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Abstract

Purpose of review—Smoking remains the leading cause of preventable morbidity and
mortality. Our review highlights research from 2013-2015 on the treatment of cigarette smoking,
with a focus on heart patients and cardiovascular outcomes.

Recent findings—Seeking to maximize the reach and effectiveness of existing cessation
medications, current tobacco control research has demonstrated the safety and efficacy of
combination treatment; extended use; reduce-to-quit strategies; and personalized approaches to
treatment matching. Further, cytisine has gained interest as a lower-cost strategy for addressing the
global tobacco epidemic. On the harm reduction front, snus and electronic nicotine delivery
systems are being widely distributed and promoted with major gaps in knowledge of the safety of
long-term and dual use. Quitlines, comparable in outcome to in-person treatment, avail cessation
counseling on a national scale though use rates remain relatively low. Lastly, employee reward
programs are gaining attention given the high costs of tobacco use to employers; sustaining quit
rates post-payment, however, has proven challenging.

Summary—Evidence-based cessation treatments exist. Broader dissemination, adoption, and
implementation are key to addressing the tobacco epidemic. The cardiology team has a
professional obligation to advance tobacco control efforts and can play an important role in
achieving a smoke-free future.
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Introduction

About 1 billion men and 250 million women use tobacco currently, and consumption is
increasing.[1] Rising tobacco sales in China alone have offset reductions in North America,
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the UK, Australia, and Brazil. Today, 80% of the world's smokers live in low- and middle-
income countries.

The costs in loss of human life are astounding. Smoking remains the leading cause of
preventable morbidity and mortality. Globally, over 6 million deaths annually are attributed
to tobacco use, with the accumulated loss of life expected to reach 1 billion by the end of the
21st century.[1] Half of long-term smokers die from tobacco-related diseases, and heart
disease is the leading cause of death among smokers.[2,3]

The US Surgeon General first reported on the serious negative health consequences of
tobacco use in 1964. Last year’s anniversary report concluded that the reduction in smoking
prevalence over the past 50 years — from about half of US men and a third of US women to
20.5% and 15.3%, respectively -- is one of the major factors contributing to US declines in
cardiovascular disease (CVD).[4,5] Cigarette smoking produces endothelial dysfunction,
constricts blood vessels, activates platelets, creates a chronic inflammatory state, and causes
dyslipidemia.[6] These effects accelerate atherosclerosis, destabilize coronary artery
plaques, and precipitate acute coronary events and sudden death. Among nearly 85,000 post-
menopausal women in the Women’s Health Initiative followed for over a decade of life,
smoking was one the strongest determinants of heart failure risk.[7] Quitting smoking
provides immediate cardiovascular health benefits,[4] reducing the recurrence risk of
coronary events to that of a non-smoker within 3 years and reducing mortality following a
heart attack by half over 3 to 5 years.[8,9] Among patients with symptomatic peripheral
artery disease, quitting smoking is associated with improved limb-related outcomes and
overall survival.[10]

This review highlights recent research on the treatment of cigarette smoking, with a focus on
heart patients and CVD outcomes.

Efforts to Increase the Efficacy of Tobacco Cessation Pharmacotherapy

Cessation pharmacotherapy is recommended for all smokers trying to quit, unless
contraindicated.[11] Though acting by different mechanisms of action, cessation
medications can reduce physical withdrawal from nicotine as well as the immediate,
reinforcing effects of nicotine absorbed via tobacco if an individual does smoke. Network
meta-analyses have examined the absolute and relative efficacy and cardiovascular safety of
tobacco cessation pharmacotherapy. In a 2013 Cochrane network meta-analysis including
267 studies with over 100,000 participants, NRT, bupropion, varenicline, nortriptyline, and
cytisine were found superior to placebo; bupropion and NRT were comparable in efficacy;
and varenicline was superior to single forms of NRT and bupropion.[12] Neither bupropion
nor varenicline showed excess cardiovascular risk relative to placebo. A 2014 network meta-
analysis examined CVD events associated with cessation medications utilizing two
definitions: 1) all CVD events, including minor events such as tachycardia, and 2) limited to
the FDA definition of major adverse CVD events.[13] None of the cessation medications
were associated with major CVD events, and the findings were suggestive of a protective
effect for bupropion. NRT was associated with an increase in overall CVD events, driven by
lower-risk events, typically tachycardia, a known and largely benign effect of NRT.[14]

Curr Opin Cardiol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz Page 3

Findings when analyses were restricted to individuals with a history of CVD were
comparable.

Varenicline, the most recently approved cessation medication, came to market in the US in
2006. With no new medications on the near horizon, approaches to maximize the effects of
existing cessation pharmacotherapies have included: combination treatment; extended use;
reduce to quit protocols for smokers unready to quit; and, treatment-matching via precision
medicine. Interest in cytisine as a lower-cost treatment alternative has emerged in recent
years.

Combination Cessation Pharmacotherapy

Combination cessation pharmacotherapy combines drugs that act by different mechanisms
and/or have different pharmacokinetics. Combining nicotine patch (slow release) with
nicotine gum, lozenge, inhaler, or nasal spray (rapid release) is more effective than the use
of single NRT products,[15] and equally effective as varenicline.[12] Bupropion with
nicotine patch is more effective than bupropion alone,[15] and adding bupropion to
combination NRT improved efficacy over combined NRT alone.[16] Two recent trials
tested varenicline and NRT patch in combination. The larger trial (N=435) initiated nicotine
versus placebo patch 2 weeks prior to the target quit date, followed by varenicline for 1
week prior to target quit date, and then 12 additional weeks in combination. The NRT plus
varenicline combination resulted in significantly greater quit rates than varenicline alone out
to 24 weeks (49% vs. 36%, p=0.004).[17] A smaller, and likely underpowered, trial (N=117)
initiated varenicline 1 week prior to quit date and then nicotine or placebo patch at the target
quit date and reported quit rates of 38% and 29% at 12 weeks (p=0.14).[18] Although
varenicline is a partial agonist/antagonist of the a4p2 nicotinic acetylcholine receptor it is
thought that either nicotine from NRT still interacts with this receptor to some degree or that
nicotine from NRT affects different nicotinic receptors contributing to the addictive effects
of nicotine. In both studies, the combination was well-tolerated with vivid dreams the most
common side effect. Lastly, the addition of bupropion to varenicline was recently compared
to varenicline alone for 12 weeks.[19] The combination resulted in significantly greater
prolonged abstinence from week 2 at 26 weeks (37% vs 28%), but not at 52 weeks (31% vs.
25%). Combination therapy was associated with greater anxiety and depressive symptoms
over the first 2 weeks, with no difference in depressive symptoms by week 4.[20] Studies of
combination cessation medication generally show increased abstinence relative to single
forms of treatment with no strong signal of CVD safety concerns.

Extended Cessation Treatment for Relapse Prevention

Cessation medications generally are recommended by the manufacturers for 8 to 12 weeks.
The use of cessation medications for 6 months or longer, however, appears safe and may be
helpful to prevent relapse. The concept of continuing care for smoking cessation is
analogous to the use of lipid lowering medications for dyslipidemia or insulin for diabetes.
With only a handful of controlled trials in the literature, the evidence in support of extended
cessation treatment varies by medication and study design. A 2015 study suggested the
safety but lack of long-term benefit of extended (24-week) or maintenance (52-week)
nicotine patch therapy relative to standard 8-week treatment.[21] The study design extended
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nicotine patch, regardless of initial treatment response; at the end of standard treatment, less
than a third of the sample was abstinent. Medication compliance was lowest among those in
the 52-week treatment (i.e., less than a third reported patch use 6 days or more per week).
More akin to clinical practice are extended treatment studies of varenicline and bupropion
use, randomizing abstainers at 12-weeks to continued active drug or placebo. Varenicline
dosed for 6 months yielded 44% continuous abstinence versus 37% for placebo, with FDA
approval for extended treatment.[22] In smokers with schizophrenia or bipolar disorder, 52-
weeks of varenicline therapy yielded 30% sustained abstinence at 76-weeks compared to
11% for those randomized to placebo during the maintenance phase.[23] In two earlier
studies of 52-week bupropion therapy, abstinence was increased at 1-year but not sustained
at the 2-year follow-up.[24,25] To date, only varenicline has demonstrated benefit of
extended use for relapse prevention, though combination NRT is worth testing in the same
way. Limiting extended use to those who initially show benefit will likely improve
adherence. It will be important to examine in whom extended cessation pharmacotherapy is
beneficial, such as smokers with schizophrenia or other co-existing disorders.

Reduce to Quit Approaches

While motivational approaches have demonstrated utility in engaging smokers not intending
to quit,[11] medication use has traditionally been reserved for smokers who have identified a
quit date. Expanding the use of cessation medication as an engagement strategy and a tool to
facilitate abstinence by reducing cigarette consumption is, however, showing promise.
Smokers unwilling to quit in the next month, but willing to reduce smoking and make an
attempt within 3 months were randomized to 12-weeks of varenicline or placebo with
direction to reduce by half the number of cigarettes smoked per day by week 4, reduce by
75% or more by week 8, and then quit completely at week 12.[26] Varenicline or placebo
was continued for an additional 12 weeks after the quit date. Abstinence was significantly
higher in the varenicline versus placebo-treated group from week 21 to 24 (38% vs 13%)
and week 21 to 52 (27% vs 10%). The beneficial mechanism of varenicline pre-treatment
may be reduced craving and extinguished reward effects, making cigarettes less desirable
and easier to quit.

Pharmacogenomics for Treatment Tailoring

Precision medicine is an emerging approach to treatment. Long-term abstinence with
cessation pharmacotherapy rarely exceeds 30%, and there is interest in understanding
individual differences in medication-response and ways to personalize treatment. Smokers
tend to regulate their nicotine intake, which has led investigators to study the rate of nicotine
metabolism as a potential predictor of response to smoking cessation treatment. Measured in
smokers’ blood, saliva, or urine, the ratio of the nicotine metabolites trans-3'-
hydroxycotinine to cotinine, termed the nicotine metabolite ratio (NMR), is highly
correlated with nicotine clearance and associated with level of dependence and cessation
pharmacotherapy response.[27] In retrospective studies, slow metabolizers respond well to
nicotine patch, with no incremental benefit from bupropion. Normal metabolizers respond
better to bupropion than the patch. A 2015 clinical trial stratified subjects by slow or normal
NMR and compared treatment with nicotine patch, varenicline, or placebo.[28] Varenicline
was more effective than the patch in normal but not slow metabolizers. Side effects from
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varenicline were more common in slow metabolizers. For personalizing treatment, use of
NMR appears to inform differential response such that slow metabolizers are predicted to do
well on the patch, with lower cost and potentially fewer side effects. Whether this approach
is feasible in clinical practice and cost-effective remains to be determined.

Cytisine as a Global Tobacco Treatment Strategy

Cytisine, a plant alkaloid with high affinity for the alphadbeta2 nicotinic acetylcholine
receptor subtype, is derived from the plant Cytisus laburnum. Cytisine was first used for
quitting smoking over 50 years ago in Eastern and Central Europe, before the approval of
any smoking cessation aids in the western world. In meta-analyses, cytisine’s treatment
effect was comparable to prior effects for NRT, bupropion, nortriptyline, and clonidine [29]
and even stronger when restricted to the two more recent and higher quality randomized
placebo-controlled trials.[30] The absolute sustained long-term quit rates, however, were
modest for cytisine (8.5%) and placebo (2.1%) at one year, attributed to the minimal
behavioral support provided and the study locations (Poland and Kyrgyzstan) characterized
by permissive tobacco use laws and high smoking prevalence.[31] A 2014 open-label
randomized comparative effectiveness trial in New Zealand reported 22% sustained
abstinence for cytisine at 6-months follow-up compared to 15% for NRT patch.[32]
Naturally grown and inexpensively produced, cytisine is less than half to 1/20t the cost of
other cessation medications, and based on existing efficacy data should be considered as a
cessation aid globally, especially where other treatments are unavailable or unaffordable.

Alternative Nicotine Delivery Products

Snus

ENDS

Noncombustible nicotine products have been promoted as harm reduction alternatives to
tobacco cigarettes for smokers unable or unwilling to quit. Particularly popular are snus, the
Swedish form of snuff, and electronic nicotine delivery systems (ENDS; e.g., e-cigarettes, e-
hookah, vape pens), which are battery-powered devices that generate an aerosol, typically
containing nicotine, for inhalation. Relative to combustible cigarettes, cardiovascular effects
of snus and ENDS have received far less study.

A 2014 longitudinal study from Sweden found that discontinuation of snus use after an Ml
was associated with a nearly 50% reduction in mortality risk, similar to the benefit
associated with quitting smoking, suggesting the use of snus after MI should be discouraged.
[33] The findings are consistent with a 2009 meta-analysis of smokeless tobacco and CVD
risk in Sweden and North America, which reported an increased risk for fatal M1,[34]
though a 2012 meta-analysis found the increase to be nonsignificant.[35]

Analysis of 12 first generation (cigarette-like) brand ENDS found varying levels of toxic
compounds in the aerosol across brands, about 9 to 450 times lower than cigarette smoke.
[36] The ENDS aerosol particle size distribution is similar to conventional cigarettes, raising
concern about contribution to inflammatory processes and increased risk of CVD.[37] Only
two randomized controlled trials have tested the efficacy of ENDS for smoking cessation,
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one with treatment seekers and the other with unmotivated to quit smokers, and both found
no significant difference for nicotine-containing versus placebo devices.[38,39] Large
observational studies indicate ENDS users are more motivated to quit smoking and hence
may be seeking ENDS as a cessation tool. Some have argued that daily ENDS use is needed
to support cessation, though a recent large web-based epidemiologic study found no overall
benefit for quitting smoking among daily ENDS users relative to non-daily ENDS users and
non-users.[40] Because there is no exposure to toxic combustion products, ENDS are likely
a harm reduction option for CVD; unstudied, however, are the long-term health effects of
repetitive, daily, extended use or dual use with traditional cigarettes, which is common.

Telehealth and Incentives

Telephone Quitlines

Toll-free telephone quitlines (e.g., 1-800-QUIT-NOW) providing national access to tobacco
cessation counseling have proliferated over the past decade. Clinical referrals of smokers to
these programmes are needed as studies indicate less than 10% of smokers who are trying to
quit and aware of quitlines are actually using them.[41] A 2015 study of cardiac patients
treated in Dutch hospitals concluded quitline counseling support had comparable efficacy
and was cost-effective relative to in-person counseling.[42] The findings were consistent
with a 2014 meta-analysis of telehealth smoking cessation interventions in cardiac
rehabilitation, which found comparable effects relative to center-based supervised services.
[43] A 2013 meta-analysis concluded that quitline effects are stronger when multiple
counseling sessions are provided.[44]

Pay to Quit or Charge to Smoke?

Monetary incentives have been tested to motivate cessation. A 2011 meta-analysis of 9 trials
concluded incentives increased abstinence while the payments were provided, but effects
were lost once the rewards ended; variable- versus fixed-payment made little difference, nor
did paying for outcome (quitting) versus participation (program attendance).[45] One trial
provided a substantial cash reward of $750, and reported a threefold increase in quitting
from 5% to 15% after 9 to 12 months.[46] Notably, in real world implementation, the
participating company opted for insurance premium penalties for smokers rather than
payment incentives for quitting.[47] A 2015 follow-up study found that reward-based
programs ($800 incentive for quitting smoking) were more acceptable than deposit-based
programs ($150 returned deposit plus $650 for quitting), though deposit-based programs
yielded higher abstinence rates.[48] In both reward and deposit-based conditions, about half
of participants relapsed 6-months post-payment. In the UK, pay-for-performance provider
incentives have been associated with observed increases in clinical documentation of
assessing and treating tobacco use with evidence of declines in patient smoking prevalence
over time.[49] The US Affordable Care Act recommends provider reimbursement covering
at least two tobacco cessation attempts per year with counseling and any FDA-approved
cessation medications for a 90-day treatment regime.
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Conclusions

Clinical practice guidelines recommend that tobacco use be assessed in all clinical
encounters, advice to quit be provided to all smokers, and the use of cessation
pharmacotherapy be facilitated and encouraged. Recent innovations in cessation
pharmacotherapy include combined use, extended use, use in unmotivated to quit smokers,
and the exploration of individual factors for treatment matching. The last few years also
have seen appreciation for the old (cytisine) and enthusiasm for the new (ENDS) as possible
modalities for addressing the global tobacco epidemic, the former demonstrating evidence
and the latter being widely distributed and promoted though in need of greater research.
Assistance with smoking cessation is a fundamental element of the management of the
cardiovascular patient. Cardiovascular specialists have a professional obligation to assist
with the initiation of cessation treatment and advance tobacco control efforts and can play an
important role in achieving a smoke-free future.

Acknowledgements

None

Financial support: Dr. Prochaska’s and Dr. Benowitz’s time in writing this manuscript was supported by a grant
from the National Heart, Lung, and Blood Institute, #R01HL117736

References and recommended reading

1. Eriksen, M.; Mackay, J.; Schluger, N.; Islami, F.; Drope, J. The Tobacco Atlas. In: Foundation
WL. , editor. Fifth. American Cancer Society; Atlanta, GA: 2015.
**_Highly visual compilation of data on the global tobacco epidemic with an interactive website,
http://www.tobaccoatlas.org/ Covers the health, legal, economic, development, and
environmental landscape of global tobacco control

2. Jha P, Ramasundarahettige C, Landsman V, Rostron B, Thun M, Anderson RN, McAfee T, Peto R.
21st-century hazards of smoking and benefits of cessation in the United States. N Engl J Med. 2013;
368:341-350. [PubMed: 23343063]

3. Wilson K, Gibson N, Willan A, Cook D. Effect of smoking cessation on mortality after myocardial
infarction: meta-analysis of cohort studies. Arch Intern Med. 2000; 160:939-944. [PubMed:
10761958]

4. U.S. Department of Health and Human Services. The Health Consequences of Smoking—50 Years
of Progress: A Report of the Surgeon General. U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health; Atlanta, GA: 2014.

**_50 year anniversary comprehensive report on the health consenquences of smoking and progess

made in tobacco control in the US. Chapter 8 centers on tobacco and cardiovascular disease

5. Jamal A, Agaku IT, O'Connor E, King BA, Kenemer JB, Neff L. Current cigarette smoking among
adults--United States, 2005-2013. MMWR Morb Mortal Wkly Rep. 2014; 63:1108-1112. [PubMed:
25426653]

*. CDC epidemiologic report on tobaco use rates among adults in the US

6. Department of Health and Human Services PHS. How Tobacco Causes Disease: The Biology and
Behavioral Basis for Smoking-Attributable Disease. A Report of the Surgeon General. DHHS
(CDC). US Government Printing Office; Washington DC: 2010.

7. Agha G, Loucks EB, Tinker LF, Waring ME, Michaud DS, Foraker RE, Li W, Martin LW,
Greenland P, Manson JE, et al. Healthy lifestyle and decreasing risk of heart failure in women: the
Women's Health Initiative observational study. J Am Coll Cardiol. 2014; 64:1777-1785. [PubMed:
25443698]

Curr Opin Cardiol. Author manuscript; available in PMC 2016 September 01.


http://www.tobaccoatlas.org/

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz Page 8

8. Critchley J, Capewell S. Smoking cessation for the secondary prevention of coronary heart disease.
Cochrane Database Syst Rev. 2003:CD003041. [PubMed: 14583958]

9. Gerber Y, Rosen LJ, Goldbourt U, Benyamini Y, Drory Y, Israel Study Group on First Acute
Myocardial 1. Smoking status and long-term survival after first acute myocardial infarction a
population-based cohort study. J Am Coll Cardiol. 2009; 54:2382-2387. [PubMed: 20082928]

10. Armstrong EJ, Wu J, Singh GD, Dawson DL, Pevec WC, Amsterdam EA, Laird JR. Smoking
cessation is associated with decreased mortality and improved amputation-free survival among
patients with symptomatic peripheral artery disease. J Vasc Surg. 2014; 60:1565-1571. [PubMed:
25282696]

11. Fiore, MC.; Jaén, CR.; Baker, TB.; Bailey, WC.; Benowitz, NL.; Curry, SJ.; Dorfman, SF.;
Froelicher, ES.; Goldstein, MG. U.S. Department of Health and Human Services. Public Health
Service; Rockville, MD: 2008. Treating Tobacco Use and Dependence: 2008 Update.

12. Cahill K, Stevens S, Perera R, Lancaster T. Pharmacological interventions for smoking cessation:
an overview and network meta-analysis. Cochrane Database Syst Rev. 2013; 5:CD009329.
[PubMed: 23728690]

13. Mills EJ, Thorlund K, Eapen S, Wu P, Prochaska JJ. Cardiovascular events associated with
smoking cessation pharmacotherapies: a network meta-analysis. Circulation. 2014; 129:28-41.
[PubMed: 24323793]

*. Network meta-analysis focused on cardiovascular safety of smoking cessation pharmacotherapies

14. Mills EJ, Wu P, Lockhart I, Wilson K, Ebbert JO. Adverse events associated with nicotine
replacement therapy (NRT) for smoking cessation. A systematic review and meta-analysis of one
hundred and twenty studies involving 177,390 individuals. Tob Induc Dis. 2010; 8:8. [PubMed:
20626883]

15. Stead LF, Perera R, Bullen C, Mant D, Hartmann-Boyce J, Cahill K, Lancaster T. Nicotine
replacement therapy for smoking cessation. Cochrane Database Syst Rev. 2012; 11:CD000146.
[PubMed: 23152200]

16. Ebbert JO, Hays JT, Hurt RD. Combination pharmacotherapy for stopping smoking: what
advantages does it offer? Drugs. 2010; 70:643-650. [PubMed: 20394453]

17. Koegelenberg CF, Noor F, Bateman ED, van Zyl-Smit RN, Bruning A, O'Brien JA, Smith C,
Abdool-Gaffar MS, Emanuel S, Esterhuizen TM, et al. Efficacy of varenicline combined with
nicotine replacement therapy vs varenicline alone for smoking cessation: a randomized clinical
trial. JAMA. 2014; 312:155-161. [PubMed: 25005652]

*. One of the first, and adequately powered, randomized controlled trials of combination nicotine

replacement and varenicline use for smoking cessation

18. Hajek P, Smith KM, Dhanji AR, McRobbie H. Is a combination of varenicline and nicotine patch
more effective in helping smokers quit than varenicline alone? A randomised controlled trial.
BMC Med. 2013; 11:140. [PubMed: 23718718]

19. Ebbert JO, Hatsukami DK, Croghan IT, Schroeder DR, Allen SS, Hays JT, Hurt RD. Combination
varenicline and bupropion SR for tobacco-dependence treatment in cigarette smokers: a
randomized trial. JAMA. 2014; 311:155-163. [PubMed: 24399554]

*. The first randomized controlled trial of combination varenicline and bupropion treatment

20. Hong AS, Elrashidi MY, Schroeder DR, Ebbert JO. Depressive symptoms among patients
receiving varenicline and bupropion for smoking cessation. J Subst Abuse Treat. 2015; 52:78-81.
[PubMed: 25530426]

21. Schnoll RA, Goelz PM, Veluz-Wilkins A, Blazekovic S, Powers L, Leone FT, Gariti P, Wileyto
EP, Hitsman B. Long-term Nicotine Replacement Therapy: A Randomized Clinical Trial. JAMA
Intern Med. 2015; 175:504-511. [PubMed: 25705872]

*. Randomized controlled trial examining extended (24-week) and maintenance (52-week) nicotine

patch treatment relative to a standard 8-week course

22. Tonstad S, Tonnesen P, Hajek P, Williams KE, Billing CB, Reeves KR, Varenicline Phase 3 Study
G. Effect of maintenance therapy with varenicline on smoking cessation: a randomized controlled
trial. JAMA. 2006; 296:64-71. [PubMed: 16820548]

23. Evins AE, Cather C, Pratt SA, Pachas GN, Hoeppner SS, Goff DC, Achtyes ED, Ayer D,
Schoenfeld DA. Maintenance treatment with varenicline for smoking cessation in patients with

Curr Opin Cardiol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz Page 9

schizophrenia and bipolar disorder: a randomized clinical trial. JAMA. 2014; 311:145-154.
[PubMed: 24399553]

*. Randomized controlled trial evaluating maintenance use of varenicline in smokers with
schizophrenia or bipolar disorder

24. Hays JT, Hurt RD, Rigotti NA, Niaura R, Gonzales D, Durcan MJ, Sachs DP, Wolter TD, Buist
AS, Johnston JA, et al. Sustained-release bupropion for pharmacologic relapse prevention after
smoking cessation. a randomized, controlled trial. Ann Intern Med. 2001; 135:423-433. [PubMed:
11560455]

25. Cox LS, Patten CA, Niaura RS, Decker PA, Rigotti N, Sachs DP, Buist AS, Hurt RD. Efficacy of
bupropion for relapse prevention in smokers with and without a past history of major depression. J
Gen Intern Med. 2004; 19:828-834. [PubMed: 15242467]

26. Ebbert JO, Hughes JR, West RJ, Rennard SI, Russ C, McRae TD, Treadow J, Yu CR, Dutro MP,
Park PW. Effect of varenicline on smoking cessation through smoking reduction: a randomized
clinical trial. JAMA. 2015; 313:687-694. [PubMed: 25688780]

*. Randomized controlled trial testing the use of varenicline as a reduce-to-quit smoking cessation

strategy with smokers not initially ready to quit

27. Dempsey D, Tutka P, Jacob P 3rd, Allen F, Schoedel K, Tyndale RF, Benowitz NL. Nicotine
metabolite ratio as an index of cytochrome P450 2A6 metabolic activity. Clin Pharmacol Ther.
2004; 76:64-72. [PubMed: 15229465]

28. Lerman C, Schnoll RA, Hawk LW Jr. Cinciripini P, George TP, Wileyto EP, Swan GE, Benowitz
NL, Heitjan DF, Tyndale RF, et al. Use of the nicotine metabolite ratio as a genetically informed
biomarker of response to nicotine patch or varenicline for smoking cessation: a randomised,
double-blind placebo-controlled trial. Lancet Respir Med. 2015; 3:131-138. [PubMed: 25588294]

*. Prospective randomized controlled trial testing the nicotine metabolite ratio as a biomarker of
response to smoking cessation medications

29. Hajek P, McRobbie H, Myers K. Efficacy of cytisine in helping smokers quit: systematic review
and meta-analysis. Thorax. 2013

30. Cahill K, Stead LF, Lancaster T. Nicotine receptor partial agonists for smoking cessation.
Cochrane Database Syst Rev. 2012; 4:CD006103. [PubMed: 22513936]

31. World Health Organization. Geneva S. WHO report on the global tobacco epidemic, 2013:
Enforcing bans on tobacco advertising, promotion and sponsorship. 2011 http://www.who.int/
tobacco/surveillance/policy/country_profile/en/index.html - P.

32. Walker N, Howe C, Glover M, McRobbie H, Barnes J, Nosa V, Parag V, Bassett B, Bullen C.
Cytisine versus nicotine for smoking cessation. N Engl J Med. 2014; 371:2353-2362. [PubMed:
25517706]

*. Open-label randomized comparative effectiveness trial of cytisine compared to nicotine patch

conducted in New Zealand

33. Arefalk G, Hambraeus K, Lind L, Michaelsson K, Lindahl B, Sundstrom J. Discontinuation of
smokeless tobacco and mortality risk after myocardial infarction. Circulation. 2014; 130:325-332.
[PubMed: 24958793]

*. Analysis of continued snus use and mortality risk among patients post myocardial infarction

34. Boffetta P, Straif K. Use of smokeless tobacco and risk of myocardial infarction and stroke:
systematic review with meta-analysis. BMJ. 2009; 339:b3060. [PubMed: 19690343]

35. Hansson J, Galanti MR, Hergens MP, Fredlund P, Ahlbom A, Alfredsson L, Bellocco R, Eriksson
M, Hallgvist J, Hedblad B, et al. Use of snus and acute myocardial infarction: pooled analysis of
eight prospective observational studies. Eur J Epidemiol. 2012; 27:771-779. [PubMed: 22722951]

36. Goniewicz ML, Knysak J, Gawron M, Kosmider L, Sobczak A, Kurek J, Prokopowicz A,
Jablonska-Czapla M, Rosik-Dulewska C, Havel C, et al. Levels of selected carcinogens and
toxicants in vapour from electronic cigarettes. Tob Control. 2014; 23:133-139. [PubMed:
23467656]

*. Analysis of 12 first generation (cigarette-like) brand ENDS for levels of toxic compounds in the

aerosol across brands and relative to cigarette smoke

37. Grana R, Benowitz N, Glantz SA. E-cigarettes: a scientific review. Circulation. 2014; 129:1972-
1986. [PubMed: 24821826]

Curr Opin Cardiol. Author manuscript; available in PMC 2016 September 01.


http://www.who.int/tobacco/surveillance/policy/country_profile/en/index.html-P
http://www.who.int/tobacco/surveillance/policy/country_profile/en/index.html-P

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Prochaska and Benowitz Page 10

**_Comprehensive review of e-cigarette use and safety studies to date

38. Caponnetto P, Campagna D, Cibella F, Morjaria JB, Caruso M, Russo C, Polosa R. EffiCiency and
Safety of an eLectronic cigAreTte (ECLAT) as tobacco cigarettes substitute: a prospective 12-
month randomized control design study. PLoS One. 2013; 8:e66317. [PubMed: 23826093]

39. Bullen C, Howe C, Laugesen M, McRobbie H, Parag V, Williman J, Walker N. Electronic
cigarettes for smoking cessation: a randomised controlled trial. Lancet. 2013; 382:1629-1637.
[PubMed: 24029165]

40. Brose LS, Hitchman SC, Brown J, West R, McNeill A. Is the use of electronic cigarettes while
smoking associated with smoking cessation attempts, cessation and reduced cigarette
consumption? A survey with a 1-year follow-up. Addiction. 2015

*. Observational study of e-cigarette users and quit attempts over 1-year follow-up

41. Schauer GL, Malarcher AM, Zhang L, Engstrom MC, Zhu S-H. Prevalence and correlates of
quitline awareness and utilization in the United States: An update from the 2009-2010 National
Adult Tobacco Survey. Nicotine & Tobacco Research. 2013; 2013:1-10.

42. Berndt N, Bolman C, Lechner L, Max W, Mudde A, de Vries H, Evers S. Economic evaluation of
a telephone- and face-to-face-delivered counseling intervention for smoking cessation in patients
with coronary heart disease. Eur J Health Econ. 2015

*. Analysis of quitline versus in-person cessation counseling specifically among cardiac patients

43. Huang K, Liu W, He D, Huang B, Xiao D, Peng Y, He Y, Hu H, Chen M, Huang D. Telehealth
interventions versus center-based cardiac rehabilitation of coronary artery disease: A systematic
review and meta-analysis. Eur J Prev Cardiol. 2014

*. Comparison of telehealth versus in-person cardiac rehabilitation on smoking outcomes

44, Stead LF, Hartmann-Boyce J, Perera R, Lancaster T. Telephone counselling for smoking cessation.
Cochrane Database Syst Rev. 2013; 8:CD002850. [PubMed: 23934971]

45. Cahill K, Perera R. Competitions and incentives for smoking cessation. Cochrane Database Syst
Rev. 2011:CD004307. [PubMed: 21491388]

46. Volpp KG, Troxel AB, Pauly MV, Glick HA, Puig A, Asch DA, Galvin R, Zhu J, Wan F,
DeGuzman J, et al. A randomized, controlled trial of financial incentives for smoking cessation. N
Engl J Med. 2009; 360:699-709. [PubMed: 19213683]

47. Volpp KG, Asch DA, Galvin R, Loewenstein G. Redesigning employee health incentives--lessons
from behavioral economics. N Engl J Med. 2011; 365:388-390. [PubMed: 21812669]

48. Halpern SD, French B, Small DS, Saulsgiver K, Harhay MO, Audrain-McGovern J, Loewenstein
G, Brennan TA, Asch DA, Volpp KG. Randomized Trial of Four Financial-Incentive Programs for
Smoking Cessation. N Engl J Med. 2015

*, Comparison of reward versus deposit-based incentives programs for smoking cessation on short and

long-term outcomes

49. Hamilton FL, Laverty AA, Huckvale K, Car J, Majeed A, Millett C. Financial incentives and
inequalities in smoking cessation interventions in primary care: before-and-after study. Nicotine
Tob Res. 2015

*. Observational study of pay-for-performance incentives in primary care to spur attention to patient

tobacco use and support cessation

Curr Opin Cardiol. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Prochaska and Benowitz

Page 11

Key Points

Promising approaches for enhancing quit rates with existing cessation
medications include combination treatment; extended use of pharmacotherapy;
reduce-to-quit strategies; and personalized approaches to treatment matching.

Cytisine has gained interest as a lower-cost strategy for addressing the global
tobacco epidemic.

On the harm reduction front, snus and electronic nicotine delivery systems are
being widely distributed and promoted but with major gaps in knowledge of the
safety of long-term and dual use.

Quitlines, comparable in outcome to in-person treatment, make cessation
counseling available on a national scale though use rates remain relatively low.

Employee reward programs are gaining attention given the high costs of tobacco
use to employers; sustaining quit rates post-payment, however, has proven
challenging.
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