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Abstract

Aims—EXxposure to extraordinary traumatic experience is one acknowledged risk factor for drug
use. We aim to analyse the influence of potentially life-changing childhood stressors, experienced
second-hand, on later drug use disorder in a national population of Swedish adolescent and young
adults (aged 15-26 years).

Design—We performed Cox Proportional Hazard regression analyses, complemented with co-
relative pair comparisons.

Setting—Sweden

Participants—All individuals in the Swedish population born 1984 to 1995, who were registered
in Sweden at the end of the calendar year they turned 14 years of age. Our follow-up time (Mean:
6.2 years; Range 11 years) started at the year they turned 15 and continued to December 2011
(N=1,409,218).

Measurements—Our outcome variable was drug use disorder, identified from medical, legal
and pharmacy registry records. Childhood stressors, as per DSM-1V stressor criteria, include death
of an immediate family member and second-hand experience of diagnoses of malignant cancer,
serious accidental injury, and victim of assault. Other covariates include parental divorce, familial
psychological well-being, and familial drug and alcohol use disorders.

Findings—After adjustment for all considered confounders, individuals exposed to childhood
stressors ‘parental death’ or “parental assault’” had over twice the risk of drug use disorder than
those who were not (HR = 2.63 (2.23-3.09) and 2.39 (2.06-2.79), respectively).
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Conclusions—Children under 15 who experience second-hand an extraordinary traumatic event
(such as a parent or sibling being assaulted, diagnosed with cancer, or dying) appear to have
approximately twice the risk of developing a drug use disorder than those who do not.

Introduction

Exposure to extraordinary traumatic events, as defined by DSM-](i.e. physical and/or sexual
abuse in childhood, adulthood sexual assault, or combat) is one of several acknowledged
risk factors for drug use disorder (1, 2). Over 90% of drug users report one or more
traumatic event in their lifetime (2, 3); however, mechanisms behind this association remain
unclear, with three schools of thought prominent in substance use literature. Firstly, there is
the “self-medication” hypothesis (4), which stipulates that the traumatic event precedes drug
use, with individuals illicitly ‘self-prescribing’ to cope with feelings of stress associated with
past trauma. Secondly, is the theory that drug use precedes the traumatic event, that drug use
is a high-risk behaviour, which could lead to increased risk of exposure to future traumas
(5-7). Lastly, is the “artefact hypothesis’, the assumption being that associations between
traumatic events and drug use are non-causal, they being confounded (or mediated) by
unmeasured factors, for example psychological wellbeing (8, 9), or shared genetic and
environmental factors (10).

Research focusing on the “self-medication’ and “artefact’ hypotheses gives special attention
to adverse childhood experiences (11-15), as children are considered highly vulnerable to
any potential long-term negative influences that adversity may have on future health
behaviours and outcomes (16-18). Many studies investigating adverse childhood
experiences and psychopathology focus predominantly on the traumas of physical and
emotional abuse, neglect and sexual abuse (for examples see: (8, 9, 19-21)). Researchers
have also considered environmental and potential genetic factors (such as parental drug and
alcohol use disorders) as confounding risk factors for future substance abuse (17, 18).

However, past research gives less attention to events that could be termed ‘unexpected’
adverse childhood experiences. This term is our attempt to define potentially life-changing
childhood events not categorised as forms of abuse or neglect, which also operationalize
DSM-IV stressor criterion. Such events are subdivided into: i) trauma experienced “first-
hand’ and ii) trauma experienced ‘second-hand’, i.e. learning of trauma that occurred to an
immediate family member (parent/sibling) (22, 23). This study shall focus on the latter
group.

Being guided by DSM-IV stressor criterion (22, 23), we identified four suitable proxies for
second-hand traumatic childhood experiences from Swedish registry data. These included an
immediate family member: i) being diagnosed with malignant cancer, ii) being assaulted, iii)
suffering severe accidental injury leading to permanent disability, and iv) dying. We
hypothesise that second-hand experiences of trauma during childhood are also capable of
evoking emotional stress and, therefore, have the potential to affect later drug use.

Ilicit substance use often starts during adolescence (12—19 years of age) (24). Children
exposed to adverse experiences have an even greater risk for early substance use debut (25).
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The aim of this longitudinal study was to investigate the associations between experiences of
second-hand childhood traumas (between the ages 0-14 years) and future drug use disorder
in a national population of Swedish adolescent and young adults (aged 15-26 years). By
further considering familial drug and alcohol use disorders, and psychological wellbeing,
our study aimed to test the ‘self-medication’ hypothesis (4), whilst investigating the degree
to which the association between ‘second-hand’ childhood traumas and drug use disorder
are causal.

Drug use disorder is a multifactorial syndrome influenced by genetic risk factors, a broader
vulnerability to a range of externalizing disorders, and by an array of environmental risk
factors (26). We used identical data sources described in several previous publications on
drug abuse in Sweden (26-28). In short, we used linked data from multiple Swedish
nationwide registries and healthcare data. Linking was achieved via the unique individual
10-digit personal ID number assigned at birth or immigration to all Swedish residents. The
following sources were used to create our drug use disorder database: the Swedish Hospital
Discharge Register, containing all hospitalizations for all Swedish inhabitants from 1964—
2010; the Swedish Prescribed Drug Register, containing all prescriptions in Sweden picked
up by patients from 2005 to 2009; the Outpatient Care Register, containing information from
all outpatient clinics from 2001 to 2010; the Primary Health Care Register, containing
outpatient diagnoses from 2001-2007 for 1 million patients from Stockholm and middle
Sweden; the Swedish Crime Register, containing national data on all convictions from
1973-2011; the Swedish Suspicion Register, containing national data on all individuals
strongly suspected of crime from 1998-2011; and the Swedish Mortality Register,
containing all causes of death.

Dependent variable — drug use disorder

We identified drug use disorder cases from Swedish medical registries via ICD codes: ICD8:
drug dependence (304); ICD9: drug psychoses (292) and drug dependence (304); ICD10:
mental and behavioural disorders due to psychoactive substance use (F10-F19), except
those due to alcohol (F10) or tobacco (F17)); in the Crime Register by codes: 3070 (driving
under the influence of narcotics), 5010, 5011 and 5012 (possession and use of an illicit
substance), and by references to laws covering narcotics (law 1968:64, paragraph 1, point 6
(possession, use or other charges in relation to illicit substances)) and drug-related driving
offences (law 1951:649, paragraph 4, subsection 2 and paragraph 4A, subsection 2).

Drug use disorder was further identified in individuals (excluding those suffering from
cancer) in the Prescribed Drug Register who had retrieved (on average) more than four
defined daily doses of either Hypnotics and Sedatives (Anatomical Therapeutic Chemical
(ATC) Classification System NO5C and NO5BA) or Opioids (ATC: NO2A) over a
twelvemonth period. This study was approved on 30th November 2011 by the regional
ethical review board in Lund, Sweden (Dnr 2011/675).
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Study population

We sampled all individuals in the Swedish population born 1984 to 1995, who were
registered in Sweden at the end of the calendar year they turned 14 years of age. Our follow-
up time (mean: 6.2 years; range 11 years) started at the year they turned 15 and continued to
the year 2011 (N=1,409,218).

Independent variables

Unexpected adverse childhood experiences—We identified four second-hand
childhood traumas using ICD codes from the Swedish Hospital Discharge Register, with
such events occurring to immediate family members of our study sample (parents/full-
siblings - see appendix for ICD codes). These included diagnoses of malignant cancer;
accidental injury leading to permanent disability (spinal cord injury or full/part loss of
limb(s)); victim of assault; and death.

Firstly, we created a cumulative ‘unexpected adverse childhood experience’ variable by
summing responses to all four events. This variable represented direct trauma to the parents
of our study population only, not their siblings (1/0). We also created a dichotomous (1/0)
variable for each of the four stressor events and stratified them by affected family member
(parent or full-sibling). Any second-hand childhood stressor (as defined above) must have
occurred to an immediate family member whilst our study population were 0-14 years old.

We included parental divorce as a covariate in our analyses. Though divorce does not
qualify as a DSM-IV stressor, previous studies have found associations between family
structure and drug use disorder (29-32). As cohabitation without marriage is common in
Sweden, we defined the year of ‘divorce’ as the year that individuals discontinued to reside
with both their parents.

Other considered covariates were the gender of our study population, and their parents’
education, psychological wellbeing, drug and alcohol use disorders, as defined by 1CD codes
(17, 18, 33, 34). Among siblings, only drug (not alcohol) use disorder was considered a
potential confounder (34). As the mean age of initial alcohol use disorder diagnosis in our
sample was 41.9 years, we assumed that such behaviour later in life would have little or no
influence over their siblings’ drug use between ages 15-24 years. Furthermore, past research
suggests no significant association between sibling alcohol use disorder on other sibling’s
drug use disorder (35, 36).

We measured all covariates whilst our study population was aged 0-14 years (see dependent
variable definitions and appendix for all ICD codes).

Statistical analysis

Due to different exposure periods based on year and month of birth, in order to examine the
associations between childhood stressors and subsequent drug use disorder, we utilized Cox
Proportional Hazard regression to investigate all individuals from age 15 years until: i) the
time of first registration of drug use disorder; ii) until death; or iii) until end of follow-up
(year 2011), whichever came first. As full-siblings could be included in the analysis, we
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adjusted for non-independence with a robust sandwich estimator. We investigated the
proportionality assumption in all models; if this was not fulfilled, we included an interaction
term between the variable of interest and the logarithm of time. We tested the proportional
hazards assumption for all other variables both before and after the inclusion of the
interaction term. The main predictor variable in the analysis was ‘unexpected adverse
childhood experiences’.

Model 1 was a crude analysis of our cumulative ‘parental’ childhood stressor variable.
Model 2 adjusted for parental divorce, parental education and the gender of our study
population. Model 3 further adjusted for parental genetic and or environmental factors (by
excluding individuals with parental drug and alcohol use disorders, and psychological
disorders from the analysis). Model 4 further adjusted for familial genetic and or
environmental factors by also excluding individuals with full-sibling drug use disorder.

We performed separate analyses to investigate effects of each of the four separate stressor
categories, Models Ala—Ald testing events that occurred to parents and/or full-siblings.
Models A2a—-A2d repeated the analysis in Ala—Ald, whilst adjusting for all potential
confounders considered in Model 4.

As a sensitivity test, by means of the Swedish Multi-Generation Register, we identified all
first cousin and full-sibling pairs that were discordant for drug use disorder and our
cumulative ‘unexpected adverse childhood experience’ variable (N (first cousins) = 25,522
pairs; N (full-siblings) = 5772 pairs). This meant that we compared cousin and sibling pairs
where one (aged 0-14 years) experienced the stressor, while the other either did not (as not
yet born at the time of the stressor event, or experienced it aged 15 years or more). The Cox
proportional hazards model adjusts for the cousin/sibling cluster and therefore accounts for
an array of unknown shared genetic and environmental factors. Model S1 provided a crude
analysis; Model S2 further adjusted for parental divorce. All statistical analyses were
performed using SAS 9.3 (37).

Table 1 shows the frequency and percentages of our study population, who experienced
trauma as a child ‘second-hand’, i.e. learned of trauma to an immediate family member. The
traumas are presented as i) a cumulative measure and ii) as separate categories, all results
being stratified by drug use disorder. Table 2 presents results from Models 1-4. Individuals
(aged 15-26 years) in our study population, exposed to one or more childhood stressor
(between ages 0-14 years), were more than twice as likely to be registered with drug use
disorder (Model 1, HR = 2.12 (95% confidence interval (ClI) 1.96-2.30)). The relative risk
increased after adjustment for parental education and sample population gender (Model 2,
HR = 2.39 (2.16-2.65)). After adjustment for parental drug and alcohol use disorders, and
psychological disorders (Model 3) and full-cousin and full-sibling drug use disorder (Model
4), the relative risk decreased (HR = 1.98 (1.73-2.27) and 1.94 (1.67-2.25), respectively)).
There was a significant interaction term between our cumulative stressor variable and
gender in Model 2 only (0.87 (0.81-0.94)). The proportionality assumption was not fulfilled;
the HR for the interaction term between ‘log time’ and the cumulative stressor variable was

Addiction. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Giordano et al.

Page 6

0.85 (0.80-0.89) in Model 1, suggesting that the effect of childhood stressors on drug use
disorder decreased over time.

Table 3 presents results from Models Ala—d and A2a—d (effects of individual childhood
stressors on later drug use disorder). After adjustment for all considered confounders
(Models A2a—d), the highest relative-risk categories for drug use disorder were death and
assault of parents (HR = 2.63 and 2.39, respectively), and assault of siblings (HR = 1.93).

Tables 4a and 4b show results from the first cousin and sibling-pair sensitivity analyses.
After adjustment for parental divorce (Models S2), the relative risk of drug use disorder after
exposure to our cumulative ‘unexpected adverse childhood experience’ variable was 1.65
for first cousins and 1.46 for full-siblings. After stratifying for age difference, the largest risk
was seen in those cousin/full-sibling pairs whose difference in age was greater than 5 years
(see Tables 4a-h).

Discussion

The aim of this longitudinal study was to investigate the associations between experiences of
second-hand childhood traumas (between the ages 0-14 years) and later drug use disorder in
the Swedish adolescent and young adult population (aged 15-26 years). Our results showed
that individuals, who experienced any childhood stressor second-hand, had approximately
twice the risk of drug use disorder than those who did not. The association between our
cumulative stressor variable and drug use disorder was attenuated in the first cousin and
sibling-pair analysis (HR = 1.55 (¢) and 1.46 (), respectively); however, in cousins/siblings
whose difference in age was greater than 5 years, the relative risk remained high (HR =

1.72 ¢y and 1.92 (), respectively). To our knowledge, this is the first nationwide study that
specifically investigated the effects of second-hand adverse childhood experiences on drug
use disorder, and our results add strength to the increasing body of evidence suggesting that
environmental effects within families impact on risk for drug use disorder (26, 27, 31, 34,
38). Of the individual stressor categories investigated (Table 3), death of a parent had the
highest relative risk of drug use disorder (HR = 2.63). We identified parental death from all-
cause Mortality Registers. However, we could not ascertain whether death was an indirect
result of another trauma category (i.e. prior diagnosis of malignant cancer, serious assault or
accidental injury).

Parental/full-sibling assault was associated with higher relative risk for later drug use
disorder (HR = 4.80 and 4.49, respectively, see Table 3). These values were attenuated after
adjustment for all considered confounders (HR (py = 2.39, HR () = 1.93). The extent of
attenuation most likely reflects the degree of correlation between risk of assault, the
psychopathology of substance use disorders, poor mental health status and lower levels of
education. These factors could even be indicative of an underlying behaviour type, which
could potentially confound associations between second-hand childhood trauma and later
drug use disorder. However, that risk remains after adjustment for these factors (and in our
co-relative sensitivity analyses), lends support to the hypothesis that second-hand experience
of trauma during childhood increases the risk of later drug use disorder in adolescence/
adulthood.
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Of the other considered covariates, being male was consistently associated with a higher
relative risk for drug use disorder (Model 4, Table 2; HR = 3.32). This is in line with
previous findings that men are typically twice as likely to try (and become dependent upon)
illicit substances than women (39, 40). Similarly, our results showed an increased relative
risk of drug use disorder later in life if a child experienced parental divorce (HR = 2.07),
which mirrors past research investigating drug use disorder and the family structure (26, 29—
32). Though there is extensive research investigating adverse childhood experiences (e.g.
sexual or physical abuse, or neglect) and detrimental health behaviours in later life (11-18,
41), research specifically investigating effects of second-hand stressor events on drug use
disorder is sparse. A PubMed search revealed only two drug use studies that included similar
stressor events as covariates. Both papers tentatively supported our results: Newcomb and
Harlow (42) grouped traumatic events stemming from: i) family and parents, ii) accidents
and illness, and iii) relocation, labelling such occurrences as ‘uncontrollable stressful
events’. They concluded that these events had both a direct and mediated impact on
substance use on young adults if they occurred during late adolescence (sample aged 12-18
years, N= 376). The second study by Reed et al. (43), used retrospective data from young
adults, as defined by DSM-1V stressor events. Their results suggested that early life traumas,
if coupled with a subsequent diagnosis of post-traumatic stress disorder (PTSD), were
associated with increased risk for drug use (N = 998).

In an attempt to test the conclusions made by Reed et al. (43) (that associations between
childhood stressors and drug use could be mediated by a diagnosis of PTSD), we further
identified all individuals in our study population who had a diagnosis of PTSD: i) between
ages 0-14 years (N = 532), and ii) between 0-26 years (N= 5045) using ICD codes (ICD10
F43; 1CD9 308,309) from the Swedish Hospital Discharge Register. After excluding these
individuals from our analysis, those who experienced childhood stressors were still more
than twice as likely to be registered as drug abusers (0-14 years PTSD: HR = 2.17 (1.93-
2.35) and 0-26 years PTSD: HR = 2.12 (1.92-2.34)). Though these results do not appear to
support the mediation theory of Reed et al., it should be noted that rates of PTSD derived
solely from hospital discharge records are most likely to be much lower than those obtained
from in-depth interviews (43).

The issue of causal inference is extensively debated in epidemiology (44), some even
arguing that in the absence of experimental data, causal interpretation is impossible. As the
risk for drug use runs strongly in families, offspring of affected parents will share risk
factors for drug use disorder (34). Therefore, employment of a co-relative comparison
(which dramatically reduces the number of environmental confounds compared to standard
comparisons of unrelated individuals), can provide support for the hypothesis that
unexpected childhood stressors contribute significantly to the aetiology of drug use disorder
in later life. As per our definition, discordant cousins/siblings could have either: i) never
experienced a stressor event (not yet born); or ii) experienced it at an age older than 14
years; therefore, it is probable that we underestimated the risk for drug use disorder in these
analyses.

The risk for drug use disorder was stronger in co-relative probands whose age difference
was 6 years or more. This may be due to the fact that cousin/sibling pairs, whose age
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difference was 5 years or less, controlled for a larger amount of environmental factors (34).
However, it is also possible that a major component of the risk difference reflects how much
of the period of vulnerability for drug use disorder onset each cousin/sibling has already
survived.

Strengths and Limitations

A major strength of our study is its annual sampling of a national population from 1995—
2011 and the employment of multiple data sources to capture drug use disorder cases. Our
data are nearly 100% complete for drug use disorder and all other medical diagnoses used as
covariates in this study. For all hospitalisations, only 0.4% of personal identification
numbers and 0.9% of all main diagnoses were missing. This enabled us to perform the first
nationwide study to investigate the effects of unexpected childhood stressors on drug use
disorder. Despite this, there are several limitations of our study that should also be
discussed.

We identified drug use disorder from medical, pharmacy and criminal records, utilising ICD
codes to capture cases within our study population. While this method has the important
advantage of not requiring accurate respondent recall and reporting, the risk for
misclassification bias remains. Furthermore, individuals captured in Swedish registers most
likely belong to a sub-group of more severe drug users, labelled ‘drug use disorder’ cases by
us. However, studies conducted in Norway reported rates of drug use and dependence of
3.4%, assessed using DSM-I11-R criteria, which is identical to that found by our registry-
based study (45, 46).

Though we were guided by DSM-1V traumatic events and stressor criterion (specifically,
learning about trauma to immediate family members) (22), we created our variables based
solely on our interpretation of stressors that could be readily identified with ICD codes from
medical records. This made it difficult to validate our second-hand trauma exposures.
However, we are reassured by an external audit of the Swedish Hospital Discharge Register,
which suggests that the vast majority of diagnoses are 85-95% valid (47).

This study is based upon Swedish population data. As levels of drug use in Sweden are
considered low compared to other Western countries, and that the Swedish population has
free access to many aspects health care and support systems and resources, it is not readily
apparent how transferrable these results are to other populations, whose access to such
resources is limited.

Finally, as the study period spans sixteen years, secular trends (such as period and cohort
effects) may have had some impact on our findings. However, a recent study of drug abuse
in Sweden over four decades revealed that from 1997-2010, period and cohort effects on
hospitalisations due to drug abuse have remained relatively stable (48).

Conclusions

The results of this study show that associations between unexpected adverse childhood
experiences and later drug use disorder remain, even after adjustment for familial
psychological disorders, and drug and alcohol use disorders. We, therefore, cannot reject the
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hypothesis that early-life exposure to such stressors is one possible precursor to drug use
disorder. Furthermore, results from our co-relative sensitivity analyses cast doubt on theories
suggesting that associations between unexpected adverse childhood experiences and drug
use disorder are non-causal. Based on our results, current and future policy may further
benefit from new initiatives to identify early the more vulnerable members of the population
to drug use disorder.

Acknowledgments

This work was supported by grants from the National Institute of Drug Abuse (R01 DA030005), the Swedish
Research Council (2012-2378 (awarded to JS), K2009-70X-15428-05-3 (KS) and K2012-70X-15428-08-3 (KS)),
the Swedish Council for Working Life and Social Research (2007-1754: JS; 2013-1836: KS) and the Swedish
Council for Information on Alcohol and Other Drugs (KS), as well as ALF funding from Region Skane awarded to
JS and KS.

References

1. BRESLAU N, DAVIS GC, SCHULTZ LR. Posttraumatic stress disorder and the incidence of
nicotine, alcohol, and other drug disorders in persons who have experienced trauma. Archives of
General Psychiatry. 2003; 60:289-294. [PubMed: 12622662]

2. REYNOLDS M, MEZEY G, CHAPMAN M, et al. Co-morbid post-traumatic stress disorder in a
substance misusing clinical population. Drug and Alcohol Dependence. 2005; 77:251-258.
[PubMed: 15734225]

3. PEIRCE JM, KOLODNER K, BROONER RK, KIDORF MS. Traumatic Event Re-exposure in
Injecting Drug Users. Journal of Urban Health-Bulletin of the New York Academy of Medicine.
2012; 89:117-128. [PubMed: 21989498]

4. KHANTZIAN EJ. The self-medication hypothesis of addictive disorders - focus on heroin and
cocaine dependence. American Journal of Psychiatry. 1985; 142:1259-1264. [PubMed: 3904487]

5. COTTLER LB, COMPTON WM, MAGER D, SPITZNAGEL EL, JANCA A. Posttraumatic-stress-
disorder among substance users from the general-population. American Journal of Psychiatry. 1992;
149:664-670. [PubMed: 1575258]

6. BROWN PJ, WOLFE J. Substance-abuse and posttraumatic-stress-disorder comorbidity. Drug and
Alcohol Dependence. 1994; 35:51-59. [PubMed: 8082556]

7. RYB GE, DISCHINGER PC, KUFERA JA, READ KM. Risk perception and impulsivity:
Association with risky behaviors and substance abuse disorders. Accident Analysis and Prevention.
2006; 38:567-573. [PubMed: 16426559]

8. DOUGLAS KR, CHAN G, GELERNTER J, et al. Adverse childhood events as risk factors for
substance dependence: partial mediation by mood and anxiety disorders. Addictive Behaviors.
2010; 35:7-13. [PubMed: 19720467]

9. LO CC, CHENG TC. The impact of childhood maltreatment on young adults’ substance abuse.
American Journal of Drug and Alcohol Abuse. 2007; 33:139-146. [PubMed: 17366254]

10. INGLEBY, D. Forced migration and mental health. New York: Springer; 2005.

11. ANDA RF, BROWN DW, FELITTI VJ, et al. Adverse childhood experiences and prescribed
psychotropic medications in adults. American Journal of Preventive Medicine. 2007; 32:389-394.
[PubMed: 17478264]

12. DUBE SR, FELITTI VJ, DONG M, et al. Childhood abuse, neglect, and household dysfunction
and the risk of illicit drug use: The adverse childhood experiences study. Pediatrics. 2003;
111:564-572. [PubMed: 12612237]

13. HEFFERNAN K, CLOITRE M, TARDIFF K, et al. Childhood trauma as a correlate of lifetime
opiate use in psychiatric patients. Addictive Behaviors. 2000; 25:797-803. [PubMed: 11023022]

14. KENDLER KS, BULIK CM, SILBERG J, et al. Childhood sexual abuse and adult psychiatric and
substance use disorders in women - An epidemiological and Cotwin control analysis. Archives of
General Psychiatry. 2000; 57:953-959. [PubMed: 11015813]

Addiction. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Giordano et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Page 10

ROHSENOW DJ, CORBETT R, DEVINE D. Molested as children - a hidden contribution to
substance abuse. Journal of Substance Abuse Treatment. 1988; 5:13-18. [PubMed: 3361621]
VANDERKOLK BA, PERRY JC, HERMAN JL. Childhood origins of self-destructive behavior.
American Journal of Psychiatry. 1991; 148:1665-1671. [PubMed: 1957928]

ANDA RF, FELITTI VVJ, BREMNER JD, et al. The enduring effects of abuse and related adverse
experiences in childhood - A convergence of evidence from neurobiology and epidemiology.
European Archives of Psychiatry and Clinical Neuroscience. 2006; 256:174-186. [PubMed:
16311898]

FELITTI VJ, ANDA RF, NORDENBERG D, et al. Relationship of childhood abuse and
household dysfunction to many of the leading causes of death in adults -The adverse childhood
experiences (ACE) study. American Journal of Preventive Medicine. 1998; 14:245-258. [PubMed:
9635069]

FETZNER MG, MCMILLAN KA, SAREEN J, ASMUNDSON GJG. What is the association
between traumatic life events and alcohol abuse/dependence in people with and without PTSD?
Findings from a nationally representative sample. Depression and Anxiety. 2011; 28:632-638.
[PubMed: 21769995]

AFIFI TO, HENRIKSEN CA, ASMUNDSON GJG, SAREEN J. Childhood Maltreatment and
Substance Use Disorders Among Men and Women in a Nationally Representative Sample.
Canadian Journal of Psychiatry-Revue Canadienne De Psychiatrie. 2012; 57:677-686. [PubMed:
23149283]

NELSON EC, HEATH AC, LYNSKEY MT, et al. Childhood sexual abuse and risks for licit and
illicit drug-related outcomes: a twin study. Psychological Medicine. 2006; 36:1473-1483.
[PubMed: 16854248]

BRESLAU N, WILCOX HC, STORR CL, et al. Trauma exposure and posttraumatic stress
disorder: A study of youths in urban America. Journal of Urban Health-Bulletin of the New York
Academy of Medicine. 2004; 81:530-544. [PubMed: 15466836]

BRESLAU N, KESSLER RC, CHILCOAT HD, et al. Trauma and posttraumatic stress disorder in
the community: the 1996 Detroit Area Survey of Trauma. Archives of General Psychiatry. 1998;
55:626-32. [PubMed: 9672053]

HOVDESTAD WE, TONMYR L, WEKERLE C, THORNTON T. Why is Childhood
Maltreatment Associated with Adolescent Substance Abuse? A Critical Review of Explanatory
Models. International Journal of Mental Health and Addiction. 2011; 9:525-542.

TONMYR L, THORNTON T, DRACA J, WEKERLE C. A review of childhood maltreatment and
adolescent substance abuse relationship. Current Psychiatry Review. 2010; 6:223-234.
KENDLER KS, SUNDQUIST K, OHLSSON H, et al. Genetic and Familial-Environmental
Influences on Risk for Drug Abuse: A National Swedish Adoption Study. Archives of General
Psychiatry. 2012; 69:690-697. [PubMed: 22393206]

KENDLER KS, OHLSSON H, SUNDQUIST K, SUNDQUIST J. Environmental influences on
familial resemblance for drug abuse in first-cousin pairs: a Swedish national study. Psychological
Medicine. 2013; 23:1-9.

KENDLER KS, OHLSSON H, SUNDQUIST K, SUNDQUIST J. A latent class analysis of drug
abuse in a national Swedish sample. Psychological Medicine. 2013; 1:1-10.

MANDARA J, ROGERS SY, ZINBARG RE. The Effects of Family Structure on African
American Adolescents’ Marijuana Use. Journal of Marriage and Family. 2011; 73:557-569.
SUH T, SCHUTZ CG, JOHANSON CE. Family structure and initiating non-medical drug use
among adolescents. Journal of Child & Adolescent Substance Abuse. 1996; 5:21-36.
HOFFMANN JP, JOHNSON RA. A national portrait of family structure and adolescent drug use.
Journal of Marriage and the Family. 1998; 60:633-645.

SAKYI KS, MELCHIOR M, CHOLLET A, SURKAN PJ. The combined effects of parental
divorce and parental history of depression on cannabis use in young adults in France. Drug and
Alcohol Dependence. 2012; 126:195-199. [PubMed: 22682099]

JOHNSON JL, LEFF M. Children of substance abusers: Overview of research findings. Pediatrics.
1999; 103:1085-1099. [PubMed: 10224196]

Addiction. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Giordano et al.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Appendix

Page 11

KENDLER KS, OHLSSON H, SUNDQUIST K, SUNDQUIST J. Within-Family Environmental
Transmission of Drug Abuse: A Swedish National Study. JAMA Psychiatry. 2013; 70:235-42.
[PubMed: 23229904]

BIERUT LJ, DINWIDDIE SH, BEGLEITER H, et al. Familial transmission of substance
dependence: alcohol, marijuana, cocaine, and habitual smoking: a report from the Collaborative
Study on the Genetics of Alcoholism. Archives of General Psychiatry. 1998; 55:982-8. [PubMed:
9819066]

MERIKANGAS KR, STOLAR M, STEVENS DE, et al. Familial transmission of substance use
disorders. Archives of General Psychiatry. 1998; 55:973-9. [PubMed: 9819065]

SAS INSTITUTE INC. SAS ONLINE DOC Version 9.3. Cary, NC: SAS Institute Inc; 2008.
NEEDLE RH, SU SS, DOHERTY WJ. Divorce, remarriage, and adolescent substance use - a
prospective longitudinal-study. Journal of Marriage and the Family. 1990; 52:157-169.
WARNER LA, KESSLER RC, HUGHES M, ANTHONY JC, NELSON CB. Prevalence and
correlates of drug-use and dependence in the United States -results from the National Comorbidity
Survey. Archives of General Psychiatry. 1995; 52:219-229. [PubMed: 7872850]

GREENFIELD SF, MANWANI SG, NARGISO JE. Epidemiology of substance use disorders in
women. Obstetrics and Gynecology Clinics of North America. 2003; 30:413-46. [PubMed:
14664320]

BRADY KT, BACK SE. Childhood Trauma, Posttraumatic Stress Disorder, and Alcohol
Dependence. Alcohol Research-Current Reviews. 2012; 34:408-413. [PubMed: 23584107]
NEWCOMB MD, HARLOW LL. Life events and substance use among adolescents - mediating
effects of perceived loss of control and meaninglessness in life. Journal of Personality and Social
Psychology. 1986; 51:564-577. [PubMed: 3489832]

REED PL, ANTHONY JC, BRESLAU N. Incidence of drug problems in young adults exposed to
trauma and Posttraumatic stress disorder - Do early life experiences and predispositions matter?
Archives of General Psychiatry. 2007; 64:1435-1442. [PubMed: 18056552]

ROTHMAN, KJ.; GREENLAND, S.; POOLE, C.; LASH, TL. Causation and causal inference. In:
Rothman, KJ.; Greenland, S.; Lash, TL., editors. Modern Epidemiology. Philadelphia, PA:
Lippincott Williams & Wilkins; 2008. p. 5-31.

HIBELL, B.; GUTTORMSSON, U.; AHLSTROM, S, et al. The 2007 ESPAD Report: Substance
Use Among Students in 35 European Countries. The Swedish Council for Information on Alcohol
and Other Drugs (CAN); 2007.

KRAUS L, AUGUSTIN R, FRISCHER M, et al. Estimating prevalence of problem drug use at
national level in countries of the European Union and Norway. Addiction. 2003; 98:471-485.
[PubMed: 12653817]

LUDVIGSSON JF, ANDERSSON E, EKBOM A, et al. External review and validation of the
Swedish national inpatient register. BMC Public Health. 2011; 11:1471-2458.

GIORDANO GN, OHLSSON H, KENDLER KS, et al. Age, period and cohort trends in drug
abuse hospitalizations within the total Swedish population (1975-2010). Drug and Alcohol
Dependence. 2013; 19 Epub ahead of print.

Unexpected adverse childhood experiences: ICD Codes

Malignant cancer

ICD8: 140-49, 150-59, 160-63, 170-74, 180-89, 190-99, 200-09; ICD9: 1400-2089;
ICD10: C000-C970.

Permanent disability (full/part loss of limb(s))

ICD8/9: 887.x, 896.x, 897.x; ICD10: S48.0,1,9, S58.0,1,9, S68.4,8,9, S78.0,1,9, S88.0,1,9,
598.0,4, T13.6, T11.6, T05.1,2,3,4,5,6.
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Permanent disability (spinal cord injury)
ICD8: 806.x, 958.x; ICD9: 952.x, 806.x; ICD10: S12, S12.1, S12.2, S12.7, S12.9, S14,

S14.1, 524, S24.1, S34.0, S34.1, S34.3, G82.x, T06.1, T09.3, T91.1, T91.3, S22.0, S22.1,
S$32.0, S32.1, S32.2, S32.7, S32.8.

Assault
ICD8/9: E960-E969; ICD10: X850-Y099 Y87.1.

Familial genetic factors

Parental mental health status

ICD8: 295.xx, 296.xX, 298.xX, 297.xX, 299.xx, 300.xx 301.xx; ICD9: 295-316; ICD10:
F20-29, F30-39, F50-59, F60-69.

Parental alcohol use disorder

ICD8: 291, 980, 571, 303; ICD9: 291, 303, 305A, 357F, 425F, 535D, 571A-D, 980, V79B,;
ICD10: F10 (excluding acute alcohol intoxication: F10.0), Z50.2, Z71.4, E24.4, G31.2,
G62.1, G72.1, 142.6, K29.2, K70.0-K70.9, K85.2, K86.0, 035.4, T51.0-T51.9; Anatomical
Therapeutic Chemical (ATC) codes in the Prescribed Drug Register: disulfiram (NO7BB01),
acamprosate (NO7BB03), or naltrexone (NO7BB04). Additionally, we identified individuals
with at least two convictions of drunk driving (law 1951:649) or drunk in charge of maritime
vessel (law 1994:1009) in the Crime register. We used the Cause of Death Register to obtain
data on alcohol-associated death and used the same codes as above.

Parental/Full-sibling drug use disorder codes were the same as described for the dependent
variable in the main text.
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Frequencies and percentages (%) of sample population who experienced unexpected adverse childhood

Table 1

Page 13

experiences (UACE), stratified by drug use disorder (DUD) N = 1,409,218; follow-up time: mean 6.2 years;

range 11 years

No DUD DUD
N (total) 1,350,239 (95.8) 58,979 (4.2)
g:g#!‘z‘g;’g%’:%i;’gr ('S;" e 60,880 (93.6) 4,811 (6.4)
UACE (P) 60,331 (93.5) 4,228 (6.6)
UACE (S) 13,474 (92.4) 1,103 (7.6)
Individual UACE variables
Malignant Cancer (P) 35,070 (95.4) 1,708 (4.6)
Malignant Cancer (S) 4,300 (95.9) 183 (4.1)
Permanent disability through injury (P) 4,728 (94.1) 295 (5.9)
Permanent disability through injury (S) 1,580 (94.5) 92 (5.5)
Death (P) 25,462 (92.1) 2,200 (7.9)
Death (S) 2,542 (94.7) 143 (5.3)
Victim of Assault (P) 4,725 (87.6) 667 (12.4)
Victim of Assault (S) 5,710 (88.9) 714 (11.1)
Covariates
Divorce (P) 395,736 (93.6) 27,048 (6.4)
Women 671,363 (98.0) 13,665 (2.0)
Men 678,867 (93.7) 45,313 (6.3)
Low education (P) 80,069 (92.8) 6,223 (7.2)
Middle education (P) 386,447 (94.6) 22,028 (5.4)
High education (P) 883,723 (96.6) 30,728 (3.4)
Mental Health (P) 61,137 (90.2) 6.620 (9.8)
DUD (P) 49,386 (85.5) 8,379 (14.5)
DUD (S) 58,014 (84.0) 11,089 (16.1)
Alcohol Use Disorder (P) 32,684 (89.2) 3,948 (10.8)
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Table 2

Page 14

Hazard ratios (HR) with 95% confidence intervals (95% CI) of future drug use disorder after exposure to our
cumulative ‘unexpected adverse childhood experience’ variable (UACE) between ages 0-14 years, and other
considered covariates (N = 1,409,218)

Model 1
HR (95 % CI)

Model 2
HR (95 % CI)

Model 3*
HR (95 % CI)

Model 4 **
HR (95 % CI)

UACE (P)

UACE (P) ™ Log(time)

Divorce (P)
Low Education (P)

Middle Education (P)

High Education (P)
Gender (M vs. F)

UACE " gender

2.12 (1.96; 2.30)
0.85 (0.80; 0.89)

2.39 (2.16; 2.65)
0.85 (0.81; 0.90)

213 (2.09; 2.17)

1.84 (1.79; 1.90)

1.45 (1.42; 1.48)
1.0

3.26 (3.19; 3.32)

0.87 (0.81; 0.94)

1.98 (1.73; 2.27)
0.84 (0.79; 0.90)

1.98 (1.94; 2.02)

1.69 (1.63; 1.75)

1.34(1.31; 1.37)
1.0

3.44 (3.46; 3.51)

0.94 (0.86; 1.04)

1.94 (1.67; 2.25)
0.86 (0.80; 0.93)

2.07 (2.03; 2.11)

1.44 (1.39; 1.50)

1.31 (1.28; 1.34)
1.0

3.32 (3.23; 3.40)

0.95 (0.85; 1.05)

*
Excluding individuals with parents registered with drug and alcohol use disorders, Mental Health problems (n=119,827)

*

(P) — Parents
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Table 3

Page 15

Hazard ratios (HR) with 95% confidence intervals (95% CI) of future drug use disorder after exposure to
individual stressor variables (between ages 0-14 years) and other considered covariates ** (N = 1,409,218)

Stressor variable

Model AL a—d”
HR (95 % CI)

Model A2 a—d™*
HR (95 % CI)

a) Death (P)

Death P * Log(time)

b) Permanent disability (P)
¢) Victim of assault (P)
Assault (P) * Log(time)
d) Malignant Cancer (P)

Cancer (P) * Log(time)

a) Death (S)

Death (S) * Log(time)

b) Permanent disability (S)
¢) Victim of assault (S)
Assault (S) * Log(time)
d) Malignant Cancer (S)

2.51 (2.24; 2.80)
0.83 (0.78; 0.89)
1.67 (1.48; 1.88)
4.80 (3.97; 5.82)
0.86 (0.75; 0.98)
1.30 (1.14; 1.48)
0.91 (0.84; 0.98)
2.07 (1.37; 3.12)
0.71 (0.54; 0.94)
1.47 (1.20; 1.82)
4.49 (3.72; 5.41)
0.81 (0.71; 0.93)

0.96 (0.82; 1.12)

2.63 (2.23; 3.09)
0.80 (0.72; 0.88)

1.21 (1.01; 1.45)
2.39 (2.06; 2.79)

1.54 (1.31; 1.80)
0.88 (0.80; 0.98)

1.29 (1.05; 1.60)

1.26 (0.93; 1.70)
1.93 (1.66; 2.23)

0.97 (0.81; 1.17)

*
Each stressor was investigated in separate models.

*%

Each stressor was investigated in separate models. All models were adjusted for parental education and divorce, plus study sample gender and
excluded individuals with parents registered with drug and alcohol use disorders, and MH problems, and individuals with full-siblings with drug

use disorder.

Parent (P); sibling (S)
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Table 4a

Hazard ratios (HR) with 95% confidence intervals (95% CI) of future drug use disorder (DUD) in a first
cousin-pair analysis, they being discordant for unexpected adverse childhood experience (UACE) and DUD
(N = 25,522 pairs)

Model S1 Model $2*
HR(%B%CD)  HR (95% CI)

UACE (P) 1.55(1.50; 1.59)  1.65 (1.60; 1.70)
UACE (P) (cousins 1-5 years apart)  1.53 (1.48; 1.58) 1.63 (1.58; 1.69)
UACE (P) (cousins > 5 years apart)  1.66 (1.53; 1.80)  1.72 (1.59; 1.87)

*
Adjusted for parental divorce

Parent (P)
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Table 4b

Hazard ratios (HR) with 95% confidence intervals (95% CI) of future drug use disorder (DUD) in a sibling-
pair analysis, they being discordant for unexpected adverse childhood experience (UACE) and DUD (N =
5772 pairs)

Model S1 Model S2*
HR(B%Cl)  HR (95 % CI)

UACE (P) 1.46 (1.34;1.60) 1.46 (1.34; 1.59)
UACE (P) (siblings 1-5 years apart) ~ 1.36 (1.23; 1.49)  1.36 (1.23; 1.49)
UACE (P) (siblings > 5 years apart) ~ 2.04 (1.66; 2.51)  1.92 (1.55; 2.38)

*
Adjusted for parental divorce

Parent (P)

Addiction. Author manuscript; available in PMC 2015 July 01.



