of head and neck cancer patients found that current smokers reported higher pain
levels than never-smokers and former smokers; the authors hypothesize that smoking may have
analgesic properties and that pain management may enhance smoking cessation in this population.!”

A similar interaction may induce long-term obesity risk early in life. Perinatal tobacco exposure is
linked to childhood obesity,'"® and both early tobacco exposure and childhood obesity promote ear
infection.”"*® In severe cases, ear infection can damage the chorda tympani and compromise anterior
taste sensation.'”® Based on the disinhibition model described above, such damage appears to elevate fat
sensation and preference in a progressive manner. Consequently, overweight children tend to become
overweight adults,**® but data show that childhood ear infection is also linked to obesity in
adulthood.™*#? In similar fashion, children of smokers tend to become smokers themselves,*® and data
have shown that adult male smokers raised in homes with multiple smokers have higher body mass.
Consistent with the idea that nontasters are more likely to smoke overall, these men also gain the most
weight when they quit smoking,'®* suggesting that sensory cues play a significant role in their tobacco
use.’®* A direct link between menthol cigarette smoking, its sensory characteristics, taste sensitivity, and
cancer risk has not been identified; this subject deserves greater attention from investigators.

Chapter Summary

The tobacco industry uses flavor additives and ingredients to make the experience of smoking more
palatable. This chapter discusses three common additives that affect the chemical senses—cocoa,
licorice, and menthol—and the evidence of menthol’s effects on the chemical senses—the olfactory,
gustatory, and trigeminal systems. Menthol is added to an estimated 90% of cigarettes sold in the United
States.” It has multiple effects on the chemical senses that may make it easier for consumers to smoke
menthol cigarettes; for example, menthol can reduce the pain and irritation of tobacco smoke. These and
other factors may help explain the widespread use of menthol in cigarettes, both those that are labelled
as menthol and those that are not.

Studies have shown that taste perception is associated with smoking status; the ability to detect bitter
taste may help protect individuals from tobacco use. Tasters, including supertasters, who make up
approximately 75% of the world’s population,**>*>***" are more likely to reject the bitter taste of
tobacco and nicotine. Studies also show that supertasters are more likely to smoke menthol cigarettes
than medium and nontasters, and that African Americans, Asians, and women are more likely to be
supertasters than whites and men. Supertasters are more likely to perceive bitter flavors, but also
perceive stronger taste intensities from PTC/PROP than medium and nontasters. It is possible that
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menthol helps mask the bitter, irritating, and painful effects of nicotine/tobacco and in doing so, makes
cigarettes and other tobacco products more palatable for supertasters.

The sensory effects of menthol could increase the risk of smoking among African Americans, who are
more likely than whites to be supertasters; menthol could also contribute to TRHD if it increases the risk
for nicotine dependence and the difficulty of quitting. Marketing menthol to African Americans, women,
youth, and other groups, may be more than a marketing strategy. Rather, it may encourage groups with a
genetic tendency to reject bitter taste to smoke a tobacco product that they are likely to find more
palatable than other tobacco products.

By 2050, over 300,000 cumulative excess deaths are expected to result from menthol smoking in the
United States alone.® The congressionally mandated 2011 FDA Tobacco Product Scientific Advisory
Committee report on menthol cigarettes found that “the evidence is insufficient to conclude that it is
more likely than not that smokers of menthol cigarettes have increased risk for disease caused by
smoking compared with smokers of non-menthol cigarettes.”®”?'® However, the 2011 TPSAC report
also found that it “is more likely than not that the availability of menthol cigarettes increases the
likelihood of addiction and the degree of addition in youth smokers,” and that it “is more likely than not
that the availability of menthol cigarettes results in lower likelihood of smoking cessation success in
African Americans, compared to smoking non-menthol cigarettes.”®#®#" These factors could
contribute to the disease burden of lung cancer among groups with high rates of menthol smoking, such
as African Americans.

Research Needs

The effects of menthol on TRHD should be studied in relation to the entire tobacco use continuum,
smoking initiation through chronic disease outcome.*®® It has been hypothesized that menthol cigarettes
increase and maintain smoking in part through menthol’s sensory qualities. Further study of the
chemical senses may lead to a greater understanding of smoking and quitting behaviors among menthol
smokers. The hypothesis that smoking rates would be lower among groups with high rates of menthol
cigarette use—such as African Americans, Asians, women, and youth—if menthol cigarettes were
removed from the market requires further study. Studies are also needed to determine how other
ingredients with effects similar to menthol may influence smoking behaviors, including smoking
initiation and maintenance. The chemosensory effects of other flavor additives in cigarettes, such as
cocoa, licorice, nutmeg, ginger, and sugar, as both non-characterizing and characterizing flavors, merits
further examination. Tobacco industry documents may be a useful source of information on flavor
additives and their impact on the chemical senses. It is also important to focus on flavor additives in
other tobacco products, including cigars, smokeless tobacco, and electronic cigarettes, as well as those
used in conventional cigarettes.
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Chapter 5: Stress-Related Processes and Tobacco-Related Health Disparities

Introduction

Tobacco dependence is a complex disorder with interacting biological, behavioral, and psychosocial
determinants. Psychosocial determinants that contribute to tobacco-related behaviors and health
outcomes are multifaceted and can be both distal (e.g., socioeconomic status [SES]) and proximal
(e.g., knowledge, attitudes, affect, and stress). Psychosocial processes acting within the individual
include cognitive factors (e.g., knowledge, attitudes toward smoking and quitting, self-efficacy) and
affective factors (e.g., mood states, perceived stress). These psychosocial determinants and processes
may operate at each stage of the tobacco use continuum (smoking initiatio