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AbstrAct 
Heritability estimates of general cognitive ability in adults range from 75-85%. These 
estimates are based on the assumption that genes and environment act in an additive 
manner. This assumption has, however, not been extensively tested. We set out to test this 
assumption for general cognitive ability by studying gene by environment interaction. To 
this end, moderation effects of different positive, negative and neutral Life Events on the 
variance components of general cognitive ability were investigated in a sample of adult 
twins and siblings (N=560). Results demonstrated modest moderation of genetic influences 
and considerable moderation of environmental influences; heritability estimates ranged 
from 32% to above 90%. We conclude that the extent to which genetic and environmental 
factors influence individual differences in general cognitive ability in adults is partly 
dependent on exposure to Life Events.

1

A shorter version of this chapter is published as: 
Vinkhuyzen, AAE., van der Sluis, S., & Posthuma, D. (2010). Life Events Moderate Variation 
in Cognitive Ability (g) in Adults. Molecular Psychiatry. Published online: doi: 10.1038/
mp.2010.12 (See Appendix VI)
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IntroductIon
Heritability estimates of general cognitive ability in adults vary between ~75% and ~85% 
(Bouchard, Jr. & McGue, 1981; Plomin et al., 1994a; Plomin, 1999; Posthuma et al., 2001a; 
Haworth et al., 2009). These estimates are derived from twin studies in which it is generally 
assumed that genes and environment act in an additive manner. For a number of traits 
and disorders this assumption works well in practice. For complex polygenic traits, such as 
general cognitive ability, this assumption may, however, not hold and could lead to biased 
estimates of the relative importance of genetic and environmental influences, which in 
turn may seriously frustrate attempts at gene finding. 

Two different forms of non-additivity between genes and environment are generally 
recognized: gene-environment correlation (r(GE)) and gene by environment interaction 
(GEI). In r(GE), the environmental influences are not a random sample of the entire range 
of possible environments but are correlated with, or a function of, the genotype of an 
individual. In GEI, genes control an individual’s sensitivity to an environmental factor, or the 
environment controls the expression of genes. 

At present, several studies have provided evidence of GEI in the context of general 
cognitive ability. Most studies focused on childhood and adolescent general cognitive ability 
(Rowe et al., 1999; Turkheimer et al., 2003; Caspi et al., 2007; Harden et al., 2007; Loehlin 
et al., 2009). Rowe et al. (1999) investigated the heritability of general cognitive ability 
stratified by low and high parental education. Results demonstrated higher heritability 
of general cognitive ability in children from more highly educated families, compared to 
children from less well-educated families. Related to this, Turkheimer et al. (2003) reported 
increasing heritability of general cognitive ability with higher socio-economic status. Data 
collected in the Netherlands Twin Register (NTR, Boomsma et al., 2006) demonstrated an 
increasing heritability across the life span (GxAge) within a partly cross-sectional, partly 
longitudinal sample (Boomsma & van Baal, 1998; Posthuma et al., 2001a; van Leeuwen et 
al., 2008; Polderman et al., 2009). 

Few studies have investigated GEI in general cognitive ability in adults (Kremen 
et al., 2005; van der Sluis et al., 2008b). These studies did not provide evidence for 
moderation of genetic influences on general cognitive ability, although they did report 
moderation of shared environmental effects. Kremen et al. (2005) showed decreased 
shared environmental variation in ‘word recognition’ in an adult male sample with highly 
educated parents. More recently, Van der Sluis et al. (2008b) showed increased shared 
environmental variation in older men whose parents were highly educated and increased 
non-shared environmental variation in older men living in more affluent areas.

In the context of psychiatric dysfunctioning, significant moderation effects of life 
events, such as childhood adversity, violence, and health problems, have been reported on 
genetic influences on depression (Wichers et al., 2009; Caspi et al., 2003), anxiety (Silberg 
et al., 2001), and borderline personality disorder (Distel et al., 2009a). Life events may also 
affect the variance decomposition of general cognitive ability. For example, positive life 
events may function as “proximal processes” (Bronfenbrenner & Ceci, 1994) that actualize 
genetic potential, while negative life events may cause negative emotional stress resulting 
in reduced genetic potential and a (relative) increase of the effects of environmental factors. 

In the present study, we investigate moderation effects of life events on the variance 
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components of general cognitive ability in adults (age 23-75) (i.e., GxLife Events, CxLife 
Events, ExLife Events). Moderation effects of individual Life Events as well as composite 
measures of Positive, Negative and Neutral Life Events will be examined. 

Methods

Sample
This study is part of a large ongoing project on the genetics of cognition (Posthuma et al., 
2001a) performed with understanding and written consent of each participant and approved 
by the Central Committee on Research Involving Human Subjects in the Netherlands. 
Information on environmental factors was gathered using the Life Experiences List (LEL), 
which is described in more detail below. Data were available for 560 twins and siblings 
(58.9% female) from 256 different families that were registered in the Netherlands Twin 
Register (NTR, Boomsma et al., 2006). The sample consisted of 150 complete twin pairs 
(55.33% MZ), 87 incomplete twin pairs (32.10% MZ) and 172 siblings (47.1% men, 0-5 per 
siblings per family). From 19 families, only sibling data were available. The average age of 
the participants was 47.11 years (SD=12.40, range: 23–75) at the time they completed the 
LEL. All five zygosity groups were reasonably well represented: monozygotic males (MZM: 
21.5%, 119 participants), monozygotic females (MZF: 26.8%, 150 participants), dizygotic 
males (DZM: 11.8%, 66 participants), dizygotic females (DZF: 23.4%, 131 participants), 
and dizygotic opposite sex (DOS: 16.8%, 94 participants). Zygosity of same-sex twins was 
based on DNA polymorphisms (97 pairs, 74.1%) or, if DNA markers were not available, 
on questions about physical similarity and confusion of the twins by family members 
and strangers. Agreement between zygosity diagnoses from survey and DNA was 97% 
(Willemsen et al., 2005). The sample was representative for the general Dutch population 
with regard to educational level (see Posthuma et al., 2001a for details). 

Measures

General cognitive ability
General cognitive ability was assessed with the Dutch version of the WAIS-IIIR. Data 
collection occurred at one of two time points. In the first wave of data collection (1997-
2001), participants (N=484) completed eleven subtests of the WAIS-IIIR: Block design, 
Letter-number sequencing, Information, Matrix reasoning, Similarities, Picture completion, 
Arithmetic, Vocabulary, Digit symbol-coding, Digit-symbol pairing and Digit symbol-free 
recall. In the second wave of data collection (2007-2009), participants (N=67) completed 
seven subtests of the WAIS-IIIR: Block design, Letter-number sequencing, Information, 
Matrix reasoning, Arithmetic, Vocabulary and Digit symbol-coding. Full scale IQ (FSIQ) 
was derived from these subtests, and is the unit of analysis in this study. The correlation 
between FSIQ assessed with eleven or seven subtests was high (Pearson’s r = .95, N = 484, 
p<.001). 59 participants completed the WAIS twice with an interval of ~10 years (first and 
second wave of data collection) to evaluate test-retest reliability (Pearson’s r=.85, N=59, 
p<.001).
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Life Events
Information on Life Events was collected using 19 questions from the List of Threatening 
Experiences (Brugha & Cragg, 1990) that was incorporated in the Life Experiences List (LEL) 
(Vinkhuyzen et al., 2010a). The LEL was sent out to participants by mail (overall response 
rate 76%). 

Participants were asked how often, and at what time in their life (before age 12, 
between age 12 and age 18; after age 18 but more than five years ago; less than five years 
ago), a particular Life Event had taken place. In the present study, we only used information 
on whether or not a Life Event took place. Moderation effects of Life Events were studied in 
two ways: by using composite measures of positive, negative, and neutral Life Events and 
by looking at the moderation effects of individual Life Events. 

Composite measures of Life Events represented the number of different positive, 
negative or neutral Life Events a subject had been exposed to in his/her life. Positive Life 
Events was a sum score of events concerning Graduation, Promotion, Marriage, Driving 
license, and Birth of a child (range 0-5). Neutral Life Events was a sum score of Changing 
schools in childhood, Moving house, and Retirement (range 0-3). Negative Life Events was 
a sum score of Severe illness/violent assault, Divorce, Falling-out/Breaking up with friends/
relatives, Severe trouble with friends/relatives, Death of friends/relatives, Receiving mental 
health treatment, Severe offence, Robbery, Sexual abuse, Being fired, and Unemployment 
(range 0-11). Since few subjects (<8%) were exposed to seven or more different negative 
Life Events, scores 7-11 were collapsed (i.e., recoded as 7). Classification of individual Life 
Events into categories of positive, negative or neutral Life Events was in line with Kendler 
and Baker (2007).

Individual measures of Life Events were specified as ordinal measures representing 
categories ‘never experienced’, ‘experienced once or twice’, and ‘experienced more than 
twice’. The second and third category were collapsed if the third category comprised less 
than 3% of the sample. 

Test-retest reliability of the Life Events items was investigated in an independent 
sample of 62 participants who completed the LEL twice within a period of two months (31 
parent-offspring pairs, 75.4% women; age range 17-71, mean: 39.95, SD: 16.19). Test-retest 
reliability was calculated in PRELIS (Joreskog & Sorbom, 2006) and indicated good reliability 
for both composite and individual measures of Life Events (mean = .82; range .61-1.00).

Statistical analyses 
The variance of FSIQ was decomposed into additive genetic factors (A), shared environmental 
factors (C), and non-shared environmental factors (E). A represents additive effects of alleles 
summed over all genetic loci. C represents 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. The choice of an 
ACE-model was based on previous research on individual differences in general cognitive 
ability (Bouchard, Jr. & McGue, 1981; Plomin, 1999; Posthuma et al., 2001a; van der Sluis 
et al., 2008b). A, C and E were allowed to vary as a function of exposure to Life Events. 
Genetic or environmental effects may be attenuated or exaggerated at extreme high and 
extreme low levels of the moderator. Including a quadratic interaction term in the model 
facilitates detecting such non-linear effects (Purcell, 2002). We therefore included both 
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linear and non-linear moderation effects of life events on the variance components of FSIQ, 
except when the life event was dichotomous (since squaring does not affect dichotomous 
measures).
 Figure 7.1 shows the full univariate interaction model for one twin pair. When 
available, data of additional siblings were included in the analyses. Within the full univariate 
model, conditional on the twins’ moderator M1, the expected trait mean for twin i is: 
E(Yi) = m+m’M1i where m represents the part of the mean that is independent of the 
moderator (grand mean), and m’ the linear effect of the moderator on the mean. 

The expected variance of FSIQ is calculated as: 
Var(FSIQ)=(a+a’M1i+a’’M1i 

2) 2+ (c+c’M1i+c’’M1i 
2) 2+ (e+e’M1i+e’’M1i 

2) 2 ,where a, c, and e 
represent the path coefficients of A, C, and E that are independent of the moderator, a’, 
c’, and e’ represent linear, and a’’, c’’, and e’’ represent non-linear effects (on the path 
coefficients) of the moderator7.6.2. 

Causes of individual differences in general cognitive ability and Life Events in a 
largely overlapping sample have been described previously. Genetic factors accounted for 
~86% of the phenotypic variance of general cognitive ability (Posthuma et al., 2001a) and 
for ~30% of the phenotypic variance of Life Events (Vinkhuyzen et al., 2010a). As both FSIQ 
and (subjective report of) exposure to Life Events have been reported to be under genetic 
control, these variables may share a common genetic background (r(GE)) or a common 
environmental background (r(CE), r(EE)). Ignoring genetic or environmental factors that are 
shared between trait and moderator in an interaction model, may lead to biased estimates 
of the effect of the moderator (Purcell, 2002). However, as phenotypic correlations 
between Life Events and FSIQ were very close to zero (see Table 7.1), shared genetic and 
environmental factors are not expected to be substantial. Explicitly modeling of moderation 
of genetic and environmental influences that are shared between trait and moderator was 
therefore deemed unnecessary. Linear effects of the moderator were, however, included 
on the means, to correct for any – unmoderated – correlation between Life Events and FSIQ 
(see Purcell, 2002). 

A series of univariate interaction models was fitted for each moderator (3 composite 
measures and 19 individual measures of Life Events) separately. To avoid multicollinearity 
and related computational problems, the composite measures were mean-centered around 
0 such that positive Life Events ranged from -2.5 to 2.5, negative Life Events from -3.5 to 
3.5, and neutral Life Events from -1.5 to 1.5. Ordinal individual Life Events were coded as: -1 
(never experienced), 0 (experienced once or twice), and 1 (experienced more than twice). 
Dichotomous moderators were coded as: 0 (never experienced) and 1 (experienced once 
or more). As many studies have shown that shared environmental factors do not explain 

7 When a moderator X is coded as a variable with a mean of 0, then the interaction term 
X2, created by squaring X, is completely uncorrelated with X because high values of X2 go with 
low as well as high values of X. In contrast, if we would use the raw scores of the composite 
measures (ranging between 0-5, 0-11, and 0-3 for Positive, Negative, and Neutral Life Events 
respectively), then the interactions terms of these composite measures would be correlated 
.98, .94, and .96, respectively, with the original measures because low/high scores on the origi-
nal measures always go with low/high scores on the interaction terms. Such multicollinearity 
results in computational problems.
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Figure 7.1 Full univariate interaction model for one twin pair

Notes: Univariate model including linear- and non-linear moderation effects of the observed environmental 
moderator on the variances of twin 1 and twin 2; linear moderation effects of the observed environmental 
moderator on the means of twin 1 and twin 2. Parameters a, c, and e represent the parts of A (additive 
genetic effects), C (shared environmental effects), and E (non-shared environmental effects) that are 
independent of the moderator, a’, c’, and e’ represent linear, and a’’, c’’, and e’’ represent non-linear effects 
of the moderator. Within in the means model, GM represents the observed grand mean, m represents the 
part of the mean that is independent of the moderator (intercept) and m’ represents the linear effect on 
the mean (slope). Note that c is not incorporated in the full GEI interaction model but is illustrated for ease 
of interpretation.

individual differences in general cognitive ability in adults (Luciano et al., 2001; Posthuma 
et al., 2001a; Wright et al., 2001; Rijsdijk et al., 2002), c (i.e., part of C that is independent 
of the moderator) was fixed to zero within the full model. Note that although C is absent 
within the general population, effects of C may be substantial under certain environmental 
conditions. Moderation effects on C were therefore included in the model. We note that 
similar results were established in case c was incorporated in the model.

Significance of the non-linear (a’’, c’’ and e’’) and linear (a’, c’ and e’) moderation 
effects on the variance components was established by comparing the fit of nested 
(increasingly more restricted) models to the fit of less restricted models. Goodness-of-fit 
of these sub-models was assessed by likelihood-ratio-tests. When testing the significance 
of a variance component, it is well established that the null distribution of a suitably 
parameterized variance component is a .5:.5 mixture of a χ2(0) and χ2(1) (Macgregor et al., 
2005; Dominicus et al., 2006). We therefore tested against a critical value of χ2(1)= 2.7055, 
given alpha = 0.05, when testing for the significance of moderation effects on the variance 
components. 

Age and sex corrected FSIQ measures were used to ensure that moderation effects 
were unaffected by age and sex. All analyses were carried out using the raw data option in 
Mx (Neale, 1994).
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results

Main effects
The upper part of Table 7.1 shows FSIQ scores and means (SD) of composite measures of 
Life Events. Correlations between FSIQ and composite measures of Life Events were close 
to zero. 

The lower part of Table 7.1 lists the prevalence of exposure to each individual 
Life Event, as well as the regression coefficients (β) for the regression of FSIQ on these 
Life Events. For 12 individual Life Events, endorsement rates in the third category were 
below 3% (see Table 7.1), second and third categories of these Life Events were collapsed 
in subsequent analyses. 

Six individual Life Events were significantly related to FSIQ scores: increasing 
exposure to Graduation, Driving license, Birth of child, Death of friends/relatives, and 
Moving house was related to a higher FSIQ score. 

Gene-environment interaction – Composite measures of Life Events 
Table 7.2 shows the model fitting results of the three composite measures of Life Events. 

Positive Life Events significantly moderated the contribution of shared 
environmental factors (C). C was considerably increased in individuals not exposed 
to positive Life Events or exposed to many different positive Life Events, while shared 
environmental effects were absent in individuals exposed to some positive Life Events. 
Standardized estimates of C varied from .62 at the low and high end of the moderator 
distribution (i.e., no or frequent exposure) to .00 at the center (i.e., occasional exposure). 
As the heritability is the ratio of the genetic variance to the total variance, the broad sense 
heritability (h2) varied concordantly from .32 (no or frequent exposure) to .83 (occasional 
exposure). 

Negative Life Events significantly moderated the effects of non-shared 
environmental effects (E). E was estimated at .11 in individuals hardly exposed to negative 
Life Events, while E increased to .26 in subjects frequently exposed to negative Life Events. 

Moderation effects of Neutral Life Events were non significant. Figure 7.2 shows 
standardized and unstandardized variance components of FSIQ as a function of composite 
measures of positive and negative Life Events. Note that all figures are based on the most 
reduced models, i.e., on the models in which all non significant effects were fixed at zero.
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Table 7.1 Prevalences of exposure to Life Events, FSIQ (grand mean, corrected for age and 
sex effects) and regression coefficients (effect of Life Event on FSIQ).

Composite measures of Life 
events Mean LE Spearman Rho LE*FSIQ

grand 
mean 
FSIQ

β (p-value)

Life Events Positive 2.80 
(1.01) .01 (ns) 100.50 .85 (p=.16)

Life Events Negative 3.18 
(2.32) -.02 (ns) 100.73 -.17 (p=.53)

Life Events Neutral 1.37 (.66) .08 (ns) 101.12 .79 (p=.21)

Individual Life Events

Non-
exposed 

N(%)

Exposed 
once 

(or twice) 
N(%)

Exposed 
> twice 

N(%)

grand 
mean 
FSIQ

β (p-value)

Positive individual Life Events

Graduation 56 (10%) 280 (51%) 218 (39%) 100.36 1.88 (p=.04)

Promotion 399 (72%) 98 (18%) 57 (10%) 100.23 .63 (p=.48)

Marriage* 216 (39%) 331 (60%) 7 (1%) 100.03 1.32 (p=.14)

Driving license* 69 (13%) 472 (85%) 13 (2%) 96.31 5.22 (p=.01)

Birth of child 253 (46%) 194 (35%) 107 (19%) 101.41 2.21 (p=.004)

Negative individual Life Events
Severe illness/ Violent 
assault * 459 (83%) 81 (15%) 14 (2%) 100.74 .33 (p=.80)

Divorce* 438 (79%) 105 (19%) 11 (2%) 100.93 -.41 (p=.78)

Falling-out/Breaking up with 
friends/relatives* 439 (79%) 101 (18%) 14 (3%) 101.14 -1.23 (p=.38)

Severe trouble with friends/
relatives* 463 (84%) 85 (15%) 6 (1%) 101.23 -1.26 (p=.30)

Death of friends/relatives 239 (43%) 167 (30%) 148 (27%) 101.14 1.95 (p=.002)

Receiving mental health 
treatment * 453 (82%) 90 (16%) 11 (2%) 100.86 -.19 (p=.80)

Severe offence* 503 (91%) 48 (9%) 3 (1%) 100.82 .12 (p=.94)

Robbery 355 (64%) 170 (31%) 29 (5%) 101.89 1.61 (p=.08)

Sexual abuse* 517 (93%) 36 (7%) 1 (0%) 100.82 -.25 (p=.90)

Being fired* 487 (88%) 64 (11%) 3 (1%) 100.07 -2.06 (p=.14)

Unemployment* 492 (89%) 57 (10%) 5 (1%) 100.97 -1.13 (p=.42)

Neutral individual Life Events
Changing schools in 
childhood 389 (70%) 136 (25%) 29 (5%) 100.96 .32 (p=.73)

Moving house 102 (18%) 186 (34%) 266 (48%) 99.69 3.98 (p<.001)

Retirement* 524 (95%) 30 (5%) 0 (0%) 100.62 2.99 (p=.30)
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Notes: If the 3rd category contained <3% of the data, the 2nd and 3rd categories were collapsed in subsequent 
analyses; * = moderator variables of which the 2nd and 3rd categories are collapsed; β = regression coefficient 
of FSIQ on Life Events; LE = Life Events; FSIQ = Full Scale Intelligence Quotient; ns = non significant. Grand 
mean of FSIQ and regression coefficients (β) are based on models in which the 3rd and 2nd categories were 
collapsed in case the 3rd category contained <3% of the data.

Table 7.2 Model fitting results for interaction models of FSIQ with composite measures of 
Life Events as moderator variables.

model -2LL par χ2 p
Positive Life Events 
1 AE-model 4356.31 10
2 drop non-linear moderation A 4356.35 9 .04 .42
3 drop non-linear moderation C 4359.66 9 3.35 .03
4 drop non-linear moderation E 4356.62 9 .31 .29
5 drop linear moderation A 4357.63 9 1.31 .13
6 drop linear moderation C 4358.05 9 1.73 .09
7 drop linear moderation E 4356.39 9 .07 .39

Negative Life Events 
1 AE-model 4358.28 10
2 drop non-linear moderation A 4359.05 9 .77 .19
3 drop non-linear moderation C 4358.75 9 .47 .25
4 drop non-linear moderation E 4360.24 9 1.96 .08
5 drop linear moderation A 4359.15 9 .87 .18
6 drop linear moderation C 4358.31 9 .03 .43
7 drop linear moderation E 4361.76 9 3.48 .03

Neutral Life Events 
1 AE-model 4359.25 10
2 drop non-linear moderation A 4360.10 9 .85 .18
3 drop non-linear moderation C 4359.40 9 .15 .35
4 drop non-linear moderation E 4359.34 9 .09 .38
5 drop linear moderation A 4359.33 9 .08 .39
6 drop linear moderation C 4359.95 9 .69 .20
7 drop linear moderation E 4359.56 9 .30 .29

Notes: p-values are based on a ½:½ mixture of chi-square distributions (Dominicus et al., 2006); models 
2-7 were compared to the AE-model (½:½ mixture of χ2(0) and χ2(1)); -2LL = minus 2 log likelihood; 
par = estimated parameters; χ2 = Chi square (difference in -2LL); p = p-value; significant moderation effects 
are printed in bold font.
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Figure 7.2 Unstandardized (left) and standardized (right) variance components of FSIQ as a 
function of the composite measures of Positive and Negative Life Events. 

Notes: The figures are based on the most reduced models, i.e., on the models in which all non significant 
effects were fixed at zero. Unstandardized variance components (left) refer to the absolute contribution of 
A (additive genetic effects), C (shared environmental effects), and E (non-shared environmental effects); 
standardized variance components (right) refer to the relative contribution to variation in FSIQ as a  
function of the composite measures of Positive and Negative Life Events.

GEnE-EnvIronmEnT InTErACTIon – IndIvIduAL LIFE EvEnTs 

Positive individual Life Events
Table 7.3 shows the model fitting results of the positive individual Life Events. Only Birth 
of a child significantly moderated the variance components of FSIQ: A was decreased in 
individuals who had children (.86 vs .66) while E was considerably increased in individuals 
who had more than two children (.14 vs .34). Figure 7.3 shows standardized and 
unstandardized variance components of FSIQ as a function of Birth of a child. 
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Table 7.3 Model fitting results for interaction models of FSIQ with positive individual Life 
Events as moderator variable. 

model -2LL par χ2 p
Graduation
1 AE-model 4350.06 10
2 drop non-linear moderation A 4350.34 9 .28 .30
3 drop non-linear moderation C 4350.07 9 .01 .46
4 drop non-linear moderation E 4352.09 9 2.03 .08
5 drop linear moderation A 4352.66 9 2.60 .05
6 drop linear moderation C 4350.94 9 .88 .17
7 drop linear moderation E 4350.24 9 .18 .34

Promotion
1 AE-model 4359.45 10
2 drop non-linear moderation A 4359.45 9 .00 incalc.
3 drop non-linear moderation C 4359.96 9 .51 .24
4 drop non-linear moderation E 4359.45 9 .00 incalc.
5 drop linear moderation A 4359.58 9 .14 .36
6 drop linear moderation C 4360.96 9 1.51 .11
7 drop linear moderation E 4361.19 9 1.74 .09

Marriage 
1 AE-model 4365.46 7
2 drop linear moderation A 4365.47 6 .01 .47
3 drop linear moderation C 4365.46 6 .00 incalc.
4 drop linear moderation E 4365.50 6 .04 .42

Driving License
1 AE-model 4356.34 7
2 drop linear moderation A 4356.38 6 .04 .42
3 drop linear moderation C 4356.34 6 .00 incalc.
4 drop linear moderation E 4357.10 6 .76 .19

Birth of child
1 AE-model 4347.53 10
2 drop non-linear moderation A 4347.99 9 .46 .25
3 drop non-linear moderation C 4347.53 9 .00 incalc.
4 drop non-linear moderation E 4352.44 9 4.91 .01
5 drop linear moderation A 4350.96 9 3.43 .03
6 drop linear moderation C 4347.53 9 .00 incalc.
7 drop linear moderation E 4351.92 9 4.39 .02

Notes: p-values are based on a ½:½ mixture of chi-square distributions (Dominicus et al., 2006); models 
2-7 were compared to the AE-model (½:½ mixture of χ2(0) and χ2(1)); -2LL = minus 2 log likelihood; par = 
estimated parameters; χ2 = Chi square (difference in -2LL); incalc. = incalculable; p = p-value; significant 
moderation effects are printed in bold font.
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Figure 7.3 Unstandardized (left) and standardized (right) variance components of FSIQ as a 
function of the individual Life Event Birth of a Child.

Notes: Positive Life Events: Unstandardized (left) and standardized (right) variance components of FSIQ 
as a function of Birth of a child. The figures are based on the most reduced models, i.e., on the models in 
which all non significant effects were fixed at zero. Unstandardized variance components (left) refer to the 
absolute contribution of A (additive genetic effects) and E (non-shared environmental effects); standardized 
variance components (right) refer to the relative contribution to variation in FSIQ for individuals “non-
exposed”, “exposed once or twice” and “exposed more than twice”. 

Negative individual Life Events
Table 7.4 shows the model fitting results of the negative individual Life Events. Falling out/
Breaking up with friends/relatives, Severe trouble with friends/relatives, Death of friends/
relatives, Severe offence, Being fired, and Unemployment showed significant moderation 
effects on the variance components of FSIQ. A was slightly decreased in individuals 
exposed to Falling out/Breaking up with friends/relatives and Death of friends/relatives. 
E was increased in individuals exposed to Severe trouble with friends/relatives and Severe 
offence, and decreased in individuals who had been Fired or Unemployed. 

Note that moderation effects on unstandardized variance components can be 
significant while standardized variance components remain virtually unchanged. As the 
standardized estimates are a function of both the individual unstandardized variance 
components and the total unstandardized variance (i.e., the sum of all unstandardized 
components), moderator-related fluctuations in the unstandardized components are 
not always mirrored in the standardized components. For example, the estimated 
unstandardized additive genetic variance decreased from 198 to 155 (with total variances 
of 238.12 and 195.18, respectively) in subjects frequently exposed to Death of friends/
relatives, while the standardized additive genetic effects decreased only slightly from .83 
to .80. 

Figure 7.4 shows the standardized and unstandardized variance components of 
FSIQ as a function of the six negative individual Life Events that significantly moderated the 
variance decomposition of FSIQ.
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Table 7.4 Model fitting results for interaction models of FSIQ with negative individual Life 
Events as moderator variables. 

model -2LL par χ2 p
Severe illness / Violent assault

1 AE-model 4366.03 7
2 drop linear moderation A 4366.67 6 .64 .21
3 drop linear moderation C 4366.03 6 .00 incalc.
4 drop linear moderation E 4366.35 6 .32 .29

Divorce
1 AE-model 4364.16 7
2 drop linear moderation A 4365.71 6 1.55 .11
3 drop linear moderation C 4364.53 6 .38 .27
4 drop linear moderation E 4364.19 6 .04 .42

Falling out/Breaking up with friends/relatives
1 AE-model 4361.51 7
2 drop linear moderation A 4364.47 6 2.96 .04
3 drop linear moderation C 4361.72 6 .21 .32
4 drop linear moderation E 4362.40 6 .89 .17

Death of friends/relatives
1 AE-model 4352.80 10
2 drop non-linear moderation A 4352.80 9 .00 incalc.
3 drop non-linear moderation C 4352.80 9 .00 incalc.
4 drop non-linear moderation E 4353.07 9 .27 .30
5 drop linear moderation A 4356.47 9 3.67 .03
6 drop linear moderation C 4352.80 9 .00 incalc.
7 drop linear moderation E 4355.47 9 2.67 .05

Severe trouble with friends/relatives
1 AE-model 4358.57 7
2 drop linear moderation A 4359.10 6 .53 .23
3 drop linear moderation C 4358.57 6 .00 incalc.
4 drop linear moderation E 4364.26 6 5.69 .01

Mental health treatment
1 AE-model 4361.65 7
2 drop linear moderation A 4364.21 6 2.56 .05
3 drop linear moderation C 4361.69 6 .04 .42
4 drop linear moderation E 4362.26 6 .60 .22

Severe offence
1 AE-model 4358.99 7
2 drop linear moderation A 4361.19 6 2.20 .07
3 drop linear moderation C 4358.99 6 .00 incalc.
4 drop linear moderation E 4361.87 6 2.87 .045

Robbery
1 AE-model 4354.29 10
2 drop non-linear moderation A 4354.30 9 .02 .45
3 drop non-linear moderation C 4354.91 9 .62 .22
4 drop non-linear moderation E 4354.31 9 .02 .45
5 drop linear moderation A 4354.30 9 .01 .46
6 drop linear moderation C 4354.91 9 .62 .22
7 drop linear moderation E 4355.99 9 1.70 .10

Sexual abuse
1 AE-model 4366.50 7
2 drop linear moderation A 4366.66 6 .16 .35
3 drop linear moderation C 4366.50 6 .00 incalc.
4 drop linear moderation E 4366.54 6 .03 .43

Being fired
1 AE-model 4356.64 7
2 drop linear moderation A 4356.79 6 .15 .35
3 drop linear moderation C 4358.22 6 1.58 .10
4 drop linear moderation E 4364.07 6 7.43 .00
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model -2LL par χ2 p
Unemployment
1 AE-model 4355.04 7
2 drop linear moderation A 4356.33 6 1.29 .13
3 drop linear moderation C 4356.24 6 1.19 .14
4 drop linear moderation E 4361.23 6 6.19 .01

Notes: p-values are based on a ½:½ mixture of chi-square distributions (Dominicus et al., 2006); models 
2-7 were compared to the AE-model (½:½ mixture of χ2(0) and χ2(1)); -2LL = minus 2 log likelihood; par = 
estimated parameters; χ2 = Chi square (difference in -2LL); incalc. = incalculable; p = p-value; significant 
moderation effects are printed in bold font.

Figure 7.4 Unstandardized (left) and standardized (right) variance components of FSIQ as a 
function of negative individual Life Events.
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Notes: Unstandardized (left) and standardized (right) variance components of FSIQ as a function of 
negative individual Life Events: Falling out/Breaking up with friends/relatives, Severe trouble with friends/
relatives, Death of friends/relatives, Severe offence, Being Fired, and Unemployment. The figures are based 
on the most reduced models, i.e., on the models in which all non significant effects were fixed at zero. 
Unstandardized variance components (left) refer to the absolute contribution of A (additive genetic effects) 
and E (non-shared environmental effects); standardized variance components (right) refer to the relative 
contribution to variation in FSIQ for “non-exposed” and “exposed” individuals. Note that for the moderator 
variable Death of friends/relatives three categories were distinguished: “non-exposed”, “exposed once or 
twice” and “exposed more than twice”. 

Neutral individual Life Events
Table 7.5 shows the model fitting results of the Neutral individual Life Events. Moving house 
and Retirement showed significant moderation effects. A was considerably decreased and 
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C considerably increased in individuals exposed to Retirement. C was also slightly increased 
in individuals who never or very often moved house. Figure 7.5 shows standardized and 
unstandardized variance components of FSIQ as a function of these two neutral individual 
Life Events.

Table 7.5 Model fitting results for interaction model of FSIQ with neutral individual Life 
Events as moderator variables. 

model -2LL par χ2 p
Changing schools in childhood
1 AE-model 4364.14 10
2 drop non-linear moderation A 4364.21 9 0.06 .40
3 drop non-linear moderation C 4364.24 9 0.10 .38
4 drop non-linear moderation E 4365.30 9 1.15 .14
5 drop linear moderation A 4364.15 9 0.00 incalc.
6 drop linear moderation C 4364.29 9 0.15 .35
7 drop linear moderation E 4365.95 9 1.80 .09

Moving house
1 AE-model 4336.07 10
2 drop non-linear moderation A 4336.49 9 0.42 .26
3 drop non-linear moderation C 4336.18 9 0.11 .37
4 drop non-linear moderation E 4336.32 9 0.25 .31
5 drop linear moderation A 4337.13 9 1.06 .15
6 drop linear moderation C 4339.01 9 2.94 .04
7 drop linear moderation E 4336.15 9 0.08 .39

Retirement
1 AE-model 4358.97 7
2 drop linear moderation A 4363.02 6 4.05 .02
3 drop linear moderation C 4365.15 6 6.18 .01
4 drop linear moderation E 4358.97 6 0.00 incalc.

Notes: p-values are based on a ½:½ mixture of chi-square distributions (Dominicus et al., 2006); models 
2-7 were compared to the AE-model (½:½ mixture of χ2(0) and χ2(1)); -2LL = minus 2 log likelihood; par = 
estimated parameters; χ2 = Chi square (difference in -2LL); incalc. = incalculable; p = p-value; significant 
moderation effects are printed in bold font.
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Figure 7.5 Unstandardized (left) and standardized (right) variance components of FSIQ as a 
function of neutral individual Life Events.

Notes: Unstandardized (left) and standardized (right) variance components of FSIQ as a function of neutral 
individual Life Event: Moving house and Retirement. The figures are based on the most reduced models, i.e., 
on the models in which all non significant effects were fixed to zero. Unstandardized variance components 
(left) refer to the absolute contribution of A (additive genetic effects), C (shared environmental effects), 
and E (non-shared environmental effects); standardized variance components (right) refer to the relative 
contribution to variation in FSIQ for “non-exposed” and “exposed” individuals. Note that for the moderator 
variable Moving house three categories were distinguished: “non-exposed”, “exposed once or twice” and 
“exposed more than twice”.
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dIscussIon
The aim of the present study was to identify the extent to which Life Events moderate 
genetic and environmental influences on individual differences in general cognitive ability in 
adults. Heritability estimates changed as a function of exposure to Life Events, but this was 
mainly due to moderation of effects of environmental influences. Analyses of individual Life 
Events showed some modest, but significant decrease of genetic influences as a function 
of exposure to Life Events (Birth of a child, Falling out/Breaking up with friends/relatives, 
Death of friends/relatives, and Retirement) but moderation effects on the environmental 
factors were generally larger and more frequent (Birth of a child, Falling out/Breaking up 
with friends/relatives, Severe trouble with friends/relatives, Death of friends/relatives, 
Severe offence, Being fired, Unemployment, and Retirement), with the direction of the 
moderation effect depending on the specific Life Event.

Two theories consider generic mechanisms in the context of environmental 
moderation of genetic effects (GEI): the ‘Diasthesis-stress model’ (Gottesman, 1991) and 
the ‘Bio-ecological model’ (Bronfenbrenner & Ceci, 1994). The ‘Diasthesis-stress model’ is 
based on the assumption that individuals, who are genetically at risk, are more sensitive 
to environmental risk factors. The model predicts genetic influences to be larger in less 
advantageous circumstances, e.g., when the number of environmental stressors (e.g., 
adverse Life Events) is larger. Alternatively, the ‘Bio-ecological model’ proposes that 
environmental factors can act as proximal processes, i.e., processes that enhance effective 
development. If exposure to Life Events enhances development, i.e., can be considered 
proximal processes, then an increase in genetic influences is expected with increasing 
exposure. All significant moderation of genetic influences observed in the present study 
concerned a decrease of genetic influences with an increase in the number of Life Events. 
This is difficult to reconcile with either theory, unless exposure to multiple Life Events is 
considered disadvantageous, irrespective of whether these events are positive, negative 
or neutral.

Theoretical mechanisms of moderation of environmental (risk) factors on latent 
shared and unshared environmental influences (CxE and ExE) have as yet not been 
considered in the literature. However, the same mechanisms as proposed for GEI may apply. 
For example, Life Events may function as proximal processes that enhance an environment’s 
potential to cause individual differences in general cognitive ability, analogous to proximal 
processes that enhance genetic potential. Exposure to multiple Life Events may also act 
as a stressor that increases or reduces the extent to which the environment can cause 
individual differences in general cognitive ability. 

This was the first study to investigate moderation of Life Events on individual 
differences in general cognitive ability in adults. Other studies on gene-environment 
interaction in adult general cognitive ability focused on parental and partner educational 
level, urbanization level, and mean real estate price of someone’s residential area (van der 
Sluis et al., 2008b; Kremen et al., 2005). These studies reported significant moderation 
on environmental influences, and not on genetic influences. Most moderation effects 
that we observed for Life Events in the present study indeed concerned moderation of 
environmental factors, although we did observe some moderation of genetic influences as 
well. The unmoderated heritability of general cognitive ability in adults is generally high (h2 
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ranges between 70% and 85%) (Bouchard, Jr. & McGue, 1981; Plomin et al., 1994a; Plomin, 
1999; Posthuma et al., 2001a; Haworth et al., 2009), the remaining variance is explained 
by unshared environmental factors. Unmoderated heritability of general cognitive ability in 
children, however, is much lower (h2 ranges between 25% and 60%) (Bouchard, Jr. & McGue, 
1981; Boomsma & van Baal, 1998; Haworth et al., 2009), leaving ample room for shared and 
non-shared environmental influences. As GEI will be part of the unshared environmental 
influences if it is not modeled explicitly in the classic twin design, the genetic variation that 
can be moderated by environmental factors such as Life Events is relatively small in adults, 
compared to children. The statistical power to pick up moderation of genetic effects may 
therefore be much higher in children. The present study, however, did provide evidence of 
moderation of genetic effects by some individual Life Events in adults as well.

A number of limitations of this study should be noted. First, the sample size was 
relatively small. The power to detect significant gene-environment interaction depends on 
the sample size, but also on the frequency of exposure to the environmental moderator, 
the magnitude of the interaction effect, and the magnitude and nature of the correlation 
between trait and moderator (i.e., the power to detect moderation effects decreases with 
increasing genetic or environmental correlation between trait and moderator (Purcell, 
2002)). To increase power in future studies, researchers should not only focus on larger 
sample sizes, but also on clever sample selection (i.e., the distribution of the moderator 
within the sample should be maximally informative), and accurate measurement of trait 
and moderator. 

Second, due to the large age range within the current sample, we could not 
distinguish between moderation effects of Life Events that took place recently or many 
years ago. Possibly, the specific effects of the moderators depend on the age at which 
the Life Event takes place. For example, exposure to Life Events in childhood may lead to 
moderation of genetic factors, or environmental factors that are involved in the development 
of general cognitive ability, while exposure to the same Life Events at a later age may affect 
environmental factors only. Such differential moderation effects can only be studied if the 
sample is stratified with respect to the age at which the Life Events took place. 

Third, as this is the first study on moderation effects of Life Events on variance 
components of general cognitive ability. The novelty of the study, in combination with the 
relatively small sample size, let us to adopt a criterion level α of .05, without correction for 
multiple testing, in order to reduce the number of Type II errors; i.e., missing out on small 
interaction effects that are actually present. A disadvantage of this strategy is that we may 
have picked up some false positive effects, although the number of significant findings was 
higher than that expected by chance alone. 

In the present paper we have shown that the extent to which genetic and 
environmental effects cause individual differences in adult general cognitive ability 
is not stable across the entire population, but varies as a function of positive, negative 
and neutral Life Events. Moderation effects reported in the present study are small, and 
replication is necessary to establish which effects are genuine. The finding that genetic 
and environmental influences fluctuate across environments may be of importance in the 
context of gene finding studies as accounting for environmental stratification may enhance 
the chance to find genes related to cognition.


