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Abstract

Rationale Many smokers experience a decline in cortisol to
sub-normal levels during the first days of smoking
cessation. A greater decline in cortisol is associated with
more intense cigarette withdrawal symptoms, urge to smoke
and relapse to smoking. Findings from an uncontrolled study
suggest that glucocorticoids could ameliorate cigarette
withdrawal.

Objectives We investigated whether taking oral hydrocorti-
sone would reduce withdrawal symptoms and the desire to
smoke on the first day of temporary smoking abstinence
compared with placebo.

Methods Using a double-blind within-subject randomised
crossover design, 48 smokers took a single dose of 40 mg
hydrocortisone, 20 mg hydrocortisone or placebo following
overnight smoking abstinence. Abstinence was maintained
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through the afternoon, and withdrawal symptoms and the
desire to smoke were rated across the morning. Salivary
cortisol was assessed in the afternoon prior to abstinence
(baseline) and while abstinent after each treatment.
Results There was a significant dose-response relation
between dose of hydrocortisone and reduction in depression
and anxiety ratings while abstinent, but there were no other
statistically significant associations with dose. Overall, the
decline in cortisol following smoking cessation (placebo
only) was not significant. Cortisol level on the afternoon of
smoking abstinence was not significantly associated with
symptom ratings.

Conclusions Supplements of hydrocortisone do not reduce
the desire to smoke but may ameliorate withdrawal-related
depression and anxiety, although the clinical benefit is slight.

Keywords Smoking - Nicotine - Tobacco - Cortisol -
Withdrawal - Craving - Randomised controlled trial

Introduction

Tobacco withdrawal symptoms and cravings for cigarettes
predict smoking relapse (Killen and Fortmann 1997; Swan
et al. 1996; West et al. 1989) and are a serious discomfort to
those attempting to stop smoking (Hughes 2006). Little is
known about the physiological markers of tobacco with-
drawal. Recent research suggests that cortisol may be one
such marker. Cortisol is a glucocorticoid which modulates
central nervous system activity during stress, and its
production has been linked to the ability to cope with
stress demands (Biondi and Picardi 1999). Cigarettes
stimulate cortisol release and therefore smokers tend to
have much higher cortisol levels than non-smokers (Steptoe
and Ussher 2006). Two studies have reported no significant
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change in cortisol during the first days of smoking
abstinence (Benowitz et al. 1984; Pickworth et al. 1996),
and one study reported a significant increase in cortisol at
this time (Hughes et al. 1988); however, these studies were
all limited by including only 10 participants. Several more
adequately powered studies have shown that during the first
days of smoking cessation, on average, cortisol levels have
been found to reduce by up to two thirds, to sub-normal
levels (al’Absi et al. 2004; Pomerleau et al. 1992, 2000,
Teneggi et al. 2002; Ussher et al. 2006a). This phenomenon
may be due to a temporary disruption of the feedback
mechanism that controls cortisol levels (al’Absi et al. 2003;
Benowitz et al. 1984).

Most attempts to quit smoking fail on the first days of
abstinence (Hughes et al. 2004). Low levels of cortisol on
the first day of smoking abstinence are associated with
higher levels of the urge to smoke, tobacco withdrawal
symptoms and perceived stress (Steptoe and Ussher 2006).
Although medication such as nicotine replacement therapy
(NRT) can mitigate tobacco withdrawal (West and Shiffman
2001), cortisol levels fall to sub-normal levels even in
people using NRT at conventional doses (Steptoe and
Ussher 2006; Ussher et al. 2006a). One study has found
that a greater decline in cortisol following abstinence
predicts smoking relapse at 1 week (al’Absi et al. 2004),
although another study found no relationship between
this decline in cortisol and relapse (Ussher et al. 2006a).
The mechanism underlying the observed relationship
between a decline in cortisol and increased smoking
relapse and withdrawal is unclear. It is possible that low
levels of cortisol lead to low mood and craving for
cigarettes due to reduced mesolimbic dopamine levels
(Reuter and Hennig 2003).

We hypothesised that an intervention which restores
sub-normal levels of cortisol on the first day of smoking
abstinence would reduce the desire to smoke and
cigarette withdrawal symptoms. Findings from an uncon-
trolled study suggest that glucocorticoids could reduce
the intensity of cigarette withdrawal (Bourne 1985), but
there are no published randomised trials. We conducted a
study to examine whether giving oral hydrocortisone
(synthetic cortisol), on the first day of temporary smoking
abstinence, significantly reduces tobacco withdrawal
symptoms and the desire to smoke, relative to a placebo.
We used two doses of hydrocortisone (40 and 20 mg) and
hypothesised that there would be a dose-response effect
on withdrawal symptoms and the desire to smoke. The
trial involved a within-subject design with temporarily
abstinent participants, which is commonly used to screen
behavioural and pharmacological interventions for smoking
cessation (Ussher et al. 2001, West et al. 1999; West and
Shiffman 2001).
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Methods
Study participants

Eligible participants were smokers aged 18 to 65 years,
smoking >10 cigarettes a day for at least 3 years, smoking
their first cigarette within 30 min of waking and having an
expired carbon monoxide (CO) reading >10 ppm. Exclusion
criteria were planning to quit smoking during the next month,
receiving psychiatric treatment, having a history of severe
depression, receiving oestrogen therapy, night-shift workers,
taking corticosteroids or having cautions for corticosteroids
(British National Formulary 2010). Participants were recruited
in south west London using posters and advertisements in
local newspapers. The study took place in St George’s,
University of London. Participants provided written informed
consent and the local ethics committee gave its approval.
Individuals completing the study were paid £100.

Design and procedures

A nurse screened all volunteers via the telephone. Cautions
for using corticosteroids were further checked with each
volunteer’s physician, with consent from the volunteer.
Participants attended the laboratory in the late afternoon for
baseline assessments. Smoking status was confirmed with
an expired CO level (Smokerlyzer, Bedfont Scientific Ltd,
UK) of >10 ppm. A pre-smoking abstinence saliva sample
was provided for cortisol. Cortisol levels in a spot sample
taken in the late afternoon correlate strongly with a more
complete estimate of diurnal cortisol activity (Edwards
et al. 2001).

In this placebo-controlled double-blind crossover study,
participants completed three treatment periods (40 mg
hydrocortisone, 20 mg hydrocortisone and placebo) in a
randomised order. Oral hydrocortisone (Merck Sharp &
Dohme Ltd., UK) was administered in doses consistent
with standard treatment guidelines for cortisol deficiency
(British National Formulary 2010). Using oral hydrocortisone,
peak blood concentrations are attained in approximately 1 h
and the plasma half-life is approximately 100 min (Medicines
and Healthcare Products Regulatory Agency 2007). The
hydrocortisone and placebo (lactose) were in capsule form
and identical in appearance. They were pre-packed in bottles
and consecutively numbered for each person according to the
randomisation schedule. Each individual was assigned an
order number and received the capsules in the corresponding
pre-packed bottle. Drug packaging and randomisation was
completed by an independent company (Nova Laboratories
Ltd, UK). Independent pharmacists dispensed active or
placebo capsules according to a computer-generated random-
isation list, using simple randomisation.
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The day following laboratory baseline assessments,
participants rated their desire to smoke and withdrawal
symptoms at 2, 4 and 6 h after waking. This provided a
baseline/pre-smoking abstinence assessment of symptoms.
Participants then underwent a period of temporary abstinence
from smoking. They were instructed not to smoke, or use
nicotine products, from 11 pm until after attending an
assessment the following afternoon. Previous studies show
that, among relatively heavy smokers, 12 to 15 h of temporary
smoking abstinence is sufficient to induce significant cravings
and withdrawal symptoms (Ussher et al. 2001, 2006b; West
et al. 2006). They received a telephone reminder to abstain
from smoking. Following overnight abstinence, participants
were instructed to take the treatment capsule on waking, so
as to mimic the normal morning rise in cortisol (Pruessner
et al. 1999). They then rated the desire to smoke and
withdrawal symptoms 2, 4 and 6 h after taking the treatment.
Following a washout period of 3 to 5 days, during which
participants smoked as usual, the above procedure (i.e.
overnight smoking abstinence, treatment on waking and
ratings of symptoms) was repeated for the remaining two
treatments.

Measures

Demographic and smoking characteristics, including the
Fagerstrom Test for Nicotine Dependence (FTND, Heatherton
et al. 1991) and expired CO were measured at the baseline
assessment. Although people receiving psychiatric treatment
were excluded, some participants might have undiagnosed
depression and depression has been associated with hyper-
cortisolism (Carroll et al. 2007); therefore, the Beck
Depression Inventory (BDI) was administered (Beck et al.
1988). Overnight smoking abstinence was confirmed by an
expired CO reading of <8 ppm.

To determine salivary cortisol, participants inserted a
cotton roll in their mouth for a timed period of 2 min and
returned the roll to a salivette (Sarstedt, Germany). For the
pre-smoking abstinence measure of salivary cortisol, to
minimize any acute effects of smoking on cortisol,
participants were required to abstain from smoking for at
least 30 min before the samples (Reuter et al. 2002). They
were instructed not to drink alcohol or take vigorous
exercise on the day until after the samples had been taken,
or to eat or drink (except water) for 30 min before the visit.
Before assay, the saliva samples were stored at —20°C.
Samples were thawed and then spun at 3,500 rpm for
10 min to recover the saliva. Cortisol concentration was
determined by an enzyme-linked immunoassay developed
specifically for the determination of cortisol in saliva
(Salimetrics LLC). Assay reliability met the manufacturer’s
specifications.

Subjective withdrawal symptoms and the desire to
smoke were assessed using a variant of the Mood and
Physical Symptoms Scale (MPSS, West and Russell 1985),
which has good psychometric properties (West and Hajek
2004; West and Ussher 2010; West et al. 2006). The
standard withdrawal symptoms assessed were irritability,
depression, hunger, anxiety, restlessness and poor concen-
tration. For example, ‘How irritable do you feel right now?’
(1 = not at all, 4 = somewhat, 7 = extremely). An item on
the desire to smoke was added (‘How strong is your desire
to smoke right now?’) which has been used before in
laboratory studies on craving (Ussher et al. 2001, 2006b;
West et al. 1999). Additionally, due to the relationship
between cortisol and stress, the MPSS was used to assess
symptoms of tension and stress. Participants were given a
palm-top computer (Palm, Tungsten E2) to record their
ratings and to receive prompts of when to make ratings.
Compliance with electronic assessment tends to be higher
than for paper-based assessment (Stone et al. 2003).

Statistical analysis and sample size

The primary outcome was the desire to smoke during the
morning of administration of the treatments, while control-
ling for pre-smoking abstinence desire to smoke. Secondary
outcomes were the desire to smoke and withdrawal
symptoms following the treatments. Using the desire to
smoke as the primary outcome, it was estimated that a
sample size of 50 completing the study would be sufficient
to detect a difference of 0.4 standard deviations (SDs) of
the difference between the hydrocortisone and placebo
treatment scores at 80% power and a significance level of
5%. As there were no prior data, it was not possible to
determine the SD of the difference between the two
treatment scores; however, existing data suggested that the
SD of the raw scores for the desire to smoke would be
approximately 1.5 (Ussher et al. 2001, 2006b; West et al.
2006) and the SD of the difference between paired
treatment scores would be expected to be less than this.
Therefore, the study had the power to detect a difference in
symptom scores of 0.6.

Cortisol data were strongly positively skewed; therefore,
logarithmic transformations were used. Repeated measures
analysis of variance (ANOVA) and paired ¢ tests were used
to examine differences in log cortisol levels between pre-
smoking abstinence and after each of the three treatments.
There is evidence from one study that the decline in cortisol
on the first day of smoking cessation is more pronounced
for men than women (Duskova et al. 2010) and another
study found the reverse effect (al’Absi et al. 2004).
Therefore, on an exploratory basis, we examined the
change in cortisol between pre-smoking abstinence and
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following placebo by gender. Change in cortisol between
these two points was normally distributed, and therefore,
transformation was not needed for this analysis.

For the main analysis, for the desire to smoke and for
each withdrawal symptom, the mean of the three scores (i.e.
at 2, 4 and 6 h after waking and taking treatment) was
calculated. These mean scores were then compared between
treatments (placebo, 20 mg hydrocortisone, 40 mg hydro-
cortisone) adjusting for the pre-smoking abstinence score
(mean of 2, 4 and 6 h after waking), using a within-subjects
regression model. As the hydrocortisone treatment is
intended for those experiencing a drop in cortisol following
smoking cessation, the main analysis was repeated adjust-
ing for whether a reduction in post-smoking cessation
cortisol was observed during the placebo condition. Also,
on an exploratory basis, we repeated this analysis adjusting
for gender and for ‘intention to quit smoking in the
immediate future’. In addition, the main analysis was
performed separately for each of the three time points
(2, 4 and 6 h after waking) to confirm that the use of a
mean score was not suppressing any time-specific effects.
We also calculated the actual time intervals between the
ratings (i.e. as recorded by the palm-top computers) and
compared these between treatments using ANOVA.

To confirm previous reports (Steptoe and Ussher 2006;
Ussher et al. 2006a), for the placebo condition only,
correlations were used to assess whether lower cortisol on
the afternoon of smoking abstinence is associated with
increased scores for the desire to smoke and withdrawal
symptoms (using mean of ratings 2, 4 and 6 h after taking
placebo). STATA version 10 and SPSS version 16 were
used for the analysis. The p value was set at 0.05, unless
stated otherwise.

Results

Four hundred and thirty volunteers were assessed for
eligibility between November 2007 and November 2008,
with 197 ineligible and 169 declining to participate.
Sixty-four volunteers were randomised into the trial,
eight withdrew from the study, eight were withdrawn for
non-compliance and 48 (75%) completed the study. Data on
these 48 only were analysed. A CONSORT flow diagram
and checklist can be accessed online as supplementary
material.

Following each overnight abstinence from smoking, all
those retained in the analysis were confirmed as having
expired CO readings of <8 ppm. Table 1 presents the
baseline characteristics. There were no significant differ-
ences between those completing the study and those failing
to complete for gender, age or FTND score. No participants
reported adverse events.
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Cortisol outcomes

Hydrocortisone is synthetic cortisol; therefore, hydrocorti-
sone supplementation would be expected to increase
cortisol levels, and this was investigated. For all saliva
samples, participants confirmed that they had not taken
alcohol or vigorous exercise that day and had not eaten or
drunk (except water) for 30 min before the sample. Cortisol
was strongly positively skewed; therefore, logarithmic
transformations were used. There was no evidence for a
significant ‘order effect’ (i.e. cortisol results differing
according to whether the treatment was the first, second
or third received), nor was the order/treatment interaction
significant. An overall repeated measures ANOVA com-
paring afternoon cortisol during pre-smoking abstinence
and following the three treatments was significant (F=5.9,
p=0.001, n=42, six participants each had a missing cortisol
sample due to insufficient saliva). Paired ¢ tests revealed no
significant difference between cortisol at pre-abstinence,
after the placebo treatment or after the 20 mg hydrocortisone
treatment (see Table 2). There was a significant increase in
cortisol levels after 40 mg hydrocortisone compared with
pre-abstinence, placebo and 20 mg hydrocortisone.

To confirm previous reports that most smokers experi-
ence a decline in cortisol on the first day of smoking
abstinence, we examined the numbers experiencing a
decline versus an increase in cortisol levels between pre-
smoking abstinence and the afternoon of the placebo
condition. For 48% (22/46) of participants, cortisol levels
decreased on the afternoon of abstinence following placebo
(mean (SD) decrease=6.4 (9.8) nmol/l, median=3.3,
interquartile range (IQR)=1.7-5.4), while for 52% (24/46)
cortisol increased (mean (SD) increase=5.2 (8.1) nmol/l,
median=1.9, IQR=0.9-6.6). Overall there was no signifi-
cant change in cortisol following smoking cessation (mean
(SD) change=—0.3 (10.6) nmol/l, p=0.83). The change in
cortisol following smoking cessation was significantly
different for females versus males (=3.1, p=0.004). For
females, there was an average increase in cortisol (mean
(SD)=3.4 (9.3) nmol/l) and for males there was an average
decline in cortisol (mean (SD)=6.0 (10.8) nmol/l).

For two individuals, the depression scores (BDI) at
baseline were classed as moderate depression (scores of 21
and 22). However, there was no evidence of hypercortisolism
among these individuals and they showed the expected
cortisol response to the treatments; therefore, they were
retained in the analysis.

When assessing the placebo condition only, neither
cortisol concentration on the afternoon of smoking absti-
nence, nor the change in cortisol between pre and post-
abstinence, were significantly correlated with scores for the
change in desire to smoke and withdrawal symptoms
between pre and post- abstinence (n=46). These correla-
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Table 1 Baseline characteristics

(N=48) Characteristics

Age (range 18-60 years)

Full-time education (10 to 25 years)

FTND score (2 to 9)

Smoking rate, cigarettes a day (10 to 40)
Salivary cortisol level (nmol/l) (2.7 to 41.7)
CO (ppm) pre-smoking abstinence (10 to 28)

FTND Fagerstrom Test for
Nicotine Dependence, CO
expired carbon monoxide level,
ppm particles per million, BD/
Beck Depression Inventory

#Mean (SD)
® Number (%)

®Those intending to quit in the
next month were screened out as
being ineligible

BDI score (0 to 22)
Female
Caucasian

Married/living with partner

Managerial/professional occupation

Intends quitting smoking in the immediate future (but not in the next month®)

38.4 (11.5)
13.9 (3.2)*
5.6 (1.7)°
19.3 (6.3)
10.2 (8.3)
153 (4.4)
5.5 (5.7)°
33 (69)°
41 (85)°
16 (33)°
12 25)°
22 (46)°

tions remained non-significant when conducting a separate
analysis for males and females.

Outcomes for withdrawal symptoms and the desire
to smoke

For the main analysis scores for the desire to smoke and for
each of the seven withdrawal symptoms (mean of scores 2,
4 and 6 h after taking treatment, see Table 3) were
compared between the three treatments, adjusting for pre-
smoking abstinence scores (Table 4). For most comparisons
there was a significant ‘order effect’ (p=0.019 to 0.049),
with ratings being higher for the first period of treatment
compared with the second and third periods, but the order/
treatment interactions were not significant. Therefore, all
analyses were adjusted only for order of treatment.
Compliance with the instruction to complete ratings every
2 h after waking was high both for pre-abstinence and
following each treatment (mean (SD) time interval

(minutes) between ratings for all time points combined
(i.e. 2, 4 and 6 h after waking): pre-abstinence=122.3 (7.1),
placebo=121.4 (11.0), 20 mg=121.4 (8.7), 40 mg=120.5
(8.3)) and there were no significant differences in mean
time intervals between treatments. For two symptoms,
ratings between the treatments were significantly different,
and for three symptoms, the findings approached signifi-
cance. Specifically, there was a significant trend for lower
scores for depression and anxiety with higher doses of
hydrocortisone. In addition, scores for hunger, poor
concentration and tension tended to be lower for hydrocor-
tisone versus placebo, with the findings approaching
significance (p=0.056 to 0.086). The effect of hydrocorti-
sone on withdrawal symptoms and the desire to smoke did
not differ significantly between participants who showed a
decline in cortisol following smoking cessation and those
who did not experience this decline. The effect of the
treatments on symptoms did not differ significantly by
gender, although a trend was noted for greater reduction in

Table 2 Comparison of afternoon cortisol levels at pre-smoking abstinence and following each treatment (during smoking abstinence) (only

includes those with data for all four measures, n=42)

Ratio of geometric means (95% Cls)

p values for ¢ tests, using logarithmic transformed data

Geometric mean (nmol/l)

Versus pre-abstinence

Versus placebo Versus 20 mg HC

Pre-abstinence 8.4

Placebo 8.5 1.0 (0.8 to 1.3)
p=0.885

20 mg HC 7.4 1.1 (0.9 to 1.5) 1.1 (0.8 to 1.6)
p=0.347 p=0.475

40 mg HC 13.3 1.6 (1.2 to 2.2) 1.6 (1.2 to 2.1) 1.8 (1.3 to 2.5)
p=0.005%* p=0.005* p=0.001%*

HC oral hydrocortisone, CI confidence interval

*p<0.008 indicates statistical significance (adjusted for multiple testing)
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Table 3 Mean (SD) ratings of

withdrawal symptoms and the Withdrawal/desire to smoke item Pre-smoking abstinence Placebo 20 mg HC 40 mg HC

desire to smoke (mean of three

ratings at 2, 4 and 6 h after Desire to smoke 3.8 (1.1) 4.6 (1.4) 44 (1.3) 4.5 (1.5)

waking/taking treatment, Irritability 2.6 (1.3) 3.7 (1.6) 34 (1.4) 3.6 (1.3)

score ranges from 1 to 7) at Depression 1.9 (1.0) 20(13)  2.6(1.1) 23 (1.0)

pre-smoking abstinence and

following smoking abstinence Hunger 2.7 (1.1) 3.2(0.9) 3.1 (1.0) 3.0 (1.2)

for each treatment (n=48) Anxiety 24 (1.2) 3.4 (1.5) 3.0(1.2) 3.0(1.2)
Restlessness 2.5 (1.2) 3.5(1.4) 3.4 (1.2) 3.4 (1.2)
Poor concentration 2.7 (1.3) 3.5(1.3) 32 (1.2) 33 (1.4)
Tension 2.6 (1.4) 3.5 (1.4) 3.2 (1.3) 3.3 (1.2)
Stress 2.6 (1.4) 3.4 (1.5) 3.2 (1.3) 3.3 (1.3)

HC oral hydrocortisone

withdrawal symptoms for men than for women. Nor did the
effect of treatments on symptoms differs according to the
intention to quit smoking. A comparison of scores
separately for each of the three time points (2, 4 and 6 h
after waking) confirmed that the use of mean scores was
not suppressing any time-specific effects of treatment.

Discussion

This is the first randomised placebo-controlled trial to
assess whether hydrocortisone supplementation alleviates
smoking withdrawal phenomena. We found that hydrocor-
tisone had no effect on the primary outcome, the desire to
smoke, on the first day of smoking abstinence. There was
some evidence for effects on secondary outcomes, with two
of eight mood symptoms showing significant reductions in
intensity with hydrocortisone, and three others showing
near significant decreases. Contrary to expectations, around
half the participants showed a rise in cortisol on smoking
abstinence, but there was no evidence that the effect of

hydrocortisone on the primary and secondary outcomes
was modified significantly by whether participants’ cortisol
rose or fell.

This study has important strengths, the chief of which is
that it is the first placebo-controlled trial of hydrocortisone
supplementation for treating smoking withdrawal. A previ-
ous uncontrolled study suggested hydrocortisone was
efficacious (Bourne 1985), but it is impossible to exclude
bias, confounding, or placebo effects, which this design
does. We also used a within-subject design, improving the
precision of our estimates of treatment effects (Perkins et al.
2006). Nevertheless, there were limitations. First, we noted
an order effect in that the first period of abstinence was
associated with higher withdrawal; an effect we mitigated
by control in the analysis. Second, unlike several previous
studies (al’Absi et al. 2004; Pomerleau et al. 1992, 2000;
Teneggi et al. 2002; Ussher et al. 2006a), there was no
overall significant reduction in cortisol levels following
abstinence. As around half of the participants experienced
an increase in cortisol on abstinence and half experienced a
decrease in cortisol, it is possible that this change in cortisol

Table 4 Comparison of ratings for the desire to smoke and withdrawal symptoms following smoking abstinence between treatments (n=48)
(adjusted for order of treatment and pre-smoking abstinence ratings of symptoms)

Withdrawal/desire to smoke 20 mg HC versus placebo 40 mg HC versus placebo 40 mg HC versus 20 mg HC p for trend
B P B* P B? p
Desire to smoke -0.16 0.46 —0.08 0.73 0.08 0.611 0.729
Irritability —0.26 0.158 —0.06 0.80 0.21 0.189 0.795
Depression -0.25 0.102 —0.60 <0.001 -0.34 0.010 <0.001
Hunger -0.17 0.120 -0.27 0.086 —-0.11 0.495 0.086
Anxiety -0.38 0.024 —0.45 0.011 -0.07 0.589 0.011
Restlessness —0.14 0.394 —0.03 0.864 0.11 0.471 0.864
Poor concentration -0.32 0.056 —-0.19 0.347 0.13 0.352 0.345
Tension -0.32 0.062 -0.22 0.228 0.10 0.449 0.224
Stress -0.22 0.200 —-0.16 0.370 0.05 0.702 0.367

HC oral hydrocortisone

# B represents the average increase or decrease in withdrawal score (range of scores=1 to 7) for the given treatment versus its comparator, adjusted for order
of treatment and pre-smoking abstinence rating. Italicized text indicates comparisons that are significantly different at p<0.05
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occurs by chance. Some previous studies have reported no
overall significant change in cortisol following smoking
abstinence (Benowitz et al. 1984; Pickworth et al. 1996)
and another study reported a significant increase in cortisol
at this time (Hughes et al. 1988); however; these studies
were all limited by small sample sizes (n=10).

Our hypothesis was that hydrocortisone supplementation
would ‘correct’ the fall in cortisol and ameliorate with-
drawal phenomena. That half the participants experienced
no fall reduced the power of the study to detect this effect.
Furthermore, there was neither a significant effect, nor a
suggestion of enhanced effect of hydrocortisone supple-
mentation on withdrawal, in those showing a fall in cortisol
on abstinence.

There was no evidence for gender significantly modifying
the effect of treatment on withdrawal symptoms. However,
there was a tendency (non-significant) for greater reductions
in withdrawal symptoms for men and specifically for men
who had previously shown a drop in cortisol post-abstinence.
These putative findings would need to be further researched as
this study was not powered to identify differential effects by
gender. In addition, we observed a significantly greater
decline in cortisol following smoking cessation for men
versus women. This finding is consistent with that of Duskova
et al. (2010), but another study (Ussher et al. 2006a) did not
find any gender difference and a third study found a greater
reduction in cortisol for women versus men (al’Absi et al.
2004). Our finding also conflicts with the evidence that
men do not have more difficulty quitting smoking than
women (Killen et al. 2002; Velicer et al. 2007) and may
have less difficulty (Bjornson et al. 1995; Cepeda-Benito
et al. 2004; Piper et al. 2010; Wetter et al. 1999). Further
work is needed to determine whether the gender difference
found here is reliable and to consider whether it relates to
evidence that men have higher cortisol response to acute
psychological stress compared with women (Kudielka and
Kirschbaum 2005).

In contrast to previous findings (Ussher et al. 2006a), we
found no evidence for lower cortisol on the first morning of
smoking abstinence being significantly correlated with the
desire to smoke or withdrawal symptoms. The difference in
findings could be explained by differences in the design of
the two studies. First, the previous study recruited smokers
undergoing a quit attempt, whereas participants in the
present study underwent temporary abstinence. Requiring
only temporary abstinence is an approach commonly used
to screen behavioural and pharmacological interventions for
smoking cessation (Ussher et al. 2001; West et al. 1999;
West and Shiffman 2001), and the present study and
previous studies using this approach have observed similar
increases in smoking withdrawal and the desire to smoke as
found among those trying to quit, when using the same
measures (e.g. Ussher et al. 2003; West and Willis 1998).

However, it is possible that the previously observed
associations between low cortisol, withdrawal symptoms
and relapse are partly a psychological phenomenon related
to a quit attempt. This observation also lessens the
importance of the finding that cortisol levels increased in
about half of abstinent smokers, as again this may be due to
the sample only undergoing temporary abstinence, although
several previous studies have observed a significant decline
in cortisol on the first day of temporary smoking abstinence
(Teneggi et al. 2002; Pomerleau et al. 1992, 2000). Using
participants involved in a quit attempt is not possible in a
crossover study of this kind. To increase the clinical
relevance of the sample, one solution might be to
exclusively recruit smokers intending to quit (in the present
study around half of the participants said they were
intending to quit in the immediate future, although not in
the next month, as this would have made them ineligible,
see Table 1), although the intention to quit did not appear to
influence the effects of the treatments on withdrawal
symptoms. Also, a possible disadvantage of focusing on
those intending to quit is that some participants may not
comply with the protocol through attempting to use
temporary abstinence as a ‘springboard’ for a quit attempt,
as has been found in previous studies requiring temporary
abstinence (e.g. Ussher et al. 2001, 2006b). A second
methodological difference is that in the previous study
cortisol levels on the first afternoon of smoking abstinence
were correlated with the desire to smoke and withdrawal
symptoms across the first week of abstinence; whereas in
the present study, afternoon cortisol on the first day of
abstinence was related to symptoms across the morning
preceding the cortisol assessment. Studies are needed to
establish whether low cortisol on the first day of a quit
attempt reliably predicts the subsequent desire to smoke
and withdrawal symptoms.

We found no effects of hydrocortisone on the desire to
smoke but the effects were evident for depression and
anxiety and we now examine the cause and consequence of
these effects. Depressed mood is associated with a lower
likelihood of smoking cessation and two antidepressants,
bupropion and nortriptyline, have been shown to be
effective in enhancing cessation (Hughes et al. 2007).
Selective serotonin uptake inhibitors are effective antide-
pressants (Cipriani et al. 2010) but are ineffective in
improving smoking abstinence rates when used as aids to
cessation (Hughes et al. 2007). They do, however,
ameliorate the adverse mood changes and other mood-
related changes occurring after cessation (Covey et al.
2002). Other evidence suggests that the key withdrawal
phenomenon causing the return to smoking is the strength
of the desire to smoke (Killen and Fortmann 1997; Swan
et al. 1996; West et al. 1989), and failure of hydrocortisone
to influence the desire to smoke is an important negative

@ Springer



50

Psychopharmacology (2011) 216:43-51

finding. It is also noteworthy that the observed effects of
hydrocortisone on mood symptoms were not modified
significantly by whether participants’ cortisol rose or fell
following abstinence. This finding perhaps suggests that the
effect of hydrocortisone on depression and anxiety is due to
the general effects of steroids in enhancing mood (Plihal
et al. 1996), but it might indicate that steroids have a role in
mood changes after cessation. If the latter is true, it could
be that steroids would be effective in ameliorating post-
cessation depression and anxiety. Depression develops in
up to 1 in 10 smokers after cessation and the incidence is
perhaps twice this in people with a past history of
depression (Hughes 2007). Clinical trials of hydrocortisone
in post-cessation depression would be needed to examine
this. In severe mood disturbance, clinicians could choose to
use small to moderate doses of hydrocortisone and for
short-term use as this has few adverse side effects (British
National Formulary 2010).

In summary, this placebo-controlled trial showed no
short-term effects of hydrocortisone on withdrawal phe-
nomena, except those that could be explained by non-
specific mood-enhancing effects of steroids. We found that,
overall, cortisol did not fall on the first day of temporary
smoking abstinence and was not related to the primary
outcome of the desire to smoke, the variable with the most
clinical relevance. The latter findings are inconsistent with
some of the previous studies recruiting smokers involved in
an attempt to quit smoking and the present study requires
replication among those making a quit attempt.

Acknowledgement This research was supported by Cancer Research
UK grant no. C8641/A8419, with the first author as the principal
applicant. None of the authors have a financial relationship with the
funders of the study.

Financial disclosures Dr. Aveyard has undertaken paid consultancy
or research for McNeil, Pfizer and Celtic Biotechnology related to
smoking cessation. Professor West has undertaken paid consultancy
and research for McNeil, Pfizer, J&J, GSK, Nabi, Novartis and
Sanofi-Aventis, related to smoking cessation medications. The other
authors report no financial interests or potential conflicts of interest.

The protocol for this study is available by contacting the first
author.

Trial registration The effect of hydrocortisone on the desire to smoke
and tobacco withdrawal symptoms’ (http://www.controlled-trials.com/
ISRCTNS81211851/)

References

al’Absi M, Wittmers LE, Erickson J, Hatsukami D, Crouse B (2003)
Attenuated adrenocortical and blood pressure responses to
psychological stress in ad libitum and abstinent smokers.
Pharmacol Biochem Behav 74:401-410

al’Absi M, Hatsukami D, Davis GL, Wittmers LE (2004) Prospective
examination of effects of smoking abstinence on cortisol and

@ Springer

withdrawal symptoms as predictors of early smoking relapse.
Drug Alcohol Depend 73:267-278

Beck AT, Steer RA, Garbin MG (1988) Psychometric properties of the
Beck Depression Inventory: twenty-five years of evaluation. Clin
Psychol Rev 8:77-100

Benowitz NL, Kuyt F, Jacob P III (1984) Influence of nicotine on
cardiovascular and hormonal effects of cigarette smoking. Clin
Pharmacol Ther 36:74-81

Biondi M, Picardi A (1999) Psychological stress and neuroendocrine
function in humans: the last two decades of research. Psychother
Psychosom 68:114-150

Bjornson W, Rand C, Connett JE, Lindgren P, Nides M, Pope F, Buist
AS, Hoppe-Ryan C, O’Hara P (1995) Gender differences in
smoking cessation after 3 years in the Lung Health Study. Am J
Public Health 85:223-230

Bourne S (1985) Treatment of cigarette smoking with short-term high-
dosage corticotrophin therapy: preliminary communication. J
Roy Soc Med 78:649—-650

British National Formulary (2010) BNF 59, March 2010. British
Medical Journal Publishing Group, London

Carroll BJ, Cassidy F, Naftolowitz D et al (2007) Pathophysiology of
hypercortisolism in depression. Acta Psychiatr Scand Suppl
433:90-103

Cepeda-Benito A, Reynoso JT, Erath S (2004) Meta-analysis of the
efficacy of nicotine replacement therapy for smoking cessation:
differences between men and women. J Consult Clin Psychol
72:712-722

Cipriani A, La Ferla T, Furukawa TA, Signoretti A, Nakagawa A,
Churchill R, McGuire H, Barbui C (2010) Sertraline versus other
antidepressive agents for depression. Cochrane Database Syst
Rev 4:CD006117

Covey LS, Glassman AH, Stetner F, Rivelli S, Stage K (2002) A
randomized trial of sertraline as a cessation aid for smokers with
a history of major depression. Am J Psychiatry 159:1731-1737

Duskova M, Siminkova K, Hill M et al (2010) Higher levels of
salivary alpha-amylase predict failure of cessation efforts in male
smokers. Physiol Res 59:765-771

Edwards S, Clow A, Evans P, Hucklebridge F (2001) Exploration of
the awakening cortisol response in relation to diurnal cortisol
secretory activity. Life Sci 68:2093-2103

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO (1991)
The Fagerstrom Test for Nicotine Dependence: a revision of the
Fagerstrom Tolerance Questionnaire. Br J Addict 86:1119-1127

Hughes JR (2006) Clinical significance of tobacco withdrawal.
Nicotine Tob Res 8:153-156

Hughes JR (2007) Depression during tobacco abstinence. Nicotine
Tob Res 9:443-446

Hughes JR, Arana G, Amori G, Stewart F, Workman R (1988) Effect
of tobacco withdrawal on the dexamethasone suppression test.
Biol Psychiatry 23:96-98

Hughes JR, Keely J, Naud S (2004) Shape of the relapse curve and
long-term abstinence among untreated smokers. Addiction
99:29-38

Hughes JR, Stead LF, Lancaster T (2007) Antidepressants for smoking
cessation. Cochrane Database Syst Rev (1), CD000031

Killen JD, Fortmann SP (1997) Craving is associated with smoking
relapse: findings from three prospective studies. Exp Clin
Psychopharmacol 5:137-142

Killen JD, Fortmann SP, Varady A, Kraemer HC (2002) Do men
outperform women in smoking cessation trials? Maybe, but not
by much. Exp Clin Psychopharmacol 10:295-230

Kudielka BM, Kirschbaum C (2005) Sex differences in HPA axis
responses to stress: a review. Biol Psychol 69:113—-132

Medicines and Healthcare Products Regulatory Agency (2007) United
Kingdom Public Assessment Report: hydrocortisone 10 mg and
20 mg tablets. MHRA, London


http://www.controlled-trials.com/ISRCTN81211851/
http://www.controlled-trials.com/ISRCTN81211851/

Psychopharmacology (2011) 216:43-51

51

Perkins KA, Stitzer M, Lerman C (2006) Medication screening for
smoking cessation: a proposal for new methodologies. Psycho-
pharmacology (Berl) 184:628-636

Pickworth WB, Baumann MH, Fant RV, Rothman RB, Henningfield
JE (1996) Endocrine responses during acute nicotine withdrawal.
Pharmacol Biochem Behav 55:433-437

Piper ME, Cook JW, Schlam TR, Jorenby DE, Smith SS, Bolt DM,
Loh WY (2010) Gender, race, and education differences in
abstinence rates among participants in two randomized smoking
cessation trials. Nicotine Tob Res 12:647-657

Plihal W, Krug R, Pietrowsky R, Fehm HL, Born J (1996)
Corticosteroid receptor mediated effects on mood in humans.
Psychoneuroendocrinology 21:515-523

Pomerleau CS, Garcia AW, Pomerleau OF, Cameron OG (1992) The
effects of menstrual phase and nicotine abstinence on nicotine
intake and on biochemical and subjective measures in women
smokers: a preliminary report. Psychoneuroendocrinology
17:627-638

Pomerleau OF, Pomerleau CS, Marks JL (2000) Abstinence effects
and reactivity to nicotine during 11 days of smoking deprivation.
Nicotine Tob Res 2:149-57

Pruessner JC, Hellhammer DH, Kirschbaum C (1999) Burnout,
perceived stress, and cortisol responses to awakening. Psychosom
Med 61:197-204

Reuter M, Hennig J (2003) Cortisol as an indicator of dopaminergic
effects on nicotine craving. Hum Psychopharmacol 18:437—446

Reuter M, Netter P, Rogausch A, Sander P, Kaltschmidt M, Dorr A,
Hennig J (2002) The role of cortisol suppression on craving for
and satisfaction from nicotine in high and low impulsive subjects.
Hum Psychopharmacol 17:213-224

Steptoe A, Ussher M (2006) Smoking, cortisol and nicotine. Int J
Psychophysiol 59:228-235

Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR
(2003) Patient compliance with paper and electronic diaries.
Control Clin Trials 24:182—-199

Swan GE, Ward MM, Jack LM (1996) Abstinence effects as
predictors of 28-day relapse in smokers. Addict Behav 21:481—
490

Teneggi V, Tiffany ST, Squassante L, Milleri S, Ziviani L, Bye A
(2002) Smokers deprived of cigarettes for 72 h: effect of nicotine
patches on craving and withdrawal. Psychopharmacology
164:177-187

Ussher M, Nunziata P, Cropley M, West R (2001) Effect of a short
bout of exercise on tobacco withdrawal symptoms and desire to
smoke. Psychopharmacology (Berl) 158:66-72

Ussher M, West R, McEwen A, Taylor A, Steptoe A (2003) Efficacy
of exercise counselling as an aid for smoking cessation: a
randomized controlled trial. Addiction 98:523-532

Ussher M, West R, Evans P, Steptoe A, McEwen A, Clow A, Hucklebridge
F (2006a) Reduction in cortisol after smoking cessation among users
of nicotine patches. Psychosom Med 68:299-306

Ussher M, West R, Doshi R, Sampuran AK (2006b) Acute effect of
isometric exercise on desire to smoke and tobacco withdrawal
symptoms. Hum Psychopharmacol 21:39-46

Velicer WF, Redding CA, Sun X, Prochaska JO (2007) Demographic
variables, smoking variables, and outcome across five studies.
Health Psychol 26:278-287

West R, Hajek P (2004) Evaluation of the mood and physical
symptoms scale (MPSS) to assess cigarette withdrawal. Psycho-
pharmacology (Berl) 177:195-199

West RJ, Russell MA (1985) Pre-abstinence smoke intake and
smoking motivation as predictors of severity of cigarette
withdrawal symptoms. Psychopharmacology (Berl) 87:334-336

West R, Shiffman S (2001) Effect of oral nicotine dosing forms on
cigarette withdrawal symptoms and craving: a systematic review.
Psychopharmacology (Berl) 155:115-122

West R, Ussher M (2010) Is the 10-item Questionnaire of Smoking
Urges (QSU-Brief) more sensitive to abstinence than shorter
craving measures? Psychopharmacology (Berl) 208:427-432

West R, Willis N (1998) Double-blind placebo controlled trial of
dextrose tablets and nicotine patch in smoking cessation.
Psychopharmacology 136:201-204

West R, Hajek P, Belcher M (1989) Severity of withdrawal symptoms
as a predictor of outcome of an attempt to quit smoking. Psychol
Med 19:981-985

West R, Courts S, Beharry S, May S, Hajek P (1999) Acute effect of
glucose tablets on desire to smoke. Psychopharmacology (Berl)
147:19-21

West R, Ussher M, Evans M, Rashid M (2006) Assessing DSM-IV
nicotine withdrawal symptoms: a comparison and evaluation of
five different scales. Psychopharmacology (Berl) 184:619-627

Wetter DW, Kenford SL, Smith SS, Fiore MC, Jorenby DE, Baker TB
(1999) Gender differences in smoking cessation. J Consult Clin
Psychol 67:555-562

@ Springer



	A randomised placebo-controlled trial of oral hydrocortisone for treating tobacco withdrawal symptoms
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study participants
	Design and procedures
	Measures
	Statistical analysis and sample size

	Results
	Cortisol outcomes
	Outcomes for withdrawal symptoms and the desire to smoke

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


