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Abstract

Objectives—To determine the acute effects of cigarette smoking on hypothalamic-pituitary-
adrenal axis (HPA) hormones and subjective states as a function of the menstrual cycle in
nicotine-dependent women.

Methods—Seventeen healthy nicotine-dependent women were studied during the follicular
and/or luteal phase of the menstrual cycle. Due to observation of a possible bimodal distribution of
progesterone levels within the luteal phase group, we performed a set of a posteriori analyses.
Therefore, we divided the luteal group into a low progesterone and a high progesterone groups.

Results—Smoked nicotine activated HPA, measured by ACTH, cortisol, and DHEA response
and affected subjective states in both follicular and luteal phases, with increased “High”, “Rush”,
and decreased “Craving”. The HPA stimulation revealed a blunting of ACTH response. There was
only modest evidence for a blunting of subjective state responses in the luteal phase. However
upon post hoc analyses, the high progesterone luteal group showed a marked blunting of measures
of subjective states and a blunted ACTH response. Examining the association between hormone
and measures of subjective states revealed tentative associations of ACTH stimulation with
increased “Rush” and “Craving”, and DHEA stimulation with increased “Craving”.

Conclusions—This pilot study suggests that menstrual cycle phase differences in progesterone
levels may attenuate nicotine’s addictive effects via diminution of its reinforcing properties, and
augmentation of its aversive effects interfering with the pleasure associated with cigarette
smoking.

Corresponding author: Nathalie Goletiani, Mclean Imaging Center, 115 Mill St., Belmont, MA 02478, 617 872 4307 (phone), 617 855
3774 (fax), ngoletiani@mclean.harvard.edu.
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INTRODUCTION

Cigarette smoking is a preventable cause of death and disease, and results in about 1 of
every 5 deaths annually (CDC, 2005, 2008), with direct medical costs of at least $50 billion
per year (CDC, 1994). A few FDA approved medications for nicotine dependence have
shown a low success and high relapse rate. Sixteen percent of women age 18 or older in the
US smoke cigarettes (Centers for Disease Control, 2014), and women are less successful in
quitting smoking compared to men (Bjornson et al., 1995; Epperson et al., 2010). Therefore,
neuroactive gonadal steroids, such as estradiol (E2) and progesterone, which dominate
follicular and luteal phase, respectively, may differentially modulate women’s response to
nicotine and its treatment outcomes. Previous studies indicated that the abuse-related effects
of smoking in women are influenced by menstrual cycle phase (Carpenter et al, 2006; Gray
et al 2010, Marks et al 1999). Progesterone may augment nicotine’s aversive effects
(including withdrawal effects) and decrease its pleasurable effects (Sofuoglu and Mooney,
2009, Sofuoglu et al., 2009, Allen et al., 2008, Allen et al., 1999) and therefore may have a
therapeutic use in smoking cessation (Lynch and Sofuoglu, 2010). An underlying
mechanism for nicotine’s effects on the brain may be a striking decline in cortical GABA
levels predominantly in the follicular phase (Epperson et al 2005) and an inverse correlation
between progesterone levels and the beta 2*-nAChR availability in the cortex and
cerebellum of female smokers (Cosgrove et al., 2012) suggesting that progesterone may be a
negative allosteric modulator of the beta 2*-nAChR known to be a primary mediator of
nicotine’s reinforcing effects in the follicular phase. However, to date, no study has
examined the potential role of progesterone as an element of the neuroendocrine response to
smoking by comparing responses in women during the luteal phase of the menstrual cycle
when progesterone levels are high compared with the follicular phase when they are low.

PARTCIPANTS AND METHODS

Participants

Through online and newspaper advertisements, we recruited women who fulfilled the DSM-
IV criteria for current nicotine dependence, and who had normal and regular menstrual
cycles. We excluded treatment seeking and nicotine patch wearing women with severe
premenstrual syndrome or premenstrual dysphoric disorder who had any lifetime major Axis
I or Axis Il disorder; a body-mass index below 18 or above 27; any clinically significant
current medical problems and clinically significant abnormalities on electrocardiogram,
blood chemistry screen, hematology screen, or physical examination. We also excluded
women undergoing any hormonal treatments and/or taking birth control medications,
including contraceptives administered by orally or via other routes. This study was approved
by the McLean Hospital Institutional Review Board, and written informed consent was
obtained before any study procedures were performed.

Study Procedures

Screening evaluation—The following were obtained or conducted at the initial
screening: written informed consent; Structured Clinical Interview for DSM-1V (APA, 1994;
First et al 2002); psychiatric and medical history; Fagerstrém Test for Nicotine Dependence
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(Heatherton et al., 1991); physical examination; vital signs; routine blood chemistry and
hematology; serum pregnancy test; and urine drug screen.

Overview of study design—We carried out studies in mid-follicular phase (4-8 days
after the onset of menses) and the mid-luteal phase (18-23 days after the onset of menses)
per 28 day cycle.

Within 24 hours prior to each study day, we verified menstrual cycle status by measuring
serum levels of progesterone, luteinizing hormone, and estradiol and performing a serum
pregnancy test. We asked participants to abstain from cigarette smoking, caffeine intake
after midnight on the night before the study, and alcohol consumption 3 days prior to the
study. We conducted studies at the same time of day, beginning at approximately 10:00 am.
Prior to the smoking session, we obtained a urine sample, tested subjects for breath alcohol
(Alco-Sensor, 1V Intoximeters, Inc. St. Louis, MO) and breath CO (>10 ppm was
exclusionary). The details of the assays described elsewhere (Mendelson 2008). Participants
then underwent a smoking session and a follow-up period, as described below. After study
completion, participants remained on the clinical research ward for 2 or more hours to
ensure stability of vital signs, and were discharged when medically stable.

Nicotine dose—We used commercially available, high-nicotine content cigarettes
(Marlboro Red, Philip Morris, Richmond, VA, USA, which contained 1.2 mg of nicotine
and 16 mg of tar (Federal Trade Commision), which were identical to the cigarettes used in
our studies in men (Mendelson et al., 2005; Mendelson et al., 2008).

Nicotine administration—~Participants were studied in a semi-supine position. We
collected physiological and subjective state data at baseline (10 min before smoking
session), throughout a 12 min smoking session, and after smoking for a total of 120 min
after the beginning of the smoking session. We used a paced smoking procedure to
standardize inter-puff intervals and duration of inhalation (Griffiths et al, 1982; Mendelson
et al., 2008). Participants took one puff from a cigarette every 30 sec, held the smoke for 5
sec, and exhaled. Using this paced smoking paradigm, individuals absorbed approximately
the amount of nicotine contained in one cigarette.

Safety precautions—We monitored pulse, blood pressure, and electrocardiogram
continuously with a non-invasive patient monitor for 20 min before smoking the first
cigarette and for 2 hours after smoking session initiation as well as completion of the study.
We measured systolic and diastolic blood pressure at baseline and 5, 10, 20, 30, 40, 50, 60,
80, 100, 120 min after smoking session started.

Sample collection—We collected plasma or serum samples for analysis of ACTH,
cortisol, DHEA, progesterone, and nicotine from an intravenous catheter placed in the
antecubital vein 10 min before the smoking began, and then at 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 25, 30, 40, 50, 60, 80, and 120 min following the onset of smoking. This frequency of
sampling was based upon our previous observations that nicotine levels increase rapidly
after smoking begins and reach peak levels within 14 min (Mendelson et al., 2005;
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Mendelson et al., 2008). Details of the specimen collection and processing are described
elsewhere (Mendelson 2008).

Assay Procedures—We measured serum ACTH using an immunoradiometric assay kit
from Nichols Institute (San Juan Capistrano, CA); serum cortisol using the GammaCoat RIA
kit from DiaSorin (Stillwater, MN); plasma DHEA by Coated Tubes RIA method using kits
purchased from Diagnostic Systems Laboratories Inc. (Webster, TX); and serum nicotine
using gas chromatography mass spectrometry (Jacob et al., 2000) (for assay sensitivity and
interassay coefficients of variation, see Mendelson et al., 2008). We measured serum
progesterone using a direct, double-antibody RIA (ICN Biomedicals Inc.); the serum
samples were extracted and reconstituted in zero standard before the assay. The assay
sensitivity was 0.12 ng/ml, and the intra- and interassay coefficients of variance were 5.9
and 10.1%, respectively.

Measures of subjective states—~Participants rated how “High” they felt, how much of
a “Rush” they felt, and how much were they “Craving” cigarettes and rated their reactions to
smoking on a Visual Analog Scale (0-100 mm), using the identical method used in two
previous studies (Mendelson et al., 2005; 2008), with verbal anchors that 0 was “not at all”
and 100 was “as strongly as possible.” Participants rated subjective states at the same time
points as samples were collected for hormones.

Data Analysis

For inferential analyses, we used linear regression with adjustment of standard errors for the
correlation of observations within individuals using generalized estimating equations. This
approach accommodates well observations within and between subjects and does not require
complete case data (Fitzmaurice et al., 2011). Specifically, for the model for the mean in
comparisons of the levels of hormones or rating of subjective states between groups, the
outcome variables were hormone or subjective state measures and the predictor was group
status (modeled as indicator variables). For the model for the mean for the association
between measures of subjective states and hormones, the outcome variables were ratings of
subjective state and the predictor variables were hormone levels.

The study was designed to assess women at both phases of the menstrual cycle. However, it
was recognized that, due to the challenges in retaining women to be studied in both phases
(because of the extended experimental period), not all participants would have data at both
time points. Therefore, we planned to attempt to study women at both phases, but to perform
a statistical analysis that could validly utilize all available information from all participants,
regardless of whether they were studied at one or both phases of the menstrual cycle.

Because we observed a bimodal distribution of progesterone levels within the luteal phase
group (with 7 values below 7.0 ng/ml and 4 values above 11.0 ng/ml), we also performed
post hoc analyses in which we divided the luteal group into a low progesterone group
(baseline progesterone levels below 10 ng/ml; N=4) and a high progesterone group (baseline
progesterone at or above 10 ng/ml; N=7). Note that we had used a cut-off 5 ng/ml on the
basis of data supporting it to be valid marker of the luteal phase; e.g., it has been established
that progesterone levels of 5 ng/ml are indicative of competent secretory endometrium

J Addict Med. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goletiani et al.

RESULTS

Page 5

(Barbieri, 2013). However, since peak levels of progesterone of 10 ng/ml or greater are
necessary to achieve ultrasonographic confirmation ovulation (Hughes, 2001), it is possible
that the effects of progesterone on hormones and measures of subjective states at this higher
level would be different from those at lower levels. These observations thus provided a
theoretical rationale for examining women in the luteal phase at two different levels of
progesterone, with the hypothesis that there may be dose-dependent effects of progesterone.

We set alpha at 0.05, 2-tailed and performed all analyses using Stata, Version 9.2 (College
Station, TX).

Note that the study generated multiple comparisons, increasing the likelihood of type |
errors. However, it is likely that Bonferroni and similar correction procedures for these
comparisons would be too conservative and would potentially inflate type Il error rates,
which would obscure potential signals arising from this small study that has very limited
power. Thus, we present the results without correction. However, when evaluating the tests
of significance reported below, one must consider the greater possibility of chance
associations

Participant Characteristics

Seventeen women were studied during at least one phase of their menstrual cycle; 6
participants were studied in the follicular and luteal phases. Their characteristics (mean (SD)
at baseline were: age 26.7 (4.6) years; age of menarche 13.1 (1.7) years; years of smoking
8.7 (3.3); body-mass index 23.6 (2.6); breath CO 4.6 (2.7) ppm; serum nicotine 3.3 (1.7
ng/ml; and Fagerstrom score 5.7 (1.8). The mean (SD) serum progesterone level was 0.6
(0.3) ng/ml for participants in the follicular phase and 8.4 (3.5) ng/ml for participants in the
luteal phase; for high- and low-progesterone subgroups, the mean level was 12.7 (1.3) and
5.9 (0.5), respectively.

Nicotine Levels

For all groups, mean nicotine levels for all groups peaked within 12—-16 minutes after
smoking onset (profile depicted in Figure 1). Mean peak levels (Table 1) were similar for all
groups

HPA Axis Hormones: ACTH, Cortisol and DHEA

Smoking significantly increased levels of ACTH, cortisol, and DHEA (Figure 2) from
baseline. For all groups, the mean peak level for each hormone was significantly greater
than baseline (Figure 2; Table 1).

ACTH—Comparing the follicular with the luteal phase, neither the mean peak level nor the
AUC were significantly different (Table 1). Examining luteal subgroups compared with the
follicular group, the high progesterone luteal group showed a blunted response compared
with the follicular group, with a significantly lower peak level, and a significantly lower area
under the curve (Table 1). For the low progesterone group, the mean peak level and mean
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area under the curve were not significantly different (Table 1). The low and high
progesterone luteal groups did not differ significantly on any comparison.

Cortisol—There were no significant differences between groups (including analysis of
luteal subgroups) on peak level or area under the curve (Table 1).

DHEA—There were no significant differences between groups (including analysis of luteal
subgroups) on peak level or area under the curve (Table 1).

Subijective States: Ratings of High, Rush and Craving

Association

Smoking increased subjective reports of High and Rush, and a decrease reports of Craving
(Figure 3).

High—Comparing the follicular with the luteal phase, neither the mean peak level nor the
mean area under the curve was significantly different (Table 1). Examining luteal subgroups
compared with the follicular group, the high progesterone luteal group showed a markedly
blunted response, with a significantly lower peak level, and a significantly lower area under
the curve (Table 1). The low progesterone group showed a pattern of ratings similar to that
of the follicular group. The high progesterone group showed a blunted response relative to
the low progesterone group, with a significantly lower mean area under the curve, although
the mean peak level was not significantly different (Table 1).

Rush—Comparing the follicular with the luteal phase, neither the mean peak rating nor the
mean area under the curve was significantly different (Table 1). Examining luteal subgroups
compared with the follicular group, the high progesterone luteal group showed a markedly
blunted response, with a significantly lower mean peak level, and a significantly lower mean
area under the curve (Table 1). The low progesterone group did not differ significantly from
the follicular group on either peak levels or area under the curve (Table 1). The high
progesterone group experienced a blunted response relative to the low progesterone group,
with a significantly greater lower area under the curve, although the mean peak level was
not significantly different (Table 1).

Craving—Comparing the follicular with the luteal phase, the mean ratings of Craving were
very similar (Table 1). Examining luteal subgroups compared with the follicular group, the
high progesterone luteal group displayed a blunted response compared the follicular phase,
with a significantly higher mean nadir, although the mean area under the inverse curve was
not significantly different (Table 1). The high progesterone group also had a blunted
response relative to the low progesterone group, with a significantly lower mean area under
the inverse curve, although the mean nadir was not significantly different (Table 1).

of Measures of Hormones with Measures of Subjective States

There was a significant positive association between peak ACTH levels and peak “Rush”
ratings (Table 2). There were no significant associations of cortisol measures with ratings of
subjective states (Table 2), The only significant association was the positive association
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between area under the curve for DHEA and area under the inverse curve of Craving (that is,
greater DHEA was associated with more Craving) (Table 2).

DISCUSSION

This pilot study investigated nicotine-induced activation of the HPA axis in association with
changes in measures of subjective states as a function of the menstrual cycle phase. Smoked
tobacco activated the HPA axis (ACTH, cortisol, and DHEA) in both the follicular and
luteal phases of the menstrual cycle, and these endocrine responses paralleled serum nicotine
levels and ratings of subjective states. Upon further scrutiny, we noted that the luteal phase
women could be separated on the basis of their progesterone levels and therefore we
conducted a post hoc analysis of high and low progesterone groups, which revealed that the
high progesterone group produced an even more blunted response on ratings of subjective
state and a blunted response to ACTH. ACTH stimulation was associated with increased
reports of Rush and DHEA levels were associated with increased Craving.

The attenuation of ACTH and subjective measures related to reward in the high
progesterone group after nicotine administration may be indicative of an effect of
progesterone generally on reward circuits activated by drugs of abuse, particularly
stimulants such as cocaine (Mello, 2010). For example, in a clinical study with similarities
to the present study, Fox and associates (2013) found that ACTH and behavioral response to
cocaine cues in cocaine-dependent women was attenuated with administration of
progesterone as compared with placebo.

Despite emerging evidence of a differential response to drugs of abuse, women remain an
understudied, yet potentially more vulnerable, population when it comes to addictive
disorders. For example, while women often become addicted to drugs later in life, the
magnitude of their dependence seems to be greater and the speed with which the process
develops is faster than with men (Ziegler, 2008). Relapse appears to be more challenging
and as a result, women have a more difficult time quitting smoking (McVay and Copeland
2011). It is possible that the fluctuating hormonal milieu contributes to the difficulties in
adhering to various treatment strategies.

The similar time effect curves of plasma ACTH with serum nicotine levels and self-reports
of rush suggests that these elements are related. The inverse relationship to craving is
expected because the abstinence-induced increase in tobacco craving was quickly satisfied
after smoking onset. ACTH release may well be mediated by E2, which acts synergistically
with nicotine on several neurotransmitter systems (Centeno M.L et al., 2006, Watkins et al.,
2000).

In contrast to E2, progesterone appears to have an inverse effect on the reinforcing effects of
nicotine. HPA activation was diminished in the luteal phase with a blunted mood state
response in the high progesterone group. Although there is no established mechanism
linking progesterone with ACTH released induced by nicotine, serotonin (5-HT), dopamine
(DA) and y-Aminobutyric acid (GABA) are candidate neurotransmitters modulating the
ACTH/progesterone response to nicotine (Stone 1996). The possibility that progesterone is
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responsible for attenuating nicotine-induced activation of the HPA axis is supported,
potentially having important clinical implications as advocated by poorer smoking cessation
outcomes during the follicular phase (Allen et al., 2008).

There are two naturally higher progesterone states physiologically unique to a woman: luteal
phase (post-ovulatory) characterized by higher progesterone levels and pregnancy,
characterized by the highest concentrations of progesterone. Less tobacco consumption was
reported during the first trimester of pregnancy in 209 pregnant smokers, potentially
supporting the hypothesis that progesterone exerts a negative modulatory effect on cigarette
smoking (Pletsch PK et al 2008). Alternatively, it is equally plausible that a good deal of the
observed reduction in smoking was associated with the psychosocial pressure placed on
pregnant women to cease smoking in an interest of the health of the fetus. Nicotine
abstinence was achieved by approximately 80-90% of women after initiation of pregnancy
(CDC, 2005; Mathews & Rivera, 2004), however, as many as 70% of these women
(DiClemente et al 2000; Kahn et al., 2002; McBride et al., 1999) re-established the usual
patterns between three (Kahn et al 2002; McBride et al., 1999) and twelve months post
parturition (DiClemente et al, 2000; Kahn et al., 2002; McBride et al., 1999). Given this
evidence, we propose that increased progesterone may facilitate smoking cessation and
temporarily protect against relapse, just as it occurs naturally during pregnancy.

Several limitations of the study should be considered.

First, the major limitation was that the results were derived from a post hoc analysis on a
relatively small sample size.

Second, the study design lacked a placebo or sham-smoking (e.g., denicotinized cigarettes)
control. Thus, expectation effects might have influenced the results, especially in those
participants who underwent two smoking challenge sessions. Further, it is possible that
women studied at the second time point would develop other aspects of habituation to the
study procedures and that this habituation would influence the results of the study.

Third, because participants had undergone an overnight period of abstinence, they could be
expected to be in an early phase of withdrawal from nicotine, which may in turn have
influenced the hormonal responses and measures of subjective states. Furthermore, since we
did not have any measures of withdrawal, it is not possible to examine the potential
association of levels of withdrawal within the group with the outcomes measures under
study.

Fourth, a number of participants were studied at only one phase and consequently the lack of
data from their second phase resulted in missing data, thus raising a potential concern that
the results may be biased due to failure to observe these missing outcomes. However, for
missing data to result in a biased estimate, the mechanism for the missingness must be
related to the outcomes of interest. We believe that the reason that a participant did not
undergo a second study session would likely be unrelated to their hormonal or subjective
responses to nicotine administration. Therefore, bias due to missing data is likely to be
minimal.
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Looking at future directions, further studies are warranted to strategically administer
progesterone in postovulatory doses to simulate and prolong the luteal phase of the
menstrual cycle to potentially alter the acute rewarding effects of tobacco smoking, which
therefore may result in a reduction in smoking, prevention of rapid relapse, and facilitation
of abstinence. Such an approach would also address individual needs that are currently not
being met by conventional therapies as it would aid in the development of more specific,
possibly more successful and cost-effective sex-specific treatment for nicotine dependence
in women.

In conclusion, the results of this study suggest that menstrual cycle phase differences in
progesterone levels may modulate nicotine-induced behavioral/mood state changes that may
have an impact on its addictive potential in women.
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Figure 1.
Mean (£ SE) nicotine levels after smoking high-nicotine cigarettes during the follicular and

luteal phases of the menstrual cycle. The graph on left depicts the follicular phase in
comparison with the luteal phase; the graph on the right depicts the follicular phase in
comparison with the two luteal phase subgroups (high progesterone and low progesterone).
The 12-min cigarette smoking period is indicated by a gray rectangle. Significant changes (p
< 0.05) from the presmoking baseline in follicular phase group are indicated by #; in luteal
phase group by #; in the high progesterone luteal phase subgroup by %; and in the low
progesterone luteal phase subgroup by T.

J Addict Med. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Goletiani et al.
25
smoking ACTH
session
20 # 1
=
S
g_ Follicular
T 10
=
Q
<
S8
o Luteal

ACTH (pmol/L)

N
o

nN
o

=
«

=
5]

0

Cortisol (ng/ml)

%
o
=]

N
o
=)

w
o
=]

N
=]
=]

=
o
=)

0

Cortisol

smoking
session 4 Follicular

#

‘\ Luteal

-10 0 10 20 30 40 50 60 70 80 90 100110120

ACTH

smoking
session

Follicular

Luteal
(low progesterone)
Luteal
(high progesterone)

Cortisol (nmol/L)

600

400

-10 0 10 20 30 40 50 60 70 80 S0 100110120

Cortisol

smoking
session

Follicular

(low progesterone) S Luteal

-10 0 10 20 30 40 50 60 70 80 90 100110120

Figure2.

-10 0 10 20 30 40 50 60 70 80 90 100110120

Elapsed Time (min)

DHEA (ng/ml)

DHEA (ng/ml)

(high progesterone)

15]

15]

i

Page 13

2° DHEA

smoking
session ' #

: v

Follicular

Luteal

-10 0 10 20 30 40 50 60 70 80 90 100110120

2 DHEA

smoking
session

Follicular

Luteal ? J
(I t ),
owprogeseing) /’

(high progesterone)

-10 0 10 20 30 40 50 60 70 80 90 100110120

Mean (+ SE) ACTH, cortisol, and DHEA levels after smoking high-nicotine cigarettes
during the follicular and luteal phases of the menstrual cycle. The three graphs above depict
the follicular phase in comparison with the luteal phase; the three graphs below depict the
follicular phase in comparison with the two luteal phase subgroups (high progesterone and
low progesterone). The 12-min cigarette smoking period is indicated by a gray rectangle.
Significant changes (p < 0.05) from the presmoking baseline in follicular phase group are
indicated by #; in luteal phase group by *; in the high progesterone luteal phase subgroup by
¥; and in the low progesterone luteal phase subgroup by T.
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Mean (x SE) ratings of High, Rush, and Craving for Nicotine after smoking high-nicotine
cigarettes during the follicular and luteal phases of the menstrual cycle. The three graphs
above depict the follicular phase in comparison with the luteal phase; the three graphs below
depict the follicular phase in comparison with the two luteal phase subgroups (high
progesterone and low progesterone). The 12-min cigarette smoking period is indicated by a
gray rectangle. Significant changes (p < 0.05) from the presmoking baseline in follicular
phase group are indicated by #; in luteal phase group by *#; in the high progesterone luteal
phase subgroup by %; and in the low progesterone luteal phase subgroup by T.

J Addict Med. Author manuscript; available in PMC 2016 May 01.



Page 15

*10.448 PIBpURIS ‘3S ‘BINUIL ‘UIW ‘auoJRIsolpueldaopAysp ‘YIHQ ‘duowioy uidosoo1I000UsIP. ‘H1 DV SUOHEIABIGAY

"pazIdIfen pue pap|oq aJe SIUBIdNLB02 JurdLIuBIS Ajeonsnels

260 «(0ST) 22e 21 :(26) vvI- 0z '(8ET) 82T S HTOT)T9 [1vo1 ‘ceel z'e6 [r'sTT ‘2'86] 8'ETT [Lz1T'ssl 20T [6'80T ‘09zl 9'ge  (Gessenul) Buineid
820 ‘(T'9) ¥'€T- 6L (98)8¢C 200" ‘(r's) 29T Gz (L)L [oez'eel L's [eTz0l90 [sTT'82]€€ [7'9z ‘0'cl 60T usny
¥10° :('S) Z°€T- 7 (€6) L'L €10 ((F'8) 60z €T '(L'8)STT [6T'sTl9T [gzvolTT [s2T80l9°¢ [v0e ‘o€l 6°0T ubiH
mw>50 39y} jepun ealy
9T {(T') 'S 99 (') 0°C TV ((8T) 8-  16'(z€) TO- [or ‘0l 0 lo'olo o'alo [z'0lo (gtpeu) Buinesd
100> :(S6) 9¥9- 650" ‘(z'2T) 0'€e- TO0>:(WTT) 2Ly 96 (ETT) S0 [ooT ‘09] 08 [oz ‘sl ot [08 ‘011 09 [z ‘ov] g5 usny
€60 (8'2T) 00— 927 :(8'LT) ¥'S- €60 (9 TT)9%2 99 :(e2T) §'S [ooT ‘02] 09 [sv ‘5Tl g€ [ooT ‘02] Ov [06 ‘22] 55 ubiH
plere|ead
JSOTEIS BAO3IANS
€8 () 60— 05 (€297 85 (SY) ¥z 9y (52)6'T [e11'6216TT [021 9l 88 [e21'62196 [oz'98lsTT q/1owd ‘v3Ha
v2 {(6TT) O 6T :(19) 08 v2 {(LTT) 6 0g" *(€9) 9 [vze ‘esel 182 [ess ‘11Tl €28 [6T ‘L12] 182 [v0s ‘18T] 0S€E 7/10wu ‘josio)
v ee- 6T (52 5¢ 210 (€2 LS 650" (€2 €Y [rotzvlzs [rs'eelee [89's€los [o9T ‘2¥] 99 q/owd ‘H1OV
gONIND BY) JBpuUn ey
9e (Tv) 8e- 28 :(g€) L0- gL Ty oe 9, (2€) 0T [2ez 18l vsT [Ti1'92196 [sez'v8lozt [rvz ‘96l 5°€T q/1owd ‘'v3Ha
€6 :(121) 0T- 65" :(06) 8 09" :(TTT) 88 €5 1(92) 8 [96¢€ '962] €€ [08s ‘€91l 6.€ [6€s '882] eve [209 ‘zve] ooy 7/10wu ‘|osio)
€c iz 9 eT (g9 T8 860 '(2'9) 20T 0.0 :(8¥%) L8 [8zT ‘95l 98 [06 ‘vv]69 [v'6 26l 98 [20¢ ‘67166 J/10wd ‘H1OV
oM >eed
SauUOW.IoOH
€5 :(9€) €T og (o) 2T 09 (02 T'T- 06" :(0°€) ¥'0 [ove ‘09Tl 022 [z8z zszl 19z [Tog ‘g'81] "9z [o6z ‘50zl L2 ofere1>reed
d(39) d(39) d(39) d (39) (2=N)3uo1sab0id M0  (7=N)ouoe1sabo.d UdIH (TT=N) IV (¢1=N) seynoijjod ainses N
pIBIIB0D gluedIe0D gluedIpoD gUeR11B0D
auo Jo1sebo 1d auo Jo1sab0 1d auo Jo1sab0 1d ean (|v
MO [esIn] MO [eaIn] UBIH reeIn SA Je|noijjod
'SA YBIH [eaIn 'SA Je|ndi|jo4 'SA Jejndi|jo4 eain

J Addict Med. Author manuscript; available in PMC 2016 May 01.

Goletiani et al.

sdno 19 usemieg uosiredwo) [ebuey anrenbeiu|]sene ueips W

9[9AD [enJ1SUaIA 8yl JO saseyd [esinT
pue 1e|n21||04 8Y] Ul xUBLWOAA Ul POOJA] PUE ‘S[3AST] BUOWLIOH SIXY [euslpy/-Ateliniid-olwefey1odAH ‘S|9AaT auIodIN UO 3UNOJIN PaxoWS Uo S108)1T

T9lgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 16

Goletiani et al.

‘BuineId 10} BAIND Y} BAOQR Bale 8y} Sjuasaldal aAInd ay) Japun eale pue ‘Buiaeid Jo (Jipeu) Juiod 1samo) ayy suasaidas ead ayl reyr os ‘(Buineld-00T) BuiAeId JO 8SIBAUI BU) 0} paliodal wmw>_mc<@

Author Manuscript

*(a1eas yaea 104 00T—0 abuel) sajeas Bojeuy _m:w_>%

"00T AQ papIAIp sanjeA Xead 1oy pasn sHUn Ui passaidxa ‘U0ISsas BUIyowWsS Jo 1els Jalye ulw 0T 404 9AIND 3y Japun BaIv,

“(Buine1D JO 9sED B} 104 ‘JIpeu 1d90X3) UOISSas BUIYOoWS J0 LIS Ja)e UIW 0ZT UIYIM [9A3] v_mmn_v

"UOISS3S BUIBOLUS JO LIBIS Jo)Je Ul OZT UIYNM |9A3] dead ‘sauoLuioy pue sunodiu Jodf

'sdno.B UsamIag aduBIBHHIP UeaW pajewnss siuasaidal ‘suoirenba Buirewnss pazijessuab Buisn ‘sisAjeur uoissaifial woly USI0IB0D

q
*Kjuo aseyd feain| ui G ‘Ajuo aseyd Jejnaljjoy Ui 9 ‘aseyd [esin| pue Jejndi||o} YIog Ul 9 :P3IPNIS BJAM USLLIOM LT,

Author Manuscript Author Manuscript Author Manuscript

J Addict Med. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Goletiani et al.

Page 17

Table 2

Association of Measures of Subjective States with Hypothalamic-Pituitary-Adrenal Axis Hormone Levels in
Women in the Follicular and Luteal Phases of the Menstrual Cycle

ACTH Cortisol DHEA
Measure Coefficient® (SE); P Coefficient® (SE); P Coefficient® (SE); P
Peak levels?
High 6.0 (5.8); .31 0.30 (0.45); .51 3.6 (9.2); .70
Rush 8.5(3.9); .031 -0.10 (.45); .83 4.9 (8.4); .56
Craving (nadir) 1.4 (0.8); .061 1.1 (0.08); .14 1.4 (2.0); .50
AuCt
High 12.3(9.4); .19 -0.21 (0.36); .56 3.1(7.0); .66
Rush 7.5 (5.9); .20 -0.02 (0.22); .90 -15 (4.9); .76
Inverse of Craving 11.1 (8.0); .17 0.37 (0.35); .29 15.6 (6.4); .015

Statistically significant coefficients are bolded and italicized.

a . . A . R . . . Lo
Coefficient from regression analysis, using generalized estimating equations, scaled to represent estimated change in subjective state for each 10-

unit increase in hormone level.

bPeak level within 120 min after start of smoking session.

Area under the curve for 120 min after start of smoking session, expressed in units used for peak values divided by 100.
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