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The aim of this study was to determine the genetic contr ibution to the var iation in testosterone and
the aggression-hosti l i ty-anger  (AHA) syndrome in middle-aged twins. Moreover, the relation
between testosterone and this syndrome, and possible common genetic mechanisms were
investigated. Towards this end, blood samples were col lected at two time points; the AHA
syndrome was measured using three questionnai res: the Buss-Durkee Hosti l i ty Inventory wi th
seven subscales, the Jenk ins Activi ty Survey and the Spielberger  State-Trai t Anger  Scale. The
resul ts showed substantial  her i tabi l i ties for  testosterone (approximately 60%) and moderate to fai r
her i tabi l i ties for  the nine measures of the AHA syndrome (23–53%). The best fi tting model  for
testosterone at two time points included a smal l  age component and addi tive genetic and unique
envi ronmental  factors, whi le a mul tivar iate analysis of the nine AHA subscales resul ted in an
independent pathway model  wi th two common addi tive genetic and two common unique
envi ronmental  factors. No correlation between the common genetic factor  influencing testosterone
and the AHA subscales was found. We did, however, detect a negative correlation between the
common envi ronmental  factor  under lying testosterone and both common envi ronmental  factors
influencing the nine AHA subscales, which may reflect a tendency for  testosterone levels to r ise
and hosti l i ty to drop (or  vice versa) after  repeatedly exper iencing success (or  fai lure). Twin
Research (2000) 3, 266–276.
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Introduction

The quest for biological  factors underlying the
development of hosti l i ty and aggression has been
aimed at various neuronal  and endocrinological
variables. Of al l  the neurotransmi tters possibly
involved in this complex trai t, serotonin has recently
attracted most of the attention whi lst testosterone is
the hormone most frequently investigated.

Testosterone is the male steroid hormone that is
synthesized mainly by the Leydig cel ls of the testes.
It exerts a potent anabol ic action that is responsible
for the post-pubescent growth rate and the sub-
sequent muscle and bone tissue maintenance of the
adul t male. Studies in rodents have shown that
testosterone levels are influenced by genetic factors.
For instance, male wi ld house mice genetical ly
selected for short attack latencies (ie high aggression)

show higher testosterone concentrations than males
selected for long attack latencies (ie low aggres-
sion).

1,2
In humans, testosterone is also heri table.

Twin studies have found a substantial  genetic con-
tribution to the variation in human testosterone
levels (see, for instance, Harris et al ,

3
Meikle et al

4,5
).

Accordingly, the first aim of this study is to expand
these findings by measuring total  testosterone (free-
+ bound) levels at two di fferent time points in a

sample of male middle-aged Dutch twins and deter-
mine the heri tabi l i ty in a mul tivariate model  to
optimise power.

6

The genetic basis of aggression and hosti l i ty has
been studied more extensively. These concepts are
part of a cluster often referred to as the aggression-
hosti l i ty-anger (AHA) syndrome.

7
Anger refers to an

emotion but can also be considered a personal i ty
trai t. The term aggression refers to overt verbal  or
physical  aggressive behaviour towards others. Hos-
ti l i ty is in i tsel f a mul tidimensional  concept that can
be categorised into an atti tudinal , an emotional  and
a behavioural  component. The atti tudinal  (or cogni -
tive) component refers to negative atti tudes and
appraisals towards others, in other words, mistrust
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and cynicism. The emotional  component includes
emotions l ike anger, i rri tabi l i ty and annoyance. The
behavioural  component, also described as reactive or
expressive hosti l i ty, refers to aggressive, antagonistic
behaviour. A number of questionnai res to measure
the components of the AHA syndrome have been
used and described in the l i terature. The fol lowing
five seem to be the most widely used (but see Vernon
et al ,

8
for other examples).

The Cook-Medley Hosti l i ty (Ho) Scale mainly
measures cynical  hosti l i ty al though i t also contains
an expressive and neurotic component. The Jenkins
Activi ty Survey (JAS) measures Type A behaviour,
which typical ly comprises achievement orientation,
competi tiveness, repressed hosti le feel ings, exces-
sive impatience, overactivi ty and a continuous sense
of time urgency. Type A individuals show a high
potential  for hosti l i ty and an inabi l i ty or unwi l l ing-
ness to express anger. Thi rd is the Buss–Durkee
Hosti l i ty Inventory (BDHI). The Assaul t, Verbal  and
Indi rect Hosti l i ty sub-scales are supposed to meas-
ure expressive hosti l i ty whi le Resentment and Sus-
picion measure neurotic hosti l i ty. The fourth ques-
tionnai re is the Spielberger State-Trai t Anger Scale
(STAS). The trai t version of this scale measures the
predisposi tion to experience anger.

9
Recently, Buss

and Perry
10

have constructed a new l ist of questions,
the Aggression Questionnai re, wi th four scales:
Hosti l i ty, Anger, Physical  and Verbal  Aggression. For
an evaluation of this questionnai re, the reader is
referred to Harris.

11
Construct val idi ty and psycho-

metric properties of the instruments measuring
hosti l i ty are discussed in the concise review by
Smith.

12

Resul ts on genetic components of the Cook and
Medley Scale have been confl icting, wi th only the
cynicism sub-scale showing a reproducible but
moderate genetic component.

13,14
Both BDHI and

Type A-l ike measures show moderate to substantial
heri tabi l i ties.

15–20
We are not aware of any studies

that investigated heri tabi l i ty of the STAS. Recently,
Vernon et al

8
reported substantial  heri tabi l i ties for

three of the four sub-scales of the Aggression
Questionnai re. In the same study the genetic compo-
nent to hosti l i ty and aggression was confirmed by
resul ts from six addi tional  questionnai res. Conse-
quently, the second aim is to investigate whether the
genetic contribution to the variation in hosti l i ty and
aggression in our Dutch twin sample is simi lar.
Towards this end, three of the earl ier mentioned
questionnai res measuring di fferent aspects of the
AHA syndrome were administered to al l  subjects:
the BDHI, the JAS and the STAS.

More importantly, testosterone and hosti l i ty might
be related. Evidence for this relation has mainly
come from studies on non-primate animals where
aggression is dependent on testosterone (see, among

others, A lbert et al
21

). General ly, higher testosterone
levels are associated wi th increased aggressive
behaviour (see, for instance, Van Oortmerssen et al

1
).

Whether this testosterone-dependent aggression is
actual ly present in humans is sti l l  unclear. A l though
qui te a few studies have deal t w i th this subject in the
past, the evidence for a relation between testosterone
and aggression in humans is yet inconclusive. In the
beginning of the 1990s two reviews exploring the
testosterone–aggression relationship emerged.
Archer

22
was moderately posi tive about testosterone

being the biological  basis of human aggression
whi lst A lbert et al

23
were plainly negative. However,

recently there has been some evidence that testoster-
one and aggression are related in both physical ly and
psychological ly heal thy subjects.

24,25
Hence, the

thi rd aim is to investigate whether testosterone
levels and (aspects of) the AHA syndrome are
related. We hypothesise that higher level  of testoster-
one are associated wi th higher scores on the three
questionnai res reflecting the AHA syndrome. If this
is the case, we wi l l  examine to what extent the
covariance between hormone levels and this cluster
of personal i ty trai ts is due to common genes (pleio-
tropy) or common envi ronment.

Methods

Subjects

This study is part of a larger project in which
cardiovascular risk factors were studied in 213 mid-
dle-aged twin pai rs (aged between 34 and 63)

26–29

Twins were recrui ted by a variety of means, includ-
ing advertisement in the media, advertisement in the
information bul letin of the Netherlands Twin Regis-
try

30
and sol ici tation through the Dutch Twin Club.

In addi tion, a smal l  number of tw ins who heard from
the study in another way volunteered to participate.
Informed consent obtained from al l  subjects. Data
from one twin pai r was excluded because no blood
could be obtained from one of the twins. In total
164 males were included in the study: 45 mono-
zygotic (MZ) and 37 dizygotic (DZ) pai rs. Zygosi ty
was determined by DNA fingerprinting.

Blood sampling and testosterone assay

Twins arrived at the Department of Biological  Psy-
chology in Amsterdam at about 10.00 am. They were
requested to fast, refrain from smoking and the use of
alcohol , coffee and tea after 11.00 pm the preceding
night. Blood was col lected by venipuncture and
sampled in ci trate tubes. The tubes were placed on
ice and centri fuged promptly (30 min, 2000 g) at 4°C
to separate plasma from cel ls. A l iquots of plasma
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were snap-frozen using l iquid ni trogen and stored at
–20°C unti l  processing.

Blood samples were col lected at two distinct time
points. The first sample was taken at 10.30 am, the
second one at 2.00 pm. This procedure takes into
account the variabi l i ty in testosterone due to i ts
ci rcadian rhythm. Testosterone concentrations were
determined using a standard radioimmunoassay
(Equate, Portland, Maine, USA). For this assay, the
minimal  detectable dose of testosterone was found to
be 1.8 ng/dl . Intra-assay and inter-assay coefficients
of variation were 7.6% and 4.6%, respectively. Cross
reactivi ty was 1.7% wi th dihydrotestosterone,
0.059% wi th 17�-estradiol  and < 0.001% wi th pro-
gesterone. Ci trate plasma samples were found to
correlate perfectly (r = 0.996) wi th serum samples in
the Equate radioimmunoassay, al though mean val -
ues were systematical ly lower by 12.2%. Al l  samples
were assayed in dupl icate and average values were
used in al l  analyses. Total  testosterone concentra-
tions (free and bound) were measured. Previous to
al l  data analysis testosterone levels were log trans-
formed to obtain a normal  distribution.

Questionnaires

The AHA syndrome was measured using three
di fferent questionnai res.

(1) The Dutch val idated version of the Buss–
Durkee Hosti l i ty Inventory (BDHI), which is a
sel f-rating scale wi th 75 true-false i tems provid-
ing information on seven sub-classes of hosti l -
i ty: physical  assaul t, indi rect hosti l i ty, i rri tabi l -
i ty, negativism, resentment, suspicion and
verbal  hosti l i ty.

31,32
These seven sub-scales are

summed to yield a total  hosti l i ty score. The
BDHI also contains a gui l t scale, which shares
no i tems wi th any of the hosti l i ty scales and
was, therefore, excluded from the genetic
analysis.

(2) The Jenkins Activi ty Survey (JAS), which is a
sel f-report measure of Type A behaviour.

33,34

The characteristic elements of Type A behav-
iour pattern are achievement orientation, com-
peti tiveness, repressed hosti le feel ings, exces-
sive impatience, overactivi ty and a continuous
sense of time urgency. Hosti l i ty is thought to be
an important component of the heterogeneous
concept of Type A behaviour.

7

(3) The Spielberger State-Trai t Anger Scale
(STAS).

9
We used the Dutch val idated version

and from this only the trai t i tems.

Total  scores on the JAS (ie Type A behaviour),
Spielberger’s Trai t-Anger questionnai re and scores
on the seven sub-scales of the BDHI were al l

regarded as reflecting (di fferent aspects of) the AHA
syndrome. These nine measures were al l  included in
the mul tivariate model -fi tting analysis.

Analytical  approach

Model fi tting to twin data

Detai ls of model  fi tting to twin data have been
described elsewhere.

28,35
In short, the technique is

based on the comparison of the variance–covariance
matrices in MZ and DZ twin pai rs and al lows
separation of the observed phenotypic variance into
addi tive (A) or dominant (D) genetic components
and shared (C) or unique (E) envi ronmental  compo-
nents. The latter also contains measurement error.
Dividing each of these components by the total
variance yields the di fferent standardised compo-
nents of variance, for example the heri tabi l i ty (h

2
)

which can be defined as the ratio of addi tive genetic
variance to total  phenotypic variance. By incorporat-
ing age into the model , the influence of age on the
phenotype can also be quantified.

36
Extension of

univariate to mul tivariate models addi tional ly
al lows exploration of the question whether the
origin of the covariance between the di fferent varia-
bles is genetical ly and/or envi ronmental ly
determined.

Multivariate analysis of testosterone and the AHA
syndrome

A bivariate Cholesky decomposi tion
37,38

including
age was used to analyse testosterone at the two
measurement occasions. Subsequently this model
was further simpl ified to obtain the most parsimoni -
ous solution. The Cholesky decomposi tion al lows
calculation of the genetic and envi ronmental  correla-
tion between testosterone at time1 and at time2.

For the analysis of the nine selected scales of the
AHA syndrome three mul tivariate models were
used: the Cholesky decomposi tion, the independent
pathway model  and the common pathway model .
Whi lst al l  these models decompose the variance into
the respective components of variance (A, C, D or E),
each represents di fferent ways in which genes and
the envi ronment may affect the observed covaria-
tions between the outcome measures. The Cholesky
model  al lows exploration of the extent to which the
di fferent factors (A, C, D or E) can explain the
variance and covariance of the outcome measures.
The number of latent factors equals the number of
variables: the first factor loads on al l  nine hosti l i ty
measures, the second factor loads on the eight
remaining measures, the thi rd on the seven remain-
ing measures etc. The independent pathway model
is a submodel  of the Cholesky model , assuming one
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or more common factors of each possible type (A, C,
D or E) loading on al l  the outcome measures. Besides
these common factors, each of the nine outcome
measures is influenced by genetic and envi ron-
mental  factor loadings specific to each of those nine
measures. In the common pathway model , both
genes and the envi ronment are assumed to contrib-
ute to one or more latent (unmeasured) variables (eg
‘AHA syndrome’), which is or are responsible for the
observed covariation between the scales. Genetic
and envi ronmental  factors specific to each measure
are also incorporated in the model .

The fol lowing strategy was used in the mul ti -
variate analysis of the AHA syndrome to find the
most parsimonious model . Fi rst, a Cholesky decom-
posi tion was used to explore the significance of the
contributions of the di fferent factors (A, C, D or E) to
the variance and covariance of the outcome meas-
ures. Next, exploratory factor analysis was per-
formed on the correlation matrices of the latent
factors derived from the best fi tting Cholesky model
to determine the l ikely number of common factors.
Subsequently a range of independent pathway mod-
els was fi tted to determine the number of common
latent factors consti tuting the best fi tting model .
Final ly, we examined whether this best fi tting model
could be further simpl ified by constraining the
relative importance of genetic and envi ronmental
influences to be equal  in al l  nine outcome variables.
That is, we fi tted a common pathway model  wi th
two common factors.

To ensure the identification of models wi th mul ti -
ple common A and E factors (and of the common
pathway model  wi th two common factors) we used
orthogonal  rotations (ie uncorrelated common fac-
tors) wi th reference variables.

39
For example, for the

case of two common factors we first identified a
variable that loaded high on one factor and low on
the other. This reference variable was obtained from
a varimax rotated exploratory factor model  wi th the
same number of common factors and the A or E
correlation matrices derived from the Cholesky
decomposi tion as input. Next, in our genetic model -
l ing analyses the loading of the reference variable on
the intended common factor was estimated, but the
loading of the reference variable on the other
common factor was fixed to zero. In a simi lar fashion
3 and 6 factor loadings were fixed to zero for models
wi th three and four common factors respectively.

Model fi tting procedure

A series of models was fi tted to the mul tivariate–
covariance matrices. The significance of variance
components A, C and D was assessed by testing the
deterioration in model  fi t after each component was
dropped from the ful l  model , leading to a model  in

which the pattern of variances and covariances is
explained by as few parameters as possible. Sub-
models were compared wi th the ful l  model  by
hierarchic �2

tests. The di fference in �2
values

between sub-model  and ful l  model  is i tsel f approx-
imately distributed as �2

, w i th degrees of freedom
(df) equal  to the di fference in df of sub-model  and
ful l  model . Model  selection was also guided by
Akaike’s Information Cri terion (AIC = �2

– 2df). The
model  wi th the lowest AIC reflects the best balance
between goodness of fi t and parsimony.

Statistical software

Data handl ing and prel iminary analyses were done
wi th STATA Version 5.0.

40
Exploratory factor analy-

sis was done wi th LISCOMP.
41

Al l  genetic model l ing
was carried out wi th Mx.

37

Resul ts

Means of testosterone levels at the two time points
and hosti l i ty measures are shown in Table1 for the
total  sample and for MZ and DZ twins separately.
Testosterone levels showed a significant fal l  between
time1 and time2 (pai red t-test: P < 0.001). Mean
values of age, testosterone levels and hosti l i ty scales

Table 1 Means (sd) of testosterone levels and measures of the
aggression-hosti l i ty-anger (AHA) syndrome in monozygotic (MZ)
and dizygotic (DZ) twins and the total  tw in sample

MZ DZ Total

Number of pai rsa 45 37 82
Age (yr) 42.8 (5.6) 44.6 (7.2) 43.6 (6.4)
Testosterone 470.5 (132.0) 456.1 (172.6) 464.0 (151.4)

time 1 (ng/dl )
Testosterone 383.1 (109.1) 362.3 (134.1) 373.8 (121.1)

time 2 (ng/dl )
Type A 11.9 (5.7) 12.3 (5.1) 12.1 (5.4)
Trai t-Anger 15.8 (3.5) 15.8 (4.4) 15.8 (3.9)
Assaul t 5.6 (3.8) 5.2 (4.0) 5.4 (3.9)
Indi rect hosti l i ty 7.2 (3.7) 6.1 (3.5) 6.7 (3.7)
Irri tabi l i ty 7.7 (4.0) 8.0 (3.8) 7.8 (3.9)
Negativism 4.4 (2.4) 4.1 (2.4) 4.3 (2.4)
Resentment 2.7 (3.0) 2.8 (3.0) 2.7 (3.0)
Suspicion 5.2 (3.4) 5.1 (3.3) 5.2 (3.4)
Verbal  hosti l i ty 13.1 (4.8) 13.7 (3.6) 13.4 (4.3)
Gui l t 7.2 (3.2) 7.2 (3.5) 7.2 (3.3)

Total  hosti l i ty 45.9 (15.9) 45.0 (15.8) 45.5 (15.8)

aHosti l i ty measures were not avai lable in one MZ twin pai r.
Testosterone time 1 reflects the concentration at 10.30 am, testos-
terone time 2 the concentration at 2.00 pm. Type A represents
the score on the Jenkins Activi ty Survey (JAS). Trai t-Anger the
score on the trai t version of the Spielberger State-Trai t Anger
Scale (STAS), whereas Assaul t up to Verbal  Hosti l i ty inclusive
represent the seven sub-scales of the Buss–Durkee Hosti l i ty
Inventory (BDHI). These seven sub-scales are summed to yield a
total  hosti l i ty score.
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were al l  highly simi lar for MZ and DZ twins. No
significant di fferences in variances of log trans-
formed testosterone values were found between MZ
and DZ pai rs (�2

[2] = 3.08; P = 0.21) and time1 and
time2 (�2

[1] = 2.62; P = 0.11).
For testosterone levels at the two time points and

for al l  hosti l i ty measures, tw in correlations in MZ
twin pai rs were larger than those in DZ twin pai rs,
indicating substantial  genetic influences on al l  trai ts
(Table2).

Table3 shows phenotypic correlations between
age, testosterone levels, hosti l i ty scales, gui l t and
total  hosti l i ty. Testosterone levels showed a weak
negative association wi th age. The correlation
between testosterone at the two time points was
0.83. Hosti l i ty scales showed no relation wi th age or
testosterone levels. Intercorrelations between the
nine hosti l i ty scales ranged from 0.16 to 0.62.
Correlations between testosterone and the di fferent
indicators for hosti l i ty were equal  for the two time
points (�2

[9] = 6.68; P = 0.67) and not significantly
di fferent from zero (�2

[9] = 5.98; P = 0.74). Due to
the absence of an association between testosterone
and the di fferent indicators for hosti l i ty we decided

in the first instance not to include both testosterone
and hosti l i ty measures into the same mul tivariate
model  (ie to test for common genes). Instead we first
used di fferent models to investigate the genetics of
testosterone levels and hosti l i ty scales separately.

Table4 shows the resul ts of model l ing testosterone
at the two measurement occasions. Both C and D
could be dropped from the model  wi thout a sig-
nificant reduction in fi t. Thus the best fi tting model
included A and E. The influence of age was also
significant (�2

[2] = 6.67; P < 0.05) and di fferent for
the two time points (�2

[1] = 3.46; P = 0.06). Both the
genetic and envi ronmental  structure of this AE
model  could be simpl ified further, leading to the
most parsimonious model  (see Figure1). In this best-
fi tting model , testosterone at time1 and time2 is
influenced by one common genetic factor and a
unique envi ronmental  part that contains both com-
mon and specific influences. Unl ike both the com-
mon and specific envi ronmental  influences, the
genetic factor loadings in this model  could not be set
equal  for time1 and time2 (�2

[1] = 5.11; P < 0.05).
Thus, the envi ronmental  variance remains the same
on both occasions, whereas the genetic variance
increases from time1 to time2. The genetic and
unique envi ronmental  correlations between testos-
terone at time1 and time2 in this model  were 1.0
and 0.55, respectively. These resul ts confirm the
expectation that testosterone at the two measure-
ment occasions is influenced by the same genes and
that variation in levels between the two points can
be attributed to unique envi ronmental  factors. Heri t-
abi l i ty estimates for testosterone levels were some-
what lower for time1 (0.56) compared wi th time2
(0.65) (see Table5).

Resul ts of mul tivariate model  fi tting of the AHA
syndrome using the Cholesky decomposi tion are
shown in Table6. Both C and D could be dropped
from the model  wi thout a significant reduction in fi t,
ie the AE model  provided the best fi t.

Table 2 Twin correlations for monozygotic (MZ) and dizygotic
(DZ) twin pai rs

MZ DZ

Testosterone time 1 (ng/dl ) 0.58 0.20
Testosterone time 2 (ng/dl ) 0.58 0.40
Type A 0.69 0.19
Trai t-Anger 0.29 0.07
Assaul t 0.50 –0.10
Indi rect hosti l i ty 0.26 0.06
Irri tabi l i ty 0.43 0.15
Negativism 0.13 0.04
Resentment 0.53 0.38
Suspicion 0.55 0.09
Verbal  hosti l i ty 0.49 0.05
Gui l t 0.07 0.30

Total  hosti l i ty 0.63 –0.03

For explanation see Table 1.

Table 3 Intraindividual  phenotypic correlations between age, testosterone and measures of the AHA syndrome (n=162)

Age Test 1 Test 2 Type A Anger Ass Indh Irri t Negat Res Susp Verbh Guil t

Age
Testosterone time 1 –0.18
Testosterone time 2 –0.09 –0.83
Type A –0.03 –0.03 –0.03
Trai t-anger –0.07 –0.09 –0.04 0.57
Assaul t –0.01 –0.15 –0.07 0.17 0.29
Indi rect hosti l i ty –0.19 –0.01 –0.00 0.26 0.45 0.30
Irri tabi l i ty –0.02 –0.10 –0.09 0.50 0.62 0.18 0.33
Negativism –0.12 –0.08 –0.08 0.16 0.23 0.35 0.28 0.21
Resentment –0.07 –0.00 –0.05 0.24 0.35 0.24 0.38 0.62 0.26
Suspicion –0.02 –0.03 –0.08 0.20 0.33 0.18 0.28 0.42 0.31 0.50
Verbal  hosti l i ty –0.13 –0.05 –0.01 0.23 0.38 0.38 0.33 0.31 0.36 0.27 0.17
Gui l t –0.21 –0.16 –0.15 0.18 0.21 0.20 0.10 0.31 0.24 0.24 0.32 0.01

Total  hosti l i ty –0.11 –0.09 –0.08 0.40 0.61 0.60 0.65 0.69 0.54 0.71 0.62 0.66 0.30

For explanation see Table 1.
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Exploratory factor analysis wi th the A correlation
matrix derived from the Cholesky decomposi tion as
input, showed two factors wi th an eigenvalue > 1.
The si tuation for E was less clear wi th four eigenva-
lues > 1, but three of those only just > 1. Based on
these resul ts we decided to test a range of sub-
models of an AE independent pathway model  wi th
four common factors for both A and E. The most
parsimonious model  (wi th the lowest AIC) included,
beside the obvious specific influences of A and E,
two common genetic and two common unique
envi ronmental  factors (Table7). We further tried to
simpl i fy this model  by testing a common pathway
model  wi th two common factors. This sub-model ,
however, showed a fi t that was significantly worse
(�2

[15] = 62.66; P < 0.001).
Table8 shows the standardised solution of the

best-fi tting independent pathway model , ie the total
variance of each variable was standardised to 1. The
first common genetic factor is characterised by high
loadings of Type A, anger, i rri tabi l i ty and resent-
ment, whereas assaul t, negativism and verbal  hosti l -
i ty load high on the second common genetic factor.
Indi rect hosti l i ty and suspicion load on both com-
mon factors. The structure of the envi ronmental

Table 4 Resul ts of model  fi tting of (log transformed)
testosterone at time 1 and time 2

Model �2 df P AIC

ACE 33.10 18 0.02 –2.90
ADE 32.94 18 0.02 –3.06
AE 33.22 21 0.04 –8.78

AE best model 33.22 23 0.08 –12.78
CE 38.81 21 0.01 –3.20
E 60.82 24 0.00 –12.82

�2: chi -square goodness of fi t statistic; df: degrees of freedom;
P: probabi l i ty; AIC=Akaike’s Information Cri terion. See text for
further abbreviations. A l l  models included age.

Figure1 Most parsimonious bivariate model  for testosterone
levels measured on two occasions. For clari ty only one twin is
depicted. Non-standardised factor loadings are shown. testo1:
testosterone level  at time1; testo2: testosterone level  at time2; AC:
common addi tive genetic factor; EC: common unique envi ron-
mental  factor; ES: specific unique envi ronmental  factor

Table 5 Parameter estimates and 95% confidence intervals of the
best-fi tting model  of (log transformed) testosterone measured at
two time points

a2 95% CI e2 95% CI age2 95% CI

Testosterone time 1
non-standardised 19.9 11.4–30.8 14.3 10.6–20.8 1.1 0.0–4.7
standardised 0.56 0.36–0.71 0.41 0.27–0.61 0.03 0.0–0.12

Testosterone time 2
non-standardised 27.3 17.3–40.4 14.3 10.6–20.8 0.2 0.0–3.0
standardised 0.65 0.48–0.77 0.34 0.23–0.52 0.01 0.0–0.07

a2=addi tive genetic variance component (heri tabi l i ty); e2=unique
environmental  variance component; age2=variance component due
to age. For the standardized resul ts variance components were
divided by the total  variance.

Table 6 Resul ts of mul tivariate model  fi tting of the nine
selected measures of the aggression-hosti l i ty-anger (AHA)
syndrome using a Cholesky decomposi tion. Comparisons of
models are shown and P-values and di fferences in chi -squares
(∆�2) and df (∆df) for these comparisons indicated

Model �2 df AIC vs ∆�2 ∆df P

Cholesky models
1. ACE 341.03 207 –72.97
2. ADE 344.38 207 –69.62
3. AE 352.65 252 –151.35 1 11.62 45 ns
4. CE 367.56 252 –136.44 1 26.53 45 ns
5. E 462.51 297 –131.49 1 121.48 90 <0.025

ns=non signi fi cant; vs=versus and indicates wi th which model
the submodel  is compared. For other abbreviations see Table 4.

Table 7 Submodels of the AE independent pathway model wi th
four common factors for both A and E

Model �2 df AIC vs ∆�2 ∆df P

1. 4 AC & 4 EC 360.89 264 –167.11
2. 3 AC & 4 EC 368.82 270 –171.18 1 7.93 6 <0.243
3. 4 AC & 3 EC 368.25 270 –171.75 1 7.36 6 <0.298
4. 3 AC & 3 EC 376.43 276 –175.57 1 15.54 12 <0.213
5. 2 AC & 3 EC 390.68 283 –175.32 4 14.25 7 <0.047
6. 3 AC & 2 EC 386.60 283 –179.40 4 10.17 7 <0.170
7. 2 AC & 2 EC 399.98 290 –180.02 4 23.55 14 <0.052
8. 1 AC & 2 EC 422.36 298 –173.64 7 22.38 8 <0.004
9. 2 AC & 1 EC 422.32 298 –173.68 7 22.34 8 <0.004

10. 1 AC & 1 EC 465.10 306 –146.90 7 65.12 16 <0.001

AC=common addi tive genetic factor; EC=common unique
environmental  factor. For further explanation see Table 6. Most
parsimonious solution is in bold.
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common factors is qui te di fferent wi th most varia-
bles showing moderate loadings on both factors and
only resentment loading strongly on the first and
anger strongly on the second.

The two testosterone measurements were subse-
quently included in this final  model  to test whether
there would be any correlation between the two
common A and E influencing the AHA syndrome
and the single common A and E influencing the two
testosterone measurements. Correlations between
the common A for testosterone and the first and
second common A for the AHA syndrome were 0.03
and 0.17 respectively, both non-significant. For the
common Es these correlations were –0.22 and –0.42,
respectively. These correlations could not simul ta-
neously be set to zero (�2

[2] = 8.38; P = 0.015),
which probably explains the (non-significant) ten-
dency for negative correlations between AHA varia-
bles and testosterone as shown in Table3.

For the best fi tting independent pathway model  of
the AHA syndrome, overal l  heri tabi l i ty estimates
and 95%CIs are shown in Table9. Heri tabi l i ties
range from 23% for indi rect hosti l i ty to 53% for both
resentment and suspicion.

Discussion

The heri tabi l i ties of total  plasma testosterone con-
centrations and anger, hosti l i ty and aggression were
determined in middle-aged twins. The resul ts show
that testosterone levels are heri table in middle-aged
men, wi th approximately 60% of the variation due to
genetic factors. The genetic contribution to the
variation in the AHA syndrome (measured by the
BDHI, JAS and STAS) ranges from 23% to 53%
depending on the di fferent sub-scales. The best-
fi tting model  for testosterone at two time points
included a smal l  age component and addi tive
genetic and unique envi ronmental  factors, whi lst a
mul tivariate analysis of the nine AHA sub-scales
resul ted in an independent pathway model  wi th two
common addi tive genetic and two common unique
envi ronmental  factors. No correlation between the
common genetic factors influencing testosterone and
the AHA subscales was found. We did, however,
detect a negative correlation between the common
envi ronmental  factor underlying testosterone and
both common envi ronmental  factors influencing the
nine AHA subscales.

To optimise the power of our relatively smal l
sample of male twins and use al l  avai lable informa-
tion the two measurements of testosterone were
model led in a mul tivariate way.

6
The single common

genetic factor for the two measurements (implying a
perfect genetic correlation) confirmed that the same
genes are responsible for the variance in testosterone
at the two time points. The envi ronmental  variance
remained the same on both occasions, whereas the
genetic variance showed a smal l  increase from time1
to time2. The heri tabi l i ty of testosterone we found is
in agreement wi th previous findings. Up ti l l  now
three twin studies have thoroughly investigated the
genetics of testosterone. In one study Meikle et al

5

found that genetic factors accounted for approx-
imately 85% of the variation in testosterone produc-
tion rate, whi le another study by the same group
revealed that the variance in free and bound testos-
terone was explained for 34% and 26% by genetic
factors, respectively.

4
A more recent study also

measured total  plasma testosterone levels in young-
adul t tw ins (13–21 years) from the same twin registry
we used, and found that 66% of the variance in
testosterone concentrations in young-adul t men can
be accounted for by genetic factors.

3
The simi lari ty

of this heri tabi l i ty to our estimates (time point 1:
56%; time point 2: 65%) is striking. In addi tion,
Harris et al

3
did not find a correlation between

fathers and sons (r = 0.04), suggesting ei ther that
distinct genetic mechanisms influence testosterone
levels over time or that plasma testosterone concen-
trations are not heri table at the fathers’ age
(48 ± 6 years). Our resul ts on middle-aged male twin

Table 8 Standardised solution (total variance of each variable
standardised to 1) of thebest fi ttingAE independent pathway model

First common Second Specific
factor common factor factors

A E A E A E
Type A 0.49 0.00a 0.04 –0.36 0.50 0.57
Trai t-Anger 0.50 0.24 0.07 –0.72 0.00 0.41
Assaul t 0.00a 0.24 0.57 –0.29 0.41 0.63
Indirect hosti l i ty 0.29 0.27 0.31 –0.29 0.22 0.77
Irri tabi l i ty 0.65 0.37 0.10 –0.28 0.16 0.58
Negativism 0.19 0.07 0.54 –0.13 0.00 0.80
Resentment 0.61 0.66 0.27 –0.18 0.28 0.00
Suspicion 0.48 0.19 0.35 –0.03 0.41 0.65
Verbal  hosti l i ty 0.09 0.24 0.46 –0.33 0.41 0.67

aThese factor loadings were fixed at zero.

Table 9 Parameter estimates and 95% confidence intervals of
measures of the aggression-hosti l i ty-anger (AHA) syndrome in
the best-fi tting AE independent pathway model

a2 95% CI e2 95% CI

Type A 0.52 0.28–0.70 0.48 0.30–0.72
Trai t-Anger 0.25 0.07–0.50 0.75 0.50–0.93
Assaul t 0.48 0.21–0.68 0.52 0.32–0.79
Indi rect hosti l i ty 0.23 0.04–0.46 0.77 0.54–0.96
Irri tabi l i ty 0.46 0.24–0.63 0.54 0.37–0.76
Negativism 0.33 0.13–0.51 0.67 0.49–0.87
Resentment 0.53 0.28–0.69 0.47 0.31–0.72
Suspicion 0.53 0.27–0.70 0.47 0.30–0.73
Verbal  hosti l i ty 0.39 0.14–0.59 0.61 0.41–0.86

For abbreviations see Table 5.
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pai rs (mean age: 44 ± 6 years) strongly suggest the
first assumption to be true. Hence, di fferent genes
seem to determine testosterone concentrations in
di fferent periods of l i fe.

The total  testosterone concentrations of the mid-
dle-aged men fel l  in the normal  range as reported by
the suppl ier of the testosterone assay. Older men
showed lower testosterone levels than younger ones,
hereby confirming previous findings.

42
The decrease

is minimal  in our sample, however. Furthermore, we
find higher testosterone levels at time point 1
(10.30 am) compared wi th point 2 (2.00 pm). This
decrease is in l ine wi th previous studies which
demonstrated that testosterone is highest in the
morning and then slowly decreases during the day
(see, among others, Ahokoski  et al

43
).

The heri tabi l i ty of the di fferent subscales of
hosti l i ty vary from 23% for indi rect hosti l i ty to 53%
for resentment and suspicion in the BDHI ques-
tionnai re, whi le Type A (JAS) and Trai t-Anger
(STAS) yielded 52% and 25%, respectively. The
best-fi tting mul tivariate model  of the nine AHA
syndrome scales was an AE independent pathway
model  wi th two common genetic and two common
envi ronmental  factors. Our best-fi tting model  sug-
gests two common sets of genes and two common
sets of unique envi ronmental  effects are responsible
for the relations between di fferent scales measuring
aspects of the AHA syndrome. This seems to be in
agreement wi th previous studies that have suggested
that the hosti l i ty concept consists of two or maybe
even three factors.

7,32
It has been argued that the

mul tidimensional  concept of hosti l i ty can be cate-
gorised into an atti tudinal , an emotional  and a
behavioural  component. Our best mul tivariate
model  suggests that the first common genetic factor
is primari ly an emotional  factor (Type A, anger,
i rri tabi l i ty and resentment) and the second primari ly
a behavioural  factor (assaul t, negativism and verbal
hosti l i ty). Atti tudinal  trai ts (indi rect hosti l i ty and
suspicion) seem to load on both factors. The envi ron-
mental  common factors showed a di fferent structure
wi th most variables showing moderate loadings on
both factors and only resentment loading strongly on
the first and anger strongly on the second.

For most hosti l i ty scales, DZ twin correlations
were smal ler than hal f the MZ correlation, which
would be suggestive of dominance genetic effects.
However, tested univariately only assaul t and suspi -
cion showed a non-significant trend towards a
dominance effect. Inspection of the MZ and DZ
cross-correlations also showed l i ttle evidence of
dominance, which was confirmed by the mul ti -
variate model l ing.

Our resul ts are in concordance wi th previous
studies. Coccaro et al

16
focused on the ‘motor

aggression’ sub-scales of the Buss–Durkee Hosti l i ty

Inventory and found that i rri tabi l i ty, indi rect, verbal
and physical  assaul t showed significant heri tabi l -
i ties, varying from 28% to 47%. Using di fferent
questionnai res Coccaro et al

15
also demonstrated

genetic influences on assertiveness/aggression in a
study of tw ins reared together and reared apart.
Rushton et al

19
even found heri tabi l i ties of 64% and

72% for assertiveness and aggressiveness. The
resul ts we found on Type A behaviour are general ly
in l ine wi th former studies,

17,20,44,45
which showed

heri tabi l i ties ranging from 28% to 39% in the
Jenkins Activi ty Survey (JAS). Recently, Vernon et
al

8
estimated variance components for a total  of 18

(sub)scales reflecting di fferent aspects of hosti l i ty
and aggression from seven di fferent questionnai res.
Fourteen sub-scales showed a significant heri tabi l i ty
and five of those a substantial  dominance compo-
nent. Thei r mul tivariate analysis confirmed our
resul ts by showing that there is considerable overlap
between the genes operating on di fferent types of
aggressive behaviour.

We did not find the expected posi tive correlation
between testosterone and the di fferent AHA syn-
drome scales. As has been mentioned in the intro-
duction, the relation between testosterone and
aggression has always been somewhat equivocal ,
partly because of the variation in populations from
which subjects were sampled. Research in the 1970s
mainly concentrated on ei ther physical ly or psycho-
logical ly abnormal  subjects (eg alcohol ics, rapists,
chi ld molesters, wi fe beaters) and is therefore hard to
compare wi th our findings. A lbert et al

23
reviewed

and cri tical ly re-examined the l i terature on testoster-
one levels in high- and low-aggression groups, most
of them originating from prison populations. They
concluded that only two out of eight studies, one
wi th a methodological  weakness and one wi th
internal  inconsistencies, confirmed the hypothesis
that high aggressiveness and high testosterone
actual ly go together. A lso, in two studies BDHI
questionnai res were administered to both groups. No
relation between testosterone and BDHI scores was
detected. However, in this context i t is important to
mention that in an investigation of human trans-
sexuals, van Goozen and col leagues

46,47
reported

that anger and aggression proneness increased when
female-to-male trans-sexuals were administered
androgens oral ly.

Contemporary research has often centred more on
normal  heal thy volunteers and the administration of
steroids, among which testosterone, in di fferent
doses. Simi lar to the relation between testosterone
levels and hosti l i ty in specific populations the
findings are far from unequivocal . General ly, steroid
administration increased the scores on hosti l i ty-l ike
sub-scales of di fferent questionnai res.

48,49
The only

Twin Research

Genetics of testosterone and AHA syndrome
F Sluyter et al y

273



study, however, that was used the BDHI did not find
an effect of testosterone.

50

For natural ly ci rculating testosterone concentra-
tions in heal thy volunteers, our findings are partly in
l ine wi th previous studies. They agree wi th those
from Doering et al ,

51
who measured plasma testoster-

one levels, hosti l i ty, anxiety, and depression in
20 young men every second day for 2 months. They
merely found a tendency for a relation between
depression and testosterone and not between hosti l -
i ty and testosterone. However, our resul ts are not in
agreement wi th those from Harris et al

25
who found

that sal ivary testosterone was posi tively correlated
to sel f-report aggression. Gerra et al

24
also observed a

posi tive relationship between plasma testosterone
concentrations and hosti l i ty. However, in this study
hosti l i ty was measured both by sel f-report (BDHI)
and by semi-structured interviews wi th first-degree
relatives and spouses. It appeared that testosterone
did correlate wi th the total  aggression scores
reported by first-degree relatives and spouses, and
wi th the (sel f-reported) BDHI sub-scales i rri tabi l i ty
and resentment, but not wi th the other sub-scales.
The latter study is in accordance wi th a meta-
analysis performed on 24 genetical ly informative
studies using various personal i ty measures of aggres-
sion and/or antisocial  behaviour.

52
Its main conclu-

sion was that the genetic archi tecture of aggression
appears to be a function of the mode of reporting
(sel f-report vs parental  report vs observational
report).

We did, however, observe a negative relation
between the common envi ronments influencing tes-
tosterone and the AHA syndrome. Opposi te to our
hypothesis, this resul ted in a (non-significant) ten-
dency towards negative correlations between AHA
variables and testosterone. In l ine wi th research
showing a relation between testosterone levels and
the experience of success or fai lure this resul t may
indicate that a posi tive l i fe event (societal  success)
increases testosterone levels and decreases hosti l i ty
and anger. On the other hand, a negative l i fe event
(fai lure or humi l iation) would do exactly the oppo-
si te: testosterone levels drop and hosti l i ty arises. In
ei ther case (success or fai lure) there is l ikely to be a
tendency towards a spi ral l ing effect, w i th a given
outcome tending to promote more instances of the
same outcome. For instance, decreases in testoster-
one after a fai lure may cause a person to feel  less
assertive and avoid new competi tion, which, in turn,
may lead to more fai lure.

53

The question remains, which genes are responsi -
ble for the variation in aggression and hosti l i ty. Up
ti l l  now there is only one study, which indisputably
located a gene that affected social  behaviour. A point
mutation in the monoamine oxidase A (MAO-A)
gene is associated wi th a behavioural  phenotype that

includes disturbed regulation of impulsive aggres-
sion.

54
Two years later the involvement of this gene

was confirmed in an animal  study. Mice that did not
express the MAO-A gene (‘knock-outs’) were far
more aggressive than control  males.

55
However, most

genetic variation in the hosti l i ty scores (and plasma
testosterone concentrations) of natural  populations
is more l ikely to come from polygenic influences
instead of devastating single-gene disorders l ike the
MAO-A point mutation. More information may come
from animal  research. Currently, eleven genes are
identified which affect at least one type of mouse
aggression (see Maxson

56
). Since there are homolo-

gous genes in the human genome, they may be
considered as candidate genes.

Especial ly the genes affecting serotonin
(5-HT)-dependent neurotransmission may be strong
candidates. Recently, three studies were publ ished
which combined measurement of the subscales of
the BDHI wi th serotonergic variables. Fi rst,
Coccaro et al

57
showed that the Assaul t sub-scale is

inversely correlated wi th post-synaptic and ‘net’-
synaptic (5-HT) activi ty as measured by
m-chlorophenylpiperazine and fenfluramine chal -
lenges. Second, using blood platelets the same group
found that Assaul t covaried wi th increasing num-
bers, but decreasing affini ty, of 5-HT2A receptors in
personal i ty disorder patients but not in heal thy
volunteers.

58
Thi rd, New et al

59
found that patients

wi th a specific homozygous tryptophane hydrox-
ylase (the rate l imi ting enzyme for serotonin) geno-
type show higher impulsive aggression scores than
patients wi th heterozygous or ‘opposi te’ homo-
zygous genotypes.

In summary, both testosterone and the cluster of
personal i ty trai ts centred around hosti l i ty and
aggression seem to have a sol id genetic basis as
indicated by evidence from this and other studies.
However, the lack of evidence for a genetic relation
between the two suggests that future studies need to
explore other avenues to uncover the biological  basis
of hosti le and aggressive human behaviour.

Acknowledgements

This study was funded by the Van Coeverden
Adriani  Foundation and the Netherlands Hearts
Foundation (90-313). The authors would l ike to
thank Hans Bastiaanse from Nucl i lab for his techni -
cal  expertise regarding the radio-immunoassay, CV
Dolan for statistical  advice, E Slagboom for DNA
fingerprinting and R Laterveer, HM de Wol f-Prins
and K van der Hei -Steenwi jk for ski l ful  technical
assistance. FS was supported by a Talent Stipend
(S88-204) from the Netherlands Organization for
Scientific Research (NWO) and a PULS Grant

Twin Research

Genetics of testosterone and AHA syndrome
y F Sluyter et al

274



(48.001) from the Li fe Sciences Foundation (SLW),
which is subsidized by NWO. HS is supported by the
Bri tish Heart Foundation.

References

1 Van Oortmerssen GA, Di jk DJ, Schuurman T. Studies in wi ld
house mice II. Testosterone and aggression. Horm Behav 1987;
21: 139–152.

2 Van Oortmerssen GA, Benus RF, Sluyter F. Studies in wi ld
house mice IV. On the heredi ty of testosterone and readiness to
attack. Aggress Behav 1992; 18: 143–148.

3 Harris JA, Vernon PA, Boomsma DI. A study of Dutch
adolescent tw ins and thei r parents. Behav Genet 1998; 28:
165–173.

4 Meikle AW, Bishop DT, Stringham JD, West DW. Quanti tating
genetic and nongenetic factors that determine plasma sex
steroid variation in normal  male twins. Metabol ism 1986; 35:
1090–1095.

5 Meikle AW, Stringham JD, Bishop DT, West DW. Quanti tating
genetic and nongenetic factors influencing androgen produc-
tion and clearance rates in men. J Cl in Endocrinol Metab 1988;
67: 104–109.

6 Schmi tz S, Cherny SC, Fulker DW. Increase in power through
mul tivariate analyses. Behav Genet 1998; 28: 357–363.

7 Van Doornen LJP. Lipids and the coronary-prone personal i ty.
In: Hi l lbrand M, Spi tz RT (eds). Lipids, Health and Behavior.
American Psychological  Association: Washington DC, USA,
1997, pp 81–98.

8 Vernon PA, McCarthy JM, Johnson AM, Jang KL, Harris JA.
Individual  di fferences in mul tiple dimensions of aggression: a
univariate and mul tivariate genetic analysis. Twin Res 1999; 2:
16–21.

9 Spielberger CD, Jacobs G, Russel l  S, Crane R. Assessment of
anger: The State-Trai t Anger Scale. In: Butcher JN, Spielberger
CD (eds). Advances in Personal i ty Assessment (vol 2). LEA:
Hi l lsdale, NJ, 1983.

10 Buss AH, Perry M. The Aggression Questionnai re. J Pers Soc
Psychol 1992; 63: 452–459.

11 Harris JA. A further evaluation of the aggression ques-
tionnai re: issues of val idi ty and rel iabi l i ty. Behav Res Ther
1997; 35: 1047–1053.

12 Smith TW. Hosti l i ty and heal th: current status of a psychoso-
matic hypothesis. Health Psychol 1992; 11: 139–150.

13 Carmel l i  D, Rosenman RH, Swan GE. The Cook and Medley
HO scale: a heri tabi l i ty analysis in adul t male twins. Psycho-
som Med 1988; 50: 165–174.

14 Smith TW, McGonicle M, Turner CW, Ford MH, Slattery ML.
Cynical  hosti l i ty in adul t male twins. Psychosom Med 1991;
53: 684–692.

15 Coccaro EF, Bergeman CS, McClearn GE. Heri tabi l i ty of
i rri table impulsiveness: a study of tw ins reared together and
apart. Psychiatry Res 1993; 48: 229–242.

16 Coccaro EF, Bergeman CS, Kavoussi  RJ, Seroczynski  AD.
Heri tabi l i ty of aggression and i rri tabi l i ty: a twin study of the
Buss–Durkee aggression scales in adul t male subjects. Biol
Psychiatry 1997; 41: 273–284.

17 Duffy DL, Manicavasagar V, O’Connel l  D, Si love D, Tennant C,
Langel ludecke P. Type A personal i ty in Austral ian twins.
Behav Genet 1994; 24: 469–475.

18 Pedersen NL, Lichtenstein P, Plomin R, DeFai re U, McClearn
GE, Matthews KA. Genetic and envi ronmental  influences for
type A-l ike measures and related trai ts: a study of tw ins reared
apart and reared together. Psychosom Med 1989; 51:
428–440.

19 Rushton JP, Fulker DW, Neale MC, Nias DK, Eysenck HJ.

Al truism and aggression: the heri tabi l i ty of individual  di ffer-

ences. J Pers Soc Psychol 1986; 50: 1192–1198.

20 Rahe RH, Hervig L, Rosenman RH. Heri tabi l i ty of type A

behavior. Psychosom Med 1978; 40: 478–486.

21 Albert DJ, Jonik RH, Walsh ML. Hormone-dependent aggres-

sion in male and female rats: experiential , hormonal  and

neuronal  foundations. Neurosci Biobehav Rev 1992; 16:

177–192.

22 Archer J. The influence of testosterone on human aggression.

Br J Psychol 1991; 82: 1–28.

23 Albert DJ, Walsh ML, Jonik RH. Aggression in humans: what is

i ts biological  foundation? Neurosci Biobehav Rev 1993; 17:

405–425.

24 Gerra G, Avanzini  P, Zaimovic A, Fertonani  G, Caccavari  R,

Delsignore R, Gardini  F, Talarico E, Lecchini  R, Maestri  D,

Brambi l la F. Neurotransmi tter and endocrine modulation of

aggressive behavior and i ts components in human behavior.

Behav Brain Res 1996; 81: 19–24.

25 Harris JA, Rushton JP, Hampson E, Jackson DN. Sal ivary

testosterone and sel f-report aggressive and prosocial  person-

al i ty characteristics in men and women. Aggress Behav 1996;

22: 321–331.

26 Snieder H, Boomsma DI, van Doornen LJP. Genetic devel -

opmental  trends in blood pressure levels, and blood pressure

reactivi ty to stress. In: Turner JR, Cardon LR, Hewi tt JK (eds).

Behavior Genetic Approaches in Behavioral Medicine. Ple-

num: New York, 1995, 105–130.

27 Snieder H, Boomsma DI, van Doornen LJP. Age-dependency of

gene expression in plasma l ipid, l ipoprotein and apol ipopro-

tein levels. Am J Hum Genet 1997; 60: 638–650.

28 Snieder H, Boomsma DI, van Doornen LJP, de Geus EJC.

Heri tabi l i ty of respi ratory sinus arrhythmia: Dependency on

task and respi ration rate. Psychophysiology 1997; 34:

317–328.

29 Snieder H, Boomsma DI, van Doornen LJP, Neale MC. A

bivariate analysis of fasting insul in and glucose. Genet

Epidemiol 1999; 16: 426–446.

30 Boomsma DI. Twin registers in Europe: an overview. Twin Res

1998; 1: 34–51.

31 Buss AH, Durkee A. An inventory for assessing di fferent kinds

of hosti l i ty. J Cons Psychol 1957; 21: 343–349.

32 Lange A, Pahl ich A, Sarucco M, Smi ts G, Dehghani  B,

Hanewald G. Psychometric characteristics and val idi ty of the

Dutch adaptation of the Buss–Durkee Hosti l i ty Inventory (the

BDHI–D). Behav Res Ther 1995; 33: 223–227.

33 Jenkins CD, Zyzanski  SJ, Rosenman RH. Progress toward

val idation of a computer-scored test for the type A coronary-

prone behavior pattern. Psychosom Med 1971; 73: 193–202.

34 Appels A, Jenkins CD, Rosenman RH. Coronary-prone behav-

ior in the Netherlands: a cross-cul tural  val idation study. J Beh

Med 1982; 5: 83–90.

35 Neale MC, Cardon LR. Methodology for Genetic Studies of

Twins and Famil ies. Kluwer Academic Publ ishers: Dordrecht,

1992.

36 Snieder H. Path analysis of age-related disease trai ts. In:

Spector TD, Snieder H, MacGregor AJ (eds). Advances in Twin

and Sib-Pair Analysis. Greenwich Medical  Media: London,

2000, 119–130.

37 Neale MC. Mx: Statistical Model l ing, 2nd edn Department of

Psychiatry: MCV, Richmond, VA, 1997.

38 Loehl in J. The Cholesky approach: A cautionary note. Behav

Genet 1996; 26: 65–69.
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