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A B S T R A C T   

Whilst alterations in emotional face processing, as indicated by event-related potentials (ERPs), are associated 
with depression and anxiety symptoms in clinical and non-clinical samples, it has remained unclear whether they 
are related to mental wellbeing. The current study aimed to address this question in a non-clinical sample. The 
analysis included 402 adult twins from the TWIN-E study. The COMPAS-W and the Depression Anxiety Stress 
Scale (DASS-42) were used to measure mental wellbeing and depression/anxiety symptoms, respectively. Par-
ticipants viewed facial expressions under Unmasked (conscious) and Masked (subliminal) conditions while ERPs 
were recorded. The associations of emotion processing with mental wellbeing and depression/anxiety symptoms 
were assessed using multivariate linear mixed models. There was a strong association between depression/ 
anxiety symptoms and the N170 amplitude difference for the Fear – Happy contrast in the Masked condition after 
controlling for wellbeing scores (B = 0.34, p < .001). Specifically, higher depression/anxiety symptoms were 
associated with a lack of differentiation between fearful and happy faces. No associations were found between 
emotional face processing and mental wellbeing scores. These results indicate that even within a non-clinical 
sample, alterations in emotional ERPs, namely the N170, reflect differences in depression/anxiety symptoms 
rather than differences in wellbeing. Furthermore, this effect was limited to automatic processing, rather than 
conscious processing of emotional stimuli, suggesting the observed differences apply only to the subconscious 
pathway.   

1. Introduction 

Mental wellbeing describes a complete state of positive psychologi-
cal functioning, positive mood, and life satisfaction (Gatt et al., 2014). 
Although mental wellbeing and mental illness are often viewed as two 
ends of the same spectrum, multiple studies have demonstrated they are 
mostly independent of each other. In a study of over 3000 American 
adults representative of the general population, mental wellbeing was 
found to share only 28% of its variance with mental illness (Keyes, 
2005). This finding was replicated in the TWIN-E study (The Twin study 
in Wellbeing using Integrative Neuroscience of Emotion; Gatt et al., 
2012), involving an Australian sample with no history of mental illness, 

in which mental wellbeing only shared 30% of its variance with 
depression, anxiety, and stress symptoms (hereinafter referred to as 
depression/anxiety symptoms) (Routledge et al., 2016). Thus, mental 
wellbeing is correlated with but independent of depression/anxiety 
symptoms in both clinical and non-clinical samples. Given that they 
share some variance, it is important to identify the neurophysiological 
correlates that are unique to mental wellbeing and/or depressio-
n/anxiety symptoms. However, little research has aimed to differentiate 
neurological markers for these constructs in this way. 

Alterations to emotion recognition have been repeatedly associated 
with depression/anxiety symptoms in clinical and non-clinical samples 
using behavioural measures, functional magnetic resonance imaging 
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(fMRI) and event-related potentials (ERPs). In clinical samples, Major 
Depressive Disorder (MDD) has been associated behaviourally and 
neurologically with a bias towards negative and especially sad facial 
expressions (Chen et al., 2014; Dai et al., 2016; Dai and Feng, 2012; 
Weightman et al., 2014; Zhang et al., 2016). For example, behavioural 
studies have reported that MDD patients are slower to recognise positive 
expressions and are more likely to misidentify neutral expressions as sad 
expressions compared to controls (Weightman et al., 2014). Meanwhile, 
ERP studies have reported enhanced neural responses to sad faces re-
flected in the P1, N170, and vertex positive potential (VPP), consistent 
with a bias towards negative expressions (Chen et al., 2014; Dai and 
Feng, 2012; Zhang et al., 2016). However, some studies have also re-
ported reduced neural differentiation between expressions in MDD and 
subclinical depression, whereby positive and negative expressions are 
processed similarly to each other. Some have proposed that a lack of 
differentiation may serve as a trait-like marker of vulnerability in sub-
clinical cases, whereas a negativity bias may reflect a state-like effect of 
the disorder in clinical states (e.g., Watters et al., 2018). Others have 
suggested the difference may be related to the severity of illness in 
clinical groups (e.g., Chen et al., 2014). Notably, however, both effects 
may be observed in the same sample. Zhang et al. (2016) reported that 
while MDD patients showed enhanced N170 amplitude to sad faces 
relative to controls, N170 amplitudes for sad and happy faces did not 
differ within the MDD group. Thus, further work is necessary to clarify 
the underlying cause of these differential effects. 

Our previous work has primarily focused on non-clinical samples. 
One study examined the differential effects of depression and anxiety on 
emotion processing, finding that high trait anxiety was associated with 
enhanced N1 and reduced VPP amplitudes in response to subliminal 
presentations of fearful faces, whereas high depression was associated 
with enhanced N1 and reduced VPP amplitudes in response to conscious 
presentations of fearful faces (Williams et al., 2007). In a more recent 
study, unaffected individuals with familial risk for MDD showed a lack 
of neural differentiation between emotional expressions compared to 
controls, as indexed by the VPP (Watters et al., 2018). To test whether 
wellbeing might also play a role in emotion processing, a previous study 
looking at behavioural responses showed a potential positivity bias in 
those with high wellbeing, indicated by faster reaction times for happy 
faces, compared to those with low wellbeing (Routledge et al., 2018). A 
subset of these participants also participated in a functional magnetic 
resonance imagining (fMRI) study that found wellbeing was positively 
associated with activation in the inferior frontal gyrus (IFG) for happy 
relative to neutral faces (Park et al., 2021), a region previously associ-
ated with emotional face processing (Jabbi and Keysers, 2008) and 
emotion regulation (Grecucci et al., 2013). These results suggest that 
mental wellbeing may also alter emotional face processing, not just 
depression/anxiety symptoms, but whether these alterations can be 
detected in ERPs remains to be examined. 

The primary aim of the current study was to examine whether mental 
wellbeing is associated with alterations in ERP indices of emotional face 
processing independently of depression/anxiety symptoms. We chose to 
focus on the N1, P1, N170, VPP, and P250 components given their use in 
previous research assessing the association between emotion processing 
and mental health in both clinical and non-clinical samples (Chen et al., 
2014; Dai and Feng, 2012; Hu et al., 2017; Jaworska et al., 2010, 2012; 
Watters et al., 2018; Williams et al., 2007; Zhang et al., 2016). 
Furthermore, because emotional facial expressions can be processed 
with or without conscious awareness via an alternative subcortical 
pathway (Liddell et al., 2005) that show differential associations with 
depression/anxiety symptoms (Williams et al., 2007), we included a 
masked and unmasked task condition. This could help clarify whether 
specific processing streams are impacted by mental wellbeing. 

2. Materials and methods 

2.1. Design 

This study formed part of the TWIN-E study, a multi-component 
longitudinal twin study (Gatt et al., 2012). The initial phase of the 
TWIN-E study was carried out online and included a battery of 
self-report questionnaires measuring physical and psychological health, 
and standardised cognitive tests. A subset of the online sample opted to 
participate in the EEG phase of the study, which consisted of stand-
ardised psycho-physiological activation tasks described previously (see 
Gatt et al., 2012), including the emotional ERP paradigm reported here. 

The analysis aimed to assess whether wellbeing and depression/ 
anxiety symptoms are associated with distinct components of emotion 
processing under masked and unmasked conditions. The design includes 
two within-subject factors (Emotion, Masked vs Unmasked Condition) 
and two continuous between-subjects factors that covary (wellbeing and 
depression/anxiety symptoms). There were five ERP components used 
as dependent variables. Because the study was conducted in a twin 
sample, a linear mixed model was used to account for family relatedness. 
Due to differences in event timing, the masked and unmasked conditions 
were not compared. A multivariate mixed model approach allowed for 
both wellbeing and depression/anxiety symptoms to be tested in the 
same model as predictors of ERP amplitude for each emotion condition. 
Further details on statistical analysis are provided in section 2.3.4. 

2.2. Participants 

A subsample of 438 participants from the TWIN-E study (Gatt et al., 
2012) participated in this ERP task. Recruitment was conducted through 
the Australian Twin Registry, now known as Twins Research Australia. 
All participants were either monozygotic or dizygotic, same-sex twins 
between the ages of 18 and 61. Twin pairs with a current or past diag-
nosis of a psychiatric disorder were excluded from the study. Further 
details of inclusion and exclusion criteria can be found in the study 
protocol (Gatt et al., 2012). 

This study was carried out in accordance with the Declaration of 
Helsinki and approved by the Human Research Ethics Committees of the 
University of Sydney (03–2009/11,430), Flinders University 
(FCREC#08/09), and the University of New South Wales (HC14256). All 
participants provided written informed consent prior to participation. 

2.3. Procedure 

After completing the online phase of the TWIN-E study which 
included the COMPAS-W and DASS-42 questionnaires (see below), 
participants attended the recording session onsite at either the Brain 
Dynamics Centre at the University of Sydney, NSW, Australia, or Flin-
ders University, Adelaide, SA, Australia. The median time between the 
online and EEG sessions was 91 days. 

2.3.1. Questionnaires 
The 26-item COMPAS-W questionnaire was used to measure mental 

wellbeing. The COMPAS-W was designed to provide an overall measure 
of both subjective and psychological components of mental wellbeing 
and includes six subscales: composure, own-worth, mastery, positivity, 
achievement, and satisfaction (Gatt et al., 2014). The 42-item Depres-
sion Anxiety Stress Scale (DASS-42) was used to measure depressio-
n/anxiety symptoms (Lovibond and Lovibond, 1995). It was chosen 
because it has been validated and widely used to measure depression 
and anxiety symptoms in non-clinical samples (Crawford and Henry, 
2003). 

2.3.2. Emotion paradigm 
The emotion paradigm included the presentation of six basic 

emotional facial expressions (neutral, happy, sad, angry, disgusted, and 
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fearful) using images selected from a previously validated and stand-
ardised series (Gur et al., 2002) and altered to be centrally positioned at 
eye level and to have equivalent luminance and brightness (Watters 
et al., 2018). Each expression was depicted by eight different actors, half 
of whom were male, for a total of 48 images. 

The experiment included two viewing conditions, masked and 
unmasked (see Fig. 1). For both conditions, a block design was adopted, 
with each block consisting of eight trials of different faces portraying the 
same emotion (e.g., eight different happy faces were presented as a 
block before moving onto another emotion). For the unmasked condi-
tion, each trial was presented for 500 msec, followed by an interstimulus 
interval of 750 msec For the masked condition, each trial consisted of an 
emotional face presented for 10 msec, immediately followed by a 
neutral face for 150 msec, then followed by an interstimulus interval of 
1040 msec The stimulus presentation timing for each condition was 
selected based on a prior signal detection study where displays over 170 
msec were identified consistently above chance (discrimination 
threshold) while identification of displays presented for 10 msec did not 
differ from chance (Williams et al., 2004). For both masked and 
unmasked conditions, there were 192 trials in total showing each 
emotional expression 32 times, presented as four blocks of eight 
emotional faces. Participants were told they would be asked about the 
stimuli later in the experimental session but were not required to 
behaviourally respond to the stimuli. The same protocol has been 
employed in similar independent studies (Watters et al., 2018; Williams 
et al., 2007). 

2.3.3. EEG acquisition and ERP processing 
EEG data were recorded using a 26-electrode QuikCap and NuAmps 

DC amplifier at a sampling rate of 500 Hz (electrodes included Fp1, Fp2, 
Fz, F3, F4, F7, F7, FC3, FC4, FCz, C3, C4, Cz, CP3, CP4, CPz, T3, T4, T5, 
T6, P3, P4, Pz, O1, O2, and Oz). Data were recorded relative to the 
virtual ground with impedances kept below 5 kΩ. BrainVision Analyzer 
v2.1 was used for processing the data offline. First, the data were 
downsampled to 250 Hz and a 0.01–30 Hz Butterworth filter was 
applied (Luck, 2005). The data were re-referenced offline to the com-
mon average. Ocular artefacts were corrected using a semi-automatic 
infomax ICA procedure, followed by manual inspection of the data. 
Trials with remaining artefacts exceeding a min-max excursion of 50 μV 
were excluded from further analysis. Single ERP trial data were con-
structed from 1000 msec segments, which included a 200 msec 
pre-stimulus and an 800 msec post-stimulus period, each baseline 

corrected to the 200 msec pre-stimulus interval before being averaged 
by condition. Participants with fewer than 10 artefact-free trials in any 
experimental condition were excluded from the analysis, meaning each 
participant had 10 to 32 trials included per emotion in each condition. 

The frontocentral N1 and parietal P1 components have been shown 
to reflect processing of low-level visual features that may be relevant to 
distinguishing between emotional and neutral expressions (Batty and 
Taylor, 2003) and were examined based on previous evidence that these 
components may be altered to specific emotional expressions in clinical 
and sub-clinical samples (Dai and Feng, 2012; Jaworska et al., 2010; 
Williams et al., 2007; Zhang et al., 2016). Based on prior research, the 
N1 was measured from the Cz electrode (Williams et al., 2007) and the 
P1 was measured from the average of the O1 and O2 electrodes (Dai and 
Feng, 2012; Jaworska et al., 2010; Zhang et al., 2016). The following 
N170 and VPP components capture face-specific processing (Eimer, 
2000; Luo et al., 2010) and are also reportedly sensitive to emotional 
expressions (Hinojosa et al., 2015; Luo et al., 2010). Consistent with the 
literature (Hinojosa et al., 2015), the N170 was measured from the T5 
and T6 electrodes, which are placed in the same position as the P7 and 
P8 electrodes, while the VPP was measured from Cz. The posterior P250 
component, measured from the T5 and T6 electrode sites, was also 
included. This emotion-sensitive component sometimes referred to as 
the P2 (daSilva et al., 2016; Eimer and Holmes, 2007), has previously 
shown reduced emotional differentiation in clinical samples (Hu et al., 
2017; Jaworska et al., 2012). 

The following components were analysed with time windows 
selected from the peaks in grand-averaged waveforms for the masked 
and unmasked conditions, respectively, ± 20 msec: N1, calculated as the 
mean voltage between 88 and 128 msec in the unmasked condition, and 
84–124 msec in the masked condition; P1, calculated as the mean 
voltage between 84 and 124 msec in the unmasked condition, and 
80–120 msec in the masked condition; N170 and VPP, both calculated as 
the average voltage between 140 and 180 msec in the unmasked con-
dition, and 136–176 msec in the masked condition; and P250, calculated 
as the mean voltage from 216 to 256 msec in the unmasked condition, 
and 232–272 msec in the masked condition. Separate time windows 
were used for the masked and unmasked conditions due to the differ-
ences in event timing between the two conditions. 

2.3.4. Statistical analyses 
All statistical analyses were carried out in R (R Core Team, 2020). 

Evidence of emotional differentiation in the behavioural and ERP 

Fig. 1. The experimental task consisted of: (A) an unmasked condition where each emotional stimulus was presented for 500 ms as a blocked design (i.e., each 
emotion was presented eight times in a block, before moving to a new emotion block); and (B) a masked condition where each emotional stimulus was presented for 
10 ms before being masked with a neutral stimulus for 150 ms. Task duration for each condition was 5 min and 8 s. ISI: interstimulus interval. 
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components was assessed using linear mixed models specified using the 
lme4 package (Bates et al., 2015) to account for twin relatedness, fol-
lowed by Tukey-adjusted pairwise comparisons using the emmeans 
package (Lenth, 2020). Masked and unmasked conditions were evalu-
ated separately due to differences in the event timing. Random effects 
were specified such that each participant ID was nested within family ID 
to account for family relatedness in the within-by-between-subjects 
design. 

Multivariate linear mixed models were used to evaluate the associ-
ation between emotion-specific processing and mental wellbeing and/or 
depression/anxiety symptoms. Models were based on difference scores 
calculated for each participant between emotional – neutral expressions 
and between negative – happy expressions. Difference scores were 
entered as criterion variables in the multivariate models while COMPAS- 
W and DASS-42 scores were entered as predictors, first in separate 
models, then combined in a single model to determine whether any 
identified associations were specific to one outcome or the other. Age, 
sex, and zygosity were also included as covariates in all models, and 
family ID was included as the random effect. Models were fit using the 
MCMCglmm package in R (Hadfield, 2010) which uses a Markov chain 
Monte Carlo to fit the model under a Bayesian framework. 
Variance-covariance matrices were derived from data collected in a 
different sample (Gatt et al., 2007), but with low confidence. The sim-
ulations were run with 20,000 iterations, a burn-in of 3000 iterations, 
and a thinning interval of 10. Models were carried out separately for 
each ERP component. Following the analysis, a Benjamin-Hochberg 
procedure (Benjamini and Hochberg, 1995) was used to control the 
False Discovery Rate (FDR) at .05 across a total of 45 tests (9 emotion 
contrasts x 5 ERP components) for each of the two viewing conditions 
for each outcome (mental wellbeing and depression/anxiety symptoms). 
Because we were interested in associations with wellbeing and depres-
sion/anxiety symptoms that were independent of each other, this 
correction was only assessed for the models including both wellbeing 
and depression/anxiety. 

3. Results 

Of the 438 participants, 36 were excluded due to having fewer than 
ten trials remaining for any given Emotion condition once trials with 
artefacts had been removed. Of the remaining 402 participants, 42 of the 
125 dizygotic twins were male and 103 of the 277 monozygotic twins 
were male. Participants were aged from 18 to 61 years (M = 39.97, SD =
12.72). COMPAS-W (M = 99.98, SD = 9.99) and DASS-42 scores (raw M 
= 11.13, SD = 10.59; log-transformed M = 0.92, SD = 0.41) were similar 
to the larger TWIN-E sample (Gatt et al., 2014). 

3.1. ERP emotion pairwise comparisons 

To assess whether the ERP components of interest were sensitive to 
differences in emotional expressions, Tukey-corrected pairwise com-
parisons were used to compare amplitudes between each emotion for 
each component. The results are detailed in the Supplementary Mate-
rials. Means and standard deviations for ERP amplitudes are provided in 
Table S1. Some emotion-specific effects were found for all components 
other than the N1 for the masked and unmasked conditions and are 
shown in Table S2. 

3.2. Associations between wellbeing and depression/anxiety symptoms 
with emotion processing 

In each condition, nine emotion contrasts were tested, including each 
emotional expression relative to Neutral, and each negative expression 
(Fearful, Sad, Angry, and Disgusted) relative to Happy. Associations 
with mental wellbeing and depression/anxiety symptoms were first 
tested separately without co-varying for the other, before being entered 
into a combined model to check if any identified associations were 

unique to either wellbeing or depression/anxiety symptoms. 

3.2.1. Unmasked condition 
In the Unmasked condition, only differences between negative facial 

expression and Happy expressions showed significant associations with 
mental wellbeing and depression/anxiety symptoms, and only for the 
N1 and VPP components as described below. A summary of significant 
contrasts is provided in Table 1. 

N1. No significant associations were found between wellbeing and 
differences in N1 amplitude. However, higher depression/anxiety 
symptoms were associated with larger amplitudes for Disgusted relative 
to Happy expressions, and this effect for depression/anxiety symptoms 
remained when covarying for mental wellbeing, illustrated in Fig. 2. 
When controlling the FDR at 0.05, this association was not significant. 

VPP. Without covarying for depression/anxiety symptoms, mental 
wellbeing was associated with larger VPP amplitudes for Disgusted, 
Fearful, and Angry expressions relative to Happy expressions. When 
covarying for depression/anxiety symptoms, no associations with 
mental wellbeing remained significant. Lower depression/anxiety 
symptoms were associated with larger amplitudes for Fearful, and Sad 
expressions relative to Happy expressions, neither of which remained 
significant when covarying for wellbeing. 

3.2.2. Masked condition 
In the Masked condition, associations between wellbeing and 

depression/anxiety symptoms were found for the VPP, N170, and P250 
components as described below. A summary of significant contrasts is 
provided in Table 2. 

VPP. Without covarying for depression/anxiety symptoms, higher 
wellbeing was associated with larger VPP amplitudes for Sad, Fearful, 
Angry, and Disgusted expressions relative to Happy expressions. None of 
these associations remained significant when covarying for depression/ 
anxiety symptoms. Lower depression/anxiety symptoms were similarly 
associated with larger VPP amplitudes for Sad, Fearful, Disgusted, and 
Angry expressions relative to Happy expressions. Only the associations 
with Sad and Fearful relative to Happy expressions remained significant 
when covarying for mental wellbeing, shown in Fig. 3A. Neither asso-
ciation was significant after controlling the FDR at 0.05. 

N170. No associations were found between N170 amplitudes and 
wellbeing. Lower depression/anxiety symptoms were associated with 
larger absolute N170 amplitudes for Fearful relative to Happy and 
Neutral faces. Both associations were retained when covarying for 
mental wellbeing, shown in Fig. 3B and C. Only the association between 
depression/anxiety symptoms and Fearful relative to Happy faces 
remained significant when controlling the FDR at 0.05 (p = .0006 <
corrected p threshold = .0011). 

P250. No associations were found between P250 amplitudes and 

Table 1 
Summary of associations found in the unmasked condition.  

Wellbeing Model N1  VPP  

Contrast Estimate p-value Estimate p-value 
Fearful - Happy 0.00 0.748 0.01* 0.021 
Disgusted - Happy 0.00 0.814 0.01* 0.009 
Angry - Happy 0.00 0.993 0.01* 0.016 

DASS Model N1  VPP  
Contrast Estimate p-value Estimate p-value 
Fearful - Happy − 0.14 0.162 − 0.30* 0.007 
Disgusted - Happy − 0.24* 0.018 − 0.23 0.061 
Sad - Happy − 0.10 0.311 − 0.25* 0.035 

DASS in Combined Model N1  VPP  
Contrast Estimate p-value Estimate p-value 
Disgusted - Happy − 0.29* 0.005 − 0.19 0.105 

Notes. * indicates significance at p < .05. None of the unmasked associations 
survived FDR correction for 45 tests. Only contrasts with at least one significant 
association are shown. 
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wellbeing. Lower depression/anxiety symptoms were associated with 
smaller amplitudes for Fearful and Disgusted faces relative to Happy 
faces. The association with Fearful relative to Happy expressions 
remained significant when covarying for wellbeing, illustrated in 
Fig. 3C. This effect did not remain significant when controlling the FDR 
at 0.05. 

4. Discussion 

Mental wellbeing and depression/anxiety symptoms are distinct but 
correlated constructs and cannot be regarded as tails of the same con-
tinuum (Keyes, 2005; Routledge et al., 2016). Despite extensive research 
into emotional correlates of mental health, no study, to the best of our 
knowledge, has yet investigated the independent effects of wellbeing 
and depression/anxiety symptoms on emotion processing within the 
same sample. To this end, we aimed to examine whether electrophysi-
ological correlates of emotional face processing may show unique as-
sociations with mental wellbeing or depression/anxiety symptoms, and 
whether such associations would differ depending on the type of 
emotion processing (conscious vs. automatic). We found a strong asso-
ciation between depression/anxiety symptoms and the N170 amplitude 
difference for the Fear – Happy contrast in the masked condition. 
Importantly, this association was significant after controlling for the 
participants’ wellbeing levels, suggesting that individuals with high 
levels of depression/anxiety show deficits in differentiating negative 
(fear) and positive (happy) emotions, regardless of whether they had 
high or low wellbeing. Contrary to our hypothesis, we did not find ev-
idence of a link between wellbeing (independent of depression/anxiety) 
and emotion-related ERPs. 

Previous studies investigating electrophysiological correlates of 
conscious and automatic emotional face processing in clinical pop-
ulations have reported either a heightened response to negative faces, or 
diminished differentiation between negative and positive faces (Chen 
et al., 2014; Jaworska et al., 2012; Zhang et al., 2016). Within the 
masked paradigm, we observed weaker differentiation between fearful 
and happy faces in relation to high depression/anxiety levels in a large 
sample of healthy community adults. Such a link is broadly in line with 
our previous work utilising the same emotion paradigm in trait anxiety 

Fig. 2. The Disgust and Happy waveforms for the N1 in the Unmasked condition. This contrast had a significant association with depression/anxiety symptoms after 
controlling for mental wellbeing. The graph shows participants in the lowest or highest tertile of depression/anxiety symptoms for the sake of illustration. High 
Depression/Anxiety n = 140, Low Depression/Anxiety n = 143. 

Table 2 
Summary of associations found in the masked condition.  

Wellbeing 
Model 

VPP  N170  P250  

Contrast Estimate p- 
value 

Estimate p- 
value 

Estimate p- 
value 

Fearful - 
Happy 

0.01* 0.002 − 0.00 0.597 − 0.00 0.986 

Sad - Happy 0.01* 0.001 − 0.00 0.589 − 0.00 0.880 
Disgusted - 

Happy 
0.01* 0.005 − 0.00 0.745 − 0.00 0.394 

Angry - 
Happy 

0.01* 0.004 − 0.00 0.326 − 0.00 0.781 

DASS Model VPP  N170  P250  
Contrast Estimate p- 

value 
Estimate p- 

value 
Estimate p- 

value 
Fearful - 

Neutral 
− 0.10 0.342 0.22* 0.026 0.03 0.790 

Fearful - 
Happy 

− 0.32* 0.001 0.30* 0.001 0.22* 0.044 

Sad - Happy ¡0.36* 0.001 0.20 0.064 0.12 0.293 
Disgusted - 

Happy 
− 0.31* 0.005 0.20 0.052 0.25* 0.026 

Angry - 
Happy 

− 0.27* 0.014 0.05 0.587 0.07 0.512 

DASS in 
Combined 
Model 

VPP  N170  P250  

Contrast Estimate p- 
value 

Estimate p- 
value 

Estimate p- 
value 

Fearful - 
Neutral 

− 0.10 0.342 0.26* 0.014 0.08 0.487 

Fearful - 
Happy 

− 0.25* 0.031 0.34* 0.001 0.28* 0.040 

Sad - Happy − 0.29* 0.016 0.21 0.064 0.16 0.186 

Notes. * indicates significance at p < .05. Bold indicates significance after FDR 
correction for 45 tests. Only contrasts with at least one significant association are 
shown. 
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and depression in a non-clinical sample (Williams et al., 2007) and in 
first-degree relatives of proband parents with MDD (Watters et al., 
2018). While in Williams et al. (2007), trait anxiety and depression were 
associated with enhanced N1 and reduced VPP amplitudes to masked 
and unmasked fearful faces, respectively, the latter study reported 
reduced differentiation between negative and positive faces (Watters 
et al., 2018), similar to what is observed in the current study. However, 
despite multiple studies reporting a strong association between Sad – 
Happy amplitude difference and clinical depression/anxiety symptoms 
(Dai et al., 2016; Dai and Feng, 2012; Zhang et al., 2016), here we 
observed the same association only with a Fear – Happy amplitude 

difference. More specifically, a visual inspection of the waveforms 
showed that the reduced neural differentiation between the two emo-
tions in those with higher depression/anxiety symptoms was driven by 
an increased neural response to Happy faces, rather than a decreased 
neural response to Fearful faces, when compared to individuals with 
lower depression/anxiety symptoms. Given previous research estab-
lishing fearful faces as a prominent threat signal (Ekman et al., 1972), 
one interpretation of this is that these cases show a reduced ability to 
automatically distinguish between threatening and non-threatening 
stimuli, causing non-threatening stimuli (i.e., happy faces) to be pro-
cessed as potential threats. 

Fig. 3. Contrasts with significant associations with depression/anxiety symptoms after controlling for mental wellbeing in the Masked condition. Graphs show 
participants in the lowest or highest tertile of depression/anxiety symptoms for the sake of illustration. (A) Happy, Fear, and Sad waveforms for the VPP. (B) Neutral 
and Fear waveforms for the N170. (C) Happy and Fear waveforms for the N170 and P250. High Depression/Anxiety n = 140, Low Depression/Anxiety n = 143. 
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Out of the five components-of-interest tested in the current study, 
only the N170 component was found to be significantly related to 
mental health measures (i.e., depression/anxiety levels). The N170 has 
been widely shown to be sensitive to faces and familiar objects (Bentin 
et al., 1996), and appears to be modulated by various aspects of 
face-related features (for a review, see Schindler and Bublatzky, 2020), 
including emotional expression (Hinojosa et al., 2015). This indicates 
that the N170 may be involved in perceptual processing of facial fea-
tures that include emotional expressions (Schyns et al., 2009). A more 
recent review has also suggested that passive viewing paradigms, as 
used in the current study, may amplify the effect of emotion on the 
N170, potentially due to a lack of other confounding factors such as a 
motor response (Schindler and Bublatzky, 2020). The authors proposed 
that such designs allow for a more in-depth focus on emotion-specific 
features that give rise to larger N170 amplitude modulations as a 
function of emotion. When taken together with research showing 
attenuated emotion-related ERPs in individuals at familial risk for 
depression (e.g., Watters et al., 2018), the current findings add to the 
idea that atypical differentiation between negative and positive/neutral 
emotions is evident in non-clinical individuals with higher levels of 
depression/anxiety symptoms, and manifest as a lack of differentiation 
between fearful and happy faces in the current sample. Importantly, this 
association is present even after individual wellbeing levels are 
accounted for, suggesting that the link between atypical N170 amplitude 
difference and depression/anxiety levels exists regardless of mental 
wellbeing, even in non-clinical (and otherwise healthy) participants. 
This is particularly pertinent as much of mental health research focuses 
on the health vs. illness dichotomy. The current results suggest that 
variation in electrophysiological markers within healthy samples may 
reflect biases in emotion processing associated with higher depressio-
n/anxiety symptoms, but not associated with levels of wellbeing. 

The current study also examined the effect of masked vs. unmasked 
presentation of emotional faces on the association between emotion 
processing and wellbeing, as well as with depression/anxiety symptoms. 
Despite previous findings linking depression symptoms with altered 
conscious processing of emotional faces (e.g., Watters et al., 2018; Wil-
liams et al., 2007), the only significant link we observed was for 
depression/anxiety symptoms in the masked paradigm, indicating 
altered automatic processing. Specifically, depression/anxiety symptoms 
were associated with reduced differentiation in the Fear – Happy N170 
contrast. This is consistent with evidence suggesting that within healthy 
populations, the N170 is enhanced for negative (e.g., angry, fearful) 
compared to non-negative (e.g., happy, neutral) emotions in masked 
paradigms (Kiss and Eimer, 2008; Zotto and Pegna, 2015). However, the 
results suggest that this pattern is altered in participants with high 
depression/anxiety symptoms who are otherwise healthy as the ampli-
tude difference typically observed between fearful and happy faces was 
lost. This is more in line with what has been reported in individuals with 
MDD (Zhang et al., 2016). Furthermore, as one of the few studies that 
have tested both masked and unmasked conditions within the same 
sample of participants (also see Williams et al., 2007), it is interesting to 
note that the conscious processing of facial expressions did not differ as a 
function of depression/anxiety levels in healthy participants when 
wellbeing levels are controlled for. Here, we speculate that in 
non-clinical populations, any potential associations between negative 
and positive emotion processing with depression/anxiety levels may 
only be present (or observable) for subconscious processes. This might 
reflect alterations to the automatic orienting response that is triggered 
especially for threat-related stimuli (Liddell et al., 2004; Tamietto and 
de Gelder, 2010) in individuals with higher levels of depression/anxiety. 

A limitation of the present study is that, compared to other ERP 
studies of emotional face processing, there were fewer trials per 
emotion, reducing the signal-to-noise ratio. However, this methodo-
logical choice enabled a larger sample size to be obtained, as well as 
being able to collect both masked and unmasked conditions of the 
experiment. Furthermore, the same paradigm has been used successfully 

in previous work (e.g., Watters et al., 2018; Williams et al., 2007). A 
further limitation was the lack of behavioural data during the ERP 
recording. As such, it is unclear whether greater neural differentiation 
translates to better conscious ability to distinguish between emotional 
expressions, or vice versa. However, using a passive viewing paradigm 
meant we did not need to account for certain confounding factors, such 
as a motor response or higher-level decision-making processes (i.e., 
deciding between response options). Although the emotional and 
masking components of the task were validated previously (Williams 
et al., 2004), it is noted that similar validation procedures were not 
repeated in the present sample. It is also important to note that this 
sample had low levels of depression/anxiety symptoms relative to the 
general population, making it unclear whether the linear effects re-
ported here would extend to samples with a greater variability of 
symptoms. On this note however, our finding of an association between 
such symptoms and the N170 suggests that this component could be a 
more sensitive indicator of depression/anxiety symptoms than low 
levels of wellbeing. Finally, the median gap between the online ques-
tionnaires and the EEG session was 91 days and might have impacted the 
observed relationship between wellbeing and depression/anxiety 
symptoms and emotional face processing. In our previous work, the 
12-month test-retest reliability of the COMPAS-W and DASS-42 was 
good (0.82) and moderate (0.61), respectively (Gatt et al., 2014; Jam-
shidi et al., 2020). Emotional ERPs including the N170 and VPP com-
ponents have been found to have excellent test-retest reliability over 
months (Huffmeijer et al., 2014). Regardless, the results should be 
interpreted with caution until replication. 

In conclusion, the current study indicates that, within a non-clinical 
sample, increased depression/anxiety symptoms rather than decreased 
mental wellbeing accounts for alterations in neural differentiation be-
tween emotional expressions. More specifically, heightened, non- 
clinical depression/anxiety symptoms were associated with a lack of 
neural differentiation, indicated by ERP amplitude, between fearful and 
happy expressions. Furthermore, this difference was limited to auto-
matic processing of facial expressions, rather than conscious awareness 
and processing of such stimuli. Future research using longitudinal de-
signs could explore whether the degree of neural differentiation between 
fearful and happy faces in non-clinical samples changes as symptom 
levels change or if a lack of N170 differentiation between these emotions 
is a risk factor for future mental illness to better understand the nature of 
this association. 
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