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Further Evidence Against the Environmental Transmission
of Individual Differences in Neuroticism from a
Collaborative Study of 45,850 Twins and Relatives

on Two Continents

Robert I. E. Lake,** Lindon J. Eaves? Hermine H. M. Maes? Andrew C. Heath 3
and Nicholas G. Martin*®

INTRODUCTION

Studies of identical and fraternal twin pairs reared to-
gether (e.g., Floderus-Myrhed al.,1980; Rosest al.,
1988; Eavest al., 1989a) and reared apart (e.g.,
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We examine the hypothesis that environmental transmission is a significant factor in individual
differences for Neuroticism among 45,850 members of extended twin kinships from Australia
(N = 20,945) and the United Statds £ 24,905). To this large data set we fitted a model esti-
mating genetic and environmental components of variance and gene—environmental covariance
to examine the causes of individual differences in Neuroticism. For the combined sample we re-
ject models including environmental transmission, shared environment, and a special twin en-
vironment in favor of more parsimonious genetic models. The best-fitting model involved only
modest assortative mating, nonshared environment, and both additive and nonadditive genetic
components. We conclude, first, that there is no evidence for environmental transmission as a
contribution to individual differences in Neuroticism in these replicated samples, drawn from
different continents, and, second, that a simple genetic structure underlies familial resemblance
for the personality trait of Neuroticism. It is interesting that, despite the opportunity provided
by the elaborate design and extensive power of our study, the picture revealed for the causes of
individual differences in Neuroticism is little more complex than that found from earlier, sim-
pler designs applied to smaller samples. However, this simplicity could not have been confirmed
without using a highly informative design and a very large sample.

KEY WORDS: Neuroticism; personality; twins; environment; genes; assortative mating.

Shields, 1962; Pedersext al., 1988; Tellegeret al.,
1988; Boucharcet al., 1990), as well as studies of
adoptees and their relatives (e.g., Loeleliral., 1981,
1985; Scarret al., 1981), have all produced findings
consistent with an important genetic contribution to
personality differences in adults. These findings, based
on self-report questionnaire responses, are also sup-
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Despite this consistency, however, important ques-
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adoption studies generally have yielded lower estimates
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of the heritability of personality differences—the pro- atric conditions of generalized anxiety disorder and
portion of the total variance explained by additive and major depression and, in particular, its close genetic
nonadditive genetic effects—than have twin studies. relationship to these conditions (Jardieteal., 1984;
This may be a result of substantial nonadditive genetic Kendleret al.,1993a, b; Andrews, 1996). While psy-
effects—such as interactions between alleles at thechiatric diagnoses are relatively expensive and time-
same locus (dominance) or alleles at different loci consuming and contain little information for unaffected
(epistasis)—on personality differences (e.g., Eaves individuals, Neuroticism is easily measured on large
et al.,1989a), which would contribute disproportion- population samples, and considerable power is gained
ately to the resemblance of MZ twin pairs but might from the continuous nature of the measure and the con-
also be the result of greater sharing of environmental sequent ability to select extreme discordant sib pairs
influences in twin pairs than in ordinary siblings for linkage analysis (Eaves and Meyer, 1994; Risch and
(Loehlin, 1992). The reliance upon unusual relative Zhang, 1995). Furthermore, Neuroticism is longitudi-
types such as adoptees and twins also raises more gemally stable and its heritability may be increased by ju-
eral questions about the generalizability of findings dicious choice of multiple measurements (Boomsma,
from studies on the genetics of personality. 1996). Neuroticism represents, therefore, an attractive
A weakness of twin and adoption studies is their target for association and linkage analysis to identify
poor ability to test for environmental transmission of major genes underlying anxiety and depression.
behavior. In the traditional adoption or separated twin
design, because adopted parents are screened and typl{ilETHOD
cally are older, a much narrower range of adversity is
likely to be experienced by their offspring. In data on
twin pairs reared together, insofar as shared environ-
mental effects interact with genetic differences, these The data used in this study come from two sam-
G x E effects are confounded with genetic estimates ples: the Australian sample comprises 21,222 respon-
(Eaveset al.,1977). These shortcomings can be over- dents who completed a self-report mailed question-
come by extension of the traditional classical twin de- naire and the United States sample comprises 24,905
sign to include assessment of the relatives of twin respondents. Both samples are based on twins and in-
pairs—their parents, siblings, spouses, and children. clude their spouses and their first-degree relatives
The extension of the twin design permits many of (i.e., parents, siblings, and offspring). Within the fam-
the assumptions implied in the traditional adoption and ily structure in this study there are 80 relationships,
twin studies to be tested. The extended twin-family de- if the relationships across three generations are dis-
sign includes a total of 80 unique relationships for counted (in practice there are few of these) and rela-
which different correlations are predicted under dif- tionships such as between twins and their parents and
ferent assumptions about gene action, parent—offspringbetween twins and their offspring are both treated as
and sibling environmental influences, assortative mat- a parent—offspring relationship.
ing, and other factors (Truedt al.,1994). While others The Australian sample was ascertained through
have reported analyses of extended twin-family data two cohorts of twins. The first cohort was recruited in
(e.g., Finkel and McGue, 1997), surprisingly no attempt 1980-1982 from a sampling frame which comprised 5967
has been reported to use the full power of these designswin pairs aged 18 years or older (born 1893 to 1964)
to test environmental models for the transmission of then enrolled on the Australian NHMRC Twin Registry
personality differences. Here we present results of two (ATR). Responses were obtained from 3808 com-
parallel studies, conducted in Australia and the United plete pairs [64% (Jardinet al.,1984)] and theswere
States, each involving the assessment of more tharfollowed up with a second mailed questionnaire in
20,000 adult participants, which have examined the fa- 1988-1990 with responses from 2708 complete pairs
milial transmission of Neuroticism using an extended (Heathet al.,1994) and 337 incomplete pairs (81% of
twin-family design. those still contactable). In this follow-up question-
Eysenck’s original conception of Neuroticism was naire, twins were asked to provide the names of parents,
as a continuum from the “normal” to the “neurotic,” siblings, spouses, and children who would be prepared
where neurotic represented the clinical extreme. Ourto answer similar mailed questionnaires. The second co-
interest in Neuroticism derives in large part from its hort of twins, born 1964-1971, was recruited from the
close relationship in the extremes to important psychi- ATR in 1989 and was mailed similar qtiesnaires in

Participants
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1989-1991, with responses from 3769 individuals of Table |. Breakdown of the Australian and United States
4269 eligible pairs. This cohort was also asked to pro- Samples by Type of Relative
vide names of relatives who were prepared to f|I.I in Australia United States
questionnaires. In total, names of 14,421 relatives
were provided for Cohort 1, and 4999 names for Co- Female member of MZ twin pair 3,043 3,943
hort 2. A suitably modified version of the question- '\F"a'e r‘embe;c’f '\’;ZDt;V't” pair 11'4::6 12'652158
. . emale member o win pair y y
naire was prepared for parent_s, and anot.her version =~ " ber of DZ twin pair 1,019 1218
for S|bI|ngs, spouses, and chlld.ren of twins. These yember of DZ opposite-sex pair 2,280 2,792
were mailed out during the period 1989-1991, and Female sibling 2,066 1,647
8601 (60%) and 2799 (56%) of relatives from Cohorts Male sibling 1,566 1,073
1 and 2, respectively, returned questionnaires (re—g""tthher 2132517 1%?)2
sponse rates varied with type of relative, from 65% " ¢ e 1567
for mothers to 56% for si_blings_). There was vigorous Hyshand 1568 2.261
follow-up of nonresponding twins (up to five phone Female child 940 2,543
calls) but somewhat less assiduous follow-up of rela- Male child 673 1,675
Total 20,945 24,905

tives (up to two phone calls). In total there were
21,222 respondents in the Australian sample, of whom
20,945 had valid scores for EPQ Neuroticism.

The United States twins were ascertained from a
population-based birth registry for the Commonwealth the number of “yes” responses. This scale is a subset of
of Virginia and from a volunteer sample through the Eysenck’s full 23-item Neuroticism scale. In a previous
American Association of Retired Persons (AARP), de- study (Martin and Jardine, 1986) we used the full scale,
scribed in detail by Truettt al. (1994). Their first- and the correlation between the short and the full scale
degree relatives and spouses were recruited in a simiis r(7616) = 0.94. Participants also gave their date of
lar fashion to the Australian sample, and in total there birth, from which their age could be calculated.
were 24,905 respondents (of 29,080) with valid scores An angular transformatirof the raw Neuroticism
for Neuroticism and for whom the zygosity of the scores was conducted to remove the marked effects of
proband twins could be determined. The responseheteroscedasticity associated with scales comprising di-
rates were 70% for twins and 45% for relatives. chotomous items (Snedecor and Cochran, 1989). This

The breakdown by type of relative for the two leads to more robust estimates by minimizing departures
samples is shown in Table I. There are some differ- from multivariate normality (to which the maximum-
ences in the breakdown between the two samples. Thdikelihood techniques we use are sensitive). Sex differ-
United States sample has proportionally fewer siblings ences in means lower DZ twin and sibling correlations
and parents and more spouses and offspring than theelative to MZ twin correlations (decreasing evidence
Australian sample, probably reflecting the older age for shared environment and increasing evidence for ge-
of the subsample from the AARP. netic nonadditivity), while uncorrected age regression
effects increase differences between twin pairs (which
would be interpreted in the model as a shared environ-
mental effect) and decrease sibling correlations relative

Measures

Participants in both studies completed a mail-back
questionnaire covering a range of health and lifestyle is- -———— The Neurotici . binomial distribu et
: . . e Neuroticism score has a binomial distribution, since it com-
sues and,mCIUdmg_the S_hort form of the revised Eysean prises the sum of dichotomous items, and hence has a mean—
Personality Questionnaire [EPQ-R(S) (Eysertlal., variance relationship which is unsatisfactory for methods such as
1985)]. The Neuroticism construct in the Eysenck per- ML estimation that assume multivariate normality. The angular
P P - P . or arcsine transform is a variance stabilizing transformation that
Sona!lty system is in the same domain as Neuroticism in makes the binomial distribution more closely approximate a nor-
the five-factor models (Eysenck and Eysenck, 1985; mal distribution and isp' =sin™"\'p, wherp, is the proportion
Digman, 1994; Watsoet al.,1994) and the second-order  of successes or, in this case, the proportion of “yes” items.
; ; ; i _ Snedecoand Cochran (1989) suggest a correction, due to Bartlett,
fa.lCtor of Negat“{e Emotlo_nallty.from the Multidimen for the tails of the distribution such thay =1/4n  whpn= 0
sional Personality Questionnaire (McCrae and John,
1992; Harknesst al.,1995). The Neuroticism scale in
the EPQ-R(S) has 12 yes/no items and the scale score is(12) in the scale.

and p = Ep —%E/n wherp; = 1, wheren is the number of items
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to DZ twin pair correlations (potentially creating a false There are three environmental components of vari-
impression of a special twin environment). To avoid ance: a shared sibling environme@t, a shared twin
these erroneous effects on parameter estimates, transenvironment,T; and a residual shared family environ-
formed scores were corrected for regression on age, sexment,E. Parent-to-offspring vertical cultural transmis-

agé, agex sex, and agfex sex interactions. sion is shown by the pathgg, bry, bye, andbyy. The
correlationfcc, between sibling shared environment is
Correlations Between Relatives 1 for same-sex siblings and can vary betwegérand

+1 for opposite-sex siblings. Similarly, the correlation,
rrr, between shared twin environment is 1 for same-
sex twins and can vary for opposite-sex twins.

Other components in the model are the phenotypic

Although the models are fitted to the raw data, we
find it useful also to examine the Pearson—product mo-
ment correlations for each data set for every pairing.

Some of these correlations are replicates, for example, . )
) ) correlation between parents modeled as primary phe-
the parent-offspring correlation occurs between the

twins and their parents and also between the twins anc{mtypIC assortmentYand the correlation between geno-

their offspring. The replicates of correlations were then gfhee?r;?ogg}/sirg?mﬁgﬁmiLA:g\As,orr/;Er‘]Fénin:r:gEtleL)JituraI
pooled within data sets using Fisher's (192%)jans- P yp

formation to give 80 unique correlations. Table Il shows transmission have also been developed and may yield

. -~ . outcomes slightly different from those obtained under
the 80 two-generation pairings of relatives grouped by _, - PR
. o . this specification.
type of relationship with the correlations and numbers
in each pairing for both samples. The correlations are
remarkably congruent, even to casual inspection. Com-Model Fitting

paring all 80 pairs of correlations simultaneously (using The above model is fitted by maximum-likelihood

a chi-square test) showed there was no significant dif- estimation to the raw data using the statistical package
ference between the Australian and the U.S. sets of cor- 9 P 9

relations §(79) = 63.22p = 0.90]. At an individual pair Mx (Neale, 1997). The fgll mo_del is fitted first, followed
. . . by a set of submodels in which sets of parameters are
level, only 2 of the 80 pairs of correlations had a sig- L .
o . . deleted or equated across sexes. The log-likelihood dif-
nificant heterogeneity chi-square valwe= 0.05), and

this is fewer than expected at the 5% significance level ference test is used to assess the change in fit between
P 9 "models—and so the fit statistic reported-2stimes the

log-likelihood (2*LL)—and Akaike’s (1987) infor-

mation criterion (AIC) is used to select the final model.
The path model we use to describe family resem- We also compute likelihood-based confidence intervals

blance in twin pedigrees is shown in Fig. 1 and described(Neale and Miller, 1997) for the selected model.

in detail elsewhere (Truett al., 1994; Maeset al.,

1997). The phenotypes, P, have subscripts M and F for

male and female, respectively, as have the path coeffi-RESULTS

cients. The latent variables represent genetic and envi-

ronmental components of variance. The results of model fitting are shown in Table Ill,
The latent variable#d andA', are additive genetic  and the fitting proceeded in two stages. In the first stage

effects, whereA is a sex-common factor amsl is a we examined the heterogeneity of the two data sets by

male-specific factor (we also could have modeled this fitting models to each data set and to a combined data

as a female-specific factor). The correlation between set. The test for heterogeneity is the difference between

sex-common and male-specific genetic factors igy the log-likelihood for the combined data set and the

andraa e The latent variableD, represents nonaddi- sum of the log-likelihoods for the separate data sets.

tive genetic effects. The correlation between the addi- This difference is not significant\g?(19) = 26.625,

tive genetic factors for the parents and offspring is 0.5, p = 0.114], and since there is no evidence of hetero-

reflecting the principles of Mendelian inheritance. The geneity between the two data sets, subsequent models

nonadditive genetic factors are uncorrelated betweenare fitted simultaneously to both data sets. A purely en-

parents and offspring and have a correlationgfbe- vironmental model for family resemblance (Model 4)

tween siblingsrpp is fixed at 0.25 for same-sex sib- includes only parameters for phenotypic assortmgnt (

lings but is allowed to vary betweer0.25 and+0.25 nonparental shared sibling and twin environmental fac-

for opposite-sex siblings. tors Cg, Cu, rco te tvy 1), €NVironmental transmis-

Statistical Methods
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Fig. 1. Path diagram of the relationships between parents and offspring. See text for explanation of symbols and diagram. Thescoefficien
of the dotted paths are fixed at @% hypothesand the variances of all latent variables are fixed at unity.

sion from parent to offsprindd(m, Bem, bue, bee), and male genetic parameters (Model 9). Further submod-
person-specific environmental factors,(ey). This els (Models 11 to 14) involve combinations of these
model is significantly worse in fit than the full model submodels, and of these, only Model 11 and Model
[Ax?(6) = 168.98p < 0.001]. 12 are not significantly different in fit from the full

A model in which only genetic factors account model. We prefer Model 12 since it has the lower AIC
for family resemblance (Model 5) includes parame- (-1.43 vs. 0.566).
ters for phenotypic assortmeri,(sex-common and The final model (Model 12) is not significantly dif-
male-specific additive genetic factora-(ay, a'v), ferent in fit from the full model [Model 3Ax%(12) =
nonadditive genetic factordd, dy, rpp), and a person-  8.00,p =0.79] and includes only sex-common additive
specific residual termet, ey). This model is not sig- and nonadditive genetic factors, a nonshared environ-
nificantly worse in fit than the full modefk?(10) = ment factor, and the assortative mating parameter. The
5.43,p = 0.86]. path diagram showing path coefficients for this model

We now test submodels of the genetic model. is shown in Fig. 2 and the estimates for the genetic and
The person-specific environmental factor is retained environmental variance components and spousal corre-
since it contains the residuals for the model. We canlation with confidence intervals are shown in Table IV.
drop the male-specific additive genetic factahy(
Model 6) and the nonadditive genetic correlation be-

tween opposite-sex siblingspp; Model 10) without DISCUSSION
significantly affecting the fit of the model. We can- To our knowledge, the combined Australian and
not drop the nonadditive genetic factom,(dy; U.S. samples comprising 45,850 adult individuals

Model 7) or the phenotypic assortment parameter from 80 distinct biological and social relationships
(i; Model 8). We also cannot equate the male and fe-constitutes the largest and most informative study of
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Table Ill. Summary Statistics of the Fit of the Genetic—Environmental Models to the Combined Australian and U.S. Data

Model comparison

Model Model fit,
No. Model —2*LL Comparison Changg? df p
Full model
1 Australian data 8,583.840 —
2 U.S. data 10,899.278 —
3 Combined data 19,509.743 3+Q) 26.625 19 0.114
Submodels (based on combined data)
4 Environmental 19,678.726 4-3 168.983 6 <0.001
5 Genetic 19,515.174 5-3 5.431 10 0.861
6 Genetic: drop male-specific additive genetic fac#iy)( 19,515.911 6-5 0.737 1 0.391
7 Genetic: drop nonadditive genetic factodg,(dr, rpp) 19,555.581 7-5 40.407 3 <0.001
8 Genetic: drop assortment parametgr ( 19,565.147 8-5 49.973 1 <0.001
9 Genetic: equate male and female genetic parameters 19,521.740 9-5 6.566 2 0.038
(ar = au, de = dy)
10 Genetic: fix nonadditive genetic correlation between 19,517.451 10-5 2.367 1 0.124
opposite-sex siblings §p = 0.25)
11 Genetic: drop male-specific additive genetic factor 19,521.740 11-5 6.566 3 0.087

(ay and equate male and female genetic parameters
(ar = ay, dr = dy)

12 Genetic: drop male-specific additive genetic factor 19,517.741 12-5 2.567 2 0.277
(a'y) and fix nonadditive genetic correlation
between opposite-sex siblings 4, = 0.25)

13 Genetic equate male and female genetic parameters 19,544.540 13-5 29.366 3 <0.001
(ag = au, de = dy) and fix nonadditive genetic
correlation between opposite-sex siblingsy(= 0.25)

14 Genetic: drop male-specific additive facta’y; 19,544.540 14-5 29.366 5 <0.001
fix nonadditive genetic correlation between opposite-
sex siblings 1pp = 0); equate male and female
genetic parametersd = ay, d= = dy)

@ The preferred model is boldfaced.

the inheritance of personality to date. Our results addet al.,1978; Heath and Eaves, 1985; Hesttlal.,1985).
considerable weight to previous findings that environ- The fact that we have not detected any great complex-
mental transmission and shared environmental effectsity gives us confidence that the causes of variation in
contribute little to family resemblance in Neuroticism. Neuroticism really are simple, and not just a conse-
The overall contribution of genetic factors to individ- quence of the shortcomings of our design.
ual differences is somewhat greater for females (broad The evidence for nonadditive genetic effects, in-
heritability, 41%) than males (35%), consistent with consistent in previous studies, is quite unambiguous in
previous large twin and family studies (Floderus- the present data, implying that there are interactions
Myrhedet al.,1980; Eaveet al.,1989a; Loehlin, 1992;  between alleles at the same locus or indeed at differ-
Viken et al., 1994; Finkel and McGue, 1997). How- ent loci which influence an individual’s Neuroticism
ever, in contrast with these previous studies, we havescore. However, at least some of it may reflect the
explicitly modeled the effects of assortative mating and expression of different genes at different ages (Eaves
environmental transmission. et al., 1978). While the correlation between spouses
Critics may argue that we have found nothing new (0.09) is statistically significant and agrees closely with
in this study. We would argue that previous studies earlier estimates (Eavex al.,1989a), it is too small
have arrived at simple conclusions because their de-to have a substantial effect on the amount of genetic
signs would not permit the detection of anything more variation or on the correlation between relatives. The
complex. Our study, in contrast, has both the designcorrelation between the squared spousal difference for
and the power to detect more complex patterns of cau-Neuroticism and the duration of the marriage in years
sation if they exist (Eavest al., 1977, 1989b; Martin ~ was extremely smallr{3602) = 0.025p = 0.14] and
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suggests that spousal interaction is not responsible forshared environment, although it must be recognized that

the small observed correlation between mates.

Our data confirm the widespread finding of pre-
vious studies that the shared family environment in-
cluding the environmental effect of parents on their
children plays no significant role in family resemblance
for Neuroticism (Plomin and Daniels, 1987; Eaves
et al.,1989a; Loehlin, 1992). We also modeled envi-
ronmental influences shared only by twins but found
that these were not significant. The only significant en-
vironmental effects were the substantial effects of non-

RP AR PP

l 16 15 -10 .25

Pe \ -08#
5

.15 .25

Fig. 2. Path diagram showing the estimated path coefficients for the

our estimate includes error variance which for the an-
gular transformation of a scale wequivalent items is
1/4n,that is, 0.021 fon = 12. The total variance under
the angular transformation is 0.0962 for males and
0.0906 for females. Thus about 22% (0.021 divided by
the weighted sex-averaged variance) of the total phe-
notypic variance can be attributed to measurement error,
reducing estimates of stable nonshared environment to
37% in females and 43% in males. A limitation of our
study is that, whereas most previous studies have em-
ployed the full Neuroticism scale of 23 items, both our
studies employed the short scale of 12 items, with a con-
comitant increase in the variance due to measurement
error and reduction in the proportion of variance due
to genetic factors; the heritabilities expressed as a pro-
portion of the stable variance are 45% in males and
53% in females.

Another limitation of our study is the reliance on
a volunteer sample and the attendant possibility of re-
sponse bias. This possibility is hard to check, especially
when our samples are larger than any “standardization”
samples. Response bias is a concern principally if miss-
ingness is related to the response variable (Little and
Rubin, 1987), and with relatives we are in the fortu-
nate situation that we have information about nonre-
sponding relatives through the relatives who did respond
(Neale and Eaves, 1993). If there is a correlation be-
tween Neuroticism and cooperation, and Neuroticism
is partly heritable, then we would expect scores for sin-
gle twins where the cotwin has not responded to be bi-
ased in the direction of the nonresponsive phenotype.
The bias will be more marked for single MZ than for
single DZ twins; the same will apply to all the other

most parsimonious model for the combined data sets (coefficients in '€lative pairs in our sample. The fortunate consequence

italics are fixedex hypothe3i

of maximume-likelihood estimation with single relatives

Table IV. Variance Components for the Final Model by Sex for the Combined Australian and U.S. Data Sets

Sex
Female Male
Variance components (%) Raw Adjusted Raw? Adjusted
Additive genetic 28 (24-31) 36 25 (21-29) 32
Additive genetic via assortmént 6 (4-8) 8 6 (4-8) 8
Nonadditive genetic 13 (9-18) 17 10 (4-15) 13
Nonshared environment 58 (56-61) 46 65 (61-69) 55

2 The 95% confidence intervals are shown in parentheses.
b The adjusted values reflect the estimated 22% measurement error (see text).
¢ The part of additive genetic variance due to phenotypic assortative mating.
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jointly with complete pairs is to correct the bias in mean
and variance of the former toward their tpopulation
values (Little and Rubin, 1987; Muthétal.,1987). A

further empirical point is that none of the mean scores

for the different relative types was significantly differ-

Lake, Eaves, Maes, Heath, and Martin

Eaves, L. J., Eysenck, H. J., and Martin, N. G. (198Ga&nes, Cul-
ture and Personality: An Empirical Approachcademic Press,
London.

Eaves, L. J., Fulker, D. W., and Heath, A. C. (1989b). The effects of
social homogamy and cultural inheritance on the covariances of
twins and their parents: A LISREL mod&ehav. Genetl9:
113-122.

ent from the mean for the total sample, after correction gysenck, H. J., and Eysenck, M. W. (198Bgrsonality and Indi-

for age and sex. This argues strongly against bias aris-

ing from differential response rates in different relative
types.

vidual Differences— A Natural Science Approa@lenum Press,
New York.

Eysenck, S. B. G., Eysenck, H. J., and Barrett, P. (1985). A revised
version of the psychoticism scalers. Individ. Diff.6:21—-29.

Our data show that a very simple genetic model is Finkel, D., and McGue, M. (1997). Sex differences and nonadditiv-

sufficient to account for the causes of variation and fam-

ily resemblance in Neuroticism in two very large sam-
ples spanning an exceptionally wide range of biologi-

cal and social relationships. There is no need to invoke
any nongenetic causes of family resemblance. Further-
more, whereas most previous studies have depended en-

tirely on twin data or small samples of other relatives,
our studies contain more nontwin relatives than twins,

and the results of model fitting are much the same if the

twin relationships themselves are excluded.
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