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Original Investigation

Severity

of tobacco abstinence symptoms
varies by time of day

Kenneth A. Perkins, Jessica Briski, Carolyn Fonte, John Scott, ¢ Caryn Lerman

Introduction: The time of day in which craving, withdrawal,
and other tobacco abstinence symptoms are assessed may mod-
erate the influences of abstinence or medication on those

symptoms.

Methods: Participants were 209 smokers participating in a
4-week crossover study assessing symptoms due to smoking ver-
sus abstinence and while using nicotine (21 mg) versus placebo
patch when abstinent. None was trying to quit permanently
during the study. Abstinence was verified daily by a carbon
monoxide level of less than 5 ppm. Participants completed crav-
ing (two measures), total withdrawal, and positive affect (PA)
and negative affect forms three times per day: in the morning,
upon arrival at the clinic in the afternoon, and in the evening.
All comparisons of the effects of time of day, abstinence, and
nicotine patch treatment were within subjects.

Results: Results showed a main effect of time of day on all
measures while smoking, wherein PA was higher and the other
four measures lower, during afternoon versus morning or eve-
ning ratings. Time of day interacted with abstinence on both
craving measures, but not the other measures, such that absti-
nence increased craving less in the morning versus the other
times. Time of day also interacted with nicotine (vs. placebo)
patch effects in alleviating negative mood to a greater degree
during evening versus morning or afternoon ratings.

Discussion: The data suggest that, compared with traditional
single assessments of symptoms at midday, assessments at sev-
eral times of the day may reveal greater overall levels of symp-
toms and perhaps greater effects of abstinence and nicotine
replacement on select abstinence symptoms.

Introduction

In most clinical studies of smoking cessation, symptoms of ab-
stinence such as craving, withdrawal, and negative affect (NA)
are measured once per clinic visit, typically sometime in the
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middle of the day. However, more frequent assessments at other
times of day may more reliably capture the severity of symp-
toms due to abstinence and the magnitude of relief due to med-
ication, especially early in the quit attempt (Shiffman, Paty,
Gnys, Elash, & Kassel, 1995; Shiffman, West, & Gilbert, 2004).

Variability in tobacco abstinence symptoms due to time of
day has been examined in a few studies but is not generally a
topic receiving substantial research attention. In one of the more
comprehensive looks at this question, Teneggi et al. (2002) con-
ducted an inpatient study of 24 smokers participating in three
conditions of 3 days duration each: ad libitum smoking, en-
forced abstinence while receiving nicotine patch, and enforced
abstinence while receiving placebo patch. Craving measures
during either abstinence condition followed a circadian pattern,
with symptoms lowest in the morning and increasing gradually
over the day, but no such circadian pattern in craving was seen
during the 3-day period of ad libitum smoking. Craving
throughout the day was lower with nicotine versus placebo
patch, but there was no differential efficacy of nicotine patch in
relieving craving as a function of time of day. Therefore, time of
day influenced severity of craving due to abstinence but not
during smoking, and time of day did not affect craving relief
from nicotine patch. In contrast to craving, responses to a with-
drawal measure showed no circadian pattern during any condi-
tion. Because participants resided in an inpatient setting,
variability in responding due to environmental variation was ef-
fectively controlled, but it is not clear that this time-of-day effect
would be observed in a typical clinical study of smokers smok-
ing and abstaining while in the natural environment.

Other research on smokers in the natural environment sim-
ilarly suggests time-of-day effects on abstinence symptoms but
not on relief of those symptoms by medications. Using sophis-
ticated electronic self-monitoring of symptoms, Shiffman et al.
(1995) showed a curvilinear pattern of subjective arousal in 25
dependent smokers across the day (low in morning and night,
high in midday). Reductions in arousal due to smoking absti-
nence were greater at times when prequit arousal was high
(i.e., midday) but not when it was low. In other research by
this group involving 244 abstaining smokers, 24-hr nicotine
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(21-mg) patch relieved craving and withdrawal equally in the
morning or later in the day compared with 16-hr nicotine (15-
mg) patch (Shiffman et al., 2000). This finding was contrary to
expectations that the 21-mg patch would be particularly effec-
tive for morning craving. However, effects of abstinence per se,
and full relief due to nicotine, were not examined given that
there was no placebo patch condition. Moreover, the compari-
son between patch conditions was between subjects rather
than within subjects, increasing random variance.

Finally, in a completely within-subjects study using more
traditional paper-and-pencil measures, Leischow et al. (1997)
found differential efficacy between various nicotine replacement
therapies (NRTs) on relieving urges to smoke during 2-day peri-
ods of use in 18 smokers. Yet the level of efficacy of each NRT
was similar between morning (6:30-8:00 a.m.) and late after-
noon (5:00-6:30 p.m.) assessments. Lack of midday assessment
may have missed an important time of day during which absti-
nence relief due to NRT may differ.

In sum, evidence suggests that absolute symptom levels and
the change in symptoms due to abstinence, but perhaps not re-
lief obtained from medication, may differ across assessments
obtained at different times of the day. Also, such time-of-day
effects may vary between symptom measures, being more reli-
able for craving than for withdrawal or other symptoms. How-
ever, additional research on time-of-day effects on abstinence
symptoms and medication effects may be warranted. Although
the within-subject studies discussed previously controlled for
individual variability, they necessarily involved relatively small
samples, given the extended duration of assessments across con-
ditions. Other research used large samples but did not include a
placebo condition and compared treatment effects between
subjects rather than within subjects to better control error vari-
ance.

In the present study, we examined time-of-day effects on to-
bacco abstinence symptoms and on NRT versus placebo relief of
symptoms using a large outpatient sample in a fully within-sub-
jects design. We used traditional paper-and-pencil measures
that might be practical for most clinical studies of smokers in
the natural environment. We reasoned that, if time-of-day ef-
fects are observed, routine assessment of symptoms at different
times of day may be warranted in most clinical studies. At the
very least, timing of such assessments in clinical studies should
be controlled to reduce confounding variance in responses be-

tween groups or across days and weeks with variance in re-
sponses due to the particular time of day. We examined the
main effects of time of day on symptoms while smoking and the
interaction of time of day with abstinence and with nicotine
versus placebo patch treatment while abstinent.

Participants

The present study was described in ads and flyers as an “evalua-
tion of the effects of the nicotine patch in smokers” but also as
“not a treatment study.” Prospective participants were screened
briefly by telephone and then again in person for smoking his-
tory, health, and intention to quit permanently. Eligible partici-
pants were required to have smoked at least 10 cigarettes/day for
at least 2 years, provide an expired-air carbon monoxide (CO)
reading of at least 10 ppm, and not currently be in the process of
quitting. Characteristics of the 209 smokers who completed the
study are presented in Table 1. Included are mean scores for
the Fagerstrom Test for Nicotine Dependence (Heatherton,
Kozlowski, Frecker, & Fagerstrom, 1991), a common self-report
measure of dependence predictive of cessation outcome (Baker
et al,, 2007). (Also shown are subgroups of these 209 who were
used in specific analyses of abstinence effects and nicotine ver-
sus placebo patch effects; see below.) Aside from these 209 par-
ticipants, 21 dropped out prior to completing all 4 weeks of
assessments and 19 more were removed due to failure to follow
directions or, less commonly, due to adverse responses to the
patch.

Self-report measures

Craving, withdrawal, positive affect (PA), and NA were assessed
at every afternoon clinic visit and at two other times of the day
in the natural environment, once in the morning and once in
the evening (see Procedures section). Every item in the follow-
ing measures was rated on a Visual Analog Scale of 0 (not at all)
to 100 (extremely).

Craving was assessed with the four-item version of the
Questionnaire on Smoking Urges (QSU), a widely used clinical
and laboratory measure of urges to smoke (Tiffany & Drobes,
1991). The four items in this version, which are described by
Carter and Tiffany (2001), are “Nothing would be better than
smoking a cigarette right now,” “I have an urge for a cigarette,”

Table 1. Characteristics of all participants and by analytic subgroup

Subgroup
Abstinence versus Nicotine versus placebo
Characteristics All participants (N = 209) smoking (n = 90) patch (n=79)
Mean age (years) 30.77 (0.82) 30.43 (1.30) 29.99 (1.39)
Gender (percent male) 51 56 56
Mean cigarettes per day 17.11(0.35) 16.39 (0.51) 16.20 (0.54)
Mean FTND score (0-10) 4.72(0.10) 454 (0.14) 450 (0.14)
Mean years smoking 14.00 (0.75) 12.81(1.17) 12.37 (1.25)
Mean number of prior quit attempts 1.80 (0.15) 2.17(0.26) 2.20(0.30)
Mean longest prior quit attempt (weeks) 17.62(3.79) 17.04 (3.70) 16.81 (4.10)

Note. Mean values are given with SE in parentheses. FTND, Fagerstrom Test for Nicotine Dependence.
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“All T want now is a cigarette,” and “I crave a cigarette right
now.” This version of the QSU is internally consistent, with a
mean Cronbach’s a of .96 (SD = 0.01) in this study.

Nicotine withdrawal was assessed with the Minnesota Nic-
otine Withdrawal Scale (MNWS; Hughes, Gust, Skoog,
Keenan, & Fenwick, 1991), using the following six items: de-
pressed mood/sad, irritable/angry/frustrated, anxious/ner-
vous, difficulty concentrating, restless/impatient, and
drowsiness. In the present study, the mean Cronbach’s o for
the MNWS was .85 (SD = 0.02). Items were averaged across
symptoms to obtain a total withdrawal score, although sec-
ondary analyses were conducted on the individual symptoms.
A seventh MNWS item, urge to smoke, was excluded from the
total withdrawal score because its greater lability can distort
apparent changes in total withdrawal. Instead, we used it as a
second, separate measure of craving (labeled here as “MNWS
craving item”).

PA and NA were assessed using the Diener and Emmons
(1984) Mood Form, consisting of nine items that yield PA and
NA scores. PA scale items are “happy,” “joyful,” “pleased,” and
“enjoyment/fun,” whereas NA scale items are “depressed/blue,”
“unhappy,” “frustrated,” “worried/anxious,”and “angry/hostile.”
Mean Cronbach’s o values in the present study were .94 (SD =
0.01) for PA and .87 (SD = 0.02) for NA.

Procedures

This analysis is based on data from all participants in a proj-
ect aimed primarily at examining the influence of quitting
motivation on ability to quit temporarily during short-term
use of nicotine (21 mg) versus placebo patch. (See Perkins,
Lerman, Stitzer, et al., 2008, for results of analyses aimed at
that issue.) Our focus in this analysis was the influence of
time of day of assessment on symptom levels during week-
long periods while smoking, while abstinent, and while using
nicotine versus placebo patch when abstinent (i.e., relief by
NRT). Because these analyses were fully within subjects (see
below), variability between subjects in quitting motivation
was controlled.

Participants engaged in 4 weeks of assessment, consisting of
two 2-week phases, each involving a week of ad libitum smoking
(baseline: weeks 1 and 3) followed by a week of trying to quit
while using nicotine (21 mg) or placebo patch (quit assessment:
weeks 2 and 4). Order of nicotine and placebo patch was coun-
terbalanced between participants. Responses during 5-day treat-
ment periods were thought to be particularly clinically significant
because abstinence symptoms often peak within the first few
days after quitting (Hatsukami, McBride, Pirie, Hellerstedt, &
Lando, 1991; Perkins et al., 1996).

Participants came to the clinic 3 days/week during each
ad libitum smoking baseline week (e.g., Monday, Wednesday,
and Friday) and on all five weekdays (Monday to Friday) during
each patch week. CO levels were obtained at each visit. Each of
the self-report measures (craving, withdrawal, PA and NA) was
assessed three times on each of these days: in the morning, upon
arrival at the clinic in the afternoon, and in the evening. Partici-
pants were given small booklets to use for morning and evening
assessments, and part of their payment for participation was
contingent on completing these measures and turning them in
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at the next clinic visit. Participants were given a time window of
a few hours in which to complete a given booklet, and they re-
corded on each booklet the time of completion. Mean times of
completion for morning, afternoon, and evening assessments
were 9:34 a.m. (SD = 87 min), 1:38 p.m. (SD = 117 min), and
8:13 p.m. (SD = 110 min), respectively.

During the in-person screening session prior to week 1,
all participants provided written informed consent for par-
ticipation after the nature and consequences of the study
were explained. All also agreed in writing that they would try
hard to quit during the two patch weeks (weeks 2 and 4),
which were presented to participants as simulated brief quit
attempts to evaluate medication effects. Both NicoDerm CQ
(21-mg) patches and placebo patches matched in size and
appearance were obtained from 1-800-patches (Salt Lake
City, UT). Patch placement was checked at each clinic visit,
and participants also received part of their payment contin-
gent on compliance with patch use. Abstinence was defined
as a CO level of less than 5 ppm and self-report of no smok-
ing at all in the past 24 hr. The strict CO cutoff, approxi-
mately half that commonly used in clinical trials of cessation
(8 ppm), was used because pilot participants often had CO
levels of 8 ppm or less but freely admitted to having smoked
in the past 24 hr. Research shows that some abstinence symp-
toms are not always elevated significantly at abstinence dura-
tions of less than 24 hr (e.g., Hatsukami, Fletcher, Morgan,
Keenan, & Amble, 1989). Similar research on short-term ab-
stinence also has used a CO cutoff of 5 ppm (Alessi, Badger, &
Higgins, 2004).

After the end of study week 2, the end of the first week of
trying to quit while using a patch, participants were instructed
to resume smoking regularly during week 3, the ad libitum
smoking week prior to the second patch condition. This week
constituted a washout and return to baseline conditions, so
that each patch effect could be assessed independently after a
period of ad libitum smoking. No subject refused to resume
smoking after the first abstinence assessment period during
week 2. Participants monitored cigarette use during all weeks
using a simple form kept with their cigarette pack and shown
to be reliable (Perkins et al., 1996). Ad libitum smoking did
not vary between the weeks preceding the placebo week (CO =
21.9 ppm, SD = 0.6; cigarettes/day = 15.5, SD = 0.4) or the
nicotine week (CO = 22.8 ppm, SD = 0.7; cigarettes/day =
15.8, SD = 0.4). The same procedures and assessments from
week 2 were repeated during the second patch week, study
week 4.

Data analyses
Analyses were within subjects and addressed three main ques-
tions of interest:

1. Does the severity of symptoms while smoking vary by time
of day?

2. Does the severity of symptoms due to abstinence vary by
time of day?

3. Does the relief of symptoms due to nicotine versus placebo
patch during abstinence vary by time of day?

We used repeated measures linear mixed-effects models
with Residual Maximum Likelihood (REML) estimation to
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address each of these questions for each of the five dependent
measures. All models incorporated a direct product covariance
structure to accommodate the repeated measures on two different
scales, with compound symmetric covariance between days and
unstructured covariance between times of day. The within-
subjects factors in the analyses were time of day (all three ques-
tions), smoking versus abstinence (Question 2), and nicotine
versus placebo patch while abstinent (Question 3). Analyses of
Question 1 involved all 209 participants and both smoking
weeks (weeks 1 and 3). Analyses of Question 2 involved the 90
participants who were abstinent at least 1 day during the placebo
patch condition and compared responses on those days to re-
sponses during the preceding smoking week. Analyses of Ques-
tion 3 involved the 79 participants who were abstinent on at
least 1 day during each nicotine and placebo patch week (weeks
2 and 4 only). This approach controlled for abstinence status in
the comparison of effects due to nicotine versus placebo patch.

All analyses were performed using SAS/STAT version 9.13
for Windows. Significant effects involving time of day were
followed up with simple comparisons between timepoints.
The text describes the significance of those comparisons,
which are not shown in the figures. The figures show the sig-
nificance of comparisons between conditions at all particular
timepoints.

Results of models for the three questions of interest are shown
in Table 2.

Main effect of time of day

Results showed a main effect of time of day on each measure
(see Table 2). As shown in Figure 1, except for PA, each measure
was lower during afternoon versus morning or evening ratings
(i.e., a “V”-shaped effect of time of day). In analyses of the
MNWS symptoms taken individually, only difficulty concen-
trating and drowsiness showed the V-pattern across time of day.
Comparisons between afternoon versus morning or evening
ratings were significant for drowsiness, and the comparison be-
tween afternoon and evening ratings was significant for diffi-
culty concentrating (results not shown). For PA, afternoon and
evening ratings did not differ but were higher than the morning
rating (Figure 1).

Time of day and abstinence effects

The main effect of smoking abstinence was significant for each
measure, except PA (see Table 2). As shown in Figure 2, re-
sponses to these measures were significantly higher on the absti-
nence days during the placebo patch week compared with the
preceding smoking week. The main effect of abstinence was sig-
nificant for all the individual MNWS items except depressed
mood/sad and drowsiness (not shown). Time of day interacted
with abstinence effects for QSU craving and the MNWS craving
item (see Table 2). For the other individual MNWS items, time
of day interacted with abstinence only for the MNWS drowsi-
ness item, as the increase in drowsiness rating from afternoon to
evening was greater during abstinence versus smoking (not
shown). As also shown in Figure 2, the difference between
smoking and abstinence for both craving measures was greater
during afternoon and evening compared with morning. Effects
of abstinence on the other measures were not influenced by
time of day of assessment.

Time of day and nicotine versus placebo
patch effects

The main effect of nicotine versus placebo patch while abstinent
was significant for QSU craving, MNWS craving item, and PA
(see Table 2) but not for total MNWS or NA. Nicotine (vs. placebo)
patch reduced both craving measures and increased PA, as shown
in Figure 3. For the other individual MNWS items, only irrita-
ble/angry/frustrated and restless/impatient showed a signifi-
cant main effect of nicotine (not shown). Time of day
interacted with nicotine patch in alleviating NA, as nicotine
(vs. placebo) patch reduced NA modestly, but significantly,
during evening ratings but not during morning or afternoon
ratings (see Figure 3). However, time of day did not influence
any other effects of the nicotine patch, including relief of the
individual MNWS items.

Results of these analyses indicate that craving, withdrawal, and
other symptoms varied by time of day while participants were
smoking, generally being lower during afternoon versus morn-
ing or evening (i.e. “V”-shaped; see Figure 1). The magnitude of
the difference between timepoints was approximately 20%—25%
for the craving measures and 10% for the other measures. For

Table 2. Results of mixed-effects models examining the main effects of time of day, as

well as main effects and interactions with time of day for abstinence and for nicotine

patch use (vs. placebo) while abstinent

Abstinence X time
of day (n = 90)

Nicotine
(n=79)

Nicotine X time
of day (n=79)

Time of day Abstinence
Measure (N=209) (n=90)
QSU craving F(2,373) = 4675 F(1,439) = 26.26%**
MNWS Visual Analog F(2,372) =27.440%%  F(1,432) =23.17%%%

Scale craving item

MNWS total withdrawal ~ F(2,335) = 7.13%*  F(1,398) = 7.32%*
NA F(2,346) = 7.11%%*  F(1,382) = 4.24*
PA F(2,342) = 1676 F(1,389) = 0.98

F(2,513) = 22.23%%*
F(2,515) = 13.04%%*

F(2,519)=0.10
F(2,513)=0.23
F(2,520) = 2.49

F(1,409) = 62.30%**
F(1,404) = 31.70%+*

F(1,385) = 1.49
F(1,382) = 2.43
F(1,357) = 6.51*

F(2,490) = 0.76
F(2,480) = 1.05

F(2,496) = 0.48
F(2,487) = 3.10*
F(2,488) = 1.16

*p < 055 #*p < 015 +*p < .001.
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Figure 1.

Fitted mean (+SEM) craving (QSU-4 item; MNWS craving item), withdrawal (MNWS total), and PA and NA (Diener and Emmons

Mood Form) during smoking weeks, as a function of time of day (morning, afternoon, evening).

craving, this time-of-day effect was almost as large as the overall
effect of abstinence or nicotine replacement (Figures 2 and 3),
suggesting that the time-of-day effect is clinically significant.
For NA, the smaller time-of-day effect was nevertheless similar
to that due to abstinence and greater than that due to nicotine
replacement. For PA, the time-of-day effect was similar to that
due to nicotine replacement and greater than that due to
abstinence.

Perhaps more important, time of day interacted with absti-
nence to influence craving and with nicotine patch to influence
NA, although the influences of abstinence or nicotine patch
treatment on other symptoms were not altered by time of day.
Abstinence increased craving less in the morning than at the
other times, as craving dropped from the morning to the after-
noon while participants were smoking but remained elevated in
the afternoon and increased further in the evening when par-
ticipants were abstinent (see Figure 2). Thus, the interaction
may reflect the acute influences of midday smoking in reducing
craving from the higher levels in the morning that resulted from
the typical overnight decrease in blood nicotine when partici-
pants were asleep, whereas such elevated craving in the morning
persisted across time when participants remained abstinent. Yet
the presence of smoking cues or something else other than acute
smoking or nicotine deprivation influenced the general rise in
craving from afternoon to evening, since this rise occurred
whether participants were abstinent or smoking and whether
they were using nicotine versus placebo patch while abstinent
(see Figure 3). Time of day also interacted with nicotine patch
effects in alleviating NA but in a pattern different from that seen
with craving. Nicotine relieved NA to a modestly, but signifi-
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cantly, greater degree during the evening versus morning or af-
ternoon (see Figure 3). So, contrary to craving, the rise in NA
from afternoon to evening occurred only in the absence of nico-
tine exposure, suggesting that nicotine per se eliminated this
time-of-day effect on NA during abstinence.

Our findings were generally consistent with prior studies,
noted in the introduction, showing a robust time-of-day influ-
ence on craving but less so on other symptoms and only mod-
estly in the relief of those symptoms due to nicotine versus
placebo patch during abstinence. On the other hand, time-of-
day effects in the present study were more pronounced during
smoking compared with abstinence (see Figures 1 and 2). This
pattern is the reverse of that observed by Teneggi et al. (2002),
who studied smokers during brief enforced abstinence within
an inpatient setting; by contrast, we studied smokers during vol-
untary simulated quit attempts in an outpatient setting. There-
fore, environmental stimuli associated with different times of
the day that are present in outpatient studies but generally ab-
sent in inpatient studies could contribute to variation in symp-
toms across time while smoking. These stimuli could include
particular locations or people and not just explicit smoking cues
(Conklin, 2006; Conklin, Robin, Perkins, Salkeld, & McClernon,
2008).

The present findings suggest that, compared with a tradi-
tional single assessment of symptoms midday in the clinic, clin-
ical studies of smoking cessation may benefit from symptom
assessments at other times of the day, such as in the morning
and evening (Shiffman et al., 2004). Such assessments may bet-
ter gauge the dynamic and systematic changes in symptoms
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Figure 2.

Fitted mean (£SEM) craving, withdrawal, and PA and NA due to abstinence, by time of day. Comparisons are between responses

on abstinent days while using placebo patch and responses on smoking days during the preceding week. Participants were those who ab-
stained at least 1 day while on placebo patch (n = 90). *p < .05; **p < .01; ***p < .001 for the difference at each timepoint between smoking

and abstinence.

across the day, more accurately capture overall levels of symp-
toms and the influence of abstinence on some symptoms, and
perhaps detect greater effects of medication on a few symptoms
(e.g., NA). These added assessments do not need to be burden-
some for either participants or researchers, as we were able to
determine these effects using simple and short paper-and-pencil
forms totaling 20 individual Visual Analog Scale items and tak-
ing less than 3 min to complete per occasion, on average. Where
added daily assessments are impractical, our results suggest that
afternoon or evening may be the best single time of day to ex-
amine symptoms in clinical trials, given that effects due to absti-
nence may be most pronounced then, compared with the
morning. This observation also may have relevance for the tim-
ing of sessions in lab-based studies aimed specifically at under-
standing abstinence effects on these symptoms.

Strengths of the present study include (a) the large sample
size, even for the subanalyses of abstinence effects and nicotine
patch effects; (b) the fully within-subject design of each com-
parison, which increased statistical power by reducing random
variance; and (c) the stringent CO cutoff of 5 ppm to verify ab-
stinence during patch weeks (weeks 2 and 4), as in other studies
of daily assessments of abstinence (e.g., Alessi et al., 2004), so
that we could be certain that participants had not smoked in the
preceding 24 hr.

The study also had a number of limitations. First, we used
traditional paper-and-pencil measures of abstinence symptoms
for practical reasons, given our large sample size and the desire to

demonstrate that assessments could be done with modest burden
to participants. Electronic assessments can be cumbersome for
participants and time consuming and expensive to analyze, mak-
ing them less practical for regular use in clinical studies. However,
the use of such electronic diary assessments or similar means may
be more valid than written self-report forms (Stone, Shiffman,
Schwartz, Broderick, & Hufford, 2002), perhaps leading to differ-
ent findings. We had participants record the time at which they
completed the forms and found that these times roughly corre-
sponded to the desired times for the three assessments per day
(i.e., morning, afternoon, and evening). However, this self-report
information did not verify that the forms were completed at those
stated times. If the actual times of day varied much more than
these recorded times of day indicate, such random variability
should obscure, rather than exaggerate, our time-of-day effects.
Therefore, our results may underestimate the magnitude of the
effects of time of day on abstinence symptoms.

Second, and similarly, some of our specific findings may be
biased by our procedures, and different approaches to assess-
ment may reveal a pattern of effects due to time of day that dif-
fer from the results seen here. For example, the V-shape we
observed across time of day may be a function of us having ob-
tained ratings at only three timepoints per day; more frequent
assessment may reveal that the influence of time of day is closer
to U-shaped, J-shaped, or even more complex.

Third, because the afternoon assessment always took place dur-
ing the clinic visit, whereas the morning and evening assessments
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Figure 3.

Fitted mean (+SEM) craving, withdrawal, and PA and NA due to nicotine versus placebo patch use on abstinent days, by time of day.

Comparisons are between responses to nicotine patch versus placebo patch while abstinent. Participants were those who were abstinent at least 1
day during the nicotine patch week and 1 day during the placebo patch week (n = 79). *p < .05; **p < .01; ***p < .001 for the difference at each

timepoint between nicotine patch and placebo patch.

took place in the subjects’ natural environments, time of day may
have been confounded with the location of the assessment. There-
fore, the differences due to afternoon versus morning or evening
could be due to participants having completed the measures in a
controlled environment (clinic) in the afternoon versus in the
presence of potentially varying environmental stimuli that could
influence symptoms in the morning or evening. Although a possi-
ble contributor to the difference between afternoon and evening
ratings, as discussed, it seems unlikely as the primary cause of the
difference between morning and afternoon. Time-of-day effects
were more pronounced during smoking than during abstinence
(see Figures 1 and 2), even though the location of assessments
remained the same for each time of day between the two condi-
tions. Future research should control for assessment location in
order to isolate effects due to time of day per se (Conklin et al.,
2008). Nevertheless, we would argue that, whether due to time of
day or varying location, this variability in symptom level over the
day warrants more frequent symptom assessments in short-term
studies of smoking, abstinence, and medication responses.

Fourth, this study used a sample of smokers not intending
to quit permanently during the patch weeks, thus limiting our
ability to generalize the findings with regard to abstinence and
nicotine patch effects by time of day (see Figures 2 and 3). For
example, nicotine patch did not significantly reduce total with-
drawal, consistent with other studies of briefly abstinent smokers
not trying to quit permanently (Teneggi et al., 2002; see also
Perkins, Stitzer, & Lerman, 2006) but contrary to most clinical
trial results (Jorenby, Keehn, & Fiore, 1995). Moreover, analyses
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of abstinence effects by time of day were limited to the participants
who self-selected to abstinence during the patch weeks, as with all
cessation studies, including all outpatient and some inpatient
studies of enforced abstinence (since not all are able to abstain
even when paid to do so; e.g., Juliano, Donny, Houtsmuller, &
Stitzer, 2006). Yet the time-of-day effects were strongest while
participants were smoking, suggesting good generalizability of our
findings regarding the main effects of time of day to symptom
levels in the general population of smokers while they smoke
(see Figure 1). Future studies should explore the possibility of
individual differences in the degree to which time of day affects
symptom reports during smoking and abstinence, as well as in
response to cessation medications (e.g., Cinciripini et al., 2004;
Perkins, Lerman, Grottenthaler, et al., 2008).

In conclusion, assessment of tobacco abstinence symptoms
just once at midday may not adequately reflect the dynamic but
systematic changes in symptoms throughout the day. Time of
day influences craving, withdrawal, and affect while smoking
and may influence craving due to abstinence and relief of NA by
nicotine patch while abstinent. These effects, as well as the mod-
est burden of these measures, suggest that clinical research on
abstinence symptoms may generate richer findings by increas-
ing the frequency of symptom assessments each day.
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