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Abstract

Face memory deficits may be a bipolar disorder (BD) endophenotype. BD (n = 27) and unaffected 

youth at risk (n = 13) exhibited middle frontal gyrus hypoactivation during successful vs. 

unsuccessful encoding. Parahippocampal gyrus dysfunction was found in BD and at-risk youth 

(vs. low-risk, n = 37). Middle occipital gyrus hypoactivation was only present in BD.
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Deficits in face memory, or the capacity to encode and recall faces, may be a bipolar 

disorder (BD) endophenotype [7]. These deficits have been observed in both adults [1,8] 

and children [1,4,12] with BD, regardless of mood state [8], and in unaffected individuals 

at familiar risk [7]. Medial temporal [1,8,4] and frontal cortex [1,8] dysfunction have been 

implicated in face memory deficits in BD. For example, BD youth, relative to typically-

developing youth, display increased activation in the middle temporal gyrus, caudate, and 

parahippocampal gyrus [4] and decreased activation in the middle frontal gyrus [1] during 

successful vs. unsuccessful face encoding. However, researchers have not examined the 

neural correlates mediating face memory deficits in youth at familial risk for BD.

We compared neural activation during face encoding in pediatric BD, youth at risk for BD, 

and healthy comparisons (HC). We expected that BD and at-risk youth would demonstrate 

behavioral deficits in face memory [7] and attention (i.e., increased intrasubject variability in 

response time [ISV-RT]) during encoding [3]. We also hypothesized that, during successful 

vs. unsuccessful face encoding, BD and at-risk youth would show neural dysfunction in the 
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frontal cortex and medial temporal regions previously implicated in face memory processing 

[1,8,4].

1. Methods

1.1. Participants

Twenty-seven BD, 13 at-risk, and 37 HC youth (9–19 years) participated in an Institutional 

Review Board-approved study at NIMH. Parental/child informed consent/assent was 

obtained. BD and HC data have been published previously [1,4]. Data from at-risk youth (n 
= 13), the focus of this study, have not been published.

BD met narrow phenotype criteria [10]. At-risk youth had a first-degree BD relative (8 

parent; 5 sibling). At-risk youth with attention-deficit/hyperactivity disorder (ADHD) or 

anxiety disorders were included; a history of depression or mood disorder was exclusionary.

Exclusion criteria for all participants were: IQ < 70, head trauma, neurological disorder, 

pervasive developmental disorder, chronic medical illness, or substance abuse. BD and 

at-risk youth completed the following clinical ratings within 48 h of the scan: Young Mania 

Rating Scale [17], Children’s Depression Rating Scale [13], Pediatric Anxiety Rating Scale 

[14], and Children’s Global Assessment of Severity [15] (Table 1).

1.2. Paradigm and fMRI data acquisition

Details on the paradigms, scan parameters, and image processing are described in the 

supplement and elsewhere [1,4]. In brief, participants viewed gray-scale faces of 32 actors 

displaying different emotions in an event-related design, while providing ratings or viewing 

faces passively during scanning. After scanning, participants completed a surprise memory 

task with neutral faces of 24 novel and 24 previously viewed actors, and indicated whether 

they had seen each face.

1.3. Data analyses

1.3.1. Clinical data and demographics—Analyses of variance (ANOVA) examined 

between-group differences in age and IQ; Chi2 examined sex distribution. T-tests compared 

clinical ratings between BD and at-risk youth.

1.3.2. Behavior—A d′ score indexed post-scan memory performance: d′ = Zhits – 

Zfalse alarms.“Hits” were defined as faces recalled correctly; “false alarms” were faces 

misidentified as previously seen. Higher d′ indicates better memory performance. ANOVA 

examined group differences in d′, mean reaction time (RT), and ISV-RT during encoding. 

Post-hoc comparisons used Fisher’s Least Significant Difference.

1.3.3. fMRI—Image preprocessing, individual-level, and whole-brain analyses were 

conducted in Statistical Parametric Mapping 8 (SPM 8, Wellcome Trust Centre for 

Neuroimaging, London). After slice timing and motion correction, data were spatially 

normalized to standard Montreal Neurological Institute (MNI) brain space, and voxel 

size was resampled to 2 × 2 × 2 mm. We employed an 8-mm Gaussian smoothing 

kernel followed by intensity normalization to ensure activation was measured in units 
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of local percent signal change. To map brain regions engaged during successful vs. 

unsuccessful encoding, imaging data were “binned” according to whether participants 

correctly or incorrectly recognized previously viewed faces (“Hits” vs. “Misses” contrast). 

This approach, rather than Hits vs. fixation or Misses vs. fixation, was used because 

prior studies indicated that fixation trials provide an ambiguous baseline in memory 

paradigms [9]. Whole-brain ANOVA focused on the “Hits” vs. “Misses” contrast, with 

group as a between-subject variable. We collapsed across face emotion types (angry, fearful, 

happy) to increase total trials per condition to approximately 45–50 Hits and Misses 

trials each (instead of ~ 15 trials each for Hits and Misses per emotion) to maximize 

statistical power. Clusters surpassing a threshold of P < .001 and k ≥ 10 voxels [11] were 

considered significant. Blood-oxygen-level-dependent signal changes at significant clusters 

were extracted with an 8 mm sphere around the peak. These extracted values were then 

used in the SPSS analyses. ANOVAs were first performed. To decompose significant group 

effects, we then conducted post-hoct-tests for pairwise comparisons using Fisher’s Least 

Significant Difference. The significance threshold for these analyses was set at P < .05.

We also conducted post-hoc analyses, using the extracted blood-oxygen-level-dependent 

signal changes to examine the correlations between significant activation and memory 

performance and the effects of potential confounding variables (demographics, d′, mood 

state, medications, comorbidities) in BD. In at-risk youth, we tested the effect of proband 

status (sibling vs. parent) and the presence of ADHD or anxiety disorders on the results. The 

significance threshold for these analyses was also set at P < .05.

2. Results

2.1. Clinical data and demographics

Groups did not differ in age, IQ, or sex distribution (Table 1). BD youth had higher scores on 

the mania, depression, and anxiety rating scales and were more impaired (i.e., lower scores 

on the Children’s Global Assessment of Severity) than at-risk youth (Table 1).

2.2. Behavioral data

Groups tended to differ in memory performance (d′) (F[2,74] = 2.46, P = .09). Post-hoc 

comparisons indicated that BD performed more poorly than HC (P = .05, d = .51); at-risk 

youth differed from HC, approaching trend, with a medium effect size (P = .14, d = .50). BD 

and at-risk youth did not differ (P = .93).

Groups did not differ in mean RT (F[2,74] = 0.38, P = .69), but differed in ISV-RT (F[2,70] 

= 11.08, P < .001). BD (P < .001, d = 1.01) and at-risk youth (P < .001, d = 1.31) had higher 

ISV-RT than HC. BD and at-risk youth did not differ (P = .55).

2.3. fMRI data

Whole-brain ANOVA revealed group effects in several regions (Table 2).

2.3.1. Left middle frontal gyrus—BD and at-risk youth, relative to HC, showed 

hypoactivation during Hits vs. Misses (ps < .05; Fig. 1a and b).
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2.3.2. Right parahippocampal gyrus/uncus—BD exhibited hypoactivation vs. at-

risk youth and HC (ps ≤ .05). At-risk youth showed hyperactivation vs. HC (ps < .001; Fig. 

2a and b).

2.3.3. Right middle occipital gyrus—BD showed hypoactivation vs. HC and at-risk 

youth (ps < .05).

2.3.4. Post-hoc analyses—We calculated Pearson correlations between activation 

and memory performance to explore possible associations between neural activation and 

behavior. There was a positive correlation between left middle frontal gyrus activation and 

d′ in HC (r = .33, P = .04), but not BD (r = −.15, P = .44) and at-risk youth (r = .46, P = .12). 

Correlations were not significant in other regions in any group.

We also conducted Analyses of Covariance (ANCOVA), with d′, age, IQ, and gender as 

a covariate, to evaluate the effect of these potential confounding variables. Group effects 

on the middle frontal gyrus (ps = .006), parahippocampal gyrus (ps < .001), and middle 

occipital gyrus (ps < .001) remained significant. Analyses including only euthymic BD 

vs. HC did not change the main findings, i.e., euthymic BD showed hypoactivation in the 

middle frontal gyrus (P = .005), parahippocampal gyrus (P = .05), and middle occipital 

gyrus (P = .02), relative to HC. In BD, mania and depression scores, number of medications, 

and comorbidities did not correlate with neural activation in any of the regions (ps > .09), 

although anxiety scores correlated negatively with parahippocampal gyrus activation (r = 

−.46, P = .03). At-risk youth with an affected parent did not differ from those with an 

affected sibling (P ≥ .68). All findings remained when at-risk youth with ADHD or anxiety 

were excluded (ps < .05).

3. Discussion

Face memory deficits are a potential BD endophenotype [7]. This is the first study to 

examine the neural correlates of this deficit in at-risk youth, who showed behavioral memory 

deficits at a trend level, although effect sizes were medium. Despite the small sample of 

at-risk youth, fMRI revealed hypoactivation in the middle frontal gyrus during successful vs. 

unsuccessful face encoding in both BD and at-risk youth. Parahippocampal gyrus activation 

also may be a neural marker for BD or BD risk status. Middle occipital gyrus dysfunction 

was only present following illness onset.

Extending prior research on BD [1], both BD and at-risk youth displayed hypoactivation 

in the middle frontal gyrus, suggesting that this may be a neural endophenotype for BD. 

Furthermore, middle frontal gyrus activation correlated positively with memory performance 

in HC. The middle frontal gyrus is involved in executive functions that require demands 

in working memory [6]. Our findings suggest that increased activation in this area may be 

necessary for successful face encoding. Additionally, both BD and at-risk youth showed 

parahippocampal gyrus dysfunction [8,4]; this region plays a central role in familiarity-based 

memory encoding and retrieval [5]. Whereas BD patients showed hypoactivation, at-risk 

youth demonstrated hyperactivation, suggesting that parahippocampal gyrus dysfunction 

may serve as a compensatory neural process in unaffected youth at risk for BD. In the 
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middle occipital gyrus, an area involved in early visual processing [16], hypoactivation was 

present only in BD. Dysfunction in this region may only manifest following presence of the 

illness.

Unlike previous research in youth with BD that demonstrates neural dysfunction in the 

traditional face processing areas, e.g., fusiform gyrus, amygdala, and superior temporal 

sulcus, we did not find between-group differences in these regions. This may be explained 

by the discrepancy in the neural contrasts across studies (e.g., Hits vs. Misses in this study 

and Face Viewing vs. Fixation in previous research). Additionally, while our sample sizes 

compare favorably to others in the literature, the at-risk sample is relatively small. Thus, our 

null findings in the traditional face processing regions may be attributable to type II error. 

Future studies with larger samples, particularly the at-risk youth, are needed.

Limitations of the study include heterogeneity of the at-risk group, i.e., some had an Axis I 

diagnosis, and BD proband differed (sibling vs. parent). However, post-hoc analyses showed 

that these variables did not impact the findings. Furthermore, most BD youth had comorbid 

illnesses (88.9%), were medicated (88.9%), and were in a variety of mood states at the 

time of scanning, which may have influenced neural activation. However, post-hoc analyses 

suggested that comorbidities, medications, and mood state did not contribute to our findings. 

Finally, although the three groups did not differ in important demographics including age, 

gender, and IQ, it is unclear how well they match to each other on SES. Future research is 

needed to rule out the contribution of SES variables on our findings.

This study suggests that dysfunction in the middle frontal gyrus and parahippocampal 

gyrus may be neural markers for BD or BD risk. Neural dysfunction in these regions may 

contribute to the social cognition and face emotion labeling deficits seen in both BD and 

at-risk youth [2]. Future studies with larger samples and a longitudinal design would help 

determine the extent to which neural dysfunction associated with face memory deficits can 

predict the onset of BD in youth at risk for the illness.
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Fig. 1. 
a and b: left middle frontal gyrus activation during successful vs. unsuccessful face 

encoding.
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Fig. 2. 
a and b: right parahippocampal gyrus, uncus activation during successful vs. unsuccessful 

face encoding.
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