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Religious Upbringing and Neuroticism
in Dutch Twin Families
Gonneke Willemsen and Dorret I. Boomsma
Department of Biological Psychology, VU University Amsterdam, Amsterdam, the Netherlands

vidence for a relation between neuroticism and
religion is scarce and inconsistent. The aims of
the present study were to determine the association
of religious upbringing with adult neuroticism scores
and to examine the effect of religious upbringing on
the heritability of neuroticism. As part of a longitudinal survey of twin families from the Netherlands
Twin Register, data were collected on neuroticism
and religious upbringing. Restricting the sample to
persons aged 25 and over resulted in a sample of
4369 twins and 1304 siblings from 2698 families.
Religious upbringing was significantly associated
with neuroticism; in both men and women neuroticism levels were lower in those who had received a
religious upbringing. There were no sex or twinsibling differences in neuroticism variances and
covariances. Structural equation modeling showed
differences in heritability between those with and
without religious upbringing. In the group with religious upbringing, variation in neuroticism was
determined for 41% by additive genetic factors and
for the remaining 59% by unique environmental
factors. In the group who had not received a religious upbringing, variation in neuroticism was
determined for 55% by genetic factors, with evidence for both additive and nonadditive factors, and
for the remaining 45% by unique environmental
influences. In conclusion, having received a religious
upbringing is associated with lower neuroticism
scores and a lower heritability in adulthood.

E

Neuroticism or emotional instability has frequently
been linked to decreased mental and physical health
(e.g., Almada et al., 1991; De Beurs et al., 2000,
2005; De Moor et al., 2006; Kendler et al., 2006;
Khan et al., 2005; Hettema et al., 2006; Ormel et al.,
2004; Spijkerman et al., 2005). Variation in neuroticism has been shown, through twin and family based
studies, to be partly determined by genes, with broad
heritability estimates generally ranging from 35% to
55% in adolescents and adults (e.g., Eaves et al.,
1989; Lake et al., 2000; Keller et al., 2005; Rettew et
al., 2006; Viken et al., 1994). Nongenetic factors will
therefore also influence neuroticism, or interact with
genetic factors in determining neuroticism levels. One
factor which has been postulated to influence neuroticism but has received little support so far is religion

(for a review see Saroglou, 2002). Religiousness as a
psychological trait has been neglected by modern
psychologists relative to most other psychological
constructs (Bouchard et al., 1999), though recently
more studies have appeared. Still, a problem in studying the effects of religion is the fact that there are
many different aspects of religion and each may influence neuroticism, or for that matter other personality
traits, differently. As reviewed by Saraglou (2002),
neuroticism did not correlate significantly with religiosity, correlated negatively with open, mature
religiosity and spirituality and with religious fundamentalism and positively with extrinsic religion.
As relatively few studies exist, it is important to assess
different aspects of religion in relation to neuroticism
and other personality traits to determine the true
mechanisms by which religion may affect personality.
The studies that examined religion in relation to
neuroticism have mainly focused on adult aspects of
religion. However, it is possible that the modifying
effects of religion on neuroticism already occur during
childhood through parenting effects. Although a large
body of literature exists on parenting styles and later
personality disorders (e.g., Frick et al., 1992; Johnson
et al., 2006; Martin et al., 2004; Reti et al., 2002a;
Smith & Farrington, 2004; Willinger et al., 2002),
generally providing evidence for an association,
few studies so far examined the role of parenting on
normal personality traits. In a study by Reti et al.
(2002b) parenting style was related to neuroticism;
neuroticism scores were higher in individuals who
reported lower parental care and more parental intrusiveness. The present study will assess a particular
aspect of parenting, namely religious upbringing, and
address the question whether religious upbringing is
associated with adult neuroticism levels.
If there is an association between religion and neuroticism, it is of interest to explore the mechanisms by
which religion would influence neuroticism scores.
One mechanism by which religion could influence
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neuroticism is by changing the expression of genes for
neuroticism, resulting in differences in the heritability
of neuroticism for the different religion groups. This
phenomenon is known as gene*environment (GE)
interaction (Boomsma & Martin, 2002; Kendler &
Eaves, 1986; Martin, 2000). Only one study has
examined the effect of religion on the heritability of
personality measures (see Kendler, 2001). Boomsma et
al. (1999) looked at the effect of religious upbringing
on disinhibition and found significant heritability for
disinhibition only in the adolescent and young adult
twins without a religious upbringing. Other studies
on the effect of religious upbringing on heritability
have focused on substance use. Heritability for alcohol
use was found to be lower in adolescents and adults
who received a religious upbringing than in those
who did not receive a religious upbringing (Koopmans
et al., 1999).
To assess the association between religious upbringing and neuroticism we used twin family data collected
in longitudinal surveys of health, personality and
lifestyle conducted by the Netherlands Twin Register.
As we wanted to ensure most participants had left the
family environment, we limited our study to individuals aged 25 years and older. In addition to twin data,
we also included data for the additional siblings of the
twins in our analyses, to determine whether the twin
data may be generalised to singletons. The aims of the
present study were twofold: (1) to determine the association of religious upbringing on adult neuroticism
scores, and (2) to examine the effect of religious
upbringing on the heritability of neuroticism.

Methods
Participants

In 1991 the Netherlands Twin Register started a longitudinal survey study of health, lifestyle and personality.
Twins were recruited through addresses of adolescent
and adult twins obtained from council registers, and
through voluntary registration. Every two to three
years a questionnaire booklet is sent to twins and their
family members (Boomsma et al., 2002, 2006; Vink
et al., 2004). For this paper, we selected twins and their
siblings who completed a survey in 1991, 1993, 1997,
2000 or 2002 as at these time points data on neuroticism and religion were collected. Data on neuroticism
were available for 8929 twins and 2463 siblings.
For the analyses we only included data for individuals
aged 25 years or over. For most participants, data were
available at multiple time points. We selected the data
obtained at the oldest age, but gave preference to the
time points that twins participated at the same time. In
addition to the twin data, we selected data for no more
than two male and two female singleton siblings in
addition to the twins, thereby excluding 14 male and
six female siblings. For the siblings, we gave preference
to the time points where the age difference with the
twin was smallest. In the final sample for the analyses,
valid data on religious upbringing and neuroticism
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were available for 4369 (1449 male, 2920 female)
twins and 1304 (562 male, 742 female) siblings from
2698 families. Complete twin pair data were available
for 231 monozygotic male (MZM), 144 dizygotic male
(DZM), 642 monozygotic female (MZF), 330 dizygotic female (DZF) and 324 dizygotic opposite-sex
(DOS) twin pairs. Data on male singleton siblings were
present in 487 families, with data on two male siblings
present in 75 families. In 602 families data on female
singleton siblings were available, and in 140 of those
families data were available for two female siblings.
Zygosity

Twin zygosity was determined from DNA polymorphisms (in 35.6% of same-sex twin pairs), 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 as a child mistaken for each other 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 determined for every occasion and person separately. Next, all individual judgments were combined
to determine one measure of twin zygosity. Agreement
between DNA zygosity and questionnaire zygosity is
97% (Willemsen et al., 2005).
Neuroticism

Neuroticism was assessed with the Amsterdamse
Biografische Vragenlijst (ABV), which includes neuroticism, extraversion, somatic complaints and test
attitude scales. The item content of the ABV neuroticism scale is very similar to that of the Eysenck
Personality Questionnaire (Wilde, 1970). The ABV
was included in the surveys of 1991, 1993, 1997,
2000 and 2002. The neuroticism scale consisted of 30
items (α = 0.89, averaged over surveys) with three
answer categories.
Religion

Religious upbringing. In the surveys of 1993, 1995,
1997, 2000 and 2002 twins and siblings were asked
whether they received a religious upbringing, with
answer categories ‘Yes’ and ‘No’. Discrepancies across
time, twin pairs and their siblings were checked, and
in case of inconsistencies the majority of the answers
determined the status of the family. In case there were
as many answers stating ‘Yes’ as ‘No’ religious
upbringing was treated as missing for that family
(3.9% of the total sample).
Analyses

Using structural equation modeling, we first fitted a
saturated model to the neuroticism data to determine
within the groups with and without religious upbringing whether mean neuroticism scores could be
equated for men and women, and twins and siblings.
Next, we determined whether there was an age effect
on neuroticism scores, and finally we looked at

Twin Research and Human Genetics April 2007

Religious Upbringing and Neuroticism

whether variances and correlations could be equated
for men and women, and for DZ twins and siblings.
Based on the estimated correlations for the MZ and
DZ twins/siblings we determined whether we would
fit either an ACE model, including additive genetic
(A), common environmental (C), and unique environmental (E) effects, or an ADE model, in which genetic
dominance effects (D) are modeled instead of C, to
the data. In a twin design including MZ twins, DZ
twins, and siblings, we are unable to simultaneously
test for D and C, as these two estimates are confounded. As the correlations for neuroticism suggested
the presence of D, an ADE model was tested against
the saturated model.
Correlations between the latent A factors were 1
for MZ twin pairs and .5 for DZ twin and sibling
pairs, while correlations between the latent D factors
were 1 for MZ and .25 for DZ twin and sibling pairs.
If mean differences between subjects with and without
religious upbringing are associated with different
error variances in the two groups, this would lead to
different estimates for the proportion of unique environmental variance, and thus also to differences in
heritability estimates, in the absence of any GE interaction. We therefore first tested for heteroscedasticity
by comparing the full model to a model in which the
estimates for unique environmental influences were
constrained to be equal in the two religious groups
(Boomsma et al., 1999). Next, genetic models were fit
and the estimates for the genetic variances compared
across groups. The test of GE interaction involved
testing whether the variance explained by genes and
environment could be equated in the groups with and
without a religious upbringing. All structural equation
modeling was carried out in Mx (Neale et al., 2003).
Likelihood ratio tests were used to assess sex and
twin-sibling differences in variances and covariances
and to test the significance of variance components A
and D and the constraints that variance components
were equal across groups.

Results
Table 1 shows the sample characteristics and the mean
neuroticism scores in the twin and sibling population
separately for men and women. For both groups it
was found that men scored lower on neuroticism than
women, there were no differences in mean scores for
twins and siblings, and there was no significant age
effect on neuroticism scores. Table 2 provides the estimated correlations for twins and siblings with and
without religious upbringing. Further model fitting
showed that sex or being a DZ twin or singleton
sibling did not affect variance and covariance in neuroticism. We therefore continued with a model in
which a sex effect on mean neuroticism scores was
included, male and female estimates for variance and
covariances were equated, and mean neuroticism
scores, variances and covariance for DZ twins and
singleton siblings were equated. In the group with

Table 1
Average (SD) Age and Neuroticism Scores for Men and Women With
and Without Religious Upbringing
Religious upbringing

N

Men

Women

1304

2491

No religious upbringing
Men

Women

707

1171

Age

36.82 (12.07) 36.99 (11.39)

32.04 (9.44) 31.23 (7.50)

Neuroticism

39.54 (22.15) 46.59 (24.99)

42.88 (24.6) 52.35 (25.61)

religious upbringing the estimated correlation for neuroticism was .44 (confidence interval [CI] = .37–.50)
for the MZ twins and .17 (CI = .12–.22) for the DZ
twins/siblings. In the group without religious upbringing the estimated correlation for neuroticism was .55
(CI = .48-.62) for the MZ twins and .15 (CI = .07–.22)
for the DZ twins/siblings. The difference between the
MZ and DZ twins, particularly in the group without
religious upbringing, seems to indicate there may be a
genetic dominance effect. We therefore tested an ADEmodel. As MZ correlations are higher and DZ
correlations are lower in the group without religious
upbringing compared to the group with religious
upbringing this suggests there may be a higher heritability in the group without religious upbringing.
Table 3 shows the fit statistics for the genetic
models in the simultaneous analysis of the data from
the groups with and without religious upbringing.
First, we determined there was no heteroscedasticity
as unique environmental variances could be equated
in both groups. Following this, the effect of religious
upbringing on mean neuroticism was examined;
those with a religious upbringing had significantly
lower neuroticism scores than those without religious
upbringing. When next examining whether D could be
dropped for each of the groups, a group difference
emerged. In the group with religious upbringing the
influence of D was not significant, while in the group
without religious upbringing D could not be removed

Table 2
ML Estimates of Correlations (95%CI) for Twin and Sibling Pairs by
Religious Upbringing
Religious upbringing No religious upbringing
MZM twins

.398 (.251–.525)

.554 (.397–.674)

DZM twins

.261 (.069–.426)

.258 (–.055–.499)

MZF twins

.446 (.369–.517)

.569 (.475–.649)

DZF twins

.224 (.089–.347)

.140 (–.048–.315)

DOS twins

.143 (.022–.257)

.188 (–.004–.359)

Male siblings

.058 (–.018–.283)

.055 (–.524–.569)

Female siblings

.217 (.046–.370)

.190 (–.237–.527)

Opposite sex siblings

.129 (–.009–.258)

.046 (–.375–.431)

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

Twin Research and Human Genetics April 2007

329

Gonneke Willemsen and Dorret I. Boomsma

Table 3
Model-Fitting Results for the Genetic Models in the Groups With and Without Religious Upbringing
Model

Compared to model

1. Full model

df
5664

∆χ

p
.064

2. Heteroscedasticity: Equate E variance in both groups

1

22,206.815

5665

3.422

3. Equate means in both groups

1

22,220.850

5666

17.456

.000

4. Drop D variance for religious upbringing

1

22,206.580

5665

3.187

.074

5. Drop D variance for no religious upbringing

4

22,216.641

5666

10.061

.002

6. Equate A variance for both groups

4

22,211.420

5666

5.241

.022

from the model without a significant worsening of fit.
Further, the amount of variance explained by additive
genetic factors could not be equated in the two groups.
In the best fitting model, individual differences in
neuroticism for the group with religious upbringing
were explained for 41% (CI 35–46) by additive
genetic factors and for the remainder by unique environmental influences, while in the group without
religious upbringing, individual differences were due
to both additive and nonadditive genetic factors
(D = 52% [CI = 20-62] and A = 3% [CI = 0-34]),
resulting in a broad heritability estimate of 55%.
To determine whether the differences in variance
components between the two groups may have been
due to differences in the age distribution of the two
groups, as the group without religious upbringing
included a smaller number of older aged participants,
we reran the analyses while restricting both groups to
a narrow age band of 25 to 35 years. Similar results
were found (model-fitting results not shown). Again,
broad heritability was higher in the group without religious upbringing (53%) with both additive (32%) and
nonadditive genetic effects (21%) present, while in the
group with religious upbringing the variation in neuroticism was explained for 35% by additive genetic
effects and for the remainder by unique environmental
factors. The only difference with the previous analyses
in the total group was that in this narrow age band the
variance explained by additive genetic factors could be
equated in both groups.
In summary, religious upbringing is associated with
lower neuroticism. At least part of this association is
due to the modifying effect of religious upbringing on
the genetic determinants of neuroticism.

Discussion
The first aim of the present study was to establish
whether religion, experienced in childhood through
religious upbringing influenced adult neuroticism
levels. In this sample of Dutch twins and siblings, neuroticism scores were lower in individuals who had
received a religious upbringing compared to individuals who had not received a religious upbringing,
though admittedly differences were small. These
effects were seen in both men and women, with
women, as expected, having consistently higher neu330

–2LL
22,203.394

roticism scores than men. Though most studies have
reported an absence of an association between religiosity and neuroticism (e.g., Fearn et al., 2003;
Saraglou, 2002), negative associations have been
reported previously (Kendler et al., 1999; Saraglou,
2002). Our results further add to the conclusion in
Saroglou’s (2002) review that the association between
religion and personality, in this case neuroticism, may
depend on the aspect of religion measured. The aspect
of religion used in this study, religious upbringing, is
likely to reflect the family-based, social components of
religion, while the more often studied religiosity generally represents an internal construct. In that view it
may not be surprising that our more social aspect of
religion is associated with a lower neuroticism level.
Although gradually religion is becoming less
important in the Netherlands, the fact that religion
has been a cornerstone of Dutch society is still evident
in our sample, as the majority of persons had received
a religious upbringing. In fact, the small number of
individuals without religious upbringing in older age
groups did not allow us to rerun our analyses in older
age groups. This seems to suggest that at present, in
the older generations, most individuals will experience the beneficial effects of religious upbringing on
neuroticism. The true estimate of the effect of religious upbringing on neuroticism will most likely
become more apparent in the next generations, when
the number of families without religious upbringing
increases. If religion indeed leads to lower neuroticism scores, we may expect increases in neuroticism
scores in the current generations compared to the
older generations.
For religious upbringing, the variation is almost
by definition explained by between-family differences
(or common environment shared by family members).
We therefore computed a family based measure for
religious upbringing from the self-report data by the
participants. Although consistency across time and
across family members is very high (> 85%) we
cannot fully exclude the possibility that an individual’s
perception of religious upbringing is influenced by his
or her neuroticism level. To shed more light on this,
we assessed the data on religious beliefs provided by
the parents of the twins and siblings in our sample.
We had parental data for 475 families in which,
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according to the offspring, no religious upbringing
occurred. In these families, 47% of the parents
reported not to be religious, in 12% only one of the
parents was religious, and in 36% both parents
reported a religious affiliation (predominantly Roman
Catholic or Protestant). For those families in which
the offspring reported religious upbringing, we had
parental data in 761 cases. In these families 94% of
the parents reported a religious affiliation (again predominantly Roman Catholic or Protestant), and in less
than 1% of the families both parents reported to be
not religious. Overall, these data seemed to indicate
that offspring perception of religious upbringing corresponds well with parental data, making it unlikely
that neuroticism influenced their self-report of religious upbringing.
A second aim of the present study was to determine whether religion modified the heritability of
neuroticism. Indeed, the genetic effects on neuroticism were different for the two groups. Not only was
the heritability higher in those without religious
upbringing, but our results also suggested differences
in the genetic architecture in the two groups, with
nonadditive effects present in the group without religious upbringing, but not in the group with religious
upbringing. As the groups differed in age, with a
larger amount of older individuals in the group with
religious upbringing, the differences in genetic influences may also have reflected an age effect. However,
restricting the analyses to a narrow age range provided similar results, suggesting that the difference
in age distribution does not explain the difference
between the two groups. Though broad heritability
estimates differed between the groups, the estimates
were within the range of heritability estimates found
in previous studies (e.g., Eaves et al., 1989; Lake
et al., 2000; Keller et al., 2005, Rettew et al., 2006;
Viken et al., 1994). In the group without religious
upbringing, the presence of nonadditive genetic
effects was indicated. Nonadditive genetic effects
have been previously reported in other studies (Eaves
et al., 1998; 1999; Keller et al., 2005; Lake et al.,
2000), using an extended twin-design. It is difficult to
distinguish between the estimates of additive and
nonadditive genetic effects, since these are correlated
in the twin design (as opposed to the true population
effects, which by definition are uncorrelated: Falconer
& Mackay, 1996; Keller et al., 2005; Posthuma et al.,
2001). This is reflected in the large and overlapping
confidence intervals around these estimates in our
study. Although a more precise estimate of the quantitative contribution of nonadditive genetic effects can
only be obtained when adding multiple genetic relationships, our results do suggest the presence of
nonadditive genetic effects in the group without a
religious upbringing. An interesting hypothesis is
that the sometimes conflicting results reported in the
literature for the contribution of genetic dominance
could reflect the differences in religious upbringing
between samples.
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