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Background. Drug abuse (DA) is a clinically heterogeneous syndrome. Can we, in a large epidemiological sample,
identify clinical features of DA cases that index genetic risk?

Method. Using registration in medical, legal or pharmacy records, we identified four kinds of relative pairs (n=935854)
starting with a proband with DA: monozygotic co-twins; full siblings; half-siblings; and cousins. Using linear hazard
regression, we examined the interaction between three clinical features of DA in the proband and risk for DA in these
four relative pairs, ordered by degree of genetic relationship.

Results. Increased risk for DA in relatives was robustly predicted by early age at first registration, total number of
registrations, and ascertainment in the criminal versus the medical or pharmacy registry. In multivariate models,
all three of these variables remained significant and in aggregate strongly predicted DA risk in relatives. The risk for
DA in siblings of DA probands in the highest decile of genetic risk predicted by our three indices was more than
twice as great as that predicted in siblings of probands in the lowest decile of risk.

Conclusions. In an epidemiological sample, genetic risk for DA can be substantially indexed by simple clinical and
historical variables.
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Introduction

Drug abuse (DA), the risk for which is strongly
influenced by familial/genetic factors (Tsuang et al.
1996; Kendler & Prescott, 1998; Merikangas et al.
1998; Lynskey et al. 2002; Kendler et al. 2000, 2012b),
is a clinically heterogeneous syndrome. Both for clini-
cal and research purposes, it is of obvious interest to
determine whether available clinical or historical infor-
mation about affected individuals can usefully reflect
their underlying genetic risk to DA. In both neuropsy-
chiatric and medical disorders, age at onset is often
related inversely, sometimes quite strongly, with
level of genetic risk (Heston et al. 1981; McGue et al.
1992; Marenberg et al. 1994; Steele, 2002). In major de-
pression, one of the most consistent indices of genetic
risk is recurrence (Sullivan et al. 2000; Kendler et al.
2007). In our study of DA in Sweden using publicly

available information, subjects can be ascertained
through criminal, medical or pharmacy records, and
it is of interest to determine whether the average gen-
etic risk differs between subjects ascertained by these
different means.

In this report, in a nationwide Swedish sample,
we examine whether age at first DA registration
(AFDAR), recurrence (indexed by the number of in-
dependent registrations for DA) and mode of ascertain-
ment predict risk for DA in four classes of relatives:
monozygotic (MZ) co-twins; full siblings; half-siblings;
and cousins. Analogous to other psychiatric disorders,
we predict that both early age at onset and high levels
of recurrence will predict risk for DA in relatives
with the strength of the prediction closely related to
the degree of genetic relationship (i.e. MZ>siblings>
half-siblings>cousins).

Method

We used the same data sources as we have utilized
and described in our previous publications on DA in
Sweden (Kendler et al. 2012a,b, 2013b, 2014). In short,
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we used linked data from multiple Swedish nation-
wide registries and healthcare data. Linking was
achieved via the unique individual 10-digit personal
identity (ID) number assigned at birth or immigration
to all Swedish residents. In order to preserve confi-
dentiality, this ID number was replaced by a serial
number. The following sources were used to create
our database: The Multi-Generation Register, provid-
ing information on family relations; the Swedish
Hospital Discharge Register, containing all hospitaliz-
ations for all Swedish inhabitants from 1964 to 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 out-patient clinics from 2001 to
2010; the Primary Health Care Register, containing
out-patient primary care data on diagnoses and time
for diagnoses 2001–2007 for 1 million patients from
Stockholm and middle Sweden; the Swedish Crime
Register included national complete data on all convic-
tions from 1973 to 2011; the Swedish suspicion register
included national complete data on all individuals
strongly suspected of crime from 1998 to 2011; and
the Swedish Mortality Register, containing causes of
death. MZ twins were identified through the Swedish
twin registry, which is formed from a nearly complete
registration of all twin births in the country
(Lichtenstein et al. 2002).

We secured ethical approval for this study from the
Regional Ethical Review Board of Lund University
(no. 2008/409).

Definition of DA

DA was identified in the Swedish medical registries
by International Classification of Diseases (ICD)
codes [ICD-8: Drug dependence (304); ICD-9: Drug
psychoses (292) and Drug dependence (304); ICD-10:
Mental and behavioral disorders due to psychoactive
substance use (F10–F19, which includes intoxication,
harmful use, dependence and withdrawal), except
those due to alcohol (F10) or tobacco (F17)]; in the
Suspicion register by codes 3070, 5010, 5011 and
5012, which reflect crimes related to DA; and in the
Crime register by references to laws covering narcotics
(law 1968:64, paragraph 1, point 6) and driving
offences (law 1951:649, paragraph 4, subsection 2 and
paragraph 4A, subsection 2). DA was identified in
individuals (excluding those suffering from cancer)
in the Prescribed Drug Register, who had retrieved
(on average) more than four defined daily doses per
day for 12 months of either hypnotics and sedatives
[Anatomical Therapeutic Chemical (ATC) Classifi-
cation System N05C and N05BA] or opioids (ATC:
N02A). We restricted the diagnosis of DA to indi-

viduals above the age of 10 years, except from the
prescribed drug register where the age limit was set
at 18 years.

Sample

The dataset was created by entering all first
cousin, half-sibling, full sibling and MZ twin pairs
in the Swedish population where both individuals
in the pair were born between 1950 and 1993.
Furthermore, we required that at least one indi-
vidual in the pair was registered as DA. The individ-
ual in the pair first registered as DA was defined as
the proband. The number of pairs can be seen in
Table 1.

Statistical methods

We looked at the interactions between three clinical
features of the DA registration in the proband: (1)
AFDAR; (2) number of registrations; and (3) type of
registration, and genetic resemblance on the one
hand and subsequent DA in relative to the proband
on the other. In the database, each pair was assigned
their degree of genetic resemblance (1 for MZ twins;
0.5 for full siblings; 0.25 for half-siblings; 0.125 for
cousins).

We utilized Aalen’s linear hazard regression to in-
vestigate all pairs from the year of DA registration
in the proband until (a) year of first registration of
DA in the relative, (b) death in the relative or (c) end
of follow-up (year 2011), whichever came first. As we
have previously shown that siblings and cousins
were significantly more similar in their history of
DA if they were closer versus more distant in age
(Kendler et al. 2013b, 2014), we controlled for the absol-
ute age difference between the proband and the rela-
tive in all models. As we used Aalen’s linear hazards
model, the results from the models will be interpreted
at the additive scale as the excess number of cases.
In all models we investigated the proportionality
assumption. The key predictor variables in the models
were the interaction terms between the clinical feature
and genetic resemblance.

In the first analysis, we focused on age at onset,
defined as AFDAR in the proband. In the model we
investigated both the linear and quadratic effects of
age at onset and their interactions with genetic re-
semblance. In the second analysis, we focused on the
number of DA registrations in the proband. We inves-
tigated both the linear and quadratic effects of the
number of DA registrations and their interactions
with genetic resemblance. The quadratic term was
not significant (p=0.45) and therefore was not included
in the final model.
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In the third analysis, we focused on the type of DA
registration in the proband. We categorized the regis-
trations into three groups: (1) medical registrations
(the Swedish Hospital Discharge Register, the Out-
patient Care Register, and the Primary Health Care
Register); (2) criminal registrations (the Swedish
Crime Register and the Swedish suspicion register);
and (3) prescription registrations (the Swedish Pre-
scribed Drug Register). In the models we used the
criminal register as the reference group. We investi-
gated the interaction between medical registration and
genetic resemblance, and the interaction between pre-
scription registration and genetic resemblance.

In the final analysis we included all clinical features
and their interactions with genetic resemblance in the
same model. As we wanted to compare their separate
effects, we only investigated the linear effects of age
registration and number of registrations. Furthermore,
we translated the variable type of registration into a
continuous variable based on their relative size of the
interaction term between the contrasts and the nature
of genetic relationship (1=prescription registration,
2=medical registration and 3=criminal registration).
As a proband could be registered in several different
types of registers, we selected the register in which
the proband was first registered.

The statistical analyses were performed using
SAS 9.3 (SAS Institute, Inc., USA; Butler & Heron,
2008) and the R-package 2.14.1 (The R Foundation
for Statistical Computing; 2011).

Results

Nature of sample

The key descriptive features of the sample used in this
report, which includes a total of 935854 relative pairs,
are outlined in Table 1. The prevalence of DA in the
population (born 1950 to 1993) was 3.4%. The fre-
quency and 95% confidence intervals (CIs) of DA in
the co-relative of our proband with DA increased
with increasing genetic relationship: cousin 3.5%
(95% CI 3.5–3.6); half-sibling 7.3% (95% CI 7.2–7.4);
full sibling 9.4% (95% CI 9.2–9.5); and MZ co-twin
29.7% (95% CI 24.8–35.1). The prevalence for DA dif-
fered significantly (p<0.0001) between all relative
groups. Across all groups, probands and affected rela-
tives were most commonly detected with DA from
the criminal registry, and least commonly from the
prescription register. AFDAR was in the mid-20 to
late-20 years and the median number of registrations
was 2 or 3.

Table 1. Characteristics of the sample studied

Cousins Half-siblings Siblings MZ twins

Pairs, n 607929 125259 202366 300
Prevalence of drug abuse in relative, n (%) 21465 (3.5) 9135 (7.3) 18969 (9.4) 89 (29.7)
Medical register, n (%)
Proband 269101 (44) 63955 (51) 92374 (46) 146 (49)
Relative 7589 (35) 3542 (39) 6824 (36) 27 (30)

Criminal register, n (%)
Proband 463251 (76) 92317 (74) 144283 (71) 187 (62)
Relative 17556 (82) 7506 (82) 15611 (82) 70 (79)

Prescription register, n (%)
Proband 25576 (4) 5561 (4) 11030 (5) 26 (9)
Relative 758 (4) 364 (6) 851 (4) 9 (10)

No. of registrations – proband
25th percentile 1 1 1 1
50th percentile 2 3 2 2
75th percentile 7 9 7 4

Mean AFDAR – proband, years (S.D.) 25.7 (8.0) 26.9 (9.0) 27.6 (10.0) 29.5 (10.4)
Median year of birth
Proband 1980 1977 1978 1976
Relatives 1978 1975 1977 1976

Mean age difference, years (S.D.) 7.6 (6.1) 9.5 (5.5) 4.7 (3.4) 0

MZ, Monozygotic, S.D., standard deviation; AFDAR, age at first drug abuse registration.
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Age at onset

We first modeled risk as a hazard function beginning
with the linear effects of AFDAR, genetic relationship
between the pair and their interaction, with age dif-
ference as a control variable. However, we detected
significant quadratic effects of AFDAR on DA risk
in relatives and so present the model seen in
Table 2. We found a strong interaction between
genetic relationship in the relative pair, and both the
linear and quadratic effects of AFDAR. As seen in
Fig. 1, the magnitude of the decline in risk in the
co-relative as a function of increasing AFDAR in the
proband predicted by this model is robustly related
to the degree of genetic relationship in the relative
pair. That is, it is strongest in MZ twins and declines
in magnitudes from siblings to half-siblings to cou-
sins. The decline is also not linear but is steeper at
younger ages and becomes flatter for AFDARs
above ∼30 years. More specifically, the difference in
the number of new cases of DA per 10000 person

years if the proband was registered at age 15 years
versus age 40 years was predicted to equal 348 for
MZ co-twins, 170 for siblings, 80 for half-siblings
and 35 for cousins.

Number of DA registrations

As seen in Table 3, we next modeled risk as a linear
function of the number of DA registrations, age differ-
ences, genetic relationship and the interaction between
genetic relationship in the relative pair and number of
registrations. (We examined for but found no quadric
effect of the number of registrations on risk.) As seen
in Fig. 2, we found a significant interaction with the
increase in the number of new cases in relatives as a
function of increasing number of DA registrations in
the proband predicted by this model as related to
their degree of genetic relationship. We can quantify
this by examining the absolute difference in number
of new DA cases per 10000 person years expected
in relatives if the proband had only one versus

Table 2. Results of a linear hazard model predicting risk of drug abuse in relatives as a function of the linear and quadratic effects of the
proband’s AFDAR, genetic relationship between proband and relative, age differences and the interaction between AFDAR and genetic
relationship

β coefficient (robust S.E.) z p

AFDAR, centered at mean 0.0000465 (0.0000172) 2.71 0.007
Genetic relationship 0.0168 (0.00116) 14.5 <0.001
Age difference in relative pair −0.000141 (0.00000737) −19.1 <0.001
AFDAR2 −0.00000366 (0.000000838) −4.73 <0.001
AFDAR×genetic relationship −0.00154 (0.000109) −14.1 <0.001
AFDAR2×genetic relationship 0.0000454 (0.000004) 11.4 <0.001

AFDAR, Age at first drug abuse registration; S.E., standard error.

Fig. 1. Predicted results from the linear hazard model presented in full in Table 2. This figure depicts the predicted excess
number of cases of drug abuse per 10000 person years in monozygotic (MZ) co-twins, full siblings, half-siblings and cousins
of probands with drug abuse as a function of the proband’s age at first registration for drug abuse.
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10 DA registrations. These equal 16 in MZ co-twins,
eight in siblings, three in half-siblings and one in
cousins.

Source of DA ascertainment

Table 4 presents our model where we compare risk in
relatives as a function of source of DA registration
with the reference group being those detected in the
criminal register. We see significant interactions
between both contrasts and the nature of genetic
relationship such that risk in relatives is lower
when the proband was ascertained for DA in the
medical or the prescription registers versus the crime
register. These results are illustrated, respectively, in
Fig. 3(a, b). To quantify these effects, if the proband
is registered in the criminal versus the medical register,
the model predicts the following number of new cases
of DA per 10000 person years: MZ co-twins 166; sib-
lings 75; half siblings 30; and cousins 11. The parallel
figures for the criminal versus the prescription registry
were: MZ twins 90; siblings 45; half siblings 22; and
cousins 11.

All three indices of genetic risk to DA in a
single model

Table 5 presents the results of z-transformations of
the three indices of genetic risk as predictors of risk
for DA in relatives. Each of the indices continues
to have a statistically robust interaction with level of
genetic relatedness. As assessed by the z score of the
interaction, when jointly analysed, the source of regis-
tration is the most powerful index of genetic risk
(z=37.2) followed by AFDAR (z=31.6). The number
of registrations is a rather distant third (z=10.5).

Finally, we aggregated the z scores for the three
clinical features and constructed one summary
measure. We then divided this summary measure
into 10 equally sized groups and then performed a
logistic regression analysis with the summary measure,
on the one hand, and DA in the relative on the other
for each relative group. As seen in Fig. 4, the difference
in risk for DA in the close relatives of DA probands
(MZ co-twins and siblings) classified as being at
low versus high genetic risk was quite substantial.
The predicted risk for DA in the MZ co-twin

Table 3. Results of a linear hazard model predicting risk of drug abuse in relatives as a function of the number of drug abuse registrations of the
proband, the genetic relationship between proband and relative, age differences and the interaction between number of registrations and genetic
relationship

β coefficient (robust S.E.) z p

Number of registrations −0.00000607 (0.00000316) −1.90 0.057
Genetic relationship 0.0164 (0.000277) 57.9 <0.001
Age difference in relative pair −0.000156 (0.00000482) −31.3 <0.001
Number of registrations×genetic relationship 0.000197 (0.000015) 12.5 <0.001

S.E., Standard error.

Fig. 2. Predicted results from the linear hazard model presented in full in Table 3. This figure depicts the predicted excess
number of cases of drug abuse per 10000 person years in monozygotic (MZ) co-twins, full siblings, half-siblings and cousins
of probands with drug abuse as a function of the number of the proband’s registrations for drug abuse.
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and siblings of a DA individual ranked in the lowest,
fifth and highest deciles of genetic risk were, respect-
ively, 45.2, 83.2 and 97.9% and 10.8, 15.9 and 24.8%.
The differences in more distant relatives were more
modest, with predicted risk for DA in half-siblings
and cousins of DA probands in the lowest, fifth and
highest deciles of genetic risk of, respectively, 7.3, 7.8
and 8.4% and 2.78, 2.80 and 2.83%.

Discussion

The goal of this report was to determine, in a Swedish
national epidemiological sample, whether three clini-
cal and historical features of DA ascertained through
official registries were related to genetic risk as
assessed by the prevalence of DA in four classes of
relatives: cousins; half-siblings; full siblings; and MZ
co-twins. We indeed found that risk to relatives was
predicted by early AFDAR, higher numbers of drug
registrations and by registration via the crime versus
the pharmacy or medical registries. As would be
expected if these measures indexed genetic risk, this
association varied as a function of the genetic relation-
ship of the relative pair being strongest in MZ pairs, in-
termediate in full and half-siblings, and weakest in first
cousins. Finally, when put into a multivariate model,
all three predictors were significantly related to risk
in relatives, and significantly interacted with the de-
gree of genetic relationship. Source of DA registration
was the most powerful predictor followed by
AFDAR, with the number of registrations the least
robust predictor.

There are precedents for our finding that AFDAR
is inversely related to genetic risk for DA. Several
molecular genetic variants have been shown to be
associated with early onset of DA (Vanyukov et al.

1995), or of alcohol and tobacco initiation (Schlaepfer
et al. 2008). More directly relevant, twin studies have
shown that genetic influences on alcohol use disorders
were greatest in those with an early onset of drinking
(Agrawal et al. 2009), and that early-onset cannabis
use indexed increased genetic risk for nicotine depen-
dence (Agrawal et al. 2008). It has been suggested
that early age at onset can be used as an index of
high genetic risk for DA (Heath et al. 2002).

We have had two prior hints in our work with
this sample that criminal registration for DA might
be associated with increased familial/genetic risk.
First, in our adoption study (Kendler et al. 2012b), a
history of criminal conviction in biological parents
increased the risk of DA in adoptees, controlling for
the parental risk for DA. Second, in a latent class
analysis of DA in the Swedish population, two of the
identified six classes (high-frequency medical criminal
and low-frequency pure criminal) contained virtually
all those cases ascertained through the criminal regis-
try and had the highest and third highest risk for DA
in siblings (Kendler et al. 2013a). While this will need
to be confirmed by further work, we would speculate
that a larger proportion of cases of DA identified
through the criminal registry than the medical or pre-
scription registers fits the pattern of type B or type II
alcoholism (Cloninger, 1987; Babor et al. 1992) (which
has been successfully applied to DA; Ball et al. 1995),
typified by a range of clinical features including early
age at onset, prominent antisocial behavior, high psy-
chiatric co-morbidity, male predominance, and high
genetic loading. This study differs, however, from
any previous analyses in this sample in that it com-
bines a range of available indices of genetic risk for
DA and examined their performance in multivariate
analyses.

Table 4. Results of a linear hazard model predicting risk of drug abuse in relatives as a function
of the source of registration of the proband (medical or prescription with crime registration as the
reference), the genetic relationship between proband and relative, age differences and the
interaction between source of registration and genetic relationship

β coefficient (robust S.E.) z p

Medical register 0.00158 (0.000111) 14.2 <0.001
Prescription register 0.0000228 (0.000238) 0.10 0.924
Genetic relationship 0.0304 (0.000485) 62.6 <0.001
Age difference in relative pair −0.000156 (0.00000496) −31.4 <0.001
Medical register×genetic
relationship

−0.0182 (0.00053) −34.3 <0.001

Prescription register×genetic
relationship

−0.00903 (0.00102) −8.85 <0.001

S.E., Standard error.
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It is useful to outline two possible conceptual
frameworks in which to understand the association
between AFDAR and number of registrations and
genetic risk to DA. The first would be a multifactor-
ial stress–diathesis model for DA. Assume two hypo-
thetical individuals –M and H –who begin life
with, respectively, a moderate and high genetic di-
athesis to DA. Assume that psychosocial stressors
(which increase risk for DA; Sinha, 2001) are, to a
first approximation, randomly distributed across
time. Because of differences in their diathesis, indi-
vidual M will require more severe stress to develop
DA than individual H. Under these assumptions,

we would expect on average that individual M will
be older when he has confronted the severe stressors
needed to precipitate DA than will individual H
when he experiences the more modest levels of stress
needed to develop DA for the first time. This would
predict the observed inverse association between
AFDAR and genetic risk. Similarly, once affected
with DA, individual M is, during his lifetime, likely
to confront fewer adversities that can ‘push him’
past the threshold to cause a relapse than would in-
dividual H. This would predict the observed positive
association between number of registrations and gen-
etic risk.

Fig. 3. (a) Predicted results from the linear hazard model presented in full in Table 4. This figure depicts the predicted excess
number of cases of drug abuse per 10000 person years in monozygotic (MZ) co-twins, full siblings, half-siblings and cousins
of probands with drug abuse as a function of the proband’s registration for drug abuse in the crime versus medical register.
(b) Predicted results from the linear hazard model presented in full in Table 4. This figure depicts the predicted excess
number of cases of drug abuse per 10000 person years in monozygotic co-twins, full siblings, half-siblings and cousins of
probands with drug abuse as a function of the proband’s registration for drug abuse in the crime versus prescription register.
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Gene–environment correlation provides an alter-
native pathway through which high genetic risk for DA
would cause both early onset and multiple relapses.
Prior evidence suggests that individuals at high genetic
risk for DA – like individual H – are more likely to seek
out deviant peers, who provide access to and support
for early drug use and abuse than individuals like M
(Kendler et al. 2008; Gillespie et al. 2009). Such a re-
lationship could then explain the association between
AFDAR and genetic risk. Furthermore, if individuals
at high genetic risk are more prone to returning to
deviant social environments after remission, this
might explain the observed relationship between gen-
etic risk and number of relapses or episodes of DA.

Limitations

These results should be interpreted in the context of
three potentially important methodological limitations.
First, this study was confined to one Scandinavian
country and we cannot be certain that our findings
would generalize to other cultural and ethnic groups.
Second, subjects with DA were ascertained from medi-
cal, legal and pharmacy records. Contrary to standard
epidemiological surveys, this approach has the advan-
tage of ascertaining cases independent of subject co-
operation or accurate recall and reporting. However,
this method undoubtedly produces both false-negative
and false-positive diagnoses. An epidemiological

Fig. 4. Predicted risk for drug abuse as calculated by logistic regression in monozygotic (MZ) co-twins, full siblings,
half-siblings and cousins of probands with drug abuse as a function of the proband’s aggregate genetic risk estimated from
the model presented in full in Table 5. The z scores for the three clinical features were aggregated into one summary measure
and divided into 10 equally sized groups. The figure depicts the predicted probability of drug abuse in probands for the
10 groups.

Table 5. Results of a linear hazard model predicting risk of drug abuse in relatives as a function of z-transformed scores for the source of
registration of the proband (coded as 1=medical, 2=prescription, 3=crime), AFDAR and the number of registrations, genetic relationship
between proband and relative, age differences and the interaction between source of registration, AFDAR and number of registrations and the
genetic relationship

β coefficient (robust S.E.) z p

Source of registration −0.000707 (0.0000518) −11.9 <0.001
AFDAR −0.0000422 (0.000054) −0.68 0.498
Number of registrations −0.000118 (0.0000455) −2.10 0.036
Genetic relationship 0.0242 (0.000304) 67.0 <0.001
Age difference in relative pair −0.000148 (0.00000477) −28.6 <0.001
AFDAR×genetic relationship −0.0082 (0.000222) −31.6 <0.001
Number of registrations×genetic relationship 0.00257 (0.000216) 10.5 <0.001
Source of registration×genetic relationship 0.0105 (0.00024) 37.2 <0.001

AFDAR, Age at first drug abuse registration; S.E., standard error.
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study of DA conducted in neighboring Norway re-
ported rates of drug use and abuse (Kraus et al. 2003;
Hibell et al. 2007), assessed using Diagnostic and
Statistical Manual of Mental Disorders, third edition,
revised (DSM-III-R) criteria (APA, 1987), quite similar
to those found using our registry-based methods
(Kringlen et al. 2001), suggesting that it is unlikely
that we have substantially under-ascertained DA.

Third, we were only able to assess age at onset of
DA indirectly through AFDAR. The time period
between the true onset of DA and first detection by
our methods is likely to be variable. In general, this
increased variability should attenuate rather than exag-
gerate the association with risk of illness in relatives.
Similarly, our measure of recurrence – number of regis-
trations – is surely imperfect. An individual might have
multiple registrations during a single prolonged period
of DA or might have episodes of DA that go un-
detected by our methods. Again, the imperfection of
this measure is more likely to bias downward rather
than upward the observed association with risk of
DA in relatives.

Conclusion

In a large epidemiological sample of the Swedish
population, we were able to identify three relatively
simple clinical indices of DA that independently
strongly reflected the genetic risk to DA especially
when summed into an aggregate measure. Individuals
who were first registered at a young age, had many
registrations and were registered in the criminal regis-
try were at particularly high genetic risk. These results
suggest that the heterogeneity of the DA syndrome
can, for clinical and research purposes, be meaning-
fully indexed by simple clinical measures. Our results
also have particular implications for gene-finding
efforts if the goal is to identify DA probands at high
genetic risk. However, for a complex trait like DA,
it cannot be assured that higher heritability would
translate into greater ease of gene finding.
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