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Purpose: The purpose of this study was to evaluate whether childhood maltreatment is associated with
smoking behaviors and lifetime nicotine dependence and if associations are moderated by sex. We
examined these associations among individuals who ever reported being regular smokers.

Methods: Using data from the National Longitudinal Study of Adolescent to Adult Health, we examined
relationships between retrospectively self-reported child maltreatment (parent/caregiver-perpetrated

Keywords: emotional, physical, sexual abuse, and neglect; and non-parent/caregiver-perpetrated sexual abuse) and
Sgiig ;?)e:ll;eatment self-reported smoking behaviors among individuals with a history of regular smoking. Outcomes were
Child neglect any current smoking in early adulthood (mean age = 28 years), current smoking in adolescent study
Smoking waves only, adulthood only, and adolescence and adulthood (n = 3581); and lifetime history of nicotine
Addiction dependence (n = 3594) per the Fagerstrom scale.

Substance use Results: Poly-maltreatment (aRR for 2+ vs. 0 exposures = 1.20, 95% CI: 1.08, 1.34) was associated with
lifetime nicotine dependence; associations between nicotine dependence and neglect and non-parent/
caregiver sexual abuse by force were only present in women. Neglect and non-parent/caregiver sexual
abuse by nonphysical threat were associated with continued smoking, and an association between non-
parent/caregiver sexual abuse by physical force and continued smoking was also noted in women only.
Women who experienced poly-maltreatment were less likely to report current smoking in adolescence
but not adulthood.
Conclusions: These data suggest in a nationally representative sample of ever regular smokers, child
maltreatment is associated with outcomes that suggest an inability to quit smoking and some associa-
tions may vary by sex.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Although the prevalence of cigarette smoking has declined
steadily in adults since the 1960s and in adolescents since the early
2000s, smoking remains common. According to the CDC, 17.5% of
adult males and 13.5% of adult females were current cigarette
smokers in 2016 [1]. Moreover, the prevalence of smoking in
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disadvantaged groups, such as individuals with low socioeconomic
status (SES) [2] and severe mental illness [3], has not experienced
the same decrease as the overall population. Thus, given that
smoking, even intermittent smoking, is a well-established risk
factor for several physical health outcomes, including cardiovas-
cular disease and cancer, and is the leading cause of preventable
deaths in the United States, it remains a high public health
priority [4—6].

Many individuals who smoke report a desire to quit or reduce
their smoking [7], but some populations are less successful in
cessation. Individuals experiencing psychosocial adversity may be
more persistent smokers because smoking helps them cope with
distress [8,9]. Forms of mental illness, including depression, anxi-
ety, and post-traumatic stress disorder (PTSD) are also important
determinants of smoking and smoking cessation [8,9]. Moreover,
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studies suggest interventions that address mental health symp-
tomatology may be more effective in individuals with psychosocial
adversity than interventions that focus on physical health benefits
[10,11], highlighting the need to identify psychosocial antecedents
of smoking and their upstream root causes. There is also evidence
of sex differences in smoking behaviors and motivators. While the
prevalence of smoking is higher in adult men [12], women may
have more difficulty quitting smoking, particularly in the context of
stress [13]. Studies also have shown that women's reasons for
smoking may be more closely related to mood and affect [14].

One common upstream psychosocial stressor known to affect
risk of smoking is a history of childhood maltreatment (CM).
Prevalences of CM range from 11 to 37% for emotional abuse, 11 to
15% for physical abuse, and 6 to 54% for sexual abuse, with more
women than men reporting a history of sexual abuse [15—18].
Several studies have linked CM and smoking in adolescence
[19—22], early adulthood [19,23], and later adulthood [24]. How-
ever, far fewer studies consider smoking cessation [25] or
continued smoking among individuals with histories of smoking
[26] as outcomes, despite the more direct relevance of these out-
comes to smoking cessation interventions. Furthermore, the one
study that evaluated sex as a potential effect modifier [25] only
assessed emotional and physical abuse. This study found associa-
tions between CM and smoking cessation in women only; thus, it is
important to further examine sex differences with respect to a
wider range of CM exposures.

A limited number of studies have also assessed the relationship
between CM and lifetime history of nicotine dependence (ND), or
nicotine addiction, an outcome that influences one's ability to quit
smoking [27—30], and these studies generally report positive as-
sociations. However, they do not consider the temporal sequence
between ND and CM. This is an important limitation because
adolescent substance use behaviors are linked with negative
changes in family dynamics [31] and violence against adolescents
[32]; therefore, ND could be a cause rather than a consequence of
CM. In addition, with one exception [30], these studies include
individuals who had no history of smoking in the ND denominator,
making it difficult to disentangle the development of ND from
smoking initiation.

Thus, to understand the impact of CM on outcomes related to
smoking cessation, the goals of this study were four-fold. We
sought to examine whether, among ever regular smokers, 1) CM is
associated with lifetime history of ND assessed in early adulthood,
2) CM is associated with continued smoking into early adulthood,
3) CM is associated with trajectories of smoking in adolescence and
adulthood, and 4) sex moderates these associations. We carried out
these aims within a large, nationally representative longitudinal
sample.

Materials and methods
Study population

The National Longitudinal Study of Adolescent to Adult Health
(“Add Health”) [33] interviewed over 90,000 adolescents in grades
7 through 12 during 1994—95 in schools located in 80 communities
throughout the United States. Sampling methods and stratification
ensured that the selected schools were representative of U.S.
schools with respect to region of country, urbanicity, size, school
type, and ethnicity. A subset of participants with sampling weights
was followed up at home at ages 12—19, 13—20, 18—26, and 24—32
years (waves I, II, III, and IV, respectively). Our analyses were
restricted to the 9421 individuals who participated in all waves. A
table further describing timing of variables used in the analysis is
shown in Supplemental Table A.1. Permission to conduct secondary

analyses was approved by the Emory University Institutional Re-
view Board.

Analytic populations

We considered two distinct but overlapping populations; the
base study population consisted of individuals who ever reported
being regular smokers at any study wave (“Have you ever smoked
cigarettes regularly—that is, at least one cigarette every day for
30 days?”; n = 4569) and had complete data on CM (n = 4294). For
our aims pertaining to continued smoking at wave IV and smoking
trajectories (analytic n = 3581), our population was derived from
individuals who had information on the frequency of smoking in
the last 30 days at wave IV (missing n = 15), timing of CM relative to
smoking initiation (missing n = 31), and confounders (missing n =
75), and we excluded individuals who were pregnant at the wave IV
interview (n = 146), or reported regular smoking onset before child
maltreatment exposure (n = 482). For our aim pertaining to ND
(analytic n = 3594), our models included participants with infor-
mation on lifetime history of ND at wave IV (missing n = 463),
timing of CM relative to dependence (missing n = 30), and con-
founders (missing n = 117), and we excluded participants who
reported initial symptoms of ND before CM exposure (n = 193).

Outcome assessments

Continued smoking was defined as any smoking in the last
30 days at the time of the wave IV interview. Four smoking tra-
jectories were also evaluated: no smoking in the last 30 days at all
of the study wave assessments, smoking in adolescence only (any
smoking within the last 30 days of the wave I or II interviews),
smoking in adulthood only (any smoking within the last 30 days of
the wave III or IV interviews), and smoking in childhood and
adolescence (any smoking within the last 30 days of the wave I or I
interviews and any smoking within the last 30 days of the wave III
or IV interviews). To assess lifetime ND, we used the Fagerstrom
test for ND [34] measured at the time of the wave IV interview,
which was asked with respect to the period when they smoked the
most. This measure, which assesses the intensity of ND, includes
questions such as “Do you find it difficult to refrain from smoking in
places where it is forbidden?” We considered scores of >4 (vs. <4
symptoms) as indicative of ND [35,36].

CM assessment

Retrospective abuse history was assessed during the wave IV
interview. Three questions assessed parental/adult caregiver sex-
ual, physical, and emotional abuse, and two questions assessed
non-parental/adult caregiver sexual abuse motivated by physical
and nonphysical threats [33,37—39]. Parental/adult caregiver
emotional abuse, physical, and sexual abuse was asked as “Before
your 18th birthday, how often did a parent or other adult caregiver
say things that really hurt your feelings or made you feel like you
were not wanted or loved?”, “How often did a parent or adult
caregiver hit you with a fist, kick you or throw you down on the
floor, into a wall, or down stairs?”, and “How often did a parent or
other adult caregiver touch you in a sexual way, force you to touch
him or her in a sexual way, or force you to have sexual relations?”,
respectively. Questions about non-parental/adult caregiver sexual
abuse were phrased as “Have you ever been forced, in a nonphysical
way, to have any type of sexual activity against your will? For
example, through verbal pressure, threats of harm, or by being
given alcohol or drugs? Do not include any experiences with a
parent or adult caregiver”, and “Have you ever been physically
forced to have any type of sexual activity against your will? Do not
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include any experiences with a parent or adult caregiver”. For an
affirmative response to a question, participants were subsequently
asked about the age abuse first occurred, and we only considered
abuse beginning <18 years old as exposed. Neglect was assessed
during wave III from the question “How often had your parents or
other adult caregivers not taken care of your basic needs, such as
keeping you clean or providing food or clothing?”

Abuse subtypes were considered as dichotomous variables,
selecting cut-points that yield prevalence approximating those
found in the Adverse Childhood Experiences questionnaire
administered to a multistate, nationally representative population-
based sample, the Behavioral Risk Factor Surveillance System [18].
For these data, the cut-points were 1 or more total times for sexual
abuse (both parental/adult caregiver and non-parental/adult care-
giver subtypes), 2 or more times for physical abuse, and 3 or more
times for emotional abuse. For neglect, we considered 1 or more
total times as exposed, which approximates the prevalence of
physical neglect in a meta-analysis [40]. Each individual CM mea-
sure was assessed individually and the sum of individual CM
measures was examined as a cumulative measure of maltreatment.

Table 1

Descriptive characteristics of ever lifetime smokers with childhood maltreatment data

Confounders

We included participant age at wave IV, race/ethnicity, child-
hood SES, parental history of smoking, and other substance use,
abuse, and/or dependence as potential confounders. Childhood
SES was measured as the highest level of parental education in
the household and was reported by a parent if available, and by
the participant otherwise. For models examining continued
smoking as the outcome and smoking trajectories, we included
any cannabis use, high-risk alcohol use (more than 3 drinks per
instance of drinking for women and more than 4 drinks per
instance of drinking for men), and any other illicit drug use, all
with respect to the last 30 days. For models assessing ND, sub-
stance use was operationalized as lifetime history of alcohol
abuse or dependence, cannabis abuse or dependence, and other
illicit drug use or dependence, all per Diagnostic and Statistical
Manual version IV criteria. We implemented two sets of models
for each outcome; one was adjusted for demographic factors and
the other adjusted for demographic factors plus substance use
related confounders.

Characteristic

Male (n = 2107) Female (n = 2187)

Weighted percentage (SD.) Weighted percentage (SD.)

Smoking behaviors
Any smoking at wave IV
Daily smoking at wave IV
Age of smoking onset <16 years'
Household parental smoking
Lifetime history of nicotine dependence’
Smoking trajectories’
Current smoking in adolescence and adulthood
No current smoking in adolescence, smoking in adulthood
Current smoking in adolescence but not adulthood
No current smoking in adolescence or adulthood
Other recent substance use
Marijuana use
High risk drinking'
Other illicit drug use
Lifetime other substance abuse/dependence
Lifetime history of alcohol abuse or dependence
Lifetime history of cannabis abuse or dependence’
Lifetime history of drug use/dependence
Maltreatment exposures
Parent/adult caregiver maltreatment
Emotional abuse’
Physical abuse
Sexual abuse’
Neglect'
Non-parent/adult caregiver sexual abuse
By nonphysical threat*
By physical force
0 Total exposures
1 Exposure*
2+ Exposures
Age
Race/ethnicity’
Hispanic
Black
Other
Asian
White
Highest level of household parental education
Less than high school
High school graduate/GED
Some college
College graduate

70.17 (1.28) 65.75 (1.57)
45.75 (1.46) 43.14 (1.79)
43.46 (1.46) 50.37 (1.60)
71.03 (1.42) 74.09 (1.30)
51.98 (1.80) 45.94 (1.74)
54,27 (1.96) 58.68 (1.72)
30.61 (1.82) 23.58 (1.53)
7.41(0.74) 11.01 (0.89)
7.72 (0.83) 6.73 (0.70)
32.45 (1.45) 21.65 (1.18)
31.86 (1.64) 23.50 (1.18)
11.36 (0.94) 8.20 (.80)
40.78 (1.60) 3223 (1.47)
26.58 (1.25) 15.09 (1.03)
14.01 (1.00) 11.99 (.94)
2411 (1.37) 35.82 (1.42)
14.17 (0.93) 15.59 (1.16)
3.03 (0.50) 8.18 (.91)
17.34(1.18) 11.65 (.78)
2.79 (.49) 16.87 (1.06)
1.93 (.46) 12.67 (.86)
58.10 (1.51) 51.42 (1.84)
28.03 (1.47) 2412 (1.43)
13.87 (1.02) 24.45 (1.51)
M = 28.49 y (SD = .12) M = 2826 y (SD = .13)
10.54 (1.66) 9.48 (1.27)
12.54 (2.06) 8.70 (1.41)
3.86 (.60) 3.32 (0.50)
3.80 (0.87) 2.66 (0.76)
69.27 (2.87) 75.85 (2.35)
10.43 (1.40) 10.63 (1.34)
25.72 (1.85) 30.01 (1.58)
32.00 (1.46) 30.05 (1.42)
31.76 (2.04) 2931 (2.28)

%2 p-value <.05 for male versus female.
%2 p-value <.01 for male versus female.
%2 p-value <.001 for male versus female.

FE—
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Table 2
Associations (risk ratios, 95% CI) between childhood maltreatment and continued smoking, modeled individually
Maltreatment type Overall RR’ Male RR” RR female Overall RR! Male RR! RR female'
n = 3581 n=1917 n = 1664 n = 3581 n=1917 n = 1664
Parent/caregiver maltreatment
Emotional abuse 0.96 (0.89, 1.03) 0.90 (0.82, 1.00) 1.04 (0.95, 1.14) 0.95 (0.89, 1.02) 0.89 (0.81, 0.99) 1.03 (0.94, 1.12)
Physical abuse 0.96 (0.87, 1.05) 0.91 (0.80, 1.05) 1.02 (0.91, 1.16) 0.93 (0.85, 1.03) 0.90 (0.78, 1.04) 0.98 (0.86, 1.11)
Sexual abuse 1.07 (0.90, 1.26) 1.06 (0.84, 1.35) 1.07 (0.91, 1.26) 1.03 (0.86, 1.22) 1.03 (0.79, 1.34) 1.03 (0.88, 1.20)
Neglect 1.07 (1.00, 1.16) 1.10 (1.01, 1.19) 1.04 (0.90, 1.21) 1.09 (1.01, 1.17) 1.10 (1.01, 1.20) 1.06 (0.93, 1.21)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.17 (1.03, 1.32)
1.08 (0.91, 1.27)

1.02 (0.96, 1.09)
1.02 (0.94, 1.12)

1.18 (0.98, 1.41)
0.97 (0.75, 1.26)

1.00 (0.92, 1.08)
0.96 (0.84, 1.09)

1.16 (1.02, 1.32)
1.24 (1.08, 1.41)

1.05 (0.94, 1.19)
1.13 (1.01, 1.26)

1.15 (1.02, 1.30)
1.08 (0.93, 1.26)

1.01 (0.95, 1.08)
1.01 (0.93, 1.10)

1.17 (0.97, 1.40)
0.98 (0.77, 1.24)

0.99 (0.91, 1.07)
0.94 (0.83, 1.08)

1.13 (1.00, 1.28)
1.21(1.07, 1.37)

1.05 (0.94, 1.17)
1.10 (0.98, 1.22)

" Adjusted for sex, age, race, childhood SES.

 Adjusted for sex, age, race, childhood SES, parental smoking, current marijuana use, current binge drinking, current other drug use.

Analyses

To examine relationships between CM, continued smoking,
smoking trajectories, and ND, which were common outcomes, we
calculated risk ratios with predicted marginal proportions [41],
using SAS-callable SUDAAN. Each maltreatment exposure was
modeled individually and collectively as a sum (1 exposure vs.
0 exposures and 2 or more exposures vs. 0 exposures). To assess
interaction by sex, we also included an interaction term
(maltreatment * sex) in each model, and models were computed for
the overall sample and stratified by sex. Because maltreatment
exposures are correlated, to discern the relative influence of each
exposure, we also ran multivariable models that included all indi-
vidual maltreatment exposure entered simultaneously as inde-
pendent variables [42]. To assess smoking trajectories, we ran
multinomial models to estimate the impact of CM on current
smoking in adolescence only, current smoking in adulthood only,
and current smoking in adulthood and adolescence (no current
smoking in adolescence or adulthood study waves as the referent
group). Analyses were conducted with complex sample weighting
to account for the Add Health sampling design [43]. The weights
account for loss-to-follow-up from the baseline study wave.

Sensitivity/exploratory analyses

Because daily smoking and nondaily smoking may have
different behavioral causes [44], we implemented two sets of
models examining nondaily smoking in the last 30 days (smoking
1-29 days) and daily smoking (smoking 30 days) as separate out-
comes (referent group no smoking for both models). We also
implemented models that did not exclude individuals who re-
ported ND or regular smoking before CM to assess if reverse
causation influences previously noted associations between

Table 3

childhood maltreatment and lifetime ND. We also conducted
sensitivity analyses to help assess nonresponse bias on questions
that had highest proportion of missing data. First, participants who
did not report any history of smoking in wave IV were not asked
about lifetime ND; therefore, all participants reporting histories of
regular smoking in waves I, II, or Il (but not IV) had missing data on
lifetime ND. Because these participants may have not endorsed a
history of lifetime regular smoking because they were less nicotine-
dependent, we evaluated the impact of imputing missing values for
these participants as no ND. Second, because participants missing
data for at least one CM exposure were excluded, we examined
associations for each individual maltreatment type irrespective of
missingness for other CM exposures. Finally, we evaluated whether
age of smoking onset modified the relationship between CM and
continued smoking by testing CM*age of regular smoking onset
(<16 vs. 16+ years) interaction terms and stratifying models by age
of onset.

Results

Table 1 shows descriptive characteristics of the base study
population for both smoking outcomes: individuals who reported a
history of regular smoking and had complete data on childhood
maltreatment exposures (n = 4294). Any current smoking and
currently daily smoking were common at wave IV and a lifetime
history of ND was common in this population. About half of par-
ticipants reported current smoking at both adolescent and adult-
hood study waves. Also shown in Table 1, current substance use and
lifetime histories of other forms of substance use were common in
this population. Sexual abuse and emotional abuse were more
common in women, and a higher proportion of women experi-
enced poly-maltreatment than men.

Associations (risk ratios, 95% CI) between childhood maltreatment exposures and continued smoking, all maltreatment exposures entered simultaneously

Maltreatment type Overall RR Male RR Female RR
n = 3581 n=1917 n = 1664
Parent/caregiver maltreatment
Emotional abuse 0.96 (0.89, 1.03) 0.91 (0.82, 1.01) 1.02 (0.93, 1.12)
Physical abuse 0.93 (0.84, 1.04) 0.94 (0.82, 1.08) 0.92 (0.79, 1.08)
Sexual abuse 1.00 (0.83, 1.21) 1.01 (0.76, 1.34) 1.00 (0.84, 1.18)
Neglect 1.09 (1.01, 1.17) 1.10 (1.01, 1.20) 1.07 (0.94, 1.22)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

1.17(1.03, 1.33)
0.95 (0.70, 1.25)

130 (1.07, 1.58)
0.76 (0.4, 1.30)

1.01 (0.82, 1.25)
1.21 (1.03, 1.43)

Adjusted for sex, age, race, childhood SES, parental smoking, current marijuana use, current binge drinking, current other drug use.
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Table 4
Associations (risk ratios, 95% CI) between childhood maltreatment and lifetime history of nicotine dependence, modeled individually
Maltreatment type Overall RR" Male RR” RR female” Overall RR' Male RR! RR female'
n = 3594 n=1820 n=1774 n = 3594 n=1820 n=1774
Parent/caregiver maltreatment
Emotional abuse 1.10 (1.01, 1.20) 1.09 (0.97, 1.23) 1.12 (0.99, 1.26) 1.05 (0.96, 1.15) 1.04 (0.92, 1.18) 1.06 (0.94, 1.19)
Physical abuse 1.16 (1.04, 1.29) 1.14 (0.99, 1.31) 1.18 (1.01, 1.39) 1.11 (0.99, 1.25) 1.10 (0.95, 1.27) 1.13 (0.97, 1.33)
Sexual abuse 1.23 (0.99, 1.53) 1.22 (0.89, 1.66) 1.26 (0.96, 1.65) 1.16 (0.92, 1.46) 1.14 (0.82, 1.60) 1.19 (0.90, 1.58)
Neglect 1.14 (1.03, 1.27) 1.08 (0.94, 1.24) 1.23 (1.04, 1.46) 1.13 (1.01, 1.25) 1.06 (0.91, 1.22) 1.22 (1.03, 1.45)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.14 (0.92, 1.42)
1.23 (1.00, 1.52)

1.08 (0.77, 1.54)
1.13 (0.78, 1.63)

1.10 (0.97, 1.25)
1.28 (1.15, 1.42)

1.07 (0.93, 1.23)
1.24 (1.09, 1.42)

1.23 (1.04, 1.46)
1.39 (1.18, 1.63)

1.16 (0.94, 1.42)
1.32(1.14, 1.54)

1.09 (0.87, 1.38)
1.19 (0.97, 1.48)

1.05 (0.93, 1.20)
1.20 (1.08, 1.34)

1.04 (0.70, 1.50)
1.10 (0.76, 1.61)

1.01 (0.88, 1.17)
1.18 (1.03, 1.35)

1.15 (0.98, 1.36)
1.32(1.10, 1.57)

1.1 (091, 1.36)
1.24 (1.07, 1.45)

" Adjusted for sex, age, race, childhood SES.

T Adjusted for sex, age, race, childhood SES, parental smoking, lifetime history of marijuana, alcohol, other drug abuse/dependence.

Table 2 shows associations between childhood maltreatment
and continued smoking at wave IV. In overall models adjusted for
demographic factors as well as fully adjusted models, neglect and
non-parent/caregiver sexual abuse by nonphysical threat were
associated with continued smoking. In women, continued smoking
was also associated with non-parent/caregiver sexual abuse by
physical force in partially and fully adjusted models. For most
maltreatment types, effect sizes were above the null in women, but
this was less consistently observed in men. There were also sta-
tistically significant sex*maltreatment interactions for emotional
abuse and non-parent/caregivers sexual abuse by force (both p =
.03), with larger RRs observed for women. In models that adjusted
for all forms of childhood maltreatment simultaneously (Table 3),
the point estimate for non-parental/caregiver sexual abuse by force
in women was similar to the model which did not include other
forms of childhood adversity, and the largest RRs in men were
observed with respect to non-parent/caregiver sexual abuse by
nonphysical threat.

Table 4 shows associations between childhood maltreatment
and ND. Overall, emotional abuse, physical abuse, and neglect and
non-parent/caregiver perpetrated sexual abuse by physical force
were associated with a history of lifetime ND, and individuals
experiencing poly-maltreatment were at increased risk of ND.
However, in fully adjusted models, associations were somewhat
attenuated and only neglect and poly-maltreatment remained
associated with ND, although the largest RRs were for non-parent/
caregiver sexual abuse by physical force. Although no mal-
treatment*sex interaction terms were statistically significant, in
women, the RRs were generally larger than in men, particularly for
non-parent/caregiver abuse by physical force (fully adjusted
RR = 1.32, 95% CI: 1.10, 1.57) and neglect (fully adjusted RR = 1.22,
95% CI: 1.03, 1.45). Table 5 shows the results of multivariable
models for men and women when all maltreatment exposures

were entered simultaneously. In men, similar to models where
exposures were individually modeled, the largest point estimate
was seen for parental/caregiver sexual abuse, although this esti-
mate was small in magnitude (aRR = 1.12, 95% CI: 0.79, 1.60). In
women, non-parental/caregiver sexual abuse by force was most
strongly associated with ND.

Table 6 shows associations between CM and smoking trajec-
tories. Women experiencing 2+ types of CM were approximately
half as likely to be current smokers in adolescence, but not report
current smoking in adulthood (aRR = 0.51, 95% CI: 0.26, 1.01). These
inverse associations were not observed with respect to poly-
maltreatment in men. However, in both men and women, non-
parental/caregiver sexual abuse was inversely associated with
current smoking in adolescence, but not adulthood. In men only,
poly-maltreatment was positively associated with current smoking
in both adolescence and adulthood (aRR = 1.21, 95% CI: 1.06, 1.38)
and point estimates for associations with individual maltreatment
types were all above 1. Also, in men only, current smoking in
adulthood, but not adolescence was inversely associated with poly-
maltreatment (aRR = 0.70, 95% CI: 0.52, 0.95) and point estimates
for associations with individual maltreatment types were all
below 1.

Tables A.2 and A.3 show associations between CM and
continued smoking, considering daily and nondaily smoking as
separate outcomes. Point estimates for both sets of models were
generally similar to models that combined daily and nondaily
smoking. In Tables A.4 and A.5, models that did not exclude in-
dividuals who reported ND and regular smoking onset before
maltreatment exposure yielded point estimates that were similar to
models that excluded these individuals. Imputing missing ND data
as no ND yielded estimates that were only marginally higher than
in models not imputing missing values (Table A.6). Models for in-
dividual maltreatment types not excluding participants with

Table 5
Associations (risk ratios, 95% CI) between childhood maltreatment exposures and lifetime history of nicotine dependence, all maltreatment exposures entered simultaneously
Maltreatment type Overall RR Male RR Female RR
n = 3594 n=1820 n=1774
Parent/caregiver maltreatment
Emotional abuse 1.01 (0.90, 1.13) 1.01 (0.87, 1.17) 1.00 (0.87, 1.15)
Physical abuse 1.07 (0.92, 1.23) 1.08 (0.91, 1.29) 1.05 (0.86, 1.28)
Sexual abuse 1.11 (0.87, 1.43) 1.12 (0.79, 1.60) 1.10 (0.80, 1.53)
Neglect 1.11 (0.99, 1.23) 1.05(0.91, 1.22) 1.18 (0.99, 1.41)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

0.95 (0.68, 1.32)
1.18 (0.89, 1.56)

0.94 (0.56, 1.59)
1.09 (0.64, 1.84)

0.96 (0.76, 1.22)
1.31(1.07, 1.60)

Adjusted for sex, age, race, childhood SES, parental smoking, lifetime history of marijuana, alcohol, other drug abuse/dependence.
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Table 6

Associations (risk ratios, 95% CI) between childhood maltreatment exposures and smoking trajectories (no current smoking in adolescence or adulthood as referent)

Maltreatment type

Male RR”

Female RR’

Male RR’

Female RR”

Male RR”

Female RR"

Current smoking
in adolescence

Current smoking
in adolescence

Current smoking
in adulthood

Current smoking
in adulthood

Current smoking
in adolescence

Current smoking
in adolescence

and adulthood and adulthood only only only only
n=1016 n =923 n =594 n =430 n=170 n=188
Parent/caregiver maltreatment
Emotional abuse 1.04 (0.92, 1.17) 0.94 (0.84, 1.06) 0.83 (0.67, 1.02) 1.21 (0.99, 1.48) 1.13 (0.71, 1.81) 0.72 (047, 1.12)
Physical abuse 1.12 (0.96, 1.31) 0.96 (0.82, 1.13) 0.71 (0.51, 1.03) 1.02 (0.74, 1.43) 1.29 (0.76, 2.19) 0.88 (045, 1.71)
Sexual abuse 1.24 (0.94, 1.63) 1.03 (0.83, 1.29) 0.66 (0.33, 1.32) 0.96 (0.61, 1.52) 1.26 (0.40, 3.97) 1.02 (0.44, 2.63)
Neglect 1.21 (1.08, 1.35) 1.04 (0.91, 1.19) 0.78 (0.62, 0.98) 0.97 (0.71, 1.32) 1.06 (0.67, 1.67) 1.06 (0.67, 1.67)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.24 (0.95, 1.63)
1.36 (1.09, 1.69)

1.08 (0.92, 1.27)
0.99 (0.81, 1.22)

1.03 (0.91, 1.17)
1.21 (1.06, 1.38)

0.94 (0.83, 1.07)
1.05 (0.91, 1.21)

0.86 (0.46, 1.59)
0.60 (0.32, 1.13)

1.01 (0.71, 1.45)
1.39 (0.96, 2.02)

0.02 (0.00, 0.13)
0.28 (0.04, 2.15)

0.60 (0.28, 1.30)
0.07 (0.02, 0.20)

0.90 (0.75, 1.09)
0.70 (0.52, 0.95)

1.21 (095, 1.55)
1.05 (0.78, 1.41)

1.52 (1.04, 2.22)
0.97 (0.51, 1.86)

0.86 (0.56, 1.33)
0.51 (0.26, 1.01)

" Adjusted for sex, age, race, childhood SES, parental smoking, current marijuana use, current binge drinking, current other drug use.

incomplete CM data yielded estimates similar to our primary
models (Tables A.7 and A.8). Finally, CM* age of regular smoking
onset interaction terms were not statistically significant and asso-
ciations for models stratified by age of regular smoking onset were
not meaningfully different.

Discussion

These data showed that among ever regular smokers, CM is
associated with continued smoking into early adulthood and ND in
a well-characterized, nationally representative sample, although
most associations were small (RR < 1.3). Associations tended to be
more consistently above the null for exposure to neglect and non-
parent/caregiver sexual abuse. Associations were generally larger in
women, suggesting that CM may be more clearly related to
persistent smoking and ND in women; however, given that sex
differences were fairly small in magnitude, additional studies
should confirm the observed differences. Larger sex differences
emerged for smoking trajectories, such that in women, poly-
maltreatment was inversely related to endorsing current smoking
in childhood but not in adolescent study waves, which suggests
that women with CM histories may have difficulty quitting smok-
ing. However, in men, poly-maltreatment was positively associated
with endorsing current smoking in both adolescent and adulthood
study waves, an outcome which also suggests persistent smoking.

Our results corroborate other findings in the literature, which
have reported associations between various forms of CM and
smoking outcomes. The magnitude of our associations was rela-
tively smaller, which may be due to our referent groups not
including individuals who had never regularly smoked. Although
studies examining smoking outcomes have not established rela-
tively stronger associations for sexual abuse and neglect, we note
that experiences of sexual violence, particularly in women, have
been more clearly linked with developmental outcomes [45,46], as
well as other outcomes such as PTSD [47], adding to the plausibly of
our observed stronger associations for some types of sexual abuse
in women. In addition, we note that most studies have not exam-
ined the impact of parent/caregiver perpetrated versus nonparent/
caregiver sexual abuse. Given that in the Add Health study popu-
lation, parent/caregiver sexual abuse had an earlier onset than non-
parent/caregiver sexual abuse [48], it is possible that our findings of
stronger associations with non-parent/caregiver sexual abuse may
be due to it being a more proximal exposure to smoking that
typically begins in adolescence. While neglect is relatively under-
studied compared with other forms of maltreatment [40], studies

support its role in substance use disorders and a distinct effect
independent of abuse exposures on other outcomes [49]. It is
possible that children with parents who did not address their needs
may be less likely to address their own behaviors, such as smoking,
that increase health risks as adults. Furthermore, some studies
suggest that women, relative to men, who have experienced
neglect may be more susceptible to substance use [50]. Finally,
while studies of sex differences in CM-smoking relationships are
limited, as previously noted, there is some evidence for stronger
associations in women, consistent with our emotional abuse—sex
interaction [25]. This also aligns with other studies that have re-
ported stronger associations between CM and other forms of sub-
stance use in women [51,52]. The exact mechanisms contributing to
increased vulnerability in women are unclear, but some data sug-
gest mood disorders may serve as a mediator [25].

Our study has several limitations. First, we relied on self-
reported data for smoking and maltreatment exposure, which
may be subject to underreporting. The ND assessment was limited
to the Fagerstrom measure, and our results may differ from studies
that rely on other measures of ND (e.g., Diagnostic and Statistical
Manual version IV measured dependence). The epidemic of teen
smoking in the 1990s, during the adolescence of Add Health par-
ticipants, may affect the generalizability of our findings [53]; social
acceptance of smoking in this period may have yielded more reg-
ular smokers whose motivations for smoking were not related to
psychosocial adversity. This could bias associations downward and
may be another factor in our small point estimates. Our study also
has important strengths. We had information on a diverse number
of maltreatment exposures and the perpetrator. In addition, the
longitudinal nature of Add Health allowed us to capture smoking
behaviors at four different time points, allowing for a more valid
assessment of lifetime regular smoking.

Conclusions

In summary, this study finds evidence of a relationship between
CM and smoking that persists into adulthood, smoking trajectories,
and ND, with potentially larger associations in women, and it
highlights the role of upstream early-life psychosocial de-
terminants of these smoking behaviors. Future studies should
continue to explore sex differences and factors that may explain sex
differences in links between childhood maltreatment and smoking
behaviors related to cessation (e.g., PTSD). An examination of
additional current forms of nicotine exposure, such as e-cigarettes,
would also have high public health relevance. Although there is still
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a relatively small literature on outcomes relevant to cessation, our
study offers additional support that experiences of CM may impede
smoking cessation efforts many years later. Trauma informed ap-
proaches considering exposures in early life may help guide
effective public health prevention strategies.
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Table A1
Timing of assessment for variables used the analysis
Study wave Variable
Wave | Childhood socioeconomic status
Race/ethnicity
Parental smoking
Wave II Parent/caregiver-perpetrated physical abuse
Parent/caregiver-perpetrated sexual abuse
Wave IV Parent/caregiver-perpetrated emotional abuse
Parent/caregiver-perpetrated physical abuse
Parent/caregiver-perpetrated sexual abuse
Non-parent/caregiver-perpetrated sexual abuse
by nonphysical threat
Non-parent/caregiver-perpetrated sexual abuse
by physical force
Nicotine dependence
Current cigarette smoking
Age
Sex
Current marijuana use
Current binge drinking
Current other illicit drug use
Age of nicotine dependence symptoms onset
Lifetime history of marijuana abuse/dependence
Lifetime history of alcohol abuse/dependence
Lifetime history of other drug abuse/dependence
Waves I and II Current smoking in adolescence
Waves IIl and IV Current smoking in adulthood
Waves [, 11, I, and IV History of ever being a regular smoker
Age of regular smoking onset (information used
from earliest report)
Table A.2
Associations (risk ratios, 95% CI) between childhood maltreatment exposures and daily continued smoking
Maltreatment type Overall RR Male RR Female RR
n = 2671 n = 1423 n = 1248
Parent/caregiver maltreatment
Emotional abuse 0.94 (0.86, 1.03) 0.86 (0.75, 0.98) 1.06 (0.95, 1.19)
Physical abuse 0.92 (0.80, 1.05) 0.86 (0.70, 1.06) 0.99 (0.83, 1.18)
Sexual abuse 1.01 (0.78, 1.30) 0.98 (0.66, 1.44) 1.04 (0.84, 1.30)
Neglect 1.13 (1.01, 1.25) 1.14 (1.01, 1.28) 1.11 (0.92, 1.34)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.17 (0.97, 1.42)
1.14 (0.93, 1.38)

1.02 (0.93, 1.11)
1.02 (0.91, 1.15)

1.23(0.92, 1.63)
1.03 (0.77, 1.36)

0.96 (0.86, 1.07)
0.95 (0.79, 1.13)

1.10 (0.92, 1.33)
1.28 (1.06, 1.53)

1.10 (0.96, 1.26)
1.13(0.97, 1.30)

Adjusted for sex, age, race, childhood SES, parental smoking, current marijuana use, current binge drinking, current other drug use.
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Table A.3
Associations (risk ratios, 95% CI) between childhood maltreatment exposures and non-daily continued smoking
Maltreatment type Overall RR Male RR Female RR
n = 2076 n = 1092 n =984
Parent/caregiver maltreatment
Emotional abuse 0.90 (0.78, 1.04) 0.83 (0.67, 1.04) 1.00 (0.83, 1.20)
Physical abuse 0.91 (0.76, 1.09) 0.88 (0.67, 1.16) 0.95 (0.72, 1.25)
Sexual abuse 1.11 (0.80, 1.55) 1.15(0.70, 1.90) 1.06 (0.75, 1.51)
Neglect 1.09 (0.92, 1.29) 1.17 (0.94, 1.46) 0.99 (0.74, 1.33)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.42 (1.10, 1.84)
1.10 (0.75, 1.61)

1.01 (0.87, 1.17)
0.99 (0.82, 1.20)

1.41 (0.95, 2.09)
0.82 (0.40, 1.70)

1.04 (0.86, 1.26)
0.85 (0.62, 1.17)

1.44 (112, 1.85)
147 (1.11, 1.94)

0.97 (0.75, 1.26)
1.18 (0.93, 1.50)

Adjusted for sex, age, race, childhood SES, parental smoking, current marijuana use, current binge drinking, current other drug use.

Table A4

Associations (risk ratios, 95% CI) between childhood maltreatment and nicotine dependence, not excluding individuals who reported nicotine dependence occurring before

maltreatment exposure

Maltreatment type Overall RR Male RR Female RR
n=23777 n = 1865 n=1912
Parent/caregiver maltreatment
Emotional abuse 1.05 (0.97, 1.15) 1.06 (0.94, 1.19) 1.05 (0.93, 1.18)
Physical abuse 1.10 (0.99, 1.22) 1.11 (0.96, 1.27) 1.09 (0.92, 1.28)
Sexual abuse 1.18 (0.95, 1.46) 1.15 (0.84, 1.58) 1.21 (0.95, 1.54)
Neglect 1.14 (1.03, 1.27) 1.05 (0.91, 1.22) 1.26 (1.08, 1.48)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.1 (0.91, 1.35)
1.17 (0.95, 1.43)

1.06 (0.94, 1.20)
1.18 (1.07, 1.31)

1.08 (0.78, 1.50)
1.12 (0.79, 1.60)

1.03 (0.90, 1.18)
1.18 (1.04, 1.34)

1.14 (0.98, 1.32)
1.22 (1.05, 1.42)

1.12 (0.92, 1.35)
1.18 (1.01, 1.38)

Adjusted for sex, age, race, childhood SES, parental smoking, lifetime history of marijuana, alcohol, other drug abuse/dependence.
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Associations (risk ratios, 95% CI) between childhood maltreatment and continued smoking, not excluding individuals who reported regular smoking onset before

maltreatment exposure

Maltreatment type Overall RR Male RR Female RR
n = 4021 n = 2044 n=1977
Parent/caregiver maltreatment
Emotional abuse 0.95 (0.90, 1.02) 0.90 (0.81, 0.99) 1.02 (0.95, 1.10)
Physical abuse 0.96 (0.89, 1.04) 0.92 (0.82, 1.04) 1.00 (0.91, 1.11)
Sexual abuse 1.06 (0.94, 1.20) 1.09 (0.90, 1.31) 1.04 (0.92, 1.17)
Neglect 1.09 (1.02, 1.16) 1.10 (1.01, 1.20) 1.07 (0.95, 1.19)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.08 (0.96, 1.22)
1.09 (0.96, 1.24)

1.02 (0.95, 1.08)
1.02 (0.95, 1.10)

1.07 (0.86, 1.32)
1.02 (0.82, 1.26)

0.98 (0.91, 1.06)
0.96 (0.85, 1.08)

1.10 (1.01, 1.19)
1.18 (1.07, 1.29)

1.06 (0.96, 1.17)
1.10 (1.00, 1.21)

Adjusted for sex, age, race, childhood SES, parental smoking, current marijuana use, current binge drinking, current other drug use.

Table A.6
Associations (risk ratios, 95% CI) between exposure to childhood maltreatment and nicotine dependence, imputing missing values for nicotine dependence as zero
Maltreatment type Overall RR Male RR Female RR
n = 4060 n = 2042 n=2018
Parent/caregiver maltreatment
Emotional abuse 1.08 (0.98, 1.19) 1.08 (0.95, 1.23) 1.09 (0.96, 1.23)
Physical abuse 1.15(1.02, 1.29) 1.14 (0.97, 1.32) 1.16 (0.99, 1.37)
Sexual abuse 1.22 (0.97, 1.53) 1.21 (0.88, 1.67) 1.22 (0.92, 1.63)
Neglect 1.13 (1.01, 1.26) 1.03 (0.89, 1.20) 1.25 (1.05, 1.49)

Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat
Sexual abuse by physical force

Maltreatment sum
1 Total exposures versus 0
2+ Total exposures versus 0

1.13 (0.89, 1.44)
1.22 (1.01, 1.47)

1.07 (0.94, 1.23)
1.24 (112, 1.39)

1.10 (0.74, 1.62)
1.09 (0.79, 1.53)

1.02 (0.88, 1.19)
1.22 (1.06, 1.40)

1.18 (0.99, 1.40)
139 (1.18, 1.64)

1.15 (0.93, 1.42)
1.29 (1.11, 1.49)

Adjusted for sex, age, race, childhood SES, parental smoking, lifetime history of marijuana, alcohol, other drug abuse/dependence.
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Table A.7
Associations (risk ratios, 95% CI) between childhood maltreatment and continued smoking, not limited to individuals with complete information on all maltreatment
exposures

Parent/caregiver maltreatment
Emotional abuse” 0.94
Physical abuse' 0.94
Sexual abuse’ 1.07
Neglect® 1.10
Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat" 1.14 (1.01, 1.28) 1.16 (0.97, 1.37) 1.11 (0.98, 1.27)
Sexual abuse by physical force’ 1.09 (0.95, 1.26) 1.00 (0.80, 1.25) 1.20 (1.07, 1.35)

0.88, 1.00) 0.87 (0.79, 0.96
0.86, 1.02) 0.88 (0.77, 1.00
0.94, 1.22) 1.09 (0.89, 1.34
1.03, 1.17) 1.11 (1.03, 1.21

1.03 (0.95, 1.11)
1.01 (0.91, 1.11)
1.05 (0.92, 1.19)
1.07 (0.96, 1.20)

*

n = 4025.
' n=4106.
¥ n=4209.
5 n = 4099.
"'n = 4057.
Tn=4127.

Table A.8
Associations (risk ratios, 95% CI) between childhood maltreatment and nicotine dependence, not limited to individuals with complete information on all maltreatment
exposures

Overall RR Male RR Female RR
Parent/caregiver maltreatment
Emotional abuse” 1.05 (0.97, 1.15) 1.06 (0.94, 1.19) 1.05 (0.93, 1.18)
Physical abuse’ 1.09 (0.97, 1.22) 1.06 (0.91, 1.22) 1.13 (0.96, 1.33)
Sexual abuse’ 1.13 (0.89, 1.43) 1.11 (0.78, 1.58) 1.16 (0.90, 1.49)
Neglect® 1.14 (1.03, 1.27) 1.05 (0.91, 1.21) 1.26 (1.08, 1.47)
Non-parent/caregiver maltreatment
Sexual abuse by nonphysical threat" 1.09 (0.87, 1.36) 1.04 (0.74, 1.47) 1.15(0.98, 1.37)
Sexual abuse by physical force” 1.18 (0.96, 1.44) 1.08 (0.75, 1.55) 1.32(1.13, 1.55)
" n=3884.
fn=3921.
¥ n=3955.
§ n=3844.
" n = 3890.

T n=3922.
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