
Atypical parietal lobe activity to subliminal faces in youth with a 
family history of alcoholism

Jennifer Peraza, PsyD1, Anita Cservenka, PhD2, Megan M. Herting, PhD4, and Bonnie J. 
Nagel, PhD2,3

1Raymond G. Murphy VA Medical Center, Albuquerque, NM 2Department of Psychiatry, Oregon 
Health & Science University, Portland 3Department of Behavioral Neuroscience, Oregon Health & 
Science University, Portland 4Keck School of Medicine, University of Southern California, Los 
Angeles, CA, USA

Abstract

Background—Adults with alcohol use disorders (AUDs) show different behavioral and 

neurological functioning during emotional processing tasks from healthy controls. Adults with a 

family history (FHP) of AUD also show different activation in limbic brain areas, such as the 

amygdala. However, it is unclear if this pattern exists during adolescence before any episodes of 

heavy alcohol use.

Objectives—We hypothesized that the amygdalar response to subliminally-presented fearful 

faces would be reduced in FHP adolescents compared to peers who were family history negative 

(FHN) for AUD.

Method—An adapted Masked Faces paradigm was used to examine blood oxygen level-

dependent response to subliminal fearful vs. neutral faces in 14 FHP (6 females, 8 males) and 15 

FHN (6 females, 9 males) youth, ages 11–15 years. Both FHP and FHN youth had no history of 

heavy alcohol consumption.

Results—A significant difference was seen between groups in the left superior parietal lobule 

FHN youth showed deactivation to fearful and neutral masked faces compared to baseline, 

whereas FHP youth showed deactivation only to fearful masked faces. No significant differences 

in amygdalar activation were seen between groups.

Conclusion—The left superior parietal lobule is part of the fronto-parietal network, which has 

been implicated in attentional control. Lack of reduced neural activity to neutral faces among FHP 

youth may represent differences in suppressing attention networks to less salient emotional 

stimuli, or perhaps, a higher threshold of saliency for emotional stimuli among at-risk youth.
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Introduction

Adults with alcohol use disorders (AUDs) have shown differences in decoding emotional 

faces (1,2), and altered activation in affective limbic brain areas during emotional processing 

tasks (3,4), compared with their peers. Abstinent men with AUDs show less activation in 

limbic areas, including the amygdala, when viewing positive or negative emotional faces 

compared to controls (3) and less activation of the anterior cingulate cortex (ACC) while 

evaluating facial expression intensity (4). One possibility for these findings is that heavy 

alcohol use may have neurotoxic effects on limbic neurocircuitry, leading to differences in 

emotional processing between individuals with and without AUDs. Alternatively, it may be 

that altered processing of emotionally salient information leads individuals to seek external 

sources of coping, such as alcohol. For example, early abstinent adults with AUDs report 

worse emotional regulation, including less emotional awareness and more impulsivity, 

compared with adult social drinkers (5). However, it is unknown if these patterns exist prior 

to alcohol abuse, and thereby may represent a behavioral and neurobiological risk for heavy 

alcohol use.

To disentangle the effects of alcohol-induced neurotoxicity on emotional processing from 

pre-morbid vulnerability, it is important to study individuals prior to heavy alcohol use. 

Youth with a family history of alcoholism (FHP) are at heightened risk for developing 

AUDs (6,7) compared to youth without such family history (FHN). Similar to adults with 

AUDs, FHP young adults show less amygdalar activation in response to emotional faces 

compared to controls (8). Furthermore, during emotion recognition, older FHP adolescents 

and young adults with personal alcohol and drug use histories have decreased activation in 

the right middle temporal gyrus (9). Differential limbic response to emotionally salient 

stimuli may contribute to alterations in socio-emotional processing, that could be associated 

with depressive and anxiety symptoms, negative emotionality, as well as interpersonal 

difficulties in FHP individuals, features that have been reported in offspring of parents with 

AUDs (10,11). It is possible that socio-emotional problems and difficulties with affect 

regulation may lead to alcohol use as a coping strategy, and thus increase risk for alcohol 

abuse. However, given that previous studies included older participants who had experience 

with alcohol/drugs, it is unclear whether these findings were the result of family history risk 

or substance-related neurotoxicity.

There is growing evidence of differences in brain functioning during tasks of executive 

functioning and decision-making among FHP adolescents prior to onset of heavy alcohol 

use (12–15), but emotional processing in this age range has not been examined as 

extensively. Only one study has investigated the neural substrates of emotional processing in 

these adolescents using a verbal task and showed that resilient and vulnerable FHP youth 

(who differed on age of alcohol use onset, ever being drunk, and self-reported drinking 

problems) showed different activation in frontal and limbic regions compared to controls 
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(16). Again, vulnerable FHP youth were not free of heavy alcohol use, confounding 

potential interpretations.

The neural correlates of emotional processing are complex, yet the amygdala has been most 

commonly implicated in conscious and unconscious processing of emotional faces (17–20), 

especially negatively valenced expressions, such as fear (21–24). Unconscious, or 

subliminal, processing of emotional stimuli may represent automaticity of limbic neural 

functions (i.e. bottom-up processing in the amygdala) that interact with regulatory functions 

(i.e. top-down processing via the reciprocal connections between the amygdala and 

prefrontal areas (25)). Amygdalar activation for subliminal emotional stimuli has been 

thought of as a bottom-up process for vigilance of threat (24). Adolescence is a time of 

neural development of limbic and regulatory functions (26,27). Similar to adults, amygdalar 

response to subliminal (or masked) emotional faces has been found in adolescents (18,28); 

however, differences have been noted, such as greater amygdalar response to facial 

expressions compared to adults (29,30), and a left, rather than right, lateralizing amygdalar 

pathway in response to masked faces (18). It is not known, however, if differences in these 

systems exist between FHP and FHN youth.

Since FHP individuals have altered emotional brain processing and are at heightened risk for 

developing AUDs, our goal was to investigate FHP youth prior to heavy alcohol use to 

disentangle pre-morbid vulnerability and alcohol’s effects on emotional brain functioning. A 

better understanding of differential emotion processing among at-risk youth will help 

identify affective behavioral and neurobiological risk factors for the development of AUDs. 

This is especially important as neural systems involved in emotional processing are 

developing during adolescence, suggesting heightened plasticity of these systems and 

possible response to intervention during this time of life. Based on findings of different 

amygdalar activation in response to negatively valenced emotional facial expressions among 

at-risk (8) and abstinent adults with AUDs (3), we hypothesized reduced activation in the 

amygdala among FHP adolescents prior to onset of AUD compared to FHN peers in 

response to subliminal fearful faces.

Methods

Participants

Fourteen FHP (6 females, 8 males) and 15 FHN (6 females, 9 males) youth, ages 11–15 

years, were recruited through community advertisements and mailings. Following written 

consent and assent, separate structured telephone interviews were conducted with both the 

youth and one of their parents. Interviews consisted of the Diagnostic Interview Schedule 

for Children Predictive Scales (DISC-PS-4.32 b) (31,32), the Family History Assessment 

Module (FHAM) (33), the Brief Lifetime version of the Customary Drinking and Drug Use 

Record (34), and the Structured Clinical Interview (SCI) (35). For the current study, we 

excluded adolescents with left-handedness, as assessed by the Edinburgh Handedness 

Inventory (36), current (past year) diagnosis of a DSM-IV psychiatric disorder, absence of 

family history information, heavy alcohol and/or substance use (>10 lifetime alcoholic 

drinks or >2 drinks/occasion1, >5 uses of marijuana, any other drug use, or>4 cigarettes per 

day), neurological illness, significant head trauma (loss of consciousness >2 minutes), 
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serious medical problems, learning disability, prenatal exposure to drugs or alcohol, reported 

history of psychotic disorders in biological parents (i.e. schizophrenia or bipolar I), 

irremovable metal, and pregnancy. All procedures were in accordance with the ethical 

standards of the Oregon Health & Science University (OHSU) Institutional Review Board. 

Youth were compensated monetarily for completing the study procedures. The participating 

parents were also compensated monetarily for completing the phone screen.

Family history of alcohol and substance use disorders

Although it is difficult to disentangle genetic and environmental effects, categorizing 

individuals based on first, or first and second degree relatives with an AUD, has been shown 

to be a valid predictor of alcohol use vulnerability and future dependence (37). Thus, the 

FHAM was administered during the structured telephone interview with both the youth and 

one of their biological parents to assess the presence of AUDs in first and second degree 

relatives. Based on the information provided on the FHAM, FHP youth were defined as 

those with a history of AUDs for at least one biological parent or two or more second degree 

relatives on either the maternal or paternal side of the family; youth with no alcohol or 

substance use disorders among relatives were considered FHN (37).

Demographic characteristics

To ensure comparable participant characteristics between groups, demographic information 

was assessed. General intelligence was evaluated using the Wechsler Abbreviated Scale of 

Intelligence (38). Grade point average (GPA) was collected from all youth as a measure of 

academic performance. Pubertal maturation at the time of the magnetic resonance imaging 

(MRI) scan was assessed using Petersen’s Pubertal Development Scale (39), which has a 

range of 1–4, with lower scores reflecting less pubertal maturation. Finally, the Hollingshead 

Index of Social Position (40), which uses parents’ education and employment level, was 

used to calculate youths’ socioeconomic status.

Imaging procedures

Image acquisition was conducted on a 3.0 Tesla Siemens Magnetom Tim Trio system at 

OHSU’s Advanced Imaging Research Center. Whole-brain, high-resolution T1-weighted 

MPRAGE images were acquired in the sagittal plane (13). A T2*-weighted echo planar 

blood oxygen level-dependent (BOLD) sequence was used to collect whole-brain functional 

images in the axial plane oblique to the anterior-commissure/ posterior-commissure (TR 

=2000 ms, TE =30 ms, field of view =240 mm, flip angle =90°, 33 slices no gap, resolution 

=3.75 × 3.75 × 3.8 mm, time of acquisition ~5:20) during an adapted Masked Faces 

paradigm (24). This task was utilized to investigate brain activity to subliminal fearful 

stimuli and consisted of two runs during which two 30 second blocks of negatively valenced 

subliminal fearful facial expressions and two 30 second blocks of neutral subliminal facial 

stimuli were presented. Masked neutral or fearful facial expressions appeared for 30 ms, 

while the facial masks appeared for 470 ms following the masked faces (see Figure 2a). A 

total of 60 masked faces were presented in each 30 second block. The two runs were 

1One youth with variable reporting later reported having had 3 drinks on an occasion.
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counterbalanced for neutral and fearful masked emotional faces, such that one run started 

with neutral and the other with fearful blocks. Counterbalancing was done within each 

group, with approximately half the group receiving neutral blocks first. Fifteen seconds per 

run of unmodeled fixation between task blocks were included in the estimated baseline 

model (see below). Subjects were debriefed with a questionnaire following the functional 

magnetic resonance imaging (fMRI) task and asked whether or not they saw any of the 

subliminal masked faces; however, subjective ratings of emotional valence for facial stimuli 

were not collected. Data on this questionnaire was missing for one FHP participant. While 

both FHP and FHN youth indicated, at times, that they were able to visually perceive fearful 

subliminal masked faces during the task, there were no group differences (U(26) =79.0, Z =

−1.28, p =0.41). Responses indicating visual perception of fearful subliminal masked faces 

most likely reflect false positive errors completing the questionnaire rather than true 

detection of the masked fearful face stimuli.

Image processing

Using Analysis of Functional NeuroImages (AFNI) (41), data processing included slice 

timing correction, motion correction, masking, co-registration of functional to anatomical 

images, spatial smoothing using a Gaussian filter (full-width half maximum =6 mm kernel), 

and signal normalization. TRs that showed >2.5 mm or 2.5° in any of six displacement or 

rotational parameters were censored from the subsequent analyses, resulting in one FHP 

participant requiring 10 time-points to be censored. Analysis of the root mean square of 

motion indicated no differences in movement between groups for the remaining TRs (t(27) 

=1.25, p =0.22). A general linear model was used to correlate time series data with a vector 

representing the task design. This was done to create regressors of interest for subliminal 

facial stimuli in the negatively valenced and neutral blocks, while accounting for the delay 

of the hemodynamic response and covarying for motion and linear trends (42). The fit 

coefficients derived from fitting the time series data to the model represented the BOLD 

response, which was contrasted between the fearful facial stimuli and baseline, neutral facial 

stimuli and baseline, and fearful-neutral facial stimuli. Functional data sets were resampled 

into 3 mm3 voxels and transformed into standard Talairach coordinates (43).

Statistical analyses

Analyses were performed in PASW Statistics 18 (PASW, Chicago, IL, USA) and AFNI. 

Data normality was assessed using Shapiro-Wilk. Nonparametric statistics were used when 

normality was violated. Demographic data were analyzed using independent samples t-tests, 

Mann-Whitney U-test, and χ2. To examine amygdala BOLD response to faces, one-sample 

t-tests were performed for whole-brain BOLD response for each face stimuli vs. baseline for 

both groups. To examine BOLD response to subliminal fearful vs. neutral faces, one-sample 

t-tests were performed for whole-brain BOLD response for negatively valenced stimuli vs. 

neutral stimuli for each group. To best represent task-related activity, individual group maps 

were thresholded at p<0.05 and then combined to form a map of task-related brain activity 

for the entire sample. Significant activation differences between FHP and FHN youth during 

brain response to fearful vs. neutral subliminal faces was then assessed in this voxel 

thresholded task-related activity map using independent samples t-test. To control for Type I 

error, a family-wise approach was used by applying Monte Carlo simulation using both a 
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voxel and cluster threshold (44), based on the mask of task-related activity. Only clusters 

with a voxel threshold of p<0.05 and 83 contiguous (α<0.05) 3 mm3 voxels were considered 

significant.

Results

Participant demographics for FHP and FHN can be found in Table 1. Groups were 

predominately Caucasian (χ2 =0.45, p =0.50), and matched on age (t(27) =−0.10, p =0.92), 

IQ (t(26) =1.10, p =0.28), GPA (t(27) =1.08, p =0.29), pubertal status (U =98.5, Z =−0.29, p 

=0.78), and socioeconomic status (SES) (t(27) =−1.60, p =0.12).

Imaging

For both face stimuli conditions (fearful-baseline and neutral-baseline contrasts), amygdalar 

activation was seen in both FHN and FHP groups (Figure 1). For subliminal fearful vs. 

neutral faces (e.g. fearful-neutral contrast) similar patterns of brain activation were seen for 

both FHN and FHP subjects, including deactivation of limbic regions such as the insula, 

ACC, and orbital frontal cortex (OFC). In addition, a significant difference was also seen 

between the groups for the fearful-neutral contrast in the left superior parietal lobule [107 

voxels; coordinates: x =−5, y =−47, z =72] (Figure 2 and Table 2). FHN youth showed 

deactivation in this region during both fearful and neutral blocks. FHP youth only showed 

deactivation in the left superior parietal lobe during masked fearful faces, but did not show 

deactivation during the neutral blocks. A region of interest (ROI) analysis indicated no 

significant group differences in amygdalar activation in either right or left amygdala for 

fearful-baseline, neutral-baseline, or fearful-neutral contrasts (p/α <0.05, ≥10 voxels). 

Within each group, amygdalar brain activity in the fearful-neutral contrast, was also absent 

at a voxel threshold of p<0.05, although there was some sub-threshold deactivation present 

in FHN youth at p =0.10.

Discussion

The current study shows deactivation of limbic regions, including the insula, ACC, and OFC 

to the fearful compared to neutral condition in both FHP and FHN youth. Differences in 

activation between FHP and FHN youth were found in the left superior parietal lobule. 

Specifically, FHN youth showed deactivation to both fearful and neutral masked faces 

compared to baseline, whereas FHP youth showed deactivation only to fearful masked faces 

but not to neutral masked faces. Consistent with previous research, youth showed activation 

in the amygdala for both neutral and fearful faces compared to baseline (29,30,45); however, 

contrary to our hypothesis, there were no differences in amygdalar activation between 

groups.

The left superior parietal lobule is part of a larger brain network, known as the fronto-

parietal network, implicated in attentional control (46–48). Further, recent evidence suggests 

the fronto-parietal network plays a role in modulation of emotional faces through direct and 

indirect connections with subcortical pathways, such as the amygdala (48–50); albeit, these 

researchers found activation, rather than deactivation, in the fronto-parietal network among 

adult samples. The role of the superior parietal lobule in the fronto-parietal network in 
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modulation of emotional faces has not been studied among adolescents, but compared to 

FHN peers, FHP youth show stronger association for pathways between the right superior 

parietal lobule and left middle frontal gyrus on a spatial working memory task (51). 

Additionally, on a visual working memory task, FHP youth show less fronto-parietal 

connectivity between the posterior parietal cortex and the dorsolateral prefrontal cortex (52). 

These latter findings suggest broader differences in this network in FHP compared to FHN 

youth.

Adolescence is a time when cognitive control and emotional regulatory systems are 

undergoing development and emotional stimuli have heightened saliency (29). Although not 

highly valenced, even neutral facial expressions are thought to be emotionally salient, 

particularly during adolescence (45). A lag in the development of neural systems underlying 

cognitive control relative to the development of limbic systems underlying emotional 

processes during adolescence has been thought to explain emotional sensitivity and risk-

taking behavior (29). Thus, deactivation in attention to emotional stimuli, via the fronto-

parietal network, might be adaptive during this time of heightened emotional saliency and 

developing cognitive control. Additionally, it may be that even emotional stimuli with low 

saliency, such as neutral faces, can elicit a deactivation response in attention networks for 

normal developing adolescents. This idea is supported in the current study, as FHN youth 

showed expected deactivation of attention circuitry via the fronto-parietal network to both 

highly valenced fearful faces and the less emotionally salient neutral faces. However, FHP 

youth displayed fronto-parietal deactivation to only highly emotional fearful faces and not to 

neutral faces.

There are several possible explanations for the differences noted in the fronto-parietal 

network between FHP and FHN youth when presented with subtle emotional stimuli. Lack 

of reduced neural activity for neutral faces among FHP youth may represent a higher 

threshold of saliency for emotional stimuli among these adolescents, and thus different 

neural processing for ambiguous stimuli. Alternatively, FHP youth may be deficient at 

suppressing attention networks to less salient emotional stimuli. Inefficiency in suppressing 

attention to subtle and ambiguous affective stimuli may represent risk for problems with 

emotional regulation (5) and socio-emotional difficulties (53) often seen among abstinent 

adults with AUDs. On the other hand, lack of reduced activation in the fronto-parietal 

network to less salient emotional stimuli may represent more efficient processing among 

FHP youth compared to FHN peers, such that FHP adolescents are able to process subtle 

emotional stimuli without suppressing this network. This could represent a neurobiological 

marker of resilience in at-risk youth, as other neural phenotypes reflecting resilience from 

heavy alcohol use have been reported (54,55).

The lack of greater amygdalar activation to fearful-neutral blocks was surprising given 

research supporting amygdalar activity in response to negatively valenced masked faces 

during similar tasks for adults (17,19–24) and adolescents (18,28). Diminished amygdalar 

response has been found with increasing demands on attention (56); however, it is unlikely 

the task in the current study taxed attention enough to explain lack of amygdalar response. 

Pine et al. (57) also did not find amygdala activation among adolescents using a masked 

faces task, which they primarily attributed to signal dropout, although significant amygdalar 
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activity seen during the fearful-baseline and neutral-baseline contrasts in the current study 

rules out this possibility. Rather, given previous research suggesting that neutral faces are 

processed differently during adolescence than adulthood (45), it is possible that valence 

and/or arousal to masked fearful and neutral faces was not distinct enough to elicit 

differences in amygdalar activity between the two different task blocks.

Overall, the current study, although preliminary due to small sample size, offers support that 

FHP youth show altered activation in the superior parietal lobule, part of the fronto-parietal 

network, in response to a masked faces task compared to FHN peers. Future research should 

further investigate the functional connectivity between subcortical areas involved in 

emotional processing and fronto-parietal brain regions involved with attention in 

adolescents, as well as the role of atypical functioning in these networks to risk for 

developing AUDs.
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Figure 1. 
Contrasts are provided for each condition (fearful – neutral, fearful – baseline, neutral – 

baseline, p<0.05) across both FHP and FHN groups. Amygdalar activation was seen in both 

FHN and FHP groups for the fearful-baseline and neutral-baseline contrasts. Red color 

reflect regions in which activation was greater for the first term in the subtraction, while 

blue reflects areas of activation that were greater for the second term.
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Figure 2. 
(a) Participants were shown varying stimuli that consisted of either masked neutral or fearful 

facial expressions that appeared for 30 ms, while facial masks appeared for 470 ms 

following the masked faces. Masks were always a neutral facial expression. (b) There was a 

significant difference between the FHP and FHN groups in the left superior parietal lobule 

for the Fearful-Neutral contrast. Simple effects analysis showed that FHN adolescents 

showed deactivation in this region for both fearful and neutral blocks compared to baseline, 

whereas FHP youth only showed deactivation in the left superior parietal lobe for fearful 

blocks.
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