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Abstract

Background—We attempt to develop a relatively comprehensive structural model of risk factors
for drug abuse (DA) in Swedish men that illustrates developmental and mediational processes.

Methods—We examined 20 risk factors for DA in 48,369 men undergoing conscription
examinations in 1969-70 followed until 2011 when 2.34% (n = 1134) of them had DA ascertained
in medical, criminal and pharmacy registries. Risk factors were organized into four developmental
tiers reflecting i) birth, ii) childhood/early adolescence, iii) late adolescence, and iv) young
adulthood. Structural equational model fitting was performed using Mplus.
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Results—The best fitting model explained 47.8% of the variance in DA. The most prominent
predictors, in order, were: early adolescent externalizing behavior, early adult criminal behavior,
early adolescent internalizing behavior, early adult unemployment, early adult alcohol use
disorder, and late adolescent drug use. Two major inter-connecting pathways emerged reflecting i)
genetic/familial risk and ii) family dysfunction and psychosocial adversity. Generated on a first
and tested on a second random half of the sample, a model from these variables predicted DA with
an ROC area under the curve of 83.6%. Fifty-nine percent of DA cases arose from subjects in the
top decile of risk.

Conclusions—DA in men is a highly multifactorial syndrome with risk arising from familial-
genetic, psychosocial, behavioral and psychological factors acting and interacting over
development. Among the multiple predisposing factors for DA, a range of psychosocial
adversities, externalizing psychopathology and lack of social constraints in early adulthood are
predominant.

Keywords

Drug abuse; Development; Environment; Personality; Structural equation model; Externalizing
pathway

1. Introduction

Drug Abuse (DA) is a multifactorial syndrome influenced by a wide range of biological,
psychological and socio-cultural risk factors (Hawkins et al., 1986; West, 2006). More
specifically, individual risk factors for DA include genes (Tsuang et al., 1996), aspects of the
childhood environment (Grant et al., 2009) (including child abuse (Kendler et al., 2000;
Fergusson and Mullen, 1999), parental loss (Hawkins et al., 1986; Kendler et al., 2012), and
parental behaviors (Hawkins et al., 1992; Hawkins et al., 1986)), urbanicity (Sundquist and
Frank, 2004; Grant et al., 2009), peer group deviance (Farrington, 2005; Hawkins et al.,
1998; Patterson et al., 2000; Marshal et al., 2003; Hawkins et al., 1992; Hawkins et al.,
1986), internalizing traits and symptoms (Kessler et al., 2005), intellectual and school
functioning (Gigi et al., 2014; Hawkins et al., 1992; Hawkins et al., 1986), externalizing
traits and behaviors (Kessler et al., 2005; Kendler et al., 2003; Brook et al., 1996; Hawkins
et al., 1992; Hawkins et al., 1986; Blanco et al., 2013)(including use of alcohol and
cigarettes (Kessler et al., 2005; Kandel, 1975; Blanco et al., 2013)), and, later in
development, absence of social constraints such as marriage, employment and church
attendance (Grant et al., 2009; Blanco et al., 2013).

Given the wide range of these risk factors and the diversity of developmental stages at which
they impact, a comprehensive understanding of the pathways to DA requires more than their
enumeration in review articles (e.g., (Hawkins et al., 1986)) or their testing in multiple
regression models (Blanco et al., 2013). Optimally informative will be models that capture
the dynamic relations between individuals, their behavioral and psychiatric symptoms and
their social contexts across development. Particularly, such models can clarify mediational
mechanisms that could be targets for intervention. As articulated by Dodge et al. the goal of
such research should be to provide “a map for how myriad genetic, biological, social, and

Drug Alcohol Depend. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kendler et al.

Page 3

ecological factors conspire to produce disorders in adolescence ... [especially] substance
abuse (Dodge et al., 2009, p. 3)".

We here present such a study utilizing a sample of 48,276 Swedish males born 1947-1953
whom we followed until 2011. Detailed information on risk factors was available for this
cohort at an average age of 18 from the Conscript Registry and has been supplemented from
other registry resources that can provide risk factors from earlier and later ages. DA is
ascertained from the Swedish national medical, pharmacy and criminal registers.

2. Materials and methods

This study utilizes men conscripted into military service in Sweden in 1969 and 1970. In
those years, only 2—3% of all Swedish men were exempt from conscription, largely due to
severe handicaps or congenital disorders (Neovius et al., 2009). We collected information
from several sources on these individuals. First, we used information from the conscript
register. The national birth cohorts used in this study are unique among all conscript material
in Sweden, as more extensive data were collected at conscription during these years.
Information from the conscript register about the individuals was collected through
questionnaires, with questions about medical symptoms, childhood and adolescent traits and
behaviors, and alcohol and tobacco use. We call these variables conscript self-report data
(CSRD). Second, during conscription direct assessments of psychological function were
performed. We call these conscript test scores register. We then linked the conscript database
to the Multi-Generation Register, providing information on family relations and to
Population Registers providing information on education and geographical status. We also
linked the database to the Swedish Medical Registers consisting of the Swedish Hospital
Discharge Register, containing all hospitalizations for all Swedish inhabitants from 1969 to
2011 and the Outpatient Care Register, containing information from outpatient clinics from
2001 to 2011; to the Swedish Criminal registers consisting of the Swedish Crime Register,
containing national complete data on all convictions from 1973 to 2011, the Swedish
suspicion register, containing national complete data on all individuals strongly suspected of
crime from 1998 to 2011; and finally to the Swedish Prescribed Drug Register, containing
all prescriptions in Sweden picked up by patients from 2005 to 2010. The linking was done
using each person’s unique identification number. To preserve confidentiality, this ID
number was replaced by a serial number. We secured ethical approval for this study from the
Regional Ethical Review Board of Lund University (No. 2008/409).

2.1. Outcome variable

DA was identified in the Swedish medical and mortality registers by ICD codes (ICD8: Drug
dependence (304); ICD9: Drug psychoses (292) and Drug dependence (304), Nondependent
abuse of drugs (305; excluding 305.0); ICD10: Mental and behavioral disorders due to
psychoactive substance use (F10-F19), except those due to alcohol (F10) or tobacco (F17));
in the Suspicion Register by codes 3070, 5010, 5011, and 5012, that reflect crimes related to
DA; in the Crime Register by references to laws covering narcotics (law 1968:64, paragraph
1, point 6) and drug-related driving offences (law 1951:649, paragraph 4, Subsection 2 and
paragraph 4A, Subsection 2); and in the Prescribed Drug Register in individuals (excluding
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those suffering from cancer) who had retrieved (in average) more than four defined daily
doses a day for 12 months from either of Hypnotics and Sedatives (Anatomical Therapeutic
Chemical (ATC) Classification System NO5C and NO5BA) or Opioids (ATC: N02A).

DA was treated as dichotomous variable with an assumed underlying normal liability
distribution.

From the 50,529 individuals who were conscripted into military service during 1969-1970,
we excluded those not born between 1947 and 1953, to insure our sample was of similar
age; females; and cases with duplicate ID number (n = 834). Of the remaining 49,691
individuals, we excluded 1322 individuals with more than 10% missing values based on all
our included covariates (see below for covariates). In total, we investigated 48,369
individuals. 99.1% of the sample were ages 18-20 at conscript evaluation.

2.3. Model variables

We organized the predictor variables into four groups approximating four developmental
periods: 1) birth (Father alcohol consumption, Low parental education and genetic risk (for
DA, criminal behavior or alcohol use disorder — all highly genetically correlated in the
Swedish population (Kendler et al., 2016a)), 2) childhood and early adolescence (Frequency
of Corporal Punishment, Disruption in family [i.e., loss of one or more parents through
death or divorce before age 18], Low Parental monitoring, Move during childhood,
Urbanization, Internalizing Behavior and Externalizing Behavior), 3) late adolescence
(Neighborhood Socioceconomic Status, Low Resilience, Low 1Q, Sniffing Glue and Drug use
score), and 4) early adulthood (Low education, Unemployed, Unmarried, Criminal Behavior,
Alcohol use disorder). Of the 20 final predictor variables, 4 were latent (internalizing
behavior, externalizing behavior, Drug use score, and Neighborhood SES) and were
constructed using a measurement model from other observed variables. Sniffing glue,
assessed at conscription, loaded poorly on the drug use factor and therefore was included as
an independent item in the model. See the Appendix Table Al for a detailed definition of all
variables. In addition to these 20, the following other variables were included in earlier
drafts of the model but were excluded because they provided minimal additional predictive
power: Peer Deviance (share of Drug Abusers in close geographical proximity during early
adolescence (Kendler et al., 2015)), Prosocial Behavior (from CSRD), Familial
Socioeconomic status (from CRSD), Repeat year in school (from CSRD), Psychiatric
Genetic Risk Score (based on Psychiatric registrations in close relatives), Alcohol
consumption during adolescence (from CSRD), Educational status (from population
registers),Smoking status during adolescence (from CSRD).

2.4. Statistical methods

Of the 48,369 individuals, 37,843 had no missing values; 7271, had below 2%; and 3255 had
between 2 and 10%. To impute values, we used the Predicted Regression imputation method
within specific groups of questions; that is using regression models to predict missing values
based on similar covariates. We divided the material into five groups and performed the
predicted regression method within each group. The five groups were Drug-related questions
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(all questions for the DA score and the question on Sniffing Glue), Externalizing Behavior,
Internalizing Behavior (all questions included in the factor analysis for internalizing
behavior and Resilience), Socioeconomic and Family-variables (Low Parental education,
Disruption in family, 1Q, Urbanization, Low education, Unmarried, Parental monitoring,
Unemployment, Move during childhood), and Otfers (Genetic Risk Score, Fathers Alcohol
consumption and Frequency of Corporal Punishment).

Our structural equation model consisted of two parts. First a measurement model consisted
of factor loadings for the observed variables that index the four latent variables and second a
structural model that consisted of path and correlation coefficients connecting the four latent
and the 16 observed variables of the model. For the structural model, we followed an
approach developed in previous similar studies (Kendler et al., 2002; Kendler et al., 2011;
Kendler et al., 2016b). We began with a fully saturated model and used a combination of
three approaches to produce a model with the optimal balance of explanatory power and
parsimony. Note that variables in the first tier are interconnected by correlations, depicted by
two-headed arrows in the figures, rather than partial regression coefficients, depicted by one-
headed arrows. In the first step, observing the significance levels of individual paths, we
fixed sets of paths to zero when the associated z value was < 1.96. Second, some paths that
remained significant were too small to be meaningful. Therefore, the second step was to set
all path estimates to zero with a value of < 0.05, regardless of z value. Third, we added and
subtracted paths that were marginal by significance and/or magnitude to see if we could
arrive at a better overall fit and indeed produced a modest improvement in fit and
explanatory power. We utilized two fit indices that reflect the success of the model in
balancing explanatory power and parsimony: the Tucker-Lewis index (TLI) (Tucker and
Lewis, 1973) and the root mean square error of approximation (RMSEA)(Steiger, 1990). For
the Tucker-Lewis index and comparative fit index, values between 0.90 and 0.95 are
considered acceptable and values =0.95 as good. For the RMSEA, good models have values
<0.05. The fit function was weighted least squares. Model fitting was done by using Mplus,
version 7.31 (Muthén and Muthén, 2015).

To evaluate the predictive power of our model variables, we performed a logistic regression
model on a random half of the sample to predict DA and evaluated it on the other half of the
sample using a ROC curve. We then divided the predicted probability in the validation
sample into deciles and calculated the rates of DA in each decile.

3.1. Model fitting

Our final sample for model fitting included 48,369 individuals of whom 1134 (2.34%) were
registered for DA. We could follow 88.6% of the sample until 2011, with 7.5% lost to death
and 3.9% to emigration. Mean length of follow-up (SD) was 36.4 (5.6) years and the mean
age at first DA registration was 42.7 (12.4). The best-fit model fitted well (TLI = 0.99 and
RMSEA = 0.03) and explained 47.8% of the variance in DA liability. The observed
correlations between all 20 variables in the model are seen in Appendix Table A2.
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3.2. Parameter estimates

Table 1 provides a summary of the best-fit modeling results, which are presented in detail in
Fig. 1 and Table 2. The four levels of our model are color-coded (see figure legend).

We first summarize the main findings and then review, selectively, more detailed results. We
divided our 20 predictor variables into four groups based on their total effect on risk: large
(=0.20), moderate (0.10-0.19), modest (0.05-0.09), and small (<0.05). Six variables had a
large effect and, in order of effect-size, were: i) early adolescent externalizing behavior, ii)
early adult criminal behavior, iii) early adolescent internalizing behavior, iv) early adult
unemployment, v) early adult alcohol use disorder, and vi) late adolescent drug use. Seven
variables had a moderate effect size: i) father’s alcohol consumption, ii) early adolescent
parental monitoring, iii) early adult unmarried status, iv) early adolescent family disruption,
v) early adolescent urbanization, vi) genetic risk, and vii) frequency of corporal punishment.
The remaining seven variables had modest or small effect sizes, the largest of which were
moving during childhood, late adolescent neighborhood SES and low resilience.

Table 1 also notes the total indirect effect on DA from each variable (with the difference
between the total and indirect effect equaling the direct effect). With structural models, the
closer the predictor variable is to the outcome variable (here DA), the fewer indirect paths
are available and, therefore, on average, the higher is the proportion of total effect that is
direct. This trend is seen in Table 1, although it is noteworthy that three variables relatively
early in the model (father’s alcohol consumption and early adolescent internalizing and
externalizing behavior) have direct effects on DA risk.

One of the important advantages of structural over standard regression models is their ability
to clarify mediational pathways. Table 1 notes the two most important mediational variables
for all risk factors. The five most important mediators, from this list, were (along with
number of variables they mediated): i) early adult criminal behavior (9), ii) early adolescent
externalizing behavior (8), iii) early adult alcohol use disorder (6), iv) late adolescent drug
use (5), v) and early adult unemployment (4). Of note, early adolescent externalizing
behavior, drug use score and criminal behavior were often a key mediator for variables in the
early, middle and later parts of our developmental model.

3.3. Pathways of risk

Five features of the full model (Fig. 1) are noteworthy. First, we see a strong interrelated set
of psychosocial adversities in the top half of the model beginning with the highly
interconnected low parental educational — with paths to nine diverse down-stream variables
—and including low parental monitoring, low neighborhood SES in late adolescence and low
educational attainment. Second, we see diverse influences of genetic/familial effects across a
range of predictors including family disruption, frequency of corporal punishment,
externalizing behavior, criminal behavior and DA itself. Third, internalizing behavior plays
only a relatively modest role in the model despite a substantial total effect on DA. It is
protective against criminal behavior and has a moderate, direct and positive path to DA
itself. Fourth, externalizing behavior in late adolescence is a central mediational “hub” in the
pathway to DA receiving paths from all nine variables above it and projecting paths to all
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eleven variables below it. Finally, four of the five variables measured in early adulthood (all
but low education) have a direct path to DA and were diverse, including two other
externalizing syndromes (criminality and AUD) and two variables reflecting social
constraints: marriage and employment.

3.4. Aggregate prediction of risk

Using all 20 predictor variables, we developed a predictive index for DA risk on a random
half of our sample and then applied it to the second random half (Table 3). ROC analysis of
the replication sample (Fig. 2) produced an area under the curve of 83.6%. We then divided
this score in the replicate sample into deciles which were strongly related to risk for DA
(Fig. 3). Indeed, 58.8 and 70.6% of DA cases arose from those in, respectively, the top 10
and 20% of risk.

4. Discussion

4.1. Main findings

We sought to increase our understanding of the etiologic pathways to DA in men by
evaluating an etiologic developmental model for DA which included a diversity of risk
factors integrated from a large representative population sample followed up into late middle
age. While the value of “multifactorial” (Kendler, 2005), “biopsychosocial” (Engel, 1977),
or “multi-level” (Schaffner, 1994) models are often noted in psychiatric research, their
empirical implementation is challenging. The best such models require i) an adequately
sized sample with a diversity of measured risk factors, ii) a sufficient follow-up period to
generate an adequate number of cases and iii) a statistical approach that can capture the
richness of the results avoiding over-simplification and overwhelming complexity. While not
without limitations, we suggest our results represent a useful draft for such a model for DA
in Swedish men.

Of our numerous specific findings, we emphasize six, which we discuss in turn. First, our set
of risk factors were relatively successful in predicting DA in the general population. Our
path model accounted for over 47% of the variance in risk for DA and an aggregate measure
of our risk factors from a multiple regression was robustly predictive of DA in an ROC
analysis. Using this measure, we demonstrated that the liability to DA was highly
concentrated in a small at-risk proportion of the population.

Second, our results support the importance of environmental risk factors for DA and suggest
that they can be meaningfully divided by developmental period. In childhood and
adolescence, the environmental risks occurred both at the level of the family (dysfunction
and disruption) and the community (urbanization and low SES). A wide variety of prior
research suggests that these risk factors broadly predispose to a range of externalizing
behaviors including DA (Dube et al., 2003; Hawkins et al., 1992; Farrington, 2005; Granic
and Patterson, 2006; Hawkins et al., 1998). Notably, peer deviance, an environmental factor
that is typically a robust predictor of risk for drug use and DA in males (Svensson, 2003),
was insufficiently predictive in initial analyses to merit inclusion in the model. This may be
due to the nature of the data, with peer deviance i operationalized as physical proximity
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while growing up to other future drug abusers. A more direct measure of deviancy in friends
might have yielded different results. In early adulthood, the important environmental
variables — marriage and employment — maybe qualitatively different as when earlier
confounding influences are controlled for (as in our model), they likely reflect social
constraints which protect against drug use, DA, and other externalizing syndromes
(Compton et al., 2005; Bachman et al., 1997; Laub and Sampson, 2006; Dick and Kendler,
2012).

Third, our findings are congruent with prior evidence of the importance of an “externalizing
pathway” to DA (Zucker, 2008; Agrawal et al., 2004; lacono et al., 2008). We see this most
clearly by the central role played in our model by the variable “externalizing behavior in
early adolescence.” Of note, both genetic risk and parental alcohol consumption predict
externalizing behaviors, consistent with prior evidence for an etiologic role for genetically
influenced personality traits on externalizing behaviors in general and DA in particular
(Hicks et al., 2004; Kendler and Myers, 2013; Elkins et al., 2006). We also show quite strong
continuity in this externalizing pathway. Externalizing behavior in early adolescence
robustly predicted future drug use, criminal behavior and AUD with paths of respectively
+0.41, +0.53 and +0.31.

Fourth, our results demonstrate the developmental inter-weaving of genetic/temperamental
and family/social risk factors in the etiology of DA. One cannot, in our best-fit model,
cleanly disentangle the genetic/temperamental and environmental paths of risk. Early
environmental adversities are, along with familial/genetic processes, strong predictors of
externalizing behaviors in adolescence. Those same behaviors then predict key
environmental exposures in early adulthood — single marital status and unemployment.

Fifth, our structural model shows the value of clarifying mediational mechanisms in
pathways of risk. Just four risk factors — externalizing behavior, criminal behavior, being
unmarried, and being unemployed —were key mediational variables to drug abuse for 75% of
the risk factors in the model.

Sixth, our model identified a range of potentially malleable risk factors that could be points
of intervention/prevention. Although a range of practical difficulties would arise in trying to
implement such interventions, they include effects in childhood (reduction of corporal
punishment, improvement in parental monitoring), early and late adolescence (reduction in
externalizing behaviors, improvement in resilience, reduction in drug experimentation), and
early adulthood (staying in school, steady employment, strong social support such as
marriage and avoidance of criminal behaviors and alcohol abuse).

Our results can be usefully contrasted to parallel analyses using the same sample with many
of the same predictors that we recently completed for AUD (Kendler et al., 2016b). Most
notably, we could account for twice the risk variance in DA (47.8%) compared to AUD
(23.4%). Variables which much more strongly predicted DA than AUD - urbanization,
adolescent externalizing and internalizing behaviors, unemployment, unmarried status and
prior criminal behavior — were distributed across development.
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Our findings can also be helpfully compared with a prior effort, using hierarchical logistic
regression, to predict lifetime cannabis use and last year cannabis use disorder (CUD) in
wave 2 of the National Epidemiologic Survey on Alcohol and Related Conditions
(NESARC) (Blanco et al., 2013). While the specific predictors varied between the two
studies, both agreed on the importance of a number of risk domains for DA (including
disruptions in the home of origin, adolescent internalizing and externalizing symptoms, prior
drug use, low educational attainment, and lack of current social constraints) and the need to
understand these multiple domains in a developmental context (Blanco et al., 2013).

In our multivariate logistic regression model presented in Table 3, greater frequency of
corporal punishment reduces risk for DA. This is odd given that the univariate correlation
between the two variables is +0.14 (Appendix Table A2) and univariate logistic regression
analyses show that frequent versus no parental abuse strongly predicts risk for DA (OR =
3.05[1.92; 4.86]). Such apparently paradoxical results may arise in multivariate regression
due to co-linearity among predictor variables and is likely a result of the substantial positive
correlation in our data between frequency of corporal punishment and internalizing and
externalizing behavior.

4.2. Limitations

These results should be interpreted in the context of nine potentially important methodologic
limitations. First, this sample consisted of males born in Sweden and may not extrapolate to
women or to other ethnic samples. Rates of drug use and abuse in Sweden are probably
representative of other Northern European countries (Degenhardt et al., 2011). Second, DA
was ascertained using medical and criminal records which are not dependent on subject
cooperation or accurate recall. Compared to interviews, these methods likely generate both
false positive and false negative diagnoses. While large interview-based studies of DA
prevalence do not exist in Sweden, lifetime prevalence of drug abuse and dependence in
near-by Norway — assessed at personal interview in the 1990s — was estimated in men at
4.4% (Kringlen et al., 2001), suggesting some false negatives in our sample. The validity of
our ascertainment method is supported by the high concordance for registration across our
inpatient and criminal registries (OR = 59.0 (47.3; 73.5)).

Third, our model assumes a causal relationship between predictor and dependent variables
that is not likely to be always true. Some of the inter-variable relationships we assume to be
A — B may be either A <— B or, more likely, A <> B. Others may result from confounding
variables predicting both A and B. Fourth, some variables assessed at conscription required
recall and may therefore be biased.

Fifth, the sequence of variables in our model was only approximate. However, when we
switched the order of model variables we found either no change or slight deteriorations in
model fit and explanatory power. This suggests that our results are not sensitive to the
specific order of our model variables. Sixth, our model assumes that our predictor variables
act additively and linearly in their impact on DA risk. This is unlikely to be always true;
however, introducing non-linear relationships would have greatly increased the complexity
of our model. Seventh, age at first DA registration in our sample was implausibly high. This
likely results from the availability of the suspicion, out-patient and pharmacy registries only
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after 1997 and suggests that first registration in our sample is a poor index of actual onset of
DA. Eighth, data on specific drugs of abuse were not available on most of this sample so we
were unable to examine the similarity or differences of risk pathways to distinct forms of
DA.

Finally, our model likely underestimated the impact of our early adult measures as a
substantial number of individuals probably had a first registration for DA prior to
completing their education or establishing stable employment or marital relationships. We
therefore repeated our main analysis restricting first registrations for DA to age 25 or older,
which included 85% of the onsets. While this sample was biased toward later onset DA, we
found that the proportion of variance in liability to DA predicted by several of our early
adult measures increased including especially low education (0.004 — 12.6%), but also
unemployment (22.5 — 25.8%) and unmarried status (14.7 — 18.9%).

5. Conclusions

DA in men is an etiologically complex syndrome influenced by a wide diversity of risk
factors that act and interact over development. Pathways of risk are complex and move
fluidly between domains traditionally conceptualized as biological, psychological and
environmental. Mediational paths for most risk factors include two key externalizing risk
factors (externalizing behaviors of adolescence or crimes in early adulthood) or two
exposures that likely increase social constraint assessed in early adulthood: marriage and
employment. The risk factors identified in this study prospectively predict onset of DA with
considerable power and show that the large majority of cases come from those at highest
risk. Models of prevention and intervention for DA are likely to be most effective when built
on empirical rigorous and relatively comprehensive etiologic models. We hope that our
findings can be usefully integrated into primary health care, and both general psychiatric and
addiction psychiatric practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Rgsults of our best fit model for the prediction of drug abuse. Two-headed arrows represent
correlation coefficients while one-headed arrows represent path coefficients or standardized
partial regression coefficients. The variables were ordered to approximate a developmental
process within 4 time periods which are colored coded: birth — yellow, 2) childhood and
early adolescence — blue, 3) late adolescence — red, 4) and early adulthood — green. Three of
the 20 predictor variables were latent and constructed, using a measurement model, from
other observed variables: internalizing behavior, externalizing behavior, alcohol score and
drug use/abuse. See the Appendix Table Al for a detailed description of each variable.
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Receiver Operating Characteristic Curve for the prediction of Drug Abuse from our
Aggregate Risk Factor index developed from a multivariate logistic regression analysis on a
first random half of our sample and then tested on our second half. The X-axis assesses “1-
specificity” while the Y-Axis reflects sensitivity. The area under the curve is estimated

(£ 95% Cls) at 0.836 (0.817-0.855).
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The Proportion of Individuals in our Replication Sample with a Diagnosis of Drug Abuse
(DA\) in Each Decile of our Predictive Risk Index constructed from all twenty predictor

variables.
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The Twenty Risk Factors for Drug Abuse Used in Our model, their total and indirect effects on Drug Abuse,
the Origin of the Variable and the Major Mediating Variables.

Total effect?  Total Indirect Effect®  Origin of Variable

Major Mediating Variables

0.123
0.010
0.116
0.112
0.131
0.162
0.051
0.130
0.175
0.392
0.038
-0.010
0.037
0.035
0.029
0.004
0.106
0.016
0.087

MR, CR, PR
CSRD
CSRD
CSRD
CSRD
CSRD
CSRD
CSRD
CSRD
CSRD
PR
CTS
CTS
CSRD
CSRD
PoR
PoR
PoR

CR
CR, MR

0.032 (90% ClI: 0.032; 0.033)

Genetic Risk (HRB) 0.123
Parental Education 0.010
Father’s Alcohol Consumption 0.176
Frequency of Corporal Punishment  0.112
Disruption in Family 0.131
Parental Monitoring 0.162
Move during childhood 0.051
Urbanization 0.130
Internalizing Behavior 0.244
Externalizing Behavior 0.474
Neighborhood SES 0.038
Low 1Q -0.010
Low Resilience 0.037
Sniffing Glue 0.035
Drug Use Score 0.211
Low education 0.004
Unemployed 0.225
Unmarried 0.147
CB 0.324
AUD 0.221
R2 0.478
RMSEA

TLI 0.987

CB, Ext

AUD, DU Score

Ext, CB

Ext, CB

Ext, Int

CB, Ext

AUD, Ext

DU Score, Ext

Ext, CB

CB, DU Score

AUD, Unemployed

DU Score, Education
DU Score, Unmarried
DU Score, Unemployed
Unmarried, Unemployed
CB, Unemployed

CB, AUD

CB, AUD

AUD

CSRD: Conscript self-report data; PR: Population Register; MGR: Multi-generational Register: CR: Criminal Register; MR: Medical Register; PR:
Prescription Register; CTS: Test-score from conscript register; CB: Criminal Behavior; AUD: Alcohol Use Disorder; Ext: Externalizing Behavior;

Int: Internalizing Behavior; DU Score: Drug Use Score.

aTotaI effect reflects the association between the variable and the outcome (drug abuse registration) via all the paths in the model. Total indirect
effect reflects this association /minus the direct effect of any path from the variable to the outcome. Direct effect (not given) is simple the total effect
minus the total indirect effect.

Drug Alcohol Depend. Author manuscript; available in PMC 2018 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Kendler et al.

Table 2

All Path Values (Standardized Regression Coefficients) for Best Fit Model.

From

To

Path Coefficient

Genetic Risk

Frequency of Corporal Punishment
Disruption in Family

Parental Monitoring

Externalizing Behavior

Move during childhood

Low IQ

Criminal Behavior

0.08 (0.07; 0.09)
0.20 (0.19; 0.22)
0.07 (0.05; 0.08)
0.12 (0.11; 0.13)
0.08 (0.07; 0.09)
0.09 (0.08; 0.10)
0.06 (0.04; 0.08)

Low Parental Education

Externalizing Behavior
Parental Monitoring
Low IQ

Move during childhood
Urbanization
Neighborhood SES
Drug Use

Low Education

Alcohol Use Disorder

0.06 (0.05; 0.07)
0.15 (0.14; 0.16)
0.22 (0.20; 0.23)
-0.23 (-0.24; -0.22)
-0.27 (-0.28; —0.26)
0.11 (0.10; 0.12)
-0.07 (-0.08; —0.05)
0.22 (0.21; 0.23)
0.07 (0.04; 0.10)

Fathers Alcohol Consumption

Frequency of Corporal Punishment
Disruption in Family

Urbanization

Internalizing Behavior
Externalizing Behavior

Drug Abuse

0.07 (0.05; 0.08)
0.15 (0.14; 0.16)
0.14 (0.12, 0.15)
0.09 (0.08; 0.11)
0.10 (0.09; 0.11)
0.06 (0.04; 0.09)

Frequency of Corporal Punishment

Parental Monitoring
Move during childhood
Internalizing Behavior

Externalizing Behavior

0.11 (0.10; 0.12)
0.08 (0.07; 0.09)
0.15 (0.14; 0.16)
0.12 (0.11; 0.13)

Disruption in Family

Parental Monitoring
Move during childhood
Urbanization
Internalizing Behavior
Externalizing Behavior
Neighborhood SES

Low Resilience

0.11 (0.09; 0.12)
0.16 (0.14; 0.17)
0.17 (0.15; 0.19)
0.12 (0.11; 0.13)
0.10 (0.09; 0.12)
0.06 (0.04; 0.07)
0.11 (0.10; 0.12)

Low Parental Monitoring

Drug Alcohol Depend. Author manuscript; available in PMC 2018 October 01.

Urbanization
Internalizing Behavior
Externalizing Behavior

Neighborhood SES

-0.07 (-0.08; -0.06)
0.15 (0.14; 0.16)
0.27 (0.26; 0.28)
0.06 (0.05; 0.07)
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From

To

Path Coefficient

Low IQ

Low Resilience

0.11 (0.10; 0.12)
0.10 (0.09; 0.11)

Move during childhood

Urbanization
Externalizing Behavior
Neighborhood SES
Unemployed

Alcohol Use Disorder

-0.18 (-0.20; -0.17)
0.10 (0.09; 0.11)
~0.06 (~0.07; -0.05)
0.07 (0.04; 0.10)
0.07 (0.04; 0.10)

Urbanization

Externalizing Behavior
Neighborhood SES
Low IQ

Drug Use

Unemployed

0.14 (0.12; 0.15)
0.20 (0.19; 0.22)
-0.08 (-0.09; —0.07)
0.20 (0.19; 0.22)
0.07 (0.04; 0.09)

Internalizing Behavior

Externalizing Behavior
Neighborhood SES
Low Resilience

Low Education
Criminal Behavior

Drug Abuse

0.40 (0.39; 0.41)
0.08 (0.0.7; 0.10)
0.49 (0.49; 0.50)
-0.11 (-0.13; -0.10)
-0.11 (-0.13; -0.09)
0.07 (0.04; 0.10)

Externalizing Behavior

Neighborhood SES
Low IQ

Low Resilience
Sniffing Glue

Drug Use

Low Education
Unemployed
Unmarried

Criminal Behavior
Alcohol Use Disorder

Drug Abuse

-0.14 (-0.15; -0.12)
0.13 (0.12; 0.14)
0.13 (0.12; 0.15)
0.66 (0.65; 0.67)
0.41 (0.39; 0.43)
0.27 (0.25; 0.29)
0.33(0.29, 0.37)
-0.22 (-0.25; 0.19)
053 (0.51; 0.56)
0.31 (0.27; 0.34)
0.08 (0.03; 0.13)

Neighborhood SES

Low 1Q
Sniffing Glue
Unemployed

Alcohol Use Disorder

0.06 (0.05; 0.07)
0.09 (0.08; 0.11)
0.08 (0.05; 0.10)
0.08 (0.06; 0.11)

Low IQ

Low Resilience
Drug Use

Low Education

0.17 (0.16; 0.18)
-0.08 (-0.10; —0.07)
0.36 (0.35; 0.37)

Low Resilience
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Drug Use
Low Education

Unmarried

0.08 (0.07; 0.09)
0.07 (0.06; 0.09)
0.13 (0.12; 0.15)
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Unemployed
Unmarried

Drug Abuse

Kendler et al.
From To Path Coefficient
Sniffing Glue Drug Use 0.28 (0.26; 0.30)
Low Education 0.06 (0.03; 0.08)
Unemployed -0.11 (-0.17; —0.06)
Drug Use Low Education -0.14 (-0.16; -0.12)

0.05 (0.00; 0.10)
0.12 (0.10; 0.15)
0.18 (0.15; 0.22)

Low Education

Unemployed
Unmarried

Criminal Behavior

-0.07 (-0.09; —0.04)
-0.06 (~0.08; —0.05)
0.09 (0.07; 0.11)

Unemployed

Unmarried

Criminal Behavior

Alcohol Use Disorder

Drug Abuse

0.20 (0.17; 0.23)
0.18 (0.15; 0.21)
0.08 (0.03; 0.12)
0.12 (0.08; 0.16)

Unmarried

Criminal Behavior

Alcohol Use Disorder

Drug Abuse

0.14 (0.12; 0.16)
0.16 (0.13; 0.19)
0.07 (0.03; 0.10)

Criminal Behavior

Alcohol Use Disorder

Drug Abuse

0.39 (0.36; 0.43)
0.24 (0.19; 0.28)

Alcohol Use Disorder

Drug Abuse

0.22 (0.17; 0.28)
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Multivariate Logistic Regression Model Predicting Drug Abuse Registration.

Table 3

Variable

OR

Genetic Risk (Mid vs Low)

Genetic Risk (High vs Low)

Fathers Alcohol Consumption (Mid vs Low)

Fathers Alcohol Consumption (High vs Low)
Parental Education (Low vs High)

Parental Education (Mid vs High)

Frequency of Corporal Punishment (Sometime vs Never)
Frequency of Corporal Punishment (Occasionally vs Never)
Frequency of Corporal Punishment (Often vs Never)
Disruption in Family

Parental Monitoring (MidLow vs Low)

Parental Monitoring (MidHigh vs Low)

Parental Monitoring (High vs Low)

Move during childhood 1 vs 0

Move during childhood 2 vs 0

Move during childhood 3+ vs 0

Urbanization vs Countryside

Sniffing Glue

Education (Low vs High)

Education (Mid vs High)

Unemployed vs Employed

Not Married vs Married

Low 1Q (1 unit)

Low Resilience (1 unit)

Externalizing Behavior (1 Std)

Internalizing Behavior (1 Std)

Neighborhood SES (1 Std)

Drug Use (1 Std)

AUD Registration

Criminal Registration

1.20 (0.94; 1.53)
1.63 (1.30; 2.04)
1.12 (0.87; 1.45)
1.32 (0.90; 1.94)
1.03 (0.73; 1.46)
1.17 (0.83; 1.67)
0.80 (0.65; 0.97)
0.90 (0.68; 1.18)
0.59 (0.33; 1.05)
1.05 (0.84; 1.30)
0.97 (0.76; 1.23)
0.99 (0.74; 1.32)
0.76 (0.50; 1.18)
0.95 (0.75; 1.20)
1.54 (0118; 2.02)
1.50 (1.13; 1.99)
1.38 (1.12; 1.70)
1.29 (1.04; 1.61)
1.06 (0.77; 1.45)
1.14 (0.87; 1.50)
1.83 (1.37; 2.45)
1.56 (1.28; 2.91)
1.15 (1.09; 1.21)
1.03 (0.97; 1.10)
1.28 (1.16; 1.41)
1.10 (0.99; 1.23)
0.94 (0.84; 1.05)
1.44 (1.34; 1.54)
3.40 (2.51; 4.59)
4.41 (3.54; 5.50)
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