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Abstract

Accumulating mental health research encourages a shift in focus towards transdiagnostic 

dimensional features that are shared across categorical disorders. In support of this shift, recent 

studies have identified a general liability factor for psychopathology – sometimes called the ‘p 

factor’ – that underlies shared risk for a wide range of mental disorders. Identifying neural 

correlates of this general liability would substantiate its importance in characterizing the shared 

origins of mental disorders and help us begin to understand the mechanisms through which the ‘p 

factor’ contributes to risk. Here we first replicate the ‘p factor’ using cross-sectional data from a 

volunteer sample of 1,246 university students, and then, using high-resolution multimodal 

structural neuroimaging, demonstrate that individuals with higher ‘p factor’ scores show reduced 

structural integrity of white matter pathways, as indexed by lower fractional anisotropy values, 

uniquely within the pons. Whole-brain analyses further revealed that higher ‘p factor’ scores are 

associated with reduced gray matter volume in the occipital lobe and left cerebellar lobule VIIb, 

which is functionally connected with prefrontal regions supporting cognitive control. Consistent 

with the preponderance of cerebellar afferents within the pons, we observed a significant positive 

correlation between the white matter integrity of the pons and cerebellar gray matter volume 

associated with higher ‘p factor’ scores. The results of our analyses provide initial evidence that 

structural alterations in cortico-cerebellar circuitry supporting core functions related to the basic 

integration, coordination, and monitoring of information may contribute to a general liability for 

common mental disorders.
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Introduction

Comorbidity — the co-occurrence of multiple health conditions — is one of the most vexing 

clinical and etiologic challenges in mental-health practice and research. Comorbidity rates 

are very high among mental disorders with approximately half of individuals who meet 

diagnostic criteria for one disorder meeting diagnostic criteria for a second disorder at the 

same time (e.g., 1). Clinically, comorbidity is associated with greater severity of impairment 

and complexity in treatment planning, compliance, and coordination of services (2). 

Comorbidity also is an etiologic challenge because it makes it very difficult to find causes, 

biomarkers, and treatments with specificity to individual disorders. For example, behavioral 

genetics studies show that many different disorders share a common genetic etiology 

(3,4,5,6), and treatment studies show that targeting a specific brain chemistry or cognitive 

process is often as effective in treating one disorder as another (7,8).

The high rates of comorbidity observed among mental disorders suggest that there may be a 

more parsimonious structure to psychopathology than implied by current psychiatric 

nosologies, such as DSM-5 or ICD-10, which identify as many as 541 separate and distinct 

disorders. In fact, research on the structure of mental disorders and comorbidity indicates 

that many different disorders may be manifestations of a smaller number of transdiagnostic 

latent factors (9,10,11). Factor-analytic studies of multiple symptoms and diagnoses suggest 

that the structure of mental disorders can be summarized by three such factors: an 

“internalizing” liability to depression and anxiety disorders, an “externalizing” liability to 

antisocial and substance-use disorders, and a “thought disorder” liability to schizophrenia, 

bipolar disorder, and obsessive-compulsive disorder. These observations have led some to 

argue that studying the mechanisms underlying transdiagnostic latent factors should be the 

focus of etiological research and applied practice (e.g., 12).

The empirical observation that even these three transdiagnostic latent factors are positively 

correlated (13) has given rise to a more radical hypothesis, which is that people may differ 

from each other in a generalized propensity to experience all forms of common mental 

disorders (14). The work that first confirmed this hypothesis reported a single factor in 

psychopathology data (14), which has been subsequently replicated and labeled the ‘p 

factor’ because it is thought to parallel the ‘g factor’ that emerges in studies of the latent 

structure of cognitive abilities (15). Although cognitive abilities are dissociable into separate 

components, such as verbal skills, visuospatial skills, working memory, or processing speed, 

the ‘g factor’ summarizes the observation that individuals who do well on one type of 

cognitive test tend to do well on all other types of cognitive tests (16,17,18). Thus, the ‘g 

factor’ accounts for the positive correlation among all cognitive test scores, suggesting that 

there may be a common etiology that influences or contributes in some way to all cognitive 

abilities. Analogously, the ‘p factor’ suggests that there may be a general factor of 

psychopathology that accounts for the positive correlation (or comorbidity) among 

psychiatric symptoms (and disorders). As the ‘g’ dimension reflects low-to-high mental 

ability, the ‘p’ dimension represents low-to-high liability to develop any common mental 

disorder. Multiple studies in different parts of the world, in different age groups, using 

different assessment instruments, have now replicated this ‘p factor’ (e.g., 

19,20,21,22,23,24,25).
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Although the possibility of a general risk factor for mental disorders that cuts across 

diagnostic categories is in keeping with new transdiagnostic perspectives on 

psychopathology (26,27), it is not clear how to interpret the meaning of such a general 

liability. Some commentators have wondered whether such a general factor is real and 

meaningful or merely factor-analytic foolery (28). Others have suggested that a general 

factor of psychopathology may be a measurement artifact reflecting nothing more than a 

biased response style in which people systematically endorse (or deny) all symptoms (22). 

As has been true in studies of the ‘g factor’ (29), examining neural and genetic correlates of 

the ‘p factor’ may help to clarify the meaning of a general liability for common mental 

disorders. For example, if the ‘p factor’ is just a measurement artifact then a meaningful 

neural correlate is unlikely to exist. In contrast, the presence of neural correlates not only 

would suggest that the ‘p factor’ is measuring meaningful variance, but also would point to 

possible mechanisms underlying a general liability for mental disorders.

In the current study, we use multimodal neuroimaging to study the structural neural 

correlates of the ‘p factor’. We opted to focus on brain structure rather than function because 

it allows us to explore the neural correlates of general psychopathology without having to 

test specific hypotheses about regions of interest, which functional neuroimaging analyses 

typically require. We conducted these analyses in the following step-wise fashion. First, we 

estimated ‘p factor’ scores in a large sample of young adult university students. Second, 

having replicated the ‘p factor’ in our study sample, we conducted exploratory whole-brain 

analyses of the structural integrity of white matter pathways and regional gray matter 

volume correlates of ‘p factor’ scores identified from diffusion tensor and high-resolution 

structural imaging data, respectively. Third, we examined relationships between white matter 

and gray matter correlates of the ‘p factor’ emerging from these exploratory analyses in an 

effort to better understand the possible neural mechanisms for a general liability for common 

mental disorders.

Materials and Methods

Participants

Data were available from 1,246 undergraduate students (727 women; mean age: 19.69 +/

− 1.26; 72.4% of participants’ parents ≥ Bachelor’s degree) who had successfully completed 

the ongoing Duke Neurogenetics Study. All participants provided informed consent in 

accordance with Duke University Medical Center Institutional Review Board guidelines 

prior to participation. All participants were in good general health and free of the following 

study conditions: 1) medical diagnoses of cancer, stroke, head injury with loss of 

consciousness, untreated migraine headaches, diabetes requiring insulin treatment, chronic 

kidney or liver disease; 2) use of psychotropic, glucocorticoid, or hypolipidemic medication; 

and 3) conditions affecting cerebral blood flow and metabolism (e.g., hypertension).

Measurement of Psychiatric Symptoms

The electronic Mini International Neuropsychiatric Interview (30) and multiple self-report 

mental health questionnaires were used to assess: 1) internalizing symptoms of depression, 

generalized anxiety, and fears/phobias; 2) externalizing symptoms of antisocial personality/
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psychopathy, delinquency, and alcohol, cannabis, and other drug abuse/dependence; and 3) 

thought disorder symptoms of obsessive-compulsive behavior, mania, and psychosis (see 

Supplemental Information).

MRI Acquisition and Preprocessing

High-resolution diffusion tensor and structural MRI data were acquired using an eight-

channel head coil for parallel imaging on one of two identical research-dedicated GE 

MR750 3T scanners at the Duke-UNC Brain Imaging and Analysis Center. Diffusion tensor 

imaging was used to assess regional fractional anisotropy (FA) correlates as a metric of the 

structural integrity of white matter pathways and optimized voxel-based morphometry was 

used to assess regional gray matter volume (GMV) correlates of ‘p factor’ scores. Out of the 

1,246 participants included in the study, diffusion tensor imaging analyses were available for 

951 participants and voxel-based morphometry analyses were available for 1200 participants 

with overlapping structural MRI and clinical symptom data surviving our stringent, 

multilevel quality control procedures (see Supplemental Information).

Results

Replication of the ‘p factor’

We measured a variety of psychiatric symptoms in our sample, and as in previous studies, 

observed that correlations between different psychiatric symptoms were positive, with a few 

exceptions, indicating that individuals who experienced one set of symptoms (e.g., 

depression) also were likely to experience other sets of symptoms (e.g., anxiety, alcohol 

abuse, etc.; Supplemental Table 1). We used the program MPlus (31) to compare different 

structural models of the psychiatric symptoms in our data. Our results indicated that a bi-

factor model that includes one general factor accounting for shared variance common to all 

symptoms and two specific factors accounting for shared variance unique to internalizing 

and externalizing symptoms fit the data well. The general factor replicated the presence of a 

shared liability for common mental illness, which we also label the ‘p factor’ in our data 

(Supplemental Table 2). This alone is important as it further suggests the ‘p factor’ is 

relatively robust to different samples and measures of psychiatric symptoms. Subsequently, 

‘p factor’ scores were extracted using the standard regression method for structural 

neuroimaging analyses. We standardized the ‘p factor’ to a mean of 100 (SD=15), with 

higher scores indicating a greater propensity to experience all forms of psychiatric 

symptoms (sample range=75–205).

Exploratory analyses of structural neural correlates of the ‘p factor’

To identify structural neural correlates of the ‘p factor,’ we conducted exploratory whole-

brain analyses of white matter integrity and GMV using voxel-based estimates of FA and 

optimized voxel-based morphometry, respectively. Specifically, we conducted linear 

regressions with ‘p factor’ scores predicting differences in FA and GMV controlling for age, 

sex, and average whole-brain FA values for the diffusion tensor imaging and total 

intracranial volume for the voxel-based morphometry analyses. All analyses were conducted 

using Monte Carlo simulation-derived whole-brain corrected thresholds with an overall 

family-wise error rate of α<.05. Furthermore, we verified that resulting associations were 
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not confounded by parental socioeconomic status or unduly affected by extreme ‘p factor’ 

scores by controlling for parental education level (Supplemental Information) and 

conducting sensitivity analyses wherein outlier values (defined as values > ±3 standard 

deviations from the mean) were winsorized before testing (32).

Whole-brain analyses of FA revealed that individuals with higher ‘p factor’ scores had 

significantly decreased white matter integrity exclusively within the right and left pons as 

indexed by lower FA values (Figure 1A, Table 1). Whole-brain analyses of GMV revealed 

that individuals with higher ‘p factor’ scores had significantly less volume within the right 

and left lingual gyrus and right intracalcarine cortex of the occipital lobes (Figure 1B) as 

well as the left posterior cerebellum (Figure 1C) (Table 1). There were no significant 

positive associations between ‘p factor’ scores and FA or GMV. Interestingly, white matter 

pathways encompassing afferent connections between the cerebrum and cerebellum pass 

through the pons (33). Thus, the decreased FA observed within the pons among participants 

with higher ‘p factor’ scores suggests that individuals with higher liability exhibit decreased 

structural integrity and, possibly, impaired functional communication between structures 

within the cerebrum and the cerebellum. In addition, Internalizing, Externalizing, and 

Thought Disorder factors from the correlated factor model showed similar associations with 

pons FA and cerebellar and occipital GMV as did the ‘p factor’ (Supplemental Table 5). In 

general, this pattern of associations is consistent with the hypothesis that ‘p factor’ scores 

reflect what is shared across liabilities to Internalizing, Externalizing, and Thought Disorder 

symptoms.

Associations between white matter integrity and gray matter volume

Given that the pons acts as a structural bridge between the cerebrum and cerebellum (33), 

we hypothesized that pons FA would be associated with cerebellar GMV. To test this 

hypothesis, we used linear regression to examine whether differences in FA of white matter 

tracts in the pons predict differences in cerebellar GMV, effectively linking the two 

structural neuroimaging modalities. As such, we extracted FA cluster-wise values from the 

bilateral pons found to be associated with ‘p factor’ scores to predict differences in GMV 

using whole-brain voxel-based morphometry (N = 951) controlling for age, sex, average 

whole-brain FA, and total intracranial volume. We found that pons FA was associated with 

increased GMV in large portions of the bilateral cerebellum and fusiform cortex, as well as 

right precentral gyrus/supplementary motor area (Figure 2A, Table 2). Pons FA also was 

associated with reduced GMV in the right occipital cortex (Figure 2B, Table 2). Importantly, 

we identified a 203-voxel cluster in left posterior cerebellum (x=−29, y=−66, z=−30; 

T=5.44; R2=0.03) wherein GMV correlated with both pons FA and ‘p factor’ scores (Figure 

2C).

In addition to showing a statistical association between pons FA and cerebellar GMV, we 

also investigated whether the structural integrity of specific white matter tracts within the 

pons and cerebellum was associated with ‘p factor’ scores. To do this, we extracted average 

FA values from white matter tracts in the right and left medial lemniscus, right and left 

inferior cerebellar peduncles, and right and left superior cerebellar peduncles (see 

Supplemental Information). We were unable to measure FA within the middle cerebellar 
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peduncles, which are the afferent white matter tracts that connect the pons and cerebellum, 

as they typically fall out of the field of view and thus are difficult to reliably image (34).

We conducted linear regressions of ‘p factor’ scores predicting average FA within these six 

white matter tracts controlling for age, sex, and average whole-brain FA. We found that 

higher ‘p factor’ scores were associated with lower integrity of the right (r=−.116) and left 

medial lemniscus (r=−.120, both p’s<.001), as well as the left superior cerebellar peduncle 

(r=−.070, p<.05; Supplemental Table 3). In contrast, ‘p factor’ scores were unrelated to the 

bilateral inferior (right: p=.368; left: p=.211) and right superior (p=.130) cerebellar 

peduncles.

Cerebellar-specific differences in gray matter volume associated with ‘p factor’ scores

Given the above convergent evidence from our exploratory analyses that ‘p factor’ scores are 

associated with alterations in cerebellar circuitry, we employed follow-up analyses of GMV 

within the cerebellum to clarify the nature of the associations. Namely, we used the Spatially 

Unbiased Atlas Template (SUIT) of the cerebellum and brainstem (35) to improve the 

anatomical localization of gray matter correlates of ‘p factor’ scores (see Supplemental 

Information). As with the whole-brain analyses, we conducted a linear regression with ‘p 

factor’ scores predicting differences in cerebellar GMV controlling for age, sex, and 

intracranial volume. We found that ‘p factor’ scores were associated with GMV deficits 

within the left lobule VIIb (Figure 3; Supplemental Figure 1 and Table 4), a cerebellar 

region that has been found to be functionally connected with orbitofrontal, dorsolateral, and 

medial prefrontal cortex regions supporting cognitive control (36,37). As with the more 

general correlation between cerebellar GMV and pons FA, this left lobule VIIb GMV found 

to be associated with ‘p factor’ scores, also was correlated with pons FA (standardized B=.

105, p<.01) controlling for age, sex, average whole-brain FA, and intracranial volume.

Discussion

Some commentators have questioned the utility of a general factor that underlies shared risk 

for a wide range of common mental disorders by suggesting that it is analogous to arguing 

that all forms of physical illness can be represented as a general state of being “unwell” (28). 

But this analogy ignores the fact that all mental disorders are expressed through dysfunction 

of the same organ whereas physical diseases such as atherosclerosis, emphysema, and 

diabetes are manifest through dysfunction of different organ systems. Collectively, our 

current findings provide initial evidence that the ‘p factor’ may capture a neural mechanism 

underlying a general liability for mental disorders.

Our results implicate alterations in the structure of cerebellar circuitry as a transdiagnostic 

biomarker of a general liability for mental disorders in the form of reduced white matter 

integrity of pontine pathways encompassing cerebellar afferents and reduced cerebellar 

GMV. Although the cerebellum is most widely known as a region involved in basic motor 

processing and coordination, it has been long implicated in higher-order cognitive and 

emotional processes through its structural and functional connectivity with various cerebral 

structures (38,39,40). This dynamic communication occurs through what are known as 

cerebello-thalamo-cerebro-cortical circuits (CTCCs) (39,41). The cerebellum as part of these 
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CTCCs has been found to be activated during a number of complex cognitive and affective 

tasks, such as working memory, set-shifting, associative fear learning, and recognizing 

emotional facial expressions (42,43,44,45). More generally, investigators have theorized that 

the cerebellum functions as a general “forward controller” creating internal models of how a 

given output will fit with contextual information (46,47). As such, the cerebellum may 

compute models that provide a representation of future action plans, thoughts, and emotions 

and subsequently modify these models based on external feedback; in effect, comparing 

intention with execution (39,48). Thus, reduced cerebellar GMV and pontine white matter 

integrity associated with higher ‘p factor’ scores may reflect impaired processing and 

communication of information, respectively, necessary to guide behavior.

Not surprisingly, there is evidence of cerebellar dysfunction in specific categorical disorders 

including major depressive disorder, mania, obsessive-compulsive disorder, autism spectrum 

disorders, and schizophrenia (e.g., 49,50,51,52). In patients with psychosis, for example, 

studies have found global cerebellar atrophy (39), reduced FA in the left cerebellar peduncle 

(53), and a recent meta-analysis showed relatively decreased activation of the cerebellum 

during a variety of cognitive and affective tasks (54). Interestingly, in cerebellar cognitive 

affective syndrome, which results from damage to the cerebellum, patients experience 

symptoms across cognitive and affective domains including executive function impairment, 

difficulties with spatial cognition, personality change (i.e., blunting of affect and/or 

disinhibited and inappropriate behavior), and language deficits (55,56). These symptoms, 

typically referred to as “dysmetria of thought,” bear resemblance to the symptoms of 

schizophrenia and other thought disorders (57). Although cerebellar dysfunction has been 

reported in association with several specific mental disorder categories, this study provides 

initial evidence that abnormal cerebellar structure and potential dysfunctional 

communication with the cerebrum through the pons may underlie a general liability for 

psychopathology more broadly.

Of particular interest, the region of the cerebellum in which we find the strongest GMV 

association with ‘p factor’ scores (lobule VIIb) is part of a cognitive control network 

including orbitofrontal, dorsolateral, and medial prefrontal cortex (36,37). Similarly, meta-

analyses of fMRI studies show that lobule VIIb is activated during cognitive control tasks 

(e.g., 58,59), which is consistent with our hypothesis that poorer cortico-cerebellar 

communication may manifest behaviorally as reduced ability to regulate bottom-up drives. 

Furthermore, we also found that lower FA of the left superior cerebellar peduncle was 

associated with higher ‘p factor’ scores. Anatomically, the superior cerebellar peduncles are 

efferent white matter tracts that send information to the cerebrum through the thalamus, 

whereas the inferior cerebellar peduncles are primarily afferent tracts that receive 

proprioceptive and motor information from the spinal cord and medulla oblongata (60). 

These results are consistent with our hypothesis that individuals with higher ‘p factor’ scores 

may show poorer communication between the cerebellum and cerebral cortex. Whether the 

deficits are specific to efferent pathways to the cerebrum through the thalamus or afferent 

pathways from the cerebrum to the pons, or some combination of both, remains to be 

determined.
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In addition to our findings of impairments in cortico-cerebellar circuitry as a potential 

biomarker of general psychopathology, we also found reduced GMV within regions of the 

occipital lobes in individuals with high ‘p factor’ scores. We found the strongest association 

with ‘p factor’ scores in the lingual gyrus, a region supporting visual attention and memory 

processing (61) with direct connections to the corticolimbic circuit (62). Volumetric studies 

have shown that depressed individuals exhibit relatively decreased GMV in the lingual gyrus 

(63,64). Another study found that reduced volume of the lingual gyrus was associated with 

poorer response to antidepressants and poorer cognitive functioning in depression (65). One 

hypothesis is that the lingual gyrus may be involved in top-down attentional control of 

frontoparietal and corticolimbic circuits (66,65), such that reduced GMV in the lingual gryus 

may manifest as dysregulated cognition and emotion contributing to risk for a wide range of 

disorders.

Of course, our study is not without limitations. First, as the initial exploratory findings were 

not hypothesized in advance, replication in other cohorts is needed. Second, the cross-

sectional design of our study precludes establishing temporal order among the observed 

links between ‘p factor’ scores, pons white matter integrity, and regional GMV. Future 

longitudinal research should examine this question. Third, we conducted our neuroimaging 

study using a large volunteer sample of university students. The fact that our sample was 

untreated with psychiatric medications is an advantage for imaging research, but it may be a 

disadvantage for clinicians needing an evidence base that generalizes to patients. Fourth, our 

effect sizes were small; however, it is somewhat remarkable that we were able to detect any 

differences in brain structure associated with the ‘p factor’ in such a relatively high-

functioning sample. Fifth, because our measurement of psychiatric symptoms was not 

exhaustive, we have an incomplete view of people’s liability to psychiatric disorders and the 

findings need to be replicated with a wider age range of participants and an even more 

comprehensive assessment of psychiatric symptoms. Sixth, ideally, we would have been able 

to examine the integrity of the middle cerebellar peduncles that directly connect the pons 

and cerebellum; however, this was not possible because of signal drop out (34). Higher-

resolution diffusion tensor imaging may better assess these peduncles. Finally, the extracted 

factor scores for ‘p’ undoubtedly contain error, which is not systematically modeled in 

subsequent regression analyses, possibly resulting in biased standard errors. As the aim of 

this research was to identify regions of interest for future studies, replication, including in 

studies using latent modeling, is imperative.

These limitations notwithstanding, our findings both support the significance of the ‘p 

factor’ as a meaningful dimension of general risk for multiple forms of psychopathology, 

and provide initial evidence for circumscribed neuroanatomical correlates of this general 

liability. In particular, our exploratory work suggests that structural alterations in cortico-

cerebellar circuitry are associated with a general liability for common mental disorders and 

sets the stage for future hypothesis-driven, region of interest analyses. Such research also 

could examine whether greater general psychopathology is associated with poorer cognitive 

control through dysfunction of cortico-cerebellar circuitry.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Statistical parametric maps from whole-brain exploratory analyses are shown to illustrate 

voxels exhibiting a significant negative correlation with ‘p factor’ scores controlling for age, 

sex, and average whole-brain FA and intracranial volume for the diffusion tensor and voxel-

based morphometry analyses, respectively. (A) Diffusion tensor imaging analyses show 

poorer FA in the bilateral pons. Voxel-based morphometry analyses show GMV deficits in 

(B) bilateral occipital lobe and (C) left posterior cerebellum. Colorbars reflect t scores.
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Figure 2. 
Statistical parametric maps of differences in GMV associated with pons FA. (A) shows 

increases in GMV associated with pons FA in the bilateral cerebellum (CB), temporal 

fusiform cortex (TFC)/parahippocampal gyrus (PHG), and precentral gyrus (PG)/

supplementary motor area (SMA). (B) shows decreases in GMV associated with pons FA in 

the occipital cortex. (C) depicts the 203-voxel overlapping gray matter cluster in the left 

posterior cerebellum (in violet) found to be associated both with ‘p factor’ scores and pons 

FA. Colorbars reflect t scores.
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Figure 3. 
A statistical parametric map from the SUIT cerebellar-specific, voxel-based morphometry 

analysis illustrating voxels exhibiting a significant negative correlation with ‘p factor’ scores 

within the left cerebellar lobule VIIb (x = −22 y = −68 z = −45). This association was 

independent of age, sex, and intracranial volume. Colorbar reflects t scores.

Romer et al. Page 15

Mol Psychiatry. Author manuscript; available in PMC 2018 March 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Romer et al. Page 16

Ta
b

le
 1

D
if

fe
re

nc
es

 in
 F

ra
ct

io
na

l A
ni

so
tr

op
y 

an
d 

G
ra

y 
M

at
te

r 
V

ol
um

e 
A

ss
oc

ia
te

d 
w

ith
 ‘

p 
Fa

ct
or

’ 
Sc

or
es

.

C
lu

st
er

 S
iz

e 
(k

)
P

ea
k 

R
eg

io
n

M
N

I 
C

oo
rd

in
at

es
T

 s
co

re
R

2  
(p

 F
ac

to
r)

x
y

Z

D
iff

us
io

n 
Te

ns
or

 Im
ag

in
g 

A
na

ly
si

s

27
2

R
ig

ht
 p

on
s

12
−

39
−

42
3.

96
0.

01
6

R
ig

ht
 p

on
s

5
−

37
−

33
3.

62
0.

01
4

L
ef

t p
on

s
−

5
−

37
−

35
3.

30
0.

01
1

V
ox

el
-B

as
ed

 M
or

ph
om

et
ry

 A
na

ly
si

s

2,
35

3
L

ef
t l

in
gu

al
 g

yr
us

−
2

−
69

−
2

4.
28

0.
01

5

R
ig

ht
 in

tr
ac

al
ca

ri
ne

 c
or

te
x

11
−

74
17

4.
06

0.
01

4

L
ef

t l
in

gu
al

 g
yr

us
−

2
−

89
−

5
3.

46
0.

01
0

71
0

L
ef

t p
os

te
ri

or
 c

er
eb

el
lu

m
−

36
−

57
−

33
3.

26
0.

00
9

L
ef

t p
os

te
ri

or
 c

er
eb

el
lu

m
−

41
−

41
−

35
3.

15
0.

00
8

Mol Psychiatry. Author manuscript; available in PMC 2018 March 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Romer et al. Page 17

Ta
b

le
 2

D
if

fe
re

nc
es

 in
 G

ra
y 

M
at

te
r 

V
ol

um
e 

A
ss

oc
ia

te
d 

w
ith

 P
on

s 
Fr

ac
tio

na
l A

ni
so

tr
op

y.

C
lu

st
er

 S
iz

e 
(k

)
P

ea
k 

R
eg

io
n

M
N

I 
C

oo
rd

in
at

es
T

 s
co

re
R

2  
(P

on
s 

FA
)

X
y

z

In
cr

ea
se

d 
G

ra
y 

M
at

te
r V

ol
um

e

30
,5

91
R

ig
ht

 b
ra

in
st

em
2

−
48

−
62

8.
40

0.
06

9

V
er

m
is

 X
0

−
47

−
41

7.
61

0.
05

8

R
ig

ht
 lo

bu
le

 V
II

Ib
20

−
51

−
63

7.
52

0.
05

6

5,
98

3
R

ig
ht

 te
m

po
ra

l f
us

if
or

m
 c

or
te

x 
(p

os
te

ri
or

 d
iv

is
io

n)
39

−
23

−
33

5.
31

0.
02

9

R
ig

ht
 p

ar
ah

ip
po

ca
m

pa
l g

yr
us

 (
an

te
ri

or
 d

iv
is

io
n)

27
−

14
−

30
5.

22
0.

02
8

R
ig

ht
 te

m
po

ra
l f

us
if

or
m

 c
or

te
x 

(p
os

te
ri

or
 d

iv
is

io
n)

18
−

5
−

41
4.

37
0.

02
0

6,
24

1
L

ef
t t

em
po

ra
l f

us
if

or
m

 c
or

te
x 

(p
os

te
ri

or
 d

iv
is

io
n)

−
35

−
15

−
36

5.
31

0.
02

9

L
ef

t t
em

po
ra

l f
us

if
or

m
 c

or
te

x 
(a

nt
er

io
r 

di
vi

si
on

)
−

35
−

3
−

47
5.

30
0.

02
9

L
ef

t t
em

po
ra

l p
ol

e
−

30
8

−
38

5.
15

0.
02

7

84
2

R
ig

ht
 p

re
ce

nt
ra

l g
yr

us
29

−
20

72
3.

81
0.

01
5

R
ig

ht
 p

re
ce

nt
ra

l g
yr

us
/s

up
pl

em
en

ta
ry

 m
ot

or
 a

re
a

11
−

18
68

3.
74

0.
01

5

R
ig

ht
 p

re
ce

nt
ra

l g
yr

us
/s

up
er

io
r 

fr
on

ta
l g

yr
us

18
−

14
72

3.
63

0.
01

4

D
ec

re
as

ed
 G

ra
y 

M
at

te
r V

ol
um

e

2,
35

1
R

ig
ht

 la
te

ra
l o

cc
ip

ita
l c

or
te

x
45

−
66

24
4.

42
0.

02
0

R
ig

ht
 o

cc
ip

ita
l p

ol
e

35
−

93
14

3.
84

0.
01

5

R
ig

ht
 o

cc
ip

ita
l p

ol
e

26
−

92
14

3.
80

0.
01

5

Mol Psychiatry. Author manuscript; available in PMC 2018 March 23.


	Abstract
	Introduction
	Materials and Methods
	Participants
	Measurement of Psychiatric Symptoms
	MRI Acquisition and Preprocessing

	Results
	Replication of the ‘p factor’
	Exploratory analyses of structural neural correlates of the ‘p factor’
	Associations between white matter integrity and gray matter volume
	Cerebellar-specific differences in gray matter volume associated with ‘p factor’ scores

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2

