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Female twin pairs were identified from birth records, and
their families invited to participate in a prospective study of

the determinants of alcohol problems in women. We investi-
gated sampling biases arising because of failure to locate
families, or non-cooperation of families. Out of 2644 families
with a live-born pair (born between July 1975 and December
1986) who survived beyond infancy, contact was established
and a brief screening interview completed with 90% (N =
2380). Fewer than 6% of located families declined to partici-
pate in the initial screening interview. Predictors of failure to
locate a family or to obtain a screening interview were identi-
fied from information recorded in birth records, and from
neighborhood characteristics identified from 1990 US Census
block group data for the family residence when the twins were
born. African-American families were under-represented in the
final sample, but this effect was barely significant when other
variables were controlled for. Under-represented were families
where the mother was 19 or younger at the birth of the twins,
where the mother herself was born out-of-state, or where
information about biological father was not reported in the birth
record. Non-participating families on average came from neigh-
borhoods with a higher proportion of residents living in poverty,
and with a higher proportion of African-American residents.
Sampling biases were however small. The unusual coopera-
tiveness in research of families with twins persists.

Results of twin and adoption studies, as well as evi-
dence from studies in Asian populations of single gene
effects on risk, provide compelling support for the hypoth-
esis that genetic factors play a critical role in the etiology
of alcoholism (reviewed in Heath et al., 1997; Jacob et al.,
2001). Fundamental questions remain however about the
mediators of genetic influences on alcoholism risk (how
genetic influences arise) and about the moderators (protec-
tive or vulnerability factors) that interact with genetic
predisposition. The twin study design is particularly pow-
erful for addressing such effects (Jacob et al., 2001; Heath
et al., in press), particularly when implemented prospec-
tively, thereby avoiding the many potential biases
associated with retrospective recall. Because of the early
onset of alcohol dependence symptoms, with median onset
age 20 or younger (e.g. Nelson et al., 1996), a prospective

study of the determinants of alcoholism risk is necessarily a
pediatric study.

A variety of recruitment methods have been used in
studies of juvenile twins, including ascertainment through
school systems or through media appeals, and systematic
ascertainment through birth or hospital records.
Traditionally, twin researchers and other behavioral geneti-
cists have been negligent in their inattention to the
representativeness of the samples that are thus recruited.
Identification of variables that predict reduced probability
that a family will participate in a study enables sampling
weights to be generated, to re-weight the observed data
back to the population of families with twins (Heath et al.,
1998; Heath et al., 1999a). When ascertainment is con-
ducted from birth records, birth record data, together with
neighborhood characteristics identified from public records
such as census data (Meyer et al., 1996), can be used to
check for major sampling biases. Here we use birth record
and census data to examine potential sampling biases in a
mid-western US twin cohort identified from birth records.

Methods
Computerised state birth records from a mid-western US
state, for the period 1 July 1975 to 30 June 1987, were
scanned to identify all female like-sex twin pair births.
Because of interruption of research funding, the cohorts of
twins born 1 January to 30 June 1985, and 1 January to
30 June 1987, were incompletely ascertained, and there-
fore are excluded from totals and analyses presented here.
In cases where an adoption occurs, biological parent infor-
mation is sealed at the time of adoption under state law, so
adoptee birth records were excluded. Infant deaths were
recorded in the computerised birth record, so families with
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pairs where one or both twins were known to be deceased
were also excluded.

Families were targeted for initial assessment when twins
were aged 19, 17, 15, 13, or, from the third year of data-
collection onwards, 11 years old. A cohort sequential
sampling design was used (see Heath et al., 1999b), with
recruitment of cohorts of 19, 17, 15 and 13-year-old twin
pairs over a two year period, and continuing recruitment of
13 and 11-year-old twins in the two subsequent years. An
initial screening interview was conducted with eligible fam-
ilies, to confirm the identity of the twin pair, and ask a few
brief questions about twin pair zygosity. When parents gave
permission, a follow-up diagnostic interview was scheduled
with at least one parent (wherever possible the mother).
The parent diagnostic interview (Hudziak et al., 1998;
Neuman et al., 2001) covered prenatal, perinatal and early
childhood risk-factors of the twins (e.g. maternal smoking
and drinking during pregnancy, twins’ birth weight and
history of externalising disorders and depression) and criti-
cal aspects of parental psychopathology (parent’s and
co-parent’s history of alcohol abuse or dependence, parent’s
history of depression, and of childhood conduct disorder)
and sociodemographic factors (education, religious affilia-
tion and involvement, family income, marital status, twins’
rearing history). When adult twins gave permission, or
when parents and minor twins (aged 17 or younger) gave
permission, a follow-up diagnostic interview was also
scheduled with the twins. The twin assessment (Bucholz et
al., 2000; Nelson et al., 2000; Glowinksi et al., 2001)
included a detailed characterisation of experiences with
alcohol, drinking patterns, alcohol abuse and dependence
symptoms, and assessment of pertinent psychiatric risk-
factors (particularly history of major depression, suicidality,
childhood conduct disorder, and anxiety disorders) and
measures of potential impairment versus achievement (e.g.
educational level, school grades). The verbal consent proce-
dures that were used were approved by the Washington
University Human Studies Committee. Intake interviews
with families were conducted over the period 1995–1999. 

Birth record data included parental address at birth,
allowing us to merge with US Census block group data
(the smallest grouping of households for which Census
data are available) to characterise the neighborhoods where
twins were born. Data from the 1990 US Census were
used. Variables examined were neighborhood percentages
for (a) urban versus rural non-farm versus rural farm resi-
dences, (b) age-structure of the neighborhood (proportion
of individuals under age 19, proportion of individuals aged
65 or older), (c) two parent households with children, 
(d) single parent (mother) with minor child(ren) house-
holds, (e) single resident households, (f ) high density
households (5 or more occupants), (g) proportion of
households below the poverty line, (h) proportion of
households with income about $US 75,000, (i) median
household income, (j) proportion of residents with at least
some college, and (k) neighborhood ethnic composition
(proportion of African-American residents, proportion of
Hispanic residents). For these variables we created 3-cate-
gory summary variables using data for all Missouri
households, subdividing into the lowest quartile, middle

50%, and highest quartile, and compared families who did
and did not complete the initial screening interview. 
A small number of families, for whom we had incomplete
address information that did not permit assignment to a
particular census-defined block group, were excluded from
these analyses (N = 21 families).

For some birth years, birth record data also included
limited information about the biological mother, in partic-
ular maternal state of origin (i.e. the state where the mother
was born), and maternal age at the birth of the twins (birth
years 1978 and later). For a further subset of birth years the
same information about the biological father was included,
where provided by the biological mother (birth years 1980
and later). Parental age at birth was reclassified as a categor-
ical variable (< = 19; 20–25, 26–29, 30–34 and 35+). State
of birth was coded as same state versus other state (includ-
ing families that immigrated from foreign countries in this
latter group).

Simple descriptive statistics were computed with a chi-
square statistic used to test the significance of the overall
associations between family characteristics (including
neighborhood characteristics) at the time of the twins’
birth, and whether or not we succeeded in completing an
initial screening interview with the family. Classified as
non-participants were both cases where we did not succeed
in locating the family, and cases where we located the
family but did not succeed in obtaining cooperation for an
interview. The distinction between these two categories was
not always clear, since without completing the screening
interview we could not confirm that we had successfully
contacted the correct family. All other families who com-
pleted the initial screening interview were classified as
participants. Multiple logistic regression was used to iden-
tify the best joint predictors of non-participation of a
family, with all predictors showing a significant univariate
association with family non-participation included in the
model. Since we were concerned about potential collinear-
ity of some census predictors, many of which would be
correlated with neighborhood poverty, we finally fitted a
backwards selection stepwise logistic model, in which only
variables that were significant at p < 0.05 were retained in
the model.

Results
Cooperative Families

A total of 2852 female like-sex twin pairs born between 
1 July 1975 and 31 December 1986 (excluding the incom-
pletely ascertained cohort born 1 January 1985–30 June
1985) were identified from birth records. After excluding
208 pairs identified in birth records as having at least once
deceased twin (7.3% of all pairs), this left a total of 2644
families with a live-born twin pair that we attempted to
trace and invite to participate in a research study. Numbers
of available twin pairs, and level of family cooperation, as a
function of twins’ age when they were targeted for assess-
ment, are summarised in Table 1. Overall, we were able to
locate 95.6% of eligible families identified from birth
records, with the success rate in locating families varying
little as a function of the age of the twins at follow-up; and
were able to complete an initial screening interview with 
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a parent (or occasionally other adult family member) from
90% of targeted families (N = 2380). Only 5.6% of eligible
families were located but did not wish to complete the
initial screening interview. A parent diagnostic interview
was successfully conducted with at least one parent from
2061 families, representing 78% of targeted families, and
87% of families who completed the initial screening stage.
For those families where twins were aged 13 or older, and
therefore targeted for interview assessment, interviews were
successfully completed with at least one twin from 77% of
targeted families, and 84% of families who completed the
initial screening stage. Thus, while parental consent was
required before twins aged 17 or younger could be inter-
viewed, parents in some cases gave permission for their
twins to be interviewed but did not themselves complete an
interview, so that the success rate for obtaining a twin inter-
view was approximately the same as the success rate for
obtaining a parent interview. In families where at least one
twin agreed to be interviewed, there was a 0.945 probabil-
ity that the second twin also would complete an interview,
leading to an overall total of 1633 female like-sex twin pairs
where both twins completed a diagnostic interview (72.5%
of targeted pairs, and 80% of pairs where the family com-
pleted the initial screening interview).

We were less successful in the recruitment of African-
American families, and in obtaining their cooperation,
particularly at the initial screening interview stage. There
were a total of 479 African-American like-sex pairs born
during this period, including 50 pairs where at least one
twin died during infancy (10.4% of all pairs), leaving 429
pairs where both twins survived beyond infancy. We suc-
ceeded in tracing and completing an initial screening
interview with 347 of these families (80.9%), and were
unable to locate a further 8.2% of families. Parent inter-
views were completed with at least one parent from 313
families (73.0% of families identified from birth records,
90.2% of families who completed the initial screening
interview). A twin interview was completed with at least
one twin from 263 families, out of 362 families with twins
aged 13 or older (72.7% of targeted families, 88.3% of
families who completed the initial screening stage). We
were able to complete interviews with both twins from
231 pairs (0.878 conditional probability that the second
twin would complete an interview, given that one twin
had been interviewed).

Census-derived Predictors of Non-participation

Table 2 summarises differences, in terms of neighborhood
characteristics (based on 1990 US Census block group
data), between participant and non-participant families.
For some neighborhood characteristics there was no evi-
dence of an ascertainment bias. This was true for the
proportions of young people and older people living in the
neighborhood; single-person households and high density
households (with 5 or more residents), and urban versus
rural non-farm versus farm households. Other neighbor-
hood characteristics, however, did discriminate significantly
between participating and non-participating households in
univariate analyses. Non-participating families on average
came from neighborhoods with a higher percentage of
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Table 2

Association Between Family Non-participation in Initial Screening Interview, and Neighborhood Characteristics Defined by 1990 US Census Block
Group Data. For All Variables Except Urban-rural Residence, Successive Categories Are the Lowest Quartile, Middle to 75%, and highest quartile
Based on the Entire State Population.  For Example, in the Entire Population, One-quarter of Neighborhoods Have Fewer than 23.2% Residents
Aged 19 or Younger; One-half Have Between 23.2% and 32.6% of Residents in this Age Range; and One-quarter Have More than 32.6% of
Residents in This Age Range.

Non-participants Participants Unadjusted Adjusted
(N = 284) (N = 2339) OR 95%CI OR 95%CI

Neighborhood age structure % %
% 0–19 years 0–23.1% 16.4 17.3 1.0 — — —

23.2–32.6% 51.6 52.3 1.02NS 0.71–1.47 — —
32.7%+ 32.0 30.4 1.09NS 0.73–1.62 — —

% 65+ years 0–9.4% 32.7 34.4 1.0 — — —
9.5–20.4% 49.8 49.7 1.06NS 0.79–1.44 — —
20.5%+ 17.4 15.9 1.15NS 0.78–1.71 — —

Household structure
% 1-person households 0–16.6% 27.8 31.4 1.0 — — —

16.7–33.3% 50.9 50.4 1.14NS 0.83–1.58 — —
33.4%+ 21.4 18.2 1.32NS 0.90–1.95 — —

% Families with married couples and related children <18 0
0–26.4% 28.8 20.0 1.0 — 1.0 —
26.5%–43.7% 46.6 47.8 0.68 0.50–0.92 0.97NS 0.69–1.37
43.8%+ 24.6 32.2 0.53 0.36–0.77 0.85NS 0.55–1.32

% Families with female head household, no husband, child(ren) <18
0–2.7% 19.2 20.3 1.0 — 1.0 —
2.8–12.9% 44.5 55.0 0.85NS 0.60–1.21 0.76NS 0.54–1.08
13.0%+ 36.3 24.8 1.54 1.08–2.21 0.79NS 0.50–1.23

% 5+ person households 0–5.2% 19.9 18.4 1.0 — 1.0 —
5.3–13.2% 47.3 51.6 0.85NS 0.81–1.18 0.85NS 0.61–1.18
13.3%+ 32.7 30.1 1.00NS 0.70–1.44 1.00NS 0.70–1.44

Neighborhood socioeconomic characteristics 
% Residents with some college

0–23.1% 24.9 19.8 1.0 — 1.0 —
23.2–47.3% 47.0 48.2 0.76NS 0.56–1.05 1.04NS 0.74–1.45
47.4%+ 28.1 32.1 0.68 0.48–0.98 1.29NS 0.80–2.09

% Residents unemployed 0–2.9% 18.5 28.3 1.0 — 1.0 —
3.0–9.6% 48.0 49.8 1.48 1.04–2.09 1.33NS 0.93–1.89
9.7%+ 33.5 22.0 2.36 1.64–3.39 1.43NS 0.92–2.24

% Households below poverty level
0–5.3% 19.2 32.8 1.0 — 1.0 —
5.4–22.7% 48.8 46.9 1.77 1.26–2.49 1.73 1.01–2.97
22.8%+ 32.0 20.3 2.71 1.90–3.88 1.97 1.00–3.86

Median household income 0–$17,142 27.8 18.0 1.0 — 1.0 —
$17,143–$31,316 45.9 45.3 0.64 0.47–0.87 0.93NS 0.64–1.35
>$31,316 26.3 36.7 0.45 0.32–0.64 1.06NS 0.57–1.98

% Households with income >$75K
0% 33.5 23.3 1.0 — 1.0 —
0.0–5.8% 41.6 43.8 0.66 0.49–0.90 0.81 0.58–1.13
>5.8% 24.9 32.9 0.53 0.37–0.75 0.80 0.48–1.33

Urban-rural residences
% Urban — 63.5 60.0 1.0 — — —
% Rural, non-farm — 11.4 11.8 1.09NS 0.71–1.70 — —
% Rural, farm — 25.2 28.3 1.19NS 0.87–1.62 — —

Neighborhood ethnic composition
% African-American 0 28.8 36.7 1.0 — 1.0

0.0–7.4% 28.8 35.5 1.03NS 0.74–1.44 1.16NS 0.81–1.64
>7.4% 42.4 27.7 1.96 1.43–2.69 1.45NS 0.95–2.20

% Hispanic 0 48.8 46.2 1.0 — — —
0.0–1.3% 21.4 27.6 0.73NS 0.53–1.01 — —
>1.3% 29.9 26.2 1.07NS 0.78–1.47 — —

% Multiple ancestry 0–25.9% 36.7 24.9 1.0 — 1.0
26.01–40.9% 44.8 45.4 0.66 0.49–0.89 1.03 0.70–1.50
41.0%+ 18.5 29.8 0.42 0.29–0.59 0.78 0.48–1.26
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households consisting of a single mother with one or more
children, and lower percentage of households with two
parents plus children; a slightly lower percentage of resi-
dents with at least some college education; a higher
percentage of unemployed residents; a higher percentage of
households below poverty level, and a lower percentage of
households with annual income above $75,000; and a
higher percentage of minority (African-American and
Hispanic) but a lower proportion of mixed ancestry resi-
dents. In a multivariate logistic regression analysis jointly
predicting family participation in the screening stage from
all of these variables, however, the only neighborhood char-
acteristic that remained predictive of non-participation was
living in a neighborhood with a high proportion of the
households below the poverty level (highest 25%: 
OR = 1.97; middle 50%: OR = 1.73). The effect of living
in a neighborhood with a high proportion of African-
American residents was just short of significance 
(OR = 1.44, 95%CI 0.95–2.20). When we fitted a back-
wards selection stepwise model, living in a neighborhood
with a high proportion of households below the poverty
level remained a significant predictor (highest 25%: 
OR = 2.15, 95%CI 1.45–3.19; middle 50%: OR = 1.67,
95%CI 1.19–2.35) and living in a neighborhood with a
high proportion of African-American residents also reached
statistical significance (OR = 1.57, 95%CI 1.16–2.12). The
magnitude of the differences between neighborhoods of
participant and non-participant families in terms of percent
families living below the poverty level (13.3% vs. 17.3%,
data not shown) and percent African-American residents
(13.9% versus 21.0%) was however not large. 

Since the census variable categories (lowest 25%,
middle 50%, highest 25%) shown in Table 2 are defined
by census data for the entire state, the extent to which the
observed proportions for these categories deviate from
25%,50%,25% provides information about the ways in
which neighborhoods where twins are born differ, com-
pared to neighborhoods in the state as a whole. Thus for
example mothers of twins on average are living in neigh-
borhoods with a higher than expected proportion of young

people, and lower than expected proportion of older
people; and are more likely to be living in neighborhoods
with families with children, and hence more likely to be
living in high density neighborhoods. However, without
data from control families with non-twin children, it is not
possible to determine whether such differences are entirely
due to differences between households with and without
young children.

Birth Record Predictors of Non-participation

Table 3 summarises individual characteristics identified
from birth records that predicted non-participation in the
initial screening interview phase. For those birth years
where only maternal information was available from state
birth records, young maternal age at the birth of the twins
(19 or younger), and maternal birth out of state, predicted
increased probability of failing to obtain a screening inter-
view with the family. Where both maternal and paternal
information was available, the absence of information
about the biological father (presumably in many cases
indicating fathers who were not expecting to be involved
in the care of their children), and father’s birth out-of-
state, also indicated increased probability of failing to
obtain a screening interview. In the latter analysis only,
maternal African-American ethnicity also predicted
decreased probability that a family would participate in the
initial screening interview.

Conclusions
Inferences from twin data will be most credible when the rep-
resentativeness of the twin sample is carefully documented. In
this paper, we have discussed the ascertainment of a large
cohort of adolescent female twin pairs from birth records for
a mid-western U.S. state. Using birth cohort ascertainment
itself introduces certain limits to the generalisability of any
findings that can be made. For example, geographically
mobile families who moved into the state after the birth of
their twins will not be represented in the sample, though geo-
graphically mobile families who moved out of state are
represented. Nonetheless, given the limitations of other
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Table 3

Association Between Family’s Non-participation in the Initial Screening Interview (Not Located, or Not Found), and Birth Record-derived
Information about Ethnicity, Parental State of Origin, and Parental Age at the Birth of the Twins.

Unadjusted Odds Ratios Adjusted Odds Ratios
Non-participants Participants OR 95%CI OR 95%CI

1978–1986 Birth Cohortsa (N = 249) (N = 1897)
African-American ethnicity 27.7 14.1 2.34 1.74–3.16 1.42NS 0.98–2.06
Mother born in state 54.4 68.3 0.56 0.43–0.72 0.50 0.38–0.66
Mother< 19 at birth of twins 20.6 10.7 2.17 1.55–3.03 1.57 1.08–2.27
Paternal data missing 33.5 15.2 2.82 2.12–3.74 2.29 1.58–3.32

1980–1986 Birth Cohortsb (N = 219) (N = 1559)
African-American ethnicity 28.6 13.0 2.68 1.94–3.72 1.54 1.04–2.28
Mother born in state 54.8 68.2 0.57 0.43–0.75 0.53 0.39–0.72
Father born in state c 28.3 49.5 0.40 0.30–0.55 0.66 0.46–0.95
Mother # 19 at birth of twins 20.1 9.6 2.38 1.66–3.42 1.68 1.12–2.54
Paternal data missing 35.6 14.8 3.18 2.36–4.29 2.02 1.32–3.09

Notes: a) birth cohorts with maternal data in birth record 
b) birth cohorts with paternal data in birth record 
c) father born in state, versus father born out-of-state or father’s place of birth unknown.
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potential sampling procedures, such as excessive cost of
using standard household survey procedures because of the
rarity of twin births, inability to determine generalisability
when ascertainment via appeals for volunteer families
through the media are conducted, and incomplete ascer-
tainment of families through school systems (including
potential undersampling of pairs discordant for school
attendance or for grade level), we considered birth record
ascertainment to represent the best option for ascertaining
an adolescent twin pair sample.

Using birth record data, together with census data, we
were able to investigate potential sampling biases associated
with failure to locate and/or failure to obtain cooperation
from families. Birth of the twins to a teenage mother, having
a mother or father born out of state, having an absentee bio-
logical father (imputed from the absence of information
about the father on the birth record), and birth to a mother
living in a neighborhood with higher than average rates of
poverty and of African-American residents were all associ-
ated with an increased probability of failure to recruit a
family into a study. African-American ethnicity also pre-
dicted decreased probability of recruitment. Identification of
these predictors of non-recruitment will in the future allow
use of sampling weights to correct for the under-representa-
tion of such families in our research.
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