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Abstract
Objective—Based on conceptual models of addiction and affect regulation, this study examined
the mechanisms linking current major depressive syndrome (MDS) and anxiety syndrome (AS) to
postpartum smoking relapse.

Method—Data were collected in a randomized clinical trial from 251 women who quit smoking
during pregnancy. Simple and multiple mediation models of the relations of MDS and AS with
postpartum relapse were examined using linear regression, continuation ratio logit models, and a
Bootstrapping procedure to test the indirect effects.

Results—Both MDS and AS significantly predicted postpartum smoking relapse. After adjusting
for MDS, AS significantly predicted relapse. However, after adjusting for AS, MDS no longer
predicted relapse. Situationally-based self-efficacy, expectancies of controlling negative affect by
means other than smoking, and various dimensions of primary and secondary tobacco dependence
individually mediated the effect of both MDS and AS on relapse. In multiple mediation models,
self-efficacy in negative/affective situations significantly mediated the effect of MDS and AS on
relapse.
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Conclusion—The findings underscore the negative impact of depression and anxiety on
postpartum smoking relapse, and suggest that the effects of MDS on postpartum relapse may be
largely explained by comorbid AS. The current investigation provided mixed support for affect
regulation models of addiction. Cognitive and tobacco dependence-related aspects of negative and
positive reinforcement significantly mediated the relationship of depression and anxiety with
relapse, while affect and stress did not. The findings emphasize the unique role of low agency with
respect to abstaining from smoking in negative affective situations as a key predictor of
postpartum smoking relapse.
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Approximately 35-60% of women who smoke cigarettes quit after becoming pregnant
(Tong, Jones, Dietz, D’Angelo, & Bombard, 2009). The majority of these women quit
during the first trimester and stay quit until the end of their pregnancy (Solomon & Quinn,
2004). However, even after achieving these relatively long periods of abstinence, relapse
rates during the postpartum period range from approximately 45% at 2-3 months postpartum
up to 80% at one year (Mullen, 2004; Ratner, Johnson, Bottorff, Dahinten, & Hall, 2000).
Thus, the tremendous public health opportunity to protect women against tobacco-related
health problems, protect infants from environmental tobacco smoke, and decrease the risk of
poor outcomes in future pregnancies is not being fully realized.

Unfortunately, reviews have concluded that interventions designed to prevent postpartum
relapse are not effective (Agboola, McNeill, Coleman, & Leonardi Bee, 2010), although
some recent interventions show promise (French, Groner, Wewers, & Ahijevych, 2007;
Reitzel et al., 2010). The development of effective interventions for this special population
may be constrained by insufficient knowledge of the specific mechanisms underlying
postpartum smoking relapse. A more complete conceptual understanding of postpartum
smoking relapse could aid in identifying subgroups of mothers at higher risk of relapse and
in more effective tailoring of interventions to sustain long-term quitting.

Depression, Anxiety, and Postpartum Smoking Relapse
Among the more potent and consistent predictors of smoking prevalence and relapse
following a cessation attempt are mental health disorders, with depression playing a
particularly prominent role. Depression is more prevalent among smokers than non-smokers
(Ziedonis et al., 2008) with smoking rates of nearly 50% in depressed individuals. Further, a
current or past diagnosis of major depression is associated with early smoking lapses
(Japuntich et al., 2007). Pregnant smokers are also more likely to have a major depressive
disorder compared to pregnant women who do not smoke (Goodwin, Keyes, & Simuro,
2007), and those with current depressive disorders have lower abstinence rates at one month
postpartum (Blalock, Robinson, Wetter, & Cinciripini, 2006). Among women who quit
smoking during pregnancy, a history of depression is associated with postpartum smoking
relapse (Park, Chang, Quinn, Regan, & Cohen, 2009).

Compared to depression, the body of research on the role of anxiety disorders in smoking
prevalence and relapse is more limited. Nevertheless, there is evidence indicating that
anxiety disorders are associated with smoking status among both in the general population
(Ziedonis et al., 2008) and among pregnant women (Goodwin et al., 2007), and that a
current or past history of an anxiety disorder predicts relapse (Piper, Cook, Schlam, Jorenby,
& Baker, 2011). Thus, both depression and anxiety disorders play an important role in
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smoking behaviors and these relationships may be particularly important among women
(Borrelli, Bock, King, Pinto, & Marcus, 1996).

Although the relationship of depression and anxiety with smoking relapse has been
documented, few studies have examined the mechanisms underlying these relationships.
Moreover, because depression and anxiety are highly comorbid conditions, the independent
contribution of depression or anxiety to relapse is unclear (Japuntich et al., 2007; Mykletun,
Overland, Aaro, Liabo, & Stewart, 2008; Piper et al., 2010). In addition, to the best of our
knowledge, no studies have investigated the specific mechanisms linking current depression
and anxiety to postpartum smoking relapse. However, a variety of factors have been shown
to predict relapse in the general population, with a number of constructs appearing likely to
help explain the relationship of depression and anxiety with postpartum smoking relapse.
The purpose of the current study was to address this gap.

Hypothesized Mechanisms Underlying the Association of Depression and
Anxiety with Postpartum Smoking Relapse
Negative Reinforcement/Negative Affect

Conceptual models of addiction have featured affect regulation as a major mechanism
underlying addiction and relapse, with negative reinforcement playing a particularly
prominent role (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004). According to these
models, negative affect is construed as a prototypical setting event or high risk situation that,
in conjunction with cognitions, influences a person’s vulnerability to relapse. Escape,
avoidance, or relief of negative affect (i.e. negative reinforcement) is hypothesized to be a
principal motive for addictive drug use and relapse. In negative affective states, outcome
expectancies for coping with negative affect via smoking or some other response, as well as
self-efficacy for abstaining from smoking, are key mechanisms influencing whether the
individual relapses or not (Baker et al.; Witkiewitz & Marlatt, 2004).

Empirical studies have provided general support for such models in that specific indicators
of negative reinforcement such as negative affect, stress, self-efficacy in negative affect
situations, and negative affect control expectancies have been among the better predictors of
smoking relapse (Gwaltney, Shiffman, Balabanis, & Paty, 2005; Schleicher, Harris, Catley,
& Nazir, 2009; Shiffman, 2005; Shiffman & Waters, 2004; Wetter et al., 1994). In fact, self-
efficacy has been shown to partially mediate the relationship between depressive symptoms
and relapse in the general population (Cinciripini et al., 2003). In both prospective and
retrospective studies, negative affect and stress are among the most frequently identified
factors for postpartum smoking relapse (Park et al., 2009; Polanska, Hanke, Sobala, Lowe,
& Jaakkola, 2010; Solomon et al., 2007). Although there are few empirical data addressing
the influence of self-efficacy and negative affect control expectancies on postpartum relapse
(de Vries & Backbier, 1994), qualitative inquiries indicate that women frequently attribute
postpartum smoking relapse to using smoking as a means of coping with negative affect and
stressful situations (Park et al., 2009). In this study, indicators of Negative Reinforcement/
Negative Affect included negative affect, stress, self-efficacy in negative affect situations,
negative affect control expectancies, and the negative reinforcement dimension of tobacco
dependence.

Positive Reinforcement/Positive Affect
Positive reinforcement is another factor used to explain addictive drug use and relapse.
According to a multidimensional model of tobacco dependence, positive reinforcement is
characterized by the desire to smoke to experience a “high” or to enhance an already
positive feeling or experience (Piper et al., 2004). In addition, positive affect may increase
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the likelihood of relapse by signaling reward or serving to inflate the incentive value of
smoking, or increase in anticipation of smoking or as a consequence of smoking (Robinson
& Berridge, 2008). Unfortunately, affect measured when not in the specific context (e.g. the
typical questionnaire format) may make it difficult to adequately distinguish amongst these
various functions.

Compared to negative reinforcement, the relation of potential indicators of positive
reinforcement/positive affect with relapse has received less empirical support. Some
evidence suggests that positive affect predicts urges to smoke (Zinser, Baker, Sherman, &
Cannon, 1992), and is associated with relapse (Brandon, Tiffany, Obremski, & Baker,
1990), particularly when the individual has low self-efficacy to refrain from smoking in the
presence of positive affect (Velicer, DiClemente, Rossi, & Prochaska, 1990). However,
some recent prospective studies have failed to support positive affect as a predictor of
relapse (Shiffman & Gwaltney, 2008). Positive affect has also been found to protect against
smoking relapse during and following pregnancy (Levine, Marcus, Kalarchian, Houck, &
Cheng, 2010), perhaps because it may also serve as an indicator of low anhedonia or
negative affect. Thus, the influence of positive reinforcement and positive affect on
postpartum smoking relapse warrants further study. In this investigation, the indicators of
Positive Reinforcement/Positive Affect include positive affect, self-efficacy in positive/
social situations, and positive reinforcement motives for smoking.

Primary Tobacco Dependence
Tobacco dependence is a primary factor influencing relapse. Beyond the traditional concept
of physical addiction, dependence has been conceptualized as a multidimensional construct
(Piper, McCarthy et al., 2008) with one model categorizing various dimensions into higher
order factors reflecting the primary (i.e. physical) and secondary (i.e. affective, contextual)
aspects of dependence (Piper, Bolt et al., 2008). For instance, primary dependence refers to a
pattern of smoking that is heavy, automatic, unrelated to consequences and generally
unresponsive to instrumental contingencies. In contrast, secondary dependence involves
more conscious instrumental motives guided by internal or external cues and the anticipated
consequences of smoking. Greater primary dependence increases risk for relapse (Piper,
Bolt et al., 2008) and has been hypothesized to account for the affect-smoking relationship
(Baker et al., 2004).

Strong associations of tobacco dependence with depression and anxiety disorders have been
found both among the general population (Ziedonis et al., 2008) and among pregnant
women (Goodwin et al., 2007). Some markers of dependence, such as urges and number of
cigarettes smoked, have predicted postpartum relapse (Mullen, 2004; Polanska et al., 2010;
Ratner et al., 2000). However, whether specific dimensions of primary tobacco dependence
operate as mediators of the relationship between depression and anxiety with postpartum
smoking relapse remains to be determined. In this study, craving, tolerance, automaticity,
and loss of control were used to index Primary Tobacco Dependence.

Social Support
Social support has also been studied as a potential factor influencing the affect-smoking
relationship and smoking relapse. Abstinence-specific support from family, friends, and co-
workers has been associated with lower relapse rates (Gulliver, Hughes, Solomon, & Dey,
1995). Specifically, high positive support appears to promote initial periods of abstinence,
whereas low negative support predicts the maintenance of abstinence (Lawhon, Humfleet,
Hall, Munoz, & Reus, 2009). Among types of social support, partner support is particularly
important in the maintenance of abstinence and has accounted for nearly one third of the
variance in relapse in some research (Coppotelli & Orleans, 1985). Further, both social
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support and partner support can decrease negative affective states (including stress and
depression), increase positive affect, and reinforce self-efficacy (Lawhon et al.; Paykel,
1994). Research on the influence of social and partner support on postpartum relapse has
yielded mixed results. Some research suggests that partner support is not associated with
relapse (McBride et al., 1998), while other research identified partner support as a protective
factor against postpartum relapse (Polanska et al., 2010). Consequently, whether social and
partner support influence postpartum smoking relapse, and potentially account for the
relationship between affective vulnerability and relapse, remains to be empirically
determined. In this study, appraisal, belonging, and tangible dimensions of social support as
well as positive and negative partner support, served as indicators of Social Support.

Study Purpose
In sum, multiple factors have been related to relapse both in the general population of
smokers and among pregnant/postpartum women, many of which have been hypothesized to
account for the affect-smoking relationship. To the best of our knowledge, there are no
published studies that examine the mediating factors linking current depression and anxiety
syndromes with postpartum relapse to smoking. The identification of such mechanisms may
be useful in identifying treatment targets and developing effective interventions aimed at
reducing relapse in this unique population. Thus, the specific objective of this study was to
assess the mediating effects of indicators of Negative Reinforcement/Negative Affect,
Positive Reinforcement/Positive Affect, Primary Tobacco Dependence, and Social Support
on the relationship between current depression or anxiety syndrome and postpartum
smoking relapse.

Method
Participants

The current study utilized data from a randomized clinical trial evaluating the efficacy of a
postpartum smoking relapse prevention intervention (Reitzel et al., 2010). Participants were
251 pregnant women recruited from the Houston metropolitan area via a local health care
organization, and through radio, newspaper, clinic, and bus advertisements. To be eligible,
women aged 18 years or older must have smoked an average of at least one cigarette per day
during the year prior to pregnancy, have stopped smoking during their pregnancy or within
two months prior to becoming pregnant, and have a gestational age of 30-33 weeks at the
time of study enrollment. Prepartum abstinence was biochemically verified at the onsite visit
conducted between 30-33 weeks of pregnancy by an expired carbon monoxide (CO) level of
less than 10ppm (Reitzel et al., 2010). Women who reported a high risk pregnancy were
excluded from the sample.

Procedures
The study was approved by the Institutional Review Board. Written informed consent was
obtained at the baseline visit (i.e. 30-33 weeks of pregnancy). At the conclusion of the
baseline visit, women were randomized to one of three intervention groups: Usual Care
(UC), Motivation and Problem Solving (MAPS), or an enhanced Motivation and Problem
Solving (MAPS+). UC participants received self-help materials and Guideline-based (Fiore
et al., 2008) brief relapse prevention advice, whereas both the MAPS and MAPS+ groups
were provided with six telephone counseling sessions (weeks 34 and 36 prepartum, and
weeks 2, 4, 7 and 16 postpartum). MAPS+ participants also received in-person counseling
sessions at the baseline and 8 week visits. Follow-up data were collected at 8 and 26 weeks
postpartum. Attrition rates were 20.7% at week 8, and 25.9% at week 26. More in-depth
details regarding the study design, treatments, and outcome have been published previously
(Reitzel et al., 2010).
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Measures
All demographics, diagnoses, and proposed mediator variables were measured at the
baseline visit. The outcome variable (i.e., relapse) was assessed at 8 and 26 weeks
postpartum.

Demographics—Demographic data included age, partner status, education, and race/
ethnicity.

Major Depressive Syndrome and Anxiety Syndrome—Major Depressive Syndrome
(MDS) and Anxiety Syndrome (AS) were derived using the Patient Health Questionnaire
(PHQ; Kroenke, Spitzer, Williams, & Lowe, 2010), a widely used screening instrument that
utilizes diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV;American Psychiatric Association, 2000). The PHQ MDS scale is composed of 9
items capturing how much the person was bothered by each depressive symptom during the
last 2 weeks. Response options are not at all, several days, more than half the days, and
nearly every day. Presence of MDS is indicated by endorsement of five or more symptoms
at the more than half the days/nearly every day level, including at least one of the first two
criteria (i.e. little interest or pleasure in doing things; or feeling down, depressed, or
hopeless). The item related to suicidal thoughts is counted toward the total if endorsed as
several days or more. The PHQ AS scale is comprised of 7 items with response options of
not at all, several days and, more than half the days. Presence of AS is indicated by
endorsement of the first criteria (i.e. feeling anxious or worrying a lot) and three additional
symptoms at the more than half the days level for the last 4 weeks. The PHQ has been
shown to be a reliable and valid screener for a diagnosis of depression and anxiety disorders,
and is highly related, with good sensitivity and specificity, to clinical diagnoses of Major
Depressive Disorder and Generalized Anxiety Disorder. Internal reliability coefficients are .
86-.89 for the depression scale and .92 for the anxiety scale (Kroenke et al., 2010).

Affect—Affect over the previous week was measured by the Positive and Negative Affect
Schedule (PANAS; Watson, Clark, & Tellegen, 1988) which consists of 20 adjectives
comprising two subscales: Positive Affect and Negative Affect. Subscale scores range from
10 to 50, and higher scores indicate higher positive and negative affect. The PANAS is a
reliable and valid measure of affect (Crawford & Henry, 2004) and the subscales predict
relapse (Businelle et al., 2010).

Stress—The short form of the Perceived Stress Scale (PSS; Cohen, Kamarck, &
Mermelstein, 1983) is a 4-item instrument designed to measure the degree to which
individuals perceive their lives as stressful. Scores range from 0 to 16 and higher scores
indicate greater perceived stress. Internal consistency is high (Nosek, Hughes, & Wright,
2003) and elevated scores are predictive of relapse (Wetter et al., 1994).

Self-efficacy—The Self-efficacy/Confidence Inventory is a 9-item scale that measures
confidence for coping with high-risk situations without smoking (Velicer et al., 1990). In
addition to a total score, this instrument comprises three subscales: Positive/Social,
Negative/Affective, and Habit/Addictive. Higher scores are indicative of increased self-
efficacy, and predict a lower likelihood of relapse (Businelle et al., 2010).

Negative affect control expectancies—The Affective Information Processing
Questionnaire (AIPQ; Wetter, Brandon, & Baker, 1992) measures expectancies related to
affect regulation. Participants read 10 vignettes characterized by negative affect and rate the
controllability of their negative affect in that situation both by smoking and by means other
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than smoking. Higher scores are related to greater likelihood of relapse (Businelle et al.,
2010).

Tobacco dependence—The Wisconsin Inventory of Smoking Dependence Motives
(WISDM; Piper, Bolt et al., 2008) was used to assess tobacco dependence. The WISDM is a
multidimentional measure of dependence composed of 13 subscales that are further grouped
into two higher order dimensions yielding scores for Primary Dependence (Automaticity,
Craving, Loss of Control, and Tolerance) and Secondary Dependence (Affiliative
Attachment, Behavioral Choice, Cognitive Enhancement, Cue Exposure, Negative
Reinforcement, Positive Reinforcement, Social Environmental Goads, Taste/Sensory
Processes, and Weight Control). Of particular interest in the current study were the Primary
Dependence subscales and the Secondary Dependence subscales relevant to the proposed
conceptual models (i.e. Negative Reinforcement, Positive Reinforcement). However, each of
the WISDM subscales was examined as a potential mediator. The WISDM has adequate
internal consistency, and higher scores are predictive of smoking relapse (Piper, Bolt et al.,
2008).

Social support—The Interpersonal Support Evaluation List (ISEL; Cohen, Mermelstein,
Kamarck, & Hoberman, 1985) is comprised of 12 items encompassing three subscales
assessing specific functions of social support including Appraisal (availability of someone to
talk with about problems), Belonging (availability of people with whom one can do
activities), and Tangible (availability of others in a time of need), as well a total score. Low
social support predicts smoking relapse (Businelle et al., 2010).

Partner support—Perceived Partner Support was assessed using a 5-item scale from
McBride et al. (1998) that provides a measure of both Positive Support and Negative
Support. The scales have good psychometric properties and have been previously validated
among pregnant women (McBride et al., 1998).

Smoking status—Continuous smoking abstinence was assessed via a self-report of no
smoking since the delivery date, and was biochemically verified by an expired carbon
monoxide (CO) level of less than 10ppm or a saliva cotinine value of less than 20ng/ml
(Reitzel et al., 2010). These measures were obtained for both the 8 and 26 week follow up
assessments. For the purpose of this study, relapse was coded as 1 and abstinence was coded
as 0. Following an intent-to-treat procedure, individuals lost to follow up were coded as
relapsed.

Data Analyses
Several conceptual models were created and tested. Each of the conceptual models (i.e.
Negative Reinforcement/Negative Affect, Positive Reinforcement/Positive Affect, Primary
Dependence, and Social Support) included specific indicators that were tested as potential
mediators both individually and in conjunction with the other indicators within the same
conceptual model.

Criteria for mediation (Baron & Kenny, 1986) of the relationship of MDS with relapse
include the following: (1) MDS (predictor variable) must be significantly associated with
smoking relapse (path c); (2) MDS must be significantly associated with hypothesized
mediator (affect, stress, self-efficacy, etc.; path a); (3) the hypothesized mediator must be
significantly related to relapse (path b); and (4) the relationship between MDS and relapse
(path c’) must be meaningfully reduced or eliminated when the mediator is added to the
model. These criteria are identical for testing mediators of the relationship between AS and
postpartum smoking relapse.
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To test the criteria for mediation, continuation ratio (CR) logit models were used to explore
the relationships between predictor variables (i.e. MDS and AS) and relapse. CR logit
models are appropriate when ordered categories represent a progression through stages (e.g.,
relapsed at week 8, abstinent at week 8 but relapsed at week 26, and abstinent through week
26;Agresti, 2002). CR logit models operate by modeling the conditional probability of being
abstinent at the current assessment point, given that the participant has been abstinent
through the most recent assessment. Second, linear regressions were performed to examine
associations between the predictor variables and hypothesized mediators. Third, CR logit
models were also used to explore the relationships between hypothesized mediators and
relapse, controlling for the predictor variable (Baron & Kenny, 1986; Preacher & Hayes,
2008).

To test the final criterion, simple mediation models were formed and tested for each
candidate mediator that was related to both the predictor and outcome variables in the
previous steps at a significance level of p < .10. Because the outcome was binary, paths b
and c were standardized; and the proportion of the effect between the predictor and the
outcome that was accounted for by the hypothesized mediator was calculated (MacKinnon,
2008). Simple mediation was conducted using a Bootstrapping procedure to test the indirect
effects by performing 5000 resamples from the dataset. This approach has been
recommended since it is a nonparametric method that does not assume normality of the
sampling distribution, and has high power and a better control over Type I errors (Preacher
& Hayes, 2008). Given that a participant could contribute data at more than one time point
(e.g. week 8 and week 26), random sampling of the dataset was performed on subjects rather
than on data points at each time period. Finally, within each conceptual model, significant
mediators from the simple models were tested simultaneously in a multiple mediation
model.

In addition to testing the specific conceptual models, an “empirical” multiple mediation
model was created that included all of the significant simple mediators from the different
conceptual models, as well as other secondary dependence subscales. To identify a reduced
model, backward selection was conducted by consecutively dropping the least significant
mediator from the model and re-fitting it until all remaining mediators were related to
relapse at p < 0.20. Analyses were performed using PASW 17.0 and R version 2.11.1.
Missing data were limited and were removed from analyses on a case-wise basis.

Results
Participant Characteristics

Participant characteristics by MDS and AS diagnoses are presented in Table 1. The sample
was racially/ethnically diverse (36% White, 32% African American, 30% Latina, and 2%
other). Mean age was 24.6 (SD = 5.3) years and 19% of women reported having less than a
high school education. The majority of the women (63%) were married or living with their
significant other. Eleven percent of the women (n = 28) met criteria for MDS and 13.5% (n
= 34) met criteria for AS. No statistically significant differences were found between women
with or without MDS, or between women with or without AS with respect to age, partner
status, or race/ethnicity, although the association of education and MDS approached
significance (Table 1).

Associations of MDS and AS with Postpartum Relapse
Controlling for demographics (i.e. age, education, partner status, race/ethnicity) and
treatment, separate CR logit models were used to examine the effects of MDS and AS on
relapse (path c). Women with MDS were significantly more likely to relapse than women
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without MDS (OR = 2.29, 95% CI = 1.01-5.74, p = .047). Similarly, women with AS were
significantly more likely to relapse than women without AS (OR = 3.03, 95% CI =
1.38-7.30, p = .005). The relapse rates for both MDS and AS were 79% at 8 weeks and 93%
at 26 weeks.

Associations of MDS and AS with Hypothesized Mediators
Controlling for demographics, separate linear regression analyses were performed to
evaluate the associations of MDS and AS with hypothesized mediators (path a). Both MDS
and AS were significantly associated with all indicators of the Negative Reinforcement/
Negative Affect, Positive Reinforcement/Positive Affect, and Primary Dependence models,
with three indicators of the Social Support model, and all indicators of Secondary
Dependence Motives. Specifically, both MDS and AS were predictive of higher levels of
negative affect, perceived stress, negative affect control expectancies by smoking, negative
reinforcement motives, positive reinforcement motives, automaticity, loss of control,
craving, tolerance, affiliative attachment, behavioral choice, cognitive enhancement, cue
exposure, social-environmental goads, taste/sensory processes, and weight control (all p’s
< .05). Also, both MDS and AS predicted lower levels of positive affect, self-efficacy for
negative/affective situations, self-efficacy for positive/social situations, self-efficacy for
habit/addictive situations, and negative affect control expectancies by means other than
smoking (all p’s < .05).

Associations of Hypothesized Mediators with Postpartum Relapse
Separate CR logit models were conducted to test the relationships between the hypothesized
mediators and postpartum relapse (path b), adjusting for demographics, treatment, and MDS
or AS, respectively. Results are shown in Table 2.

Mediation Analyses
Conceptual models—Because both MDS and AS significantly predicted postpartum
relapse, the indirect effects of potential mediators significant at p < .10 in the a and b paths
were examined using a bootstrapping approach. Within the Negative Reinforcement/
Negative Affect model, potential mediators included negative affect control expectancies by
means other than smoking, self-efficacy in negative/affective situations, and negative
reinforcement motives. Within the Positive Reinforcement/Positive Affect model, potential
mediators included self-efficacy in positive/social situations and positive reinforcement
motives. Within the Primary Dependence model, potential mediators included automaticity,
tolerance, and self-efficacy in habitual/addictive situations. Each of these potential
mediators significantly mediated the effect of MDS on relapse after adjusting for
demographics and treatment (all p’s ≤ .05; Table 3). Similarly, each of these potential
mediators significantly mediated the effect of AS on postpartum smoking relapse after
adjusting for demographics and treatment (all p’s ≤ .05; Table 3).

None of the indicators of the Social Support model were potential mediators. Among the
other Secondary Dependence Motives, cue exposure and social environmental goads were
potential mediators, and each of these constructs significantly mediated the effect of both
MDS and AS on postpartum relapse (all p’s < .05; Table 3).

For each conceptual model, the individual mediators of the association of MDS and
postpartum relapse were simultaneously examined in a multiple mediator model (Table 3).
The indirect effect of the overall set of mediators in the Negative Reinforcement/Negative
Affect model was significant. Examination of the individual effects of each mediating
variable in the set revealed that only self-efficacy in negative/affective situations was a
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unique significant mediator. The indirect effect of the overall set of mediators in the Positive
Reinforcement/Positive Affect model was also significant. When examining the individual
effects of each mediating variable in this model, only self-efficacy in positive affect/social
situations was a unique significant mediator. In addition, the indirect effect of the overall set
of mediators in the Primary Dependence model was significant. However, none of the
individual indirect effects of the indicators of Primary Tobacco Dependence were significant
when entered as a set. Although not statistically significant, tolerance exhibited a small
negative indirect path when included in the same model as automaticity and self-efficacy in
habit/addictive situations. This is known as “inconsistent mediation”, and is not uncommon
in multiple mediator models as the effect of a variable could be explained by the effects of
other variables in the model (MacKinnon, Fairchild, & Fritz, 2007; Preacher & Hayes,
2008). Finally, the indirect effect of the overall set of indicators for Secondary Dependence
Motives was significant. Examination of the individual effects of each mediating variable in
this model revealed that cue exposure was a unique significant mediator.

Empirical models—Finally, an “empirical” multiple mediation model was created for
both MDS and AS that included all of the significant simple mediators from the different
conceptual models, including the other secondary dependence constructs. For the effect of
MDS on postpartum relapse, a backward selection procedure yielded a final model
composed of self-efficacy in negative/affective situations, automaticity, and social
environmental goads, accounting for 68.7% of the effect of MDS on postpartum relapse
(Table 4). Moreover, in the presence of automaticity and social environmental goads, only
the confidence to resist smoking in negative/affective situations significantly mediated the
effect of MDS on relapse, accounting for 38.5% of the total effect (Table 4). With respect to
the effect of AS on postpartum relapse, the backward selection procedure yielded a final
model comprised of self-efficacy in negative/affective situations, automaticity, and social
environmental goads, accounting for 32.2% of the effect of AS on postpartum relapse (Table
4). In the presence of automaticity and social environmental goads, only the confidence to
refrain from smoking in negative affect situations significantly mediated the effect of AS on
relapse, accounting for 16.8% of the total effect (Table 4).

Additional Analyses
Given the almost identical relapse rates and mediation results for MDS and AS, the
correlation between MDS and AS was calculated, and the effect of each disorder on
postpartum relapse was examined after controlling for the effect of the other. Spearman’s
rho correlation coefficient between MDS and AS was .451, indicating a correlation of a
medium effect size (Cohen, 1988). After adjusting for MDS, AS significantly predicted
postpartum relapse (p = .03). However, when adjusting for AS, MDS did not significantly
predict relapse (p = .31). In addition, relapse rates were compared across four diagnostic
categories: women with no MDS or AS disorder, MDS disorder only, AS disorder only, and
those with comorbid MDS and AS disorders. As shown in Figure 1, when women met
criteria for both disorders, their relapse rates were higher at both time points in comparison
with women who had only a MDS or AS disorder, or no disorder Unfortunately, due to a
small number of participants in some cells, further statistical analyses could not be
conducted using this categorization scheme.

Discussion
The current study assessed the impact of a current depressive or anxiety syndrome on
postpartum smoking relapse, as well as the potential mediators of these relationships. There
were several key findings. First, among pregnant women, either a MDS or AS disorder was
strongly predictive of postpartum smoking relapse. Second, the effect of MDS on
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postpartum relapse appeared to be due primarily to comorbid AS disorder given that AS
continued to significantly predict postpartum relapse after controlling for MDS, but MDS no
longer predicted postpartum relapse after controlling for AS. Third, the most potent
mediator of the increased relapse risk posed by either AS or MDS was the woman’s belief
regarding her ability to successfully cope with emotional distress without smoking.
Indicators of both primary and secondary tobacco dependence motives also contributed.

Regarding the specific conceptual models, there was mixed support for factors related to
Negative and Positive Reinforcement in mediating the effect of MDS and AS on postpartum
relapse. Specifically, the cognitive (i.e., self-efficacy and negative affect control
expectancies) and tobacco dependence dimensions of the Negative and Positive
Reinforcement models were significant mediators of the association of both MDS and AS on
relapse. Further, even in the presence of other significant mediators, situationally-based self-
efficacy (negative/affective situations for Negative Reinforcement/Negative Affect and
positive/social situations for Positive Reinforcement/Positive Affect) was a unique mediator
of the effect of both MDS and AS on postpartum relapse. However, the affective
components (i.e., negative affect and perceived stress in the Negative Reinforcement/
Negative Affect model, and positive affect in the Positive Reinforcement/Positive Affect
model) did not predict postpartum relapse. Finally, both primary and secondary aspects of
Tobacco Dependence mediated the effects of MDS and AS on relapse. From the Primary
Dependence model, automaticity, tolerance, and self-efficacy for habit/addictive situations
significantly mediated the effects of MDS and AS on postpartum smoking relapse. Among
the other Secondary Dependence Motives, significant mediation effects were found for cue
exposure and social environmental goads. None of the indicators of the Social Support
model were significant mediators between MDS or AS and postpartum smoking relapse.

Association of Depression and Anxiety with Postpartum Smoking Relapse
The findings of higher smoking relapse rates in women with a current prepartum depressive
or anxiety syndrome are consistent with previous reports (Goodwin et al., 2007; Japuntich et
al., 2007; Piper et al., 2011), highlighting the importance of current affective disorder as a
risk factor for postpartum smoking relapse. These findings are particularly relevant given
that previous research focusing on lifetime history of depression and long term smoking
cessation outcomes, both in the general population and among pregnant women, have
yielded mixed results (Hitsman, Borrelli, McChargue, Spring, & Niaura, 2003; Japuntich et
al., 2007; Park et al., 2009). However, the significant association between depressive
disorder and postpartum smoking relapse was eliminated after controlling for anxiety
disorder, consistent with some previous findings indicating that the relationship between
depressive disorder and smoking relapse may be explained in part by a comorbid anxiety
disorder (Piper et al., 2010). These findings suggest that in comparison with depression,
anxiety may have a stronger impact on postpartum relapse, and that some studies that do not
account for the effects of anxiety could potentially overestimate the association between
depression and smoking behaviors (Japuntich et al., 2007; Mykletun et al., 2008; Piper et al.,
2010). Although the current study could not statistically evaluate the association of
comorbid MDS and AS on postpartum smoking relapse due to small cell sizes, relapse rates
were even higher for women with comorbid MDS and AS, consistent with Piper and
colleagues’ findings. These findings across studies suggest that comorbid MDS and AS may
raise the risk of smoking relapse above that attributable to either MDS and AS alone. Future
studies evaluating the linkages among current depression, anxiety, and smoking relapse are
clearly needed.
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Role of Negative and Positive Reinforcement
There was mixed support for various components of affect regulation models of addiction
(Baker et al., 2004). In particular, cognitive constructs significantly mediated the association
of MDS and AS with postpartum relapse, but affect and stress did not. Consistent with the
hypotheses, each of the situationally-based self-efficacy dimensions mediated the
associations of depression and anxiety with postpartum relapse. In fact, self-efficacy for
refraining from smoking in situations characterized by negative affect remained a significant
mediator when all the potential mediators were included in an empirically-based multiple
mediation model. In addition, expectancies for control of negative affect by means other
than smoking, another cognitive component in the Negative Reinforcement/Negative Affect
model, was a significant mediator of the association of MDS and AS with postpartum
smoking relapse, in contrast to expectancies for controlling negative affect via smoking.
These results parallel previous research in which self-efficacy mediated the association of
depressive mood and smoking abstinence (Cinciripini et al., 2003), and underscore the
crucial role of self-efficacy in accounting for the effects of depression and anxiety on
smoking relapse. Importantly, this investigation extends previous work by illuminating the
potent role of perceptions of human agency on behavior, particularly with respect to
situations characterized by negative affect. These findings suggest that perceived agency is
more influential in postpartum relapse than are negative affect or the expected effect of
smoking on negative affect. Additional post hoc analyses indicated that self-efficacy for
affective situations may not be more predictive than general self-efficacy (as measured by
summing the three self-efficacy subscales; analyses not shown), suggesting that future
research might attempt to disentangle any unique effects of self-efficacy in negative affect
situations from those of more general self-efficacy.

Contrary to expectations, affect and stress were not related to postpartum relapse. Failing to
detect a significant effect of negative affect, positive affect, and perceived stress on relapse
may have several explanations. On one hand, although affect and stress are hypothesized to
serve as setting events/high risk situations for relapse, their impact may largely depend upon
cognitive factors, such as self-efficacy and negative affect control expectancies. On the other
hand, the measurement of negative affect, positive affect, and stress was temporally distant
from measures of relapse, they were not measured in context, and there was a major life
event (e.g., birth) intervening between the assessment of affect/stress and relapse, all of
which could lead to a lack of relationship between affect and relapse likelihood. Thus, this
temporal distance, lack of context, and the lability of affect and stress may have diminished
any potential association. For example, fluctuations in positive affect that occur either in
anticipation, or in response, to smoking and that raise the likelihood of relapse were not
captured. Importantly, negative affect is conceptualized as a main component of both MDS
and AS (Watson, 2005). As such, the inclusion of the disorders themselves in the models
may have captured the trait-like component of negative affect that is more stable from the
pre to postpartum period. In sum, the relationship of cognitive and affective variables with
smoking relapse is complex and may require greater study of the dynamic interactions
among proximal measures (Shiffman, 2005; Van Zundert, Ferguson, Shiffman, & Engels,
2011).

Role of Primary Tobacco Dependence
Various aspects of Primary Tobacco Dependence (i.e. automaticity, tolerance, and self-
efficacy in habitual/addictive situations) significantly mediated the effects of MDS and AS
on postpartum relapse. Given that women were abstinent from tobacco at the time that
dependence was measured (generally for relatively long durations) and the substantial time
gap between the assessment of dependence and relapse, it may not be surprising that the
degree to which smoking had become overlearned (automaticity), and the need to smoke
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increasing amounts to experience a desired effect (tolerance) mediated the association of
MDS and AS with postpartum relapse to a greater extent than what might be considered
more labile aspects of dependence such as craving and loss of control. In addition, self-
efficacy to refrain from smoking in habitual/addictive situations became nonsignificant
when included in the model with automaticity and tolerance, suggesting that self-efficacy
related to primary dependence processes may be less influential than self-efficacy related to
affective processes. The latter conclusion is also bolstered by the findings from the purely
empirically-based model and the potent mediating effect of self-efficacy for negative/
affective situations.

Role of Social Support
Contrary to expectations, the various indicators of social support and perceived partner
support were not related to postpartum relapse. Previous research has yielded mixed results
with some studies finding that support is associated with a lower likelihood of relapse in
both the general population (Gulliver et al., 1995; Lawhon et al., 2009) and postpartum
women (Polanska et al., 2010), and other studies showing no relationship (McBride et al.,
1998). Similar to the failure to find an association of affect and stress with relapse, future
research might attempt to address the relationship using more proximal and dynamic
measures of support, especially during the postpartum period.

Implications of Findings
The birth of a child represents a profound life transition that encompasses a myriad of
unique changes in diverse areas of a woman’s life (e.g., physiological changes associated
with lactation, resumption of menstruation, and other hormonal alterations; social, family,
caregiver, and employment roles; partner and social support; sleep disruption; stress;
negative affect and depression; weight-related issues; loss of a fetus and introduction of a
baby; etc.). These changes may have significant motivational consequences and may be
relatively unique in terms of their intensity, duration, and cumulative or interactive effects.
Further, one might expect that these changes may influence depressive and anxiety
disorders. Thus, the findings showing the relation between prepartum depressive and anxiety
disorders, as well as multiple mediators, with postpartum relapse are somewhat striking. In
particular, indicators of affective processes, tobacco dependence, and self-efficacy served as
underlying mediators of the association of depression and anxiety with postpartum relapse.

The findings have implications for both research and clinical practice. The results partially
support current theories regarding the role of affect regulation in relapse. Although cognitive
constructs and the negative and positive reinforcement aspects of nicotine dependence
functioned as mediators, the lack of association between negative affect and stress with
relapse did not support the pivotal role that these constructs have often played in previous
research (Kenford et al., 2002). Similarly, there was a failure to identify an association of
social and partner support with postpartum smoking relapse. However, it may be the case
that more fine-grained methodological strategies such as ecological momentary assessment
are necessary to adequately assess these relationships. Although it may be a challenge for
this particular population during this specific time of life, future research addressing relapse
among postpartum women is still needed, with a special focus on modeling dynamic
relationships over time among key factors influencing relapse.

Another key issue in future research will be to tease apart the independent effects of
depression and anxiety on postpartum relapse. In addition, the mediators in the final models
explained a much larger proportion of the effect of MDS on relapse as compared to the
effect of AS on relapse, suggesting that greater attention may need to be directed towards
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identifying mediators of the association of anxiety disorders with postpartum smoking
relapse.

In comparison with the Positive Reinforcement/Positive Affect, Primary Dependence, and
Social Support models, the Negative Reinforcement/Negative Affect model seemed to have
particular relevance in this population, at least as indexed by the proportion of the mediated
effect in the multiple mediation models. This finding is consistent with Kenford and
colleagues’ (2002) work contrasting physical and affective models of dependence. They
found that affective models were more predictive of relapse and may account for predictive
relations typically attributed to physical dependence. However, the physical dependence
model that they tested did not use a multidimensional measure such as the WISDM, and
may have been less predictive as a result. Of course, alternative indicators for each of the
conceptual models could have changed the findings and altered these conclusions.

With respect to clinical practice, the study highlights the importance of enhancing clinical
recognition of depression and anxiety in pregnant women and ensuring that these women are
offered support for maintaining abstinence after delivery. Also, the identification of
mediators of the association of MDS and AS with relapse suggests that the development of
tailored treatments that account for these factors could improve the efficacy of interventions.
Given that negative affect, positive affect, and stress were not mediators, intervention
strategies solely focused on improving mood and reducing stress might not suffice to
prevent smoking relapse in postpartum women. In fact, results point toward specifically
incorporating strategies to: (1) directly target women’s perceptions of agency for coping
with negative affect without smoking, (2) decrease automatic smoking, perhaps through
treatments such as mindfulness-based relapse prevention (Bowen & Marlatt, 2009), and (3)
reduce the impact of environmental and social cues that might trigger smoking.
Interventions that directly target these areas might be useful in helping postpartum women to
avoid relapse.

Strengths and Limitations of the Study
To the best of our knowledge, this is the first study to examine the mediating factors linking
depressive and anxiety syndromes with postpartum smoking relapse. Strengths of the current
study include the use of valid and reliable assessment instruments and biochemical
confirmation of smoking status, a semi-longitudinal design (Maxwell & Cole, 2007) and the
testing of multiple mediators. A relatively large sample size for the particular population
involved is also a strength.

Our study should be interpreted in light of various limitations. The study sample consists of
women who quit smoking early in pregnancy and who volunteered to be in a research study.
Thus, the findings may not be equally applicable to women who quit smoking later in
pregnancy or to women who do not volunteer for a study. Also, it is important to highlight
that because subjects cannot be randomly assigned to a diagnostic category, causal
inferences regarding the potential effect of the disorder on relapse cannot be made. Although
mediation analysis implies causality because it involves a very specific temporal order of
relationships, demonstrating statistical mediation alone is not sufficient to establish causality
(Maxwell & Cole, 2007), since only a true manipulation of the predictor variable can do
that. Importantly, this study estimates path a using a cross sectional methodology during the
prepartum period, limiting the ability of the model to faithfully detect specific causal
pathways (Imai, Keele, & Tingley, 2010), especially when considering the potential impact
of delivery and postpartum phenomena on variables that may not be stable over time.
Nevertheless, given the lack of studies exploring predictors and mediators of postpartum
relapse, this study provides a novel contribution to the field and can encourage additional
research in this important area. Specifically, future research examining the mechanisms
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linking depression and anxiety to postpartum relapse would benefit from using a complete
longitudinal design (Maxwell & Cole, 2007) where independent variables, mediators, and
outcomes are measured at multiple time points.

Conclusion
In sum, the results underscore the negative impact of depression and anxiety syndromes on
postpartum smoking relapse, and provide some suggestion of an even greater detrimental
effect of comorbid depression and anxiety. The findings also suggest that the impact of a
depressive disorder on postpartum relapse might be largely explained by a comorbid anxiety
disorder. Furthermore, the current investigation provided mixed support for affect regulation
models of addiction in that cognitive and tobacco dependence aspects of Negative and
Positive Reinforcement models significantly mediated the relationship of depression and
anxiety with relapse, while affect and stress were not associated with postpartum relapse. In
particular, findings emphasize the unique role of agency for abstaining from smoking in
negative affective situations as a key predictor of postpartum smoking relapse.
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Figure 1.
Proportion of women relapsed at the 8th week and the 26th week, by diagnosis of MDS and
AS
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