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Abstract

Neuroticism is associated with greater reactivity to stress and lifetime psychopathology. In the 

present study we examined the association between neuroticism and regional and total cortical 

thickness (CT) across the lifespan, accounting for gender. We also assessed interactions among 

these factors. 450 subjects between 19 and 80 years were included. Participants completed the 

International Personality Item Pool and a structural MRI scan. Total CT and the mean values of 

CT in five regions of interest were examined. We also investigated the interaction effect among 

age, gender and neuroticism on CT. There was no significant association between neuroticism and 

regional/total CT. A significant interaction between neuroticism, age, and gender on the thickness 

of the anterior cingulate was found. Women high in neuroticism showed a thinner anterior 

cingulate cortex than women low in neuroticism, with increasing age. In contrast, men high in 

neuroticism had a thicker anterior cingulate cortex compared to men low in neuroticism, with 

increasing age. Overall, high neuroticism was associated with differential cortical thickness in the 

anterior cingulate among men and women with increasing age.
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1. Introduction

Neuroticism is the only personality trait that has been found to be highly associated with 

future development of psychopathology (Jeronimus et al., 2016; Krueger et al., 1996). It is 

characterized by emotional instability, self-consciousness, anxiety, negative affect, and 

sensitivity to negative environmental stimuli (Izard et al., 1993; Larsen and Ketelaar, 1991; 

Rusting and Larsen, 1997). Disorders commonly associated with high neuroticism include 

depression, anxiety, eating disorders, substance abuse, schizophrenia, and Alzheimer’s 
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Disease (AD) (Clark et al., 1994; Davis, 1997; Jylhä and Isometsä, 2006; Kilbey et al., 1992; 

Ormel et al., 2004; Prescott et al., 1997; Van Os and Jones, 2001; Wilson et al., 2006).

The literature on brain imaging of neuroticism and aging has been scarce. One twin study 

also showed that differences in levels of neuroticism associated with genetics become more 

substantial with age (Eaves and Eysenck, 1976).

Decreasing cortical thickness (CT) occurs during normal aging in the prefrontal cortex, but 

there are regional and age-related differences in heritability of cortical thickness (DeCarli et 

al., 1994; Jernigan et al., 2001; Lenroot et al., 2009; Raz et al., 1997; Sowell et al., 2003). 

Studies of the association between neuroticism and cortical thickness (CT) in specific brain 

regions have shown mixed results. A positive correlation was found between neuroticism 

and CT in the left parietal lobe in young women (Privado et al., 2017). In contrast, a study 

with a larger sample of adults over 20 years old of both genders found no relationship 

between neuroticism and CT (Bjørnebekk et al., 2013).

Additional studies point out the need to consider factors such as gender and age when 

investigating the relationship between neuroticism and regional CT. Wright et al. (2006) 

initially found an inverse relationship between neuroticism and orbitofrontal CT, but when 

gender was included as a covariate, these differences became non-significant. Another study 

found neuroticism was positively correlated with CT in the subgenual anterior cingulate 

cortex in females whereas the relationship was negative in males (Blankstein et al., 2009).

Other studies suggest that there could be differences in the relationship between neuroticism 

and regional CT as a function of age. In young subjects, neuroticism was found to be 

associated with thinner left orbitofrontal cortex (Wright et al., 2006), while in another study 

of elders, an association between neuroticism and thinner right superior frontal cortex and 

inferior frontal cortex was found (Wright et al., 2007). There have not yet been any studies 

comparing young and elderly subjects in terms of neuroticism and regional cortical 

thickness. Given that neuroticism remains stable throughout the lifespan, since it is a 

personality trait, its possible role in changes in brain morphology is lacking investigation, 

especially because it has been shown to be related to differences in CT and rates of future 

development of psychopathology.

There is currently no existing research on interactions among neuroticism, age, and gender 

on regional cortical thickness. Further research including a broader age range and taking 

account of gender, could better clarify the influence of these variables on the relationship 

between neuroticism and regional CT. Additionally, since CT may be affected by aging, 

investigation into differences across the lifespan may offer insight into cumulative effects of 

personality differences over the lifespan. The potentially complex interplay of these factors 

could help elucidate underlying etiology of many neurological and psychological disorders.

Thus, the aim of the present study was to examine the relationship between self-reported 

neuroticism and regional/total CT, in a large sample of adults, across the lifespan. 

Neuroticism was used as a predictor of CT since personality traits are stable throughout the 

lifespan, thus it could hold implications for morphological differences in aging or 

vulnerability to various neurological and psychiatric disorders. We further investigated this 
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relationship by examining the potential interactions among the influence of age, gender, and 

neuroticism on regional CT.

2. Methods

2.1. Participants

The participating pool was from two large ongoing studies, the Reference Ability Neural 

Network (RANN) study and the Cognitive Reserve (CR) study. The RANN study examines 

the neural basis of age-related changes in four cognitive abilities. The CR study investigates 

differences in cognitive processes or neural networks that allow some people with brain 

damage to perform better than others. More details can be found in previous publications 

(Habeck et al., 2016; Stern, 2009; Stern et al., 2014).

Four hundred and fifty subjects were included in the study. The demographics and 

characteristics of the sample are shown in Table 1. Participants were native English speakers, 

strongly right-handed, and had at least a fourth-grade reading level. They had a mean age of 

53 with a standard deviation of 17 years and ranged from age 19 to 80. The average length 

of education was 16 years with a standard deviation of 2.5 years. The sample was 55% 

female. Participants were recruited by market mailing or referrals from enrolled participants. 

Participants were included if they were English speakers, strongly right-handed according to 

the Edinburgh Handedness Index, and had at least a 4th grade reading level (WRAT-3 

reading subtest), a score of at least 130 on the Mattis Dementia Rating Scale, and normal or 

corrected-to-normal vision (Lucas et al., 1998). Exclusion criteria included contraindications 

for MRI or any major medical, neurological, or psychiatric conditions. Thus, all participants 

had to be cognitively normal, without a diagnosis of Mild Cognitive Impairment (MCI) or 

dementia at baseline. The study was approved by the Institutional Review Board (IRB) of 

the College of Physicians and Surgeons of Columbia University. All participants provided 

written informed consent.

2.2. Materials

2.2.1. Personality measurements—The 50-item International Personality Item Pool 

(IPIP) was administered by self-report. The IPIP measures the Big-Five factors of 

extraversion, agreeableness, conscientiousness, neuroticism, and intellect/imagination 

(Donnellan et al., 2006). For each personality domain the scale ranged from 1 to 5, with 

higher scores indicating higher levels of the trait. Reliability, as measured by Cronbach’s 

alpha, is 0.864 for neuroticism (Socha et al., 2010). To create the graphs depicting the three-

way interaction, those participants who scored above the mean (2.4) on the Neuroticism 

scale of the IPIP were considered “high neuroticism” and those with scores below the 

median were considered as “low neuroticism”.

2.3. Procedure

2.3.1. Structural MRI scan and image processing—MRI images were acquired on 

a 3.0T Philips Achieva Magnet. Each scan used 240 mm field of view. The parameters for 

EPI acquisition were TE/TR (ms) 20/2000; Flip Angle 72°; In-plane resolution (voxels) 112 

× 112; Slice thickness/gap (mm) 3/0; Slices 41. T1 scans for each participant were 
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reconstructed with FreeSurfer (v5.1.0) software for human brain imaging analysis (http://

surfer.nmr.mgh.harvard.edu). Cortical thickness in the regions was computed by standard 

FreeSurfer parcellation (Desikan et al., 2006). Reconstructions were checked, and if needed, 

manual control points and repeated reconstruction were used. CT values for regions, as well 

as the total CT were computed for each subject. FreeSurfer’s subcortical segmentation and 

cortical parcellation has been shown to have comparable accuracy to manual labeling (Fischl 

et al., 2002, 2004).

2.4. Statistical analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences 

(SPSS) 23 (SPSS, Chicago, Illinois). Nominally significant alpha values were defined as p < 

0.05. All of the variables were normally distributed, according to descriptive tests of 

asymmetry and kurtosis and visual inspection of histograms in SPSS.

Multiple linear regression models including neuroticism, age, gender, and their interactions 

were used to examine the association between each regional CT and neuroticism.

Based on the existing literature examining the relationship between neuroticism and regional 

CT, the following regions were included (a priori) in the analyses: frontal, temporal, parietal, 

anterior cingulate, and orbitofrontal (Bjørnebekk et al., 2013; Blankstein et al., 2009; 

Privado et al., 2017; Wright et al., 2007, 2006). Total CT was also included. Neuroticism, 

age, intracranial volume (ICV), education level (years), and regional and total CT were used 

as continuous variables.

3. Results

There were no significant associations between neuroticism and CT in the frontal (B = 

−0.023, p = 0.459), temporal (B = −0.042, p = 0.425), parietal (B = −0.031, p = 0.328), 

anterior cingulate (B = −0.002, p = 0.930), or orbitofrontal (B = −0.200, p = 0.580) regions 

according to a multiple linear regression analysis which used neuroticism, age, gender, and 

their interactions to predict regional CT and total CT. The results for each region are shown 

in Table 2. The results were also non-significant for total CT (B = 0.006, p = 0.723) (Table 

2). This indicates that no significant relationship was found between neuroticism and the 

selected regions and total CT.

Next, we investigated the interaction effects for the relation of neuroticism, gender, and age 

to regional and total CT. Both the two-way interactions among age and neuroticism as well 

as gender and neuroticism were tested. The two-way interactions in the model were not 

significant in any brain region nor in total CT (Table 2). However, there was a significant 

interaction effect among age, gender, and neuroticism on anterior cingulate CT (B = 0.004, p 
= 0.012). Table 2 shows the interaction among age, neuroticism, and anterior cingulate CT 

for males and for females. The presence of only a three-way interaction indicates that 

probably, the three variables act together on the anterior cingulate, but neither age nor 

gender alone interacts with neuroticism to produce any effect. The three-way interaction 

among age, gender, and neuroticism is such that women high in neuroticism had thinner 

cortex in the anterior cingulate with increasing age in comparison to women with low 
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neuroticism. For men, those high in neuroticism had thicker cortex in the same area with 

increasing age, compared to men with low neuroticism.

The three-way interaction is shown in Fig. 1. The sample was split at the mean for age and 

neuroticism in order to visualize the three-way interaction by using two endpoints for each 

line depicting high or low neuroticism. No statistical analyses were done with the split 

sample.

In conclusion, our hypothesis for an effect of neuroticism on the selected brain regions and 

total CT was not confirmed; however, we did find a three-way interaction among 

neuroticism, age, and gender, as predicted (p = 0.012). Thus, the objective of the study, to 

examine the relationship among neuroticism and cortical thickness in several brain regions 

was met with the consideration of additional factors in their relationship.

4. Discussion

The current study investigated the associations between neuroticism and regional CT. There 

were no significant associations between neuroticism and total CT, or frontal, temporal, 

parietal, anterior cingulate, or orbitofrontal CT. There was a significant interaction between 

the effects of age, gender, and neuroticism on anterior cingulate CT. Analysis of the 

interaction effect indicates that high neuroticism in females is associated with a thinner 

anterior cingulate cortex with increasing age. In contrast, in males, high neuroticism was 

associated with a thicker anterior cingulate cortex as age increased. This suggests that 

neuroticism may moderate age-related differences on anterior cingulate CT, depending on 

gender.

No significant associations between neuroticism and regional or total CT were found. 

Although the sample was large, the effect may be too small to have been detected in this 

sample. Alternatively, given the interaction between age, gender, and neuroticism, the effect 

of neuroticism on CT may be obscured by the opposing effects of gender and age. Since 

older men high in neuroticism had greater CT in the anterior cingulate than older women 

high in neuroticism, when the sample was not split by gender, the effects would be opposite 

and appear insignificant overall when the sample is combined.

The anterior cingulate is implicated in numerous psychological and neurological disorders 

so an interaction in this region may warrant further investigation due to its relevance to 

psychopathology (Cotter et al., 2001; Etkin et al., 2010; Pizzagalli et al., 2001; Rosenberg et 

al., 2004; Tekin et al., 2001). The region has previously been found to be associated with 

anxiety and mood disorders, with those higher in neuroticism showing greater activation in 

the region during emotional conflict (Haas et al., 2007). In addition, another study found 

late-onset depression to be associated with a thinner anterior cingulate cortex compared to 

controls (Lim et al., 2012). Lastly, a thinner cortex in the anterior cingulate has been found 

in individuals with AD in comparison with controls (Lerch et al., 2004). Such findings 

highlight the importance of this region in psychopathology and aging.

Numerous studies have found cortical thinning to occur during aging, but there is a pattern 

of thinning that spares certain brain regions (Fjell et al., 2009; Salat et al., 2004). In terms of 
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the cingulate gyrus, the extant research is sparse and mixed. Two studies found thinning in 

the region, while another found thickening with age (Fjell et al., 2009; Salat et al., 2004; 

Thambisetty et al., 2010). The present study found that gender and level of neuroticism is 

related to the direction and magnitude of the CT difference across ages. Females high in 

neuroticism showed a thinner anterior cingulate cortex than females low in neuroticism with 

increasing age. Males high in neuroticism showed the opposite pattern, with a thicker cortex 

in this region with age while males low in neuroticism showed a thinner cortex with 

increasing age. Therefore, it appears that age-related differences in CT in the anterior 

cingulate might be at least partly driven by gender and level of neuroticism.

Gender, age, and neuroticism have all independently been found to be associated with 

various psychopathologies, but no studies have investigated the effect of an interaction 

among these factors on brain physiology. To our knowledge, there is also no existing 

research on interactions involving neuroticism on CT. One previous study found an 

interaction between neuroticism and age on cerebral white matter volume, with individuals 

higher in neuroticism having thinner cortex in this region with increasing age (Jackson et al., 

2011). Although the present study focused on CT, interactions affecting white matter volume 

may be relevant since CT is one component of volume.

There are no existing studies examining interactions with gender on regional cortical 

thickness. However, a number of differences between the genders may account for the 

opposite pattern found between men and women in this study. The discrepancy may be 

partially explained by existing differences in CT between genders. Females appear to have a 

thicker cortex in numerous brain regions, with the cingulate gyrus having one of the largest 

differences in thicknesses between genders (Luders et al., 2006; Sowell et al., 2006). This 

pre-existing difference in cortical thickness could impact the magnitude and direction of CT 

across age.

Finally, these results may also provide insight into gender differences in the prevalence of 

certain mental illnesses. Depression and anxiety disorders are more common in women, 

while substance use and suicide are more common in men (Baum and Grunberg, 1991; Boyd 

and Weissman, 1981; Canetto, 1991; Cleary, 1987). Since the effect of high neuroticism on 

CT in the anterior cingulate across ages affects men and women differently, it is possible 

that this is related to the differential rates of specific mental illnesses by gender. These 

results suggest that further investigation into the links among neuroticism, gender, age, and 

psychopathology may be warranted.

The current study has some limitations that should be noted. This study had a cross-sectional 

design so changes in CT during aging were not able to be investigated. There may also be 

cohort effects due to this design. For instance, one study showed that neuroticism scores 

increased between 1953 and 1993 (Twenge, 2000). These differences are hypothesized to 

relate to environmental and sociocultural factors, which could result in a cohort effect where 

some subjects of similar ages had different environmental experiences from other subjects 

that influence neuroticism scores (Twenge, 2000). Additionally, the IPIP is a self-reported 

measure.
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This study, however, also has several strengths. The study’s large sample size allowed for a 

more powerful analysis. It also had one of the largest age ranges among CT and neuroticism 

studies. Furthermore, it used more accurate imaging methods to investigate CT as a more 

specific measure of physiological differences. Lastly, it used a cognitively healthy group of 

participants.

Future research should focus on identifying additional brain regions that may be affected by 

neuroticism or its interaction with other factors. Lastly, longitudinal research on the 

relationship between the interaction among age, gender, and neuroticism with 

psychopathology could determine causation and direction of the effect.

In summary, the interaction between age, gender, and neuroticism in the anterior cingulate 

may have important implications for psychopathology research. It also could play a role in 

rectifying existing discrepancies in the literature on CT differences due to age and 

personality. It appears that there is a complex relationship among neuroticism, age, gender, 

and regional CT.
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Fig. 1. 
(a) Interaction among neuroticism, gender, and age in males, (b) Interaction among 

neuroticism, gender, and age in females.
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Table 1.

Demographic and clinical characteristics of our sample.

Characteristics Total

Total, N 450

Age, mean (SD) 53 (17)

Range 19–80

Education, years, mean (SD) 16 (2.5)

Females, N (%) 247 (55)

Race, N (%)

 Asian 32 (5.1)

 Black/African American 171 (27.1)

 Hispanic/Spanish 1 (0.2)

 NA 2 (0.3)

 Other 61 (9.6)

 Pacific Islander 5 (0.8)

 White 363 (57.1)

Anterior cingulate cortical Thickness, mean (SD) 5.487 (0.424)

Neuroticism, mean (SD) 2.421 (0.783)

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2019 August 16.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sweeney et al. Page 13

Ta
b

le
 2

.

A
dj

us
te

d 
m

od
el

 (
IC

V
, e

du
ca

tio
n)

.

R
eg

io
n 

of
 in

te
re

st
N

eu
ro

ti
ci

sm
 e

ff
ec

t
In

te
ra

ct
io

n 
A

ge
 x

 N
eu

ro
ti

ci
sm

In
te

ra
ct

io
n 

G
en

de
r 

x 
N

eu
ro

ti
ci

sm
In

te
ra

ct
io

n 
A

ge
 x

 G
en

de
r 

x 
N

eu
ro

ti
ci

sm

Fr
on

ta
l

F 
=

 2
2.

33
5,

 p
 =

 0
.0

00
B

 =
 −

0.
02

3,
 p

 =
 0

.4
59

B
 =

 0
.0

01
, p

 =
 0

.7
08

B
 =

 −
0.

03
5,

 p
 =

 0
.2

62
B

 =
 0

.0
00

, p
 =

 0
.8

82

Te
m

po
ra

l
F 

=
 2

0.
04

9,
 p

 =
 0

.0
00

B
 =

 −
0.

04
2,

 p
 =

 0
.4

25
B

 =
 −

0.
00

1,
 p

 =
 0

.6
67

B
 =

 0
.0

11
, p

 =
 0

.8
29

B
 =

 −
0.

00
2,

 p
 =

 0
.5

80

Pa
ri

et
al

F 
=

 9
.3

00
, p

 =
 0

.0
00

B
 =

 −
0.

03
1,

 p
 =

 0
.3

28
B

 =
 0

.0
01

, p
 =

 0
.6

94
B

 =
 0

.0
1,

 p
 =

 0
.7

62
B

 =
 0

.0
00

, p
 =

 0
.8

95

O
rb

ito
fr

on
ta

l
F 

=
 1

4.
53

0,
 p

 =
 0

.0
00

B
 =

 −
0.

20
0,

 p
 =

 0
.5

80
B

 =
 −

0.
00

1,
 p

 =
 0

.7
71

B
 =

 −
0.

03
4,

 p
 =

 0
.3

45
B

 =
 0

.0
00

, p
 =

 0
.8

20

A
nt

er
io

r 
ci

ng
ul

at
e

F 
=

 3
.5

66
, p

 =
 0

.0
01

B
 =

 −
0.

00
2,

 p
 =

 0
.9

30
B

 =
 −

0.
00

2,
 p

 =
 0

.2
83

B
 =

 0
.0

36
, p

 =
 0

.1
99

B
 =

 0
.0

04
, p

 =
 0

.0
12

To
ta

l C
T

F 
=

 1
.3

14
, p

 =
 0

.2
36

B
 =

 0
.0

06
, p

 =
 0

.7
23

B
 =

 0
.0

00
, p

 =
 0

.6
73

B
 =

 −
0.

00
2,

 p
 =

 0
.9

01
B

 =
 0

.0
00

, p
 =

 0
.7

61

Si
gn

if
ic

an
ce

 le
ve

l p
 ≤

 .0
5.

Psychiatry Res Neuroimaging. Author manuscript; available in PMC 2019 August 16.


	Abstract
	Introduction
	Methods
	Participants
	Materials
	Personality measurements

	Procedure
	Structural MRI scan and image processing

	Statistical analysis

	Results
	Discussion
	References
	Fig. 1.
	Table 1.
	Table 2.

