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Abstract

There is evidence suggesting that ghrelin and peptide YY (PYY) modulate stress responses and
the rewarding effects of drugs, although no research has examined the impact of exposure to

early life stress on these hormones in smokers nor during smoking cessation. This study examined
the relationships between early life adversity (ELA) and circulating ghrelin and PY'Y during

ad libitum smoking and early withdrawal in tobacco smokers (N = 98) who were interested

in cessation. We also included a comparison group of nonsmokers (N = 36). We prospectively
compared levels of hormones between smokers who were successful in quitting within a 2-week
period, smokers who relapsed during that period, and nonsmokers. Results showed that ELA

was positively associated with elevated ghrelin in nonsmokers. Among those reporting no ELA,
successful quitters had higher ghrelin levels than nonsmokers during ad libitum smoking, while
relapsers had higher ghrelin levels than nonsmokers during withdrawal. In addition, having no
ELA was associated with a decline in ghrelin from the ad libitum to abstinence sessions in
successful quitters; this withdrawal-related decline was not found in relapsers. Although effects of
ELA, smoking group, and time on PY'Y were not significant, greater PY'Y was associated with
reduced urges to smoke during withdrawal. These findings suggest the importance of considering
changes in appetite-related hormones in individuals who are dependent on tobacco. This research
provides additional indications for effects of ELA on appetite-stimulating hormones.
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1. Introduction

Accumulating research demonstrates that exposure to early life adversity (ELA) increases
risk for various behavioral and addictive problems. This increased risk is likely mediated by
alterations in reward-related pathways (Duffy et al., 2018; Lovallo et al., 2017; McLaughlin
etal., 2019) and stress response systems (Agorastos et al., 2018; al’Absi et al., 2018;
Lovallo et al., 2019a, 2019b). Research has also shown links between ELA and distress,
depression, smoking withdrawal symptoms, and smoking relapse (al’Absi et al., 2017;
Lemieux et al., 2016; Lovallo et al., 2018). Mechanisms mediating the role of ELA in
increasing risk for substance use and relapse are not known, and may involve systems

that regulate reward and stress responses. Existing research indicates that various appetite
regulating hormones are involved in reward-related pathways of the brain (Jerlhag et al.,et
al., 2006; Jerlhag et al., 2009; Malik et al., 2008; Schloegl et al., 2011) and in addiction
(Aguiar-Nemer et al., 2013; Lee et al., 2006; Leggio et al., 2012). Therefore, in this study,
we examined two appetite regulating hormones, ghrelin and peptide YY (PYY), as potential
factors associated with ELA and smoking relapse.

2. Appetite hormones, reward-related pathways, and smoking

Appetite regulating hormones interact directly and indirectly with neurobiological pathways
that mediate effects of drug use, including reward systems (Kenny, 2011; Menzies et al.,
2012; Volkow et al., 2012). For example, ghrelin, an orexigenic hormone which is released
primarily by the stomach, plays an important role in reward/reinforcement and behavior-
activating properties of drugs of abuse, such as nicotine, alcohol, and cocaine (Gomez et
al., 2015; Vengeliene, 2013). Ghrelin is also positively associated with enhanced craving
for addictive substances, such as alcohol (Leggio et al., 2012; Zallar et al., 2017). Research
shows that smokers tend to have higher levels of ghrelin than nonsmokers (Wittekind et

al., 2020); and decreases in ghrelin levels occur after a period of abstinence from tobacco
(Lee et al., 2006). Furthermore, a recent study found lower ghrelin levels in abstaining
smokers compared to nonsmokers, suggesting a possible rebound effect (Ardeshiripur et al.,
2018). Another study found that high levels of ghrelin during early smoking abstinence are
associated with increased risk for smoking relapse, independent of withdrawal or craving
(al’Absi et al., 2014). These observations suggest a positive association between smoking
and ghrelin levels, an association that is reversed during abstinence, particularly among
those likely to remain abstinent.

Less research has focused on PY'Y, an anorexigenic hormone released from cells in the
ileum and colon in response to food intake. Studies indicate that PYY interacts directly

and indirectly with neurons in brain regions linked to the rewarding effects of drugs,
including the mesolimbic dopaminergic pathway (Batterham et al., 2007; Stadlbauer et al.,
2014). Although PYY’s involvement in smoking relapse is not yet clear, preliminary results
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indicate that higher PY'Y may be linked with reduced tobacco craving and increased positive
affect during smoking abstinence (al’Absi et al., 2014). However, one study found that
smoking relapse was associated with increases in PY'Y during early abstinence (Lemieux
and al’Absi M, 2018).

3. Appetite hormones and ELA

Relatively little research has investigated the relationship between ELA and appetite
hormones. One preclinical study focusing on the link between early life stress and ghrelin
showed that exposure to early stress in mice was associated with reduced ghrelin, especially
in females (Yam et al., 2017). To date, only one study has examined the association between
ELA and ghrelin in humans and it found that early life stress was associated with higher
acylated ghrelin (Yousufzai et al., 2018). Though no studies have examined PYY in the
context of ELA, a few preclinical studies have examined the link between neuropeptide Y
(NPY) and early life stress (Grove et al., 2001; Miragaia et al., 2018). NPY is expressed in
multiple sensory, cerebral, and autonomic pathways; and NPY receptors mediate effects of
PYY and directly regulate its function. These studies demonstrate that maternal deprivation
in rats is associated with decreased NPY mRNA expression in the hypothalamus (Maniam et
al., 2014; Mela et al., 2012) and reduced NPY in the hippocampus and the striatum (Husum
and Mathé 2002).

4. This study

To our knowledge, no study has investigated the extent to which ELA alters ghrelin and
PYY release in smokers who relapse or successfully quit smoking. Therefore, this study
addresses that gap. We report novel findings related to the influence of ELA on levels of
circulating ghrelin and PYY during ad libitum smoking and early withdrawal periods among
tobacco smokers who were successful or unsuccessful at quitting smoking. We also included
a comparison group of nonsmokers to enhance the interpretability of our findings. Given

the novelty of the study, we did not have specific predictions for the influence of early life
adversity on ghrelin and PY'Y within the context of smoking cessation. Based on earlier
findings, however, we expected that ELA would be associated with elevated ghrelin among
nonsmokers. This research will help define the potential role of ELA in altering mechanisms
of reward, appetite-stimulating hormones, and risk for smoking relapse. We also obtained
subjective measures of craving, withdrawal symptoms, and positive and negative affect to
assess the impact of tobacco use and nicotine withdrawal.

5. Method

5.1.

Protocol/procedures

Flyers and community postings were used to recruit smokers and nonsmokers to participate
in a study on stress, pain processing, and smoking cessation. Interested individuals attended
a medical screening to provide informed consent and to determine eligibility, which
required: weight within 30% of the Metropolitan Life Insurance norms; no self-reported
physician care for acute nor chronic physical or mental health in the last year; consuming
an average of two or fewer alcoholic beverages per day; and no use of prescription nor
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recreational drugs (with exception of contraceptives). In addition, smokers had to report
smoking a minimum of 10 cigarettes per day for two or more years; they had to express a
desire to quit.

Eligible participants completed two lab sessions, the first of which took place when smokers
were smoking ad libitum. The second session took place approximately 48 h after smokers
initiated a quit attempt; and they were required to remain abstinent from all tobacco and
nicotine for the 48 h between quit initiation and start of the second lab. Abstinence was
verified via self-report and by expected reductions in exhaled carbon monoxide levels at

the abstinent session. Each lab session began with a resting period, after which participants
provided a blood sample (for testing ghrelin and PYY) and they completed measures about
their subjective states, withdrawal symptoms, and craving. After the second lab, participants
completed several follow-up visits at which smoking relapse was assessed. Here, we focus
on early relapse data collected during weekly follow-up visits after the second lab (Fig. 1).
All recruitment and study procedures were approved by the Institutional Review Board at
the University of Minnesota.

6. Measures

Participant Characteristics.

At the medical screening, participants completed several questionnaires regarding their
demographics, smoking history, and nicotine dependence (FTND; (Heatherton et al., 1991)).
Smokers also rated their desire to quit smoking on a scale that ranged from 1 (170 desire) to 7
(very strong desire). In addition, lab staff recorded the height and weight of all participants,
which were used to calculate Body Mass Index (BMI).

ELA Groups.

Participants completed a questionnaire based on Anda et al.,’s (Anda et al., 1999)

measure of Adverse Childhood Experiences (ACE), which allowed assessment of the
presence or absence (scored 1 and 0, respectively) of 8 types of ELAs: verbal abuse,
physical abuse, sexual abuse, battered mother, household substance abuse, household mental
illness, household member incarceration, parental separation or divorce. Total scores were
calculated by summing across the 8 types of ELASs; and participants were binned into three
categories for analysis: No ELA (ACE = 0), Low ELA (ACE = 1), and High ELA (ACE >=
2).

Smoking Groups.

At follow-up visits, participants reported daily tobacco use occurring after their quit date.
These data were subsequently used to divide smokers into two groups for analysis: Relapsers
and Successful Quitters. We defined relapse as 7+ consecutive days of daily tobacco use;
and we classified participants as Relapsers if two conditions were met: (a) reported using
tobacco daily for 7+ consecutive days and (b) no more than 7 days elapsed between their
quit date and their first day of daily tobacco use within the string of 7+ days. Smokers who
did not meet these criteria were classified as Successful Quitters; and Nonsmokers recruited
in the same study were included as a comparison group.
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Ghrelin & PYY.

Blood samples were collected in EDTA tubes after an initial rest period at the beginning
of each of the two lab visits. Samples were treated with AEBSF for stabilization (Blatnik
and Soderstrom 2011); and samples were tested for plasma total ghrelin and PY'Y using
ELISA kits from EMD Millipore (St. Charles, Missouri; human ghrelin kit # EZGRT-89K;
human PYY kit # EZHPYYT66K). All processing and testing followed the ELISA kit
manufacturer’s instructions.

Affective measures.

Participants rated the extent to which they were currently experiencing several subjective
states and physical symptoms using a response scale that ranged from 0 (Not at all) to

7 (\Very Strong). Responses to several items were summed to create indices of positive
affect (calmness, cheerful, content, controllability, interest), distress (impatience, irritability,
restlessness, anxiety), and smoking withdrawal (/rritability, restlessness, anxiety, anger,
depressed or sad mood, difficulty concentrating, hunger); and craving was assessed using

a single item (desire to smoke; (al’ Absi et al., 2007)). Smokers also completed the
Questionnaire on Smoking Urges — Brief (QSU-b), which is purported to measure smoking
urges associated with positive outcomes of smoking (F1) and smoking urges associated with
alleviation of negatives states (F2; (Cox et al., 2001)).

7. Analytic approach

Baseline characteristics were examined and summarized using counts, means, and standard
deviations. Differences in baseline characteristics that were relevant to both smokers and
nonsmokers were examined using chi-square (and adjusted standardized residuals with
Bonferroni adjusted p-values for two-sided tests) and 3 (ELA: No ELA, Low ELA, High
ELA) x 3 (Smoking Group: Nonsmokers, Successful Quitters, Relapsers) ANOVA. Baseline
characteristics that were only relevant to smokers were examined with 3 (ELA: No ELA,
Low ELA, High ELA) x 2 (Relapse Status: Successful Quitters vs. Relapsers) ANOVA.

Previous research indicates significant differences in PY'Y based on BMI (Cooper 2014);
and significant differences in ghrelin based on BMI, age, and sex (e.g., (Lemieux and
al’Absi, 2018; Makovey et al., 2007; Rigamonti et al., 2002). We also observed significant
relationships between these factors and the hormones in our study; therefore, these factors
were included as covariates in our analysis of these hormones. Mixed ANCOVA was used
to examine the relationships between ELA (3: No ELA, Low ELA, High ELA), Smoking
Groups (3: Nonsmokers, Successful Quitters, Relapsers), and Time (2: Session 1 — ad
libitum, Session 2 - withdrawal) on ghrelin and on square-root transformed PY'Y. Residuals
approximated a normal distribution for both analyses. All significant Omnibus tests were
followed-up with simple effects tests and pairwise comparisons to which Bonferroni
adjustments were applied to account for multiple comparisons.

Mixed ANOVA was used to examine the relationships between ELA (3: No ELA, Low ELA,
High ELA), Smoking Groups (3: Nonsmokers, Successful Quitters, Relapsers), and Time
(2: Session 1- ad libitum, Session 2 - withdrawal) on positive affect and distress. We also
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used mixed ANOVA to examine the relationships between ELA (3: No ELA, Low ELA,
High ELA), Relapse Status (2: Successful Quitters, Relapsers), and Time (2: Session 1 — ad
libitum, Session 2 - withdrawal) on craving, smoking urges, and withdrawal.1

When there was no evidence that residuals deviated substantially from a normal distribution,
significant Omnibus tests were followed-up with simple effects tests and pairwise
comparisons to which Bonferroni adjustments were applied to account for multiple
comparisons. When there was evidence that ANOVA residuals deviated substantially

from normal, we employed generalized linear mixed models with a random intercept to

test the same sets of predictors. These models utilized a gamma distribution and log

link; Sattherwaite approximation and robust covariances were implemented. Significant
omnibus tests were followed-up with pairwise comparisons to which sequential Bonferroni
adjustment was applied. All analyses were performed using SPSS Version 24.

8. Results

8.1. Baseline characteristics

The final sample consisted of 134 participants (63 female), the majority of whom identified
as Caucasian (78%, n = 105). Overall, the study included 36 nonsmokers (17 no ELA, 8 low
ELA, 11 high ELA), 54 successful quitters (13 no ELA, 11 low ELA, 30 high ELA), and
44 relapsers (8 no ELA, 13 low ELA, 23 high ELA). There were slightly more Nonsmokers
with no ELA than would be expected by chance, XZ (df 4) =10.49, p < .05, adjusted
standardized residual = 2.9, but no other group sizes deviated substantially. All participants
were between 18 and 64 years of age (M = 33.80, SD = 12.04); however, there was a
significant difference in age between ELA groups, F(2, 125) = 4.99, p < .01, partial 12 =
0.07, such that the No ELA group (EMM = 29.24, SE = 1.93) was substantially younger
than the High ELA group (EMM = 37.02, SE = 1.55). There were no significant group
differences in BMI, which was an average of 25.51 (SD = 4.04) in this sample.

On average, smokers began using cigarettes at 16.16 (SD = 3.53) years of age; they were
moderately dependent on nicotine (FTND, M = 5.44, SD = 2.08); they reported an average
of 18.67 (SD = 6.64) cigarettes smoked per day; and their desire to quit smoking was

an average of 5.78 (SD = 1.02). Smokers’ mean expired CO was 24.51 (SD = 11.18) at
Session 1 (ad libitum) and 4.40 (SD = 3.28) at Session 2 (withdrawal), a difference that
was statistically significant, F(1, 91) = 261.45, p < .001, partial 2 = 0.74. There were no
differences based on ELA nor relapse status for any of these smoking characteristics (Fs <
3.78, Ps > 0.05).

1\We examined correlations between sex, ethnicity (Caucasian: yes, no), age, and FTND with smoking urges, craving, withdrawal
symptoms, and affect during acute withdrawal. Only FTND was significantly correlated with smoking urges (QSF1, QSF2) and with
craving, rs > 0.27, ps < 0.007. Including FTND as a covariate in the analyses did not change any main effects nor interactions.
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9. Appetite hormones

Ghrelin.

PYY.

Omnibus results provided evidence of a three-way interaction between ELA x Smoking
Group x Time, F(4, 91) = 2.97, p < .05, partial n2 = 0.12. A significant simple effect of ELA
was observed for Nonsmokers at Session 2, F(2, 91) = 6.64, p < .01; pairwise comparisons
indicated that Nonsmokers with High ELA had significantly higher ghrelin than their No
ELA and Low ELA counterparts. Though the effect was not statistically significant at
Session 1, a similar pattern of estimated means was obtained for Nonsmokers at Session 1
(see Table 1), suggesting that ELA may be associated with elevated ghrelin.

The simple effects for Smoking Group provide evidence of differences in how Successful
Quitters and Relapsers compared to Nonsmokers, but only among those who had not
experienced ELA. Specifically, the simple effect of Smoking Group was significant among
No ELA participants at Session 1 (ad libitum smoking), F(2, 91) = 6.97, p <.01, and

at Session 2 (withdrawal), F(2, 91) = 5.23, p < .01. Pairwise comparisons indicated that
Successful Quitters had substantially higher ghrelin than Nonsmokers at Session 1 (ad
libitum); and Relapsers had substantially higher ghrelin than Nonsmokers at Session 2
(withdrawal). Thus, although No ELA Successful Quitters tended to have elevated ghrelin
during ad libitum smoking, their ghrelin levels were no longer significantly different than
nonsmokers’ ghrelin when the Successful Quitters were experiencing withdrawal. Moreover,
a simple effect of Time emerged for these No ELA Successful Quitters, indicating that they
experienced a significant reduction in ghrelin during withdrawal compared to during ad
libitum smoking, F(1, 91) = 6.58, p < .05. There was also a significant simple effect of Time
for High ELA Nonsmokers, F (1, 91) = 7.62, p < .01, who had higher ghrelin at Session 2
relative to Session 1. No other effects were significant.

After accounting for BMI, there were no significant effects of Time, ELA, Smoking Group,
nor their interactions on PY'Y (within-subjects Fs < 3.51, Ps > 0.06; between-subjects Fs <
1.87, Ps =2 0.16).

10. Subjective measures

Distress and Positive Affect.

A significant Time by Smoking Group interaction was found for distress, F(2, 32) = 7.27,
p < .01. There was a significant Time effect for Nonsmokers, F(1, 22) = 14.39, p < .01,
who reported lower distress at Session 2 (2.89, SE = 0.48) relative to Session 1 (4.10,

SE =0.44), t1(22) = 3.79, p < .01. There was also a significant Smoking Group effect

at Session 2 (withdrawal), F(2, 79) = 5.40, p < .01, wherein Nonsmokers reported lower
distress compared to both Successful Quitters (5.13, SE = 0.65), t(64) = —2.77, p < .05, and
Relapsers (5.10, SE = 0.69), t(101) = -2.61, p < .05. For positive affect, there was a main
effect of Time, F(1, 125) = 28.50, p < .01, partial n2 = 0.19); positive affect was lower

at Session 2 (withdrawal; EMM = 14.18, SE = 0.68) compared to Session 1 (ad libitum
smoking; EMM = 17.10, SE = 0.67).
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Smoking Urges, Craving, & Withdrawal.

11.

For QSU-F1, there was a main effect of Time, F(1, 92) = 16.14, p < .01, partial 2 = 0.15;
QSU-F1 was substantially lower during withdrawal at Session 2 (EMM = 21.61, SE = 1.20)
relative to during ad libitum smoking at Session 1 (EMM = 27.50, SE = 1.33). There was
also a between-subjects effect for Relapse Status, F(2, 92) = 5.08, p < .05, partial 12 =

0.05, with Relapsers reporting greater QSU-F1 (EMM = 26.89, SE = 1.53) than Successful
Quitters (EMM = 22.23, SE = 1.39). No other main effects nor interactions, including

those involving ELA, reached significance for QSU-F1, QSU-F2, the single-item measure
of craving, nor withdrawal (Fs <= 2.69, Ps > 0.05). In addition, examination of correlations
between subjective and hormonal measures among smokers showed significant correlations
between ghrelin and craving during ad libitum smoking (r = 0.21, p < .05) and between PYY
and urges to smoke to alleviate negative states during withdrawal (r = -0.26, p < .05).

Discussion

In this study, we observed the following: 1) Nonsmokers who experienced high ELA tended
to have higher ghrelin. 2) Compared to non-smokers, successful quitters experienced higher
levels of ghrelin during ad libitum smoking, but only if they did not experience early life
adversities. 3) Successful quitters with no ELA also experienced lower levels of ghrelin
during withdrawal compared to their ghrelin levels during ad libitum smoking. 4) Among
those with no ELA, relapsers experiencing withdrawal had higher ghrelin than nonsmokers.
5) Although effects of ELA, smoking group, and time on PY'Y were not significant, greater
PYY was inversely associated with smoking urges during withdrawal.

The moderating effects of tobacco use in the association between ELA and ghrelin may
reflect chronic effects of tobacco use leading to disrupted regulation of this hormone,
similar to tobacco’s dysregulating effects on the HPA stress response (al’ Absi, 2018)

that contributes to maintenance and relapse (al’Absi et al., 2005, 2015). To interpret this
observation in context, it is important to consider the appetitive nature of ghrelin, which
contributes to the rewarding effects of drugs (Addolorato et al., 2009; Gomez et al.,

2015; Jerlhag et al., 2010; Wellman et al., 2012). Ghrelin also activates neural responses

in brain regions regulating appetitive behaviors, including the amygdala, orbitofrontal
cortex, anterior insula, and striatum (Malik et al., 2008). The present findings suggest

a potential advantage drawn from elevated ghrelin during ad libitum smoking, which
allows for a subsequent drop in ghrelin during smoking withdrawal. It is worth noting

that this potentially protective pattern of ghrelin levels was observed among successful
quitters despite these individuals reporting relatively comparable levels of craving, distress,
withdrawal, and positive affect compared to smokers who relapsed. Given that smokers
with high ELA did not experience significant decreases in ghrelin during withdrawal, these
smokers may be at a significant disadvantage during cessation. We note, however, that it is
premature to infer specific conclusions from these findings at this time.

Consistent with expected changes, reported positive affect was lower during the withdrawal
session compared to ad libitum smoking. There was also a significant negative association
between PY'Y and urges to smoke to alleviate negative states during withdrawal. The latter
correlation is consistent with our earlier findings linking high levels of PY'Y with reduced
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craving during withdrawal (al’Absi et al., 2014). While we did not replicate previous
research that found relapse was associated with elevated PY'Y (Lemieux and al’Absi, 2018),
our study examined relapse over a shorter period of time (7 days vs. 28 days in previous
research).

While it is not clear what mechanisms mediate the effects of ELA on ghrelin, it is worth
relating these findings to other observations involving stress hormonal systems. ELA is
associated with enhanced basal HPA activity and blunted adrenocortical responses to stress
(al’Absi et al., 2018). This may reflect chronic effects on stress systems triggered by
exposure to high levels of adversity early in life (Doom et al., 2014; Heim et al., 2000;
McEwen, 2007). One additional factor for the current population is the possibility that these
observations reflect long-term effects caused by ongoing stimulation by chronic tobacco
use (Bruijnzeel and Gold, 2005; Coplan et al., 2011). Nicotine increases CRF release,
contributing to elevated basal HPA activity and leading to subsequent adaptive processes
manifested by long-term dysregulation of HPA activity (al’ Absi, 2006). Therefore, in the
context of ELA and tobacco use, it is possible that chronic effects of stress and tobacco
trigger counter regulation leading to dysregulation of stress and appetite related hormones
(Fries et al. et al., 2005; Heim et al., 2000; McEwen, 2007; Tyrka et al., 2016), including
ghrelin release.

Considering the potential role of ghrelin in facilitating dopamine release in reward and
emotional processing pathways (Jerlhag, Janson, Waters, & Engel, 2012; Palotai et al.,
2013a,b), it is possible that the impact of ELA on these hormones involves dopaminergic
and emotion regulation systems. Exposure to high levels of ELA produces neurobiological
alterations (Sheridan et al., 2017; Teicher et al., 2012; Teicher and Khan, 2019) that may
also be mediated by changes in availability and sensitivity of ghrelin receptors, although no
studies have directly addressed this hypothesis. It is worth noting that there is evidence that
the reward nexus is involved in linking appetite regulation with addictive reward circuitry,
potentially implicating this nexus in the reinforcement and learning processes that promote
maintenance of tobacco addiction in vulnerable individuals (al’ Absi, 2018; Berridge et al.,
2010; Volkow and Wise, 2005). The role of ELA in altering epigenetic modifications, such
as methylation of various ghrelin-related genes should also be considered. To that end,
research has found similar influences of ELA on cortisol-related expression of different
genes (Lovallo et al., 2016; McEwen et al., 2015; Tyrka et al., 2016) that, in turn, mediate
effects of ELA on HPA responses to stress and risk for substance use.

While the results of this study are novel, we note some methodological limitations,

including subjective assessment of early life adversity, inclusion of a single reading of
appetite hormones during each assessment session, and relatively small cell sizes. In this
study, we only recruited individuals free from active and significant history of psychiatric
problems and free of other substance use problems. These exclusionary criteria may limit the
generalizability of our findings. It is important to explore the roles of appetite hormones in
mediating the effects of stress on tobacco use and relapse and to examine these associations
over longer follow-up periods. Finally, we examined total ghrelin instead of acetylated,
active, ghrelin because total ghrelin better captures the effects of nicotine (Pilhatsch et

al., 2014) and has been associated with other substance use problems (Koopmann et al.,
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2012; Leggio et al., 2012). Future research may need to specifically account for total versus
active ghrelin in the effects of ELA and tobacco withdrawal. Strengths of this study include
repeated measures and integration of biological, psychological, and behavioral measures
related to early life adversity and tobacco addiction.

In conclusion, the findings of the current study are novel because ghrelin and PYY had not
been investigated in the context of ELA with tobacco addiction or relapse. Findings indicate
that decreases in ghrelin during withdrawal were associated with successful smoking
cessation among those with no history of ELA. These findings suggest the importance

of considering changes in appetite-related hormones in individuals who are dependent on
tobacco. This research provides additional indications for potential effects of ELA in altering
or shaping appetite-stimulating hormones. The absence of reductions in these hormones
among smokers with high ELA may help explain increased risk for addictive behaviors and
relapse in these individuals.
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