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Abstract

Background: Although research into the continuity and change of personality traits during a lifespan has been fairly
extensive, little research has been conducted on childhood predictors of adult personality.

Purpose: We aimed to investigate the association between infant socioeconomic status (SES), and Eysenck personality traits
in adulthood. An additional aim was to investigate whether intelligence and education may mediate this association.

Methods: SES of 9125 children in the Copenhagen Perinatal Cohort was recorded at a 1-year examination. A subsample of
this cohort, comprising 1182 individuals, participated in a follow-up at 20-34 years and was administered the Eysenck
Personality Questionnaire (EPQ) which includes measures of neuroticism, extraversion, psychoticism and the so-called lie-
scale. Associations of SES with each of the four personality traits were analysed by bivariate and partial correlations, and the
mediating effects of intelligence and years of education were analysed.

Results: Higher SES in infancy was associated with lower neuroticism (r=—0.06; p=0.05), lower lie-scale scores (r=—0.11;
p =0.0002), and higher psychoticism (r=0.09; p =0.003). However, analyses of mediation revealed no direct effect of infant
SES on any of the adult personality traits, but only indirect effects mediated by intelligence and years of education, with
intelligence being the main mediating factor.

Conclusion: Only weak associations were observed between infant SES and personality in young adulthood, and the
observed associations were mediated by adult intelligence and educational level. Thus, factors associated with infant SES or
family background appears to have weak direct effects on personality development.
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Introduction

Increasing evidence suggests that specific personality traits are
related to numerous facets of human life, including subjective well-
being [1], stress [2], psychopathology [3], morbidity [4] and
longevity [5,6]. However, although research into consequences of
personality in addition to the continuity and change of personality
traits during a lifespan [7] has been fairly extensive, research into
possible early predictors of personality development, especially
demographic factors such as socioeconomic status (SES), is limited.

With respect to adult measures of SES and personality, a recent
Danish cross sectional study observed associations between
occupational social class and personality: Neuroticism increased,
whereas extraversion and conscientiousness decreased with lower
social class [8]. In accordance with these results, an American
study found low SES to be associated with higher neuroticism and
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agreeableness and with lower extraversion, openness, and consci-
entiousness [9], and a recent study from Scotland using a
dichotomized measure of area deprivation found higher scores
on neuroticism and psychoticism in the “most deprived group”
compared to ‘“the least deprived group” [10]. In spite of the
studies on associations between adult measures of SES and
personality, little research has focused on understanding these
associations which may reflect causal effects of SES on personality,
causal effects of personality on SES, and correlations with other
factors which influence both SES and personality. While SES and
personality may mutually influence each other in adult individuals,
it is possible that the associations between SES and personality are
best understood in a developmental perspective as factors
associated with childhood or family SES may influence personality
development and thus contribute to the adult associations.
However, the possible effects of SES early in life on personality
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development have been little researched, and we have only been
able to locate two relevant studies. These studies found that low
childhood SES was associated with cynical hostility [11] and with
high neuroticism, low conscientiousness, low extraversion and low
openness in adulthood [12].

Strong associations are often observed between early life SES
and measures of adult intelligence and educational level, and since
these factors are also associated with measures of personality [13],
there are reasons to believe that intelligence and education would
play an important role in the association between infant/
childhood SES and personality. Intelligence is often found to be
more strongly associated with demographic factors than person-
ality [14,15], and cognitive ability and academic achievement have
been found to correlate with certain personality traits [8,13,16].
Hence, these cognitive factors may possibly mediate associations
between early life SES and adult personality. However, neither of
the two studies investigating early life SES and adult personality
incorporated analyses of possible mediation by cognitive factors
such as intelligence or education, and they were both either cross-
sectional or retrospective in design.

The primary aim of the present study was to conduct analyses of
the prospective associations between infant socioeconomic status
(SES) and adult personality as assessed by the Eysenck Personality
Questionnaire. Based on the available literature, we hypothesized
that low infant SES would be associated with especially high
neuroticism, and we also hypothesized that intelligence and years
of education might mediate this association.

Materials and Methods

Study population

The study objectives were investigated using data from the
Copenhagen Perinatal Cohort (CPC) and from a follow-up study
of this birth cohort, The Prenatal Development Project (PDP). The
CPC was initially established with data on 8,949 mothers and their
9,125 consecutive deliveries at the University Hospital in
Copenhagen during the period 1959-61. Information on demo-
graphic, socioeconomic, prenatal, and postnatal factors were
recorded prospectively during pregnancy, at delivery, and at a 1-
year examination [17]. The mothers were mainly residents in
Copenhagen, but some were admitted on obstetrical complications
or because of single mother status [18]. A total of 8,400 infants
survived the first month after birth. A subsample from the CPC
participated in an ongoing research program between 1982-1994
that focused on the developmental effects of prenatal and perinatal
factors, in particular the effects of prenatal exposure to prescribed
maternal medications. On the basis of perinatal records, 1575
potential subjects were invited to participate in the PDP between
1982 to 1994 [19]. The full test battery included a 24 hour home
assessment by a social worker and an 8-11 hour psychological
evaluation conducted at the Institute of Preventive Medicine
[19,20]. Several personality and cognitive tests were administered,
including the Eysenck Personality Questionnaire (EPQ) [21],
which was administered to 1182 participants (75% of those
contacted), and the Danish version of the Wechsler Adult
Intelligence Scale [22] which was administered to 1155 partici-
pants (73% of those contacted). Among the 1182 participants with
EPQ data, 532 participants were prenatally exposed to medication
(primarily hormones and barbiturates) while 650 were unexposed
matched controls. According to Danish regulations the present
analyses do not require approval by the scientific ethical
committee system.
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Socioeconomic status

Infant socioeconomic status (SES) was measured at the l-year
examination and was based on the social grouping of the Centre
International de ’Enfance [23], in which points, 0-5, are given
according to 1) the occupation of the breadwinner, 2) the way in
which the breadwinner earns his/her wages (public relief, daily
wage, weekly wage, monthly salary and own business or capital; 3)
the education of the breadwinner; 4) the character of the living
accommodation (its size, the number of persons per room, its
position, etc.). When the data were first computerized more than
40 years ago, the original 0-20 point scale was converted to a scale
ranging from 0 to 8 (with 8 being the highest SES) [24]. In the
present study, sample frequencies of the 8 SES categories were:
n=20, 107, 215, 205, 134, 143, 145, and 86 respectively.

Adult follow-up

Eysenck Personality Questionnaire (EPQ). The EPQ was
published in 1975 [21], and the Danish version comprises 101
binary ‘yes’ or ‘no’ questions from which scores on the personality
traits of neuroticism, extraversion, psychoticism and a lie-scale are
derived [25].

Intelligence. The complete version of the original Wechsler’s
Adult Intelligence Scale (WAIS) was administered [26]. From the
11 subtests three IQ) scores are derived. The presented analyses are
primarily based on the Full Scale 1Q), but relevant correlations will
also be presented for the Verbal and Performance 1Q) scales.
The total number of years the
respondent attended primary and secondary school, ranging from
5 to 13.

Years of education.

Statistical analyses

Among the 1182 participants completing the EPQ), the missing
data rate on infant SES was 10.7%. The participants without
information on infant SES did not differ significantly from those
with information with regard to personality and 1Q), and they were
excluded from the main analyses. Numbers, means, standard
deviations and skewness/kurtosis for SES, outcome variables
(Eysenck personality traits) and potential mediators (intelligence
and years of education) are presented in Table 1 for men and
women separately. The inter-correlations of all variables are
presented in a correlation matrix (Table 2).

The associations between SES and each of the four personality
traits were estimated by bivariate and partial correlations
(Table 3). For partial correlations, two models are presented: A
model with gender and age at adult follow-up included as
covariates and a model with gender, age at adult follow-up, and
the potential mediators, intelligence and years of education,
included (Table 3). To evaluate the influence of missing data, we
used the structural equation modelling facilities of Stata 13
(StataCorp LP, USA) to repeat all correlations using full
information maximum likelihood (FIML [27]). These analyses
use all available information, including information on covariates
and personality traits for participants without information on
infant SES. The results for the fully adjusted FIML model are
presented together with the corresponding model based on the
subsample of participants with complete information on all
variables (Table 3). The role of potential mediating factors were
evaluated based on estimates of direct and indirect effects (Cf,
Figure 1) and calculated by the Stata add-on procedure ‘binary
mediation’ (Phil Ender, UCLA Academic Technology Service),
with bootstrap standard errors used to calculate p-values. Gender
and age at adult follow-up were included in the model (Table 4).
All analyses presented in Table 4 were also conducted as FIML
using the “sem” procedure of Stata (data not shown).
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Figure 1. Overview of mediational effects.
doi:10.1371/journal.pone.0103846.g001

To evaluate the potential modifying effects of gender and age at
adult follow-up, the interaction of both variables with infant SES
was tested for all personality traits and revealed no significant
interaction terms. The level of infant SES was significantly higher
in the medication exposure group, but the interaction between
prenatal medication exposure status and infant SES was tested and
found non-significant for all personality traits (data not shown).

All statistical analyses (except for the mediational analyses in
Table 4) were conducted by means of the statistical software
package SAS 9.1.

Results

Table 1 displays the number of observations, means, and
standard deviations for SES, EPQ personality traits, and potential
mediators. On the EPQ, standard deviations were largest for

neuroticism (mean =7.63, SD =5.16), while it was smallest for
psychoticism (mean =4.04, SD =2.36). Cronbach’s alpha values
for neuroticism, extraversion, psychoticism and lie-scale were
0.84/0.87, 0.82/0.84, 0.43/0.48, and 0.74/0.74 for men and
women respectively. The correlation matrix revealed significant
correlations especially among SES, intelligence, and years of
education. Among the EPQ) traits, especially neuroticism and
extraversion were significantly correlated (r=—0.35, p<<0.0001).
Correlation matrices for each sex were computed and showed
generally similar correlations for men and women. Nevertheless,
psychoticism was significantly associated with more covariates
among men, while number of school years was significantly
assoclated with more covariates among women (data not shown).

Results of the bivariate analyses in Table 3 showed that higher
SES at birth was associated with lower neuroticism (r =-0.06;
p=0.05) and lie-scale score (r=-0.11; p=0.0002) and higher

Table 3. Pearson correlations for infant SES according to Eysenck personality traits.

Eysenck personality trait: N Bivariate Partial* Partial** Partial, FIML adjusted**
r(p) r(p) r(p) r (p)

Neuroticism 1055 -0.061 (0.046) -0.085 (0.006) -0.010 (0.762) -0.009 (0.792)

Extraversion 1055 0.042 (0.173) 0.044 (0.155) 0.036 (0.245) 0.042 (0.237)

Psychoticism 1055  0.090 (0.003) 0.077 (0.014) 0.032 (0.313) 0.034 (0.319)

Lie-scale 1055 -0.114 (0.0002) -0.131 (<0.0001) -0.042 (0.184) -0.042 (0.230)

Intelligence 1030  0.381 (<0.0001) 0.381 (<0.0001) 0.131 (<0.0001) 0.121 (<0.0001)

Years of education 1029  0.484 (<0.0001) 0.479 (<0.0001) 0.338 (<0.0001) 0.293 (<0.0001)

*Gender, age at adult follow-up.

**Gender, age at adult follow-up, intelligence, and years of education.
FIML: Full Information Maximum Likelihood.
doi:10.1371/journal.pone.0103846.t003
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<0.001 (0.018)
0.176 (0.034)

-0.082

0.010 (0.016)
0.301 (0.034)
0.006 (0.028)

0.043
0.035

0.853 (0.018)
0.256 (0.037)
0.170 (0.033)

0.003

<0.001 (0.017)
0.741 (0.031)
0.003 (0.028)

-0.075

Total Indirect Effect

-0.047
-0.129

0.042
0.045

-0.010
-0.085

Direct Effect
Total Effect

<0.001 (0.030)

0.078

'Stata add-on procedure binary mediation was used to calculate effects. This procedure analyses both binary and continuous outcomes. Bootstrap standard errors are used to calculate p-values. Gender and age at adult follow-up

are included in the model.

doi:10.1371/journal.pone.0103846.t004
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psychoticism (r=10.09, p=0.003). Adjusted analyses including
gender and age at adult follow-up did not change the estimates
substantially, while the inclusion of intelligence and years of
education reduced the partial correlations to non-significance.
Both intelligence and years of education were significantly
associated with infant SES in bivariate correlations (r=0.38; p<
0.0001 and r=0.49; p<<0.0001 respectively) as well as mutually
adjusted partial correlations. The results of the FIML analyses
incorporating all available information were essentially the same as
those of the analyses based on subsamples with complete
information on all relevant variables.

Estimates of indirect and direct effects of infant SES on EPQ
personality traits (Table 4) showed no significant direct effects of
infant SES when offspring intelligence and education were
included in the analysis. The total indirect effect of the two factors
was, however, significant for neuroticism (f=-0.07; p<<0.0001),
psychoticism (B=0.04; p=0.01), and lie-scale (p=-0.08; p<
0.0001). Intelligence appeared to be the main mediating factor
with significant indirect effects on both neuroticism (f=-0.05;
p=0.014) and lie-scale (B=-0.07; p<<0.0001). All estimates in
Table 3 were generally the same using FIML (data not shown).

Discussion

The current study expands the life course epidemiological
research of personality predictors by examining a well-validated
measure of personality traits (EPQ) in relation to parental SES at
infancy. Our main results were that there are only weak
associations between infant SES and adult personality, and the
observed significant associations between SES and neuroticism,
lie-scale, and psychoticism were all found to reflect a mediating
effect of intelligence (and to some extent years of education).

The main advantage of this study is the prospective design
including real-time registration of infant SES. However, as in all
observational studies, there may be unrecognized confounding
factors associated with SES and personality. Gender, adult age at
follow-up, intelligence, and years of education were included in the
models. However, there may be other unobserved confounding or
mediating factors in the associations. Factors associated with infant
SES, intelligence, and personality in adulthood could be genetic
factors or environmental factors related to the upbringing of
children, such as attachment to the primary caregiver, early
neglect, or reduced stimulation in the first years. These factors
were not included in the analyses as appropriate data were not
available, and therefore we do not know the impact of these factors
on the associations at hand. Furthermore, only information on
breadwinner’s SES was available, while independent SES infor-
mation on both parents would have permitted more detailed
analyses. The relevance of such analyses was demonstrated by
Jonassaint et al. [12] who showed that mother’s and father’s
education had different influences on the personality of the
offspring. An anonymous reviewer has pointed out that the
relatively small correlations between infant SES and adult
personality might reflect response styles rather than true variation
in adult personality dimensions. We find this a possible explana-
tion of a correlation between infant SES and single adult
personality dimension (e.g. a single association with the lie scale),
but find it unlikely that response style can explain correlations with
three of the four EPQ) scales, including positive correlations with
psychoticism and negative correlations with both neuroticism and
the lie-scale. Finally, the data on intelligence and personality are
cross-sectional which raises the issue of the direction of causality.
In a developmental perspective it is likely that intelligence
influences personality development, but also that personality to
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an extent influences development of intelligence. However, we
have chosen to analyse intelligence as a mediator of the association
between SES and personality because stable individual differences
in intelligence tend to develop earlier than stable individual
differences in personality [28] and because associations between
SES and intelligence are usually found to be much stronger than
associations between SES and personality [8,15] (which was also
the case in the present study).

In the present study we observed a correlation of 0.38 between
infant parental SES and adult intelligence. This very substantial
correlation is likely to reflect both common genetic variance and
environmental influence on development of intelligence since
evidence of genetic effects on both SES and intelligence have been
observed in Danish Studies [29,30]. Furthermore, the heritability
of both intelligence and personality has been studied extensively
and individual differences in both have been shown to be
substantially influenced by genetic variance [31]. Twin research
suggests that genetic variance in intelligence and personality partly
overlaps [32-34] and both phenotypic and genotypic covariance
between intelligence and personality have been observed [31,35],
suggesting that shared genetic variance is one important compo-
nent in the association between intelligence and personality. Thus,
associations among infant SES, intelligence and personality may
reflect common genetic variance, and the fact that intelligence in
this study appears to mediate the relationship between SES and
personality does not imply that a causal pathway is purely
environmental.

The most comparable findings from previous studies are: (1)
The study by Jonassaint et al. [12] showing that parent’s education
in childhood was associated with NEO PI-R personality traits; thus
higher father’s education was associated with lower neuroticism,
and higher extraversion, openness and conscientiousness, whereas
higher mother’s education was significantly associated with higher
extraversion and openness. (2) The study by Harper et al. [11]
found that childhood socioeconomic position was associated with
adult psychosocial functioning in terms of cynical hostility and
hopelessness (the latter presumably related to the broad dimension
of neuroticism). None of the studies, however, analysed intelli-
gence and school years as potential mediators of the associations,
and they were both retrospective, thereby increasing the risk of
recall-bias, perhaps explaining the somewhat larger correlations
(B=0.15-0.20) [12].

In addition to the findings of Jonassaint et al. [12] our findings
of higher infant SES being associated with lower neuroticism is in
accordance with a recent large Danish cross sectional study that
found lower social class (in adulthood) to be associated with higher
neuroticism [8]. The trait of neuroticism, commonly described in
terms of “anxious, depressed, guilt feelings, low self-esteem, tense,
irrational, shy, moody, emotional” [2], has also in several studies
been shown to be associated with lower intelligence, supporting
that IQ) is a main factor explaining the association between SES
and neuroticism (although correlations have sometimes been
interpreted in terms of the influence of personality on a cognitive
test performance or the influence of intelligence on the interpre-
tation of items in personality inventories [13]).

We did not find any significant associations between infant SES
and extraversion in adulthood, which is not in accordance with the
study by Jonassaint et al. [12] finding higher education of either
parent to be associated with high extraversion in adulthood or with
a Danish cross sectional study finding lower social class to be
associated with decreased extraversion [8]. Correlations between
mntelligence and extraversion have generally been varying in
studies investigating the issue [13,31] with results differing from
positive to negative associations.

PLOS ONE | www.plosone.org
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The validity and meaning of the trait psychoticism, as measured
by Eysenck, has been subject to much discussion and has been
criticised for its low internal consistency (i.e. low inter-item
correlations) and a weak factor structure [36-38]. Psychoticism has
been interpreted as being either a sub dimension of or a blend of
the traits agreeableness and conscientiousness [39]. Howarth [38]
suggested “‘that users of the P scale might obtain results varying
widely from study to study according to (among other independent
variables) the composition of the study sample which might favour
one or other aspect of this composite at present called
‘psychoticism’ ”. Our study found a relationship between high
infant SES and high psychoticism, while the mediation analyses
found this association to be mediated by the total indirect effects of
intelligence and education. Generally, studies indicate that
psychoticism is negatively related to academic achievement but
positively related to openness [13], which has been found to
correlate with intelligence [13].

Lie scales were originally introduced into personality measures
in order to detect the “faking good” of scores on other scales [40].
It has, however, been suggested that lie scales in general should be
interpreted as measuring a personality dimension in its own right
[41,42]. According to Eysenck & Eysenck [43], the lie scale
included in the Eysenck Personality Questionnaire (EPQ) permits
lying to be diagnosed, but the unitary nature of the Eysenckian lie
scale has been questioned, and more than one distinct personality
component has been suggested [44-46]. According to some
researchers, the dimension is best characterized as social
acquiescence or conformity [47,48], and according to others as
(lack of) self-insight [44,49-51]. Our findings of higher infant SES
being associated with lower lie-scale scores cannot directly be
compared to other studies as the subject, to our knowledge, has not
yet been investigated elsewhere. Nevertheless, three different
studies found significant negative associations between birth
weight (a known positive correlate of both infant SES and
intelligence) and lie-scale scores in adulthood [52-54], which
indirectly supports our findings of intelligence being a mediating
factor in the association.

Life course epidemiology has consistently shown a significant
correlation between low SES in childhood and poor health in
adulthood [55-60], and it has been hypothesized that early
emerging personality may mediate the effect of childhood SES on
adult health. This mediating effect of personality has been
demonstrated in studies indicating that SES influences health
through sense of control [61,62] and ‘reserve capacity’ (defined by
combined measures of optimism/pessimism, sense of control, self-
esteem, and social support to measure) [63]. In addition, “at risk”
personality traits have consistently been shown to be associated
with risky behaviours and poor health [64-71], thereby further
supporting the hypothesis of personality being a mediating factor
in the known association between low SES and poor health.
However, intelligence typically shows stronger associations with
both SES and health outcomes than measures of personality
[15,72,73], and our results suggest that intelligence, rather than
personality, may be the important factor linking SES to health.

Conclusion

This first prospective study of infant SES and personality
observed only weak associations between parental SES in infancy
and adult personality. Whereas small significant associations were
found between high SES and lower neuroticism, higher psychoti-
cism and lower lie-scale scores — these associations were all found
to be mediated by intelligence and number of school years. As this
is the first study to investigate this issue, more research should be
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carried out in the area to eclucidate and corroborate the present
findings.

Although we found several statistically significant associations,
the obtained correlations are relatively small and of limited
practical significance. However, the results might not generalize to
societies in which disparities in SES are considerably larger than in
Denmark and higher correlations between SES and personality
might be observed. In addition, our results can be of importance in
health research, where personality has previously been suggested
to be an important factor linking childhood SES to poor health.
Based on the present findings we suggest that intelligence, rather
than personality should be the primary focus in such studies.
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