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Transition from childhood to adulthood, adolescents experience remarkable physical and 
psychological growth, and these maturational changes could lead to a significant amount of stress, 
(Hall, 1904). Thus it is important to study bio-markers for stress especially in the youth.

Bio-marker for stress has been studied using hormonal and peripheral physiological measure, 
such as blood pressure, cortisol and heart rate. Bio-markers for stress showed an elevated level upon 
the induction of stress, which was consistent with their subjective experience of anxiety (Wu, et al, 
2019). Bio-markers for stress also relate to individual differences. For example, responding to stress, 
cortisol reactivity peaked at mid-adolescent, while heart rate reactivity increased by age (Wu, et al 2019).

Stress reaction is initiated in the brain, then leads to a cascade of hormone release in the 
Hypothalamic-pituitary-adrenal (HPA) axis (Foley and Kirschbaum, 2010; Frodl and O’Keane, 2013; 
Kemeny, 2003), which in turn delivers a significant amount of negative affect back to the brain. 
Researches had shown that stress affected cognitive functions of the brain AFTER the stress 
manipulation (Quaedflieg et al. 2015, Lewise et al., 2007). But few had investigated the cortical changes 
DURING a stress task. 

Cortical stress is closely related to the prefrontal cortex, which regulates one’s capacity to 
response to stressful situation. Thus some previous research was focused on frontal areas. Zhang and 
colleagues focusing on frontal alpha asymmetry, found a right frontal activation elevated during a cold 
foot pressor stress task (Zhang et al., 2018).Al-Shargie and colleagues also propose frontal alpha 
asymmetry as a stress index for mental stress task (Al-Shargie, et, al 2018). 

From the perspective of power, increased delta was associated with performing a mental task 
(Harmony et al., 1996). Frontal midline theta increased from baseline in reaction to a mental arithmetic 
task (Gärtner, et al, 2015). Frontal alpha decreased as the mental task level became more difficult (Al-
Shargie, et al, 2018). Temporal beta power increased during the mental stress task, (Al-Shargie, et al, 
2018). Decreased high alpha (11-12 Hz) and increased beta (23-26 Hz) was associated with both the 
Stroop task and sleep deprivation compared to baseline (Alonso et al, 2015).

Taken together, there are have been very few studies investigating cortical changes DURING a 
stress task. Previous literatures had uncovered a very small piece of the oscillatory dynamic during 
stress. In addition, no study had been studied in the age range of adolescents, which is often 
accompanied by storms of stress. The current study examined high-density EEG from 78 adolescents 
during a Social Trier Stress Test or a control task. The oscillatory dynamic was investigated in all the 
common frequency bands and from a full-brain perspective.

The study was conduced in the Developmental Electrophysiological Laboratory at the Yale Child Study Center.
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Participants: 

• 78 adolescents (10-17 years old, female 36)
• Assigned to two groups, age and sex matched

• Stress group (n=39, male = 21) 
• Control group (n=39, male = 21)

Task:
1. Rest phase: 7-min rest with eyes open.
2. (Both group completed the same set of neurocognitive tasks (Crowley, et al, 2013, Wu, et al, 2017), 

not discussed in the current study.)
3. Task phase: 10-min task. The stress group experienced the Trier Social Stress Test, while the control 

group watched a neutral nature themed video clip (Wu, et al 2018). Only signals from first 7 minutes 
of the TSST and control tasks were used.

EEG:
• High-density 128 Hydrocel (EGI, Inc)
• Full-brain perspective
• Power
• Frontal Asymmetry
• In five frequency bands: delta, theta, alpha, beta and gamma
• Preprocess: HAPPE (Gabard-Durnam et al, 2018)
• Oscillation analysis: FFT Power: 

• Greater global powers in all frequency bands (except alpha) was observed in the stress group 
compared to the control, during the task phase compared to the rest phase. 

• Elevated delta, theta and beta power were consistent with previous research, in which during various 
mental and/or stress task, power from these frequency bands increased compared to the baelinse or 
a control condition (Harmony, et al. 1996, Gärtner, et al, 2015, Al-Shargie, et al, 2018, Alonso, et al. 
2015). Increased power from these frequency bands reflect a combination of increased attention, 
arousal and cognitive control.

• Alpha power mostly stayed the same across rest and task except in a few parietal and occipital sites, 
in which decreased alpha power was found during the task compared to the rest. It was partially 
consistent with previous research (Al-Shargie, et al, 2018), in which the alpha power at the frontal site 
decrease was associated with complex mental stress task.

• Elevated frontal gamma was associated with greater depressive and other psychopathology 
symptoms (Fitzgerald and Watson 2018). It is speculated that a general concept of psychopathology 
symptoms could be driven from chronic stress reflected by elevated frontal gamma power. 

Asymmetry: 

• Frontal alpha asymmetry was not difference during the phase difference. 

• The stress group has a larger left hemisphere activation than the control group during task at the 
beta and gamma bands. However, the findings were only at trend level of significance. Further 
replication of the effects are needed.
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Power from 20 sites were extracted from the head, with seven frontal sites: Fp1, Fp2, F3, F4, Fz, F7, F8; 
four temporal sites: T3, T4, T5, T6; three central sites: C3, Cz, C4, three parietal sites: P3, Pz, P4 and three 
occipital sites: O1, Oz, O2.

For each signal, Repeated Measures ANOVAs were conducted using task phases as within subject 
variable (rest vs. task), and Group as the between subject variable (control vs. stress).

Power (log transformed) Phase effect Group effect Phase x Group Interaction Direction

delta All sites Fp2, F8, F4, T4 All sites Task > rest, stress > control

theta All sites F8 All sites Task > rest, stress > control

alpha C4, Pz, P4, O1, Oz n.s. T4 Task < rest

beta All sites except Fp1 n.s. Fp1, F8, T3, T4, T5, O1, Oz, O2 Task > rest, stress > control

gamma All sites Fp2, F3, F4, F8, T3, C4, T4, T5, P3, 
P4, T6, O1, Oz, O2

All sites except C3 Task > rest, stress > control

Frontal Asymmetry Phase effect Group effect Phase x Group Interaction Direction

delta n.s. n.s. n.s. n.s.

theta n.s. n.s. n.s. n.s.

alpha n.s. n.s. n.s. n.s.

beta n.s. F (1,76) = 6.64, p = .012 n.s. Stress < rest during the task phase 
only

gamma n.s. trend p = .059 F (1,76) = 5.54, p = .021 n.s. Stress < rest during the task phase 
only

Frontal asymmetry was calculated by subtracting the total power of the right frontal sites (P4, P6, Fp2) 
from the total power from the left frontal sites (P3, P7, Fp1). 

For each asymmetry signal, Repeated Measures ANOVAs were conducted using task phases as within 
subject variable (rest vs. task), and Group as the between subject variable (control vs. stress).
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