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Introduction
The advancement of research regarding the neurobiological impact of 

chronic exposure to chemically enhanced nicotine from tobacco products 
has led to the development of novel pharmacological therapeutics as well as 
improvement of existing medication regimens [1-5]. At the time when the 
US Surgeon General issued the report on smoking cessation in 1990, the only 
medication that was FDA-approved for the indication of smoking cessation 
was the gum formulation of nicotine replacement therapy (NRT) [6]. Since 
that time, additional medications for tobacco dependence management 
including transdermal patches, lozenges, and nasal spray formulations of 
NRT have been approved along with the non-NRT medications of bupropion 
and varenicline [1,3,7]. While all of these pharmacotherapies have well-
documented efficacy in assisting patients with their tobacco dependence, 
varenicline is more effective compared to transdermal NRT alone or to 
bupropion [8,9]. In 2018, the US achieved the lowest prevalence of active 

Abstract
Introduction: In 2018, the United States (US) achieved the lowest 
prevalence of active cigarette smoking since tracking began in 1965 at 
13.8%. One factor that has influenced the decline in smoking is the 
advancement of pharmacotherapeutic treatments targeting the nicotine 
addiction component of tobacco dependence, specifically varenicline. 
However, it is unclear if the success of varenicline is evident in all diverse 
populations. We conducted a systematic review to evaluate the efficacy of 
varenicline based on race, specifically on Black/African Americans, with 
regards to smoking cessation.

Methods: In this systematic review, the online databases PubMed, 
Embase, Web of Science, and Scopus were searched from 2000 through 
July 20, 2021. We report varenicline’s efficacy on smoking cessation and 
tobacco dependence in Black/African American individuals.

Results: We identified three trials that recruited a majority of Black/
African American participants. In all three trials, varenicline was found to 
be effective and safe; however, abstinence rates varied by socioeconomic 
factors, genotyping, and adherence. 

Conclusion: Moving forward, over-representation in clinical trials should 
be a priority for marginalized patients, who are disproportionately impacted 
by the associated adverse outcomes of tobacco dependence. Understanding 
barriers to clinical implementation of evidence-based pharmacotherapy 
should also be prioritized.
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cigarette smoking since tracking began in 1965 at 13.8% 
[10]. Further, the decline in the prevalence of active cigarette 
smoking among adults is mirrored across racial categories—
smoking among those of White race decreased from 42.2% in 
1965 to 15.2% by 2017, while for Blacks, the rate declined 
from 46.0% to 14.9% over the same time frame [10]. While 
the relative declines in cigarette smoking appear to parallel 
one another in the aforementioned racial categories, there is a 
disparity in smoking-related disease outcomes; for instance, 
lung cancer disproportionally causes poorer outcomes in 
Black patients compared to White patients [11-14]. Further, 
recent epidemiological studies find that Black patients have 
lower quit rates than their White counterparts despite more 
quit attempts [15]. This will likely amplify current and near-
future smoking-related health disparities [10, 16]. Therefore, 
it is imperative to evaluate varenicline as the leading 
pharmacotherapy agent for tobacco dependence management 
in the population that is being impacted more severely by 
cigarette consumption.

In this study, we performed a systematic review of 
varenicline and its efficacy on smoking cessation specifically 
in Black/African American persons in the United States 
(US). In regards to minority races in the US, Black/African 
American persons constitute the largest population and 
carry dire health outcomes related to smoking and tobacco 
dependence; therefore, evaluating the impact of varenicline 
on such a population may result in further insight on health 
equity pharmacotherapy management and approaches [10]. 
Studies were evaluated for the inclusion of Black/African 
American participants, consideration of sociodemographic 
factors, and efficacy of varenicline.

Methods
Data Sources

We searched for English-language articles published 
from 2000 through July 20, 2021, in four databases: PubMed, 
Embase, Web of Science, and Scopus. As varenicline was 
approved by the FDA in 2006 [9], we opted to start with the 
year 2000 to ensure capture of earlier trials of varenicline in 
the US.

Search methods to identify studies
Given the abundance of research studies on the efficacy 

of varenicline, we implemented a specific search strategy 
based on the PICOS criteria (Supplement) to identify studies 
that examined outcomes with the consideration of race. 
Two concepts guided the final search for pertinent studies 
using a combination of associated terms: 1) varenicline and 
2) Blacks/African Americans. Each component part of the
search strategy was developed using an amalgam of Medical
Subject Headings (MeSH) and keyword terms in PubMed,
then adapted for use in the other databases. Finally, the
Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) was employed during the conception 
of the systematic review and assisted in guiding articles 
reviewed and selected [17]. 

Eligibility Criteria
We sought to identify published work that documented 

the use of varenicline to increase smoking cessation among 
Black/African Americans. We included trials with the 
following characteristics: (1) Country: Studies conducted in 
the US. (2) Language: English. (3) Publication date: between 
2000–July 2021. (4) Patient population: adult (18 years of age 
and older) smokers who self-identify as non-Hispanic/Latino 
and African American/Black in the US. (5) Intervention: the 
use of varenicline to aid in smoking cessation. Studies that 
used supplemental counseling in conjunction with varenicline 
were included. (6) Outcomes: primary and secondary 
outcomes related to smoking cessation (e.g., abstinence, 
quit attempts, quit rates, and number of cigarettes smoked, 
using both validated and self-reported measures). (7) Study 
design: studies were limited to primary research; however, 
study design was not restricted and could include randomized 
control trials, retrospective, prospective, cross-sectional, or 
longitudinal designs. (8) Peer-reviewed studies; abstracts-
only were not included.

PICOS Framework
We employed the PICOS (Population, Intervention, 

Comparison, Outcome, Study Design) approach to determine 
the structure and scope of this systematic review. The 
characteristics of the PICOS approach are detailed in the 
eligibility criteria. The use of treatment comparisons was not 
a focus of this review; however, some studies used control/
comparator groups to evaluate outcomes between Black/
African American and White populations. Studies in which 
the efficacy of varenicline was not specifically investigated 
and/or varenicline was used in conjunction with interventions 
(other than counseling) were excluded. We only considered 
studies conducted within the US and in English to limit 
potential bias associated with the definition of race and if race 
is considered a proxy for other socioeconomic variables in 
studies outside of the US.

Data extraction, management, and analysis
CM independently extracted study characteristics from 

included studies. Data were extracted from these studies 
using a tailored standardized form to document study and 
intervention characteristics and results which included data 
on authors, publication year, primary outcomes, databases, 
number of patients, number of Black/African American 
patients, study years, total years, results, and methods. 
PG was involved in reviewing any studies in question. A 
range of qualitative and quantitative data was summarized 
descriptively and then synthesized by theme. VD aided with 
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data management and analysis. A narrative synthesis has 
been provided to summarize and explain findings. For study 
quality, we utilized the GRADE approach for the systematic 
review [18]. 

Results
Study Selection

The search identified 123 studies of possible relevance 
and imported into RefWorks. Fifty-three duplicate articles 
were excluded by RefWorks. After screening studies on the 
basis of their titles and abstracts, 12 studies remained eligible 
for full-text assessment. Each article was then thoroughly 
reviewed for its focus on the efficacy of varenicline, inclusion 
of Black/African American participants, and analysis of race 
in outcomes. Of the 12 articles assessed, only 3 studies were 
consistent with the predefined selection criteria as above and 
included in the review (Figure 1).

Study Populations
A total of 1450 participants were included in this 

review, of which 635 were Black/African American. Table 
1 summarizes the identified studies. Nollen et al. included 
224 Black/African American participants, which comprised 
50.0% of the total patients included in the study [19]. Chen 
et al. had 270 Black/African American participants, which 
comprised 32.9% of the total patients included in the study 
[20]. Ashare et al. had 141 Black/African American patients, 

which comprised 81.5% of the total patients included in 
the study [21]. Note that Ashare et al. had a predominantly 
Black/African American population in their study and 
did not categorize any other race. Of the three, two of the 
aforementioned studies disclosed how race was captured 
(self-reported) [19, 21]. 

Study Designs
Nollen et al. conducted a prospective intervention trial 

[19] with evidence cited regarding varenicline’s effectiveness
for smoking cessation among White participants. Nollen et al.
assigned patients to varenicline treatment only and without a
pharmacotherapy control arm. Rather, the authors sought to
investigate differences in efficacy between White participants
and Black participants.

Chen et al. and Ashare et al. both conducted placebo-
controlled randomized clinical trials [20, 21]. Chen et al. 
randomized patients to one of three treatments in a 1:1:1 
fashion: (i) varenicline, (ii) nicotine patches and nicotine 
lozenges, or (iii) placebo varenicline or placebo nicotine 
patches/lozenges [20]. Ashare et al. randomized patients (1:1) 
to varenicline or placebo [21]. In all three studies, participants 
received behavioral counseling sessions in conjunction 
with pharmacotherapy. The primary outcome of all studies 
was the 7-day point prevalence smoking abstinence, both 
self-reported and biochemically verified. Nollen et al. 
biochemically verified abstinence by salivary cotinine levels 

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [17] chart: identification and 
selection of studies for inclusion.
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Author  
(Year) Study Design Participants Blacks/AA  

Participants (%) Primary Outcome Secondary Outcome(s)

Nollen et al. 
(2019) [19] 

Prospective 
intervention trial 449 224 (50%)

Self-reported 7-day point 
prevalence smoking 

abstinence, defined as no 
cigarettes for the previous 7 

days. Biochemically verified by 
salivary cotinine.

Salivary cotinine-verified 7-day 
point prevalence abstinence at 

weeks 4 and 12.

Chen et al. 
(2020) [20]

Placebo-controlled 
randomized 
clinical trial

882 270 (32.9%)

Self-reported 7-day point 
prevalence smoking 

abstinence, defined as no 
smoking (not even a puff) 

for at least 7 days before the 
assessment. Biochemically 

verified by exhaled CO.

A 7-day point prevalence 
abstinence with CO verification at 
6 months, 7-day point prevalence 

abstinence at 1 year by self-
report, adverse effects, and 

adherence.

Ashare et al. 
(2019) [21]

Placebo-controlled 
randomized 
clinical trial

179 141 (81.5%)

Self-reported 7-day point 
prevalence smoking 

abstinence, defined as no 
tobacco use during the 7 days 

preceding the assessment. 
Biochemically verified by 

breath CO.

A 7-day point-prevalence 
abstinence at week 18, 

continuous abstinence rates 
(with CO) from Weeks 9–12, 

9–18, and 9–24 (defined as no 
self-reported tobacco use for the 
duration of the timeframe), and 
time to relapse across the 24-

week trial.
AA = African American. CO = carbon monoxide.

Table 1: Characteristics of studies included in systematic review.

<15 ng/mL [19]. Chen et al. and Ashare et al. both verified 
abstinence by exhaled carbon monoxide (CO) levels less than 
8 ppm [20,21]. In regards to handling missing outcome data, 
either loss to follow-up or lack of objective data provided 
(e.g. CO measurements), all three studies considered such 
participants as ongoing active smokers.

Study Description and Outcomes
Nollen et al.19

This prospective intervention trial stratified participants 
on self-reported race followed by further separation within 
race based on age (<40, ≥40 years) and sex, resulting in eight 
categories (Black males <40 years, Black males ≥40 years, 
Black females <40 years, Black females ≥40 years, White 
males <40 years, White males ≥40 years, White females <40 
years, White females ≥40 years). The intervention included 
a total of 12 weeks of varenicline, six concurrent smoking 
cessation counseling sessions through week 16, and follow-
up through week 26. Inclusion criteria were those individuals 
who smoked 3–20 cigarettes per day and were interested 
in quitting smoking. Black participants smoked an average 
of 12.5 cigarettes per day compared to White participants 
who smoked an average of 16.9 cigarettes per day. Results 
demonstrated a statistically significant primary outcome, 
with Black participants less likely to achieve abstinence than 
White participants at week 26 (14.3% of Blacks and 24.4% 
of Whites, p = 0.007). 

In terms of secondary outcomes, the inclusion of 

socioeconomic factors, treatment process, and smoking 
characteristics in multi-variable adjusted models attenuated 
the association of race with abstinence. Specifically, decreased 
abstinence rates were associated with socioeconomic factors 
including lower income, lack of home ownership, and 
greater neighborhood issues and conflicts, which were more 
prevalent among Black participants. With such a finding, the 
authors emphasized that the influence of non-biological social 
factors (e.g. socioeconomic, treatment process, and smoking 
characteristics) may play a more a significant role than race 
alone. In terms of side effects, Black and White participants 
reported a similar prevalence of moderate to severe side 
effects that could be attributed to varenicline; interestingly, 
abnormal dreams were experienced more frequently by Black 
participants.

Chen et al.20

This was a prospective stratified randomization trial that 
was genotype based. Each participant underwent genetic 
analysis via blood sample. Of the 822 participants enrolled 
in the trial, 454 had GG genotypes and 368 had GA/AA 
genotypes; 516 smokers were of European ancestry (EA) 
and 306 of non-EA, composed of 270 smokers of African 
American ancestry and the final 36 smokers reported other 
ancestry. Participants were randomly assigned based on 
CRNA5 rs16969968 genotypes (GG vs. GA/AA) to one of 
three treatments for 12 weeks in a 1:1:1 ratio: (i) varenicline 
tartrate, (ii) nicotine patches with nicotine lozenges, or (iii) 
placebo varenicline tartrate or placebo nicotine patches/
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lozenges, resulting in six cohorts. Cessation counseling 
occurred for all groups and follow-up assessments occurred 
for up to 12 months after the scheduled quit date., Income was 
recorded in addition to race, with 50.2% of the participants 
reporting an annual income ≥ $30,000/y. Eligibility for the 
study included ages 21 years and older, at least 5 cigarettes 
smoked per day, and were actively seeking treatment for 
smoking cessation. The average cigarettes smoked per day 
was 17.6. The 7-day point prevalence of abstinence found 
both cNRT and varenicline were statistically significant 
when compared to placebo, while age (p = 0.12) and sex (p = 
0.83) were not statistically significant the rate of abstinence. 
Race significantly predicted abstinence, where abstinence 
rates were lower within the non-EA smokers cohort than 
EA smokers (OR = 0.65, 95% CI, 0.44–0.96, p = 0.030). 
Both cNRT and varenicline were effective compared with 
placebo within each racial group. In terms of the interaction 
of genotype and pharmacotherapy on smoking cessation 
outcomes, both cNRT and varenicline vs. placebo were 
efficacious regardless of rs16969968 genotypes (GG vs. GA/
AA) in smokers of EA indicating no genotype-by-treatment 
interaction for the primary outcome of abstinence (p = 0.91). 
The lack of genotype-by-treatment interaction was confirmed 
after adjustments for age and sex within the EA cohort. In 
Black/African American smokers, genotype-by-treatment 
interaction was statistically significant for the primary 
outcome of abstinence (p = 0.0049). Within smokers that 
had a rs16969968 GG genotype, cNRT versus. placebo was 
efficacious (p = 0.029), but varenicline vs. placebo was not 
significant (p = 0.24). The comparison of paired cNRT vs. 
varenicline did not demonstrate significance (p = 0.27). In 
contrast, for White participants with the alternate genotype of 
rs16969968 GA/AA, efficacy of varenicline vs. placebo was 
demonstrated, but not when comparing cNRT vs. placebo. 
Unlike the Black/African American group, comparison 
of the pairwise varenicline vs. cNRT was significant (p = 
0.0052). After adjusting for age and sex, similar results of 
the genotype-by-treatment interaction were confirmed (p = 
0.0035).  Regarding adverse events, there was no significant 
difference in overall adverse effect severity score in Black/
African American smokers across medication groups versus 
placebo groups, paired cNRT vs. varenicline, or separate 
genotype groups (GG vs. GA/AA). Also, no significant 
genotype-by-treatment interaction was noted. There were 
similar findings for EA participants.

Ashare et al.21

Ashare et al. conducted a single-site phase 3 clinical trial 
with a randomized, double-blind, and placebo-controlled 
structure, of people living with HIV (PLWH) on antiretroviral 
therapy (ART) who were daily smokers seeking treatment. 
Participants were randomized to varenicline or placebo for 
12 weeks and all participants were offered six concurrent 

smoking cessation behavioral counseling sessions. Seven-
day point prevalence abstinence (confirmed with breath CO) 
at weeks 12 and 24 acted as the primary outcome. Secondary 
outcomes included continuous abstinence and time to relapse. 
Treatment-related side effects, blood pressure, adverse events, 
ART adherence, and viral load were followed as safety 
measures. In addition to participant HIV and ART status, 
participants were required to be >18 years of age and smoke 
a minimum of 5 cigarettes per day. Of note, the average 
number of cigarettes smoked by the participants was 11.5 
cigarettes per day. The authors recruited 179 participants, 
with 141 (81.5%) identifying as Black/African American. 
In terms of primary outcome achievement, varenicline 
participants reported significantly higher abstinence rates at 
Week 12 (p = 0.001) when compared to placebo. However, 
this effect was lost by Week 24 (p = 0.20). No differences 
on safety measures were noted between varenicline and 
placebo, although medication adherence within the study was 
greater in the placebo arm (138.0 + 40.3 pills) with 75.6% 
of participants reported to have taken >80% of placebo 
pills, compared to the varenicline arm (124.0 + 51.5) with 
only 58.4% of participants taking varenicline consistently  
(p = 0.02).

Discussion
With varenicline identified as the leading pharmacotherapy 

for tobacco dependence management9, its efficacy across 
diverse populations must be evaluated to reaffirm confidence 
in the medication as a potent, evidence-based treatment. 
Within such diverse populations, the sociodemographic 
variable of race should be considered. Race is used as a 
proxy in the US for more complex social, demographic, 
and economic factors, all of which may influence smoking 
cessation. A deeper understanding of this factor’s effect 
on varenicline’s efficacy may better equip clinicians to 
recognize barriers attenuating the success of varenicline for 
Black/African American patients. Our systematic review 
of varenicline and its efficacy for smoking cessation in 
Black/African American persons found that varenicline 
achieved statistically significant cessation. Therefore, a 
clinical understanding of the implication of these findings 
is warranted. While smoking prevalence appears to have 
decreased in a similar fashion between racial populations in 
the US, smoking-related health issues have disproportionately 
affected Black/African American patients. These patients 
suffer from one of the highest incidence and mortality rates of 
lung cancer among all ethnic and racial groups; notably, lung 
cancer is the leading cause of death among Black/African 
American men [22]. Studies suggest that Black/African 
American individuals in the US with chronic obstructive 
pulmonary disease (COPD) have worse pulmonary functional 
status, more significant lung function impairment, and worse 
COPD-related exacerbations as compared to non-Hispanic 
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White persons [23-25]. Therefore, in order to achieve equal 
and equitable outcomes compared to other racial categories, 
the urgent need to manage tobacco dependence in Black/
African Americans warrants the use of evidence based 
interventions (e.g. varenicline pharmacotherapy). With this 
systematic review, we reaffirm confidence in the clinical 
utility of varenicline for such patients. Cost is often cited as 
a barrier to the successful implementation and wide-spread 
dissemination of varenicline in the US.9 This was highlighted 
in the most recent tobacco dependence guidelines, where 
accessibility (e.g. over-the-counter or need for prescription) 
and lower costs were seen as important factors to consider 
for a pharmacotherapy in addition to efficacy and safety 
[9]. In the US, attempts to mitigate the often-prohibitive 
cost of varenicline vary by state and insurance status; cost 
to the patient is impacted by insured status as well as of the 
quality and extent of coverage, which may not fully cover 
varenicline.  Medication cost is important to consider when 
interpreting clinical trials on varenicline, as affordability may 
disproportionately impact those uninsured, underinsured, and 
limited by the prohibitive cost of medications [26, 27]. 

Mental health morbidities are more severe, persistent, 
and disabling among Black/African American individuals 
[28, 29]. Those suffering from mental health disorders 
have higher rates of smoking as compared to those without 
mental health disorders [30].Therefore, a concern found 
within all three trials discussed is the exclusion of patients 
with advanced mental health issues, especially given that the 
trials were conducted post-removal of the black box warning 
on varenicline’s potential for neuropsychiatric events (i.e. 
depression and suicide) in 2016 [31]. Future studies should 
seek to assess the safety and efficacy of varenicline in 
Black/African American smokers with significant mental 
health diseases. There are limitations to note with our 
systematic review. First, we chose to analyze only race, 
specifically towards the largest minority race in the US that 
has significant smoking-related health outcomes. Future 
studies should take into account other sociodemographic 
factors and their respective populations, such as ethnicity 
and neighborhood socioeconomic status [32,33]. Second, it 
will be vital to evaluate the efficacy of varenicline beyond 
6 months in Black/African American patients, as current 
patients who smoke may need more time for cessation [9]. 
As the 6-month margin is an arbitrary end-point for clinical 
management, as reflected with the most recent guideline, 
having clinical research reflect clinical practice will assure 
more precise intervention with varenicline for patients based 
on sociodemographic factors and clinical severity of tobacco 
dependence. Third, generalizing studies on race globally will 
always carry limitations given the notion that race carries 
different meanings and definitions across nations [34-36]. 
However, we believe the general concepts of our study can 

be generalized for the purpose of exploring varenicline’s 
impact on specific social groups globally, even if the findings 
themselves cannot be extrapolated.

Conclusion
In this systematic review of varenicline’s efficacy and 

safety for Black/African American patients, we found that 
the pharmacotherapy is a successful evidence-based option 
in tobacco dependence management. This finding supports 
the use of varenicline as an effective therapeutic option for 
Black/African American patients who smoke. Future studies 
should further address knowledge gaps in the care of Black/
African American patients, such as varenicline safety and 
efficacy for those with co-morbid significant mental health 
issues. Further evaluation of varenicline’s impact on specific 
smoking phenotypes and subpopulations will improve the 
equitable and successful implementation of this therapy as 
part of an overall smoking-cessation strategy in the US.
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