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he heritability of the degree of residential area

urbanization in twins and their siblings in the
Dutch population was examined. The postal code
was known for 6879 twins and 2724 siblings regis-
tered with the Netherlands Twin Register and born
between 1940 and 1983. Using data from Statistics
Netherlands (Centraal Bureau voor de Statistiek,
2001), these postal codes could be related to resi-
dential area characteristics, including urbanization
level. The degree of urbanization was assessed on
a b-point scale: very heavy, heavy, moderate, low
and not urbanized. Genetic model-fitting was
carried out in three age cohorts: young adults (born
1975 to 1983), adults (born 1965 to 1974) and older
adults (born 1940 to1964). Twin and sibling resem-
blance in urbanization level was expressed in
polychoric correlations. These correlations
decreased from the youngest cohort (.66 to .86) to
the oldest cohort (.20 to .58). In all 3 age cohorts,
genetic factors did not contribute to familial resem-
blance. The influence of common environment
decreased in importance from the young cohort
(70% to 83%) to the old cohort (46% to 47%) and
was lower in women than in men in all but the
oldest age cohort. This study did not replicate
Australian findings of a genetic contribution in the
older cohorts; common environmental factors and,
increasingly with age, unique environmental factors
determine where the Dutch live. Future studies in
European and other populations will reveal whether
these results are specific to the Dutch population.

Recently Whitfield et al. (2005) reported on the heri-
tability of the choice of residential area in an
Australian population. They found the choice of resi-
dence to be influenced by environmental factors at a
young age but as age increased additive genetic
factors became more important. The authors suggest
that these results may have implications for the
genetic variation in populations and the study of
disease distributions. However, the unique geographi-
cal characteristics of Australia may profoundly
impact individuals® residential choices. Australia is a
country with just over 20 million residents on an

area of 7,617,931 square kilometres, that is, less than
three residents per square kilometre (International
Data Base, US Bureau of the Census). Although it is
not a densely populated country, there is a large con-
glomeration of the population in a few cities along
the coast. The Australian twin study examined
whether individuals lived near the city centre (urban),
some distance from the city centre (suburban) or far
from the city centre (rural) in these cities. It is likely
that the large traveling distances will have influenced
individuals to move to the area of employment and
this may have also affected the choice of living area
within the city. In contrast to Australia, the
Netherlands is one of the most densely populated
countries in the world. Almost 16.5 million people
live on an area of 33,939 square kilometres, that is,
more than 480 residents per square kilometre
(International Data Base, US Bureau of the Census).
The distance between cities is short, in fact the entire
country can be traversed in half a day, and individu-
als can commute easily from their residence to the
place of their employment. As such, the Dutch popu-
lation represents an excellent case to test the
generalizability of the results found in the Australian
sample. We used the postal codes of the addresses of
twins and siblings registered with the Netherlands
Twin Register (NTR) to obtain the degree of urban-
ization from the database of Statistics Netherlands
(Centraal Bureau voor de Statistiek, 2001). These
data were used to determine the heritability of the
degree of residential area urbanization in three differ-
ent age cohorts.

Methods
Participants
In 1991 the NTR started a longitudinal survey study
of health, lifestyle and personality. Addresses of ado-
lescent and adult twins were obtained from council
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registers. In addition, since 1995 twins have been able
to voluntarily register themselves, at which point they
are included in the survey study. Every 2 to 3 years a
questionnaire booklet is sent to twins and their family
members (Boomsma et al., 2002; Vink et al., 2004). In
addition, yearly information leaflets on the research of
the NTR are sent to those registered. As a result of
these mailings, the address database is continuously
updated. Postal code data were available for 15678
twins and 4116 singleton siblings of twins. For this
article, we selected twins and the siblings of twins who
completed a survey when they were between 20 and 65
years of age and who were born between 1940 and
1983 (6678 twins and 2336 siblings). In addition, we
selected twins and siblings who did not participate in
the survey studies and who were born between 1940
and 1965. Twins were included if they were from an
opposite-sex pair (otherwise zygosity was unknown)
and siblings were included if sex was known. This
resulted in 201 additional twins and 388 siblings,
bringing the total number to 9603 persons (6879 twins
and 2724 siblings). These twins and siblings came from
4158 families, with an average family size of 2.31 (SD
= 1.11). In 3318 families, data were available for two
or more twins and/or siblings. Complete twin pair data
were available for 2986 families, and for 85 families,
data were only available for siblings not twins. Based
on birth year, three cohorts were formed: young adults
born between 1975 and 1983, adults born between
1965 and 1975, and older adults born between 1940
and 1965. For the analyses within an age cohort, only
the data of twins and siblings within that cohort were
taken into account. To avoid numerical problems in
estimation, data for a maximum of two male siblings
and two female siblings were included in the analyses.
Additional siblings (if they fell into the same birth
cohort) within a family were not included in the analy-
ses (N = 115). This final selection resulted in 2921
persons (2423 twins, 498 siblings) in the young adult
cohort, 4359 persons (3095 twins, 1264 siblings) in the
adult cohort and 2208 persons (1361 twins, 847 sib-
lings) in the older adult cohort.

Zygosity

Twin zygosity was determined from DNA polymor-
phisms, or, when DNA was not available, from survey
questions. Every survey asked each of the twins
whether they were alike in eye color, hair color, face
color and face form. Twins also indicated whether
they were sometimes mistaken for each other as a
child by their parents, other family members and
strangers. Parents and siblings were also asked to
answer these questions about the twins. Based on the
answers to these questions, twin zygosity was deter-
mined for every occasion and person separately. Next,
all individual judgments were combined to determine
one measure of twin zygosity. In 4.7% of the cases the
judgment was inconsistent over time and persons.
When there was inconsistency over time and persons,
the majority of judgments determined the final
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outcome. For 869 same-sex twin pairs, zygosity was
available from both DNA polymorphisms and ques-
tionnaires. If no inconsistencies existed for the
questionnaire reports, the correspondence with DNA
zygosity was 98% (704 of 715 same-sex twin pairs).
When also including zygosity outcomes based on incon-
sistent questionnaire reports, the correspondence with
DNA zygosity was 97% (845 of 869 same-sex pairs).
In case of discrepancies between questionnaire and
DNA polymorphism, the DNA zygosity was used.

Urbanization

Information on regional characteristics was obtained
from the 1992 postal code information provided by
Statistics Netherlands (Centraal Bureau voor de
Statistiek, 2001). Postal codes are four-digit numbers
which indicate a village or a specific region within a
city. For each postal code, the Statistics Netherlands
data provided an urbanization level on a scale of 1 to 5
(very beavy, beavy, moderate, low, none). We used our
most recently updated address database (week 4, 2005)
to obtain the postal codes and determine the urbaniza-
tion level for persons registered with the NTR.

Analyses

A threshold model (Falconer & Mackay, 1996;
Whitfield et al., 2005) was used to obtain parameter
estimates for thresholds, familial correlations and the
genetic and environmental variance components. We
first tested if the thresholds were similar across sex and
across twins and siblings. Next, the extent to which
the variation in urbanization was explained by additive
genetic factors (A), common or shared environmental
factors (C) and unique environmental factors (E) was
examined. To determine the importance of the A and C
component, the full ACE model was tested against
reduced models (AE, CE), using likelihood ratio tests
and Akaike’s Information Criterion (AIC; Akaike,
1987) to determine the fit of the individual models.
Sex differences were tested for in the proportion of
variance explained by the A, C and E components.
Correlations between the latent A factors were 1 for
monozygotic (MZ) and .5 for dizygotic (DZ) and
sibling pairs. Correlations between the latent C factors
(R,) were 1 in MZ and same-sex DZ twin pairs. For
opposite-sex DZ twin pairs, for same-sex sibling pairs
and for opposite-sex sibling pairs separate estimates of
R, were obtained. For the best-fitting model (ACE, AE,
CE or E) we tested whether R_ for the opposite-sex DZ
twins (DOS) group could be set to 1, if R, was equal in
the same-sex and opposite-sex siblings, and whether R,
in these groups could be constrained at 1. If R_ in
opposite-sex pairs does not differ from 1, it indicates
the same familial environmental factors are of impor-
tance in males and females. The test if R_is less than 1
in same-sex sibling pairs assesses whether there is a
special twin environment that makes twins more
similar than siblings. Model-fitting was carried out in
Mx (Neale et al., 2003).
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Results

Table 1 shows the prevalence of each of the urbaniza-
tion levels separately for the three age cohorts. As can
be seen, younger twins and siblings lived more often in
heavy urbanized areas than older twins and siblings
(twins x? = 148.076, p < .001; siblings x*> = 51.977,
p < .001). There were no sex differences in the thresh-
olds within any of the age cohorts. Twins and siblings
differed in the thresholds for the two younger age
cohorts; twins lived more often in heavy urbanized
areas than siblings in these cohorts.

Table 2 shows the estimates for the polychoric cor-
relations for the three age groups as obtained by
maximum likelihood estimation. These correlations
suggest that, in all three age groups, the urbanization
level of the residential area is for a large part deter-
mined by common environmental influences.

Table 3 provides the results of the modeling of the
contribution of genetic, common environmental and
unique environmental factors to the variance in urban-
ization level. Similar results were found for all three
age groups; dropping A from the model did not signif-
icantly reduce the fit of the model, but removing C
from the model was not permitted. In all three age
groups, the CE model provided the best description of
the data, which is in line with the pattern already sug-
gested by the twin and sibling correlations. The
contribution of C decreased from the youngest (83%
in men, 70% in women) to the oldest cohort (46% in
men, 47% in women). In the youngest two cohorts the
proportion of the variance explained by common envi-
ronmental factors was different for men and women.
Common environment contributed more to urbaniza-
tion level in men than in women. For the oldest
cohort, the contribution of C was equal in men and
women. Table 3 gives the estimates for R_. In the
youngest cohort, the common environmental correla-
tion (R,) could be restricted to 1 in the DOS twins, the
same-sex and opposite siblings groups. In the second
oldest cohort the DOS R, is less than 1, but at .84 it is
higher than the same-sex and opposite-sex siblings for
which R, could be set to be equal at .75. In the oldest
cohort, neither DOS R_ or same-sex and opposite-sex
sibling R, could be restricted to 1; the environmental

correlation could be set to be equal in these three
groups at .61. It is clear that especially in the older
adults, the common environmental factors that con-
tribute to resemblance in urbanization level are
different in the two sexes and in twins and siblings.

Discussion

For our Dutch twins and siblings, the urbanization
level of the residential area was determined by
common and unique environmental factors. Genetic
factors did not exert an influence on the urbanization
level in any of the age groups. These results only
partly confirm findings in an Australian sample
(Whitfield et al., 2005). Whitfield et al. (2005) found
the distance to the city centre to be determined by
common and unique environmental factors in younger
cohorts, but in older populations (born before 1965),
genetic factors also played a role. Considering the dif-
ferences between the two studies, in particular
between the two study populations, the discrepancy in
the findings for the older participants may be attrib-
uted to a number of factors.

The two countries differ strongly in population
density, with the Netherlands being one of the most
densely populated countries in the world while
Australia is vastly larger and has a population density
which is not even one hundredth of the Dutch popula-
tion density. As a result, the operationalization of
urbanization level as the distance to the city centre
which was used in the Australian sample is almost
meaningless in the Netherlands as Dutch cities are in
close proximity, in particular in the midwestern part
of the Netherlands. The discrepancy in results may
therefore be caused in part by differences in the defini-
tion of urbanization level.

Being so densely populated, the Netherlands has a
scarcity of suitable housing, in particular in certain
popular areas and for persons with lower incomes.
This has led to the establishment of a housing alloca-
tion system based on points. These points are in part
awarded based on the duration of the time a person is
registered, and registration is often limited to those
already living in the area or with economic ties to the
area. This system is not only used for rental housing
but also for determining rank order for the allocation

Table 1

Degree of Urbanization of the Residence Areas of Twins and Their Siblings for the Three Age Cohorts Expressed as the Percentage (N)

of Individuals Within Each of the Urbanization Levels

1975-1983 1965-1974 1940-1964
Urbanization level Twins Siblings Twins Siblings Twins Siblings
Very heavy 26.1(632) 20.3(101) 21.4 (662) 18.1(229) 11.2 (152) 9.7 (82)
Heavy 20.9 (506) 22.1(110) 18.1(561) 19.2 (243) 19.9 (271) 18.7 (158)
Moderate 17.7 (429) 17.5(87) 20.4 (631) 18.8 (237) 24.3 (331) 24.4(207)
Low 18.0 (436) 21.7(108) 21.0 (651) 21.8 (276) 23.4(319) 26.2 (222)
None 17.3 (420) 18.5(92) 19.1 (590) 22.1(279) 21.2(288) 21.0(178)
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Table 2

Polychoric Correlations (95%Cl) for Twin and Siblings Pairs

inthe Three Age Cohorts

1975-1983 1965-1974 1940-1964
MZM twins .82(.76-.87) .74 (.67-.81) A1 (.22-.55)
DZM twins .86 (.78-.90) .74 (.65-.80) .58 (.36-.72)
MZF twins .71 (.64-.76) .62 (.54-.68) 48 (37.-.72)
DZF twins .66 (.56—.73) .63 (.54-.70) 44 (.28-.57)
DOS twins .76 (.69-.81) .57 (.49-.64) .20 (.02-.37)
Male siblings .74 (.62-.82) .55 (.45—-.63) .25 (.10-.39)
Female siblings .68 (.58-.76) .52 (.43-.60) .28 (.16-.39)
Opposite sex siblings .69 (.61-.75) .49 (.42-.55) .34 (.25-.42)

Note: Sibling pairs may consist of two singleton siblings or a twin and its singleton sibling.

of subsidized newly built housing. As such, persons
may often get housing near the area of their parental
home, as they are more likely to be eligible for
housing here, which would be seen in the present
results as an increased influence of common environ-
mental factors. Persons with a higher income though
are not eligible for governmental housing and their
choice of residential area is therefore less restricted
and more often based on their economic situation.

As the Australian sample included more old-aged
twins, it is also possible that the age range in our
sample was not wide enough to show the influence of
genes in the older part of the population. However,
our oldest cohort did correspond to the middle-aged
cohort in the Australian sample, for which genetic
effects were also evident. Still, it is possible that in the
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Dutch population genes will exert an influence only
when individuals retire and commuting to work is no
longer necessary. Indeed, the largest part of the migra-
tion from urban to rural areas in the Netherlands has
been found to be contributable to middle-aged and
elderly persons, in particular 55- to 64-year-olds (van
Dam et al., 2002).

The discrepancies in results may also be caused by
differences in study design. Singleton siblings of twins
were included in our design and a measure of urban-
ization was used that had five categories instead of
three. Using the extended twin-sibling design
increases the power to detect the influence of
common environmental factors (Posthuma &
Boomsma, 2000). To determine whether this differ-
ence in design may explain the difference in results,
genetic modeling in twins only was carried out. These
results were similar to those found with the twin-
sibling design; in all three age cohorts, individual
differences in the urbanization level of the residential
area were explained by common and unique environ-
mental influences, not by genes.

In the youngest age cohorts, twins lived more often
in heavily urbanized areas than siblings. This may
reflect the fact that the singleton siblings were often
older than their twin siblings (siblings were older than
twins in more than 65% of the families within each
age cohort) and therefore more likely to be working
and have accommodation other than student or starter
housing. In general, younger persons (18 to 25 years)
tend to move into the cities for employment, only to
move out towards quieter areas a couple years later
(van Dam et al., 2002). The fact that no twin singleton

Table 3.

Model-Fitting Results and Estimates of the Proportional Contribution of A, C and E

1975-1983 Men Women R,
Model —2LL df Ax? p A C E A C E DOS sib-ss  sib-o0s
ACE 8545.101 2906 .00 .83 A7 .02 .68 .30 1 .92 .93
AE 8703.309 2908 158.199 .00 .85 — 15 .75 — 25 — — —
CE 8545212 2908 100 .94 — .83 A7 — .70 .30 1 92 97
1965-1974 Men Women R,
Model —2LL df Ax? p A C E A C E DOS sib-ss  sib-os
ACE 13217.850 4344 .00 73 .21 .00 63 37 84 .78 72
AE 13325.387 4346 107.537 .00 .80 — .20 .69 — 31 — — —
CE 13217.853 4346 003 >.99 — 13 21 — 63 37 84 .78 12
1940-1964 Men Women R,
Model —2LL df Ax? p A C E A c E DOS sib-ss  sib-os
ACE 6763.773 2197 .00 46 .54 .00 47 .53 42 .57 1
AE 6780.270 2199 16.497 .00 49 — 51 52 — 48 — — —
CE 6763.773 2199 0.000 >.99 — 46 .54 — 47 .53 42 .57 72

Note: The last three columns give the estimates for the common environmental correlation for opposite-sex twin pairs, same-sex sibling pairs and opposite-sex sibling pairs.
R, = environmental correlation, DOS = opposite-sex DZ twins, sibs-ss = same-sex siblings, sib-o0s = opposite-sex siblings, " = R, equals 1.

In the AE model, estimates for R, are not obtained as C is dropped from the model.
In the 19651974 cohort, R, can be set to be equal in sib-ss and sib-os at .75.
In the 1940-1964 cohort, R, can be set to be equal in DOS, sib-ss en sib-os at .61
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differences were found in urbanization level in the
older cohort suggests that this is a likely explanation.

Age cohort also influenced the effect of the
common environment; C estimates decreased from
the younger cohort to the older cohort. As people
grow older, the influence of their family background
decreases while they will have to take into account
their changing individual situation due to, for
instance, the demands of employment, raising chil-
dren or health problems. Also, in the youngest
cohort, a number of twins may still have been living
at home or may have used the parental home address
for correspondence while living in student accommo-
dation, and this will have added to the estimated
influence of C. The decreased R, for same-sex siblings
in the older cohorts seems to suggest a special twin
environment that makes twins more similar than sib-
lings at an older age, though this may reflect the age
similarity in twins. Still, it is possible that twins are
more inclined to move closer to each other at a later
age, when demands of work and children lessen, than
are singleton siblings. To determine this, the actual
distance between the two residences, rather than the
residential characteristics itself will have to be exam-
ined.

Sex also had an effect on the influence of the
common environment: the influence of C was larger
for men than for women, though not in the oldest
cohort. The decreased opposite-sex twin and sibling
correlations for the oldest two cohorts further indi-
cate that different environmental factors operate in
men and women. These sex differences may be
related to the fact that, particularly in older genera-
tions, the man is more often the main provider
(Fokkema, 2002) and the man’s place of employment
may determine the residential area. As stated previ-
ously, when persons get older, other nonwork-related
factors, such as health and closeness to family
members, become more important. This is reflected in
the increased influence of unique environmental
factors in both men and women in the oldest cohort.
As a result, the estimate of the influence of common
environment becomes similar for men and women,
although the lower R_ in this cohort indicates that
these environmental factors differ for the two sexes.

Determining the reasons for individual differences
in the urbanization level of one’s residential area is
important, as high urbanization levels are generally
associated with decreased mental and physical health.
For instance, the prevalence of cardiovascular disease,
depression and schizophrenia are all increased in
areas with a high urbanization level (e.g., Pedersen &
Mortensen, 2001; Peen & Dekker, 2003; Sundquist et
al., 2004). The development of these disorders has
been shown to be partly influenced by genetic factors
(e.g., Boomsma et al., 2000; Haukka et al., 2004;
O’Donovan et al., 2003; Scheuner, 2001). The present
study showed that individual differences in urbaniza-
tion level in the Netherlands are not genetic in origin,

providing further support for the hypothesis that a
complex gene—environment interaction determines the
impact of the urbanization level on health, probably
through effects of lifestyle and sociodemographic
factors (Haukka et al., 2004; Peen & Dekker, 2003).

In conclusion, environmental factors, not genes,
determine where the Dutch live. As the Dutch grow
older, the influence of shared environment decreases.
These results differ in part from Australian findings.
Future studies in European and other populations are
needed to determine whether these results are specific
to the Dutch population.
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