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Abstract
Multiple controlled clinical trials support the efficacy of nortriptyline as a smoking cessation agent.
While therapeutic plasma nortriptyline concentrations (PNCs) are known for the treatment of
depression, little is known about PNCs in smoking cessation treatment. PNCs from three randomized,
placebo-controlled smoking cessation trials (N = 244) were analyzed, both pooled and separately.
PNCs normalized for dose and weight were not associated with sex or age, but were associated with
cigarettes/day and race. Greater smoking was associated with decreased normalized PNCs. In
addition, both Asians and Blacks had significantly higher normalized PNCs than Whites. Weak and
inconsistent associations between PNCs and self-reported side effects were observed. PNCs were
linearly related to end of treatment and long-term biochemically verified smoking abstinence.
Maximum therapeutic effects were observed at a range of plasma concentrations somewhat lower
than those found effective for the treatment of depression.
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The tricyclic antidepressant, nortriptyline, has shown consistent efficacy as a smoking
cessation agent[1,2]. Unlike other smoking cessation pharmacotherapies, therapeutic drug
monitoring (TDM) has played an important role in nortriptyline therapy. A given dose of
nortriptyline may produce plasma concentrations of the drug that differ by as much as 30-fold
[3]. Based on a known therapeutic range or window for depression of 50 to 150 ng/mL[4],
most nortriptyline smoking cessation studies have measured drug concentrations and titrated
dosage to place smokers in this range[5-9].

Using depression dosing guidelines for these initial nortriptyline smoking cessation studies
was reasonable. However, a database now exists to empirically address several important topics
concerning plasma nortriptyline concentrations (PNCs) in smokers, including describing
variability in PNCs by dosage, identifying patient characteristics associated with PNCs,
relating PNCs to self-reported side effects, and defining a smoking-cessation specific
therapeutic range for nortriptyline. With respect to the last point, defining a separate
nortriptyline therapeutic range for smokers may be necessary for several reasons. The original
work that informed the therapeutic range for depression was conducted in a relatively small
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set of patients, most of whom experienced severe endogenous depression[10,11]. The degree
of affective dysregulation observed in smoking cessation is comparatively mild and transient
relative to major depression[12,13], so lower PNCs may be sufficient to achieve smoking
abstinence. At the same time, lower PNCs would help to decrease the frequency and severity
of side effects common to tricyclics including dry mouth, blurred vision, weight gain,
constipation, and orthostatic hypotension.

The current paper uses data from three randomized, placebo-controlled trials that evaluated
nortriptyline for smoking cessation in 244 individuals[5-7]. We had three goals that we
accomplished using both pooled and parallel analyses. First, we described concentrations of
plasma nortriptyline during dose run-up (weeks 2 and 4 of treatment) and at 2 weeks post-
cessation (week 6 of treatment) by intended dosage. We further attempted to account for the
wide variability in PNCs through explanatory modeling, including the factors of sex, age,
cigarettes/day, and race, while accounting for medication compliance. Second, we evaluated
the association between nortriptyline concentrations and self-reported side effects, both before
and after cessation. Third, we used initial post-cessation plasma nortriptyline concentrations
(week 6) to predict end of treatment (week 12) and long-term (week 24) biochemically-
confirmed smoking abstinence. We attempted to determine if the shape of the plasma
nortriptyline concentration response would assume an inverted u-shape as observed for
depression[14].

Methods
Complete details about study protocols and results are presented elsewhere[5-7]. We identify
the published reports as follows: Study 1[7], Study 2[6], and Study 3[5]. Similar methods were
employed for the three studies, with the exception of study design and psychotherapeutic
interventions described in full detail in the parent publications.

Participants
In all three studies, smokers of 10 or more cigarettes per day were recruited through a
multimedia campaign. Following telephone screening, eligible individuals visited our clinic
to complete an informed consent procedure, and to undergo baseline assessment to determine
final study eligibility. Multiple exclusion criteria were applied including, use of a monoamine
oxidase inhibitor within 2 weeks, major medical conditions (e.g., cardiovascular disease,)
major psychiatric conditions (e.g., major depressive disorder, bipolar disorder), recent alcohol
or substance abuse treatment, and pregnancy, intended pregnancy or lactation.

Procedures
Medication—Prior to smoking cessation, participants in each study underwent a 4-week
medication induction period with the goal of achieving PNCs in the range of 50 to 150 ng/mL
prior to cessation. Medications were taken once each day in the evening hours. During week
1 of medication, participants took 25 mg/day for 3 days followed by 4 days of 50 mg/day of
nortriptyline (except for 1 subject who remained on 25 mg/day due to side effects). At the
second week of treatment, plasma concentrations were first assessed, and those not yet in the
therapeutic range received a dose increment of 25 mg/day for a total of 75 mg/day. At the fourth
week of treatment, plasma concentrations were once more assessed; if required, the dose was
increased by 25 mg/day to 100 mg/day. In study 1, a final plasma concentration was obtained
at week 6, but no additional dose increment was made. In studies 2 and 3, a final plasma
concentration was obtained at week 6 (week two of cessation) with a final 25 mg/day increment
if needed for a possible maximum dosage of 125 mg/day. After week 7, patients were
maintained on their dose for the remaining 5 weeks of treatment, followed by a one-week
tapering-off phase to no medication. One exception was Study 3[5] in which half of subjects
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received an additional 40 weeks of medication therapy. In Study 3, all participants began
transdermal nicotine replacement (21 mg/day) at week 5 of nortriptyline therapy and continued
for an additional 8 weeks.

Psychotherapy—Psychotherapy conditions are considered as covariates for the purposes of
the current analyses. During the first twelve weeks of treatment, therapy was provided in a
group milieu. Briefly, in Study 1, participants received either a health education intervention
or a cognitive behavioral intervention[7]. Study 2[6] compared a medical management
intervention to a cognitive behavioral intervention. All participants in Study 3 received
cognitive-behavioral treatment[5].

Measures—Nortriptyline concentrations were evaluated during the daytime hours following
the preceding evening's dose administration. Nortriptyline concentrations have been shown to
be stable throughout the day due to its half-life of 36 hours[15]. Blood plasma samples were
analyzed by commercial laboratories, e.g., Quest Diagnostics, Inc., using liquid
chromatography and tandem mass spectrometry.

Each week, participants rated themselves on side effects. Known and high frequency side
effects of nortriptyline therapy in depression were incorporated into a broader list of side effects
evaluated in our other clinic studies (i.e., dry mouth, rash, weight gain, lightheadedness, shaky
hands, constipation, blurry vision, sexual problems, difficulty urinating, racing heart, swollen
legs, chest pain or pressure, shortness of breath, and other).

In the smoking cessation literature, the conventional definition of treatment success is
biochemically-confirmed, 7-day point-prevalence abstinence[16]. Biochemical indices are
typically expired carbon monoxide or cotinine (a longer-lived metabolite of nicotine). Smoking
abstinence was determined 2 weeks post-quit based on no self-reported smoking in the
preceding 7 days and an expired carbon monoxide concentration ≤ 10 parts-per-million. At
end of treatment (8 weeks post-quit) and long-term follow-up (20 weeks post-quit), smoking
abstinence was defined as no self-reported smoking in the preceding 7 days and a plasma
cotinine concentration ≤ 60 ng/mL for studies 1 and 2. Smoking abstinence was not examined
in study 3 due to use of the nicotine patch.

Baseline demographic and smoking history variables were captured using an author-
constructed inventory. Nicotine dependence was measured using the Fagerstrom Test of
Nicotine Dependence (FTND)[17]. Mood was measured using the Profile of Mood States
(POMS)[18] and the Beck Depression Inventory (BDI)[19].

Analyses
Assumptions—All analyses were conducted using the Statistical Analysis System, Version
9.13[20]. Values of p<.05 were considered statistically significant. Type I error rate in all post-
hoc comparisons was controlled with Bonferroni adjustments. Due to sub-sample analyses,
participant attrition or infrequent missing data, the number of subjects or data points available
for statistical analysis varied from the maximum of 244 to a minimum 43.

Analytic Methods—Comparability of study groups on baseline demographic, smoking
history, and psychological variables was evaluated using ANOVA for continuous variables
and chi-square tests for categorical variables. Differences in PNCs by subject factors were
evaluated using multivariate linear regression; for this analysis, PNCs were normalized by dose
and weight (PNC /[dose/weight]). Associations between PNCs and side effects were expressed
as point-biserial correlation coefficients. In order to evaluate the predictive relationship of
PNCs to smoking abstinence at 8 and 20 weeks post-quit, a repeated-measures, multivariate
logistic regression model was constructed using a subsample pooled from Studies 1 and 2
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(subjects in study 2 who received a final dose increment at week 6 were excluded). To account
for potential bias from the use of a non-randomized subsample, correlates of abstinence (i.e.,
age, sex, FTND score, ethnicity, body mass index, psychological therapy condition, and
medication compliance) were included as covariates. In order to assess the possibility of a non-
linear relationship of nortriptyline concentrations to outcome[10,11], a quadratic term was also
included.

Results
Sample Characteristics

Sample characteristics of participants in the three studies are presented in Table 1.

Apart for some small differences in proportion of Whites, cigarettes/day, and FTND, the three
study samples were generally comparable.

Nortriptyline Dosages and Plasma Concentrations
The considerable variability in plasma nortriptyline concentrations within a fixed dose is
illustrated in Figure 1. Data for 183 subjects reporting full compliance with the 75 mg dose at
week 4 are presented.

Importantly, 19 subjects had undetectable concentrations despite self-reported full compliance.
Moreover, plasma concentrations ranged from 16 ng/mL to 185 ng/mL.

Intended dosages for all subjects still enrolled in the study at each time point are presented in
Table 2. In addition, mean PNCs are given only for subjects reporting full compliance (i.e.,
taking all medication as directed) in the week preceding sampling.

Increases from 50 mg to 75 mg from week 2 to week 4 significantly elevated PNCs by 24.4
ng/mL (SE = 2.5), t(132) = 9.85, p <.0001. A 25 mg increase to 100 mg from week 4 to week
6 also significantly raised PNCs by 17.8 ng/mL (SE = 2.5), t(94) = 7.91, p <.0001. Although
increasing dosages generally resulted in increased PNCs, there was considerable variability
within dosages. The lower observed plasma nortriptyline concentrations in the higher dosages
of 75 mg and 100 mg are expected since these higher dosages were given to subjects who had
not initially achieved therapeutic plasma concentrations. The frequency of dosages at week 7
(when the final dosages for the remainder of treatment were set) were for the remaining sample
(N = 211): 25 mg (1%, n = 2), 50 mg (8.5%, n = 18), 75 mg (45.0%, n = 95), 100 mg (41.2%,
n = 87), and 125 mg (4.3%, n = 9).

Factors Related to Plasma Nortriptyline Concentrations
The relationship of sex, age, cigarettes/day in the two weeks preceding plasma sampling, and
race (White, Black or Asian) to normalized nortriptyline concentrations (ng·mL-1/mg· kg-1) at
week 4 (prior to cessation) were evaluated, using a multivariate linear regression model,
including full compliance in the prior week (0 = non-compliance, 1 = compliance) as a
covariate. Normalized plasma nortriptyline concentrations at week 4 were significantly related
to cigarettes/day, F(1, 197) = 4.89, p = .0281. Each additional cigarette smoked decreased
normalized plasma nortriptyline concentrations by .57 ng·mL-1/mg· kg-1 (SE = .26), controlling
for the other terms in the model. Further, normalized PNCs also significantly differed by race,
F(2, 197) = 9.83, p<.0001 (see Figure 2).

Whites had normalized PNCs (M = 47.5 ng·mL-1/mg· kg-1, SE = 4.37) lower than both Asians,
(M = 87.7 ng·mL-1/mg·kg-1, SE = 11.2), t(197) = -3.79, p = .0006, and Blacks, (M = 72.9
ng·mL-1/mg· kg-1, SE = 10.6), t(197) = -2.45, p = .0451.
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Side Effects
The five most common side effects were evaluated in the pooled sample prior to cessation at
weeks 2 (Studies 1 and 2) and weeks 4 (Studies 1 and 3) of nortriptyline therapy. Only plasma
concentrations for those self-reporting full compliance in the week preceding sampling are
included. Side effects were also evaluated at week 6 of therapy (2 weeks post-quit) in Studies
2 and 3 that had data on concurrent abstinence (see Table 3).

Prior to cessation, self-reported dry mouth (weeks 2 and 4) and shaking hands showed small
positive associations with PNCs. After cessation, few reliable associations between PNCs and
side effects were observed.

Abstinence
The relationship of plasma nortriptyline concentration to abstinence at both end of treatment,
week 12 (8 weeks post-quit) and at long-term follow-up, week 24 (20 weeks post-quit) in
Studies 1 and 2 was evaluated (due to the inclusion of extended treatment conditions and the
nicotine patch, Study 3 was not used). The effect of time (week 8 or 20) and its interaction with
PNC were included. In addition, to assess the possibility of a curvilinear relationship of
nortriptyline concentration to abstinence, a quadratic term was included. In order to control for
other factors known to correlate with abstinence[21], age, gender, FTND score, ethnicity
(White, Black or Asian), and BMI, were included as covariates, as well as psychotherapy
condition and compliance in the week preceding sampling. Initial model evaluation showed
no reliable effect of an interaction between time and PNC or evidence for curvilinearity, so the
final analysis was re-run excluding these terms.

Results of the multivariate logistic regression are shown in Table 4. Plasma nortriptyline
concentrations at week 6 were positively associated with abstinence at both weeks 8 and 20.
For every 10 ng/mL increase in PNC, the odds of being abstinent from smoking increased by
a factor of 1.21. Abstinence rates declined from 51% at week 8 to 36% at week 20.

Therapeutic range—In order to make recommendations about a possible therapeutic range
of PNCs for smoking cessation, predicted abstinence rates from the foregoing model were
plotted by PNCs at week 6, categorized after Asberg et al.,[14] who originally suggested an
inverted u-shaped response function (0 to 30, 31-40, 41-50, 51-60, 61-70, 71-90, and 91 or
more ng/mL). At both weeks 12 and 24 (see Figure 3), a linear relationship between plasma
nortriptyline concentrations and abstinence is apparent, with little suggestion of non-linearity
in evidence. In fact, abstinence rates were largely stable above 40 ng/mL.

Discussion
We used data from three randomized, placebo-controlled, double-blind trials of nortriptyline
for smoking cessation to describe plasma nortriptyline concentrations and to evaluate their
relationship to clinical outcomes. Increases in intended dosage yielded increases in plasma
nortriptyline concentrations; however, marked variability in concentrations for fixed doses was
seen. Amount of smoking showed a small but reliable association with normalized PNCs, but
cessation did not result in marked increases in this quantity. In our sample, Asian and Black
smokers had normalized PNCs significantly higher than Whites. Self-reported side effects bore
little relationship to PNCs. End of treatment and long-term abstinence were significantly
related to PNCs taken at 2-weeks post-cessation, after controlling for relevant covariates. No
evidence for a curvilinear plasma nortriptyline response curve was observed.

The fact that fixed or mostly fixed dosages of nortriptyline yielded a broad range of PNCs is
not surprising. Alexanderson[3] showed that for a fixed dose of nortriptyline, plasma
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concentrations of the drug can range as much as 30-fold. The primary cause of this variability
appears to be genetic, based on studies of monozygotic and dizygotic twins[22], mostly due to
differences in the polymorphic cytochrome P-450 enyzme, CPY2D6[23]. Even including only
subjects with self-reported full compliance in the week preceding sampling, we still observed
some test concentrations falling below the concentration of detectability (e.g., at week 6, 7%
were < 20 ng/mL). The most likely explanation for these observations is medication non-
compliance. However, it is also possible some of these subjects were ultra-rapid nortriptyline
metabolizers[24].

In our sample, we observed significantly higher normalized plasma nortriptyline
concentrations in Asians and Blacks compared to Whites (see Figure 2). Ethnic differences in
the metabolism of tricyclic antidepressants have been observed in Asians as well as in Africans
and African-Americans[25,26]. Data specific to nortriptyline are few but are concordant with
our findings[15,27]. Kishimoto and Hollister[27] found that after a single 100 mg dose of
nortriptyline in 20 males (Japanese, N = 10; American, N = 10 [race not specified]), Japanese
participants achieved numerically superior maximum plasma concentrations (39.3 vs. 32.0 ng/
mL) and significantly higher exposure, as assessed by area-under-the curve (1150 vs. 730 ng/
hour/mL). Evidence of slower metabolism or clearance for another tricyclic antidepressant,
desipramine, has been seen in Chinese or mixed Asian samples compared to Caucasians[28,
29]. Ziegler et al., (1977) observed that nortriptyline concentrations were nearly 50% higher
in African-Americans than Whites (113.5 vs.75.7 ng/mL). The potential genetic basis for ethnic
differences in PNCs likely relates to differences in the frequency of defective CPY2D6 alleles
(i.e., so-called “poor metabolizers”), with a higher rate of defective alleles for this enzyme
generally, but not always, observed in Asians and those of African ancestry[30-35]. For a given
dose of nortriptyline, higher plasma concentrations of the drug will be achieved due to slower
metabolism.

Smokers have been observed to have lower concentrations of nortriptyline than non-smokers
[36,37], although not always[38]. In our sample, greater smoking was associated with smaller
nortriptyline concentrations, although this effect was slight. Several potential mechanisms may
account for this relationship. Nortriptyline is primarily metabolized by CYP2D6 (90%), while
the balance of metabolism is accomplished by CYP1A2 and CYP2C19[39]. Since CYP2D6
has generally not been shown to be inducible [40,41], this enzyme is unlikely to be involved
in reduced PNC with greater smoking. Cigarette smoking has been shown to induce CYP1A2
[42] while the inductive effects of cigarette smoke on CYP2C19 await further evaluation
[43]. Overall, the role of smoking on nortriptyline concentrations in our sample appeared
modest.

Side effects from nortriptyline and other tricyclic antidepressants can play a major role in
medication non-compliance and discontinuation in depressed patients[44]. Rates of
nortriptyline discontinuation have been significantly elevated compared to placebo in some
smoking cessation trials[8,9,45], while others have found shown no difference[5,6,46], or a
greater rate for placebo[7]. However, the current report showed little association between PNCs
and endorsement of side effects. Two previous studies have evaluated the relationship between
PNCs and self-reported side effects[47,48]. Asberg and colleagues[47] evaluated the
association between total side effects and plasma nortriptyline concentrations in a sample of
depressed patients over the first 4 weeks of treatment. They observed a steady abatement in
side effects over time such that by week 4, no association between side effects and PNCs was
seen. Ziegler et al., [48] found that two individual side effects bore a consistent relationship to
PNCs: dry mouth and perspiration. Perspiration was not assessed in any of the present studies.
However, the persistence of dry mouth in the present studies does confirm Ziegler and
coworkers' [48] observation, at least in the pre-cessation induction phase. Overall, the
nortriptyline concentrations achieved in this multistudy analysis are on the low end of the range
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recommended for treatment for depression (i.e., 50 to 150 ng/mL), and this may also account
for the weak associations seen with side effects. Finally, side effects were measured on a
dichotomous scale, and the use of a continuous side effects scale would likely have better
informed the foregoing analyses[e.g., 49].

Guidelines for the dosing of nortriptyline in depression have been available for over thirty years
[4]. Beginning with an early report[14], evidence of a curvilinear relationship, an inverted u-
shape function, between PNCs and depressive remission began to accumulate. When we
evaluated PNCs as a continuous predictor of abstinence, we found evidence of a significant
linear but not a quadratic (i.e., curvilinear) effect (see Figure 3). Given the lack of side effects
seen in the current range of plasma nortriptyline concentrations and the relatively stable
abstinence rates with concentrations above 40 ng/mL, the utility of achieving PNCs consistent
with depression therapy seems unnecessary. However, in order to offer definitive
recommendations on a therapeutic range for nortriptyline in smoking cessation, the current
findings require replication in a prospective design where smokers are randomized to specific
ranges of PNC. Moreover, formal pharmacokinetic-pharmacodynamic modeling of plasma
nortriptyline concentrations will be needed to obtain more accurate estimates of a smoking
cessation specific therapeutic range.

Ultimately, the generation of smoking-cessation specific guidelines for therapeutic drug
monitoring of nortriptyline is most important for the more than 1 billion smokers without access
to other smoking cessation aids [50]. However, as Ozdemir and colleagues[51] recently noted
with respect to off-patent medications, lower medication cost does not guarantee greater access
and improved treatment outcomes. In the case of nortriptyline, the costs of TDM may limit
access in some settings. The possibility of rapid genotyping of CYP2D6 could allow for
genotype-specific dosing, eliminating or reducing the need for TDM. Nevertheless, compared
to existing smoking cessation medications, nortriptyline is several times less expensive,
requires only once-a-dosing, and has an excellent safety profile.

The current study has limitations. First, only total plasma nortriptyline concentrations were
evaluated. Free nortriptyline concentrations might have shown a clearer dose response
relationship to side effects and abstinence from smoking[52]. Second, we did not conduct
phenotypic or genotypic tests of the CYP2D6 gene or enzyme. Third, although we had self-
reported data on medication compliance, such data are prone to error and bias. More complete
and accurate knowledge of differences in amount of medication taken would have been an
important explanatory variable in our analyses, particularly to determine if those with
undetectable or elevated medication concentrations were non-compliant or instead were ultra-
rapid or poor metabolizers as a function of the CPY2D6 enzyme.

In conclusion, wide variability in plasma nortriptyline concentrations was seen in a pooled
sample of cigarette smokers given a narrow range of doses. Therapeutic drug monitoring
continues to be important in ensuring that patients receive clinically effective nortriptyline
exposure, however, the effective range of PNCs appears lower for smokers than for those with
depression. Consideration of racial status, particularly among Asian and African-Americans,
may be important in initial dosing. Future research is needed to prospectively confirm the
possible optimum therapeutic range of nortriptyline in smoking cessation.
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Figure 1.
A vertical dot-plot with jittering of coincident observations. Plasma nortriptyline
concentrations at for 183 subjects reporting full compliance with the 75 mg dose at week 4.
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Figure 2.
Effects of race on plasma nortriptyline concentrations normalized for dose and weight at week
4 (pre-cessation) controlling for sex, age, cigarettes/day in the two weeks preceding sampling,
and full compliance in the week preceding sampling. Ten subjects not included were of Latino,
other, or mixed ethnicity.
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Figure 3.
7-day, biochemically confirmed smoking abstinence as a function of plasma nortriptyline
concentration at week 12 (week 8 post-quit) and week 24 (week 20 post-quit).
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Table 1
Sample Characteristics of Three Nortriptyline Smoking Cessation Trials

Study 1a Study 2b Study 3c P-value

N = 94 N = 71 N = 79

Demographic

 Age 41.2 (9.6) 39.2 (11.7) 38.2 (10.2) n.s.

 Sex (% female, n) 51.1 (48) 45.1 (32) 38.0 (30) n.s

 Race (% White, n) 87.2 (82) 88.7 (63) 74.7 (59)d .0325

 BMI 24.6 (3.3) 25.8 (5.5) 26.2 (4.7) n.s.

Smoking and Mood

 Cigarettes/Day 23.4 (11.4) 20.3 (8.4) 19.6 (7.5)e .0214

 CO Concentration 24.6 (11) 25.9 (10.9) 21.8 (8.8) n.s.

 FTND 5.6 (2.2)f 4.6 (2.1) 4.6 (2.0) .0038

 POMS 31.9 (36) 27.7 (33.5) 26.5 (34.6) n.s.

 BDI 9.2 (7.4) 8 (7.4) 9.1 (7.7) n.s.

N = 244.

a
Hall et al., 1998[7].

b
Hall et al., 2002[6].

c
Hall et al., 2004[5].

d
Percentage of Whites in Study 3 lower than Study 1, although not significant after Bonferroni adjustment.

e
Cigarettes per/day significantly lower in Study 3 than Study 1.

f
FTND score significantly higher in Study 1 than Studies 2 and 3.
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Table 4
Effect of Plasma Nortriptyline Concentration on Abstinence at Weeks 8 and 20 Post-quit

Predictor d.f., F, p-value OR 95% CI

PNCa F(1,103) = 7.59, .0069 1.020 (1.006, 1.034)

Timeb F(1,103) = 19.43, <.0001 0.928 (0.900, 0.960)

Covariate

Age F(1, 103) = 1.92, n.s – –

Sex F(1, 103) = 2.45, n.s – –

FTND F(1, 103) = 6.17, .0168 0.796 (0.663, 0.960)

Ethnicity F(2, 103) = 1.79, n.s – –

BMI F(1, 103) = 0.24, n.s – –

Therapy F(3, 103) = 2.64, n.s. – –

Compliance F(1, 103) = 0.46, n.s. – –

Repeated-measures, logistic regression. PNC×Time and PNC×PNC (quadratic) terms were excluded from the final model due to non-significance.

a
Plasma nortriptyline level taken at week 6 (week 2 post-quit).

b
Time = week 8 and week 20 post-quit.
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