Nicotine & Tobacco Research, Volume 14, Number 9 (September 2012) 1083-1091

Original Investigation

Adherence to Varenicline Among
African American Smokers: An
Exploratory Analysis Comparing
Plasma Concentration, Pill Count,

and Self-report

Taneisha S. Buchanan, Ph.D.,' Carla J. Berg, Ph.D.,* Lisa Sanderson Cox, Ph.D.,> Niaman Nazir, M.B.B.S., M.P.H.,
Neal L. Benowitz, M.D.,** Lisa Yu, B.S.,* Olivia Yturralde, B.S.,* Peyton Jacob III, Ph.D.,* Won S. Choi, Ph.D.,’
Jasjit S. Ahluwalia, M.D., M.P.H., M.S.,! & Nicole L. Nollen, Ph.D.?

! Department of Medicine and Center for Health Equity, University of Minnesota, Minneapolis, MN

2 Department of Behavioral Sciences and Health Education, Emory University Rollins School of Public Health, Atlanta, GA

* Department of Preventive Medicine and Public Health, University of Kansas School of Medicine, Kansas City, KS

* Division of Clinical Pharmacology and Experimental Therapeutics, Department of Medicine, University of California, San Francisco, CA
®> Department of Bioengineering and Therapeutic Sciences, University of California, San Francisco, CA

Corresponding Author: Taneisha S. Buchanan, Ph.D., University of Minnesota, 717 Delaware Street South East, Suite 166,
Minneapolis, MN 55414, USA. Telephone: 612-624-5752; Fax: 612-626-6782; E-mail: tbuchana@umn.edu

Received September 27, 2011; accepted December 30, 2011

Introduction: Measuring adherence to smoking cessation
pharmacotherapy is important to evaluating its effectiveness.
Blood levels are considered the most accurate measure of
adherence but are invasive and costly. Pill counts and self-report
are more practical, but little is known about their relationship
to blood levels. This study compared the validity of pill count
and self-report against plasma varenicline concentration for
measuring pharmacotherapy adherence.

Methods: Data were obtained from a randomized pilot study
of varenicline for smoking cessation among African American
smokers. Adherence was measured on Day 12 via plasma
varenicline concentration, pill count, 3-day recall, and a visual
analogue scale (VAS; adherence was represented on a line with
two extremes “no pills” and “all pills”).

Results: The sample consisted of 55 African American moderate
to heavy smokers (average 16.8 cigarettes/day, SD = 5.6) and
63.6% were female. Significant correlations (p <.05) were found
between plasma varenicline concentration and pill count (r =
.56), 3-day recall (r = .46), and VAS (r = .29). Using plasma
varenicline concentration of 2.0 ng/ml as the cutpoint for
adherence, pill count demonstrated the largest area under the
receiver operating characteristic curve (AUC = 0.85, p = .01)
and had 88% sensitivity (95% CI = 75.0-95.0) and 80% speci-
ficity (95% CI = 30.0-99.0) for detecting adherence.

Conclusions: Of 3 commonly used adherence measures, pill
count was the most valid for identifying adherence in this
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sample of African American smokers. Pill count has been used
across other health domains and could be incorporated into
treatment to identify nonadherence, which, in turn, could max-
imize smoking cessation pharmacotherapy use and improve
abstinence rates.

Introduction

One in five adults in the United States smokes cigarettes (Pleis,
Ward, & Lucas, 2010). This rate remains high despite the fact
that smoking greatly increases the risks of developing cancer,
cardiovascular disorders, and pulmonary diseases and is respon-
sible for an estimated 443,000 smoking-related deaths annually
(Centers for Disease Control and Prevention [CDC], 2008).
Although African Americans tend to be lighter smokers than
Whites (CDC, 2008; Harris, Zang, Anderson & Wynder, 1993),
African Americans are disproportionately affected by tobacco-
related diseases as well as associated mortality rates (CDC, 2008;
Harris et al., 1993; Fagan, Moolchan, Lawrence, Fernander, &
Ponder, 2007). For example, the relative risk of tobacco-specific
lung cancer is 43%-55% higher for African Americans than
Whites (Haiman et al., 2006). Given the national health burden
and health disparities associated with cigarette smoking, smok-
ing cessation remains a public health priority.

African American ever-smokers are less likely to success-
fully quit than White ever-smokers (38% vs. 50%, respectively;
Fu et al.,, 2008). Therefore, effective smoking cessation treat-
ments for African American smokers are critical; however, few
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clinical trials have examined the efficacy of smoking cessation
pharmacotherapy for this population, and African Americans
are underrepresented in smoking cessation clinical trials (Webb,
2008). Seven pharmacologic agents, including nicotine replace-
ment therapies, formulated as gum, patch, nasal spray, inhaler,
and lozenge and two non-nicotine medications—bupropion
and varenicline—have been approved by the U.S. Food and
Drug Administration for treatment of tobacco dependence
(Fiore et al., 2008). These pharmacotherapies roughly double
or triple quit rates compared with placebo (Fiore et al., 2008).
Despite the effectiveness of smoking cessation pharmacological
agents, quit rates at 1 year are, on average, less than 30%
(Eisenberg et al., 2008). Abstinence rates for African Americans
enrolled in smoking cessation pharmacotherapy clinical trials
are even lower (13%-21% at 26 weeks; Ahluwalia, Harris,
Catley, Okuyemi, & Mayo, 2002; Ahluwalia et al., 2006; Cox
etal., 2012).

Although the results of varenicline randomized clinical
trials (RCTs) have been promising (Garrison & Dugan, 2009),
varenicline has a range of adverse effects including nausea,
headache, and insomnia (Garrison & Dugan, 2009; Jimenez-
Ruiz, Berlin, & Hering, 2009) that may decrease adherence. Less
than optimal adherence may limit the effectiveness of cessation
medications; however, adherence to pharmacotherapy has
received little attention in smoking cessation RCTs. In the
limited varenicline studies conducted to date, greater adherence
predicts higher quit rates (Hays, Leischow, Lawrence, & Lee,
2010). In a pooled analysis of two RCTs, the effect of pharmaco-
therapy at 12 weeks was greater for those who had higher levels
of adherence relative to each active drug treatment group as
a whole for varenicline (quit rates of 59% for participants
with >80% adherence vs. 44% among those with <80%
adherence) and bupropion (43% vs. 30%) (Hays et al., 2010).
In the COMPASS smoking cessation intervention trial, good
adherence to varenicline, defined as >80% of days taken, was
associated with doubling in Month 6 quit rates (52% vs. 25%)
compared with poor adherence (Catz et al., 2011). Similarly, in
the parent trial to the current study, adherence was significantly
associated with smoking abstinence such that participants who
were quit at Month 3 had higher varenicline adherence rates
than those who continued to smoke (Nollen et al., 2011). These
differences in quit rates by adherence level suggest that adher-
ence is an important factor in the effectiveness of smoking
cessation pharmacotherapy.

Adherence to smoking cessation pharmacotherapy has been
associated with higher abstinence rates at end of treatment
(bupropion and nicotine patch, Killen et al., 2004; nicotine
lozenge, Shiffman, 2007; nicotine patch, Shiffman, Sweeney,
Ferguson, Sembower, & Gitchell, 2008) and 52 weeks (bupro-
pion and nicotine patch, Killen et al., 2006). Killen et al. (2004)
assessed pharmacotherapy adherence using self-reported patch
use and urinalysis of bupropion metabolites; however, absti-
nence was associated with using more nicotine patches, and
smoking reduction was associated with nicotine patch use and
detectable levels of bupropion metabolites in this sample. Par-
ticipants assigned to active nicotine patch and naltrexone who
were adherent on purposeful nonadherence items (i.e., not
intentionally stopping taking their medications) had higher
abstinence rates at end of treatment than those who were
nonadherent (61.36% vs. 49.12%, respectively; Toll, McKee,
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Martin, Jatlow, & O’Malley, 2007). Toll et al. also reported
convergent validity for self-reported adherence with patch
count, electronic drug exposure monitor cap data, and plasma
naltrexone metabolite concentrations.

Interventions to improve medication adherence may result
in greater treatment effectiveness. Two studies utilized the
Medication Event Monitoring System (MEMS), an electronic
pill bottle cap, and found that participants receiving weekly
graphical feedback on their pill taking demonstrated greater
adherence (Mooney, Sayre, Hokanson, Stotts, & Schmitz, 2007;
Schmitz, Sayre, Stotts, Rothfleisch, & Mooney, 2005). More-
over, greater adherence to bupropion was associated with high-
er cessation rates (Mooney et al., 2007). These findings indicate
that smoking cessation medication adherence may be a critical
secondary intervention target and warrants further study.

Biological tests such as blood levels of medication metabo-
lites are not subject to response bias or misreporting and, there-
fore, are generally deemed the most accurate measure of
adherence (Vermeire, Hearnshaw, Van Royen, & Denekens,
2001). These tests reflect both compliance and rate of elimina-
tion of the drug and are more likely than other measures to
represent medication actually taken by allowing researchers to
directly determine the extent to which the medication is present
in a participant’s blood stream. However, they are invasive and
costly, may not be available for all medication types (Vermeire
et al., 2001), may be influenced by individual differences in
pharmacokinetics (Bosworth, 2006), and involve samples being
collected within a relatively narrow window of time.

Self-report has been utilized as an indicator of adherence
and is convenient and easy to administer (Bosworth, 2006). The
self-report measures utilized in this study have been supported
in HIV adherence research; higher medication adherence using
3-day recall and visual analogue scale (VAS) was associated with
lower HIV viral load (Giordano, Guzman, Clark, Charlebois, &
Blangsberg, 2004; Walsh, Madalia, & Gazzard, 2002). Several
authors (Haynes, Ackloo, Sahota, McDonald, & Yao, 2008;
McDonald, Garg, & Haynes, 2002) have recommended objec-
tive adherence measures such as pill count and MEMS because
participants tend to overestimate their medication adherence
via self-report. While these methods are more objective than self-
report, they do not measure actual ingestion of the prescribed
medications. Thus, each assessment method offers relative
advantages accompanied by its respective limitations.

The paucity of research on adherence to smoking cessation
pharmacotherapy may be partly attributed to a lack of consensus
on the best methods for measuring adherence. Given the effec-
tiveness of varenicline for smoking cessation and the impor-
tance of adherence to its effectiveness, this study compared the
validity of three commonly used adherence measures, pill
count, 3-day recall, and VAS, against plasma varenicline con-
centration for measuring medication adherence among African
American smokers enrolled in a pilot trial of varenicline.

Participants
Data are from a randomized pilot study of varenicline in combi-
nation with adherence support or standard care counseling for
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smoking cessation among African American smokers (Nollen
etal,, 2011). All participants in this study received varenicline. Of
72 enrolled participants, 11 were lost to follow-up at Day 12, 5
did not have pill count data for the 3 days prior to Day 12, and 1
took twice the prescribed dose of varenicline, leaving a final sam-
ple of 55 participants in the current study. Day 12 was selected as
the timepoint of interest because participants were titrated to the
full dose beginning on Day 8 and were expected, based on a half-
life of 24 hr, to have reached varenicline steady state by Day 12.

Procedures

Approval for the procedures was obtained from the University
of Kansas Medical Center’s Human Subjects Committee. Par-
ticipants were recruited from a community-based clinic that
serves a predominantly African American population. Written
informed consent was obtained from each participant during
the first study visit.

Participant eligibility for the study was based on the following
criteria: (a) self-identified as African American or Black, (b) at
least 18 years of age, (c) smoked greater than 10 cigarettes/day
(cpd) on at least 5 days/week for the past 30 days, (d) had home
address and working telephone, (e) interested in quitting smoking,
(f) willing to take varenicline for 12 weeks, and (g) willing to
provide a blood sample and complete study visits. Participants
were excluded if they had conditions that medically contraindi-
cated the use of varenicline (e.g., cardiovascular event in the
past month, pregnancy) or had received or were receiving other
smoking cessation treatments.

A full description of the open-label trial is provided else-
where (Nollen et al., 2011). In brief, all participants received a
I-month supply of varenicline and were randomized into a
standard care condition or an adherence support condition. All
participants received counseling at baseline to create a quit plan
for Day 8. Participants initiated varenicline on Day 1 and were
titrated to the full dose using the following schedule: 0.5 mg ev-
ery day for 3 days, followed by 0.5 mg twice a day for 4 days, and
then 1 mg twice a day for the remaining 7 weeks. The adherence
support treatment group received two sessions of phone coun-
seling and three in-person counseling sessions based on the
Information—Motivation—Behavioral Skills Model of adherence
behavior change (Fisher, Fisher, Amico, & Harman, 2006). All
participants were given identical pamphlets on varenicline use as
well as a culturally targeted smoking cessation guide for African
Americans. Participants received $20 gift cards at the randomi-
zation visit and at Week 12 in appreciation of their time.

Measures

To address the potential range of literacy among participants, all
self-report measures were read to the participants by a trained
research assistant.

Adherence Self-report

The VAS and 3-day recall were administered at Day 12 to assess
self-reported adherence to varenicline. The VAS is a single-item
measure adapted from research assessing HIV antiretroviral
adherence (Walsh et al., 2002). The VAS instructed respondents
to place an X on a line between “no pills’ and “all pills” to show
how many pills of the study medication had been taken since
starting varenicline. Placement of the X corresponded with a
predetermined adherence percentage (e.g., an X at 0 inches equaled

0% adherence, an X at 0.5 inches equaled 10% adherence, an X
at 1.0 inches equaled 20% adherence, etc.). The 3-day recall ad-
herence measure (Chesney et al., 2000) instructed respondents
to indicate how many pills they took at three time periods (yes-
terday, 2 days ago, and 3 days ago). The responses for these
three items were summed and calculated as a percentage of the
pills prescribed. The VAS and 3-day recall are both reliable and
validated measures of medication adherence (Amico et al.,
2006; Chesney et al., 2000; Giordano et al., 2004; Lu et al., 2008).

Pill Count

Medication was dispensed in a 1-month pill box at randomiza-
tion and at Months 1 and 2. In-person pill counts were completed
at monthly medication visits by research staff. Using a standard-
ized protocol adapted from Bangsberg, Hecht, Charlebois,
Chesney, and Moss (2001), research staff opened and recorded
the number of pills observed (i.e., 0, 1, or 2 pills) in each com-
partment of the pill box. For the primary analyses in this study,
in-person pill count was counted for the 3 days prior to the Day
12 blood draw for varenicline analysis. Given that varenicline
has a 24-hr half-life (Garrison & Dugan, 2009), this pill count
timeframe was selected to capture adherence to varenicline over
the same 3-day window detected by plasma varenicline concen-
tration level analyses. Pill count adherence was scored as the
percentage of pills taken divided by the number of pills pre-
scribed. For example, given varenicline dosing of twice daily for
3 days, participants who took 6 out of 6 pills had 100% pill
count, and this was considered perfect adherence.

Plasma Varenicline Concentration Levels

Varenicline levels were used as the reference standard because
biological tests of medication metabolites are not subject to
issues of response bias or misreporting and, therefore, are gen-
erally deemed the most accurate method for assessing medica-
tion adherence (Vermeire et al., 2001). Blood was collected
from each participant on Day 12. Participants’ most recent dose
of the study medication and the exact time and date of the blood
collection were recorded. Each blood specimen (20 ml) was
drawn into a tube containing ethylenediaminetetraacetic acid,
immediately iced, and centrifuged at 4 °C to separate the plasma.

Concentrations of varenicline in plasma were determined
using liquid chromatography—tandem mass spectrometry. The
method used for these analyses is a modification of a published
method for determination of varenicline in plasma and urine
(Faessel et al., 2006) and is described in detail in the Supplementary
Material. Using this procedure, the limit of quantitation was
0.1 ng/ml.

Baseline Measures

Participants reported their age, gender, education, marital status,
and monthly household income. The metric height and weight
of each participant was measured at the first visit in order to
calculate body mass index (BMI). Participants reported average
number of cigarettes smoked per day in the last 7 days, whether
they smoked mentholated or non-mentholated cigarettes, and age
when they started smoking regularly (California Department of
Health and Human Services, 2002). Number of years smoking
regularly was calculated from the difference between current
age and age at which regular use began. Nicotine dependence
was assessed using the single item of time to first cigarette
after waking taken from the Fagerstrom Test for Nicotine
Dependence (Baker et al., 2007; Heatherton, Kozlowski,
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Frecker, & Fagerstrom, 1991). Participants’ expired carbon
monoxide levels were measured at baseline.

Analyses

Preliminary analyses using ¢ tests found no significant differences
between the adherence support (n = 30) and standard care (n =
25) groups (both received varenicline) on plasma varenicline
concentration (means were 5.9 [SD = 3.3] and 6.5 [SD = 2.7],
respectively, p = .45), pill count (83.3% [SD = 29.7] and 90.0%
[SD = 22.0], p = .34), and self-reported adherence (90.0 [SD =
23.4] and 94.7 [SD = 10.4] for 3-day recall, p = .33; 90.8 [SD =
19.2] and 94.6 [SD = 9.4] for VAS, p = .35). Therefore, we
collapsed across treatment group for the remainder of the analyses.
Summary statistics were calculated for participant characteristics.
Partial correlations were calculated to examine the relationship
between varenicline plasma concentration, pill count, 3-day
recall, and VAS. Gender and BMI have been shown to influence the
rate of elimination of varenicline (Ravva, Gastonguay, Tensfeldt,
& Faessel, 2009); therefore, we controlled for gender and BMI.

Sensitivity, specificity, and the area under the receiver operat-
ing characteristic curve (AUC) were calculated for pill count,
3-day recall, and VAS to assess the validity of these measures as
compared with the reference standard, plasma varenicline con-
centration. A definitive cut point does not currently exist for de-
termining adherence using plasma varenicline concentration. In
order to determine the optimal plasma level cutpoint, we adopted
an exploratory strategy utilized by Breslau and Johnson (2000)
and conducted a series of receiver operating characteristic (ROC)
analyses across the range of plasma varenicline concentrations ob-
served in this study using the following cutpoints: 2.0, 4.0, 6.0, 8.0,
10.0, 12.0, and 14.0 ng/ml. Based on the AUC values for vareni-
cline levels plotted against pill count adherence, 3-day recall, and
VAS (see Table 3), 2.0 ng/ml was selected as the cutoff that
would best distinguish between participants with high and low
adherence and is the reference point used in the remainder of
the analyses. We selected this cutpoint because it yielded the
highest AUC values across the three measure of adherence. ROC
curves are paired estimates of specificity and sensitivity across
the range of all values on a measure for the condition of interest
and are used to determine the accuracy and/or discriminatory
power of a test (Zweig & Campbell, 1993). In this study, the
AUC provided an estimate of the probability that a participant
with a high rate of adherence as per the pill count, 3-day recall,
and VAS would have higher plasma varenicline concentrations
compared with a participant with a low rate of adherence on
these measures. An AUC of 1.0 indicates perfect discrimination,
while an AUC of 0.70 indicates good discrimination, and an
AUC of 0.50 or less indicates poor discrimination.

Because of early reported adverse effects, two participants were
not yet titrated to the standard 2 mg/day of varenicline on the 3
days prior to the blood draw. Plasma varenicline concentrations for
these two participants were dose normalized to 2 mg/day for the
analyses. Statistical analyses were conducted using SPSS version 18.

Participant Characteristics
Baseline characteristics of the sample are reported in Table 1.
The sample was predominantly female (63.6%) and average age
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Table 1. Participant Baseline
Characteristics

No. (%) or
mean (SD)
Demographic variables
Age in years, mean (SD) 46.6 (11.4)
Female, N (%) 35 (63.6)
Married/living with partner, N (%) 20 (36.4)
Monthly income <$1,800, N (%) 28 (50.9)
<High school graduate, N (%) 10 (18.2)
Body mass index (kg/m?), mean (SD) 32.5(7.2)
Tobacco-related variables
Cigarettes/day, mean (SD) 16.8 (5.7)
Duration of smoking in years, mean (SD) 28.6 (12.0)

Smoke menthol cigarettes, N (%) 44 (80.0)
Exhaled carbon monoxide in ppm, mean (SD) 39.0(20.7)
Time to first cigarette, N (%)
<5 min 22 (40)
6-30 min 27 (49.1)
31-60 min 3(5.5)
>60 min 3(5.5)

was 46.6 (SD = 11.4) years. Participants smoked an average of
16.8 cpd, and the majority were nicotine dependent as indicated
by smoking within 30 min of waking (89.1%).

Correlations Between Adherence
Measures and Plasma Varenicline
Concentrations

Summary statistics and the correlations between plasma vareni-
cline concentration and adherence measures are displayed in
Table 2. Adherence was high across all measures. Plasma vareni-
cline concentrations ranged from 0.0 to 14.1 ng/ml, with 9.1%
(5/55) having levels between 0.0 and 1.9.ng/ml and 90.9%
(50/55) of participants having levels between 2.0 and 14.1
ng/ml. Adherence on the other measures was also high, ranging
from a mean of 86.4% adherence for pill count to a mean of
92.5% for VAS.

Significant positive associations were found between the
three adherence measures and plasma varenicline concentra-
tion, with the strength of association ranging from r = .29 for
VAS to r = .56 for pill count (p < .05). Pill count had the
strongest relationship with plasma varenicline concentration,
accounting for 31.4% of the variance in the concentration of
varenicline detected in participants’ plasma after controlling for
the effects of gender and BMI.

Validity of the Adherence Measures
Compared With Plasma Varenicline
Concentrations

Using a plasma varenicline concentration cutoff of 2.0 ng/ml as
determined through the exploratory analyses shown in Table 3,
pill count had the largest AUC (AUC = .85, p = .01) compared
with an AUC of 0.75 (p = .07) and 0.75 (p = .07) for 3-day recall
and VAS, respectively. Sensitivity, specificity, and the AUC for
pill count, 3-day recall, and VAS as compared with the reference
standard, plasma varenicline concentrations are displayed in
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Table 2. Intercorrelations and Summary Statistics for Adherence Measures

3-Day recall VAS Pill count Mean (SD) Minimum Maximum
3-day recall — 92.1% (18.7) 0% 100%
VAS 0.50%* — 92.5% (15.5) 0% 100%
3-day pill count 0.73*%* 0.47*%* — 86.4% (26.5) 0% 100%
Varenicline levels (ng/ml) 0.46** 0.29* 0.56** 6.2 (3.0) 0 14.1

Note.VAS = visual analogue scale. Spearman correlations for intercorrelations among adherence self-report measures and pill count. Correlations
with plasma varenicline concentration were calculated using partial correlations controlling for body mass index and gender. N = 55.

*p <.05;%p < 01.

Figure 1 and Table 4. Examination of the coordinates of the
ROC curve provided an estimate of the optimal adherence rate
cut point for maximizing the detection of adherence by each of
the three measures compared with the reference standard, plas-
ma concentration. The optimal cutpoint for both pill count and
3-day recall was 75% adherence—that is, taking 75% or more of
the prescribed dose—whereas the optimal cutpoint for VAS was
87.5%. Using these adherence cut points, sensitivity was compa-
rable across measures (see Table 4); however, pill count specific-
ity (80% specificity, 95% CI = 30.0-99.0) was markedly greater
than that of 3-day recall and VAS (60% specificity, 95%
CI = 17.0-93.0 for both measures). The probability that
adherence—plasma varenicline levels greater than or equal to
2.0 ng/ml—was correctly identified across measures (i.e., posi-
tive predictive value) was high and ranged from 0.96 to 0.98,
whereas the probability that pill count or self-report indicating
nonadherence—plasma varenicline levels less than 2.0 ng/ml—
was accurate (i.e., negative predictive value) was lower, ranging
from 0.33 to 0.55.

In this study, we found significant concordance among the var-
enicline adherence self-report measures, pill count, and plasma
varenicline concentration. Of the pill count and two commonly
used self-report adherence measures (3-day recall and VAS), pill
count had the strongest association with plasma varenicline
concentration, the largest area under the ROC curve, and also
demonstrated the best combined sensitivity and specificity. Spe-
cifically, among participants categorized as adherent by their

plasma varenicline concentration, pill count correctly classified
them 88% of the time (sensitivity). While 3-day recall and
VAS also demonstrated high sensitivity, the specificity of pill
count was greater. Specifically, for participants categorized as
nonadherent by their plasma varenicline concentration, pill
count correctly classify them 80% of the time compared with
only 60% of the time with 3-day recall and VAS (specificity).
Across all measures, the probability that a result indicating ad-
herence would meet the threshold of 2.0 ng/ml for varenicline
plasma adherence was uniformly high (positive predictive val-
ue). However, given the high rate of adherence in our sample,
the probability that participants categorized as nonadherent on
pill count, 3-day recall, or VAS had varenicline plasma concen-
trations of less than 2.0 ng/ml was lower (ranging from 33% for
VAS to 50% for 3-day recall; negative predictive value).

Few studies have examined pill count as a method for
assessing adherence to smoking cessation pharmacotherapy,
although it has been used widely across other health domains
and could be reasonably incorporated into tobacco dependence
treatment (Bangsberg et al., 2001; Kalichman et al., 2007, 2008;
van Onzenoort et al., 2009). The use of pill boxes in this study
may have simplified and improved the accuracy of the pill count
protocol. Specifically, trained research assistants opened each
pill box compartment and recorded the number of pills remain-
ing. They did not have to remove varenicline from pill bottles,
sort, and count the medication, an approach that may be prone
to lost pills and counting errors. Pill boxes may have an added
advantage of facilitating adherence, with one study finding that
pill box organizers improved patient adherence by 4.1%—4.5%
compared with no pill box organizers (Petersen et al., 2007) and

Table 3. Exploratory Analyses of the AUC for Pill Count, 3-Day Recall, and Visual

Analogue Scale Using Various Cutpoints for Plasma Varenicline Concentration?

Plasma varenicline concentration cutpoints (ng/ml)

>2.0 >4.0 >6.0 >8.0 >10.0° >12.0° >14.0°
AUC (p value)
Pill count 0.85(0.01) 0.74 (0.006) 0.73(0.01) 0.71 (0.86) 0.67 (0.89) 0.66 (0.92) 0.66 (0.92)
3-day recall 0.75(0.07) 0.59 (0.07) 0.66 (0.03) 0.66 (0.89) 0.63(0.91) 0.62(0.93) 0.62(0.93)
Visual analogue 0.75(0.07) 0.69 (0.12) 0.60 (0.22) 0.58 (0.23) 0.68 (0.86) 0.39 (0.87) 0.39 (0.87)
scale

Note. AUC = area under the receiver operating characteristic curve.

“Cut-points were selected based on the distribution of plasma varenicline concentrations in our sample (mean [SD] = 6.2 (3.0), range = 0.0-14.1)
Model fit unstable because of the small number of participants meeting this plasma level cutoff (>10 ng/ml, n = 2; >12 ng/ml, n = 1;

214 ng/ml, n=1).
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Figure 1. Area under the receiver operating characteristic curve for

pill count, 3-day recall, and VAS.

could have contributed to the high rates of adherence seen in
this study, although future research is needed to confirm this
speculation.

This is one of the first smoking cessation clinical studies to
collect and report plasma varenicline concentrations. The mean
and range of plasma varenicline concentrations in this study
were similar to values reported by Ravva et al. (2009) for adults
taking a 1 mg twice daily dose. Ravva et al. reported varenicline
levels averaging 7.7 ng/ml and predicted population 95% CIs of
2.5-15 ng/ml. In addition, the novel analytical method used
in the present study for measurement of varenicline (see
Supplementary Material) required a smaller sample volume (0.5
ml compared with 1 ml) and achieved the same lower limit of
quantitation (0.1 ng/ml) as published procedures (Faessel
et al., 2006). Measurement of plasma varenicline concentration
allows researchers to directly determine the extent to which the
medication is present in a participant’s blood stream. Plasma
varenicline concentration reflects both compliance and rate of
elimination of the drug. As research supporting varenicline’s
efficacy as a smoking cessation agent continues to build, more
studies like this one are needed to quantify plasma levels and
improve its clinical utility.

Strengths of this study include the use of plasma varenicline
concentration and examination of the concordance of multiple
adherence measures. Additionally, we provide validity evidence
for measures of smoking cessation pharmacotherapy with a

sample of African American smokers. More study is needed to
explain lower cessation rates among African American smokers,
and researchers should explore the role of menthol in relation to
pharmacotherapy adherence as well as genetic factors related to
varenicline elimination. An important limitation is that we did
not assess renal function, a factor that has been shown to influ-
ence varenicline levels (Ravva et al., 2009). Variability in renal
function in this sample could impact the magnitude of relation-
ship found between the adherence measures and plasma vare-
nicline concentration; therefore, future research is needed
to confirm our findings while adjusting for renal function.
A second limitation is the small sample size that was comprised
of mostly African American women. Finally, the varenicline
cutpoint used as the reference point for the pill count, 3-day
recall, and VAS ROC analyses was selected based on analysis of
the study data. Therefore, this cutpoint may differ for other
samples. While this study provides preliminary evidence of the
accuracy of pill count for assessing smoking cessation pharma-
cotherapy adherence, findings should be replicated in a larger
and more diverse sample. Additionally, the association between
varenicline adherence self-report, pill count, and plasma vareni-
cline concentrations and smoking abstinence should be exam-
ined in a larger clinical trial. This study compared pill count,
self-report, and plasma varenicline concentrations at Day 12—the
earliest timepoint that participants were titrated to the full dose
and varenicline steady state was reached. Over the duration of a
clinical trial or in practice settings, we anticipate that assessing
adherence at earlier timepoints will be particularly important as
this is predictive of later smoking abstinence (Fish et al., 2009;
Leischow, Ranger-Moore, Muramoto, & Matthews, 2004; Nollen
etal., 2011; Toll et al., 2007).

To conclude, in addition to evaluation of the effectiveness of
pharmacological treatments for smoking cessation, researchers
should assess the extent to which participants utilize the smok-
ing cessations agents as prescribed. Of three commonly used
noninvasive adherence measures, pill count was the most
accurate for identifying adherence in this sample of African
American smokers. Pill count has been widely used across other
health domains and could be reasonably incorporated into
research and/or clinical practice as a way to identify and target
non-adherence early in treatment, thereby maximizing smoking
cessation pharmacotherapy use and improving abstinence
rates.

Supplementary Material

Supplementary Material can be found online at http://ntr.
oxfordjournals.org/content/suppl/2012/02/24/ntr333.DC1

Table 4. Optimum Adherence Cutpoints and Related Sensitivity, Specificity, PPV,

and NPV of Pill Count, 3-Day Recall, and Visual Analogue Scale for Detecting

Adherence When Compared With Plasma Varenicline Concentration?

Cutpoint, % Sensitivity, % (95% CI)

Specificity, % (95% CI)

PPV (95% CI) NPV (95% CI)

Pill count 75.0 0.88 (0.75-0.95)
3-Day recall 75.0 0.94 (0.82-0.98)
Visual analogue 87.5 0.88 (0.75-0.95)

scale

0.80 (0.30-0.99)
0.60 (0.17-0.93)
0.60 (0.17-0.93)

(
0.98 (0.87-1.0)

0.96 (0.85-0.99)
0.96 (0.84-0.990

0.4 (0.14-0.73)
0.50 (0.14-0.86)
0.33 (0.09-0.69)

Note. NPV = negative predictive values; PPV = positive predictive values.
“Using the cutpoint of 2.0 ng/ml.
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