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Background. Using three independent methods, prior studies in Swedish sibling pairs indicate that environmental
factors contribute substantially to familial aggregation for drug abuse (DA). Could we replicate these results in cousin
pairs?

Method. Using multiple Swedish public databases (1964-2011), we defined DA using medical, legal or pharmacy
registry records and examined concordance in full cousin pairs as a function of age differences, younger-older
relationships and geographical proximity while growing up.

Results. Replicating prior results in siblings, cousin pairs were significantly more similar in their history of DA if they
were (i) closer versus more distant in age and (ii) grew up in high versus low geographical proximity to one another.
Furthermore, controlling for background factors, having an older cousin with DA conveys a greater risk for DA than
having a younger drug-abusing cousin. The greater transmission of DA from older to younger versus younger
to older cousin was more prominent in pairs who grew up close to one another. In age difference and geographical
proximity analyses, effects were consistently strongest in male-male cousin pairs. In analyses of older — younger
versus younger — older transmission, effects were stronger in male-male and male—female than in female-female or
female-male relative pairs.

Conclusions. In accord with prior results in siblings, environmental factors contribute substantially to the familial
aggregation of DA in cousins and these effects are, in general, stronger in males than in females.
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Introduction by disruptions in the adoptive home and DA in adop-
tive siblings, contributed significantly to liability to DA
in the adoptees (Kendler et al. 2012).

We have further examined the role of familial-

Drug abuse (DA) is strongly familial (Merikangas
et al. 1998; van den Bree et al. 1998). Although twin
and adoptio'n studies con'sistently 'show't'hat genetic environmental factors in the etiology of DA in
factors contribute substantially to this familial aggrega-

tion (Cadoret et al. 1986, 1995, 1996; Tsuang et al. 1996;
Kendler & Prescott, 1998; Kendler et al. 2000; Lynskey

et al. 2002), most, but not all, studies also show signifi-

Swedish sibling pairs using three distinct and novel
designs. First, within sibling pairs, familial resem-
blance for DA was inversely related to age difference
(Kendler et al. 2013). That is, risk for DA was more

cant familial-environmental effects (Cadoret et al. 1986, highly correlated in siblings born within a few years

1996; Tsuang et al. 1996; Kendler et al. 2000; Lynskey
et al. 2002). In a national Swedish adoption study of
DA, we recently found that, in addition to strong

of one another than in pairs born many years apart.
Second, we observed stronger transmission of risk
for DA from older to younger than from younger
to older siblings (Kendler et al. 2013). Third, within
full- and half-sibling pairs, risk for DA was positively

genetic effects, familial environmental risk, indexed

correlated with the length of time they resided together

* Address for correspondence: K. S. Kendler, M.D., Virginia
Institute for Psychiatric and Behavioral Genetics of VCU, Box 980126,
Richmond, VA 23298-0126, USA.

(Email: kendler@vcu.edu)

https://doi.org/10.1017/50033291713000846 Published online by Cambridge University Press

in the same household or small geographical region
when growing up (Kendler et al., unpublished obser-
vations).
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The aim of the current study was to replicate and
extend these findings by applying these three same
designs to familial resemblance for DA in first-cousin
pairs in a Swedish national sample. We sought to
address the following four questions:

(1) Will resemblance for DA within first-cousin pairs
be greater in those closer versus more distant in
age?

(2) Will risk for DA be greater when a drug-abusing
cousin is older versus younger?

(3) In first-cousin pairs, will resemblance for DA be
correlated with their geographical proximity when
growing up?

(4) Would the impact of age differences on DA resem-
blance or the older to younger versus younger to
older transmission of DA would be more potent
in cousin pairs who grew up closer versus more dis-
tant geographically from one another?

Method

As in previous studies, we used linked data from
multiple Swedish nationwide registries and healthcare
data (Kendler ef al. 2012, 2013, unpublished obser-
vations). Linkage was achieved by using the unique
individual Swedish 10-digit personal ID number
assigned at birth or immigration to all Swedish resi-
dents. This ID number was replaced by a serial number
to preserve confidentiality.

The following sources were used to create our data-
base: the Total Population Register, containing annual
data on family and geographical status from 1990 to
2010; the Multi-Generation Register, providing infor-
mation on family relationships; the Swedish Hospital
Discharge Register, containing all hospitalizations
for all Swedish inhabitants from 1964 to 2010; the
Swedish Prescribed Drug Register, containing all pre-
scriptions in Sweden picked up by patients from
2005 to 2009; the Out-patient Care Register, containing
information from all out-patient clinics from 2001 to
2009; the Primary Health Care Register, which includes
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, which includes national complete data on
all convictions from 1973 to 2011, and the Swedish
Suspicion Register, which includes national complete
data on all individuals strongly suspected of crime
from 1998 to 2011 (for convenience, these two registers
are referred to as the ‘criminal register’); the Swedish
Mortality Register, containing causes of death; and
the Population and Housing Censuses, providing
information on household and geographical status
in 1960, 1965, 1970, 1975, 1980 and 1985. We
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secured ethical approval for this study from the
Regional Ethical Review Board of Lund University
(No. 2008/409).

DA was identified in the Swedish medical and
mortality registries by ICD codes [ICD-8: drug depen-
dence (304); ICD-9: drug psychoses (292) and drug
dependence (304); ICD-10: mental and behavioral dis-
orders 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, 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 drug-related
driving offences (law 1951:649, paragraph 4, subsec-
tion 2 and paragraph 4A, subsection 2). DA was ident-
ified in individuals (excluding those suffering from
cancer) in the Prescribed Drug Register who had
retrieved (on average) more than four defined daily
doses a day for 12 months from either Hypnotics and
Sedatives [Anatomical Therapeutic Chemical (ATC)
Classification System NO5C and NO5BA] or Opioids
(ATC: NO2A). We restricted the diagnosis of DA to
individuals above the age of 10 years except from the
prescribed drug register, where the age limit was set
at 18 years.

Sample

We created our cousin database by entering all
first-cousin pairs born between 1950 and 1993 in the
Swedish population and we required that (1) both cou-
sins in the pair were alive after 1972; (2) both cousins
could, sometime during the period 1960-2010, be
linked to a household and a geographical area; and
(3) the age difference between the cousins did not
exceed 18 years. A full-cousin pair was identified
through their sharing of the same two grandparents.
From the Population and Housing Census and the
Total Population Register, we included information
on small area market statistics (SAMS) for each cousin
within each pair. In Sweden, SAMS are geographical
units that have boundaries defined by homogeneous
types of buildings and have an average of 1000 to
2000 inhabitants. However, between 1960 and 1985
we had no information on SAMS, and therefore used
parishes as a proxy for SAMS. The parishes serve as
districts for the Swedish census and elections, and
have approximately the same number of inhabitants
as SAMS. This information allowed us to calculate
the number of years each cousin pair resided within
the same SAMS. As the median age of leaving home
was approximately 21 in Sweden during this time
period (Yi et al. 1994), we set the upper limit for the
number of years living in the same SAMS to 21.
However, as the age differences between cousins set
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a limit on the number of possible years of living
together, we subtracted the number of years between
cousins from 21. That is, for example, cousins born
2 years apart had only 19 possible years of living in
the same SAMS.

The procedure for retrieving and filtering data on
SAMS was repeated for municipalities to calculate
the number of years each cousin pair resided within
the same municipality. The municipalities of Sweden
are its lower-level local government entities and are
responsible for a large proportion of local services.
Today there are 290 municipalities in Sweden
with populations ranging from approximately 3000 to
870000. The data structure was hierarchical with
SAMS nested within municipalities.

We divided all pairs into three geographical prox-
imity groups: high, medium and low. High proximity
was defined as pairs who both spent > 75% of their
possible years during childhood and adolescence
residing in the same SAMS. Intermediate proximity
was defined as pairs not meeting criteria for high
proximity but spending > 75% of their possible years
residing in the same municipality. The low proximity
group includes all pairs who met criteria for neither
high nor intermediate proximity.

Statistical methods

We conducted two main analyses. First, we looked at
aggregation of DA among cousins and examined
resemblance as a function of their age differences.
Probands were defined as individuals registered for
DA from 1973 to 2011, who had at least one cousin liv-
ing in Sweden 1973-2011. For each DA proband, we
specified all possible case-cousin pairs consisting of
the proband and each of their cousins (who were or
were not registered as DA cases). For each pair, we ran-
domly selected five control-cousin pairs matched to
case pairs by gender, year and country of birth, geo-
graphical proximity and education. Individuals were
eligible as controls if they lived in Sweden at the
time of the case’s DA registration, and were not regis-
tered as DA prior to the time of the case’s registration.
They could, however, be registered later as DA.

Analyses were conducted using conditional logistic
regression. In the first model, DA in the cousin
(yes/no) was used as the independent variable and
we also included an interaction term between age
difference (between cousins in the pair) and DA in
the cousin. We examined linear and quadratic effects
for this age difference. In the second step we stratified
our models into four different gender groups: male-
male, male—female (i.e. the case is male, the cousin
female), female-male and female—female.
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Our second set of analyses examined the difference
in risk to a younger versus older cousin of a proband
with DA. From our cousin database, we selected all
pairs where at least one individual, the proband,
had DA. For cousin pairs where both had DA, the
first individual found in the DA register was selected
as the proband and the second as the cousin. Because
of the possibility of differential right censoring (the
older cousin will always have more years of exposure),
we used a Cox proportional hazards regression model
with DA in the cousin as the outcome. The key predic-
tor was a dummy variable that defined whether the
cousin was younger or older than the proband.
Control variables included linear effects of age differ-
ence between the cousin and the proband, the gender
of the proband and of the cousin, birth cohort and
relevant interactions. The grandparents were used
as the cluster variable when adjusting for the non-
independence of the cousin pairs. We tested the pro-
portional hazards assumption for the different vari-
ables in the models. In situations where it was not
fulfilled, we included an interaction term between
follow-up time and the variable of interest.

All analyses were repeated for the three previously
described geographical proximity groups. As a pro-
band could be included several times in the analyses,
we adjusted for the non-independence with a robust
sandwich estimator in all models. The statistical ana-
lyses were performed using SAS version 9.2 (SAS
Institute, 2008). Although we had clear directional
hypotheses for all of our tests, to be conservative we
report two-tailed p values.

Results
Descriptive statistics

Our total sample included 18842692 first-cousin
pairs, of whom 39366 were concordant for DA. The
tetrachoric correlation (+s.e.) for DA in these pairs
was +0.141+0.001 and the odds ratio (OR) was 2.00
[95% confidence interval (CI) 1.97-2.02]. The mean
age difference between these pairs was 7.73 years
(s.0.=6.06). Resemblance for DA was highest in male—
male pairs (0.179+0.002, OR 2.14, 95% CI 2.11-2.18),
intermediate in female—female pairs (0.117+0.004, HR
1.95, 95% CI 1.88-2.02) and lowest in opposite-sex
pairs (0.084+0.002, HR 1.53, 95% CI 1.50-1.55).

The prevalence of DA in this cousin sample was 3.4%
with the following prevalences in the different registry
sources: discharge 1.06%, out-patient 0.76%, prescrip-
tion 0.14%, primary care 0.01%, mortality 0.04%, and
criminal 2.68%. The ORs for cross-registration from
DA from these six sources are shown in Table 1. With
the exception of the prescription and mortality
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Table 1. Odds ratios (and 95% confidence intervals) for the registration of drug abuse between the five registers used in this study

Out-patient Prescribed

Primary care

Mortality

Criminal

Discharge 221.9 (215.3-228.7) 442 (41.3-47.3)
Out-patient 52.2 (48.6-56.0)
Prescribed

Primary care
Mortality

130.6 (106.5-160.0) (140.3-178.1) 50.3 (49.2-51.5)
123.2 (106.6-159.2) (19.5-27.0) 73.5 (70.5-74.5)
58.7 (39.9-86.4) (0.3-5.1) 11.6 (10.7-12.4)
6.6 (0.9-47.1) 78.8 (63.5-97.8)

30.9 (27.6-34.7)

Table 2. Results from our full Cox proportional hazards model for risk for drug abuse (DA) as a function of whether the DA-affected cousin

was older versus younger

Variable HR (95% CI) 7 df=1 p value
Older versus younger cousin 1.42 (1.37-1.47) 341.1 <0.0001
Older versus younger cousin xlog(follow-up) 1.18 (1.15-1.20) 268.4 <0.0001
Age differences 0.94 (0.93-0.94) 923.0 <0.0001
Age differences x log(follow-up) 1.03 (1.03-1.03) 502.3 <0.0001
Gender
Male-male Reference
Male-female 0.35 (0.34-0.37) 3017.4 <0.0001
Female—female 0.41 (0.37-0.44) 429.7 <0.0001
Female—male 0.90 (0.85-0.96) 115 <0.0001
Interaction terms
Older cousin x female—female 0.85 (0.76-0.94) 8.9 0.0029
Older cousin x female-male 0.92 (0.85-0.99) 4.6 0.0322

HR, Hazard ratio; CI, confidence interval; df, degrees of freedom.

registries, the ORs were all in excess of 5.0 and all
but one greater than 10.0.

Age differences in cousin pairs

We identified 219607 proband-cousin pairs with DA
(mean year of birth 1977 and s.0.=10.3; 51% male)
who could be matched with 1098035 control proband-
cousin pairs. We found a modest and significant inter-
action between DA in the cousin and age difference in
the pair (OR 0.99, 95% CI 0.98-0.997, p=0.004), such
that the risk for DA was higher in cousins born closer
together. For cousins born in the same year, the pre-
dicted OR for DA was 1.88, in comparison to 1.79,
1.70 and 1.62 for those born 5, 10 and 15 years apart
respectively. Quadratic effects of age were tested and
were not significant.

We then examined this association by the sex com-
position of the cousin. We found a significant linear
interaction between DA in the cousin and age differ-
ences in both same-sex pairs (male-male: OR 0.99,
95% CI 0.99-0.998, p=0.01) and female—female pairs
(OR 0.99, 95% CI 0.98-0.998, p=0.02) but in neither of
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the opposite-sex pairs [male—female (i.e. male proband,
female cousin) p=0.76; female-male pairs p=0.64].

Transmission of DA from older to younger versus
younger to older cousins

We examined 565346 pairs containing at least one pro-
band cousin with DA. Our Cox model predicted the
hazard ratio (HR) for DA in the cousin of an affected
proband. Controlling for the linear effect of the age
difference between the cousins, sex combination of
the cousin pair, birth cohort and interaction terms,
the HR for DA in the cousin was significantly greater
when the proband was older than when the proband
was younger (HR 1.42, 95% CI 1.37-1.47) (Table 2).
However, the proportional hazards assumption was
not fulfilled for this variable and the interaction term
between follow-up time and DA in the older cousin
(HR 1.18, 95% CI 1.15-1.20) produced a final HR that
became slowly stronger the longer the follow-up
period (Fig. 1). The effect of having an older versus a
younger cousin with DA was similar in male-male
and male—female pairs (male older, female younger)


https://doi.org/10.1017/S0033291713000846

Cumulative probility of DA (%)
(3]
\
\

4 — — Younger cousin with DA
e —— Older cousin with DA

[0 e S S S S N B N N B S B N S S B e m

1234567 891011121314151617181920212223242526
Duration of follow-up (years)

Fig. 1. The cumulative probability of receiving a drug abuse
(DA) diagnosis over a 26-year follow-up period for siblings,
where the older versus younger sibling had DA as predicted
from the full Cox model, the results of which are given in
Table 2.

but significantly weaker in female—female pairs
(HR 1.21) and in female-male pairs (HR 1.31).

Resemblance and geographical proximity while
growing up

We divided the cousin pairs into three groups as a
function of their geographical proximity up to the
year when the older member turned 21. Those with
high, intermediate and low proximity constituted 13,
33 and 54% of all cousin pairs respectively. The ORs
for DA in the cousin pairs with high, intermediate
and low geographical proximity while growing up
were 2.68 (95% CI 2.27-3.15), 1.90 (95% CI 1.81-1.99)
and 1.79 (95% CI 1.76-1.83) respectively. The ORs for
the latter two groups differed significantly from the
OR found for the first group (both p<0.0001). The
resemblance for DA differed by geographical prox-
imity in male-male pairs (ORs of 3.37, 2.00 and 1.88
respectively; p<0.001) and in male-female pairs (ORs
of 3.25, 1.73 and 1.75 respectively; p<0.03) but not for
female—female or female-male pairs (all N.s.).

Age differences and older-younger transmission
of DA by geographical proximity

We explored the association between age difference
and resemblance for DA in first-cousin pairs in our
three geographical proximity groups. The associations
were not significant and did not differ across the
three groups. We also repeated the analyses for
older-younger transmission in our three cousin-pair
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groups divided by proximity of rearing. The increased
risk of having an older versus a younger cousin with
DA was substantially greater for those cousin pairs
who grew up in high geographical proximity (OR
1.58, 95% CI 1.31-1.89) than in those with intermediate
or low proximity (OR 1.36, 95% CI 1.27-1.45 and OR
1.37, 95% CI 1.32-1.43, respectively).

Discussion

Prior evidence largely from twin studies suggests that
shared environmental factors contribute to the familial
aggregation of drug use and DA. In these studies, the
environment is not measured directly but is inferred
from patterns of resemblance in monozygotic and
dizygotic twins. We have developed new lines of evi-
dence for familial environmental effects on DA using
Swedish national data, first in an adoption sample
(Kendler et al. 2012) and second by the application of
three new methods to assess shared environmental
exposures in sibling pairs unconfounded by genetic
effects (Kendler et al. 2013, unpublished observations).
In the current study we sought to replicate and extend
these findings to pairs of first cousins. More specifi-
cally, we attempted to address four questions, which
we review in turn.

First, we found in first-cousin pairs, consistent with
our prior results in full siblings (Kendler et al. 2013),
a significant inverse association between age differ-
ences and resemblance for DA. These results would
make sense if age differences in relative pairs are a
rough proxy for the degree of co-socialization. Given
the strong evidence for the impact of peer groups
on risk for DA and other externalizing behaviors
(Kandel 1985; Hawkins et al. 1998; Petraitis et al.
1998; Harris 2002; Allen et al. 2003), it is plausible
that resemblance for DA would relate to the degree
of sharing of peer groups, which in turn would be
roughly reflected by their age differences. In full sib-
lings, the main linear effect on age differences on risk
for DA was substantial, with an OR of 0.62/year
when expressed in the model used in this study (but
reduced in impact by an inverse quadratic effect). In
first-cousin pairs, the association, although significant,
was much weaker (and only linear), with an OR of
0.99. Given the greater average contact and peer shar-
ing that would be expected between siblings than
between cousins, it seems likely that the impact of
age differences on resemblance for DA would be
much stronger in the former than in the latter.
However, we have no direct evidence that our findings
arise from sharing of peers and they could be the
result of other environmental factors that impact
more strongly on individuals of similar age.
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Second, we replicated in our cousin pairs prior
results from full siblings where, controlling for back-
ground factors including age differences, having an
older sibling with DA conveys a substantially greater
risk for DA than having a younger drug-abusing
sibling (Kendler et al., unpublished observations).
These findings are consistent with several prior reports
showing that siblings in general, or older siblings in
particular, are frequently important role models and
suppliers of drugs (Clayton & Lacy, 1982; Needle
et al. 1986; Gfroerer, 1987; Duncan et al. 1996; Brook
et al. 1999; Windle, 2000). However, unexpectedly,
the magnitude of this effect (a 42% increased risk
with an older versus a younger relative with DA)
was exactly the same in the sibling and cousin
pairs. While reflecting a ratio of risks, we nonetheless
would have expected the impact of having a drug-
abusing older versus younger cousin to be somewhat
less robust than that seen in siblings.

Third, consistent with our prior analyses in full- and
half-sibling pairs (Kendler et al., unpublished obser-
vations), resemblance for DA in first cousins was corre-
lated with their geographical proximity when growing
up. In this case, direct comparison of findings between
these two groups of relatives is difficult. Our analytic
approaches to the two groups of relatives differed sub-
stantially in part because siblings typically and cousins
very rarely reside together in the same household
through much of their childhood. For full and half-
siblings, for each year of living in the same household
or SAMS unit, the probability of sibling concordance
for DA increased from 2% to 5%. Extrapolated over
the expected years of cohabitation, we estimated
much higher total ORs (~1.6-2.0). We used a cruder
approach here, dividing our cousin pairs into three
groups with high, intermediate and low geographical
proximity for which we observed ORs for DA of
2.68, 1.90 and 1.79 respectively. Of note, the ratio of
ORs between our high and low geographical proximity
is 2.68/1.79=1.50, suggesting that the magnitude of the
effect of geographical proximity on resemblance for
DA might be only slightly less in cousins than is seen
in full and half-siblings.

One methodological point in common to these three
analyses is worth emphasizing. They are all able to iso-
late environmental from genetic sources of pair resem-
blance. In each case, genetic factors were controlled for
by examining only first-cousin pairs, all of whom had
the same degree of genetic relationship.

Our fourth and final question was: if the impact of
age differences and older — younger versus younger
— older transmission of resemblance for DA results
from environmental contact and/or peer sharing
between relatives, would these effects then be more
potent in pairs growing up in closer versus more
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distant geographic areas? We found results consistent
with our hypothesis in only one of our two relevant
analyses. When we examined the relationship between
age differences and sibling resemblance for DA in pairs
divided into our three proximity groups, none of the
comparisons alone were statistically significant (pre-
sumably due to loss of power), nor did they differ
from one another. However, the risk for DA when an
older versus a younger cousin also had DA was stron-
ger in cousin pairs living in high versus intermediate or
low proximity. We have no ready explanation for these
somewhat contradictory findings except to note that
the older — younger versus younger — older trans-
mission for DA was much more robust in our cousin
pairs than the association with age differences.
Furthermore, we cannot be overly confident about
this overall hypothesis because cousins residing far
from one another might have a close relationship,
meeting at family gatherings or vacations, and sub-
stantially influencing one another’s risk for DA.
Alternatively, cousins living nearby might, for a
range of reasons, have little to no contact.

We can also usefully compare results we obtained
here in cousins to those found previously in same-
and opposite-sex sibling pairs. We found much
stronger associations between age differences and
resemblance for DA in same-sex than in opposite-sex
sibling pairs (Kendler et al. 2013). We obtained very
similar findings here, where age differences signifi-
cantly related to pair resemblance only in same-sex
and not in opposite-sex cousin pairs. In our prior
analysis of older — younger versus younger — older
transmission for DA in sibling pairs, we found the lar-
gest effect in male-male and male—female pairs, which
was significantly stronger than that found in female—
female and female-male pairs. That is, the differences
in having an older versus a younger drug-abusing
brother were consistently greater than having an
older versus a younger drug-abusing sister. We saw
the same pattern in cousins, where the effect on risk
for DA in an older versus younger cousins was greater
when the affected member of the pair was male than
when it was female. In our analysis of cohabitation his-
tories in sibling pairs, we found the strongest effects in
male-male pairs, intermediate effects in female—female
pairs and the weakest effects in opposite-sex pairs
(Kendler et al., unpublished observations). In cousins,
we replicated one aspect of these analyses; our stron-
gest effect of cohabitation was also found in male-
male pairs.

Consistently across both sibling and cousin analyses,
social environmental influences impacted on resem-
blance for DA most strongly in male-male pairs.
These results are congruent with three other lines of
evidence. First, in our twin-sibling structural modeling
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(Kendler et al., unpublished observations), we detected
evidence for shared environmental effects on DA only
for male-male pairs. Second, drug use in males may be
more sensitive to the effect of peer groups than in
females (Borsari & Carey, 2001; Graziano et al. 2012).
In particular, in a Swedish high-school student survey,
Svensson (2003) found males to be both more fre-
quently exposed to and more sensitive to the effects
of deviant peer groups. Third, in a national epidemio-
logical analysis of Sweden, DA risk in men was more
sensitive to levels of neighborhood-level deprivation
than in women (Sundquist ef al., unpublished obser-
vations).

Our results confirm those prior twin studies of DA
that have shown an etiologic impact of shared environ-
mental factors (Tsuang et al. 1996; Kendler et al. 2000;
Lynskey et al. 2002). However, twin studies have also
consistently shown substantial heritability for DA,
with estimates ranging from 31% to 74% (Tsuang
et al. 1996; van den Bree et al. 1998; Lynskey et al.
2002; Kendler et al. 2003). Our findings are congruent
with a range of prior studies showing that the familial
aggregation of DA is the result of both genetic and
environmental risk factors (e.g. Kendler et al. 2000,
2012; Lynskey et al. 2002).

Limitations

These results should be interpreted in the context of
four potentially important methodological limitations.
First, this study was confined to one Scandinavian
country and only further research can determine
whether the findings would generalize to other cultural
and ethnic groups. Second, subjects with DA were
ascertained from medical, legal and pharmacy records.
Contrary to standard epidemiological surveys, this
approach has the advantage of ascertaining all cases
in the population independent of subject cooperation.
Furthermore, our diagnoses are based on objective
records independent of subject recall. However, this
method is very likely to lead to both false-negative
and false-positive diagnoses. An epidemiological
study of DA conducted in neighboring Norway re-
ported rates of DA and drug dependence (Kraus et al.
2003; Hibell et al. 2007), assessed using DSM- III-R
criteria (APA, 1987), of 3.4%, identical to that found
by our registry-based methods (Kringlen et al. 2001).
Substantial under-ascertainment of DA is unlikely.

Third, in our age difference analyses, our sample
size of cousin pairs was lower because we could not
obtain five control pairs for all of them. In particular,
the proportion of male probands in these analyses
was reduced. However, we repeated our analyses
with only three control pairs and the pattern of
findings did not change significantly.
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Fourth, could our results arise from systematic police
practices? If an individual was arrested for DA, would
police provide closer surveillance to their cousin, lead-
ing to an increased likelihood of arrest and conviction?
Might police keep under closer surveillance the
younger versus the older cousin of a convicted drug
abuser? To address this possible bias, we repeated all
major analyses presented here, removing cases of DA
identified only through the crime register. The overall
results were similar but in fact showed slightly stron-
ger familial-environmental effects. Thus, our findings
on the impact of familial environment on DA in cou-
sins could not plausibly result from biases in police
practices.

Conclusions

Using a complete population sample of first-cousin
pairs and nationwide ascertainment of DA from
legal, medical and pharmacy records, we were able
to replicate with considerable (but not perfect) consist-
ency prior results with sibling pairs using three ana-
lytic designs. In both sibling and cousin pairs,
resemblance for DA was found to be positively corre-
lated with closeness in age. Controlling for background
factors, risk for DA was greater if an individual had an
affected older versus younger sibling and an affected
older versus younger cousin. In both sibling and cousin
pairs, resemblance for DA was greater in individuals
who grew up in closer versus more distant geographi-
cal proximity to one another. Finally, in our age differ-
ence and geographical proximity analyses, these effects
were consistently strongest in male-male sibling and
cousin pairs. In our analyses of older — younger versus
younger — older transmission, in both siblings and
cousins, effects were stronger in male-male and
male—female than in female—female or female-male
relative pairs. Along with a range of prior studies,
these findings together provide compelling evidence
that shared environmental factors are of etiological
importance for DA and contribute meaningfully to its
strong tendency to run in families.
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