
UC Davis
UC Davis Previously Published Works

Title
Vulnerabilities in sequencing and task switching in healthy youth offspring of parents with 
mood disorders.

Permalink
https://escholarship.org/uc/item/3vz013bp

Journal
Journal of Clinical and Experimental Neuropsychology, 40(6)

Authors
Singh, Manpreet
Leslie, Sara
Bhattacharjee, Kalpa
et al.

Publication Date
2018-08-01

DOI
10.1080/13803395.2017.1401597
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3vz013bp
https://escholarship.org/uc/item/3vz013bp#author
https://escholarship.org
http://www.cdlib.org/


Vulnerabilities in Sequencing and Task Switching in Healthy 
Youth Offspring of Parents with Mood Disorders

Manpreet K. Singh, M.D. M.S., Sara M. Leslie, B.A., Kalpa Bhattacharjee, M.A., Melina 
Gross, Elizabeth F. Weisman, B.A., Laila M. Soudi, M.S., Owen R. Phillips, Ph.D., and 
Alexander Onopa, M.S.

Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, 
Stanford, CA

Abstract

Introduction: Visuospatial processing and task switching are impaired in individuals with mood 

disorders. It is unknown whether early deficits are present before the onset of a mood disorder or 

related to risk for a specific type of mood disorder. To answer these questions, we aimed to 

compare cognitive and neural assessments of visual attention and task-switching during 

sequencing among never-disordered youth with parental family histories of bipolar (BD) and 

major depressive disorders (MDD) and healthy controls with no personal or family history of 

psychopathology.

Methods.—8–17 year old youth of parents with BD (N=31, “BD risk”), youth of parents with 

MDD (N=49, “MDD risk”), and demographically similar HC (N=31, “HC”) were examined using 

the Delis-Kaplan Executive Functioning System Trail Making Test. Seed-based resting-state 

functional connectivity (RSFC) was collected from a subset of 88 participants (25 BD risk, 37 

MDD risk, 26 HC) to investigate group differences in RSFC related to visuospatial processing.

Results.—BD risk and MDD risk offspring showed impairments in sequencing and task-

switching, demonstrated by reduced scores on visual scanning (F (2, 108) = 4.12, p=0.02), number 

sequencing (F (2, 88) = 4.75, p=0.01), letter sequencing (F (2, 108) = 4.24, p=0.02), and set 

shifting performance on number-letter sequencing (F (2, 108) = 4.66, p=0.01) compared to scores 

in healthy controls. RSFC between the posterior cingulate (PCC) and clusters in the subcallosal 

cortex, amygdala, and hippocampus, significantly differed among HC, BD risk, and MDD risk 

groups. PCC-subcallosal/limbic RSFC was positively coupled in the MDD risk and BD risk 

groups. and negatively coupled in the HC group.

Conclusions.—Youth at familial risk for mood disorders demonstrate visuospatial deficits early 

in the processing stream. Improved methods for identifying at-risk children with the earliest 

possible neurocognitive impairments may inform neurocognitive remediation strategies that could 

prevent the onset of mood disorders.
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INTRODUCTION

Among the most widely reported correlates of resilience found within youth include 

intelligence, self-regulation, problem-solving skills, and achievement motivation (Rutter, 

2013). All of these qualities encompass executive functions necessary for concentrating, 

thinking, decision-making, and inhibiting impulses. A core executive function is task-

switching, or the ability to switch between different rules, concepts, or strategies in response 

to changes in task demands or in the environment (Diamond, 2013). Task-switching has two 

dissociable components: rule-based processing and visuospatial processing, which includes 

visual attention and sequencing (Ravizza & Carter, 2008). Deficits in visuospatial processing 

and task-switching can manifest as downstream impairments in problem-solving, 

multitasking, goal completion, or planning. Early identification of these cognitive deficits 

among children may promote more resilient outcomes through building competencies in 

executive functions that are malleable early in brain development (Greenberg, 2006).

Mood disorders in children, including Bipolar Disorder (BD) and Major Depressive 

Disorder (MDD), are frequently associated with deficits in visuospatial processing 

(Dickstein et al., 2004; Favre et al., 2009; Franklin et al., 2010; Pardo, Pardo, Humes, & I 

Posner, 2006; Pavuluri, West, Hill, Jindal, & Sweeney, 2009) and in task-switching 

(Dickstein et al., 2007, 2016; Evans, Kouros, Samanez-Larkin, & Garber, 2016; Han et al., 

2016). In fact, deficits in these executive function domains predict subsequent onset of 

affective illness in healthy but high-risk individuals (Vinberg, Miskowiak, & Kessing, 2013). 

Downstream deficits in task-switching have been described in individuals with BD 

regardless of age, gender, or overall cognitive ability, and appear to persist across the 

transition from childhood to young adulthood (Wegbreit et al., 2016). In contrast, there is a 

lack of consensus about whether task-switching deficits are present or absent among youth 

with MDD (Vilgis, Silk, & Vance, 2015). Disagreements come from several methodological 

challenges in the extant literature, including how these executive functions are defined, 

variable sample selection and inclusion criteria, diagnostic status (current versus past MDD), 

comorbidities, and medication status. Importantly, deficits in executive function appear to 

linger even after mood symptom improvement among youth after antidepressant treatment. 

This finding highlights the importance of understanding the temporal relation between mood 

symptoms and cognitive deficits over the course of development and treatment (Shehab, 

Brent, & Maalouf, 2016).

High-risk studies provide an opportunity to understand the temporal relation between mood 

symptoms and deficits in visuospatial processing and task-switching that may relate to the 

development of major mood disorders. Offspring of parents with BD and MDD are at high 

risk for developing mood disorders themselves, and have been characterized by impairments 

in task-switching, attention, motor inhibition, and processing speed (Klimes-Dougan, 
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Ronsaville, Wiggs, & Martinez, 2006a; Micco et al., 2009; Patino et al., 2013; Singh, 

DelBello, Fleck, Shear, & Strakowski, 2009). However, most high-risk studies were 

conducted in already symptomatic youth offspring with a variety of mood and other 

psychiatric disorders, including attention deficit with hyperactivity (ADHD) and anxiety 

(Klimes-Dougan et al., 2006a; Singh et al., 2009), and have controlled for such symptoms in 

their analyses (Klimes-Dougan, Ronsaville, Wiggs, & Martinez, 2006b). Moreover, other 

studies have shown no evidence that task-switching is a trait vulnerability in high-risk 

offspring (Micco et al., 2009; Wagner, Abramson, & Alloy, 2015). This makes it challenging 

to definitively know whether related neurocognitive deficits are early trait features that 

precede the onset of BD or MDD. It is also unclear whether impairments in task-switching 

are selective vulnerability markers for BD, for MDD, or for both of these mood disorders. 

Importantly, although BD and MDD may be clinically indistinguishable during the 

depressive phase of illness, they have distinct interventions and long-term trajectories 

(Singh, Ketter, & Chang, 2014). Few measures have been found to reliably differentiate BD 

from MDD among youth, which has often led to misdiagnosis and ineffective treatments 

that, in some cases, accelerate the onset and progression of these mood disorders. 

Identifying distinct antecedent pathways to developing BD versus MDD could mitigate 

consequences from misdiagnosis and incorrect or delayed treatment.

Finally, the neural basis of visuospatial processing deficits associated with risk for mood 

disorders has not been extensively described. Resting-state functional connectivity uses 

functional magnetic resonance imaging to provide information about functionally 

interconnected brain regions which display synchronized activity during undirected or 

internally-directed states, and which tend to deactivate during performance of externally-

directed or goal-oriented tasks such as visuospatial processing and task-switching.

The occipital cortex and related visual processing networks have been implicated in the 

expression and processing of emotions (Vanlessen, De Raedt, Koster, & Pourtois, 2016). 

Importantly, recent data suggest that a risk for depression may be related to deficits in top-

down motivated attention, that may be localized to the occipitotemporal, posterior cingulate 

(PCC), and inferior temporal cortices (Kayser et al., 2017). Aberrant PCC activation during 

visuospatial processing has also been reported in pediatric BD (Chang et al., 2004). Indeed, 

the PCC is a key node of the default mode network and extensively connected with other 

cortical and subcortical structures. Given its prominent role in both visuospatial processing 

(Chen, Weidner, Vossel, Weiss, & Fink, 2012; Kravitz, Saleem, Baker, & Mishkin, 2011) 

and the default-mode network in the context of depression (Renner et al., 2017), 

connectivity of the PCC may be a useful neurobiological target for therapeutic intervention.

Few prior studies have examined or compared visuospatial processing and task-switching in 

youth at familial risk for BD and MDD before the onset of these disorders. Moreover, to our 

knowledge, no prior study has determined whether impairment in task-switching is 

selectively associated with a risk for BD versus a risk for MDD among healthy but at-risk 

youth. To examine these questions, we used the Delis Kaplan Executive Functioning System 

(Delis, Kaplan, & Kramer, 2001) Trail Making Test and resting state functional connectivity 

to assess cognitive and neural evidence of sequencing and task-switching in never-

disordered offspring of parents with either BD or MDD and comparison youth without any 
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personal or family history of psychopathology (HC). The three never-disordered groups of 

youth were neurotypical, did not present with any co-occurring psychiatric conditions, and 

were treatment naïve. We aimed to distinguish these differentially at risk groups by 

assessing them on their visuospatial sequencing and task-switching performance, early 

symptom profiles, overall global functioning, and brain-based functional connectivity 

measures. Based on limited prior research, we hypothesized that youth at risk for BD and 

MDD would show impaired performance in visuospatial processing and during task-

switching compared to HC youth, as demonstrated by slower completion time while 

switching conditions on the Trail Making Test. We also hypothesized that BD risk and MDD 

risk youth would show impaired PCC-related functional connectivity compared to HC, and 

that these differences would relate to impaired Trail Making Test performance.

METHODS

Participants

111 children between the ages of 8 and 17 years took part in this study. Healthy youth of 

parents with bipolar I disorder (“BD risk,” n=31) and major depressive disorder (“MDD 

risk,” n=49) were recruited from an academic pediatric mood disorders program and from 

the community for this IRB approved study. Youth offspring were excluded for concomitant 

medical (e.g. seizures, prolonged loss of consciousness, other neurological conditions) and 

psychiatric conditions, history of learning disabilities, or contraindications for MRI (e.g. 

metallic implants due to concurrent MRI studies). Healthy control subjects were excluded 

for these reasons or if they had any current or past Axis I psychiatric diagnoses or any family 

history of psychopathology. Healthy control children with comparable age, Tanner stage, 

race, sex, socioeconomic status and handedness were recruited for study participation from 

community advertisements and local schools (“HC” N=31). Written informed consent and 

assent were obtained from parents and youth, respectively, prior to study participation.

Assessment of Psychiatric Health

Youth participants in all three groups were ruled out for any current or lifetime psychiatric 

disorders, using the semi-structured Washington University in St. Louis Kiddie Schedule for 

Affective Disorders and Schizophrenia (WASH-U KSADS) (Geller et al., 2001) and the 

Kiddie–Schedule for Affective Disorders and Schizophrenia Present and Lifetime version 

(KSADS-PL) (Kaufman et al., 1997) diagnostic interviews for assessment of mood and 

other psychiatric disorders. The WASH-U KSADS was administered to currently euthymic 

parents about their children and separately to children about themselves.

Parental diagnosis of Bipolar I Disorder, Bipolar II Disorder, or Major Depressive Disorder 

was determined by the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID) 

(First, 1997) during which a documented clinical history was reported by parents in the BD 

or MDD groups. The SCID was used to rule out psychopathology in both parents in the 

healthy control group. The Family History Research Diagnostic Criteria assessed first- or 

second-degree relatives for psychopathology in all three groups (Andreasen, Endicott, 

Spitzer, & Winokur, 1977).
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To assess the presence of any early symptom levels of mania or depressive mood symptoms 

in the absence of any psychiatric diagnoses, youth from all groups were interviewed using 

the Young Mania Rating Scale (YMRS) (Young, Biggs, Ziegler, & Meyer, 1978) and the 

Children’s Depressive Rating Scale-Revised (CDRS-R) (Poznanski et al., 1984). Global 

functioning (current and most severe past) was determined by the Children’s Global 

Assessment Scale (CGAS) (Shaffer et al., 1983). Finally, age, sex, race, socioeconomic 

status (Hollingshead Four Factor Index) (Cirino et al., 2002), pubertal stage (Pubertal 

Development Scale) (Carskadon & Acebo, 1993), and handedness (Edinburgh Handedness 

Inventory) (Oldfield, 1971) were also assessed.

Cognitive Assessment

IQ was assessed using the Wechsler Abbreviated Scale of Intelligence (WASI) 

(Psychological Corporation., 1999). By measuring cognitive abilities through block design, 

vocabulary testing, matrix reasoning, and similarities, the WASI captured multiple aspects of 

intellectual capacity in study participants.

We used the Delis-Kaplan Executive Functioning System (DKEFS) Trail Making Test 

(Trails A and Trails B). The D-KEFS Trail Making Test, which consists of a visual 

cancellation task and a series of connect-the-circle tasks to assess task-switching during this 

visual-motor sequencing task. The five conditions of the DKEFS Trail Making Test include 

visual scanning (condition 1), number sequencing (condition 2), letter sequencing (condition 

3), number-letter switching (condition 4), and motor speed (condition 5). The condition 4 

scaled scores, which measured the scaled (controlling for age) (Delis et al., 2001) time taken 

to complete the letter/number-switching task, were of interest to investigate task-switching 

performance. This switching task combines the cognitive tasks of number sequencing, letter 

sequencing, and the processing speed required to flexibly switch from sequencing letters to 

sequencing numbers. We were also interested in the contrast scores for condition 4, which 

measured the capacity to switch between numbers and letters while controlling for 

processing speed and visual tracking ability. This contrast 4 score was calculated by 

subtracting the mean of scaled scores for condition 2 plus scaled scores for condition 3 from 

scaled scores from condition 4 to isolate the effect of switching from the mean of letter and 

number sequencing (C4 contrast score = C4 scaled -[scaled C2+C3]) (Delis et al., 2001).

Neuroimaging Data Acquisition

Participants were first familiarized with the scanning environment in an MRI simulator 

before whole-brain images were acquired on a 3T GE Signa Excite (General Electric Co., 

Milwaukee, WI) scanner equipped with an 8-channel head coil. Functional images were 

collected at rest using a spiral pulse sequence with the following parameters: repetition time 

(TR) = 2000 ms, echo time (TE) = 30 ms, flip angle (FA) = 80°, field of view (FOV) = 22 

cm, number of slices = 30 slices in the axial plane, and slice thickness = 4 mm with a gap of 

1 mm. High-order shimming was used before acquisition of resting-state data to improve 

field homogeneity. To allow for stabilization of longitudinal magnetization, the first four 

volumes of each participant’s resting-state scan were discarded at the scanner. High-

resolution structural images, used to assist in the registration of functional data to standard 

space, were collected using fast spoiled gradient recalled (3D FSPGR) pulse sequence with 
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the following parameters: TR = 8.2 ms (TR = 8.5), TE = 3.24 ms (TE = 3.4), TI = 400 ms, 

flip angle = 15°, field of view(x) = 22cm, matrix of 256 × 256, 124 slices in the coronal 

plane, and a slice thickness of 1.5 mm. For 25 participants, structural images were collected 

with an updated protocol using a fast spoiled gradient recalled (3D FSPGR) pulse sequence 

with the following parameters: TR = 8.5 ms, TE = 3.32 ms, TI = 400 ms, flip angle = 15°, 

field of view(x) = 25.6 cm, matrix of 256 × 256, 186 slices in the axial plane, and a slice 

thickness of 1 mm. The distribution of structural scan acquisitions did not differ between 

groups, as indicated by a Kruskal-Wallis test (χ2(2) = 3.054, p = 0.217).

Functional MRI Preprocessing

Of the 111 youth across all three groups characterized on TRAILS performance, 88 youth 

had usable resting state functional data available for analysis. Pre-processing of resting-state 

data was carried out using FEAT Version 6.00 within FSL (FMRIB’s Software Library, 

www.fmrib.ox.ac.uk/fsl). Each participant’s 210-volume functional dataset was realigned to 

compensate for small head movements using MCFLIRT (Jenkinson, Bannister, Brady, & 

Smith, 2002), skull-stripped using BET (Smith, 2002); spatially smoothed using a Gaussian 

kernel of 5mm FWHM, intensity normalized by a single multiplicative factor, and band-pass 

filtered to correct for baseline drift and high frequency noise (high-pass temporal filter: 

Gaussian-weighted least-squares straight line fitting, with sigma=50.0s; low-pass temporal 

filter: Gaussian with sigma=2.8s). Functional images were registered to participants’ 

corresponding high-resolution T1-weighted structural images and then normalized to 

Montreal Neurological Institute (MNI) space using a 12-parameter transformation. Masks of 

white matter and cerebrospinal fluid (CSF) generated from each subject’s anatomical images 

were applied to the functional data to extract white matter and CSF time-series. These 

timeseries were used together with 6 motion parameters as nuisance regressors in a voxel-

wise regression of the fMRI data. Data scrubbing was additionally performed following the 

method of Power and colleagues(Power, Barnes, Snyder, Schlaggar, & Petersen, 2013), 

excluding any volume in which either the value for DVARS (the root mean squared change 

in BOLD signal from the prior volume) or the value for framewise displacement exceeded 

the upper boxplot threshold (the 75th percentile plus 1.5 times the interquartile range), along 

with the previous volume and the 2 following volumes. Participants were only included in 

further analyses if less than 33% of the volumes were removed. The number of censored 

volumes was not significantly different among groups as indicated by Kruskel-Wallis H 

(χ2(2) = 2.753, p = 0.252 ) and median tests (χ2(2) = 0.502, p = 0.778).

Functional Connectivity Analysis

A seed-based, whole-brain approach was used to examine RSFC with the bilateral posterior 

cingulate cortex (PCC). The PCC was selected as a seed due to its involvement in 

visuospatial and attentional processes. Probabilistic maps from the Harvard-Oxford 

Subcortical Structural Atlas (http://www.cma.mgh.harvard.edu) were used to define 

anatomically based ROIs of the PCC, incorporating voxels that had 25% or greater 

probability of being labeled as posterior cingulate cortex (left: 11,488 mm3, right: 11,112 

mm3). PCC ROIs were registered to the preprocessed fMRI data, and the mean time series 

of voxels in these regions were extracted and used as a primary regressor in a GLM analysis 
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of all other voxel time series, resulting in whole-brain PCC resting state functional 

connectivity (RSFC) maps.

Group differences in resting-state functional connectivity were determined using a voxel-

wise F-test that covaried for age and sex. Resulting statistical maps were thresholded using a 

height threshold of z > 2.0 and an extent threshold of p < 0.05, corrected using Gaussian 

random field theory. To clarify the group differences in the significant cluster resulting from 

the voxel-wise omnibus test, parameter estimates (proportional to fMRI signal change) of 

BOLD signal response were extracted for every participant using featquery 

(fsl.fmrib.ox.ac.uk/fsl/fsl4.0/feat5/featquery.html). Parameter estimates from the emergent 

cluster were fed into a univariate GLM in SPSS (v.22; www.ibm.com/analytics/us/en/

technology/spss/) that modeled the parameter estimate as the dependent variable and age, 

sex and group as independent variables. Planned pairwise comparisons identified which 

groups drove significance in the omnibus test.

Data Analysis

All analyses were conducted in R and SPSS v.22. We examined the QQ plots of all variables 

to assess normality of data distributions. Analysis of variance (ANOVA) and chi-squared 

tests were used to screen for possible confounding differences in group demographics. IQ 

and age-scaled TRAILS scores of healthy and at-risk groups were compared using ANOVA. 

Since there are no studies examining TRAILS performance in healthy youth at risk for BD 

in comparison with MDD-risk and control groups, and because we have a priori hypotheses, 

the main findings of this study with relatively a small sample size are presented without 

controlling for multiple comparisons. We used correlation testing to explore the relations 

between TRAILS performance and early clinical signs of mood symptom severity and 

impairments in global functioning.

To examine whether RSFC patterns were related to clinical and cognitive variables, we 

conducted exploratory correlation analyses using the parameter estimates extracted from 

regions that showed a significant main effect of group in our voxel-wise F test. Partial 

correlation analyses were used to investigate the relationship between RSFC parameter 

estimates and Trail Making Test scaled scores (age-normed), controlling for sex. 

Correlations between RSFC parameter estimates and scores on the CDRS-R and YMRS 

were assessed using Spearman correlation coefficients, to accommodate the data skew 

towards health among these clinical scales.

RESULTS

Participant Characteristics

Of the 111 participants in this study between the ages of 8 and 17, 57 females and 53 males 

were divided across three groups of 31 BD risk offspring, 49 MDD risk offspring, and 31 

HC offspring. There were no significant group differences in age (F (2, 107) = 2.32, p = 

0.11), gender (X2 (1, N=111) = 1.80, p = 0.41), race (X2 (2, N=108) = 2.7, p = 0.26), or 

socioeconomic status (F (2, 89) = 0.70, p = 0.50). Similarly, there were no significant 
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differences in IQ (F (2, 105) = 2.14, p = 0.12) or handedness (X2 (2, N=109) = 3.97, p = 

0.14) among groups.

Although risk offspring were undiagnosed for any psychiatric disorders, they had subclinical 

but significantly higher levels of depression symptom severity scores (F (2, 95) = 4.19, p = 

0.02) and mania symptom severity scores (F (2, 100) = 2.96, p = 0.05) than HC offspring. 

Risk offspring also demonstrated significantly lower levels of current (F (2, 97) = 17.3, p < 

0.001), and most severe past (F (2, 96) = 5.18, p = 0.007) global functioning. See table 1 for 

participant demographic and clinical characteristics.

Neurocognitive Performance on the Trail Making Test

BD risk and MDD risk youth showed reductions compared to HC offspring in performance 

during visual scanning (condition 1), number sequencing (condition 2), letter sequencing 

(condition 3), and number-letter switching (condition 4), suggesting impairments in 

visuospatial processing among risk offspring (Figure 1). Specifically, performance on 

number-letter task switching (condition 4), operationalized by the C4 scaled score, was 

significantly different across the three groups (F (2, 108) = 4.66, p = 0.01). Post-hoc t-tests 

revealed that performance for BD risk (M = 9.42, SD = 3.05) and MDD risk (M = 9.32, SD 
= 3.24) offspring did not differ significantly from each other, but were both significantly 

lower than performance in HC offspring (M = 11.23, SD = 1.98). In addition, BD risk and 

MDD risk youth also showed reductions compared to HC offspring in performance during 

conditions 1, 2, and 3, suggesting impairments in visuospatial processing. No significant 

group differences were seen in motor speed (condition 5) (p=0.47) or in the C4 contrast 

score (p=0.75) (Table 2).

Early Clinical and Functional Correlates of TRAILS Performance

While all scaled TRAILS condition scores were not significantly correlated with either 

depression or mania symptom scores (ps > 0.05), the C4 contrast score was found to be 

inversely correlated with mania symptom severity score using a nonparametric test to 

account for data skew toward health across all three groups, even after the removal of sub-

threshold symptomatic outliers (Spearman’s rho = −0.23, p = 0.02). There were no 

significant correlations between any of the other condition scores and depression symptom 

severity, mania symptom severity, or global functioning in any of the offspring groups (all 

ps>0.05).

Group Differences in RSFC

The initial F-test, corrected for multiple comparisons with a cluster threshold of z > 2.0 and 

p < 0.05, revealed significant group differences in connectivity between the posterior 

cingulate and a collective cluster comprised of the subcallosal cortex and extending into 

limbic regions including bilateral amygdala and hippocampus (774 voxels, peak MNI 

coordinates = 0/12/−10). Extracted connectivity estimates were analyzed using a general 

linear model in SPSS, including age and sex as covariates. Post-hoc decomposition of 

multifactor effects indicated that PCC-subcallosal/limbic connectivity differed between all 

three groups; discordant connectivity was observed in the HC group, while the BD-risk and 
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MDD-risk groups showed concordant connectivity which was relatively greater in the BD-

risk group (Figure 2).

Exploratory RSFC Associations with TRAILS Performance and Early Symptom Variables

Across all participants, PCC-subcallosal/limbic RSFC estimates correlated significantly with 

scaled C3 scores (r=−0.252, p=0.018) and scaled C4 scores (r=−.235, p=0.029). However, 

no significant correlations between RSFC and scaled C3 or C4 scores were found within 

individual groups.

Across all participants, PCC-subcallosal/limbic RSFC estimates correlated significantly with 

CDRS-R scores (r=0.236, p=0.027); however, no correlations between CDRS-R and RSFC 

were seen within groups. No significant correlations were seen between RSFC and YMRS 

scores.

DISCUSSION

This study compared visuospatial processing, task-switching, and functional connectivity 

among healthy youth offspring of parents with BD and MDD to HC youth without any 

family history of psychopathology. Our results provided evidence that never-disordered 

youth with a familial risk for BD or MDD had significantly lower performance on visual 

scanning, number-sequencing, letter-sequencing, and number-letter switching than HC 

youth. Similarly, significant differences in PCC-subcallosal/limbic intrinsic connectivity 

patterns emerged between at-risk youth and healthy controls. However, there were no 

significant differences across groups in motor speed or in flexible number-letter switching 

after controlling for processing speed and visual tracking ability. Compared to HC offspring, 

BD risk and MDD risk offspring showed statistically significant but clinically insignificant 

increases in depression and mania symptom severity and decreases in global functioning. 

Poorer performance on number-letter switching may be associated with higher levels of 

mania symptom severity across all groups. Further, PCC-subcallosal/limbic connectivity was 

associated with poorer performance on letter sequencing and number-letter switching as well 

as higher levels of depression severity across all groups. However, due to the relative health 

of the sample, these relations merits replication with larger sample sizes with greater 

variation in mood symptom severity.

Our study adds new results to the extant literature, now in healthy offspring, that impaired 

visuospatial processing in individual conditions of the Trail Making Test may represent 

deficits that are present in individuals at familial risk for BD (Balanzá-Martínez et al., 2008; 

Bora, Yucel, & Pantelis, 2009; Glahn et al., 2010) and MDD (Clark, Sarna, & Goodwin, 

2005; Papmeyer et al., 2015) preceding the onset of a mood disorder and are present early in 

the processing stream. Mood state-dependent (Katz et al., 1994) and mood state-independent 

(Pan, Hsieh, & Liu, 2011; Rive, Koeter, Veltman, Schene, & Ruhé, 2016) alterations or 

compensated visuospatial processing has been observed in individuals with MDD and BD 

but the results are inconclusive in high risk cohorts (Frantom, Allen, & Cross, 2008; 

McCormack et al., 2016; Rajajärvi et al., 2010), and may have been confounded by a failure 

to control for motor speed. Further, contrary to our prediction but consistent with prior 

studies in already symptomatic high risk offspring (Klimes-Dougan et al., 2006a; Micco et 

Singh et al. Page 9

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



al., 2009), healthy youth offspring at risk for BD and MDD did not differentiate from HC in 

cognitive flexibility during task-switching when taking into account the significant effects of 

visual tracking ability and motor speed. Together, these results suggests that the individual 

conditions in the Trail Making Test may be sensitive markers of vulnerability, but when 

taken together as a contrast score for flexible responding, they are rather insensitive to 

differentiate healthy youth with and without a risk for major mood disorders. Indeed, the 

ability to switch tasks is a multifactorial construct that evolves with development (Dick, 

2014), which motivated our use of age-scaled condition scores in our analyses. However, it 

is possible that a prospective evaluation of reduced baseline visuospatial functioning in 

youth at risk for mood disorders over time might better elucidate the dynamics of this 

potential early impairment through development.

The PCC is an extensively connected node of the default mode network and highly involved 

in visuospatial processing (Kravitz et al., 2011). Leech and Sharp (2014) postulate that 

subregions of the PCC assist in regulating attention and are particularly involved in 

balancing external and internal cognition in response to changing information. Typically, 

default mode network (DMN) activity is decreased in response to external tasks. In a triple 

network model (Menon, 2011), stimuli corresponding with activation of the salience 

network engage cognitive control processes in the executive network that result in inhibition 

of the default mode network as attention is turned toward external task demands. 

Suppression of PCC activity has been association with the activation of cognitive control 

(Hayden, Smith, & Platt, 2010), while increased PCC activation during tasks has been 

associated with lapses in attention (Mason et al., 2007). Many studies have shown that the 

default mode is less inhibited by task demands in those with depression or other mood 

disorders, and that this lack of decreased DMN activity correlates with decreases in task 

performance.

The observed differences in intrinsic functional connectivity between the PCC and the 

subcallosal and limbic regions in MDD-risk, BD-risk, and HC participants suggest that 

PCC-subcallosal/limbic activation concordantly coupled in the risk groups and discordantly 

coupled in healthy controls. Difficulties suppressing DMN activity or hyperactivation of the 

subcallosal area may explain the differing pattern of activity seen in the risk groups. 

Reduced deactivation of the subcallosal area, and specifically the subgenual ACC (sgACC), 

has been observed in depressed patients both while engaged in cognitive tasks and at rest 

(Davey, Harrison, Yücel, & Allen, 2012). This pattern may reflect the failure of the 

executive, salience, and default networks to engage in regulatory processes required to direct 

cognitive resources toward external tasks. Connectivity between the sgACC and default 

mode network is thought by some researchers to reflect rumination processes (Berman et al., 

2011; Hamilton, Farmer, Fogelman, & Gotlib, 2015); thus, increased concordance between 

PCC and subcallosal activity may represent a dysregulatory connection between internally-

directed cognition and mood-related activation, and thus reduced adaptation to meeting the 

needs of external task demands. Our data support this relation, given the positive correlation 

between PCC-limbic connectivity and depression severity scores across all groups.

Although the coactivation of the PCC and subcallosal/limbic regions was observed during 

rest and not while youth were performing the TRAILS task, functional imaging studies have 
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found coactivation patterns during rest and task performance to correspond (Di, Gohel, Kim, 

& Biswal, 2013). Moreover, functional connectivity between the PCC and the subcallosal 

cingulate has been shown to be elevated in depressed subjects during both resting-state and 

while engaged in an emotion-processing task, with an increased connectivity relating to an 

earlier age of depression onset (Ho et al., 2015). Importantly, functional connectivity scores 

were not significantly predictive of TRAILS performance after accounting for risk status; 

however, the group-level connectivity differences suggest that at-risk subjects may have 

aberrant patterns of intrinsic connectivity in regions subserving visuospatial processing and 

attentional processes associated with the expression and regulation of mood.

The Trail Making Test may be an easy to administer initial screening procedure for 

neurocognitive impairment among at-risk youth ages 8 and older (Reitan & Wolfson, 2004). 

Although limited by small sample size, our results in a subsample of healthy but high-risk 

youth with emerging symptoms suggest that task-shifting may be sensitive to mania 

symptom severity. Thus, this test may have some utility in monitoring progression of mania 

symptoms (Schmid & Hammar, 2013). This potential clinical application warrants further 

prospective investigation with larger sample sizes, as associations between neurocognitive 

performance during task-shifting and mania (Chaves et al., 2011) or depression severity 

(Kyte, Goodyer, & Sahakian, 2005) are not always present among individuals who have 

already developed a mood disorder. This may be due to recovery of task-shifting or related 

skills between mood episodes. Nevertheless, as cognitive symptoms lag behind mood 

symptoms in improvement (Shehab et al., 2016), early identification and monitoring of these 

deficits during development or treatment may improve outcome and reduce health costs 

(Walker et al., 2015).

BD risk youth also showed nonsignificant trends for more severe relative symptom severities 

and lower overall global functioning compared to MDD risk and HC youth. However, 

symptom and functional severities that separate the risk groups from the healthy controls are 

statistically but not clinically significant, and may represent the earliest levels of symptoms 

that remain below threshold levels to meet criteria for diagnosis (either by time criteria or by 

severity). These early symptom severities at their worst are mild and represent “no more 

than slight impairment in functioning” or “good functioning.” Thus, granular differentiation 

between BD risk and MDD risk on TRAILS performance may not be achieved at the stage 

of an endophenotype because depressive phenotypes are common precursors or initial 

presentations for BD (Hafeman et al., 2016). Moreover, poorer task-shifting performance 

may represent a nonspecific marker of poor cognitive health rather than risk for mania. 

Additional work in staging mood disorders is needed to deepen our understanding of when 

or if visual attention or task-switching in BD risk and MDD risk diverge because it has the 

potential to inform treatment decisions (Noto et al., 2013). Nevertheless, our study provides 

the new insight that dysfunction in visual attention and task-switching may be an important 

preventative target for pediatric onset mania that could lead to more resilient mood outcomes 

that have been demonstrated in broader populations (Genet & Siemer, 2011; Hildebrandt, 

McCall, Engen, & Singer, 2016).

The findings of this study should be interpreted in the context of a few limitations. Our 

sample sizes were limited to understand the array of potential factors and interactions that 
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could be contributing to our results. Inclusive of these factors are IQ (Fine, Delis, & 

Holdnack, 2011), which although was not significantly different across groups, showed 

some trends for lower scores in the risk populations compared to healthy controls. A major 

strength of our pursuit of an early cognitive risk factor for mood disorders was to 

characterize BD risk and MDD risk offspring on visuospatial processing while they were 

relatively psychiatrically well. However, this challenged our ability to investigate beyond 

exploration the relations between TRAILS performance or other cognitive contributors to 

the earliest potential signs of clinical symptomatology that was limited in variability and 

skew toward health at the time of our assessment. In addition, we assessed task-switching 

cross-sectionally and were therefore not able to evaluate developmental continuity versus 

changes in cognitive performance on the Trail Making Test and its impact on the emergence 

of mood symptoms. Future studies using a prospective design and sampling multiple 

cognitive domains across various stages in the development of major mood disorders would 

advance our understanding of how impairments in task-switching and other cognitive 

domains could relate to the development of a major mood disorder (Chaves et al., 2011). 

Finally, BD risk and MDD risk youth also showed reductions compared to HC offspring in 

performance during number and letter sequencing, suggesting impairments across multiple 

cognitive domains. Using more focused assessments that isolate task-switching from other 

fundamental cognitive processes that potentially influence performance could delineate 

more precise links between clinical symptoms and underlying neurocognitive dysfunction in 

this domain.

CONCLUSIONS

Our findings indicate that even preceding the onset of any mood or other psychiatric 

symptoms, youth at familial risk for mood disorders may be at risk for impaired visuospatial 

processing and commensurate aberrant posterior cingulate-subcallosal/limbic connectivity 

compared to typically developing healthy controls with no family history of 

psychopathology. Further longitudinal studies are necessary to determine if these very early 

signs of neurocognitive dysfunction can predict the development and progression to chronic 

forms of mood disorders. Improved methods for identifying children with certain 

neurocognitive vulnerabilities, such as using the Trail Making Test as a simple screening 

tool in yet healthy youth at familial risk for mood disorders, may inform preventive and 

early cognitive remediation strategies prior mood symptom or disorder onset.
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Figure 1. 
Scaled TRAILS score versus risk group for conditions 1–4. HC subjects scored significantly 

better on average than both risk groups for each task.
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Figure 2. 
Average resting-state functional connectivity between the posterior cingulate seed and 

regions of the subcallosal cortex, amygdala, and hippocampus. Significant differences in 

connectivity are seen between each group (p<0.001 for all pairwise comparisons except 

between MDD-risk and BD-risk, p=0.005).
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Table 1.

Participant Characteristics

Subject Group BD risk
Mean (SD/%)

MDD risk
Mean (SD/%)

HC
Mean (SD/%)

F or χ2 P

N 31 49 31

Age 11.61 (2.70) 12.98 (2.62) 12.55 (3.04) 2.32 .11

Female 19 (61%) 22 (45%) 16 (51%) 1.80 .41

Caucasian Race 27 (87%) 40 (82%) 29 (93%) 2.7 .26

SES 3.96 (0.93) 4.23 (.96) 4.17 (.78) 0.70 .50

Pubertal Stage 2.48 (.52) 2.75 (.62) 2.70 (.74) 0.96 .39

Handedness 19/21 (90%) 39/42(93%) 20/26 (77%) 3.96 .14

IQ 112.9 (12.22) 111.7 (13.79) 117.77 (12.42) 2.14 .12

YMRS 2.54 (4.03) 1.53 (3.04) 0.57 (1.03) 2.96 .05

CDRS-R 22.68 (9.15) 19.76 (3.23) 18.59 (2.41) 4.19 .02

CGAS – current 86.34 (5.68) 87.36 (5.20) 93.03 (2.77) 17.33 00

CGAS – most severe past 80.0 (7.58) 82.5 (6.95) 86.53 (8.70) 5.18 .01

Legend: MDD= Major Depressive Disorder; BD= Bipolar Disorder; HC=Healthy Controls; SD = Standard Deviation; SES = Socioeconomic 
status; YMRS = Young Mania Rating Scale; CDRS-R = Children’s Depression Rating Scale-Revised; CGAS = Children’s Global Assessment 
Scale; IQ = Intellectual Quotient
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Table 2.

Group Results for All Conditions on the Delis-Kaplan Trail Making Test

Trail Making Condition Score BD risk
Mean (SD/%)

MDD risk
Mean (SD/%)

HC
Mean (SD/%)

F P

C1 scaled 10.19 (2.55) 8.63 (3.01) 10.13 (2.63) 4.12 0.019

C2 scaled 10.16 (2.86) 9.61 (2.70) 11.32 (1.96) 4.23 0.017

C3 scaled 9.64 (3.27) 9.06 (3.31) 10.96 (2.21) 3.78 0.026

C4 scaled 9.42 (3.05) 9.33 (3.24) 11.22 (1.98) 4.66 0.012

C5 scaled 11.03 (2.97) 10.33 (2.91) 10.97 (2.64) 0.76 0.469

C4 contrast −0.94 (3.57) −0.42 (2.95) −0.57 (2.27) 0.29 0.749

Legend: scaled: scores controlling for age; contrast: C4 contrast score = C4 scaled -[scaled C2+C3]
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