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A B S T R A C T   

Background: Low empathy is one component of affective impairments defining the antisocial youth phenotype 
callous-unemotional (CU) traits. Research suggests CU traits may be negatively associated with neural networks 
that are positively associated with cognitive and affective empathy – specifically the default mode (DMN), 
frontoparietal (FPN), and salience (SAL) networks. Determining which functional network connections are 
shared between CU traits and empathy could elucidate the extent to which CU traits shares neural substrates with 
cognitive versus affective empathy. The present study tested whether CU traits and both cognitive and affective 
empathy share network connections within and between the DMN, FPN, and SAL. 
Methods: Participants (n = 112, aged 13–17, 43 % female) completed resting-state functional magnetic resonance 
imaging and self-reports for CU traits and empathy as part of a Nathan-Kline Institute study. 
Results: Analyses revealed inverse associations with shared network connections between CU traits and both 
cognitive and affective empathy. Specifically, within-DMN connectivity negatively associated with CU traits, but 
positively associated with cognitive empathy; and between DMN-SAL connectivity positively associated with CU 
traits, but negatively associated with both cognitive and affective empathy. However, joint models revealed little 
variance explained by CU traits and empathy overlapped. 
Limitations: The sample was cross-sectional collection with limited participants (n = 112) from the community 
that may not generalize to incarcerated adolescents. 
Conclusions: Results demonstrate CU traits inversely associated with similar connectivity patterns as cognitive 
and affective empathy though prediction among constructs did not significantly overlap. Further investigation of 
these connections can inform a mechanistic understanding of empathy impairments in CU traits.   

1. Introduction 

Callous-Unemotional (CU) traits are defined by impairments in 
prosocial emotions of remorse, guilt, and empathy (Frick et al., 2014a, 
2014b). Assessing the presence of CU traits has become important in the 
diagnoses of youth antisocial behavior-related psychiatric disorders 
including Conduct Disorder and Oppositional Defiant Disorder (Amer
ican Psychiatric Association, 2013: DSM-5; ICD-11; World Health Or
ganization, 2020). These disorders are associated with aggression, rule 
breaking and violence, and have a large impact on society (Frick et al., 
2014b; Frick and White, 2008). The presence of CU traits within these 
disorders identifies youth with more severe, stable, and chronic anti
social behavior (Frick and White, 2008). Empathy underlies motivation 

for prosocial behavior (Decety et al., 2016; Eisenberg et al., 2010; 
Eisenberg and Miller, 1987) and broadly defines a capacity to under
stand others by sharing their emotions (Decety et al., 2016). Low 
empathy is a prominent impairment among a broader set of affective 
and interpersonal deficits associated with CU traits (Frick et al., 2014a, 
2014b; Rijnders et al., 2021). CU traits have an inverse association with 
empathy (Waller et al., 2020); and recent reviews suggest that empathy 
and CU traits are associated with activation in similar brain regions 
across a variety of tasks (for reviews: Seara-Cardoso et al., 2022; Seara- 
Cardoso and Viding, 2015). Beyond task-based activation of specific 
regions, recent work highlights the importance of neural connectivity 
among integrated functional networks for empathy (Christov-Moore 
et al., 2020; Winters et al., 2021a) and that individual differences in 
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network connectivity in these same networks may be associated with CU 
traits (Pu et al., 2017; Umbach and Tottenham, 2020; Winters et al., 
2021b; Yoder et al., 2016). Together, these findings suggest that CU 
traits and empathy may share common neural substrates. However, 
much of this work has been among adults. Functional connections are 
important developmental features of adolescent brains (Ernst et al., 
2015; Uddin et al., 2011) and understanding the shared functional 
connections between empathy and CU traits during adolescence can 
elucidate important developmental features of core impairments asso
ciated with CU traits. Thus, the present study examines functional 
connectivity patterns related to CU traits and empathy and their overlap 
in a sample of adolescents. 

1.1. Neural correlates of cognitive and affective empathy 

Empathy is generally divided into cognitive and affective compo
nents, which are characterized by distinct neural correlates. Cognitive 
empathy involves adopting another's point of view to understand their 
thoughts and feelings; whereas affective empathy involves sharing an
other's emotional experience, which can involve empathic concern, or 
feelings of concern for their emotional wellbeing (Decety, 2011; Decety 
and Cowell, 2015). For affective empathy, the anterior insulae and 
cingulate cortex work together to facilitate vicarious experiences that 
support affective empathy (Lockwood, 2016). These regions are acti
vated during tasks eliciting empathy for others pain (For meta-analyses; 
Fan et al., 2011; Lamm et al., 2011), which further supports recruitment 
of these regions for vicarious experience of another's felt state. Together 
these regions form the core nodes of the salience network (SAL; Menon 
and Uddin, 2010) that, when active, signals activation of the fronto
parietal network (FPN; i.e., dorsolateral prefrontal cortex and posterior 
parietal cortex; Menon and Uddin, 2010). Functional connectivity 
studies suggest affective empathy is associated with positive connec
tivity within the SAL (Cox et al., 2011) and between regions consisting of 
the SAL and the FPN (Christov-Moore et al., 2020). 

Cognitive empathy is commonly measured using theory of mind 
tasks and these tasks engage the medial prefrontal, posterior cingulate, 
and temporal parietal junction in adolescents (Blakemore, 2008, 2012) 
and adults (Saxe, 2009; Young et al., 2010). These regions comprise core 
areas of the default mode network (DMN; Menon and Uddin, 2010). 
Functional connectivity has demonstrated cognitive empathy is differ
entiated from affective empathy by connectivity in the DMN (specif
ically between the bilateral temporal parietal junction and medial 
prefrontal cortex) as well as greater anti-correlation between the SAL 
and DMN (Winters et al., 2021a). Disruptions in these neural associa
tions can negatively impact cognitive functioning and social behavior 
(Menon and Uddin, 2010). 

1.2. Neural correlates of callous-unemotional traits 

Higher levels of CU traits are moderately to strongly associated with 
lower levels of cognitive and affective empathy (for meta-analysis: 
Waller et al., 2020). However, some initial evidence suggests that 
empathy and CU traits may be associated with the same brain networks 
in inverse ways. For example, during affective empathy eliciting tasks, 
those with psychopathic traits demonstrate less activity in regions 
comprising the SAL including the anterior insula, amygdala, and 
cingulate cortex (Blair, 2013; Decety et al., 2013; Kiehl et al., 2001), 
which is a pattern observed across the literature (e.g., Seara-Cardoso 
et al., 2022; Seara-Cardoso and Viding, 2015). Similarly, during cogni
tive empathy related tasks, regions comprising the DMN (medial pre
frontal, cingulate, and temporal parietal junction) are elicited during 
moral decision making (Harenski et al., 2012; Young et al., 2007) sug
gesting the consideration of another's mental state if harm was caused. 
However, those with psychopathic traits demonstrate less activation of 
these areas during moral decision making (Harenski and Hamann, 2006; 
Harenski et al., 2014; Harenski et al., 2010). 

Functional connectivity studies on CU traits in adolescents demon
strate similar inverse relationships. For example, those with higher CU 
traits demonstrate reduced connectivity within the DMN (Umbach and 
Tottenham, 2020) and SAL, (Yoder et al., 2016) as well as aberrant 
connectivity within the FPN (Pu et al., 2017), which are inverse to the 
associations reported for empathy above. Similarly, although in 
normative samples we expect anticorrelation in functional coupling 
between task positive and task negative networks (for review see: 
Menon, 2015), that is suggested to support empathy (Uddin et al., 2009), 
those with higher CU traits demonstrate with less anticorrelation be
tween DMN-FPN (Pu et al., 2017; Werhahn et al., 2020; Winters et al., 
2021b) and DMN-SAL (Werhahn et al., 2020). Together these findings 
suggest reduced efficiency of network function in those with higher CU 
traits that also support empathy. 

1.3. Neural connectivity shared between callous-unemotional traits and 
empathy 

Impairments in affective empathy (Blair, 2008; Blair et al., 2001; 
Blair et al., 2014) and cognitive empathy (i.e., theory of mind or men
talizing; Drayton et al., 2018; Sharp et al., 2015; Tillem et al., 2020) that 
are associated with CU traits may be explained by individual differences 
in network connectivity that is shared by CU traits and both cognitive 
and affective empathy (Hamilton et al., 2015). However, shared func
tional connectivity between these constructs remain understudied. That 
is, few studies have examined functional connectivity within resting 
state networks and how differences in connectivity may map simulta
neously onto CU traits and empathy. One study on affective empathy did 
examine coactivation in core regions of the DMN and SAL during 
emotion eliciting tasks where the participant considered their own and 
others' emotions. This study revealed differences in the insula and 
anterior cingulate cortex at higher CU traits during affective empathy 
and suggests that empathy differences in CU traits can be examined in 
the brain (Sethi et al., 2018). For cognitive empathy, two behavioral 
studies found that individuals higher in CU traits had greater difficulty 
in cognitive empathy for others complex versus basic emotions (Sharp 
et al., 2015; Winters and Sakai, 2021). However, though Sharp et al. 
(2015) speculated these results to be an affective deficit related to 
amygdala function, Winters and Sakai (2021) found that placing addi
tional demands on cognitive control caused additional decrements in 
complex cognitive empathy – suggesting the importance of top-down 
networks for cognitive empathy deficits in CU traits. Top-down net
works involving the FPN and between FPN-DMN show differences in 
connectivity at higher CU traits (Winters et al., 2021b), which supports 
the importance of top-down networks. What remains unknown is which 
patterns of functional connectivity are shared between empathy and CU 
traits in adolescents. 

Functional connectivity represents a particularly important feature 
of understanding processes associated with adolescent brains (Ernst 
et al., 2015; Uddin et al., 2011). As opposed to traditional modular task- 
based activations, functional connections represent distributed function 
among brain regions (Zhang et al., 2021), which are important devel
opmental features of adolescent brains (Ernst et al., 2015; Uddin et al., 
2011). Examining functional connectivity is consistent with contempo
rary theory that differences in connectivity between the DMN, FPN, and 
SAL may underlie CU traits (Hamilton et al., 2015) and functional 
connectivity patterns have demonstrated replicability that aid in iden
tifying mechanisms driving behavior (Mǐsić and Sporns, 2016; Shehzad 
et al., 2009; Whitfield-Gabrieli et al., 2016). Thus, investigating shared 
network connections of CU traits with cognitive and affective empathy 
within and between the DMN, FPN, and SAL can reveal important fea
tures of adolescent brains underlying these processes. Although such 
investigations may reveal mechanisms critical for understanding core 
impairments in CU traits, less is understood about what network con
nections are shared between CU traits and both cognitive and affective 
empathy. 
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1.4. Current study 

The present study aimed to examine whether specific network con
nections are shared between CU traits and both cognitive and affective 
empathy. As suggested in previous research, we hypothesized that 
higher affective empathy would be associated with higher SAL con
nectivity and between FPN-SAL connectivity, whereas CU traits would 
be associated with lower SAL and between FPN-SAL connectivity. We 
also hypothesized that higher cognitive empathy would be associated 
with higher DMN connectivity and anticorrelation between SAL-DMN 
connectivity, whereas CU traits would be associated with lower DMN 
and less anticorrelation between SAL-DMN connectivity. Given that af
fective empathy (Blair, 2008; Blair et al., 2001; Blair et al., 2014) and 
cognitive empathy (Drayton et al., 2018; Sharp et al., 2015; Tillem et al., 
2020) are core impairments in CU traits, identifying shared connectivity 
underlying both empathy and CU traits can help to identify the extent to 
which CU traits and empathy share neural substrates, which can help to 
build a better mechanistic understanding of CU traits. CU traits exist on a 
continuum and are present (although lower) in community samples (e. 
g., Umbach and Tottenham, 2020; Winters et al., 2021b). Similarly, 
significant evidence suggests that community samples on the continuum 
of CU traits demonstrate similarities with forensic samples in neuro
cognitive impairments (Viding and McCrory, 2012) and neurobiological 
associations (Seara-Cardoso et al., 2022). Thus, the present study in
vestigates shared functional connectivity within and between the DMN, 
FPN, and SAL between CU traits and both cognitive and affective 
empathy among a community sample of adolescents. 

2. Methods 

2.1. Sample 

Participants, aged 13–17 years old, were drawn from the Nathan 
Kline Institute's Rockland study (for study procedures see: Nooner et al., 
2012) using the 1000 connectomes project website (www.nitrc.org/ 
projects/fcon_1000/). To ensure integrity of the data we excluded par
ticipants that had a WAIS-II IQ score < 80 (α = 0.96) (Wechsler, 2011). 
From a total of 122 participants 13–17 years old, we removed 10 for IQ 
< 80 leaving 112 participants for analysis. Parents reported that the 
youth in the sample were predominantly White (White = 63 %, Black =
24 %, Asian = 9 %, Indian = 1 %, other = 3 %) with slightly more boys 
(female = 43 %) and a mean age of 14.52 ± 1.31 years. 

2.2. Measures 

2.2.1. Interpersonal Reactivity Index (IRI) 
Cognitive and affective empathy were assessed using the IRI (Davis, 

1980, 1983) perspective taking and empathic concern subscales 
(respectively). These subscales are commonly used for assessing cogni
tive and affective empathy (Baron-Cohen and Wheelwright, 2004; 
Konrath, 2013). Cognitive empathy is defined as the tendency to adopt 
others psychological point of view (e.g., “I try to look at everybody's side 
of a disagreement before I make a decision”; present sample α = 0.74). 
Affective empathy is defined as the tendency to experience other's 
feelings and have concern for them (e.g., “When I see someone being 
taken advantage of, I feel kind of protective towards them”; present 
sample α = 0.79). These subscales, each consisting of seven items, were 
rated on a five-point scale from 0 (“does not describe me”) to 4 (“de
scribes me well”). 

2.2.2. Inventory of Callous-Unemotional Traits (ICU) 
The total score of the 24-item ICU was used to assess CU traits (Frick, 

2004). We used the same factor structure that was validated by Kimonis 
et al. (2008) that removed two items due to poor psychometrics. This 
factor structure had an adequate reliability in the current sample (pre
sent sample α = 0.72). Items such as “I do not show my emotions to 

others” are rated on a four-point Likert scale from 0 (“not true at all”) to 
3 (“definitely true”), with higher scores meaning greater CU traits. 

2.2.3. Covariates 
In our analyses we controlled for sex, pubertal stage, and conduct 

problems. Because our research question was to examine CU traits, we 
controlled for conduct problems that are often comorbid with CU traits 
but are distinct and account for different outcomes (e.g., Baskin-Som
mers et al., 2015; Herpers et al., 2012; Hyde et al., 2015). Controlling for 
conduct problems helps to separate out the impact of CU traits specif
ically versus their correlation with more severe antisocial behavior. 
Thus, we used the externalizing subscale of the Achenbach Youth Self- 
Report (Achenbach and Rescorla, 2001) as a covariate. Validity and 
reliability of the externalizing measure are acceptable (Achenbach and 
Rescorla, 2001) and was internally consistent in the present sample (α =
0.87). We used the raw scores for analysis as suggested by the mea
surement developers (Achenbach and Rescorla, 2001). 

Pubertal stage and sex were measured by the genital and breast 
development subscales of the Tanner assessment (Petersen et al., 1988). 
Parents rated pictures representing development of secondary sex 
characteristics on a scale of 1 (pre-pubertal) to 5 (full maturity), with 
higher scores indicating greater developmental maturity. The internal 
consistency of the measure was adequate for the present sample (α =
0.77). Because the variation in timing of puberty when measured by age 
(about five years, Parent et al., 2003) and hormonal changes during 
puberty impact behavior via direct effect on the adolescent brain 
(Cameron, 2004; Dahl, 2004; Sisk and Foster, 2004), we controlled for 
pubertal stage instead of age. We included sex as a covariate because it is 
associated with both empathy and CU traits, and impacts brain structure 
among youth with CU traits (Raschle et al., 2018). 

2.2.4. Imaging acquisition 
During resting state data collection, participants were instructed to 

keep their eyes closed without falling asleep while images were collected 
with a Siemens TimTrio 3 T scanner using a blood oxygen level 
dependent (BOLD) contrast with an interleaved multiband echo planar 
imaging (EPI) sequence. Each participant received a functional magnetic 
resonance imaging scan during resting state (260 EPI volumes; repeti
tion time (TR) 1400 ms; echo time (TE) 30 ms; flip angle 65o; 64 slices, 
Field of view (FOV) = 224 mm, voxel size 2 mm isotropic, duration = 10 
min) and a magnetization prepared rapid gradient echo (MPRAGE) 
anatomical image (TR = 1900 ms, flip angle 9o, 176 slices, FOV = 250 
mm, voxel size = 1 mm isotropic). Removing scans for T1 stabilization 
was not necessary given that the Siemens sequence collects images after 
saturation is achieved. 

2.2.5. Imaging preprocessing 
We downloaded the raw data and used the standard preprocessing 

pipeline in the CONN toolbox (version 18b; Whitfield-Gabrieli and 
Nieto-Castanon, 2012) using Statistical Parametric Mapping (SPM 
version 12; Penny et al., 2011). The Artifact Detection Tools (ART; 
http://www.nitrc.org/projects/artifact_detect) identified motion out
liers at each timepoint and flagged them for correction with de-spiking if 
framewise displacement >0.5 mm or if global BOLD signal change >3 
standard deviations. Additionally, motion was regressed out of each 
individual timeseries using 6 motion parameters (x, y, z translations and 
rotations). Physiologic, CSF, and white matter noise was regressed out of 
the BOLD signal using anatomic component-based noise correction 
method (aCompCor; Whitfield-Gabrieli and Nieto-Castanon, 2012). 
Because imaging collection used a fast multiband sequence, no slice 
timing correction was applied (Glasser et al., 2013; Wu et al., 2011). Co- 
registered MPRAGE and EPI images were normalized to an MNI tem
plate and a 6 mm Gaussian kernel was applied to smooth images. 
Finally, a 0.009–0.08 Hz bandpass filter was used to retain resting state 
signals (Satterthwaite et al., 2013). 

From this preprocessing we found that 24 participants had motion 
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>3 mm and four had >20 % of invalid scans. Because this impacts the 
integrity of the imaging data, we did not retain the time series of these 
participants. This left a total of 84 participants with full imaging data 
and 28 participants (25 %) without imaging data. 

2.2.6. Region of interest selection 
The focus on the DMN, FPN, and SAL was supported by studies on 

empathy (Decety and Michalska, 2010; Decety et al., 2008; Fan et al., 
2011; Kral et al., 2017; Lamm et al., 2011) and CU traits (Cohn et al., 
2015; Pu et al., 2017; Umbach and Tottenham, 2020; Yoder et al., 2016). 
Regions representing these networks were defined anatomically using 
the Harvard-Oxford atlas within the CONN toolbox. The Harvard-Oxford 
atlas defined the DMN as the medial prefrontal cortex, posterior 
cingulate cortex, and angular gyri (part of the temporal parietal junc
tion); the FPN as the bilateral lateral prefrontal and posterior parietal 
cortices for the FPN; and the SAL as the bilateral anterior insula, anterior 
cingulate, and bilateral rostral prefrontal cortices (MNI coordinates: 
Supplementary Table 1). 

2.2.7. Extracting connectivity parameters 
BOLD time-series of each ROI was extracted from the 4D pre

processed resting state scan. Then all participant-level pairwise within- 
and between-network time series were averaged, converted to a Z value 
using Fisher's r-to-z transformation, and extracted, which represented a 
connectivity value for each within and between network connection. 
These connectivity values were used in subsequent analyses. 

2.3. Analysis 

After extracting connectivity parameters, we conducted analyses 
using R (Version 4.02; R Core Team, 2021). To improve estimation of 
multiple dependent variables by doing so simultaneously in one model 
(as opposed to multiple models and raising concerns for multiple com
parisons) we ran a series of path analyses using the ‘lavaan’ package 
(Rosseel, 2012). These path analyses were estimated using maximum 
likelihood with Huber-White robust standard errors to correct asymp
totic standard errors and improve confidence interval estimation (Maas 
and Hox, 2004). 

2.3.1. Missing data analysis 
Prior to analysis we assessed data missingness using the Visualization 

and Imputation of Missing Values ‘VIF’ package (Kowarik and Templ, 
2016); and conducted test for Missing Completely at Random (MCAR) 
described by Jamshidian and Jalal (2010) using the ‘MissMech’ package 
in R (Mortaza et al., 2014). This MCAR test uses the Hawkins (1981) test 
statistic to quantitate homoscedasticity across different patterns of 
missingness between groups with and without missing to assert whether 
the missing data has a systematic bias (Jamshidian and Jalal, 2010). This 
method demonstrates reliability with smaller sample sizes (Jamshidian 
and Jalal, 2010). We then did additional testing for systematic miss
ingness by creating a dichotomous variable for missing values (missing 
= 1 and not missing = 0) and conducting chi-square or t-tests to quan
titate any explanations for missing values present (Little and Rubin, 
2019). 

No behavioral data was missing and 25 % of participants were 
missing connectivity values (n = 28). The test for MCAR suggested no 
homoscedasticity that accounted for missing data and, thus, could not 
rule out MCAR (p = 0.332). Further investigation with t-tests did not 
detect any systematic reasons for missingness. Therefore, we concluded 
that estimating missing values would not introduce bias into our analysis 
but, instead, allow us to retain power while improving confidence in our 
estimates. Simulations demonstrate that full-information maximum 
likelihood produced unbiased estimates with over 50 % of missing data 
when missing at random (Schafer and Graham, 2002). Moreover, 
modern missing data approaches, such as full information maximum 
likelihood, reduce bias when compared to removing cases or listwise 

deletion (Little and Rubin, 2019). Thus, we used full information 
maximum likelihood to retain all 112 participants. 

2.3.2. Path analyses 
We then ran path models to examine network connectivity of the 

DMN, FPN, and SAL in relation to CU traits and both cognitive and af
fective empathy. We first ran separate models for each independent 
variable of interest (cognitive empathy, affective empathy, CU traits) 
including covariates (conduct problems only included in analyses with 
CU traits). To ensure CU traits estimates were not a result of suppression 
effects when including conduct problems (e.g., Hyde et al., 2016; Lozier 
et al., 2014) we ran models without conduct problems to assess if path 
estimates changed. Because all path estimates were the same and did not 
evidence a suppression effect, we only report on CU trait models with 
conduct problems included as a covariate. Because sex is associated with 
both CU traits and empathy, we assessed if sex was a moderator using 
multigroup models separated by sex. With these multigroup models, we 
compared a model with constrained intercepts and regression parame
ters to an unconstrained model using a Satorra-Bentler x2 difference test 
to determine whether model parameters are significantly different 
across sexes (Satorra, 2000). Finally, we examined whether the CU traits 
and empathy explained overlapping variance in the neural phenotypes. 
Because tests of mediation and confounding are equivalent statistically 
(MacKinnon et al., 2000), we tested indirect effects to examine whether 
CU traits and empathy were explaining the same variance in the neural 
outcomes (indirect effect) or different variance (remaining direct ef
fects). We used the product of coefficients to calculate indirect effects 
and used 5000 resamples to simulate confidence intervals using bias 
corrected bootstraps to verify indirect effects (MacKinnon, 2000). We 
used criteria by MacKinnon et al. (2000) to evaluate indirect effects for 
the impact on x – y relationship and then calculated the relative 
magnitude of the total effects accounted for by the indirect and direct 
effects using equations outlined by Preacher and Kelley (2011). All an
alyses were controlled for multiple comparisons using a false discovery 
rate correction (Benjamini and Hochberg, 1995) for each analysis using 
‘p.adjust’ command (R Core Team, 2021). 

3. Results 

3.1. Descriptives 

A total of 12 participants (11 %) met the clinical cut-off (Kemp and 
Baskin-Sommers, 2019) for CU traits (6 male and 6 female) and a total of 
4 (3 %) met the clinical cut-off (Sandoval et al., 2006) for externalizing 
symptoms (2 male and 2 female). Correlations were significant between 
CU traits and both cognitive (r = − 0.33, p < 0.001) and affective (r =
− 0.67, p < 0.001) as well as between cognitive and affective empathy (r 
= 0.28, p = 0.003). In comparing the results to the meta-analysis by 
Waller et al. (2020), CU traits association with cognitive empathy 
matched what was expected, but CU traits association with affective 
empathy was stronger than expected in the present sample (Figs. 1 and 
2). 

3.2. Separate analysis: shared network associations between empathy and 
CU traits 

3.2.1. CU traits 
Separate analyses indicated higher CU traits were associated with 

less within DMN connectivity (β = − 0.005, q (FDR Corrected p) = 0.038, R2 

= 0.140) and greater between DMN-SAL connectivity (β = 0.004, q (FDR 

Corrected p) = 0.029, R2 = 0.132). CU traits were not associated with the 
SAL or FPN (Table 1, Supplementary Fig. 1).  

3.2.2. Cognitive empathy 
In parallel to the CU traits findings (though with an inverse 
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association), higher cognitive empathy was associated with greater 
within DMN connectivity (β = 0.009, q (FDR Corrected p) = 0.11, R2 =

0.119) and less between DMN-SAL connectivity (β = − 0.008, q (FDR 

Corrected p) = 0.002, R2 = 0.129). Cognitive empathy was not associated 
with the SAL or FPN (Table 1, Supplementary Fig. 1). 

3.2.3. Affective empathy 
Affective empathy was associated with less between DMN-SAL con

nectivity (β = − 0.008, q (FDR Corrected p) = 0.004, R2 = 0.136). No other 
associations were found with affective empathy. Affective empathy was 
not associated with the DMN, FPN, or SAL (Table 1, Supplementary 
Fig. 1). 

3.3. Test for indirect effects: no evidence for shared variance 

There were no significant indirect effects between CU traits, cogni
tive empathy, or affective empathy and brain parameters with either CU 
traits or empathy as the indirect parameter (Table 2, Supplementary 
Fig. 2). The magnitude of total effects for all indirect effects were lower 
(0.22–0.44) than direct effects (0.56–0.78, see Table 2, Supplementary 
Fig. 2). 

3.4. No sex differences detected 

No significant sex differences were detected for individual parame
ters in the formal analyses nor multigroup model comparisons (Table 3). 

4. Discussion 

The present study identified shared network patterns for CU traits 
and both cognitive and affective empathy among a community sample of 
adolescents. Generally, CU traits had network associations that were 
inverse to cognitive and affective empathy. Specifically, cognitive 
empathy was inversely associated with within DMN connectivity and 
both cognitive and affective empathy were inversely associated with 
between DMN-SAL connectivity, a pattern similar to CU traits associa
tion with network connectivity. Though these associations would imply 
overlapping neural networks for CU traits and empathy, quantitative 
tests showed relatively more unique versus shared/overlapping variance 
in multivariate models, implying that, though these constructs appear to 
have similar neural correlates, the variance explained in neural con
nectivity by each construct appears to be relatively independent. 

4.1. Inverse associations within DMN connectivity 

Within DMN connectivity was lower at higher CU traits, whereas 
DMN connectivity was higher at higher levels of cognitive empathy. 
These findings reflect separate studies that have shown that CU traits are 
negatively associated with DMN connectivity (Umbach and Tottenham, 
2020) and that cognitive empathy is positively associated (Esménio 
et al., 2019; Winters et al., 2021a) with DMN connectivity. We extend 
this work to demonstrate these similar inverse association with the DMN 
within the same sample of adolescents. 

Cognitive empathy involves self-referential cognitive processes when 
taking another's perspective, which are some of the processes the DMN is 
consistently recruited for (Buckner et al., 2008; Buckner and Carroll, 

Fig. 1. Association of callous-unemotional traits and cognitive empathy with 
within default mode network connectivity. Brain image depicts all network 
connections within the DMN. 

Fig. 2. Association of callous-unemotional traits, cognitive empathy, and af
fective empathy with between default mode-salience network connectivity. 
Brain image depicts all pairwise connections between DMN and FPN. 
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2007; Uddin et al., 2009). Previous studies demonstrate that perspective 
taking is impaired as CU traits increase (Lui et al., 2016). This may 
explain why only cognitive empathy had a similar an inverse association 
in the DMN with CU traits. The negative association of CU traits with 
both cognitive empathy and DMN connectivity suggests differences in 
trait-like network connectivity in the DMN may explain impairments in 
self-referential processes necessary for cognitive empathy. 

4.2. Inverse associations between DMN-SAL 

Between DMN-SAL connectivity was higher with higher CU traits, 
whereas between DMN-SAL connectivity was lower at higher levels of 
both cognitive and affective empathy. This finding extends the extant 
literature on CU traits (Werhahn et al., 2020) and both cognitive and 
affective empathy (Winters et al., 2021a) by demonstrating their similar, 
and inverse, associations with between DMN-SAL connectivity among 
the same sample of adolescents. 

The SAL integrates multiple sources of information to signal the SAL 
to downregulate task-negative networks (i.e., DMN) and switch to task- 
positive networks (for review see: Menon, 2015), which supports 
empathic feelings (Craig and Craig, 2009; Singer et al., 2009). Higher 
levels of cognitive and affective empathy are associated with switching 
between task-positive and task-negative networks indicated by greater 
between DMN-SAL anticorrelations (Winters et al., 2021a). Lower be
tween DMN-SAL anticorrelation suggests signals from task negative 
cognitive processes are more difficult to regulate during task positive 
processes. Given that cognitive and affective empathy are associated 
with a greater anticorrelation between these networks, reduced anti
correlation of these networks at higher CU traits suggests an inefficiency 
of functional coupling between networks that could make empathy more 
difficult. 

4.3. Overlap of CU traits and empathy in association with neural 
phenotypes 

Interestingly, though findings between empathy and neural pheno
types and CU traits and neural phenotypes were highly similar (though 
in the expected opposite directions), when tested quantitatively, we 
found no significant overlap in the variance empathy and CU traits were 
explaining in each neural phenotype. Given the inverse associations in 
neural networks, we anticipated a high level of shared variance between 
empathy and CU traits on related networks. However, we were unable to 
detect shared variance, which could indicate similar neural correlates 
that do not actually overlap in terms of variance explained. Other 
possible explanations are that the current study was under-powered to 
parse unique versus shared variance; another is that shared methods of 
assessment could bias associations (Baumgartner et al., 2021). This 

result is surprising and requires further investigation with larger 
samples. 

4.4. Null results 

4.4.1. No associations with the SAL 
Although we hypothesized both affective empathy and CU traits 

would associate with SAL connectivity, this hypothesis was not sup
ported. This finding is contrary to some of the task-based literature and 
theoretical understandings of both constructs (Downar et al., 2003; 
Saarela et al., 2007; Sethi et al., 2018; Wicker et al., 2003). However, 
other studies also found that CU traits (Umbach and Tottenham, 2020) 
and empathy (Winters et al., 2021a,b) were not associated with con
nectivity in the SAL in youth. It may be that there are certain conditions 
in which the SAL is involved in these processes at this age (e.g., during 
specific tasks) or that specific regions involved with the SAL not 
included in the present analysis (i.e., the amygdala) are most relevant. 
There does not appear to be a clear consensus across the literature on the 
SAL's involvement in affective empathy and CU traits, which highlights 
an important discrepancy for future investigations. 

4.4.2. No sex differences detected 
The present analysis revealed no sex differences. Although the 

literature supports mean level sex differences via self-report for empathy 
(Baron-Cohen and Wheelwright, 2004; Cohen and Strayer, 1996; Davis, 
1983) and CU traits (Fragkaki et al., 2016; Wymbs et al., 2012) as well as 
general functional connectivity in adolescents (Satterthwaite et al., 
2015), prior studies also found no sex differences when specifically 
examining neural associations of either empathy (Decety and Michalska, 
2010; Kral et al., 2017; Michalska et al., 2013; Winters et al., 2021a) or 
CU traits (Dotterer et al., 2017). 

4.5. Limitations 

The present results must be interpreted under some limitations. First, 
the data analyzed is cross-sectional and cannot determine causality. 
Second, the study relied exclusively on self-report measures. This likely 
introduced shared method variance (i.e., the same person and reporting 
style influenced measures of CU traits and empathy). Ironically, though 
shared method variance would be expected to increase (or inflate) the 
associations and overlap among the self-reported constructs (i.e., CU 
traits, empathy), here we found little evidence that these self-reported 
constructs explained overlapping variance in brain network structure. 
Examining these associations with behavioral measurements would be 
important to extend this line of work in future studies. Third, the self- 
report measures capture perceived cognitive and affective empathy 
abilities instead of measuring actual empathic performance. Studies 

Table 1 
Individual models association with functional connectivity parameters.   

Individual models  

Callous-unemotional traits Cognitive empathy Affective empathy 

Outcomes β q R2 β q R2 β q R2 

DMN  − 0.005*  0.038  0.140  0.008*  0.015  0.119  0.008  0.057  0.122 
FPN  − 0.001  0.969  0.001  0.001  0.927  0.016  0.000  0.972  0.076 
SAL  − 0.002  0.694  0.036  0.002  0.709  0.002  0.009  0.082  0.001 
DMN-FPN  − 0.003  0.136  0.124  0.001  0.659  0.062  0.000  0.694  0.062 
DMN-SAL  0.004*  0.002  0.132  − 0.007*  0.006  0.129  − 0.008*  0.003  0.136 
FPN-SAL  0.003  0.152  0.669  0.002  0.627  0.015  − 0.005  0.440  0.042 

Note: all path models adjusted for sex and pubertal development, callous-unemotional traits model additionally adjusted for conduct problems. 
DMN = default mode network, SAL = salience network; Network abbreviations separated by a hyphen indicate between network connectivity whereas standalone 
abbreviations indicate within network. 
Predictor at the top was a separate path model estimates on the multiple outcomes in the left column. 
See Supplementary Fig. 1 for depiction of all models ran. 
q = FDR corrected p value, * = q < 0.05. 
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demonstrate that the Interpersonal Reactivity Index only accounts for 
roughly 1 % of the variance in performance on affective and cognitive 
empathy tasks (Melchers et al., 2015; Murphy and Lilienfeld, 2019); and 
measuring perception versus actual behavior, particularly among those 
higher on CU traits may undermine the results of this study. There is a 
need for further investigation into self-reported empathy and perfor
mance on empathy or theory of mind tasks in relation to CU traits. 
Fourth, shared method variance may have biased results and it would be 
important for future investigations to include multiple assessment mo
dalities. Fifth, the sample size was quite modest which may undermine 
power (i.e., meaning null findings may be due to small effect sizes and 
low power) and increase the risk of spurious findings (Turner et al., 
2018). Finally, the sample analyzed is a community sample and did not 
examine comorbidity of mental health conditions. Although substantial 
evidence exists supporting CU traits are dimensional and present in 
community samples (Viding and McCrory, 2012), and that there are 
similarities in neurocognitive impairments (Viding and McCrory, 2012) 
as well as neurobiological associations (Seara-Cardoso et al., 2022; 
Seara-Cardoso and Viding, 2015) between community and forensic 
samples, CU traits may present differently or have a different etiology at 
high levels of frequency and intensity of antisocial behavior, which 
distinguishes those in clinical or forensic settings (LeBreton et al., 2006). 

4.6. Conclusions 

The present study demonstrated similar network connectivity be
tween CU traits and both cognitive and affective empathy among a 
community sample of adolescents. Higher CU traits were associated with 
decreased within DMN connectivity and increased between DMN-SAL 
connectivity. Greater cognitive empathy was associated with higher 
within DMN connectivity, whereas greater cognitive and affective 
empathy was associated with decreases in between DMN-SAL connec
tivity. However, multivariate analyses indicated that, though the pattern 
of findings was similar for CU traits versus empathy, these constructs did 
not explain overlapping variance in the neural connectivity outcomes. 
Future studies could examine the developmental underpinnings of these 
differences in network connectivity and network inefficiency associated 
with CU traits in relation to empathy. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jad.2022.08.103. 
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Table 2 
Results of tests for indirect effects.   

Estimate p q 95 % CI 
bootstrapped 

Decision  

Low High 

CU traits as the indirect parameter 
DMN ~ 

cognitive 
empathy      

No 
effect 

Direct effect 0.006  0.132  0.133 − 0.002 0.013  
Indirect effect 0.002  0.113  0.164 − 0.001 0.005  
Total effect 0.008a  0.024  0.053 0.001 0.015  
% total effect – 

direct 
72.9 %a   30.7 % 115.1 

%  
% total effect – 

indirect 
27.1 %   − 15.1 % 69.3 %  

DMN-SAL~ cognitive 
empathy     

No 
effect 

Direct effect − 0.006  0.073  0.109 − 0.012 0.001  
Indirect effect − 0.002  0.147  0.147 − 0.004 0.001  
Total effect − 0.007a  0.012  0.035 − 0.013 − 0.002  
% total effect – 

direct 
78.1 %a   42.8 % 113.4 

%  
% total effect – 

indirect 
21.9 %   − 13.4 % 57.2 %  

DMN-SAL~ affective 
empathy     

No 
effect 

Direct effect − 0.005  0.223  0.285 − 0.013 0.003  
Indirect effect − 0.003  0.285  0.285 − 0.008 0.002  
Total effect − 0.008a  0.008  0.023 − 0.014 − 0.002  
% total effect – 

direct 
63.6 %   − 9.7 % 137.0 

%  
% total effect – 

indirect 
36.3 %   − 37.0 % 109.7 

%   

Cognitive Empathy as the indirect parameter 
DMN ~ CU 

traits      
No 
effect 

Direct effect − 0.004  0.108  0.143 − 0.010 0.0002  
Indirect effect − 0.001  0.144  0.144 − 0.003 0.001  
Total effect − 0.005a  0.021  0.062 − 0.010 − 0.001  
% total effect – 

direct 
77.8 %   − 2.6 % 110.4 

%  
% total effect – 

indirect 
22.2 %   − 10.4 % 102.6 

%  
DMN-SAL~ CU 

traits      
No 
effect 

Direct effect 0.003  0.114  0.128 − 0.001 0.007  
Indirect effect 0.001  0.129  0.129 − 0.0002 0.003  
Total effect 0.004a  0.007  0.021 0.001 0.007  
% total effect – 

direct 
72.5 %   − 44.5 % 105.2 

%  
% total effect – 

indirect 
27.5 %   − 5.2 % 144.5 

%   

Affective empathy as the indirect parameter 
DMN-SAL~CU 

traits      
No 
effect 

Direct effect 0.003  0.026  0.276 − 0.002 0.007  
Indirect effect 0.002  0.250  0.275 − 0.001 0.005  
Total effect 0.005a  0.002  0.006 0.002 0.007  
% total effect – 

direct 
55.9 %   − 83.3 % 128.9 

%  
% total effect – 

indirect 
44.1 %   − 28.9 % 183.3 

%  

Note: Bootstrapped confidence intervals are bias corrected and used 500 
resamples; CU = callous-unemotional; DMN = default mode network, SAL =
salience network, CI = Confidence interval, p = uncorrected p value, q = FDR 
corrected p value, FDR = false discovery rate. 
See Supplementary Fig. 2 for depiction of all indirect models ran. 

a Bootstrapped confidence intervals do not cross 0. 

Table 3 
Likelihood ratio test results of multigroup comparisons by sex.  

Models compared Chi-square 
Δ 

P 
value 

Cognitive empathy unconstrained and constrained by sex  13.038  0.789 
Affective empathy unconstrained and constrained by sex  16.839  0.534 
Callous-unemotional traits unconstrained and constrained 

by sex  
22.154  0.225  
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