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Associations between cigarette smoking and increased risk of cardiovascular disease are well established. However, it is unclear whether the association is mediated by exposure to nicotine and/or to other constituents in cigarette smoke. The objective of this systematic review and meta-analysis of randomized control trials (RCTs) was to identify any potential associations between exposure to nicotine and the risk of clinically diagnosed adverse cardiovascular events in adult current users and nonusers of tobacco products. Among 1,996 results, 42 studies, comparing nicotine and non-nicotine groups, were included and were both qualitatively and quantitatively synthesized across the outcomes of arrhythmia, nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death. The majority of studies evaluating nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death reported no events that occurred in either the nicotine or non-nicotine control groups. Among the studies that reported events, rates of adverse events were similarly low between both groups. Consistent with findings from previous systematic reviews and meta-analyses, pooled data showed that rates for arrhythmia, nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death were not significantly different between nicotine and non-nicotine groups. The overall quality of the body of evidence for each of the four outcomes of interest was graded as “moderate,” limited only by the imprecision of results. The findings of this systematic review and meta-analysis indicate that, with moderate certainty, there are no significant associations between the use of nicotine and the risk of clinically diagnosed adverse cardiovascular events—specifically, arrhythmia, nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death.
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Introduction

Cardiovascular disease (CVD) is a leading cause of death and morbidity worldwide (1–3). According to the Global Burden of Disease study, CVD accounted for 18.6 million deaths worldwide (1, 4) in 2019, as well as 359 million years of life lost (YLLs), 34.4 million years lived with disability (YLDs), and 393 million disability-adjusted life years (DALYs) (5). Data between 2010 and 2019 indicate an increase in the prevalence and burden of CVD, driven in large part by population growth and an aging population (4, 5).

An association between cigarette smoking and increased risk of CVD is well-established, but it is not clear whether this association is mediated by exposure to nicotine and/or to other constituents found in cigarette smoke (6). Both laboratory and clinical studies in humans have shown that nicotine stimulates the sympathetic nervous system, resulting in transient increases in heart rate and blood pressure, as well as changes in other cardiovascular parameters (7–13). However, there is evidence to suggest that these effects are more pronounced in response to exposure to components related to the use of combustible tobacco products than to nicotine alone (6, 10, 14). Further, there is evidence to suggest that reductions in heart rate occur when cigarette smokers quit, even when abstinence is maintained through the use of nicotine replacement therapy (NRT) (15, 16). Collectively, the evidence suggests that although nicotine administration alone may result in acute increases in blood pressure, heart rate, and biomarkers of cardiovascular risk in humans, these increases appear to be lower than those associated with combustible tobacco product use. Further, it is unclear whether the transient cardiovascular effects observed with nicotine administration alone can lead to an increased risk of adverse cardiovascular events.


Adverse cardiovascular events and cardiovascular disease

CVD is not a single disease, but rather a collection of afflictions of the cardiovascular system (17). Concurrently, the development of CVD is multifactorial and can involve dynamic etiologies with complex progressions. As such, the vast determinants of the disease allow for a vast number of key metrics to be measured in studying CVD. A few examples include behaviors that are associated with an increased risk of CVD, changes in cardiovascular parameters and disease progression through the serial monitoring of laboratory and imaging metrics. However, not only are these metrics not always feasible to carry out in a clinical trial, but they also fail to directly inform actual disease outcomes. Thus, CVD clinical trials often investigate the safety and efficacy impact of interventions using clinical outcomes. Specifically, clinical endpoints of cardiovascular mortality, myocardial infarction, and stroke, have been suggested by the FDA as endpoints in evaluating therapies’ impact on CVD (18).



The current evidence base

Two systematic reviews and/or meta-analyses have examined the potential association between nicotine exposure and the incidence of serious adverse cardiovascular events. The first by Lee et al. (19) found that compared with non-nicotine controls, no significant effect of NRT use was observed for the risk of acute myocardial infarction or cardiovascular mortality. The second, a network meta-analysis by Mills et al. (20), found a statistically significant association for the risk of any cardiovascular adverse event (AE) between NRT and both bupropion and placebo, but not varenicline. However, symptoms such as pounding heart and heart palpitations were included as outcomes, which on their own have unknown clinical significance and call into question the relevance of the results. When limiting analyses to the risk of major adverse cardiovascular events (MACE), the authors found no significant associations with NRT.




Objectives

The objective of this systematic review and meta-analysis of RCTs was to identify any potential associations between the exposure of nicotine (compared to no nicotine exposure) and the risk of clinically diagnosed adverse cardiovascular events in a sample of adult current users and nonusers of tobacco products at baseline. The outcomes of interest evaluated separately were arrhythmia, nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death. The exposure of nicotine referred to nicotine via tobacco leaf free oral nicotine (e.g., portioned oral nicotine pouches) or NRT products (e.g., nicotine patch).



Methods


Overview

This review’s protocol was registered with the PROSPERO international prospective register of systematic reviews on July 2, 2021 (PROSPERO 2021 CRD42021258686) and assesses the Key Question (KQ): “Is there an association between nicotine and the risk of adverse clinically diagnosed cardiovascular events in adult current users and nonusers of tobacco?”

This review adhered to standards of systematic review methodology as defined by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (21) and the AMSTAR 2 (A MeaSurement Tool to Assess systematic Reviews 2) critical appraisal tool (22).

Meta-analyses using a random effects model and applying the inverse variance method (23) were conducted to calculate the risk ratios (RR) with a 95% confidence interval (CI). Heterogeneity was assessed using I2 statistic and interpreted based on the I2 thresholds suggested by The Cochrane Collaboration (24). Where possible, a funnel plot was developed to test for the risk of publication bias (25). A subgroup analysis for each of the four outcomes by the duration of nicotine exposure was conducted. Additionally, a subgroup analysis of arrhythmia by type of arrhythmia was conducted. Two sensitivity analyses were planned a priori to detect whether pooled results were sensitive to the removal of (1) studies judged to be at high risk of bias, and (2) studies that did not report the collection of AE data as an outcome of interest in either their protocol or methodology. Data were analyzed through Review Manager Version 5.3 (26).




Literature search

The literature search was conducted by an information specialist who has credentials as a health sciences librarian and is qualified in conducting systematic literature searches. Search terms were developed using keywords associated with tobacco leaf free nicotine or NRT products nicotine and their various modes of administration. The search strategy included the use of synonyms of search terms, truncation, wild card symbols, Boolean logic, proximity operators, and limits, in order to focus the search on the most relevant clinical literature. Results are presented shown in Figure 1.
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FIGURE 1
 PRISMA flow diagram.


The following online databases were searched for relevant articles published from inception to 10 June 2021: PUBMED/MEDLINE, Embase, and Cochrane Database of Systematic Reviews (included as part of the Embase search). The full literature search strategy can be found in Appendix A.

Other methods used for identifying relevant research included: a grey literature search; searching of bibliographies of included studies and relevant published systematic reviews and meta-analyses; searching of trial registries; and contacting experts in the field.



Eligibility criteria

The PICOS (Population or participants and conditions of interest, Interventions or exposures, Comparisons or control groups, Outcomes of interest, and Study designs) review method was used, as it is an objective, non-biased, systematic review method. The following inclusion criteria were applied:

[image: Table1]

The intervention was tobacco leaf free oral nicotine (also referred to as modern oral products) or NRT products, hereafter referred to as “nicotine.” Consequently, the intervention was not nicotine administered in the form of other tobacco products, such as cigarettes, electronic cigarettes, or smokeless tobacco. The effects of nicotine and poly- or dual-use with tobacco products or switching between nicotine and tobacco products, were outside of the scope of this systematic review and meta-analysis. Additionally, in order to be included, the nicotine intervention had to be actively prescribed, not simply offered or recommended. For example, studies evaluating tobacco cessation interventions that included the option of NRT products were not included.

Control groups were required to have a regimen that did not administer nicotine in any form. For example, studies whose placebo arm included products with low levels of nicotine were excluded. Further, as the criteria for the control was strictly “no nicotine,” this allowed for comparator groups of other active treatments to be included (e.g., varenicline or bupropion).

Outcomes were required to be clinical diagnoses of either arrhythmia, nonfatal myocardial infarction, nonfatal stroke, or cardiovascular death. Consistent with the accepted definition of serious AEs (27), studies reporting that no serious AEs occurred were considered to have had no occurrence of nonfatal myocardial infarction, nonfatal stroke, or cardiovascular death. To meet this review’s inclusion criteria, outcomes were also required to have occurred during the treatment period, i.e., an adverse cardiovascular event that occurred during a non-treatment follow-up period of a study was not considered an outcome for this systematic review. Where the temporality of the occurrence of outcomes was unclear, authors were contacted for additional detail; if the temporality of outcomes could not be confirmed, they were excluded.



Exclusion criteria

The following studies were excluded from the systematic review:

1. RCTs that did not include nicotine versus no nicotine intervention.

2. RCTs that did not provide data on an outcome of interest (i.e., arrhythmia, nonfatal myocardial infarction, nonfatal stroke, cardiovascular death) during the treatment period.

3. Non-randomized controlled or uncontrolled interventional studies.

4. Observational studies (e.g., cohort, case–control, and cross-sectional studies).

5. Registered protocols.

6. Non-clinical, non-human studies, such as laboratory research, animal studies, or in vitro or ex vivo studies.

7. Review articles, systematic reviews, and meta-analyses.

8. Letters to the editors, opinions, editorials, press releases, manufacturers’ advertisements, and other non-peer reviewed publications, unless the publication contained original data from RCTs.

9. Articles in which the abstract and full text were non-English.

10. Duplicate articles or articles with the exact same study outcome data as another published article.



Review methods


Study selection process

Articles were initially screened at the title/abstract level. Full text articles were obtained for any articles that could not be excluded based on the title/abstract alone. Each article was independently screened by two reviewers, according to the inclusion criteria. Any discrepancies regarding studies that were included/excluded by reviewers were discussed and resolved in a meeting between reviewers, and a joint decision was made on whether the article should be included or excluded. Any disagreements that could not be resolved between the reviewers were decided by a third clinical reviewer at Thera-Business Inc. Reasons for excluding an article were documented.



Data extraction

Data were independently extracted by one research associate from Thera-Business Inc. and checked by a second research associate from Thera-Business Inc. Discrepancies were identified and resolved through discussion and included a third team member, when necessary. Data extraction forms were hosted on DistillerSR®. For each study, information regarding the study characteristics and outcomes—as defined in the PICOS—were extracted. The extracted information included: location and setting; trial name; registration/protocol; funding; study design; eligibility criteria; recruitment strategy; intervention(s) and control(s); study start/end date; study population and subject characteristics; and study outcomes. Supplementary materials and clinical trial registries, where applicable, were reviewed for relevant data and extracted accordingly. As required, study authors were contacted for clarification pertaining to the data extracted.



Risk of bias assessment

The included studies were individually assessed for risk of bias using the Cochrane ‘Risk of Bias’ tool, evaluating for risks of bias from the following sources: randomized sequence generation (selection bias); allocation concealment (selection bias); blinding of participants and personnel (performance bias); blinding of outcome assessment (detection bias); incomplete outcome data (attrition bias); selective reporting (reporting bias); and other bias (28). Each of these potential sources of bias were graded as either “low,” “high,” or “unclear” risk; subsequently, an overall risk of bias grade was given for each study.

Risk of bias assessments were independently performed by two research associates from Thera-Business Inc.; any discrepancies were discussed and resolved in a meeting between reviewers, and a joint decision was made. Any disagreements that could not be resolved between the reviewers were decided by a third clinical reviewer at Thera-Business Inc. Overall risk of bias was determined for each study as follows: “low” overall risk of bias if the study was judged to be at “low” risk across all domains evaluated; “high” overall risk of bias if the study was rated as “high” risk in at least one domain; and “unclear” overall risk if at least one bias domain was assessed as “unclear” risk, and no bias domains were assessed as “high” risk.



Strength of evidence

To grade the confidence in the overall conclusions for each outcome, a systematic, objective, and transparent assessment of the overall strength of evidence (SOE) was performed (29). Following the standards of Cochrane methodology, this assessment was performed using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system of rating quality of evidence; GRADE is among the most widely adopted tools for grading the quality of evidence and strength of recommendations in systematic reviews (30).

The GRADE system begins by assessing RCTs as high-quality evidence; thereafter, the SOE evaluation is assessed using five domains: (1) study limitations, (2) consistency of effect, (3) imprecision, (4) indirectness, and (5) publication bias. Depending on the assessment, the study’s quality of evidence for each outcome may be downgraded. Ultimately, the quality of evidence falls into one of four categories from high to very low (see Table 1).



TABLE 1 Strength of evidence grades and interpretations (31).
[image: Table2]

The SOE evaluation was independently performed by one research associate from Thera-Business Inc. and checked by a second research associate from Thera-Business Inc. The final SOE judgment was necessarily qualitative but reflected a sound, reasoned weighing of domain ratings.




Meta-analysis

Where studies had used the same intervention and comparator, with the same outcome measure, the results were pooled using a random effects meta-analysis. The inverse variance method (23) was used to calculate the RR with a 95% CI. Outcomes measured were the presence or absence of an event occurring, therefore, continuous data were not used in the analysis. For missing data, a conservative approach was taken by utilizing the randomized sample. Where indicated that the randomized sample was different from the sample that initiated their allocated intervention or control, the latter sample was prioritized in order to increase the certainty regarding the association between allocation and outcome.

A subgroup analysis for the outcome of arrhythmia by type of arrhythmia was conducted; there were no possible sub-group analyses by types of nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death. Further, a subgroup analysis for the each of the four outcomes by duration of nicotine exposure was conducted, grouping studies with a duration of nicotine treatment of 12 weeks or more and of less than 12 weeks.

Where 10 or more studies provided estimates pooled in the meta-analysis, a funnel plot was developed to test for the risk of publication bias (25). Heterogeneity was assessed using I2 statistic, and the level of heterogeneity was interpreted based on the I2 thresholds suggested by The Cochrane Collaboration (24):

• 0% to 40%: may not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

Results were presented through forest plots developed using RevMan version 5.3. The main analyses were presented alphabetically, while sensitivity analyses were presented by descending magnitude to organize the studies with estimated effect sizes together.



Sensitivity analyses

Two sensitivity analyses were planned prior to the implementation of the meta-analyses and were conducted for all outcomes. Specifically, sensitivity analyses were conducted to detect whether pooled results were sensitive to the removal of (1) studies judged to be at high risk of bias, and (2) studies that did not report systematically collecting AE data, defined as studies that did not report the collection of AE data as an outcome of interest in either their protocol or methodology.



Protocol deviations

An update to the protocol was approved by the sponsor on August 18, 2021, and registered with PROSPERO on October 13, 2021, reflecting the following changes:

• The review question and objectives were amended to reflect the inclusion of both current users and nonusers of tobacco, as defined in the PICOS. Originally, the review question and objectives did not reflect users of tobacco products.

• The exclusion criteria were expanded to reflect the comprehensive list of exclusion criteria required during screening. Specifically, two criteria were added to the protocol: “RCTs that do not include a nicotine versus no nicotine intervention,” and “Protocols.”



Results

A total of 1,996 articles were retrieved from the specified databases, of which 1,954 were excluded based on pre-defined criteria included in the registered protocol—resulting in 42 studies eligible for inclusion in the review. All 42 studies were included in both the qualitative and quantitative syntheses of evidence: 11 studies for occurrence of arrhythmia; 32 studies for occurrence of nonfatal myocardial infarction; 29 studies for occurrence of nonfatal stroke; and 33 studies for occurrence of cardiovascular death.


Characteristics of included studies

Appendix E contains the complete study and sample characteristics for each of the included studies.


Study designs

All 42 included studies were RCTs, the majority of which (26 studies) were two-armed trials (32–57). Seven included studies were three-armed trials, each consisting of one nicotine intervention group and two non-nicotine control groups (58–64). A further seven studies were four-armed trials: four studies had two nicotine intervention groups and two non-nicotine control groups (65–68); two studies had one nicotine intervention group and three non-nicotine control groups (69, 70); and one study had three nicotine intervention groups and one non-nicotine control group (71). One study was a five-armed trial, with four nicotine intervention groups and one non-nicotine control group (72). Finally, one study had a crossover design, such that all subjects received both a nicotine intervention and a non-nicotine control, with a washout period of more than 7 days between treatments (73).



Study evaluations

The evaluations of interest in two-thirds of the included studies (n = 28) were related to cigarette smoking abstinence (32, 35–38, 40, 43–48, 51–53, 56–64, 66–68, 72); a further two studies evaluated smokeless tobacco abstinence as their primary outcome (34, 71). Five studies were safety analyses whose primary outcomes of interest related to the safety of various NRTs (33, 39, 42, 55, 69). Two studies evaluated the efficacy of nicotine as a treatment for ulcerative colitis as their primary outcome (49, 54). The primary outcomes of interest of the remaining five studies were as follows: one study evaluated cigarette smoking relapse (65); one study evaluated cigarette cravings (50); one study evaluated the efficacy of nicotine chewing gum in the prevention of postoperative ileus after colorectal surgery (41); one study evaluated the effects of nicotine on rectal sensation, rectal compliance, and anorectal sphincter function (73); and one study used nicotine as a cholinergic agonist in subjects with schizotypy to assist with assessing the utility of biomarkers (70).



Outcomes measures

With regards to outcome measures reported among the 42 included studies, 11 studies reported data on arrhythmia (33, 39, 49, 54, 56, 60, 61, 64, 66, 69, 73), 32 studies reported data on nonfatal myocardial infarction (32–41, 43–48, 50, 51, 53, 54, 56, 60–63, 65, 67–72), 29 studies reported data on nonfatal stroke (32–34, 36–38, 40, 42–47, 50, 51, 53, 54, 56, 58, 60–63, 65, 67–71), and 33 studies reported data on cardiovascular death (32–38, 40–47, 50–59, 61, 62, 65, 67–71) (see Table 2).



TABLE 2 Number of studies according to outcome measures.
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Publication dates

Of the 42 included studies: nine studies were published between 2016 and 2020 (33, 36, 38, 41, 45, 58, 67–69); seven studies were published between 2011 and 2015 (34, 44, 47, 60, 62, 63, 70); 13 studies were published between 2006 and 2010 (32, 40, 43, 46, 50–53, 55, 64–66, 71); three were published between 2001 and 2005 (37, 42, 59); and 10 were published in 2000 or earlier (35, 39, 48, 49, 54, 56, 57, 61, 72, 73) (see Figure 2).

[image: Figure 2]

FIGURE 2
 Included studies by publication year.




Study locations

The highest proportion of studies were conducted in North America (n = 19), with the rest of the studies coming from Europe (n = 15), Asia (n = 5), Eurasia (n = 1), or multiple regions (n = 2).

According to country, the highest proportion of studies were conducted in the United States (US) (n = 18) (34, 36, 37, 39, 45, 48–51, 57, 58, 61–63, 65, 66, 71, 73), followed by England (n = 5) (35, 38, 52, 54, 70) (see Figure 3). Other countries included: China (n = 2) (53, 68); Denmark (n = 2) (42, 55); Netherlands (n = 2) (33, 41); Thailand (n = 2) (46, 47); Czech Republic (n = 1) (40); Finland (n = 1) (67); South Korea (n = 1) (43); Spain (n = 1) (44); Sweden (n = 1) (56); Switzerland (n = 1) (59); and Turkey (n = 1) (64). Four studies were multinational, one of which was conducted in Europe (Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and UK) (72), one of which was conducted in Europe and the US (Belgium, France, Netherlands, UK, and US) (32), one of which was conducted internationally (Argentina, Australia, Brazil, Bulgaria, Canada, Chile, Denmark, Finland, Germany, Mexico, New Zealand, Russian Federation, Slovakia, South Africa, Spain, and US) (69), and one of which was conducted in North America (Canada and US) (60).

[image: Figure 3]

FIGURE 3
 Study site of included studies.




Study sample sizes

Total sample sizes among the included studies ranged from 11 subjects (73) to 8,058 subjects (69), for a total of 27,794 subjects included across all 42 studies. Of these, a total of 12,545 subjects were allocated to a nicotine trial arm, and 15,260 subjects were allocated to a non-nicotine trial arm. Eleven subjects from the one included crossover study received both a nicotine intervention and a non-nicotine control, and as such are reflected in both aforementioned counts (73).



Study population

Table 3 presents a summary of study population characteristics, to include general health status and tobacco use characteristics among the study populations, where applicable.



TABLE 3 Study population health and tobacco use characteristics among the included studies.
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Health status

Ten included studies obtained their samples from a population of volunteers with an indication of good general health (34, 43, 48, 51, 52, 56, 62, 71–73), while 13 included studies had populations with varying medical conditions or an indication of adverse general health, including: breast cancer (55); history of one or more CVDs (39); critical illness (i.e., mechanically-ventilated subjects) (33); history of alcohol dependence (37); opiate dependency (receiving methadone-maintenance treatment) (63); undergoing primary elective hip or knee alloplasty (42); substance use disorder (45); ulcerative colitis (in two studies) (49, 54); recent colorectal surgery (41); hospitalization (61); subjects from a hospital outpatient clinic (35); and otherwise healthy volunteers scoring high or average on a schizotypal personality measure (70). Nineteen included studies did not specify or give any indication of the health of their study populations (32, 36, 38, 40, 44, 46, 47, 50, 53, 57–60, 64–69).



Tobacco use characteristics

Thirty-seven of the 42 included studies reported a study population of current tobacco product users. The vast majority of these studies (n = 34) were among current cigarette smokers (32, 33, 35, 37–40, 42–48, 50–53, 55–69, 72), while two studies were among current smokeless tobacco users (34, 71). One study included both nonsmokers and light cigarette smokers (36). Additionally, one included study did not specify tobacco use status in its study population (41).

Among the 37 studies reporting a study population of current tobacco product users, 32 reported tobacco abstinence as an outcome: 30 reported cigarette smoking abstinence (32, 35–37, 39, 40, 43–48, 51–53, 55–64, 66–69, 72), and two reported smokeless tobacco abstinence (34, 71). One additional study evaluated cigarette smoking abstinence among current cigarette smokers; however, because abstinence was only measured 4 weeks following the last nicotine exposure period, these abstinence data were not considered relevant to this systematic review.

Tobacco abstinence rates among studies were generally low, with only about one-fifth of studies (n = 6) reporting rates greater than 50% in any of their trial arms (32, 47, 51, 53, 67, 71). Of these, only one study reported abstinence rates greater than 50% across all trial arms (expired carbon monoxide [eCO]-verified continuous abstinence in final 3 weeks of treatment: nicotine gum group, 66%; fresh lime group, 62%) (47). More than a quarter of studies (n = 9) reported rates of less than 25% across all trial arms (35, 39, 40, 45, 52, 57, 59, 63, 66).

Among the different nicotine intervention groups, the highest rate of tobacco abstinence was 73% 7-day point prevalence abstinence (PPA) at the end of the 8-week treatment period for subjects using smokeless tobacco (71). The highest rate of cigarette smoking abstinence was 66% eCO-verified continuous abstinence in the final 3 weeks of treatment (47). The lowest rate of tobacco abstinence was 1.5% continuous cigarette smoking abstinence from Day 14 through to the end of the 6-month treatment period (63).

Among the placebo groups, the highest rate of tobacco abstinence was 73% 7-day PPA at the end of the 8-week treatment period for subjects using smokeless tobacco (71). The highest rate of cigarette smoking abstinence was 44% 7-day PPA at the end of the 24-week treatment period (68). The lowest abstinence rate was 0% continuous cigarette smoking abstinence from Day 14 through to the end of the 6-month treatment period (63).

Among control groups receiving varenicline, the rate of tobacco abstinence was 73% self-reported cigarette smoking abstinence of “about 1 week” at Week 4 of an 8-week treatment (67). The lowest rate of tobacco abstinence was 1.5% continuous cigarette smoking abstinence from Day 14 through to the end of the 6-month treatment period (63). Among control groups receiving bupropion, the rate of tobacco abstinence was 46% cigarette smoking abstinence [measure not reported (NR)] at Week 4 of a 6-week treatment period (64). The lowest abstinence rate was 23% continuous cigarette smoking abstinence from Weeks 9 to 12 (i.e., to end of treatment) (69). The one study that included a control group receiving topiramate reported an eCO-confirmed cigarette smoking abstinence rate of 26% during the last 4 weeks of treatment (62).

Among control groups the highest rate of tobacco abstinence was 22% (measure NR) at Week 4 of a 6-week treatment period (64). The lowest rate of tobacco abstinence was 3.9% 4-week continuous abstinence at the end of treatment (59).




Treatment regimens


Treatments evaluated

The most common evaluation across the 42 included studies was comparing nicotine patch with placebo patch, which was evaluated in 22 studies (52%) (33–39, 43–45, 48–51, 54, 57, 60, 61, 67, 69, 71, 72). This was followed by comparing nicotine gum with placebo gum, which was done in five studies (12%) (41, 46, 66, 68, 73). A full list of the evaluations conducted in the evidence base is provided in Table 4.



TABLE 4 Interventions evaluated among the included studies.
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Duration of treatment periods

Duration of nicotine treatment period (the period in which nicotine was administered, irrespective of the overall treatment duration) among the included studies ranged from 1 hour to 6 months, with a median treatment duration of 10 weeks (see Table 5). Fifteen of the 42 included studies had a nicotine treatment duration of 12 weeks or longer (35, 40, 45–48, 52, 54, 56, 58, 59, 63, 65, 68, 72).



TABLE 5 Treatment protocol and adherence rates among included studies.
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Study interventions

The strength of nicotine administered varied considerably across the 42 included studies (see Table 5). Two-thirds of the included studies (n = 28) administered nicotine via nicotine patch, with 16 of these studies including a tapering of nicotine strength over the treatment period (32, 34, 37, 39, 43, 45, 48, 51, 58, 60–62, 64, 69, 72). Nicotine patch strength among these studies ranged from an initial strength of 21 mg to 63 mg, and a final strength of 7 mg to 21 mg. Conversely, one study began with a lower daily nicotine patch strength (11 mg) for the first week, increasing to 21 mg for the subsequent 3 weeks (49). Two of the included studies supplemented their nicotine patch intervention with nicotine gum: one study that administered either 21 mg or 42 mg nicotine patches also provided subjects with 4 mg nicotine gum to use in conjunction with their respective treatments (63); and one study that administered a tapering nicotine patch regimen (21 mg patches for 8 weeks, 14 mg patches for 2 weeks, and 7 mg patches for 2 weeks) also provided subjects with either 2 mg or 4 mg nicotine lozenges for use, as needed (58). Among the 12 studies that administered a fixed strength nicotine patch regimen, daily nicotine patch strength ranged from 7 mg (36, 70) to 63 mg (71). Across all 28 studies administering nicotine patches, 21 mg was the most common nicotine strength, used in 18 studies: 12 studies in which 21 mg was the starting strength in a tapered treatment regimen (32, 34, 37, 39, 43, 45, 51, 58, 60, 62, 64, 69), and six studies with a fixed strength regimen throughout the treatment period (33, 38, 44, 50, 63, 71).

Among the remaining nicotine interventions, six studies administered nicotine as a nicotine gum, with a strength of either 2 mg (used in six studies) (41, 46, 47, 65, 66, 73) or 4 mg (used in three studies) (46, 47, 66). Three studies administered nicotine as a nicotine tablet or lozenge, with a strength of either 2 mg (in two studies) (53, 68) or 4 mg (in two studies) (56, 68). One study administered nicotine nasal spray as its treatment, using a strength of 1 mg per dose (dose was two sprays, one per nostril), for ad libitum use throughout the 12-week treatment period (52). Two included studies offered subjects a choice of nicotine product: one study provided subjects with the choice of either 4 mg nicotine gum or 10 mg inhaler to use throughout the treatment period (40), while one study offered subjects three products— a 25 mg nicotine patch, a 4 mg nicotine gum, and a 10 mg nicotine inhaler—which they could use concurrently or alternate between uses throughout the treatment period (59). Lastly, two studies did not specify the mode of delivery or strength of nicotine administered, defining their treatment as personalized NRT in accordance with subjects’ preferences and levels of nicotine dependency (42, 55).

Among the control groups receiving an active treatment (see Table 5), eight studies used varenicline, with an initial dose of 0.5 mg daily, titrating up to 2 mg daily (32, 44, 45, 58, 60, 63, 67, 69). Three studies used bupropion with an initial dose of 150 mg daily, titrating up to 300 mg daily (64, 65, 69). One study with three control arms included a group in which 400 mg amisulpride was administered, as well as a group in which 2 mg risperidone was administered, both as single doses in a 1-day clinical trial (70). One 10-week study administered topiramate in one of its control arms, starting with a 25 mg daily dose and titrating up to 200 mg daily, before decreasing the dosage by 30% every 3 days in the final week (62).



Adherence to treatments

Of the 42 included studies, 26 studies (62%) reported data on treatment adherence (see Table 5). Treatment adherence rates varied considerably across the studies, ranging from 15% in both the intervention and control groups (41) to 99% overall (rate per group not reported) (51). Eight studies reported a treatment adherence rate of 75% or higher, with all eight studies evaluating the adherence rate through to the end of the treatment period (37, 38, 44, 49, 51, 56, 62, 69). One additional study reported a high treatment adherence rate in its nicotine patch arm (93%), but a moderate treatment adherence rate in its placebo patch arm (61%) (34). Five studies reported treatment adherence rates of 50% to 74% (39, 48, 58, 60, 61), of which two studies only reported the treatment adherence rate at time points within the treatment period—Joseph et al. (1996) reported the number of subjects who wore patches at Week 6 of a 10-week trial (39), while Lewis et al. (1998) reported the treatment adherence rate at Week 1 of a 6-week trial (61). One study, a five-armed RCT, reported that the treatment adherence rates at the end of the treatment period ranged from 45% to 53% across the study arms (72). Eight studies reported treatment adherence rates below 50% across all groups at the end treatment period (35, 40, 41, 45, 59, 63–65). An additional three studies reported unclear measures of adherence: one study reported mean number of boxes of product dispensed in each study arm (assessed as a surrogate for patch compliance) (57); one study stated that its safety analysis only included subjects “in good compliance with study protocol” (68); and, one study—a four-armed trial—reported the percent of subjects who used treatment for over 2 weeks during an 8-week trial, for which the values ranged from 36% to 77% across the study arms (67). The remaining 16 studies did not report on treatment adherence (32, 33, 36, 42, 43, 46, 47, 50, 52–55, 66, 70, 71, 73).





Risk of bias assessment

Overall risk of bias grades for the 42 included studies were as follows: seven studies (17%) were graded as having a “low” risk of bias (33, 40, 52, 58, 60, 68, 69), 14 studies (33%) were graded as having a “high” risk of bias (32, 34, 35, 38, 45, 47, 54, 55, 59, 62, 63, 65, 67, 72), and 21 studies (50%) were graded as having an “unclear” risk of bias (36, 39, 41–44, 46, 48–51, 53, 56, 57, 61, 64, 66, 70, 71, 73, 74).The complete risk of bias assessments for each study are provided in Appendix F.

Across all the included studies, the risk of selection bias (random sequence generation) was generally low, with this domain having the highest proportion of “low” risk grades (36 of 42 studies) among all the evaluated domains (32–36, 38–47, 49–62, 65–69, 71, 72). Of the remaining studies, no studies were graded as “high” risk, and six studies were graded as having an “unclear” risk (37, 48, 63, 64, 70, 73). Similarly, the risk for selection bias (allocation concealment) was generally low, with 27 studies being graded as “low” risk for this domain (33–35, 38, 40–45, 49, 51, 52, 55, 57–61, 63, 65, 67–72), no studies being graded as “high” risk, and 15 studies being graded as having an “unclear” risk (32, 36, 37, 39, 46–48, 50, 53, 54, 56, 62, 64, 66, 73). Performance bias (blinding of participants and personnel) had the largest proportion of “high” risk of bias grades among all the domains evaluated, with seven studies graded as “high” risk (32, 38, 47, 55, 59, 62, 67); of the remaining 35 studies, 19 were graded as “low” risk (33–36, 40, 42, 45, 49, 52, 54, 58, 60, 61, 63, 65, 68–70, 72), and 16 were graded as “unclear” risk (37, 39, 41, 43, 44, 46, 48, 50, 51, 53, 56, 57, 64, 66, 71, 73). In terms of detection bias (blinding of outcome assessment) only two studies were graded as “high” risk (62, 67); of the remaining 40 studies, 20 were graded as “low” risk (33, 34, 38, 40, 42, 45, 49, 52, 55, 57–61, 63, 65, 68–70, 72), and 20 were graded as “unclear” risk (32, 35, 36, 39, 41, 43, 44, 46–48, 50, 51, 53, 54, 56, 64, 66, 71, 73, 74). Attrition bias (incomplete outcome data) was graded as “high” risk in five studies (34, 35, 54, 62, 72), “unclear” risk in seven studies (37, 39, 53, 56, 61, 64, 66), and “low” risk in 30 studies (32, 33, 36, 38, 40–52, 55, 57–60, 63, 65, 67–71, 73). Reporting bias (selective reporting) had the highest proportion of “unclear” risk of bias grades (21 studies) (35, 37, 41–43, 46, 48–51, 53, 54, 56, 57, 59, 61, 64, 66, 70, 71, 73); of the remaining 21 studies, 15 were graded as “low” risk (33, 36, 38–40, 44, 47, 52, 55, 58, 60, 62, 68, 69, 72) and six were graded as “high” risk (32, 34, 45, 63, 65, 67). No additional sources of bias were identified.



Synthesis of results


Arrhythmia

Across the 11 studies reporting on arrhythmia during the treatment period (n = 13,869), the occurrence of arrhythmia was generally low and similar between nicotine (n = 4,721) and non-nicotine groups (n = 9,148) (33, 39, 49, 54, 56, 60, 61, 64, 66, 69, 73). The number of arrhythmias reported was higher in the nicotine group compared with the non-nicotine group in six studies (39, 49, 54, 56, 69, 73), lower in the nicotine group in three studies (33, 60, 64), and the same in both groups in two studies (61, 66). The type of arrhythmia reported varied across studies and included: atrial fibrillation in two studies (56, 60); bradycardia in one study (54); tachycardia in three studies (49, 64, 73); and serious cardiac arrhythmia in one study (69). The type of arrhythmia was not specified in the remaining four studies.
 Seven of the studies provided information on the study population’s health status, two of which were among healthy subjects (56, 73), and five of which were among study populations with varying indicators of adverse health: critically-ill, mechanically-ventilated subjects admitted to the medical-surgical ICU (33), subjects with a history of one or more CVDs (39), hospitalized subjects (61), or subjects with ulcerative colitis (49, 54).
 Three studies were among a population of either former cigarette smokers (73), or a combination of nonsmokers and former cigarette smokers (49, 54). The remaining eight studies were all among current cigarette smokers. Seven of these studies reported cigarette smoking abstinence, which was generally low across studies, never reaching 50% in any one treatment group. Cigarette smoking abstinence among nicotine groups ranged from 10% self-reported continuous abstinence (66) to 36% abstinence (measure not reported) (64). Among non-nicotine controls, cigarette smoking abstinence ranged from 3.9% self-reported continuous abstinence (66) to 46% abstinence (measure not reported) (64).

Ten studies evaluated nicotine versus placebo (33, 39, 49, 54, 56, 60, 61, 66, 69, 73). Additionally, nicotine versus varenicline was evaluated in two studies (60, 69), nicotine versus bupropion in two studies (64, 69), and nicotine versus no treatment in two studies (61, 64). The nicotine treatment period duration ranged from 1 h (73) to 6 months (54), with a median treatment duration of 10 weeks. Treatment adherence rates were reported in seven of the 11 studies and varied considerably. Adherence ranged from 22% (64) to 97% (49) among nicotine groups, and from 40% (64) to 97% (49) among non-nicotine groups.

Among the 11 studies reporting occurrence of arrhythmia, three were graded as “low” risk of bias, one was graded as “high” risk of bias, and seven were graded as “unclear” risk of bias.


Main analysis for arrhythmia (overall)

All 11 studies, with a total of 13,869 subjects (4,721 nicotine subjects and 9,148 non-nicotine control subjects) met the criteria for inclusion in the meta-analysis (33, 39, 49, 54, 56, 60, 61, 64, 66, 69, 73). RRs could not be estimated from one study of 124 subjects (62 subjects in both the nicotine and non-nicotine groups), as no arrhythmia events occurred in either study group. Among the remaining 10 studies with recorded events of arrhythmia, pooled data showed that the rates of arrhythmia were not statistically significantly different between the nicotine and non-nicotine control groups (RR 1.20; 95% CI 0.59–2.42). Statistical heterogeneity observed by the model was moderate (I2 50%).

The forest plot for the overall meta-analysis of arrhythmia is presented in Figure 4.
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FIGURE 4
 Forest plot, meta-analysis for arrhythmia (overall).




Nonfatal myocardial infarction

Thirty-two studies reported data on the occurrence of nonfatal myocardial infarction during the treatment period (n = 20,945; n = 9,323 in the nicotine groups and n = 11,622 in the non-nicotine control groups) (32–41, 43–48, 50, 51, 53, 54, 56, 60–63, 65, 67–72). Overall, the number of nonfatal myocardial infarctions reported was low. In 23 studies, with a pooled sample size of 5,291 subjects (2,454 in the nicotine group and 2,837 subjects in the non-nicotine control groups), no myocardial infarctions occurred (34, 36, 37, 40, 41, 43–48, 50, 51, 53, 54, 56, 60–62, 67, 68, 70, 71). Among the remaining nine studies in which nonfatal myocardial infarctions did occur, five studies reported a higher number of myocardial infarctions in the nicotine group than in the non-nicotine control group (32, 38, 63, 65, 72), while three studies reported a lower number of nonfatal myocardial infarctions in the nicotine group (33, 35, 39). In one study with a four-arm design, the number of nonfatal myocardial infarctions in the nicotine group was the same or lower than in the non-nicotine control group (69).

Eighteen of the 32 studies included for reporting data on nonfatal myocardial infarction provided information on their study population’s health status. Half of these studies were among healthy subjects (34, 43, 48, 51, 56, 62, 70–72). The other half described their study populations as having some indication of adverse health—critically-ill, mechanically-ventilated subjects (33), subjects with a history of one or more CVDs (39), hospitalized subjects (61), general hospital outpatients (35), subjects with ulcerative colitis (54), subjects who underwent colorectal surgery (41), subjects with a history of alcohol dependence (37), subjects with substance use disorder (45), and methadone-maintained (opiate-dependent) subjects (63).

The majority of studies (28 of 32 studies) reporting on nonfatal myocardial infarction were among study populations of current tobacco users: 26 studies were among current cigarette smokers (32, 33, 35, 37–40, 43–48, 50, 51, 53, 56, 60–63, 65, 67–69, 72), and two studies were among current smokeless tobacco users (34, 71). Among the four remaining studies, one study was among nonsmokers and light cigarette smokers (36), one study was among nonsmokers (70), one study was among nonsmokers or former cigarette smokers (54), and one study did not specify a tobacco use status among its study population (41). Twenty-five of the 32 studies reported abstinence from tobacco as an outcome measure, which was generally low: among nicotine groups, abstinence rates ranged from 1.5% continuous cigarette smoking abstinence (from Day 14 through to 6-month assessment) (63) to 73% 7-day PPA of smokeless tobacco use at the end of 8-week treatment period (71). Abstinence rates among the non-nicotine control groups ranged from 0% continuous cigarette smoking abstinence (from Day 14 through to 6-month assessment) (63) to 73% self-reported abstinence (not having smoked for about 1 week) at Week 4 of an 8-week treatment period (67). In 17 of the 25 studies reporting tobacco abstinence, abstinence rates did not exceed 50% in any one group (34, 35, 37, 39, 40, 43–46, 48, 56, 61–63, 68, 69, 72).

Twenty-nine studies evaluating nonfatal myocardial infarction evaluated nicotine versus placebo (33–41, 43–46, 48, 50, 51, 53, 54, 56, 60–63, 67–72). Five studies evaluated nicotine versus varenicline (32, 60, 63, 67, 69), and two studies evaluated nicotine versus bupropion (65, 69). Additionally, a range of other non-nicotine controls were compared to nicotine, each reported in one study: topiramate (62); amisulpride (70); risperidone (70); fresh lime (47); and no treatment (61). The duration of treatment periods ranged from 4.5 h (70) to 26 weeks (72), with a median treatment duration of 10 weeks. Treatment adherence, reported in 21 of the 32 studies evaluating nonfatal myocardial infarction, varied considerably. The highest adherence rate reported was 99% across all treatment groups (rates per treatment group were not reported) (51). Per treatment group, reported rates of adherence ranged from 10% (67) to 93% (34, 62) among nicotine groups, and from 10% (67) to 94% (62) among non-nicotine control groups.

Among the 32 studies reporting on nonfatal myocardial infarction, five studies were graded as “low” risk of bias (33, 40, 60, 68, 69), 12 were graded as “high” risk (32, 34, 35, 38, 45, 47, 54, 62, 63, 65, 67, 75), and 15 were graded as “unclear” risk (36, 37, 39, 41, 43, 44, 46, 48, 50, 51, 53, 56, 61, 70, 71).

One study reporting on nonfatal myocardial infarctions provided additional detail on individual events. The Preloading Investigators (2008) (38) evaluated a nicotine patch (21 mg daily) administered before a target quit date, and reported one case of nonfatal myocardial infarction in the nicotine patch group. The subject had stopped the medication prematurely 2 days before the myocardial infarction. No nonfatal myocardial infarctions occurred in the non-nicotine (i.e., no treatment) control group.


Main analysis for nonfatal myocardial infarction (overall)

All 32 studies with a total of 20,945 subjects (9,323 subjects in the nicotine groups and 11,622 subjects in the non-nicotine control groups) met the criteria for inclusion in the meta-analysis. RRs could not be estimated for the 23 studies in which no nonfatal myocardial infarctions occurred in either the nicotine or the non-nicotine control groups (34, 36, 37, 40, 41, 43–48, 50, 51, 53, 54, 56, 60–62, 67, 68, 70, 71).

Among the remaining nine studies reporting at least one nonfatal myocardial infarction, pooled data showed that the rates of nonfatal myocardial infarction associated with nicotine compared with non-nicotine controls were not statistically significantly different (RR 0.86; 95% CI 0.35–2.12). No statistical heterogeneity was observed by the model (I2 0%). The forest plot for the overall meta-analysis of nonfatal myocardial infarction is presented in Figure 5.
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FIGURE 5
 Forest plot, meta-analysis for nonfatal myocardial infarction.





Nonfatal stroke

Twenty-nine studies reported data on the occurrence of nonfatal stroke during the treatment period (n = 17,213; n = 6,247 in the nicotine groups and n = 10,966 in the non-nicotine control groups) (32–34, 36–38, 40, 42–47, 50, 51, 53, 54, 56, 58, 60–63, 65, 67–71). Overall, the number of nonfatal strokes reported was low. In 26 studies, with a pooled sample size of 14,831 subjects (5,345 in the nicotine group and 9,486 subjects in the non-nicotine control group), no nonfatal strokes occurred at all (32–34, 36–38, 42–47, 50, 51, 53, 54, 56, 61–63, 65, 67–71). Among the remaining three studies with observed events, none reported more than two nonfatal strokes, either overall or in any one treatment group.

Fourteen of 29 studies reporting on nonfatal stroke provided information on their study population’s health status. Half of these studies were among healthy subjects (34, 43, 51, 56, 62, 70, 71). The other half described their study populations as having some indication of adverse health—critically ill, mechanically-ventilated subjects, subjects scheduled for primary elective hip or knee surgery, hospitalized subjects, subjects with ulcerative colitis (54), subjects with a history of alcohol dependence, opiate dependent and methadone-maintained subjects, and subjects with a substance abuse disorder.

The majority of studies (26 of 29) reporting on nonfatal stroke were among study populations of current tobacco users: 24 studies were among current cigarette smokers (32, 33, 37, 38, 40, 42–47, 50, 51, 53, 56, 58, 60–63, 65, 67–69), two studies were among current smokeless tobacco users (34, 71), two studies were of nonsmokers (54, 70), and one study was of nonsmokers and light cigarette smokers (36).

Across the studies reporting on nonfatal stroke, tobacco abstinence rates varied, ranging from 3% eCO verified 7-day PPA (45) to 73% self-reported 7-day PPA (71) in the nicotine groups, and from 2.2% (eCO-verified) 7-day PPA (63) to 73% self-reported 7-day PPA in the non-nicotine control groups.

Twenty four studies reporting on nonfatal stroke evaluated nicotine versus placebo (32, 33, 37, 38, 40, 42–47, 50, 51, 53, 56, 58, 60–63, 65, 67–69). Nicotine was evaluated versus varenicline in seven studies (32, 45, 58, 60, 63, 67, 69), and versus bupropion in two studies (65, 69). Other control treatments, evaluated by one study each, included topiramate (62), amisulpride or risperidone (70), counseling (38), fresh lime (47), and no treatment (42). The duration of treatment periods ranged from 4.5 h (70) to 6 months (40), with a median treatment duration of 10 weeks. Treatment adherence rates, reported in 17 of the 29 studies evaluating nonfatal stroke, varied considerably. Adherence ranged from 10% (67) to 99% (44) among the nicotine groups, and from 36% (67) to 99% (44) among the non-nicotine control groups.

Among the 29 studies reporting on nonfatal stroke, six studies were graded as “low” risk of bias (33, 40, 58, 60, 68, 69), 10 were graded as “high” risk of bias (32, 34, 38, 45, 47, 54, 62, 63, 65, 67), and 13 were graded as “unclear” risk of bias (36, 37, 42–44, 46, 50, 51, 53, 56, 61, 70, 71).

One of the 29 studies, two studies provided further details on nonfatal strokes that occurred during their study. In Lerman et al. (60) two nonfatal strokes occurred, both in the placebo patch plus placebo pill group: one event occurred at Week 11 in a subject who reported to be abstinent from cigarette smoking at the time of the event; and, one event occurred at Week 8 in a subject reporting to be smoking 15 cigarettes per day at the time of the event. In Kralikova et al. (40), one nonfatal stroke—diagnosed as cerebrovascular disorder—occurred in a 52 year old female subject in the placebo group, who had been smoking cigarettes for 27 years, and reported smoking 33 cigarettes per day at baseline.


Main analysis for nonfatal stroke (overall)

All 29 studies (17,213 subjects; 6,247 subjects in nicotine groups and 10,966 subjects in non-nicotine control groups) met the criteria for inclusion in the meta-analysis. In 26 of the 29 studies, RRs could not be estimated, since no nonfatal strokes occurred in either the nicotine or the non-nicotine control groups (32–34, 36–38, 42–47, 50, 51, 53, 54, 56, 61–63, 65, 67–71).

Among the three studies in which nonfatal strokes did occur, pooled data showed that the rates of nonfatal stroke were not statistically significantly different between nicotine and non-nicotine controls (RR: 0.30; 95% CI 0.05–1.80). No statistical heterogeneity was observed by the model (I2 0%).

The forest plot for the overall meta-analysis of nonfatal stroke is presented in Figure 6.
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FIGURE 6
 Forest plot, meta-analysis for nonfatal stroke.





Cardiovascular death

Thirty-three studies reported data on the occurrence of cardiovascular deaths during the treatment period (n = 18,382; n = 6,985 in the nicotine groups and n = 11,397 in the non-nicotine control groups) (32–38, 40–47, 50–59, 61, 62, 65, 67–71). Across all 33 studies, the occurrence of cardiovascular deaths was low. No cardiovascular deaths were observed in 29 studies with a pooled sample size of 7,936 subjects (4,102 subjects in the nicotine groups and 3,834 subjects in the non-nicotine control groups). Among the remaining four studies, none reported more than two cardiovascular deaths overall, and none reported more than one cardiovascular death in any one treatment group.

Seventeen of the 33 studies reporting data on cardiovascular deaths provided information on their study population’s health status; eight studies were among healthy subjects (34, 43, 51, 52, 56, 62, 70, 71), and the remaining nine studies described their study populations as having some indication of adverse health— critically ill, mechanically-ventilated subjects, hospital outpatients, hospitalized subjects, subjects scheduled for primary elective hip or knee surgery, subjects who underwent colorectal surgery, and subjects who had breast cancer, ulcerative colitis (54), history of alcohol dependence, or substance use disorder.

The majority of studies (27 of 33 studies) reporting on cardiovascular deaths were among current cigarette smokers (32, 33, 35–38, 40, 42–47, 50–53, 55–59, 61, 62, 65, 67–69). Of the remaining six studies, two were among nonsmokers or former smokers (54, 70), two were among current smokeless tobacco users (34, 71), one was among nonsmokers and light cigarette smokers, and one study did not specify the smoking status (41). Tobacco abstinence rates were reported by 26 of the 33 studies reporting on cardiovascular deaths. Abstinence rates among nicotine groups ranged from 3% 7-day abstinence (confirmed with eCO level ≤ 4 ppm and salivary cotinine level ≤ 15 ng/ml) at 3 months (45) to 73% 7-day PPA (71). Abstinence rates among nicotine groups did not exceed 50% in 22 of 26 studies. Among non-nicotine control groups, abstinence rates ranged from 2.2% self-reported 7-day abstinence (59) to 73% self-reported abstinence (not having smoked for about 1 week) (67). Abstinence rates among non-nicotine groups did not exceed 50% in 23 of 26 studies.

Twenty-seven studies reporting on cardiovascular deaths evaluated nicotine versus placebo (32, 33, 35–38, 40, 42–44, 46, 47, 50–53, 55–59, 61, 62, 65, 67–69). Four studies evaluated nicotine versus varenicline (32, 45, 58, 67), three studies evaluated nicotine versus no treatment (42, 55, 59), and two studies evaluated nicotine versus bupropion (14, 65). Additionally, a range of other non-nicotine controls were compared to nicotine, each reported in one study: topiramate (62), amisulpride or risperidone (70), fresh lime (47), placebo-topiramate (62), and counseling (38). The duration of treatment period ranged from 4.5 h (70) to 6 months (54, 59), with a median treatment duration of approximately 9 weeks. Treatment adherence was reported by 19 of 33 studies reporting data on cardiovascular deaths, and ranged considerably across studies: from 29% (35) to 99% (44) in the nicotine groups, and from 15% (41) to 99% (44) in non-nicotine control groups.

Among the 33 studies reporting data on cardiovascular deaths, six studies were graded as “low” risk of bias (33, 40, 52, 58, 68, 69), 12 were graded as “high” risk of bias (32, 34, 35, 38, 45, 47, 54, 55, 59, 62, 65, 67), and 15 were graded as “unclear” risk of bias (36, 37, 41–44, 46, 50, 51, 53, 56, 57, 61, 70, 71).

Of the 33 studies, two studies provided further details on the events of cardiovascular deaths. The study by Benowitz et al. (69) reported two cardiovascular deaths: the first, a White male aged 52 years, died on Day 77 of treatment with bupropion. The subject’s wife reported that he experienced intense pain in his chest and in both arms, and died on a public road with no medical assistance. The death certificate listed the cause as “non-traumatic cardiorespiratory arrest.” The second, a Black female aged 42 years, died on Day 60 of treatment with placebo. The subject was found dead; an autopsy determined the cause to be bilateral pulmonary thromboemboli, and toxicology showed cocaine abuse. The study by Hays et al. (57) reported one cardiovascular death in their nicotine patch group, as a result of myocardial infarction. The subject had failed to return to the study after Week 3, and had reported continued cigarette smoking at each follow-up that had been attended; family members also reported that nicotine patches were not being used by the subject, and that the subject had continued smoking cigarettes.


Main analysis for cardiovascular death (overall)

All 33 studies with a pooled sample of 18,382 subjects (6,985 subjects in the nicotine group and 11,397 subjects in the non-nicotine control group) met the criteria for inclusion in the meta-analysis. For 29 of the 33 studies, RRs could not be estimated as there were no cardiovascular deaths recorded in either the nicotine or the no-nicotine control groups. Among the remaining four studies, pooled data showed that the rates of cardiovascular death were not statistically significantly different between nicotine and non-nicotine control groups (RR 2.18; 95% CI 0.48–9.91; see Figure 7). No statistical heterogeneity was observed by the model (I2 0%).
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FIGURE 7
 Forest plot, meta-analysis for cardiovascular death.






Strength of evidence

The overall quality of the body of evidence was assessed and graded as “high,” “moderate,” “low,” or “very low” using the GRADE system. Table 6 provides the quality of evidence for the outcome measures used in the current review to examine the association between nicotine and the risk of adverse cardiovascular events. The bodies of evidence for all four outcomes—arrhythmia, nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death—were all graded as “moderate,” having been downgraded for imprecision. For all four outcomes, this was due to the low number of adverse cardiovascular events reported in individual studies, and the variation in effects, as evidenced by the wide CIs (see Figures 4, 5, 6 and 7).



TABLE 6 SOE domain scores according to the GRADE system
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Discussion and conclusions

The majority of studies evaluating nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death reported no events that occurred in either the nicotine or non-nicotine control groups. Among the studies that did report occurrence of the events, rates of AEs were similarly low between the nicotine and non-nicotine control groups.

Consistent with findings from previous systematic reviews and/or meta-analyses (19, 76), pooled data showed that rates for all four outcomes—arrhythmia, nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death— were not significantly different between nicotine and non-nicotine controls. Further, findings were consistently nonsignificant across all sensitivity analyses for each outcome, all subgroup analyses by duration of nicotine exposure for each outcome, and a subgroup analysis of arrhythmia by subtype. No statistical heterogeneity was observed by any of the models analyzing nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death; the moderate to substantial statistical heterogeneity observed for arrhythmia overall, for two of its subtypes, for its subgroup analysis by exposure duration, and for its sensitivity analyses did not appear to affect the results and may have been the result of the broad definitions of interventional and controls adopted for this review. Where evaluation was possible—specifically, for arrhythmia—there was no indication of publication bias.

The overall quality of the body of evidence for each of the four outcomes of interest was graded as “moderate,” limited only by the imprecision of results. This was due to the low rates of occurrence and the correspondingly wide confidence intervals observed for each outcome and is consistent with previous systematic reviews (19, 20, 76). The strength of each evidence base was not limited by risk of bias, given that the sensitivity analyses which excluded “high” risk of bias studies did not change the overall findings. Additionally, although a high number of studies for each outcome measure included studies graded as having “unclear” risk of bias, this did not affect the strength of evidence evaluation, since risk of bias cannot be inferred from a lack of information. Further, the sensitivity analyses that excluded studies not reporting the systematic collection of AE data provided some indication that studies with an unclear degree of methodological rigor in their collecting and reporting of AE data did not impact the findings.

The current systematic review is limited by a shortage of studies among the evidence base that evaluated adverse cardiovascular events as primary outcomes, poor treatment adherence across the included studies, and short duration of trials. Few studies evaluated safety as their primary objective, and among these there was a lack of specific cardiovascular AEs evaluated as primary outcomes of interest. Thus, the reporting of outcomes often lacked detail on individual AEs and information regarding systematic collection of AE data. Further, where reported, treatment adherence varied considerably across studies, ranging from 15% to 99%. Hence, the rates of adverse cardiovascular events attributable to not only nicotine, but also to other active controls—such as varenicline and bupropion—may have been affected by the level of treatment adherence. This may introduce bias by differentially influencing rates of adverse cardiovascular events reported by the studies. Lastly, the short duration of the intervention or the short follow up period may have influenced the outcomes reported. However, although CVD is a chronic and multifaceted disease, which could allow for many risk factors prior to intervention to influence the outcomes, the randomization of the studies should have addressed both known and unknown risk factors between groups. Moreover, as stated in the methodology, the main aim of this systematic review and meta-analysis was to investigate adverse cardiovascular events; consequently, the nature of the outcome is acute. The systematic review and meta-analysis was not investigating progression of the disease, or changes in cardiovascular parameters that may have led to the adverse cardiovascular events.

Despite the methodological rigor of this systematic review, some limitations resulting from inherent limitations in the evidence base, should be noted. First, the predominance of tobacco cessation studies among the included studies could have led to an imbalance in the rate of cigarette smoking—a known risk factor for CVD, as well as an additional source of nicotine administration—across groups. Indeed, abstinence was generally low among cessation studies. Additionally, the broad definition of both intervention and control allowed for a range of treatments. More specifically, for the intervention, broad definitions included various routes and strengths of nicotine. Controls varied across placebo, no treatment, and other non-nicotine interventions, such as varenicline and bupropion, among others. Although current evidence suggests no elevated risk of adverse cardiovascular events with bupropion (77, 78), the evidence base pertaining to varenicline is less clear (77, 79–81). Hence, it is possible that active treatments as controls may have differential associations with adverse cardiovascular events that could confound the analyses in this review.

This systematic review exhibits numerous key strengths. Having been benchmarked against the AMSTAR-2 critical appraisal tool, the current systematic review was conducted with a high degree of methodological rigor. The search strategy was defined to allow for all RCTs administering nicotine and, importantly, was not restricted by search terms related specifically to the review’s outcome measures. This comprehensive approach ensured that the literature search was not limited to studies that reported adverse cardiovascular events as primary outcomes of interest. Secondly, the current systematic review restricted the research design of included studies to RCTs, which are considered the gold standard and are better-suited to examine causal associations due to their minimization of biases (82, 83). Subsequently, through a well-defined PICOS that only allowed for studies evaluating precisely defined, clinically diagnosed, adverse cardiovascular events occurring during the exposure period among strict nicotine and non-nicotine groups, this review was able to distill the evidence base to those studies directly evaluating the association between exposure to nicotine alone and adverse cardiovascular events. Additionally, the strict adherence to PRISMA guidelines ensured a high degree of transparency in reporting. Lastly, the meta-analyses benefited from the inclusion of all studies for each of the outcomes, allowing for greater analytical power, potentially higher precision and reliability, and a more straightforward interpretation.

The findings of this systematic review and meta-analysis indicate that, with moderate certainty, there are no significant associations between the use of nicotine and the risk of clinically diagnosed adverse cardiovascular events—specifically, arrhythmia, nonfatal myocardial infarction, nonfatal stroke, and cardiovascular death. Future studies evaluating adverse cardiovascular events as primary outcomes, with larger sample sizes and longer treatment periods, would be needed to provide stronger evidence for such an association. However, given the operative costs of RCTs, designing trials to address these limitations may be challenging. Further, although the ideal study design would include only never tobacco users exposed to either nicotine or a non-nicotine control, providing long-term administration of NRTs to never tobacco users is not feasible.



Author contributions

MK conceived the study. MK, IS, RM, TB, AJ, and JC collected and analyzed project data. MK, IS, RM, RP, and CJ defined the study design, selection of measures, interpretation of data, and co-wrote the manuscript. All authors have read and approved the final article.



Funding

All study activities were executed by providers external to RAI Services Company (Thera-Business), who were financially compensated for services according to contractual terms with RAI Services Company. RAI Services Company is a wholly owned subsidiary of Reynolds American Inc., whose operating companies manufacture and market tobacco products. The conception, analysis, and writing for this manuscript was a collaboration between Thera-Business and RAI Services Company.



Conflict of interest

MK and CJ serve as full-time employee of RAI Services Company, a wholly owned subsidiary of Reynolds American Inc. RP is a full-time employee of BAT (Investments) Limited.

All study activities were executed by providers external to RAI Services Company (Thera-Business), who were financially compensated for services according to contractual terms with RAI Services Company. RAI Services Company is a wholly owned subsidiary of Reynolds American Inc., whose operating companies manufacture and market tobacco products. The conception, analysis, and writing for this manuscript was a collaboration between Thera-Business and RAI Services Company.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1111673/full#supplementary-material



Abbreviations

μg, Microgram; AE, Adverse Event; AMSTAR, A MeaSurement Tool to Assess systematic Reviews; CI, Confidence interval; cm2, Square centimeters; cpd, Cigarettes per day; CVD, Cardiovascular disease; DALY, Disability-adjusted life years; EAGLES, Evaluating Adverse Events in a Global Smoking Cessation Study; eCO, Expired/exhaled carbon monoxide; GRADE, Grading of Recommendations Assessment, Development, and Evaluation; HR, Hazard ratio; ICU, Intensive care unit; MACE, Major adverse cardiovascular event; MeSH, Medical subject headings; mg, Milligram; NA, Not applicable; ng/ml, Nanograms per milliliter; NR, Not reported; NRT, Nicotine replacement therapy; OR, Odds ratio; PICOS, Population or participants and conditions of interest, interventions or exposures, comparisons or control groups, outcomes of interest, and study designs; PPA, Point prevalence abstinence; ppm, Parts per million; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT, Randomized controlled trial; RR, Relative risk; SD, Standard deviation; SOE, Strength of evidence; UK, United Kingdom; US, United States; WHO, World Health Organization; YLD, Years lived with disability; YLL, Years of life lost.


References

 1. Roth, GA, Johnson, C, Abajobir, A, Abd-Allah, F, Abera, SF, Abyu, G , et al. Global, regional, and National Burden of cardiovascular diseases for 10 causes, 1990 to 2015. J Am Coll Cardiol. (2017) 70:1–25. doi: 10.1016/j.jacc.2017.04.052 

 2. Khan, MA, Hashim, MJ, Mustafa, H, Baniyas, MY, Al Suwaidi, S, AlKatheeri, R , et al. Global epidemiology of ischemic heart disease: results from the global burden of disease study. Cureus. (2020) 12:e9349. doi: 10.7759/cureus.9168 

 3. Mensah, GA, Roth, GA, and Fuster, V. The global burden of cardiovascular diseases and risk factors: 2020 and beyond. J Am Coll Cardiol. (2019) 74:2529–32. doi: 10.1016/j.jacc.2019.10.009

 4. Roth, GA, Mensah, GA, Johnson, CO, Addolorato, G, Ammirati, E, Baddour, LM , et al. Global burden of cardiovascular diseases and risk factors, 1990-2019: update from the GBD 2019 study. J Am Coll Cardiol. (2020) 76:2982–3021. doi: 10.1016/j.jacc.2020.11.010 

 5. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 countries and territories, 1990-2019: a systematic analysis for the global burden of disease study 2019. Lancet. (2020) 396:1204–22. doi: 10.1016/S0140-6736(20)30925-9 

 6. Benowitz, NL, and Burbank, AD. Cardiovascular toxicity of nicotine: implications for electronic cigarette use. Trends Cardiovasc Med. (2016) 26:515–23. doi: 10.1016/j.tcm.2016.03.001 

 7. Benowitz, NL, and Fraiman, JB. Cardiovascular effects of electronic cigarettes. Nat Rev Cardiol. (2017) 14:447–56. doi: 10.1038/nrcardio.2017.36 

 8. Price, LR, and Martinez, J. Cardiovascular, carcinogenic and reproductive effects of nicotine exposure: a narrative review of the scientific literature. F1000Res. (2019) 8:1586. doi: 10.12688/f1000research.20062.1 

 9. Adamopoulos, D, Argacha, JF, Gujic, M, Preumont, N, Degaute, JP, and van de Borne, P. Acute effects of nicotine on arterial stiffness and wave reflection in healthy young non-smokers. Clin Exp Pharmacol Physiol. (2009) 36:784–9. doi: 10.1111/j.1440-1681.2009.05141.x 

 10. Benowitz, NL, Hansson, A, and Jacob, P 3rd. Cardiovascular effects of nasal and transdermal nicotine and cigarette smoking. Hypertension. (2002) 39:1107–12. doi: 10.1161/01.HYP.0000018825.76673.EA 

 11. Najem, B, Houssière, A, Pathak, A, Janssen, C, Lemogoum, D, Xhaët, O , et al. Acute cardiovascular and sympathetic effects of nicotine replacement therapy. Hypertension. (2006) 47:1162–7. doi: 10.1161/01.HYP.0000219284.47970.34 

 12. Sjoberg, N, and Saint, DA. A single 4 mg dose of nicotine decreases heart rate variability in healthy nonsmokers: implications for smoking cessation programs. Nicotine Tob Res. (2011) 13:369–72. doi: 10.1093/ntr/ntr004 

 13. Perkins, KA, Lerman, C, Keenan, J, Fonte, C, and Coddington, S. Rate of nicotine onset from nicotine replacement therapy and acute responses in smokers. Nicotine Tob Res. (2004) 6:501–7. doi: 10.1080/14622200410001696547 

 14. Benowitz, NL, Porchet, H, Sheiner, L, and Jacob, P 3rd. Nicotine absorption and cardiovascular effects with smokeless tobacco use: comparison with cigarettes and nicotine gum. Clin Pharmacol Ther. (1988) 44:23–8. doi: 10.1038/clpt.1988.107 

 15. Lewis, MJ, Balaji, G, Dixon, H, Syed, Y, and Lewis, KE. Influence of smoking abstinence and nicotine replacement therapy on heart rate and QT time-series. Clin Physiol Funct Imaging. (2010) 30:43–50. doi: 10.1111/j.1475-097X.2009.00902.x 

 16. Stein, PK, Rottman, JN, and Kleiger, RE. Effect of 21 mg transdermal nicotine patches and smoking cessation on heart rate variability. Am J Cardiol. (1996) 77:701–5. doi: 10.1016/S0002-9149(97)89203-X 

 17. Thiriet, M. Cardiovascular disease: an introduction. Vasculopathies. (2019) 8:1–90. doi: 10.1007/978-3-319-89315-0_1

 18. U.S. Food and Drug Administration. (2008). Evaluating Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 Diabetes. Available at: https://www.federalregister.gov/d/E8-30086. (2008).

 19. Lee, PN, and Fariss, MW. A systematic review of possible serious adverse health effects of nicotine replacement therapy. Arch Toxicol. (2017) 91:1565–94. doi: 10.1007/s00204-016-1856-y 

 20. Mills, EJ, Thorlund, K, Eapen, S, Wu, P, and Prochaska, JJ. Cardiovascular events associated with smoking cessation pharmacotherapies: a network meta-analysis. Circulation. (2014) 129:28–41. doi: 10.1161/CIRCULATIONAHA.113.003961 

 21. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD , et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71 

 22. Shea, BJ, Reeves, BC, Wells, G, Thuku, M, Hamel, C, Moran, J , et al. AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare interventions, or both. BMJ. (2017) 358:j4008. doi: 10.1136/bmj.j4008 

 23. DerSimonian, R, and Laird, N. Meta-analysis in clinical trials. Control Clin Trials. (1986) 7:177–88. doi: 10.1016/0197-2456(86)90046-2 

 24. The Cochrane Collaboration. (2011). Identifying and measuring heterogeneity. in Cochrane handbook for systematic reviews of interventions [internet]. Cochrane. 5.1.0. Available at: https://handbook-5-1.cochrane.org/chapter_9/9_5_2_identifying_and_measuring_heterogeneity.htm.

 25. The Cochrane Collaboration. (2011). Recommendations on testing for funnel plot asymmetry. in Cochrane handbook for systematic reviews of interventions [internet]. Cochrane. 5.1.0. Available at: https://handbook-5-1.cochrane.org/chapter_10/10_4_3_1_recommendations_on_testing_for_funnel_plot_asymmetry.htm.

 26. The Nordic Cochrane Centre. Review manager (RevMan) In:. Centre TNC. Copenhagen: The Cochrane Collaboration (2014)

 27. U.S. Food and Drug Administration. What is a serious adverse event? Internet. Silver Spring, MD: U.S. Food and Drug Administration (2016).

 28. Higgins, JP, Altman, DG, Gøtzsche, PC, Jüni, P, Moher, D, Oxman, AD , et al. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928 

 29. Higgins, J, Thomas, J, Chandler, J, Cumpston, M, Li, T, Page, MJ , et al. Cochrane handbook for systematic reviews of interventions. 2nd ed. Chichester, UK: John Wiley & Sons (2021).

 30. Guyatt, G, Oxman, AD, Akl, EA, Kunz, R, Vist, G, Brozek, J , et al. GRADE guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J Clin Epidemiol. (2011) 64:383–94. doi: 10.1016/j.jclinepi.2010.04.026 

 31. Schünemann, H, Brożek, J, Guyatt, G, and Oxman, A. The GRADE handbook GRADE Working Group (2013).

 32. Aubin, HJ, Bobak, A, Britton, JR, Oncken, C, Billing, CB Jr, Gong, J , et al. Varenicline versus transdermal nicotine patch for smoking cessation: results from a randomised open-label trial. Thorax. (2008) 63:717–24. doi: 10.1136/thx.2007.090647 

 33. de Jong, B, Schuppers, AS, Kruisdijk-Gerritsen, A, Arbouw, MEL, van den Oever, HLA, and van Zanten, ARH. The safety and efficacy of nicotine replacement therapy in the intensive care unit: a randomised controlled pilot study. Ann Intensive Care. (2018) 8:70. doi: 10.1186/s13613-018-0399-1 

 34. Ebbert, JO, Croghan, IT, Schroeder, DR, and Hurt, RD. A randomized phase II clinical trial of high-dose nicotine patch therapy for smokeless tobacco users. Nicotine Tob Res. (2013) 15:2037–44. doi: 10.1093/ntr/ntt097 

 35. Foulds, J, Stapleton, J, Hayward, M, Russell, MA, Feyerabend, C, Fleming, T , et al. Transdermal nicotine patches with low-intensity support to aid smoking cessation in outpatients in a general hospital. A placebo-controlled trial. Arch Fam Med. (1993) 2:417–23. doi: 10.1001/archfami.2.4.417 

 36. Gilbert, DG, Rabinovich, NE, and McDaniel, JT. Nicotine patch for cannabis withdrawal symptom relief: a randomized controlled trial. Psychopharmacology. (2020) 237:1507–19. doi: 10.1007/s00213-020-05476-1 

 37. Hughes, JR, Novy, P, Hatsukami, DK, Jensen, J, and Callas, PW. Efficacy of nicotine patch in smokers with a history of alcoholism. Alcohol Clin Exp Res. (2003) 27:946–54. doi: 10.1111/j.1530-0277.2003.tb04419.x 

 38. Investigators TP. Effects on abstinence of nicotine patch treatment before quitting smoking: parallel, two arm, pragmatic randomised trial. BMJ. (2018) 361:k2164. doi: 10.1136/bmj.k2164

 39. Joseph, AM, Norman, SM, Ferry, LH, Prochazka, AV, Westman, EC, Steele, BG , et al. The safety of transdermal nicotine as an aid to smoking cessation in patients with cardiac disease. N Engl J Med. (1996) 335:1792–8. doi: 10.1056/NEJM199612123352402 

 40. Kralikova, E, Kozak, JT, Rasmussen, T, Gustavsson, G, and Le Houezec, J. Smoking cessation or reduction with nicotine replacement therapy: a placebo-controlled double blind trial with nicotine gum and inhaler. BMC Public Health. (2009) 9:433. doi: 10.1186/1471-2458-9-433 

 41. Lambrichts, DPV, Boersema, GSA, Tas, B, Wu, Z, Vrijland, WW, Kleinrensink, GJ , et al. Nicotine chewing gum for the prevention of postoperative ileus after colorectal surgery: a multicenter, double-blind, randomised, controlled pilot study. Int J Color Dis. (2017) 32:1267–75. doi: 10.1007/s00384-017-2839-z 

 42. Møller, AM, Villebro, N, Pedersen, T, and Tønnesen, H. Effect of preoperative smoking intervention on postoperative complications: a randomised clinical trial. Lancet. (2002) 359:114–7. doi: 10.1016/S0140-6736(02)07369-5

 43. Myung, SK, Seo, HG, Park, S, Kim, Y, Kim, DJ, Lee, DH , et al. Sociodemographic and smoking behavioral predictors associated with smoking cessation according to follow-up periods: a randomized, double-blind, placebo-controlled trial of transdermal nicotine patches. J Korean Med Sci. (2007) 22:1065–70. doi: 10.3346/jkms.2007.22.6.1065 

 44. Ramon, JM, Morchon, S, Baena, A, and Masuet-Aumatell, C. Combining varenicline and nicotine patches: a randomized controlled trial study in smoking cessation. BMC Med. (2014) 12:172. doi: 10.1186/s12916-014-0172-8 

 45. Rohsenow, DJ, Tidey, JW, Martin, RA, Colby, SM, Swift, RM, Leggio, L , et al. Varenicline versus nicotine patch with brief advice for smokers with substance use disorders with or without depression: effects on smoking, substance use and depressive symptoms. Addiction. (2017) 112:1808–20. doi: 10.1111/add.13861 

 46. Rungruanghiranya, S, Ekpanyaskul, C, Hattapornsawan, Y, and Tundulawessa, Y. Effect of nicotine polyestex gum on smoking cessation and quality of life. J Med Assoc Thai. (2008) 91:1656–62.

 47. Rungruanghiranya, S, Ekpanyaskul, C, Sakulisariyaporn, C, Watcharanat, P, and Akkalakulawas, K. Efficacy of fresh lime for smoking cessation. J Med Assoc Thai. (2012) 95:S76–82.

 48. Sachs, DP, Säwe, U, and Leischow, SJ. Effectiveness of a 16-hour transdermal nicotine patch in a medical practice setting, without intensive group counseling. Arch Intern Med. (1993) 153:1881–90. doi: 10.1001/archinte.1993.00410160041003 

 49. Sandborn, WJ, Tremaine, WJ, Offord, KP, Lawson, GM, Petersen, BT, Batts, KP , et al. Transdermal nicotine for mildly to moderately active ulcerative colitis. A randomized, double-blind, placebo-controlled trial. Ann Intern Med. (1997) 126:364–71. doi: 10.7326/0003-4819-126-5-199703010-00004 

 50. Shiffman, S, and Ferguson, SG. The effect of a nicotine patch on cigarette craving over the course of the day: results from two randomized clinical trials. Curr Med Res Opin. (2008) 24:2795–804. doi: 10.1185/03007990802380341 

 51. Shiffman, S, Scharf, DM, Shadel, WG, Gwaltney, CJ, Dang, Q, Paton, SM , et al. Analyzing milestones in smoking cessation: illustration in a nicotine patch trial in adult smokers. J Consult Clin Psychol. (2006) 74:276–85. doi: 10.1037/0022-006X.74.2.276 

 52. Stapleton, JA, and Sutherland, G. Treating heavy smokers in primary care with the nicotine nasal spray: randomized placebo-controlled trial. Addiction. (2011) 106:824–32. doi: 10.1111/j.1360-0443.2010.03274.x 

 53. Sun, HQ, Guo, S, Chen, DF, Jiang, ZN, Liu, Y, Di, XL , et al. Family support and employment as predictors of smoking cessation success: a randomized, double-blind, placebo-controlled trial of nicotine sublingual tablets in Chinese smokers. Am J Drug Alcohol Abuse. (2009) 35:183–8. doi: 10.1080/00952990902839794 

 54. Thomas, GA, Rhodes, J, Mani, V, Williams, GT, Newcombe, RG, Russell, MA , et al. Transdermal nicotine as maintenance therapy for ulcerative colitis. N Engl J Med. (1995) 332:988–92. doi: 10.1056/NEJM199504133321503 

 55. Thomsen, T, Tønnesen, H, Okholm, M, Kroman, N, Maibom, A, Sauerberg, ML , et al. Brief smoking cessation intervention in relation to breast cancer surgery: a randomized controlled trial. Nicotine Tob Res. (2010) 12:1118–24. doi: 10.1093/ntr/ntq158 

 56. Wallström, M, Nilsson, F, and Hirsch, JM. A randomized, double-blind, placebo-controlled clinical evaluation of a nicotine sublingual tablet in smoking cessation. Addiction. (2000) 95:1161–71. doi: 10.1080/09652140050111096 

 57. Hays, JT, Croghan, IT, Schroeder, DR, Offord, KP, Hurt, RD, Wolter, TD , et al. Over-the-counter nicotine patch therapy for smoking cessation: results from randomized, double-blind, placebo-controlled, and open label trials. Am J Public Health. (1999) 89:1701–7. doi: 10.2105/AJPH.89.11.1701 

 58. Chen, LS, Baker, TB, Miller, JP, Bray, M, Smock, N, Chen, J , et al. Genetic variant in CHRNA5 and response to Varenicline and combination nicotine replacement in a randomized placebo-controlled trial. Clin Pharmacol Ther. (2020) 108:1315–25. doi: 10.1002/cpt.1971 

 59. Etter, JF, Laszlo, E, Zellweger, JP, Perrot, C, and Perneger, TV. Nicotine replacement to reduce cigarette consumption in smokers who are unwilling to quit: a randomized trial. J Clin Psychopharmacol. (2002) 22:487–95. doi: 10.1097/00004714-200210000-00008 

 60. Lerman, C, Schnoll, RA, Hawk, LW Jr, Cinciripini, P, George, TP, Wileyto, EP , 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) 3:131–8. doi: 10.1016/S2213-2600(14)70294-2 

 61. Lewis, SF, Piasecki, TM, Fiore, MC, Anderson, JE, and Baker, TB. Transdermal nicotine replacement for hospitalized patients: a randomized clinical trial. Prev Med. (1998) 27:296–303. doi: 10.1006/pmed.1998.0266 

 62. Oncken, C, Arias, AJ, Feinn, R, Litt, M, Covault, J, Sofuoglu, M , et al. Topiramate for smoking cessation: a randomized, placebo-controlled pilot study. Nicotine Tob Res. (2014) 16:288–96. doi: 10.1093/ntr/ntt141 

 63. Stein, MD, Caviness, CM, Kurth, ME, Audet, D, Olson, J, and Anderson, BJ. Varenicline for smoking cessation among methadone-maintained smokers: a randomized clinical trial. Drug Alcohol Depend. (2013) 133:486–93. doi: 10.1016/j.drugalcdep.2013.07.005 

 64. Uyar, M, Filiz, A, Bayram, N, Elbek, O, Herken, H, Topcu, A , et al. A randomized trial of smoking cessation. Medication versus motivation Saudi medical journal. (2007) 28:922–6.

 65. Covey, LS, Glassman, AH, Jiang, H, Fried, J, Masmela, J, LoDuca, C , et al. A randomized trial of bupropion and/or nicotine gum as maintenance treatment for preventing smoking relapse. Addiction. (2007) 102:1292–302. doi: 10.1111/j.1360-0443.2007.01887.x 

 66. Shiffman, S, Ferguson, SG, and Strahs, KR. Quitting by gradual smoking reduction using nicotine gum: a randomized controlled trial. Am J Prev Med. (2009) 36:96–104.e1. doi: 10.1016/j.amepre.2008.09.039 

 67. Tuisku, A, Salmela, M, Nieminen, P, and Toljamo, T. Varenicline and nicotine patch therapies in young adults motivated to quit smoking: a randomized, placebo-controlled, prospective study. Basic Clin Pharmacol Toxicol. (2016) 119:78–84. doi: 10.1111/bcpt.12548 

 68. Xiao, D, Kotler, M, Kang, J, and Wang, C. A multicenter, randomized, double-blind, parallel, placebo-controlled clinical study to evaluate the efficacy and safety of a nicotine mint lozenge (2 and 4mg) in smoking cessation. J Addict Med. (2020) 14:69–77. doi: 10.1097/ADM.0000000000000547 

 69. Benowitz, NL, Pipe, A, West, R, Hays, JT, Tonstad, S, McRae, T , et al. Cardiovascular safety of Varenicline, bupropion, and nicotine patch in smokers: a randomized clinical trial. JAMA Intern Med. (2018) 178:622–31. doi: 10.1001/jamainternmed.2018.0397 

 70. Koychev, I, McMullen, K, Lees, J, Dadhiwala, R, Grayson, L, Perry, C , et al. A validation of cognitive biomarkers for the early identification of cognitive enhancing agents in schizotypy: a three-center double-blind placebo-controlled study. Eur Neuropsychopharmacol. (2012) 22:469–81. doi: 10.1016/j.euroneuro.2011.10.005 

 71. Ebbert, JO, Dale, LC, Patten, CA, Croghan, IT, Schroeder, DR, Moyer, TP , et al. Effect of high-dose nicotine patch therapy on tobacco withdrawal symptoms among smokeless tobacco users. Nicotine Tob Res. (2007) 9:43–52. doi: 10.1080/14622200601078285

 72. Tønnesen, P, Paoletti, P, Gustavsson, G, Russell, MA, Saracci, R, Gulsvik, A , et al. Higher dosage nicotine patches increase one-year smoking cessation rates: results from the European CEASE trial. Collaborative European Anti-Smoking Evaluation European Respiratory Society. Eur Respir J. (1999) 13:238–46. doi: 10.1034/j.1399-3003.1999.13b04.x 

 73. Kavin, H, and Shivley, S. Absence of effect of nicotine on rectal sensation, rectal compliance, and anal sphincter pressures in healthy subjects. Dig Dis Sci. (1995) 40:2239–43. doi: 10.1007/BF02209013 

 74. Hughes, JR, Lesmes, GR, Hatsukami, DK, Richmond, RL, Lichtenstein, E, Jorenby, DE , et al. Are higher doses of nicotine replacement more effective for smoking cessation? Nicotine Tob Res. (1999) 1:169–74. doi: 10.1080/14622299050011281

 75. Tønnesen, P, Lauri, H, Perfekt, R, Mann, K, and Batra, A. Efficacy of a nicotine mouth spray in smoking cessation: a randomised, double-blind trial. Eur Respir J. (2012) 40:548–54. doi: 10.1183/09031936.00155811 

 76. Greenland, S, Satterfield, MH, and Lanes, SF. A meta-analysis to assess the incidence of adverse effects associated with the transdermal nicotine patch. Drug Saf. (1998) 18:297–308. doi: 10.2165/00002018-199818040-00005 

 77. Carney, G, Bassett, K, Maclure, M, Taylor, S, and Dormuth, CR. Cardiovascular and neuropsychiatric safety of smoking cessation pharmacotherapies in non-depressed adults: a retrospective cohort study. Addiction. (2020) 115:1534–46. doi: 10.1111/add.14951 

 78. Rigotti, NA, Thorndike, AN, Regan, S, McKool, K, Pasternak, RC, Chang, Y , et al. Bupropion for smokers hospitalized with acute cardiovascular disease. Am J Med. (2006) 119:1080–7. doi: 10.1016/j.amjmed.2006.04.024 

 79. Chelladurai, Y, and Singh, S. Varenicline and cardiovascular adverse events: a perspective review. Therapeutic advances in drug safety. (2014) 5:167–72. doi: 10.1177/2042098614530421 

 80. Gershon, AS, Campitelli, MA, Hawken, S, Victor, C, Sproule, BA, Kurdyak, P , et al. Cardiovascular and neuropsychiatric events after Varenicline use for smoking cessation. Am J Respir Crit Care Med. (2018) 197:913–22. doi: 10.1164/rccm.201706-1204OC 

 81. Pfizer Inc. (2019). CHANTIX- varenicline tartrate prescribing information. Available at: http://labeling.pfizer.com/ShowLabeling.aspx?id=557.

 82. Charrois, TL. Systematic reviews: what do you need to know to get started? Can J Hosp Pharm. (2015) 68:144–8. doi: 10.4212/cjhp.v68i2.1440 

 83. Murad, MH, Asi, N, Alsawas, M, and Alahdab, F. New evidence pyramid. Evid Based Med. (2016) 21:125–7. doi: 10.1136/ebmed-2016-110401 



OPS/images/fcvm-10-1111673-t006.jpg
Study Consistency of  Imprecision Indirectness Publication Overall

limitations effect bias

Arthythmia No serious No serious Serious imprecision | No serious indirectness | No publicationbias  Moderate
limitations inconsistency

Nonfatal Myocardial | No serious No serious Serious imprecision | No serious indirectness | Undetermined* Moderate

infarction limitations inconsistency

Nonfatal Stroke No serious No serious Serious imprecision  No serious indirectness | Undetermined* Moderate
limitations inconsistency

Cardiovascular No serious No serious Serious imprecision | No serious indirectness | Undetermined* Moderate

Death limitations inconsistency

GRADE, Grading of Recommendations Assessment, Development, and Evaluation; SO, strength of evidence.
D T R O G I L WD I R B G Sl e P Dre T o





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Study title: A systematic review of RCTs to examine the risk of adverse cardiovascular events with nicotine use



		Introduction



		Adverse cardiovascular events and cardiovascular disease



		The current evidence base









		Objectives



		Methods



		Overview









		Literature search



		Eligibility criteria



		Exclusion criteria



		Review methods



		Study selection process



		Data extraction



		Risk of bias assessment



		Strength of evidence









		Meta-analysis



		Sensitivity analyses



		Protocol deviations



		Results



		Characteristics of included studies



		Study designs



		Study evaluations



		Outcomes measures



		Publication dates



		Study locations



		Study sample sizes



		Study population



		Health status



		Tobacco use characteristics









		Treatment regimens



		Treatments evaluated



		Duration of treatment periods



		Study interventions



		Adherence to treatments















		Risk of bias assessment



		Synthesis of results



		Arrhythmia



		Main analysis for arrhythmia (overall)









		Nonfatal myocardial infarction



		Main analysis for nonfatal myocardial infarction (overall)









		Nonfatal stroke



		Main analysis for nonfatal stroke (overall)









		Cardiovascular death



		Main analysis for cardiovascular death (overall)















		Strength of evidence



		Discussion and conclusions



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Abbreviations



		References



















OPS/images/fcvm-10-1111673-t005.jpg
Type and strength of int

rength of control(s)

Treatment adhere

Aubinctal 2008

Benowiztal, 2018

Chenetal, 20

Coneyetst 2007

delongerat. 2018

Evber sl 2003

Evber sl 2007

Bueretal, 2002

Foudsctal, 193

Gilertal 2020

Hayseal, 1999
Hughes ta, 2003
Josephtal. 199
Kavi nd hivey
195
Kochevetal, 2011

Kelikorstal, 2009

Lambichs .

Lerman tal, 2015

Levisetal, 1998

Nolleretal, 2002

Myungetal 2007

Onchenctal, 2014

e rdoding
Ivesigors, 2018

Ramon tal, 2014

Robsenowetal.
7

Rungranghicays
et 2008

Rungruanghianys
ast.aon

Sachs et 1993

Sondborn el 1997

Shiffmanand
Feguson, 2008

Shiffmanctal, 2009
Shiffmanctal, 2006

Saplton and
Sutberand 011

Stanetsl 2013

S etsl. 29
Thomascta, 195
Thomen tal, 2010

Tomnesental, 1999

Tudetal 2016

Useetal, 207

Wallsomatal,

Xaoetal, 220

10wecks (RT):
R2vecks (Vareicline)

[I—
P 2vecks
[ams———
bupropion)

Iivedks

ol

[epeT—
S0days postoperavly
ke

Svecks

months

Tawedks

1sdns
wecks

i

W0vedks

h (worundsal
somin)

438 (s perormed
4shaferpatch
applcaion;1.3haer
aapsleadminststion).

months

Uil the st pasage of
ecesandtaernceof
oldood for 24

ks riotine
P 2 wecks
(varenictio)

ks

prene—
gy snd 10dss
aersrgery
owesks

re—
P 0vecks
Copiramate

ks

Hecks nicotne
P 2 ecks
(varenicline)

[Ea—
P 3wecks
rareniclio)

12weds

Ivedks

wedks

sk

2wk

Sk
Swecks

ek

months
Peioperaive period
Gz
propertivs 104y
posopeste)
oweds

Sk (rcotine
P 2 vecks
(varnilin)

——
el 3days phs
wesks (upropion)

months

s

Nicotne pache 21 mg pach for e, 4 psch
for 2k, 7mg patch for ek,

21 mgnicoine pach daly it aper,plcebo buproion.
and plcebo vreiine. All hre reatments ued iy

Nicotnepiches (21 mg paches for Swecks, 14
s for ek and 7 g ptches o ek and
13wk vorth of 2mg r g icotinelasege for e
scnecded

Nictine umsbuprpion grop: g icotinegum and
bupropion (00 dily: Nicotine g + lacebo il
sroup: 2mg icotinegum and lcebopls-

14 icotnepachs 21 g icrine paches.

Nioin paches (w0 21 ptchesday o ks
e 21 mg patchdly o the llwing e,

21 mg NRT group?: 21 mg pach and two plcebpchs
i 42mg NRT grop?: Tuo 2 mg ptches nd o
Pacbo patc iy 63mg NRT grovp*: the 21 mg
o aches

*Subjects rcesed thre patches o weeks 1 104, w0 o
weks 4nd 6 and ancon ks and .

25mgncin pch, Am nicuin gum o 10mg
icotine il Sbjcts coudswitch betweenprodicts
oruse several producsat hesame e

Nicotne piches (R0cn? paches conciing 083 g
o per

mgcoin aches
Nicotne grouy: 2mg pach oncedy

Nicotne piches (2 mg pach oncedaly o Gwecks,
14 ot once dayfor sk, 7 ictineptch
once dyfor 2k, and pcbo path for ek
Nicotneptche 21 mg ach fr e, 1 ptch
for Dk, and g patch for 2weeks)

Tmg ko paich and lcebo cape

10mg icotin nleor 4 g icotne g

2mgicotnegum

Nicotnepitche 21 mg pach for e, 14 ptch
for ek, 7 ptc for 3ecks,and placebo il for
sy

Nicotnepiches (22mg paches for Sweeksand 11mg
coine puche for e

Unpesifd icotnedosge

Nicorne puche (57 pach (delered 21mg) or
2k, 8mg ot (devered 4 for ek and.
19mg prch delvered 7)o 2vchs)

Nicotne puche 21 mg pach for 7 e, 4 ptch
for s, and 7mg ptc for ) and opramate
(@5mgonce daiy o 1 ek 25mg i dalyfor

ek, 50 e dily o 1 eck 75 i iy o
ek, 100mg i dalyfor S ek and 0%
eductionindos very 3daysforFek)

21 mgnicaine pch

21 mgncatine pach for 11 weck snd vaenidine 05
Al for 3days, 05 mg e dai o dys, g vice:
iy for 1 weks)

Placebo capsle nd icotne ptches (21 mg for ks,
14 for ek, nd 7mg for k)

p———

2mg ictine gum: A mgnicoine gum.

Nicotinepitche (30c? pache for 2 weeks, 20
ptchs for ek 0cm? atches o Swecks)

Nicotnepiches (11 mg pachfor 7 days and 21 mg pach
for 21y

2Amgnicaine pach

200 icotinggum: Amgnicoine .
Nicotnepiches (o paichs 21 mgand 4mg) fora
ol il dose o 35 g for ek, nd one 2 mg pach
and one plceboptch o 2wecks)

1 singledos icoting s spay: 28 ddy

21 mgr s2mg nicotne ptch and 4 icotine g
[ras—

2mg o bl 20 bl dfy i
Ismgnicotin pch

NRT adminstred n scondince topreeence and
aependency

Nicoin (25mg lon dustion) grou: Nicotnepaches
(a5mgnicoine for 2 e, 151 ptchsfor 2k,
and 10mgptches for2weeks): Nicotin (25mg short
drsion)group: Nicotn ptches (2 mg nicotioe
tchs fos Bvecks, 15 ptches o 2wccks, 10mg
tches for ek and g ptces o Lwecks:
Nictne (15mglong dorstion) group: Niotn pthes
(15mgicoin paches o 2 ek, 10mg ptches for-
ek Nicorine (15 mg shot durtion)grou:
Nicoin patches (15 patchesfor S ecks 0mg
e for ek and g patches o Lwecks)

10mg icotin path: 15mgicaine ptch

Nicotne prche 21 mg ach for e, Himg ptch
for 2wk 7mg pach for 2weeks)

Amgicoine subingua s 10 bl daly

2mgcotin nenge: g icotne oo

Vareicline (03 mgonc diy for 3y, 05 g e dily o
da and g areicin i iy for fllowing ek
Vareicinegroug?: 1 mg vaencine tvice daiy, plcebo
bupeopion,and plcebo sicotin path:Bupropion oy
150mgbuprpion tviceduy, lcebo o patch. i
acebo vareicline: cbo roup: Plceb o pach.
Placebo sarenicline, andpacbo bupropion
PYYS—

Varenicine groug: 0 Smgonce daly for 3dys, 05 mg e
sl for 4y, 1 mg vaenicine e dily o Fllowing
1wk Placebo group: placeboicoine paiches o b
osenges o placebo varenicine regimen

Placcbo gumsbupropion group phccbo gum and bupropion
il (300mgdiys Plcebogumsplacebo il group: lceho
m and placebo il

Paccbo paces

Paccbo patches

Three lcebo paches. Subjcts ecived thre patcheson
ks 104w on weks 5 and 6, andoneon ks 7.

Piaccbo roupsPlcebopche o s o plccbo.
bl Control grou: NA

St coukd swich btween prodacts o e sevesl.
producsathesame e

Paccbo ptches

Paccbo patches
Paccbo ptches

Paccbo ptches

Paccbo ptches

Pacbo (1 mg of logiely st ictne) gum
Amispridegroup:Paceho patch and 40 amislpride
s Riperidone group: Pacbo atch nd 2mg.
risperdone capse;Pacebo grovp:Pacebo achand plcebo
aapule

Placbo nhlerorpacbo g

Paccbogum

P ptchssrencine 0.5 mg varniclin nceday for
day 0.5 arniclin e dalyfor 4oy, and 00w
vaenicline for 11 weeks.and placebo ptches Pccbo
pacheplacbo il Placebo pachand lacebo il

Placcbo patc group: Phacebopchesfor 6wk Minmal
e group: NA

N

Placcbo ptches o ks

Placcbo sl group: Plceho s Toiramat grou: 25,
oncediy for ek, Z5mgwic iy for ek, S0mg e
sl for v, 75mg e diy o ek 00mg ice
sy for 5wk and 306 rducton i dose very sy o
Ik

.

P ptches o 1 wecks and vasiclin (05 ddly o
Sdays, 0 mg ce diy o days, g il for
Hweds)

Placcbo ptchesand vrenidine (03 mgonc ddy for 3y,
03mgwic daly for 4y, g vareniline e daly or
Twed)

Puccbogum

»

Paccbo patches

Non-ncotine lceho prches

Paccbo paces

Paccbogum

Paccbo patchs

Paccbonaslspray

Varnicline (0.5 oncediy foe sy, 05 i iy o
daysand 1 g i dalyfor 23 weks)

g capsicnpacbo bl
Placcbo ptches
By

Pccbo paces

Placbo ptc group: Placebpchs areiln group:
0Smgfor 3day, 1 mg o Ay 2mg for 12wecks

Bupropion 150mg frthe it 3y, 30w o G vecks)

3ug apsici plcebo ables

Placebolozenges

3

Meon b of deysof atment cposre (s by
[ ——

R group: 7374236y

Vareicine group: 744231 dars

Pupropion goup: 73723 8days

Placebogroup: 736423 6oy

eatmentaderece e of ementperiod

KT group:65% (95% 1. 61-69)

Varaicline roup 6% 955 CL61-70)

Phacebo groug: 626 955 C155-67)

455 o subjects randomized o mltennceesment usd he
acotinc r pscbo g mesn mumberof ks of o e
65255 (ot per roup N

.

Median medicatonaderence (e oint NK)
Ncotine puch groag- 95%

Plcebo ptchgroop: 1%

N

e m————
Nicotine gro: 36.1% di: 25.2% occsonaly (ron-diy:.
9% never

Placebo group: 2536 sl 3045 cxcsonsly (o sy
Wk nevr

Contrlgroup: .45y 2% oxcasionall (non-daiy 95.0%
Poth et Wik 12

Ncotine pich grog: 29%

Phceboptch groops 16

Frodctdpened (s s ot for patch conplane)
Ncoine groa: 48221 boses

Placebo group: 5121 boxes

Duringrstment peiod 7% ofsbjcts woretheptchon sl
oy tharhe did ot ke (e per group NK)

Subjcts wearing e Weck s
Ncotine pich gro: 73%
Phcsboptch groop: 9%

N

.

Dyt s Mont e afr G mantsratint s
Smonths olniary aperig)

R gro: 45%

Plcebogroup:39%

Comploncea Postopertive Day 3

Nicotine gum roup: 15% 1 =3)a e procces 5% 1=1)
s han protocl 0% (1=0) morethan oo 20% 1 =4)
N

Plcebogumgrou: 15% (1 =3) 35 pr protocl 55% (r=11)
e han protocl 0% 1 +0) morethan rosocc 0% (1 =6)
e

Onaerag, 2% of et sed 280% the il dose.-
ecommended: 63% of sbjctsused 280% the paches
rcommended (et e group N e point NR)

eatmentcmplnce e Wk
Ncotine puch groap: 0% = 0)
Placebo groug: 60% (1 30)
Minimal e grog: NR

.

.

eatment erence e (s o pill o't cach et
i)

Nicotine pach + opiramat group 3% 10.1%

Plcebo et grovp: 935 £50%

Topiamtegroup: 945 140%

“Thee quarters fprticants sed the st dly din he
it ek o s did s the subseguent ek (st
pergroupNR)

Nicotine pich grop: O sbjc id not e the icotine
pchane sbjct did ot s arniclin et Wecks 4 3nd
12: e sbjcts 0 ot e vrenilinebeeen Weks S and-
n

Phacebo gt group: T st dd n s the placebo pac
wosabject did notuse varenichine beneen Wodk S3nd 12,
eatment proucts s drig ratment perod

Nicoine puch grope sbjcsused 4335 241 0% of e
prche snd 2.5%397% ofplcebo s

Vareicline group: Subjects ved 4005 37.5% ofplaccbo
pches nd 37.450235.1% of vreicline capales.

e

Nicotine pich grop:65% t Wee 12 endof fll rcstment;
6 Weck 18 (end of apering)

Plcebopatchgroop: 5453t Wek 12 end of il resment;
1% Week 18 (end of pering)

St who wor aches s direced ana st 0% of the
sy duy:

Nicotine pich grop: 97% -+ 30)

Phacbo ptc graups575% 130

.

N

Puches e apcd an 59.3%of day e p growp NR)

.

Adcrecetorestens i 7doys sl priot Mont
po——

R group: 4835

Vareicline roup:12%

Vareicline plcebo group: 3.5

.

x®

™

Subt i paches dly o Week 26
Nicoine (25mg g dustion) grop: 2% (1 =291)
Ncoine 25mg shotduratio) group 7% 1 <290
Nicotine 15mglong dusion) group: 536 (1=274)
Nicotine (15mg shotdurtion) group 5% 1 =222
Plcebo group: 515 (1=156)

Perentof sbjcts who s eatment o v ek (prcent
whocompleted resment)

10mg icotinepach goup: 3115 21 3%)

15mg icotne ptch group: 735 95%)

Vareicline group: 7675 200%)

Placebogrop: 36.1% (1035%)

Toatmentcomplace at Wk

Ncoine puch groo: 28

Bupropion goups 4%

Notcament grou: NK

Rateof dody s of ettt Wek  rm ddy
conanpion),stafid by dependeny vl

ighly dependent groop: icotin goup, 8% 225
Placebo group 7% 2229 i)

Low dependent group icotn roup 9% (124 bl
placebo group 0% 1226 wbles)

Sty analysis ncudd sbjcts i good complance it sudy
protoclhresujects wereexchuded from sy analss do.
10 015 of sty drgs reamen group N

s, crogn L, confdee vl o, squae et €0 blespired b monsider (). o 1L v cr st g il Aot i g =g e il R, ot rpored: NKT scotin gacment ey

Conyt (2007 was prcded by pet e et conssing o ek ikt ad ks bepropin o coneed i e s
Eberct o 201) aditered ot ptches ding 2 o of et . prio 0 5-week e e,

ighe . 03 eprted ket priok b ol ekt of e s sl in b g

hecllcin rsment perid o kot it s consderd s 0wk

Siinan . 09 i micoie g o Sk sl o 2. s s e r e o schind 1 b o 0.3 o 2k af ot v s howes, A sl ot fo i sk
S e (209 s 12wk sty howenr. e s el f e ol ek
Ay P I A A B PR A S I o T Ty A W - SO SRS RSy S, 5 MO W10 )





OPS/images/fcvm-10-1111673-t007.jpg
Population or participants and

conditions of interest

Interventions or exposures
Comparisons or control groups

Outcomes of interest

Study designs

Adults who are current users or nonusers
(includes never or former users) of tobacco

products
Nicotine
No nicotine

Cli

cal diagnoses of an adverse cardiovascular
event (i, arthythmia, nonfatal myocardial
infarction, nonfatal stroke, cardiovascular

death) during the treatment period.

Randomized controlled trials (RCTs)





OPS/images/fcvm-10-1111673-t004.jpg
Interventions evaluated ~ Number List of studies
of

studies

Nicotine patch versus placebo patch 2 Benowitz et al, 2018; de Jong et al., 2018; Ebbert et al,, 2007; Ebbert et al., 2013; Foulds etal., 1993; Gilbert etal, 2020;

Nicotine gum versus placebo gum
Nicotine patch versus varenicline
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NRT versus no treatment
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Nicotine gum versus bupropion”
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Nicotine patch versus amisulpride
versus risperidone®

Nicotine patch versus topiramate*

N, nicotine replacement therapy.
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Preloading Investigators, 2018; Ramon et al,, 2014; Rohsenow et al,, 2017; Sachs etal,, 1993; Sandborn et al., 1997;
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Etter etal., 2002
Rungruanghiranya et al, 2012
Covey etal, 2007

Stapleton and Sutherland, 2011

Koychev etal., 2011

Oncken etal., 2014

“Any combination of two or more NRTs,to include patches, inhalers, gum, and/or lozenges.
"Covey et al. (2007) evaluated nicotine gum and bupropion across four arms: nicotine gum and bupropion (combined): nicotine gum; bupropion; and placebo.
Koychev et al. (2011) evaluated nicotine patch, amisulpride, and risperidone across four arms: nicotine patch; amisulpride; risperidone; and placebo.
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Current cigarette smokers
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Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current smokeless tobacco

users

Current smokeless tobacco

users

Current cigarette smokers

Current cigarette smokers

Continuous abstinence (eCO< 10ppm) for the last 4 weeks of treatment
Nicotine patch group: 43.2% (1 = 160)
Varenicline group: 55.9% (1 =210)

Continous abstinence rates from Weeks 9 o 12
Nicotine patch group: 23.4%

Varenicline group: 33.5%

Bupropion group: 22.6%

Placebo group: 12.5%

7-day PPA at end of treatment period
NRT group: 20.0%

Varenicline group: 25.5%

Placebo group: 88%

NR

NR

7-day PPA at the end of treatment (confirmed by urinary anabasine < 2ng/m)

Nicotine patch group: 44% (n =11)

Placebo patch group: 22% (1 =6)

Prolonged abstinence*

Nicotine patch group: 44% (n =11)

Placebo patch group: 22% (n =6)

*Defined as meeting criteria for 7-day PPA and also reporting no tobacco use for 7
consecutive days, nor at least once each week, on 2 consecutive weeks, since 2 weeks following
their target quit date.

Continous tobacco abstinence at Week 8
21 mg nicotine patch group: 40% (n =4)
42mg nicotine patch group: 55% (n =6)
63mg nicotine patch group: 70% (n =7)
Placebo group: 45% (1 =5)
Self-reported 7-day PPA at Week 8

21 mg nicotine patch group: 40% (n =4)
42mg nicotine patch group: 73% (1 =8)
63mg nicotine patch group: 70% (n =7)
Placebo group: 73% (1 =8)

Prevalence of past 7-day abstinence (no puff of tobacco) at end of treatment period
Nicotine group: 5.3%

Placebo group: 22%

Control group: 4.1%

Prevalence of past 4-week abstinence (no puf of tobacco) at end of treatment period
Nicotine group: 4.2%

Placebo group: 1.9%

Control group: 3.9%

Continuous abstinence (eCO< 10ppm) from Week 6 to 12
Nicotine patch group: 13.7% (n =17)
Placebo patch group: 10.5% (1 = 13)

Gilbert etal, 2020

Hays etal, 1999

Hughes et al., 2003

Joseph etal, 1996

Kavin and Shivey,
1995

Koychevetal,
2011
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Shiffman and
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Stapleton and
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2010
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Medically stable (i.c.,
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Unspecified

Unspecified

Substance use disorder

Unspecified

Unspecified

Healthy smokers

Ulcerative colitis.

Unspecified

Unspecified

Subjects “In good
health”

Subjects “in good
general health”

Methadone-
‘maintained (opiate-
dependent) subjects

Unspecified

Subjects with
uleerative colitis

Subjects with breast

cancer

Healthy cigarette

smokers,

Unspecified

Unspecified

Healthy cigarette

smokers

Unspecified

Non-tobacco and light

tobacco smokers.

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Former cigarette smokers
(quit cigarette smoking

1 month prior to study)

Nonsmokers

Current cigarette smokers

Unspecified

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Nonsmokers or former

cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Nonsmokers or former

cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

Current cigarette smokers

€CO concentration*
Nicotine patch group: <3ppm

Placebo patch group: <5 ppm

*Exact eCO values NR; however, no subjects in either group reported an eCO of 25 ppm

throughout the treatment period.

Prevalence of biochemically-verified 7-day PPA at Week 6
Nicotine (blind) group: 16.8%

Nicotine (open-label) group: 19.0%

Placebo group: 9.6%

Adjusted prolonged smoking abstinence rates (eCO< 10ppm on all visits afer the first 2 weeks)
at Week 16

Nicotine patch group: 28% (95% CI 15-46)

Placebo patch group: 11% (95% CI 4-24)

Continuous 8-week abstinence (eCO< 10ppm) at Week 14 (%)
Nicotine group: 21%
Placebo group: 9%

NA (former cigarette smokers)

NA (nonsmokers)

Sustained abstinence rate (not a single cigarette smoked and eCO< 10 ppm at each visit)
From Week 6 to Month 4:

NRT group: 20.1% (1 =42)

Placebo group: 8.6% (n =9)

From Month 6 to Month 12:

Placebo group: 8.6% (n =9)

NR

Rate of 7-day PPA (CO< 8 ppm) at end of treatment period
“Varenicline was more cfficacious than nicotine patch in normal metabolizers (OR
2.17,95% CI 1.38-3.42; p =0-001), but not in slow metabolizers (OR 1.13, 0.74-1.71;
p=056)"

Self-reported 7-day PPA at end of treatment period
Nicotine patch group: 30.6% (1 =19)
Placebo patch group: 17.7% ( = 11)

mal care group: NR

NR

Self-reported point prevalence at Month 3
Nicotine patch group: 23.7% (1 = 14)
Placebo group: 16.9% (1 = 10)

Abstinence rate (eCO'< 10ppm) during the last 4weeks of treatment
Nicotine patch + topiramate group: 37% (1 =7)

Placebo tablet group: 5% (n=1)

Topiramate group: 26% (n =5)

NA (subjects continued to smoke cigarettes during treatment period, i

. preloading period)

Continous abstinence from Week 2-Week 12 with eCO concentrations of < 10ppm at 12 weeks
Nicotine patch group: 39.1% (1 =66)

Placebo patch group: 31.8% (n =54)

Confirmed 7-day smoking abstinence (eCO< 4ppm and salivary cotinine < 15ng/mi) at 3months
Nicotine patch group: 3% (11 =2)
Varenicline group: 13% (1 =10)

Total abstinence eCO< 10ppm) at end-of treatment
Nicotine gum group: 50.0% (n =10)
Placebo gum group: 9.0% (1 =2)

Continuous abstinence rate (eCO'< 10ppm) from Week 9 to 12
Nicotine gum group: 66.0% (1

Continuous abstinence (eCO < 9ppm at each visit) Week2 to 12
Nicotine patch group: 45% (n =51)
Placebo patch group: 26% (1 =28)

NA (nonsmokers or former cigarette smokers)

NR

Continuous abtinence (ot even a puff) up to Day 28
Nicotine (2mg and 4mg combined) group: 10.3%
Control (2mgand 4mg placebo combined) group: 3.9%

7-day PPA at Week 5
Nicotine patch group: 529 ( =98)
35)

Placebo patch group: 26% (i
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Cl, confidence interval; CVD, cardiovascular disease; eCO, expired/exhaled carbon monoxide; mg, milligrams; NA, not applicable; ng/ml, nanograms per milliliter; NR, not reported; NRT,

nicotine replacement therapy: OR, odds rati

PA, point prevalence abstinence;
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