
The association between cannabis abuse and dependence and
childhood physical and sexual abuse: Evidence from an offspring
of twins design:
Cannabis use disorder and child abuse

Alexis E. Duncan, Ph.D.1,*, Carolyn E. Sartor, Ph.D.1,3, Jeffrey F. Scherrer, Ph.D.1,2, Julia D.
Grant, Ph.D.1, Andrew C. Heath, D.Phil.1, Elliot C. Nelson, M.D.1, Theodore Jacob, Ph.D.3,
and Kathleen Keenan Bucholz, Ph.D.1
1 Midwest Alcoholism Research Center, Department of Psychiatry, Washington University School of
Medicine, St. Louis, MO

2 St. Louis Veterans Administration Medical Center, Research Service, St. Louis, MO

3 Palo Alto Veterans Affairs Health Care System, Menlo Park, CA

Abstract
Aims—This study examines the association between childhood physical abuse (CPA) and sexual
abuse (CSA) and the development of cannabis abuse and dependence among adolescents and young
adults while controlling for genetic and environmental risk factors.

Design—To control for familial risk differences related to paternal drug dependence that might
confound the relationship between CSA and CPA and cannabis abuse/dependence, we created four
groups based on father’s and uncle’s substance use dependence (SUD) status reflecting different
degrees of genetic and environmental risks to offspring: 1) high genetic, high environmental risk; 2)
high genetic, low environmental risk, 3) medium genetic, low environmental risk; and 4) low genetic,
low environmental risk.

Participants—Adolescent and young adult offspring of monozygotic and dizygotic US military
veteran twin fathers (n= 819).

Measurements—Data on CPA and CSA, DSM-IV offspring cannabis abuse/dependence, other
SUD and psychopathology, and maternal and paternal SUD and psychopathology were collected via
semi-structured telephone interview.

Findings—Twenty-three percent of the offspring sample met lifetime criteria for cannabis abuse/
dependence, 8.55% and 12.82% reported CSA and CPA, respectively. Offspring exposed to CSA,
but not CPA, were at significantly greater risk of developing cannabis abuse/dependence compared
to those who had not experienced CSA (HR=2.16; 95% CI=1.48–3.16) after controlling for genetic
and familial environmental risk and offspring gender, alcohol abuse and dependence and conduct
disorder.

Conclusions—These results indicate that there are effects of CSA on development of cannabis
abuse/dependence in addition to the genetic and familial environmental risk imparted by having a
drug dependent father.
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Introduction
Childhood sexual abuse (CSA) and childhood physical abuse (CPA) have been identified as
risk factors for the development of substance-related problems during adolescence and
adulthood (1–4). Both CSA and CPA have been associated with illicit drug use in adolescents
and young adults (5–12) as well as higher prevalence of multi-substance use (5) and substance
use disorders (SUDs) (10–14). Parental SUD has been identified as a risk factor for CSA and
CPA as well as for SUD in offspring (1;15–17).

CPA and CSA frequently occur in families with elevated rates of other risk factors for the
development of SUDs, such as marital discord, parental substance use problems, and low
parent-child attachment (16) that reflect an overall dysfunctional family environment (10). The
relationship between CSA and CPA and SUDs may be a direct one in which CPA and/or CSA
leads to problem substance use, potentially as a means of attempting to regulate negative affect
associated with the abuse. Alternatively, there may be an indirect relationship in which both
abuse and SUDs result from a shared risk factor, such as parental SUD itself or with risk factors
associated with parental SUD (e.g., poor parental supervision (17) or parental psychopathology
(16–18)). SUDs may also be secondary to psychiatric disorders that result from exposure to
abuse (e.g., depression) (4).

A number of investigations seeking to clarify the nature of the relationship between childhood
abuse and SUDs have measured and adjusted for the influences of other relevant familial risk
factors, including alcohol and drug problems in parents, which are associated with increased
risk of exposure to CPA and CSA (17;18). In combination with the literature demonstrating
family history of drug and alcohol problems as a risk factor for SUDs, these findings suggest
the potential role of parental SUDs as mediators of the association between offspring substance
use problems and abuse history. Whether offspring SUDs are the result of a purely indirect
relationship is unknown, although existing evidence is not strong. After adjusting for family
history reports of parental SUDs and psychopathology, many studies have demonstrated a
significant association between SUDs and CSA (1;10;11;19) or CPA (2).

The current study seeks to extend the existing literature by using an offspring of twins (OOT)
study design to determine whether CSA and CPA are associated with elevated risk for cannabis
abuse and dependence (CA/D) after adjusting for genetic and environmental risk and relevant
confounders. The OOT design, also called “pseudo-adoption study,” includes offspring
hypothesized to be at varying levels of genetic and environmental risks for SUDs based on
their father’s affected (in this case, drug dependence) status as well as the status of their father’s
co-twin (e.g., (20). This design enabled us to control for potential mediating effects of parental
SUDs and to distinguish the role of family environment associated with paternal drug
dependence from that of genetic liability to SUDs.

Methods
Participants were offspring of male twins who were members of the Vietnam Era Twin Registry
(VETR), a national registry of male like-sex twin pairs both of whom served in the military
during the Vietnam Era (1965– 1975). Construction of the registry (21;22) and method of
determining zygosity have been previously reported (23). The VETR is maintained by
custodians at the VA Puget Sound Health Care System. Selection of families was based on
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information collected from the twin-fathers in a 1987 survey of general health, in which birth
dates of their children (among other items) were obtained, and in a 1992 structured diagnostic
psychiatric telephone interview that assessed DSM-III-R drug dependence (DD) disorder
history and other psychiatric diagnoses in the twins. In 2002, we began an offspring of twins
(OOT) study examining genetic and environmental influences on the inter-generational
transmission of illicit DD. Criteria for selection into the present study included membership
in a twin pair in which: (i) both completed the 1987 questionnaire and the 1992 interview; (ii)
at least one member of the pair had a child born between 1973 and 1987, and (iii) the twin pair
was identified as concordant or discordant for DSM-III-R lifetime DD, or as a member of a
control pair without DD.

The twin sample was selected using a 4-group OOT design reflecting differing degrees of
genetic and environmental risks for DD to offspring. Group 1 (n=511 offspring) consists of
fathers with DD, regardless of zygosity, whose offspring are at both high genetic and high
environmental risk (“HG-HE”) because their fathers have a history of DD. The majority were
reared in a household with a DD father (80% lived with their biological father from birth to
age 18, or age at interview if <18 years old, and < 1% never lived with their father). Also
included in this group are fathers with alcohol dependence (AD) whose cotwins have DD.
Groups 2 (n=68 offspring) and 3 (n=72 offspring) are comprised of fathers without DD or AD
but whose monozygotic (MZ) cotwin (Group 2) or dizygotic (DZ) cotwin (Group 3) has DD.
These offspring are therefore at high (Group 2) or moderate (Group 3) genetic risk by virtue
of having a father whose identical or fraternal twin had DD, but at low environmental risk,
because they were not reared by a father with DD (“HG-LE”/”MG-LE”). Finally, Group 4
(n=168 offspring) is a random sample of men without DD with non-DD co-twins. Their
offspring are at low genetic and low environmental risk (“LG-LE”). This novel study design
offers the possibility of differentiating genetic and familial environmental risk to offspring,
based on their father’s and uncle’s DD status. The four group design can also be included in
multivariable modeling to control for the sampling design.

An experienced staff of lay interviewers from the Institute for Survey Research (ISR) at Temple
University conducted data collection in 2002–03. All participants gave verbal informed consent
prior to being interviewed, as approved by the Institutional Review Board at the participating
universities. In addition, twin parents of minor offspring provided written consent for those
offspring to be recruited, although mothers retained the right to refuse participation for their
minor offspring. Offspring also retained the right to refuse.

The 2002–03 telephone interview with the father covered sociodemographic information,
relationships with his children, and smoking, lifetime drinking, and updated drug use histories.
During the interview, permission was obtained to contact the biological mother of his offspring
as well as the offspring themselves. The maternal telephone interview, conducted in 2003,
covered her own DSM-IV history of alcohol abuse (AA) and AD, major depression, drug abuse
(DA) and DD, and included screens for nicotine dependence, mania, antisocial personality,
and drinking, smoking and drug use during each of her pregnancies with the offspring. In
addition, mothers reported on offspring attention deficit-hyperactivity disorder, oppositional
defiant disorder, and conduct disorder (CD), and family background. The offspring interview
was a modification of the Semi-Structured Assessment for the Genetics of Alcoholism
(SSAGA), which has been shown to be a reliable and valid instrument (24;25). The interview
covered items that operationalized DSM-IV lifetime criteria for AA/AD, DA/DD, nicotine
dependence, major depression, CD, and several other diagnostic and non-diagnostic sections.
One such section assessed nine traumatic events, including rape, molestation and physical
abuse, using an adaptation of the trauma assessment from the National Comorbidity Study
(26). In addition, parental discipline and forced sexual intercourse were assessed in the home
environment and sexual maturation sections of the interview, respectively.
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Of 910 fathers targeted for data collection, 15 were incarcerated, too ill to participate or
deceased. Eighty-one percent (n=725) of the remaining 895 twins were interviewed. Among
601 mothers identified by fathers, 444 completed the eligibility screen and 427 (72.8%) met
eligibility criteria and were interviewed. Fathers gave consent to contact 950 offspring, of
whom 839 (88.3%; mean age (SD)=22.64(4.44) years) took part in the 2003–2004 interview.
There were no significant differences in age at interview across risk groups.

We were able to study non-response bias in the present study using data from the 1992 the
twin-father diagnostic interview. Fathers with less than a high school education (56.4% vs.
77.1%; p<.01) and those without a history of any illicit DD (73.6% vs. 79.1%; p<.04) were
less likely to respond, and mothers were less likely to be interviewed if not currently married
to the twin father (53.8% vs. 78.4%; p<.01), or if the father was of a racial minority (49.0%
vs. 76.0%; p<.01). Offspring of DZ twins (85.9% vs. 90.9%; p<.05) and of fathers who were
not married to their biological mothers were also less likely to have been interviewed (79.1%
vs. 90.5%; p<0.01), reflecting greater difficulty in locating those without maternal information
(adult age offspring only).

The primary outcome variable in these analyses was offspring self-reported CA/D. An
individual was considered to have a cannabis abuse diagnosis if he or she endorsed any of the
four DSM-IV cannibis abuse criteria and was considered to have cannabis dependence if they
endorsed three or more of seven cannabis dependence symptoms, including withdrawal. The
clustering criterion was ignored because of the relative youth of the sample. One hundred
twenty individuals (14.7%) had a diagnosis of cannabis abuse only, 7 (0.9%) had a diagnosis
of cannabis dependence only and 61 (7.4%) met criteria for both cannabis abuse and
dependence. Onset of CA/D was defined as the age at onset of the first symptom of CA/D
among those with a diagnosis.

Separate variables were constructed to reflect CPA and CSA. An individual was considered to
have experienced CPA if he or she a) reported having been physically abused before the age
of 16 in the traumatic events section of the interview, or b) answered “yes” to “When you were
6 to 12, did any adult ever physically injure or hurt you on purpose?” from the early home
environment section or c) reported “often” being “punched or hit with a belt or stick or
something like that by your mother or father?” between ages 6 to 12. “Often” was chosen as
the only response to indicate CPA because other response choices were endorsed by an
inordinately large proportion of the sample (had individuals responding “sometimes” and
“rarely” been considered affected, 51% of the sample would have considered to have
experienced CPA). All instances of physical abuse began before age 16. CSA was considered
to have occurred if an individual reported having been a) raped or b) sexually molested before
age 16 (in the trauma section of the interview) or c) forced to have sex before age 16 (in the
sexual maturation section of the interview). Age 16 is a commonly used cutoff for CSA (e.g.,
(27;28)). Preliminary analyses confirmed that CSA & CPA each could be collapsed into 2-
level variables (present/absent).”

Data analysis was conducted using SAS (29) and Stata, version 8 (30). Given the non-
independence of observations inherent in the OOT design, p-values for bivariate analyses were
adjusted for clustering using the method of Rao and Scott (1984), which corrects for the family
clustering in the data and converts the chi-square into an F statistic (31). Cox proportional
hazards models with time dependent covariates were used for multivariate regression for time-
to-event data (32). Data were transformed into a “person years” format with each individual
having a row of data for each year of his or her life. For a given time dependent variable (CSA,
CD, major depression, AD, nicotine dependence), an individual is coded zero for each line of
data until he or she reaches the age of onset, after which the variable is coded one. Fixed
covariates (e.g., race) or covariates for which age of onset were not available (e.g., physical
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abuse, for which individuals were asked if the experience occurred between the ages of 6 and
12 in the early home environment section) were coded as time-invariant, i.e., one on all rows
of data for a given participant.

In the present study the outcome was onset of CA/D, which was defined as onset of first CA/
D symptom. Separate variables for CPA and CSA, as well as dummy variables representing
the 4-group risk design (with Group 4 [LG-LE] serving as the referent) comprised the base
model. Demographic variables and offspring, maternal, and paternal diagnostic variables were
assessed as potential confounders and effect modifiers of the relationship between CPA and
CSA and CA/D by adding the variables into the base model one at a time. If the hazard ratio
(HR) for either CPA or CSA changed by more than 10%, the variable was judged to be a
confounder and was retained in the model (33). If the HRs changed less than 10%, the variable
was dropped from the model. Effect modification was assessed by entering two way
interactions between the variable in question and CPA or CSA into the model. If a variable
interacted significantly with CSA or CPA, it was considered an effect modifier. Offspring
characteristics assessed in this manner were gender, living separately from the father for ≥12
months before age 18 (or age at interview for respondents younger than 18) and DSM-IV major
depression, nicotine dependence, AA/AD and CD, with the psychiatric diagnoses included as
time dependent covariates. Other illicit DA/DD was not included in the model because onset
of CA/D preceded onset of other DA/DD in all but five cases. Based on the literature, paternal
covariates considered were past-year income (from the 2002–03 interview) and DSM-III-R
antisocial personality disorder (ASPD), AA/AD, nicotine dependence and major depression.
Maternal regular smoking (100+ cigarettes lifetime) and DSM-IV AA/AD, DA/DD, major
depression, and CD were also examined. There were no data on the mothers of 164 (20.2%)
offspring. The prevalence of missing maternal data did not differ significantly among risk
groups. Maternal variables were entered into the model as a set of 2 dummy variables
representing missing maternal data and mother affected, with the reference category being
mother unaffected. Once the final model was obtained, the proportional hazards assumption
that risk remains constant over time was assessed using the Grambsch and Therneau test of the
Schoenfeld residuals (34). Confidence intervals were adjusted for family clustering using
Huber-White robust standard errors.

Results
Due to missing data, 20 (2.38%) offspring in the sample were not included in the present
analyses, including three people (0.36%) who were excluded because they had their first CA/
D symptom before CSA/CPA onset. Of the remaining 819, 458 (55.92%) had ever used
cannabis, 327 (39.93%) had used cannabis ≥6 times and 188 (22.95%) met criteria for CA/D
(68 [8.30%] with dependence and 120 [14.65%] with abuse only). The average age of onset
of first symptom of CA/D in those with a diagnosis was 15.99 years (range 12–25 years,
SD=2.01), and did not differ by CSA or CPA status. The most frequently endorsed CA/D
symptom among those with a diagnosis was the hazardous use symptom of abuse (93.09%)
and the least frequently endorsed was the legal problems abuse symptom (5.32%). Seventy
offspring (8.55%; 13.96% of women and 3.53% of men) had experienced CSA, 105 (12.82%;
10.41% of women and 15.06% of men) had experienced CPA. Of the 175 offspring who had
experienced either CSA or CPA, 10.29% (n=18) had experienced both forms of abuse (25.45%
of women and 26.67% of men). CPA was more common in HG-HE group members than in
members of the other risk groups (16.24% vs. 4.76 – 6.55%; p=.011); however, there were no
significant differences in CSA rates between risk groups. Rates of demographic variables,
childhood abuse, and offspring, paternal and maternal psychopathology and SUDs by presence
or absence of CA/D are presented in Table 1. Compared to offspring without CA/D, offspring
with CA/D were significantly more likely to have experienced CSA, but not CPA, before the
age of 16. They were also significantly older than those without CA/D and were more likely
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to be male, to have lived separately from their fathers for 12 months or longer during childhood,
to be in the HG-HE group, and to have AA/AD, CD, major depression, nicotine dependence
and any other illicit DA/DD than offspring without CA/D. Offspring with CA/D were also
more likely to have mothers with a history of CD, and fathers with lifetime ASPD and nicotine
dependence than those without CA/D.

In separate Cox proportional hazards models with CSA or CPA as the sole predictor of onset
of CA/D, CSA (HR=2.11; 95% CI: 1.46–3.05), but not CPA (HR=1.32; 95% CI: 0.89–1.97),
was associated with increased risk for CA/D. Results from the multivariable Cox proportional
hazards models are presented in Table 2. In the base model, which consisted of CSA, CPA,
and dummy variables for the 4 group design, only CSA (HR=2.01; 95% CI: 1.37–2.95) and
membership in the HG-HE risk group (HR=1.92; 95% CI: 1.21–3.04) were significant
predictors of CA/D. The interaction between CSA and CPA was not significant (HR: 0.48;
95% CI: 0.19–1.23; not shown). Offspring male gender, AA/AD and CD confounded the
relationship between CPA and/or CSA and CA/D and were therefore retained in the final
model, although none of the interactions between these covariates and the CSA and CPA
variables were statistically significant. Because there was a violation of the proportional
hazards assumption for CD, separate hazard ratios were estimated for CD for the age periods
before 16 and age 16+. In the final model, CSA, adjusted for CPA, genetic and environmental
risk groups, male gender, and offspring AA/AD and CD, was a significant predictor of CA/D
(HR=2.27; 95% CI: 1.48–3.17); however, the effect of CPA was reduced and not statistically
significant. The effect of being in the HG-HE paternal risk group was also reduced (HR=1.40
vs. 1.92) and no longer statistically significant in the final model. Offspring AA/AD was,
however, strongly associated with developing CA/D: those with an AA/AD diagnosis were
over three times as likely to develop CA/D as those without AA/AD. Offspring CD imparted
a substantially elevated risk of CA/D onset before age 16 (HR=7.36; 95% CI: 4.60 – 11.79)
and was associated with a much lower, but still significant, risk of CA/D onset at age 16 or
older (HR=1.84; 95% CI: 1.17 – 2.90). None of the parental variables were retained in the
model, as they did not impact the strength of the relationship between CA/D and CSA or CPA.

Discussion
These results demonstrate that CSA is a significant predictor of CA/D, even after adjusting for
CPA, genetic and environmental risk, gender, alcohol abuse and dependence, and CD. The
association between CPA and CA/D in adjusted or unadjusted analyses was, however, not
statistically significant. Additional offspring psychopathology and paternal and maternal
psychopathology and SUD were not found to affect the relationships between CPA and CSA
and CA/D.

These results are consistent with those of previous studies that found that individuals who had
experienced CSA were significantly more likely to develop SUDs (10;12;14;19;28). The lack
of association between CPA and CA/D in both adjusted and unadjusted models, however, is
somewhat unexpected given previous findings. Several studies have reported CPA to be
associated with marijuana and/or other illicit drug use in high school students (5;7;35;36).
MacMillan et al (2001) found that women who had been physically abused had higher risk of
SUDs, although the model was not adjusted for CSA or parental psychopathology (14). The
discrepancy in our results could be a function of the more specific outcome (CA/D rather than
cannabis use or any drug abuse or dependence).

This study is not without limitations. The assessments of CPA and CSA were brief and did not
include questions regarding frequency, severity or the perpetrator of the abuse, all of which
have been found to be associated with higher rates of SUDs (19;28). However, the prevalence
of CSA in our sample (13.96% of women and 3.53% of men) is very similar to that reported
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in other epidemiologic studies that have used more detailed assessments of CSA (e.g.,
11;14;16;17). While the prevalence of CPA is somewhat low in comparison to that reported
in the aforementioned studies, this was largely due to the decision to only consider as physical
abuse a response of “often” to the question of whether respondents had been “punched or hit
with a belt or stick or something like that by your mother or father?” between ages 6 to 12.
Individuals who answered “sometimes,” “rarely”, or “never” were coded as unaffected.
Including individuals answered “sometimes” as having experienced CPA, however, did not
alter the results. Another potential limitation is that our interview did not include an assessment
of posttraumatic stress disorder (PTSD), which has been shown to mediate or moderate the
relationship between experience of traumatic events and substance use, abuse, and dependence
(37;38). Inclusion of a PTSD module in our diagnostic interview could have given insight into
the mechanism by which CSA leads to DA/D. This omission has been corrected in our current
assessment, which is now in the field. Finally, the low prevalence of CSA among male
respondents resulted in low power to detect an interaction between gender and CSA; therefore,
it is possible that the relationship between CA/D and CSA differs by gender, despite the fact
that the gender × CSA interaction was not statistically significant in our analyses.

It is of note that the majority of individuals with CA/D in our sample (93.09%) endorsed the
hazardous use criterion of cannabis abuse, and 44.68% of those with CA/D met only the
hazardous use criterion. To ensure that our findings were not an artifact of the hazardous use
component of the abuse diagnosis, we investigated whether abusers who met the diagnosis by
virtue of hazardous use only differed from those who met criteria for abuse without hazardous
use or endorsed criteria in addition to hazardous use and did not find any significant associations
with parental SES as indicated by household income, education levels, (either paternal or
maternal) or with physical abuse (all p values ≥.483; data available from first author by request).
Thus it is unlikely that our findings for the abuse/dependence diagnosis may be explained by
the nosological vagaries of one criterion item sufficing for the abuse diagnosis.

This study is unique in that the OOT design allows for control of both genetic and familial
environmental factors associated with paternal drug abuse and dependence, as well as
unmeasured aspects of the environment imparted by paternal traits that may share a common
genetic liability with drug abuse and dependence. Adjusting for familiality using a variable for
paternal SUDs, as has been done in some previous studies (13;18;28), does not capture this
additional component of risk associated with paternal substance dependence. Furthermore, our
thorough diagnostic assessments of both maternal and paternal self-reported SUDs offer an
advantage over some other studies, which have used the family history method to assess
parental psychopathology and SUD (2;19). Finally, the fact that CSA, CPA, and all other
covariates were only coded positive if the subjects reported that they occurred before onset of
CA/D allows for a more accurate representation of the risk imparted by CSA and CPA than in
some previous studies that did not assess the order of these events (e.g., (14)). Thus, it may be
possible to draw causal inferences from the results presented here.

These results add to the literature indicating that CSA is an independent risk factor for any
drug abuse and dependence. We did not find CPA to be associated with CA/D in bivariate or
multivariate analyses. Future research is needed to investigate gender as a possible moderator
of the relationship between CSA and CA/D as well as to explore the role of posttraumatic stress
disorder in the causal pathway between CSA and CA/D.
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Table 2
Results from the base and final Cox proportional hazards models of time to onset
of cannabis abuse or dependence.

95% Confidence Interval

Hazard Ratio Lower Upper

Base model

Sexual Abuse 2.01 1.37 2.95

Physical Abuse 1.10 0.73 1.66

Paternal risk group:1

 Group 1 - HGHE 1.92 1.21 3.04

 Group 2 - HGLE 1.52 0.75 3.05

 Group 3 - MGLE 1.19 0.59 2.39

 Group 4 – LGLE 1.00 -- --

Final model

Sexual Abuse 2.16 1.48 3.16

Physical Abuse 0.74 0.50 1.10

Paternal risk group:1

 Group 1 - HGHE 1.40 0.88 2.12

 Group 2 - HGLE 1.10 0.57 2.13

 Group 3 - MGLE 1.01 0.49 2.11

 Group 4 – LGLE 1.00 -- --

Male gender 1.23 0.90 1.69

Alcohol abuse or dependence 3.85 2.77 5.35

Conduct disorder2 at ages <16 years 7.36 4.60 11.79

Conduct disorder2 at ages ≥16 years 1.84 1.17 2.90

1
HGHE: High genetic and low environmental risk; HGLE: High genetic and low environmental risk; MGLE: Medium genetic and low environmental

risk; LGLE: Low genetic and low environmental risk

2
Three or more conduct disorder symptoms
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