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Hostility in adolescents and adults: a genome-wide
association study of the Young Finns

P Merjonen1, L Keltikangas-Ja¤rvinen1, M Jokela1, I Seppa¤la¤2,3, L-P Lyytika¤inen2,3, L Pulkki-Ra�back1,4, M Kivima¤ki1, M Elovainio1,5,
J Kettunen6,7, S Ripatti5,7, M Ka¤ho¤nen8, J Viikari9, A Palotie6,7, L Peltonen6,7,{ , OT Raitakari10 and T Lehtima¤ki2,3

Hostility is a multidimensional personality trait with changing expression over the life course. We performed a genome-wide
association study (GWAS) of the components of hostility in a population-based sample of Finnish men and women for whom a
total of 2.5 million single-nucleotide polymorphisms (SNPs) were available through direct orin silico genotyping. Hostility
dimensions (anger, cynicism and paranoia) were assessed at four time points over a 15-year interval (age range 15�30 years
at phase 1 and 30�45 years at phase 4) in 982�1780 participants depending on the hostility measure. Few promising areas from
chromosome 14 at 99 cM (top SNPs rs3783337, rs7158754, rs3783332, rs2181102, rs7159195, rs11160570, rs941898,P values
o 3.9� 10� 8with nearest geneEnah/Vasp-like(EVL)) were found suggestively to be related to paranoia and from chromosome 7
at 86 cM (top SNPs rs802047, rs802028, rs802030, rs802026, rs802036, rs802025, rs802024, rs802032, rs802049, rs802051,
P valueso 6.9� 10� 7 with nearest geneCROT (carnitine O-octanoyltransferase)) to cynicism, respectively. Some shared
suggestive genetic in�uence for both paranoia and cynicism was also found from chromosome 17 at 2.8 cM (SNPs rs12936442,
rs894664, rs6502671, rs7216028) and chromosome 22 at 43 cM (SNPs rs7510759, rs7510924, rs7290560), with nearest genes
RAP1 GTPase activating protein 2(RAP1GAP2) andKIAA1644, respectively. These suggestive associations did not replicate
across all measurement times, which warrants further study on these SNPs in other populations.
Translational Psychiatry(2011)1,e11; doi:10.1038/tp.2011.13; published online 21 June 2011

Introduction

Hostility is a personality trait characterizing how trustworthy
individuals perceive other people and how they handle these
feelings toward others. The cognitive component of hostility
characterizes cynical and distrustful attitudes, which is
the primary reference of the term hostility,1 whereas the
affective component reßects feelings of irritability and anger.
The behavioral component covers expression of these
attitudes and feelings as either expressing them out, that is,
aggression, or as suppressing or repressing them. Hostility
traits have been found to be related to various social and
health problems, such as criminality and violence,2,3 isolation
and relationship aggression,4 depression,5 cardiovascular
diseases6 and all-cause mortality risk,7 although the Þndings
are not entirely consistent.8 Identifying the origins of hostility
may help to understand the developmental paths related to
hostility and to develop effective preventions to reduce
problems related to hostile behaviors.

Both genetic and environmental factors are involved in
the development of hostility,9 with heritability estimated to be
B 30—50%.10—12However, the molecular nature of the genetic

background and the speciÞc regions of the genome that
underlie hostility remain mainly unknown. To our knowledge,
only one genome scan study of hostility has been published to
date.13 That study covered 387 autosomal short-tandem-
repeat polymorphisms and did not Þnd signiÞcant linkage with
hostility.13 In the present study, we report a large-scale
genome-wide association study (GWAS) of hostility where
over 2.5 million single-nucleotide polymorphisms (SNPs)
were analyzed, thereby mapping the most potentially
signiÞcant areas of the genome regarding hostility for further
inspection and providing preliminary evidence of the genetic
basis of hostility.

As cognitive, affective and behavioral components of
hostility may vary in their etiology and have different genetic
backgrounds,14 we used three different scales of hostility,
each of which was measured four times over a 15-year time
span extending from adolescence and young adulthood (age
15—30 years) into adulthood (age 30—45 years) in a Caucasian
Finnish population. It has been argued that personality is still
transient and amenable to environmental effects in young
adulthood, but between 30 and 50 years of age, it begins to
stabilize and genetic effects become more prominent.11 Thus,
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an additional aim of the present study was to test whether
genetic effects underlying hostility are stable across different
ages or whether they gain importance with advanced age
in adulthood.

Materials and methods

Population and study design. Participants were from the
population-based prospective Young Finns (YF) cohort
study, which started in 1980 with 3596 boys and girls from
different geographical areas of Finland.15 The genome of the
participants was genotyped in 2009 and personality tests
assessing hostility were administered in four follow-up
phases in 1992, 1997, 2001 and 2007. At the baseline of
the present study (1992), participants were 15, 18, 21, 24, 27
and 30 years old, and they were followed up for 15 years until
they were 30, 33, 36, 39, 42 and 45 years, respectively. The
Þnal study sample with complete measurements consisted of
982—1781 men and women depending on the measure
of hostility (n for anger between the four measurement
phases ranges between 1619 and 1776, n for cynicism
between 1622 and 1781 and n for paranoia between 1622
and 1780).

Measures of hostility components. We assessed three
aspects of hostility, that is, cynicism and paranoia, which
both reßect the cognitive component, and anger, which
represents the affective component. Cynicism was measured
with a seven-item self-completion cynicism scale derived
from the Minnesota Multiphasic Personality Inventory (for
example, ÔIt is safer to trust nobodyÕ).16,17 Paranoia was
assessed with the six-item self-completion paranoid ideation
subscale of the Symptom Checklist-90R (for example,
ÔOthers do not give me proper credit for my achieve-
mentsÕ).18 Anger was assessed with a seven-item Irritability
Scale of the Buss-Durkee Hostility Inventory (for example, ÔI
lose my temper easily but get over it quicklyÕ).19 Detailed
description of the scales has been published in previous
papers.9,20 Response format for all scales was on a Þve-point
scale, ranging from totally disagree (1) to totally agree (5),
and the mean of each scale was calculated for only those
who had responded to at least 50% of the items on the scale.
In addition, for each scale we calculated the mean score over
the four measurements in 1992, 1997, 2001 and 2007 to
capture a more stable trait of hostility. Reliability for the
four-measurement mean score was high, with CronbachÕs
a being 0.85, 0.84 and 0.82 for cynicism, paranoia and anger
scales, respectively.

Genotyping and quality control of YF study. The
genome-wide SNP genotyping of YF study was done by a
custom Illumina BeadChip (San Diego, CA, USA) containing
670 000 SNPs and copy-number variant probes from 2442
YF participants (1123 males and 1319 females). The custom
670K chip shares 562 643 SNPs in common with the Illumina
Human610 BeadChip. Genotypes were called using
IlluminaÕs clustering algorithm (Illuminus).21 A total of 2556
samples were genotyped. After initial clustering, we removed
2 subjects for poor call rates (call rate o 0.90), and 54

samples failed subsequent quality control (that is, duplicated
samples, heterozygosity, low call rate or custom SNP
Þngerprint genotype discrepancy). The following Þlters were
applied to the remaining data: minor allele frequency 0.01,
genotyped call rate (GENO) 0.05, MIND 0.05 and Hardy—
Weinberg equilibrium 1 � 10� 6. Of 2500 individuals, 3 were
removed for low genotyping (MIND 4 0.05), 11 766 markers
were excluded based on Hardy—Weinberg equilibrium test
(Pp 1 � 10� 6), 7746 SNPs failed missingness test (GENO
4 0.05), 34 596 SNPs failed frequency test (minor allele
frequency o 0.01) and 1 individual failed gender check. None
were removed by subsequent heterozygosity check. In that
point, there were 546 770 SNPs and 2496 individuals who
were utilized to generate an identity-by-descent matrix Þle in
PLINK.22 There were 51 pairs of individuals with pi-hat 4 0.2,
and thus these individuals were removed because of
possible relatedness. One of the pair was removed using
greater missingness as criteria. After Þnal frequency and
genotyping running, there was 546 677 SNPs available
from a sample of 2442 YF subjects. Genotype imputation
was performed for the YF SNP data using MACH23 with the
HapMap (phase II, release 22 CEU, NCBI build 36, dbSNP
126) haplotypes as reference.

Statistics of GWAS. Quasi-continuous mean variables of
hostility subscales were Box—Cox transformed. Residuals
were obtained using linear regression model in which hostility
variables were adjusted for sex and age in order to control
the most obvious environmental factors related to hostility.
Residuals were standardized (mean 0, s.d. 1) and their
distributions were conÞrmed to be very close to normal by
visual Q-Q plot analysis. We also veriÞed that the estimates
for the b-coefÞcients from the GWAS are not driven by few
outliers by plotting leverage vs standardized residuals plots
for the residuals.

We have an 80% power of identifying SNPs that explain at
least 4% of the variability with sample size of 985 (mean of
four measurement). For the four measurements within
each hostility scale the sample sizes are increased to
B 1780 subjects. These analyses were powered to detect
the effects of common variants down to 2.1% of explained
variability.

Tests for additive genetic effects were carried out on a linear
scale using linear regression. Genotypes were coded as 0, 1
or 2 when the SNP was genotyped and by dosage (scale 0—2)
when imputed. These tests were performed to assess
association of SNPs with the standardized residuals using
PLINK22 for the genotyped data. ProbABEL24 was used to Þt
the model, taking account of the genotype uncertainty at
imputed SNPs. The P-values were combined from the
analysis by favoring genotyped tests over imputed ones.
The Q-Q and Manhattan plots were drawn for the analysis of
the results. The P-value for genome-wide signiÞcance was set
at Po 9 � 10� 8, corresponding to a target a of 0.05 with a
Bonferroni correction for 550 000 million independent tests
with direct genotyping. Cynicism was normally distributed,
whereas the distributions of paranoia and anger were slightly
positively skewed. Thus Box—Cox transformations were used
for all the outcomes.
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Results

As shown in Table 1, the average age of the genotyped
sample is 37.56 (s.d. …5.03). The bivariate correlations
between hostility measures are shown in Table 2. The stability
of the measures (rÕs range 0.45—0.69) as well as their bivariate
correlations (rÕs range 0.38—0.77) are moderate (allPÕs
o 0.001). Cynicism and paranoia correlate higher with each
other than with anger. Younger participants scored higher on
the three hostility measures (r … � 0.12, Po 0.001, r … � 0.08,
P …0.01, and r … � 0.05, P …0.123 for mean cynicism,
paranoia and anger, respectively). Females scored higher
on anger (r … � 0.20, Po 0.001) and males on cynicism
(r …0.18, Po 0.001) and paranoia (r …0.09, Po 0.01). All the
subsequent models were therefore adjusted for sex and age.

We tested 2 577 640 SNPs for association with the three
hostility scales measured in four different time points. The top
SNPs derived from SNPs with P-values p 1 � 10� 5 are
presented in the Tables 3 and 4. Table 3 shows the top SNPs
when hostility is measured as a mean score of four
measurement phases ((phase 1 þ phase 2 þ phase 3 þ phase
4/4)). Chromosome 14 at 99 cM (SNPs rs3783337,
rs7158754, rs3783332, rs2181102, rs7159195, rs11160570,
rs941898) predicted suggestively the mean paranoia during
the 15 years at the genome-wide statistical signiÞcance
(Po 9 � 108, Table 2). However, this suggestive association
did not replicate at each single measurement point over time
(Table 4). Table 4 shows the top SNPs when the most
signiÞcant associations are selected, irrespective of measure-
ment phase (selected from phase 1, phase 2, phase 3 or
phase 4). The most signiÞcant SNP suggestively associated
with anger was found on chromosome 17 at 11 cM SNP
rs11656526 (P-value o 9 � 10� 8, Table 4) for anger mea-
sured in 1992. Also, loci on chromosome 6 at 6.7 cM seemed
promising when predicting anger in 2007, which shows the
most reliable results for anger according to Q-Q plot analyses.
However, these suggestive associations did not replicate in
other measurement years, and hence the stability of these
associations was weak.

Table 5 shows those SNPs that replicate at different
measurement phases or at different scales. The most
systematic replicating evidence for suggestive genetic effects
was found for cynicism, although the signiÞcance levels
(Po 1 � 105) did not reach the Bonferroni corrected genome-
wide signiÞcance level. Promising SNPs suggestively predicting
cynicism were found on chromosome 7 at 86 cM (rs802047,
rs802028, rs802030, rs802026, rs802036, rs802025, rs802024,
rs802032, rs802049, rs802051), which replicated on two
different measurements of cynicism (1992 and 1997) as well
as the Þrst four of the SNPs on above on the mean of all four
measurements of cynicism (Table 5). In addition, SNPs in
chromosome 22 at 43 cM (rs7510759, rs7510924) were
associated with cynicism in 1997 and the mean of all four
measurements of cynicism. The genetic background of different
components of hostility appears to be largely distinct from each
other, although a group of SNPs from chromosome 17 at 2.8 cM

Table 1 Characteristics of the study group

Variable n % Mean
(s.d.)

Range

Sex 2443
Male 1123 46.0
Female 1320 54.0

Age in 2007 2443 37.56 (5.03) 30—45

Hostility
Mean of 1992, 1997, 2001 and 2007

Anger 987 2.50 (0.58) 1.00—4.25
Cynicism 986 2.71 (0.59) 1.11—4.54
Paranoia 985 2.30 (0.53) 1.00—4.62

1992
Anger 1776 2.52 (0.77) 1.00—5.00
Cynicism 1781 2.82 (0.67) 1.00—5.00
Paranoia 1780 2.35 (0.64) 1.00—4.67

1997
Anger 1619 2.61 (0.75) 1.00—5.00
Cynicism 1622 2.89 (0.72) 1.00—4.86
Paranoia 1622 2.46 (0.64) 1.00—4.50

2001
Anger 1750 2.51 (0.71) 1.00—5.00
Cynicism 1740 2.70 (0.70) 1.00—5.00
Paranoia 1739 2.31 (0.64) 1.00—5.00

2007
Anger 1738 2.42 (0.68) 1.00—4.86
Cynicism 1737 2.51 (0.71) 1.00—4.71
Paranoia 1737 2.14 (0.64) 1.00—4.83

Table 2 Correlations between hostility measures (n ranges between 983 and 2443 from mean cynicism—mean paranoia correlation with age—sex correlation)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1. Sex
2. Age in 2007 � 0.00
3. Mean anger � 0.20*** � 0.05
4. Mean cynicism 0.18*** � 0.12*** 0.44***
5. Mean paranoia 0.09** � 0.08** 0.57*** 0.77***
6. Anger in 1992 � 0.18*** � 0.14*** 0.77*** 0.36*** 0.47***
7. Cynicism in 1992 0.15*** � 0.16*** 0.33*** 0.76*** 0.56*** 0.41***
8. Paranoia in 1992 0.02 � 0.16*** 0.48*** 0.59*** 0.78*** 0.56*** 0.63***
9. Anger in 1997 � 0.19*** � 0.02 0.83*** 0.36*** 0.47*** 0.52*** 0.25*** 0.35***
10. Cynicism in 1997 0.08** � 0.11*** 0.37*** 0.85*** 0.65*** 0.27*** 0.56*** 0.45*** 0.38***
11. Paranoia in 1997 0.03 � 0.06* 0.47*** 0.66*** 0.84*** 0.36*** 0.44*** 0.56*** 0.49*** 0.69***
12. Anger in 2001 � 0.18*** 0.01 0.84*** 0.35*** 0.45*** 0.49*** 0.21*** 0.30*** 0.62*** 0.30*** 0.37***
13. Cynicism in 2001 0.11*** � 0.03 0.40*** 0.87*** 0.67*** 0.30*** 0.52*** 0.44*** 0.30*** 0.66*** 0.53*** 0.38***
14. Paranoia in 2001 0.06* 0.00 0.47*** 0.66*** 0.85*** 0.32*** 0.39*** 0.50*** 0.36*** 0.51*** 0.62*** 0.46*** 0.72***
15. Anger in 2007 � 0.12*** � 0.07** 0.79*** 0.38*** 0.46*** 0.45*** 0.20*** 0.32*** 0.50*** 0.26*** 0.34*** 0.62*** 0.33*** 0.37***
16. Cynicism in 2007 0.17*** � 0.04 0.37*** 0.84*** 0.68*** 0.25*** 0.46*** 0.42*** 0.28*** 0.60*** 0.54*** 0.30*** 0.69*** 0.56*** 0.39***
17. Paranoia in 2007 0.10*** � 0.02 0.45*** 0.63*** 0.83*** 0.28*** 0.34*** 0.49*** 0.33*** 0.44*** 0.59*** 0.33*** 0.54*** 0.65*** 0.46*** 0.73***

*Po 0.05; **Po 0.01; ***Po 0.001.
Sex: 1 …male, 0 …female.
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(rs12936442, rs894664, rs6502671, rs7216028) and from
chromosome 22 at 43 cM (rs7510759, rs7510924, rs7290560)
and at 36 cM (rs8136107) were suggestively associated with
both cynicism and paranoia. Replications of the genetic linkage
between different measurement of hostility and different
measurement years are presented in Table 5.

Discussion

Our study reports results of a large-scale GWA analysis of
hostility, with hostility measured in four follow-ups across
15 years of time span with three different scales. Although only
few associations achieved genome-wide signiÞcance, many
associations approached signiÞcance. We attempted to capture
more reliable Þndings of the genotype over time by using the
mean of hostility levels in the four time points as the outcome.
Most of the suggestive associations did not replicate across
measurement times, which undermines the robustness of the
single signiÞcant associations. These suggestive associations
should therefore be interpreted with appropriate caution. The
inconsistent Þndings resemble those from many previous GWA
studies of personality, most of which have not yet found robust
evidence for speciÞc candidate genes. 13,25—27

The strongest associations were found for mean score of
paranoia with a number of closely linked SNPs in chromosome

14 at 99 cM, although this suggestive association had limited
replicability over time. Chromosome 14 atB 100 cM has been
previously linked to neuroticism and anxiety27,28 and at
103 cM to bipolar disorder.29 The present study thus adds
evidence that this region may include genetic markers or
determinants for general anxiety and distrust (that is,
paranoia) as well as for susceptibility to psychiatric diagnoses
involving distrust against others. The Þnding that the mean
paranoia for four different time points had signiÞcant genetic
linkage, but single measurements of paranoia did not, may
imply that paranoia as a stable trait has wider genetic basis,
but high distrust in one point in time may depend more
on transient environmental factors and be more prone to
ßuctuate. The closest gene for the found paranoia linked
SNPs is EVL gene in chromosome 14, which is proposed as a
possible candidate gene for colorectal cancer.30

Another signiÞcant genomic region found in the current
study is in chromosome 17 at 2.8 cM, which was suggestively
linked with both paranoia and cynicism in the most recent
measurement when the participants were at age 30—45 years.
The closest gene for this region is RAP1GAP2, which affects
GTPase-activating protein, has a role in regulating the
platelet aggregation, and is expressed especially in heart,
testis and blood leukocytes, and also in stomach, pancreas
and intestines, and slightly in brain.31 Thus, this might

Table 3 Genetic markers showing top 10 SNPs within mean of four measurement years in each hostility scale

CHR SNP Base pair Minor
allele

MAF n b s.e. P-value r2 Closest
gene

Anger
2 rs2882650 6 517 472 C 0.34 986 � 0.22 0.05 4.3 � 10� 6 0.02
2 rs10929436 6 518 881 T 0.34 986 � 0.22 0.05 4.3 � 10� 6 0.02
2 rs4668497 6 517 422 T 0.34 986 � 0.22 0.05 4.4 � 10� 6 0.02
2 rs7593230 6 519 359 T 0.34 986 � 0.22 0.05 4.4 � 10� 6 0.02
4 rs4859315 32 867 764 C 0.06 986 0.83 0.18 4.6� 10� 6 0.02
8 rs17648656 30 973 921 T 0.47 986 0.21 0.05 4.6� 10� 6 0.02 PURG
8 rs11776713 30 981 149 T 0.47 986 0.21 0.05 4.6� 10� 6 0.02 PURG
8 rs11779521 30 983 843 T 0.47 986 0.21 0.05 4.6� 10� 6 0.02 PURG
8 rs11775287 30 983 881 C 0.47 986 0.21 0.05 4.7� 10� 6 0.02 PURG
2 rs10929438 6 522 878 A 0.34 986 � 0.21 0.05 4.7 � 10� 6 0.02

Cynicism
7 rs802047 86 795 721 C 0.12 985 0.35 0.07 2.9� 10� 7 0.03
20 rs2426192 48 695 861 A 0.29 985 � 0.24 0.05 6.3 � 10� 7 0.02 FAM65C
14 rs1884535 94 806 200 A 0.05 983 0.53 0.11 6.3� 10� 7 0.02 CLMN
20 rs2245361 48 695 563 C 0.29 985 � 0.24 0.05 6.5 � 10� 7 0.02 FAM65C
22 rs8136107 35 697 254 A 0.10 985 � 0.41 0.08 8.3 � 10� 7 0.02
8 rs7833231 4 669 830 G 0.30 982 0.24 0.05 9.8� 10� 7 0.02 CSMD1
22 rs16997638 35 734 113 C 0.11 985 � 0.34 0.07 1.6 � 10� 6 0.02 TST
7 rs802030 86 831 487 G 0.10 985 0.38 0.08 2.0� 10� 6 0.02 CROT
7 rs802028 86 829 611 T 0.10 985 0.38 0.08 2.0� 10� 6 0.02 CROT
10 rs10510007 116 626 711 G 0.33 983 � 0.22 0.05 2.1 � 10� 6 0.02 FAM160B1

Paranoia
14 rs3783337 99 665 031 T 0.17 984 � 0.34 0.06 3.5 � 10� 8 0.03 EVL
14 rs7158754 99 653 102 A 0.17 984 � 0.34 0.06 3.5 � 10� 8 0.03 EVL
14 rs3783332 99 656 510 A 0.17 984 � 0.34 0.06 3.5 � 10� 8 0.03 EVL
14 rs2181102 99 653 702 G 0.17 984 � 0.34 0.06 3.5 � 10� 8 0.03 EVL
14 rs7159195 99 653 083 G 0.17 984 � 0.34 0.06 3.5 � 10� 8 0.03 EVL
14 rs11160570 99 651 389 T 0.17 984 � 0.34 0.06 3.5 � 10� 8 0.03 EVL
14 rs941898 99 669 190 G 0.17 984 � 0.34 0.06 3.8 � 10� 8 0.03 EVL
14 rs941900 99 673 152 C 0.19 984 � 0.28 0.06 1.3 � 10� 6 0.02 EVL
22 rs7510759 43 038 359 A 0.16 984 0.50 0.1 1.6� 10� 6 0.02 KIAA1644
22 rs7510924 43 039 988 T 0.16 984 0.50 0.1 1.6� 10� 6 0.02 KIAA1644

Abbreviations: CHR, chromosome; MAF, minor allele frequency; SNP, single-nucleotide polymorphism.
Bold values …Po 9 � 10� 8.
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also be a possible link between hostility and health
problems. Both cynicism and paranoia mean scores were
also associated with a region in chromosome 22 at 36 cM
and at 43 cM for which the closest gene is KIAA1644.
Neither RAP1GAP2 nor KIAA1644 have previously been

linked to personality traits, although chromosome






