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Several  theoretical  studies have suggested that large samples of randomly ascer tained sibl ings can
be efficiently used to ascer tain phenotypical ly extreme individuals and increase power  to detect
genetic l inkage. Phenotypes that can be rel iably measured by questionnai re are of obvious uti l i ty
for  such selection strategies, as large numbers of individuals can be contacted wi thout labor ious
individual  interview. As the first step in developing a large randomly-ascer tained fami ly cohor t in
southwest England, a sample of 88 000 individuals, including more than 34 000 sibl ing pai rs in
20 000 sibships, was administered the Eysenck Personal i ty Questionnai re (EPQ) by commercial
mai l ing. The sample age ranges were 20–67 years and compr ised 59% males and 41% females.
Descr iptive proper ties of the EPQ scales are simi lar  to those repor ted from other  large fami ly
cohor ts. Test–retest correlations on 1681 probands in the sample are substantial  for  the N-scale
(r = 0.93), but somewhat more modest for  the other  scales (range r = 0.70–0.88). Phenotypic and
sibl ing correlations correspond qui te closely to those of tw in studies. Twin Research (2000) 3,
310–315.
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Introduction

One of the many reasons for the lack of success in
mapping susceptibi l i ty loci  for psychiatric disorders
is that the intensive interviewing necessary for
rel iable diagnosis has prohibi ted the col lection of
the large sample sizes needed to detect smal l  genetic
effects: i t has been estimated that tens of thousands
of cases may be requi red to obtain adequate power.

1

In some cases i t may be possible to col lect suffi-
ciently large samples by using phenotypes correlated
wi th psychiatric i l lness, thus avoiding the need for
time-consuming and expensive interviews. One
example is the personal i ty trai t neuroticism, known
to be a mediator of major depression and general ised
anxiety disorder.

Most trai t psychologists agree that neuroticism (or
emotional  instabi l i ty) is a major factor in person-
al i ty,

2–6
defined, for instance, by di fferent person-

al i ty schedules such as the Eysenck Personal i ty
Questionnai re (EPQ),

7,8
Revised NEO Personal i ty

Inventory and Big Five Inventory.
9

Genetic research
has been instrumental  in providing biological  val i -
dation of neuroticism (N).

The cumulative evidence from the wide range of
twin, adoption and nuclear fami ly studies indicates
a moderate role of genetic factors and fewer, i f any,
effects of the shared fami ly envi ronment on major
personal i ty dimensions.

10
For neuroticism, addi tive

and non-addi tive genetic influences account for
about 27–31% and 14–17% of the variabi l i ty in the
EPQ neuroticism scale, respectively.

11
These general

heri tabi l i ty trends, coupled wi th observations of
di fferences in genetic influences on males and
females and the pauci ty of evidence for shared
envi ronmental  effects, have recently been confirmed
in large twin studies from Austral ia, the Uni ted
States and Finland, ranging in size from 7000 to
25 000 individuals.

10,12,13

In prospective studies, neuroticism is the only
personal i ty trai t consistently associated wi th depres-
sion

14–17
and much of the phenotypic correlation

represents genetic correlation wi th N Eaves et al ’s
18

present evidence that individuals wi th high N have a
high chance of suffering from symptoms of anxiety
and depression, whi lst analysis of tw in data shows
that around 55% of the genetic l iabi l i ty of major
depression is shared wi th neuroticism.

19,20
Jardine et

al ’s
21

mul tivariate analysis of 3810 twin pai rs led to
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the conclusion that the genetic basis of neuroticism
accounted for 92% of the genetic variation of
anxiety, and 83% of the genetic variation of
depression.

It remains to be seen whether i t is possible to map
specific loci  that contribute to variabi l i ty in N, and
whether, as expected, these loci  also contribute to
depression and anxiety disorders. As i t is wel l
known that samples of 10 000s or more of randomly
selected sibships are requi red to detect l inkage for
loci  of even moderate effect size, very large cohorts
of at least the size of the US, Finnish and Austral ian
samples noted above wi l l  be necessary to identi fy
susceptibi l i ty loci . The large size and scope of these
studies also renders them sui table for various pheno-
typic selection schemes, thereby reducing the geno-
typing burden whi le maintaining statistical
power.

22–26

We have conducted a population-based study of
personal i ty in southwest England, in which over
88 000 individuals (including more than 34 000 sib-
l ing pai rs) completed the EPQ. The primary aim of
this study was to ascertain a large random sample of
sibl ing pai rs from which we could select specific
phenotypic extremes to genotype in a l inkage study
of neuroticism. Here we describe the design of this
study, test–retest correlations and sibl ing correla-
tions as indicators of fami l ial  resemblance for the
primary EPQ scales.

Methods and resul ts

Sample col lection

In the Uni ted Kingdom, practical ly al l  the names and
addresses of the Bri tish population are contained in
the l ists of general  practi tioners.

27
After acqui ring

appropriate ethical  permissions, we used this
resource to contact a large ini tial  cohort
(n = 100 000) through the patient registers of general
practices in four counties in the Southwest of
England: Oxfordshi re, Gloucestershi re, Somerset
and Berkshi re. Given some prel iminary expectations
of ‘proband’ response rates (55%) and sibl ing referral
(70%) and fol low-up (80%) based on a smal l  pi lot
study in the same catchment area, we expected this
ini tial  cohort to yield EPQ data from approximately
30 000 sibl ing pai rs.

Because of the large size of the data set and in
order to col lect the data as quickly as possible, we
used a commercial  mai l ing organisation (National
Computer Services, Rotherham, UK). Data from GP
registers were acqui red electronical ly and used to
establ ish a database from which EPQ forms wi th the
appropriate addresses were generated. Subsequently
EPQ data from returned forms, and the names and

addresses of sibl ings were entered into the database
using the company’s software.

The ini tial  cohort of 100 000 patients, aged
between 30 and 50 years, were sent the EPQ and a
request for the names and addresses of any sibl ings,
a covering letter from thei r general  practi tioner and a
stamped addressed envelope. Of these 100 000, only
35% responded to the first mai l ing. This lower than
expected response rate was in part due to unex-
pected inaccuracies in the l ists of names and
addresses provided by the general  practi tioners.
Therefore, we doubled the number of request letters
and conducted a secondary mai l ing. From this
mai l ing and a subsequent fol low-up mai l ing to
sibl ings identified by the ini tial  respondents, we
received responses from a total  of 88 141 individuals,
including 20 427 unique sibships. Most of the sib-
ships consisted only of the proband and one addi -
tional  sibl ing (15 259/20 427 = 75%) but larger sib-
ships of sizes3, 4, 5 and 6 were also identified
(n = 4146, 838, 151 and 23, respectively). The total
sample thus consists of 34 580 sib pai rs in 20 427 sib-
ships. Of the total  respondents, 46% (40 915/88 141)
provided no information about other relatives. Of the
total  sample, 52 249 (59.3%) were male and 35 892
(40.7%) were female.

The mean age of the total  sample is 40.31 years,
wi th a range of 20–67 years. Females were sl ightly
older than males in the both proband (t = 5.02,
P < 0.001) and sibl ing (t = 5.06, P < 0.001) cate-
gories. The age distribution of the sample is shown
in Table1.

Phenotypic measures

The ful l  90-i tem revised EPQ
7

was sent to al l  study
participants. The EPQ scales of neuroticism (N),
extraversion (E), psychoticism (P) and l ie (L) were
constructed from the individual  i tems according to
the questionnai re guidel ines. Fol lowing the sugges-
tions of Eaves et al ,

18
angular transformations were

appl ied to the neuroticism (N), extraversion (E), and

Table 1 Ages and sample sizes for final  respondentsa

Respondent n Mean Std Dev Min Max

Al l : 88 141 40.31 6.83 20 67
Male 52 249 40.13 6.85 20 67
Female 35 892 40.58 6.78 20 67

Probands: 20 427 40.40 6.07 29 51
Male 12 836 40.24 6.10 29 51
Female 7 579 40.68 6.02 29 51

Sibl ings: 26 799 41.00 8.25 20 67
Male 16 186 40.79 8.26 20 67
Female 10 613 41.31 8.21 20 67

a‘Probands’ respondents in the ini tial  cohort whose sibl ing(s)
also responded to the questionnai re.
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l ie (L) scales in attempt to minimise correlations
between means and variances wi thin sibl ing pai rs.
This transformation is formulated as arcsin�x/m,
where x is the number of i tems scored posi tively by
a subject on a particular scale and m is the maximum
possible score on that scale (m = 23, 21 and 21 for N,
E and L, respectively). Psychoticism (P) scores were
transformed by taking the square root of the sum of
the i tems correctly scored in the di rection of P.

Descriptive statistics for the transformed EPQ
scales in this sample are presented in Table2. The
transformed data for each scale were evaluated by
factorial  ANOVA to assess mean di fferences as a
function of gender and age. A l l  scales showed mean
di fferences for gender (Table2), as wel l  as significant
main effects for age as described above. Age by
gender interactions were also significant at the 0.01
level  or greater for several  scales. These resul ts are
unsurprising given that the large size of this study
renders even smal l  di fferences statistical ly signifi-
cant. For these descriptive statistics, we have
excluded addi tional  sibl ings beyond the core sib-
pai r in order to simpl i fy presentation. The resul ts for
the other sibl ings are ful ly consistent wi th those
presented in Table2 (data not shown). A l l  data
presented henceforth refer to transformed scales
after age, gender and age by gender correction (via
mul tiple regression), unless noted otherwise.

Measurement rel iabi l i ty

As wi th vi rtual ly any psychometric scale, a propor-
tion of the phenotypic variance of the EPQ is

expected to be due to short-term mental  state effects.
To quanti fy this source of variation, we re-screened a
subset of the sample (n = 1618) 18 months after the
ini tial  questionnai re was returned. For neuroticism,
the test–retest correlation was reasonably high
(r = 0.932), suggesting largely consistent measure-
ment in this sample. The test–retest correlations
among the P, E, and L scales were somewhat more
modest, at 0.694, 0.884 and 0.796, respectively.

Sibl ing correlations

The phenotypic and cross-sibl ing correlations
among the P, E, N and L scales are shown in Table3.
The top panel  reflects correlations for the enti re
sample after angular and square root transformations
as described above, and after removing the effects of
gender and age by mul tiple regression. The EPQ
scale correlations for same sex and opposi te sex
sibl ings are also shown in the lower B and C panels
of Table3, respectively. Of primary interest in these
correlations are the cross-sibl ing relationships for
the di fferent EPQ scales (shown in bold). Overal l , the
sibl ing correlations for P, E, N and L are 0.11, 0.17,
0.17, and 0.14, respectively. These correlations
reflect the averaging effects of the sl ightly higher
female correlations and lower male and opposi te sex
correlations. As described above in our mean com-
parisons, we have once again excluded addi tional
sibl ings beyond the core sibship in these correlations
to simpl i fy presentation.

Col lection of buccal swabs and DNA extraction

It is known that appropriate sub-sample selection
strategies can extract most of the genetic information
from much larger samples and together wi th max-
imum l ikel ihood methods for l inkage analysis ena-
ble the local isation of QTLs wi th smal l  effect (wi th a
heri tabi l i ty of 10%). Using our large sample, we have
begun col lection of a sub-sample of sib pai rs selected
for thei r apparent informativeness for l inkage stud-
ies on the basis of thei r joint phenotypic extremi ty.
Pai rs have been selected using a flexible algori thm
that selects both concordant extreme pai rs and
extremely discordant pai rs. The use of both types of
extreme pai rs is bel ieved to improve efficiency

28,29

and to be more robust than sampl ing only con-
cordant or only discordant pai rs against potential
decrements in power that may occur when extreme
sampl ing is used and one is searching for common
polymorphisms of moderate effect.

30

We received swabs from 2491 individuals, com-
prising 807 fami l ies. We wrote to the parents of al l
fami l ies and received swabs from both parents for
302 fami l ies and from one parent for 335 fami l ies.
There was no significant di fference in the N scores

Table 2 Descriptive statistics for 20 415 unique sibl ing pairs

Total Male Female
Respondent mean mean mean Gender
group measure (SD) (SD) (SD) t P

Probands P (1.41 (1.29 (1.63 –30.550 <0.001
(0.78) (0.77) (0.77)

E (0.87 (0.88 (0.85 – 6.200 <0.001
(0.30) (0.30) (0.30)

N (0.79 (0.83 (0.71 –29.910 <0.001
(0.29) (0.28) (0.30)

L (0.70 (0.73 (0.65 –25.871 <0.001
(0.20) (0.20) (0.20)

Sibl ings P (1.45 (1.33 (1.66 –29.568 <0.001
(0.79) (0.77) (0.77)

E (0.87 (0.87 (0.87 – 1.303 <0.193
(0.30) (0.30) (0.30)

N (0.77 (0.83 (0.69 –31.688 <0.001
(0.30) (0.29) (0.30)

L (0.70 (0.73 (0.66 –24.252 <0.001
(0.21) (0.21) (0.21)

Of the original  20 427 proband–sibl ing pai rs, 12 were found to
have incomplete data and so were excluded from al l  analyses.
Consequently, these values were calculated from 40 830
individuals (12 836 proband males, 7 579 proband females,
12 581 sibl ing males, 7 834 sibl ing females). Al l  scales were
transformed using the procedure suggested by Eaves et al18 as
described in the text.
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between fami l ies that returned a swab and those that
did not.

DNA was extracted from the buccal  swabs by
vortexing the end of the swab in 500 µl  50 mM NaOH
in a 1.5 ml  Eppendorf tube. After 10 mins at 95°C,
50 µl  of 1 M Tris (pH 8.0) were added and the mixture
vortexted for 30 s. 200 µl  of a commercial ly avai lable
matrix (Biorad Hercules, CA, USA) was added, the
mixture incubated at 56°C for 30 mins, fol lowed by
heating at 100°C for 8 mins. After removing the
brush, the tube was spun at 12 000 rpm for 3 min and
the supernatant transferred to a new tube for PCR.

In order to provide enough DNA for a complete
genome scan (about 300 microsatel l i te markers) we
used a modified primer extension preampl ification
protocol  (PEP) on DNA extracted from the buccal
swab.

31
5 µl  of template DNA was added to a mix of

2.5 µl  dNTP (8 mM), 4 µl  MgCl2 (25 mM), 10 µl  PCR
buffer (Roche Diagnostics, Lewes, UK), 20 µl  (N)15

ol igonucleotides (200 µM) (Sigma-Aldrich, Poole,
UK), 0.5 µl  Ampl iTaq Gold and water to make a final
volume of 100 µl . PEP was performed on an MJ
thermocycler using mineral  oi l  to seal  the reaction,

wi th the fol lowing cycl ing parameters: an ini tial
denaturation at 95°C for 18 min, fol lowed by
49 cycles of 95°C for 1 min, 37°C for 2 min ramping
to 55°C at 0.1 °C/s wi th a final  extension at 72°C for
5 min. We used 1 µl  of the PEP reaction mix for
subsequent PCRs and found that 98% of PEP DNAs
gave readable genotypes. A second PEP reaction was
performed on those DNAs that fai led to ampl i fy the
first time. Each swab yielded enough DNA for
100 PEP reactions, so we have more than sufficient
quanti ties of DNA for a genome scan.

Discussion

Over an 18-month period we col lected EPQ data
from 88 000 individuals, including 34 000 sib pai rs
in 20 000 sibships. We have demonstrated that using
commercial ly avai lable mai l ing resources i t is possi -
ble to col lect sample sizes large enough to detect
smal l  genetic effects wi thin a relatively short space
of time. The dataset provides a resource from which

Table 3 Phenotypic correlations between and wi thin sibl ings.a The top panel  (A) represents the total  correlation structure, col lapsed
across genders. The same-sex and opposi te-sex correlations are shown in panels B and C, respectively.

A Proband Sibl ing
P E N L P E N L

Proband P
E –0.096
N –0.089 –0.246
L –0.226 –0.127 –0.101

Sibl ing P –0.118 –0.033 –0.022 –0.039
E –0.029 –0.164 –0.047 –0.011 –0.099
N –0.032 –0.039 –0.171 –0.014 –0.096 –0.245
L –0.045 –0.023 –0.004 –0.145 –0.225 –0.124 –0.115

B Proband Sibl ing
Female pai rs P E N L P E N L

Proband P 0.089 –0.088 –0.225 –0.130 –0.025 –0.038 –0.039
E –0.139 –0.266 –0.121 –0.021 –0.178 –0.055 –0.033
N –0.086 –0.200 –0.090 –0.037 –0.062 –0.181 –0.015
L –0.250 –0.142 –0.093 –0.036 –0.025 –0.003 –0.151

Sibl ing P –0.133 –0.061 –0.010 –0.042 –0.103 –0.092 –0.206
E –0.004 –0.171 –0.016 –0.020 –0.095 –0.268 –0.107
N –0.002 –0.019 –0.186 –0.027 –0.096 –0.185 –0.125
L –0.060 –0.021 –0.011 –0.146 –0.228 –0.138 –0.123

C Proband Sibl ing
P E N L P E N L

Proband P
E –0.088
N –0.090 –0.246
L –0.221 –0.127 –0.112

Sibl ing P –0.104 –0.035 –0.013 –0.041
E –0.041 –0.150 –0.046 –0.010 –0.096
N –0.037 –0.031 –0.157 –0.019 –0.100 –0.246
L –0.044 –0.015 –0.001 –0.141 –0.240 –0.134 –0.104

aAl l  scales were transformed and age and gender corrected as described in the text.
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to identi fy extreme discordant and concordant sib
pai rs

26,29
sui table for genetic mapping studies.

Our data can also be used to estimate the genetic
contribution to personal i ty trai ts. A l though sibl ing
correlations reflect both genetic and envi ronmental
resemblance, i t is possible to disentangle the two
influences since shared envi ronmental  effects are
unl ikely to have a substantial  impact on EPQ-score
variabi l i ty.

18
Consequently the (same sex) sibl ing

correlations in Table3 may reflect only the broad-
sense genetic variance, comprising both addi tive and
dominant genetic effects.

The sibl ing correlations presented in Table3 are
congruent wi th those described recently by Lake et
al

12
in large Austral ian and US samples of tw ins and

relatives. In the Lake et al data, which involved only
the neuroticism scale, non-twin sibl ing correlations
ranged from 0.11 (male) to 0.17 (female) in the US
samples and from 0.11 (opposi te sex) to 0.14 (female)
in the Austral ian samples. These are simi lar to those
shown in Table3, al though our male correlations are
sl ightly higher than those previously observed.
Moreover, model -fi tting resul ts from the ful l  tw in/
fami ly samples of Lake et al revealed (standardised)
addi tive genetic variances of 0.28 and 0.25 and non-
addi tive genetic variances of 0.13 and 0.10 for
females and males, respectively. These parameter
estimates imply a female sib-correlation of 0.17 and
a male correlation of 0.15. The respective correla-
tions in the present sample are both 0.18, again
demonstrating consistency across these studies.

Investigation of the phenotypic correlations
between N, depression and anxiety, together wi th
mul tivariate genetic analyses of tw in studies indi -
cate that the genes that predispose to neuroticism
appear largely to overlap wi th those that predispose
to two common affective disorders, depression and
general ised anxiety disorder. The genetic influences
on neuroticism in our very large sample of sibl ings
appear to be the same as in the twin studies. We
anticipate that our sample wi l l  be sui table for
mapping susceptibi l i ty loci  for N, which we expect
wi l l  also influence depression and some forms of
anxiety.
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