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Table 1: Number of participants (n values), test-retest reliability, means and standard deviations, or prevalences, for all measured

environmental factors

Prevalences

nvalues  Reliability Mean (SD) 1 2 3 4 5
Childhood Environment
Rearing style (O) 556 0.83 - 3.75 3036 4446 1857 2.68
Parental interest in school achievement (O) 554 0.92 - 821 39.82 47.32 3.57
School achievements discussed by parents (O) 557 0.86 - 5.71 75.18 13.93 4.64 -
To be read to (O) 560 0.94 - 47.68 52.32 - - -
Reading books <12 years (O) 560 0.70 - 30.00 2214 2321 2464 -
Reading books >13 years (O) 560 0.78 - 27.32 2321 2196 27.50 -
Being bullied at primary school (O) 557 0.94 - 63.93 13.39 16.79 5.36 -
Being bullied at secondary school (O) 548 0.89 - 70.00 13.93 9.82 4.11 -
Family conflict (C) 557 0.88 3.70 (2.32) - - - - -
Family functioning (C) 557 0.91 11.34 (5.87) - - - - -
Relative height at primary school (O) 552 1.00 2250 56.07 20.00 - -
Relative height at secondary school (O) 535 0.98 - 19.11 61.96 16.25 - -
Relative weight at primary school (O) 554 1.00 - 26.61 65.18 7.14 - -
Relative weight at secondary school (O) 534 1.00 - 23.75 65.54 7.86 - -
Social Environment and Behavior
Age leaving parental home (C) 557 0.99 21.65 (4.52) - - - - -
Level of education partner (C) 369 0.91 - - - - - -
Level of education friend (C) 274 0.86 - - - - - -
Children yes/no (O) 558 1.00 - 31.43 68.21 - - -
Number of children (C) 557 1.00 1(1.36) - - - - -
Partner yes/no (O) 557 1.00 15.89 83.57 - - -
Duration of relationship partner (C) 517 1.00 21.99 (13 39) - - - - -
Social support — numbers (C) 541 0.44 23.63 (12.79) - - - - -
Social support — satisfaction (C) 524 0.46 8.48 (3.43) - - - - -
Leisure Time Activities
Number of years music lessons (C) 558 0.92 1.88 (2.96) - - - - -
Musical instrument/lesson current (O) 552 1.00 - 83.75 13.04 - - -
Number of years sport participation (C) 553 0.37 0.39 (1.35) - - - - -
Number of years sport competition (C) 560 0.61 6.42 (4.49) - - - - -
Sport current (O) 512 1.00 - 62.55 - - - -
Life Events
Life events positive (<18 years) (C) 560 0.57 1.38(1.13) - - - - -
Life events negative (<18 years) (C) 560 0.88 0.90 (1.67) - - - - -
Life events neutral (<18 years) (C) 560 0.94 1.17 (1.90) - - - - -
Life events positive (>19 years) (C) 560 0.72 5.67 (4.06) - - - - -
Life events negative (>19 years) (C) 560 0.68 5.09 (5.36) - - - - -
Life events neutral (>19 years) (C) 560 0.78 2.80 (2.33) - - - - -

C, continuous data; O, ordinal data; SD, standard deviation.

In the case of dichotomous data, the first category represents ‘'no’ and the second category represents ‘yes'.

In the case of ordinal

data, lower categories represent lower endorsement. In the case of continuous data, lower values represent a lower score.

the number of thresholds a function of the number of ordered
categories minus 1.

First, twin and sibling correlations for all traits were estimated.
Means or thresholds, and variances, were constrained equal across
twins and non-twin siblings and across all zygosity groups for
all domains. Correlations for MZ twins, dizygotic (DZ) twins and
siblings were allowed to differ. A difference between DZ and sibling
correlations may represent a true twin environmental influence on a
trait or may be induced when the environmental factor is something
that happens at a fixed time-point and at the same time affects all
family members (such as parental divorce).

Second, genetic models were specified in which individual
differences (in liability, in case of ordinal data) were modeled as
a function of genetic and environmental effects. Genetic factors A
and D, and environmental factors T, C and E, were considered.
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‘A’ represents additive effects of alleles summed over all genetic
loci. ‘D" represents non-additive or dominant genetic effects. ‘T
represents a special twin environment that renders twins more
alike than regular siblings. ‘C" represents common environmental
influences that render members of the same family more alike. ‘E’
represents all environmental influences that result in differences
between members of a family, including measurement error. In a
twin-sibling design, the effects of C and D are confounded and cannot
be estimated simultaneously. In the present study, the variance (in
liability, in case of ordinal data) was decomposed as due to A, C, T
and E, ordue to A, D, T and E. If sibling correlations were significantly
different from twin correlations, a special twin environment (T) was
included in the genetic model. When DZ twin correlations are at least
half the MZ twin correlations, additive genetic effects are implied and
an ACE or ACTE model was fitted to the data. DZ twin correlations
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less than half the MZ twin correlations suggest the presence of
genetic dominance, in which case an ADE or ADTE model is deemed
more suitable. Significance of parameters was tested by comparing
the fit of nested (increasingly more restricted) models to the fit
of less restricted models. Goodness-of-fit of these submodels was
assessed by hierarchic likelihood ratio tests. The difference in log-
likelihoods between two models (which follows a x?2 distribution)
was evaluated. If the x2 difference test is significant, the constraints
imposed on the nested models are not tenable. If the x? difference
test is not significant, the nested, more parsimonious model is to be
preferred. A criterion level « of 0.05 was adopted for all tests.

Results

Table 1 lists frequencies of all ordinal measures and means
and SDs of the continuous measures, as well as test-retest
reliabilities and missingness. Means and thresholds could be
constrained to be equal across all zygosity groups without
significantly deteriorating the fit of the model.

Original categories from the LEL were maintained for the
ordinal analyses, except for a few factors. Because the
endorsement rate of the highest categories of the items con-
cerning ‘parental interest in school achievement’ and ‘being
bullied at primary and secondary school’ was very low, it was
decided to merge the two highest categories. The ordinal
items concerning ‘being read to’ and ‘current musical and
physical activity’ were dichotomized because of low test-
retest reliability of the higher order versions. The item con-
cerning ‘being read to’ was categorized into 'yes' if being read
to took place at least once a week, and 'no’ for all other cat-
egories. Finally, items on the frequency of playing an instru-
ment and participation in physical activity were dichotomized
and should be interpreted as ‘yes’ vs. 'no’ items.

In general, the percentage missing (see Table 1) is reason-
able except for factors concerning ‘educational level of the
participants’ partner’ and ‘good friend’. A relatively large pro-
portion of participants did not know or left blank the level of
education of their partner (22%) and good friend (50%). The
high percentage of missingness with respect to ‘educational
level partner’ was mainly attributable to the older partici-
pants of this study. Thirty-three percent of the participants
above 45 years of age did not report the educational level
of their partner. Most likely, the missingness was dictated
by educational changes over the last decades, with the cat-
egories presented in the questionnaire not exactly matching
the former educational system.

Test-retest reliability (see Table 1) was above 0.80 for
the majority of the items (24 out of 34 items). Test-retest
reliability within the domain of Childhood Environment was
exceptionally high. Within the domain of Leisure Time
Activities, the item concerning ‘number of years sport
participation” showed relatively low test-retest reliability:
0.37. Two items within the domain of Social Environment
and Behavior showed relatively low test-retest reliability
as well (social support numbers: r = 0.44, social support
satisfaction: r = 0.46). Table 2 shows the MZ, DZ and sibling
(including twin-sib) correlations for all environmental factors,
with the type of correlation depending on the measurement
level of the factors [tetrachoric (TC) for dichotomous items,
polychoric (PC) for ordinal items and Pearson (PE) for
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continuous items]. Correlations for MZ, DZ and sibling
pairs were based on a maximum of 83, 67 and 315 pairs,
respectively.

Sibling correlations did not differ from DZ correlations
except for two factors in the domain of Life Events (positive
and neutral life events up to the age of 18) in which DZ
correlations exceeded the sibling correlations. The factor
neutral life events mainly exist of events that happen within
a family at a fixed time-point. The difference in twin and
sibling correlations is therefore most likely attributable to
twins being of the same age when an event takes place,
while regular siblings are not. For these two factors, special
twin environment T was estimated in addition to environment
shared by all twins and siblings (C).

In general, MZ twin correlations exceeded the DZ and
sibling correlations, suggesting the presence of genetic
influences. The point estimate of the DZ twin correlation
of the item ‘level of education friend’ exceeds the point
estimate of the MZ twin correlation. This is likely dictated
by the relatively low number of complete DZ twin pairs,
percentage missingness of this environmental factor was
50%. DZ twin correlations, however, were not significantly
different from sibling correlations for this factor resulting in a
lower DZ/sib than MZ correlation.

For 23 out of the 34 factors the pattern of MZ, DZ/sib
correlations suggested an ADE pattern, for 11 factors an ACE
pattern was suggested for subsequent genetic modeling. For
the two environmental factors for which the DZ correlation
significantly exceeded the sibling correlation, the decision
between an ACTE or ADTE model was based on the
difference between the MZ and DZ twin correlation. For
each environmental factor, the selected model is reported
in Tables 3-6 (* denotes ACE, ** denotes ADE and ***
denotes ACTE).

Tables 3—6 list the proportions of variance explained by
genetic (additive and non-additive) and environmental (special
twin, shared and non-shared) influences in full and reduced
models for each domain.

For some measured environmental factors, both an AE and
a CE model described the observed data well. In that case,
preference of an AE or a CE model was based on Akaike's
Information Criterium [AIC, computed as x2— (2 x df)], were
the preferred model was indicated by a lower AIC.

Within the domain of Childhood Environment (Table 3),
genetic influences were significant for the majority of the
measured factors. Based on the full models, the mean of
the broad sense heritability (i.e. a2 4+ d2) calculated across all
14 measured childhood factors was 0.66 (range: 0.47-0.87).
Genetic influences were relatively low for the item ‘school
achievements discussed by parents’ and were relatively
high for factors concerning ‘relative height at primary and
secondary school’, ‘to be read to’ and ‘to be bullied at
primary school’.

Within the domain of Social Environment and Behavior
(Table 4), genetic influences were significant for the majority
of the measured factors. Based on the full models, mean
broad sense heritability across all nine items was 0.36 (range:
0.00-0.74). No significant genetic influences were observed
for two items (‘education good friend" and ‘duration of
relationship with partner’), while relatively high heritability
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Table 2: Twin correlations (95% confidence intervals) for all measured environmental factors

rMZ (95% Cl) range:

69-83 pairs

rDZ (95% Cl) range: 57-67

pairs

rSIB (95% Cl) range:

275-315 pairs

Childhood Environment
Rearing style

Parental interest in school achievement
School achievements discussed by parents

To be read to

Reading books <12 years

Reading books >13 years

Being bullied at primary school
Being bullied at secondary school
Family conflict

Family functioning

Relative height at primary school (O)

Relative height at secondary school (O)
Relative weight at primary school (O)
Relative weight at secondary school (O)

Social Environment and Behavior
Age leaving parental home

Level of education partner*

Level of education friend**
Children yes/no

Number of children

Partner yes/no

Duration relationship partner
Social support — numbers

Social support — satisfaction
Leisure Time Activities

Number of years music lessons
Musical instrument/lesson current
Number of years sport participation
Number of years sport competition
Sport current

Life Events

Life events positive (<18 years)
Life events negative (<18 years)
Life events neutral (<18 years)
Life events positive (>19 years)
Life events negative (>19 years)
Life events neutral (>19 years)

0.66 (0.46 t0 0.78)
0.67 (0.47 to0 0.80)
0.51 (0.25 t0 0.69)
0.80 (0.58 t0 0.92)
0.72 (0.56 t0 0.83)
0.73 (0.57 t0 0.83)
0.74 (0.54 t0 0.86)
0.562 (0.22 t0 0.73)
0.69 (0.58 10 0.77)
0.64 (0.51 t0 0.73)
0.87 (0.74 to 0.95)
0.84 (0.66 t0 0.93)
0.567 (0.32 t0 0.74)
0.66 (0.45 to 0.81)

0.67 (0.56 to 0.75)
0.44 (0.14 t0 0.63)
0.35 (0.06 to 0.58)
0.75 (0.48 t0 0.91)
0.49 (0.29 t0 0.61)
0.75 (0.45 t0 0.92)

0.13 (—~0.05 to 0.30)

0.30 (0.09 t0 0.47)

0.10 (-0.12 t0 0.31)

0.81(0.73 t0 0.87)
0.86 (0.57 t0 0.97)
0.45 (0.04 to 0.66)
0.67 (0.563 t0 0.76)
0.59 (0.26 to0 0.75)

0.27 (0.02 t0 0.49)
0.50 (0.26 to 0.65)
0.77 (0.68 t0 0.84)
0.59 (0.40 t0 0.71)

0.15 (-0.02 to 0.30)

0.44 (0.24 to0 0.59)

0.60 (0.36 t0 0.75)
0.30 (0.01 to 0.54)
0.01 (-0.37 t0 0.39)
0.33 (—0.03 to 0.65)
0.06 (—0.24 to 0.35)
0.11 (-0.22 t0 0.41)
0.41 (0.06 t0 0.67)
0.23 (-0.15 to 0.56)
0.28 (0.03 t0 0.45)
0.17 (-0.09 to 0.28)
0.07 (-0.23 t0 0.35)
0.40 (0.11 to 0.63)
0.34 (—0.06 to 0.65)
0.20 (—0.20 to 0.54)

0.24 (0.02 to 0.46)
0.09 (-0.24 t0 0.41)
0.55(0.24 t0 0.73)
0.46 (0.02 t0 0.77)
0.32 (0.11 to0 0.48)
0.13(-0.40t0 0.61)
0.35 (0.08 to 0.55)
0.21 (0.00 to 0.39)
0.15 (-0.23 t0 0.39)

0.62 (0.46 t0 0.72)
0.50 (—0.13 to 0.86)

—0.05 (-0.24 t0 0.14)

0.46 (0.27 to0 0.61)
0.51(0.11 t0 0.72)

0.14 (-0.09 to 0.34)
0.44 (0.30 to 0.56)
0.67 (0.53 10 0.77)
0.30 (-0.15 to 0.56)

—0.01 (-0.21 t0 0.19)

0.21 (0.00 to 0.40)

0.38(0.22 to 0.50)
0.43 (0.28 to 0.56)
0.04 (-0.12 t0 0.23)
0.45 (0.25 t0 0.62)
0.17 (0.03 t0 0.31)
0.15(0.02 to 0.29)
0.11 (-0.06 to 0.29)
0.18 (0.04 to 0.39)
0.35(0.21 to 0.46)
0.13 (=0.02 to 0.28)
0.20 (0.03 t0 0.37)
0.30 (0.13 to 0.45)
0.23 (0.05 to 0.40)
0.21 (0.04 t0 0.37)

0.11(0.00 to 0.23)
0.35(0.17 to 0.50)
0.31(0.04 to 0.52)
0.19 (-0.05 to 0.44)
0.17 (0.05 to 0.30)
0.10 (-=0.12 to 0.35)
0.15 (-0.03 t0 0.32)
0.04 (-0.10t0 0.19)

—0.08(— 0.06 to 0.20)

0.53 (0.39 to 0.63)
0.29 (-0.05 to 0.58)

—0.07(-0.18 10 0.08)

0.36 (0.23 to 0.49)
0.17 (0.02 to 0.33)

0.12 (0.01 t0 0.34)
0.08 (—0.13 t0 0.31)
0.41(0.29 t0 0.52)
0.07 (—0.04 to 0.20)
0.09 (—0.04 t0 0.23)
0.22 (0.09 to 0.35)

Cl, confidence interval; rDZ, DZ twin correlation; rMZ, MZ twin correlation; rSIB, regular sibling correlation (includes twin-sibling

correlation).

*Owing to high percentage of missingness, number of complete MZ twin, DZ twin and sibling pairs is 39, 29 and 148, respectively.

**QOwing to high percentage of missingness, number of complete MZ twin, DZ twin and sibling pairs is 20, 21 and 138, respectively.

was observed for ‘having children’. Absence of genetic
influences for ‘education good friend" might, however, be
related to the relatively high percentage of missingness of
this factor. Both AE and CE models described the data well
for factors concerning ‘education of partner’, ‘education of
good friend" and ‘duration of the relationship with partner’.
Based on the AIC, an AE model was preferred for ‘education
partner’ while CE models were preferred for ‘education good
friend’ and ‘duration of relationship with partner’.

Within the domain of Leisure Time Activities (Table 5),
genetic influences were significant for all measured factors.
Mean broad sense heritability was 0.52 (range: 0.31-0.87).
The lowest heritability was found for the factor concerning
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‘'number of years music lessons’, whereas highest heritability
was reported for the factor concerning ‘current musical
activity’. Both AE and CE models described the data well
for the factors ‘number of years music lesson’ and ‘number
of years sport participation’, with AE the preferred model
based on AIC.

Within the domain of Life Events (Table 6), genetic
influences were significant for ‘positive life events’ (<age
18 and >age 19) and for ‘neutral life events’ (~age 19). Mean
broad heritability was 0.29 (range: 0.12-0.57). In general,
higher heritability estimates were reported for life events
occurring later in life (after age 19). Both an AE and a CE
model described the data well for ‘neutral life events > age
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of one child leads to opposite behavior in the other child), the
observed pattern of MZ and DZ variances and covariances of
the latter three items was suggestive of cooperative sibling
interaction (i.e. the behavior of one child leads to similar
behavior in the other child). We choose not to incorporate
possible sibling interaction in the genetic models for two
reasons. First, sibling interaction was beyond the scope of
this study as our main aim was to establish whether external
factors are under genetic pressure. Second, a much larger
sample size is required to test both sibling interaction and
genetic dominance. Consequently, as the statistical power to
detect sibling interaction in the context of genetic dominance
would have been very poor with the current sample size (see
e.g. Rietveld et al. 2003), it is very likely that we would have
ended up with the same results as presented now. Ignoring
sibling interaction may lead to inflated estimates of genetic
dominance and deflated estimates of additive genetic factors
(Rietveld et al. 2003). It does, however, not change the broad
sense heritability, which was the main focus of this study.
Fourth, in case of intermediate levels of heritability, the
statistical power to resolve dominance genetic effects can
be quite poor when only data from twins and siblings are
available (Eaves 1969; Martin et al. 1978), and sample sizes
in the order of 2000 participants are often required. The
use of ordinal data necessitates even larger sample sizes
to detect genetic dominance, depending on the prevalences
and number of thresholds (Neale etal. 1994). In addition,
the (partly retrospective) self-report method used in the
questionnaire may have rendered some of the measures
less reliable, which also affects the power to detect genetic
effects. We tried to deal with these limitations by focusing
our discussion on the broad sense heritability h?, rather
than distinguishing between &% and d?, and on the overall
heritability of the four general domains, rather than the 34
individual external factors. For reasons of power, we also
adopted a somewhat liberal pose by testing all effects against
a criterion level o of 0.05, rather than using e.g. Bonferroni
correction to correct for multiple testing. However, as can
be seen in Tables 3-6, almost all genetic effects would have
been considered statistically significant if a more stringent
criterion level of 0.01 or even 0.001 would have been used.

General conclusion

To conclude, this study shows significant heritability
of various aspects of Childhood Environment, Social
Environment and Behavior, Leisure Time Activities and Life
Events that play a prominent role in the social sciences
literature. This suggests that what we think of as measures
of the ‘environment’ are better described as external factors.
These results are a valuable addition to existing discussions
on how environmental factors shape individual differences
in behavior (Kendler & Baker 2007; Plomin & Daniels 1987;
Plomin et al. 1985; Scarr & McCartney 1983) and have crucial
implications for understanding the complex nature between
genetic and environmental influences on complex traits.
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