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Abstract

Background—Depressed individuals often perceive neutral facial expressions as emotional. 

Neurobiological underpinnings of this effect remain unclear. We investigated the differences in 

prefrontal cortical (PFC) activation in depressed individuals vs. healthy controls (HC) during 

recognition of emotional and neutral facial expressions using functional near infrared spectroscopy 

(fNIRS).

Method—In Experiment 1, 33 depressed individuals and 20 HC performed the Emotion Intensity 

Rating task in which they rated intensity of facial emotional expressions. In Experiment 2, a 

different set of participants (18 depressed individuals and 16 HC) performed the same task while 

their PFC activation was measured using fNIRS.

Results—Both experiments showed that depressed individuals were slower and less accurate in 

recognizing neutral, but not happy or fearful, facial emotional expressions. Experiment 2 revealed 

that lower accuracy for neutral facial emotional expressions was associated with lower right PFC 

activation in depressed individuals, but not HC. In addition, depressed individuals, compared to 

HC, had lower right PFC activation during recognition of happy facial expressions.

Limitations—Relatively small sample size

Conclusions—Recognition of neutral facial expressions is impaired in depressed individuals. 

Greater impairment corresponds to lower right PFC activation during neutral face processing. 
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Recognition of happy facial expressions is comparable for depressed individuals and HC, but the 

former have significantly lower right PFC activation. Taken together, these findings suggest that 

the ability of depressed individuals to discriminate neutral and emotional signals in the 

environment may be affected by aberrant functioning of right PFC.
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1 INTRODUCTION

Mood disorders such as major depressive and bipolar disorders affect approximately 10% of 

population in the world (Steel et al., 2014). Depressed individuals suffer from perceptual, 

cognitive and behavioral dysfunction that becomes more severe when symptom severity 

increases (Judd et al., 2005, 2000). One of these dysfunctions is impaired recognition of 

emotional and neutral facial expressions (Derntl et al., 2009; Gur et al., 1992; Persad and 

Polivy, 1993; Rubinow and Post, 1992; Drevets, 2001). Studies have shown that depressed 

individuals recognized neutral facial expressions less accurately than happy or sad, while 

healthy controls (HC) recognized neutral, happy and sad facial expressions equally 

accurately (Leppänen et al., 2004). Some studies demonstrated that depressed individuals 

misinterpreted happy faces as neutral and neutral faces as sad (e.g., Gur et al., 1992), 

showing mood congruent bias in processing of positive and negative emotions (Gray et al., 

2006) with negative perceptual bias increasing along with the increases in depression 

severity (Bilderbeck et al., 2017; Münkler et al., 2015; Surguladze et al., 2004). 

Understanding neurobiological underpinnings of this phenomenon may facilitate 

development of new treatment strategies to help affected individuals cope with situations 

that are emotionally neutral in nature but perceived as, for example, threatening or sad.

Neuroimaging studies using functional magnetic resonance imaging (fMRI) have implicated 

lateral and medial prefrontal cortices (PFC), as well as the insula, amygdala, anterior 

cingulate, fusiform and parietal cortices in emotional face processing (see Fusar-Poli et al., 

2009 for a meta-analysis). The PFC regions such as dorsolateral prefrontal cortex (DLPFC) 

and frontopolar regions are involved in emotion regulation and cognitive control (e.g., 

Ochsner and Gross, 2005) with greater activation in these regions observed for more 

unpleasant stimuli (Colibazzi et al., 2010). Mood disordered individuals, compared with HC, 

show increased DLPFC activation during processing of happy faces (Demenescu et al., 

2011) and decreased activation during processing of fearful or angry faces (Zhong et al., 

2011). Depressed individuals with greater longitudinal increases in DLPFC and frontopolar 

activation during negative affect regulation showed greater improvement of depressive 

symptoms over time, compared with depressed individuals who showed lower longitudinal 

increases in these regions (Heller et al., 2013). These findings suggest that impaired 

processing of emotional faces in individuals with mood disorders may be related to emotion 

dysregulation and aberrant functioning of the PFC. Neural correlates of diminished ability to 

recognize neutral facial expressions in depressed individuals remain unclear, however.

Manelis et al. Page 2

J Affect Disord. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Most previous neuroimaging studies of emotional face processing used functional magnetic 

resonance imaging (fMRI). fMRI provides good spatial resolution, but is expensive, not 

portable, sensitive to subject’s motion and has many contraindications that limit subject 

participation. Functional near infrared spectroscopy (fNIRS) is a type of optical imaging 

used to measure brain activation during task performance (e.g., Bendall et al., 2016; Obrig, 

2014). While both fMRI and fNIRS methods measure blood oxygenation level-dependent 

(BOLD) signal related to the changes in the concentration of deoxygenated hemoglobin 

(hbr) (Kim and Ogawa, 2012), fNIRS also allows to measure oxy-hemoglobin (hbo) and 

total hemoglobin (Huppert et al., 2006). Increases in brain activation in the fNIRS studies 

are indicated by increases in hbo and decreases in hbr (e.g., Obrig et al., 2000). Findings 

from fMRI and fNIRS studies are correlated (Cui et al., 2011), but compared with fMRI, 

fNIRS has lower spatial resolution and limited measurement depth of about 1–1.5 cm (Boas 

et al., 2014; Strangman et al., 2002), which renders brain structures such as anterior 

cingulate cortex, medial temporal cortex or striatum inaccessible. However, compared to 

fMRI, fNIRS is less expensive, portable, less affected by subject motion and permits 

examination of vulnerable populations, especially those who cannot tolerate the MRI 

environment due to anxiety, claustrophobia, obesity, metal in the body or other issues. This 

makes fNIRS especially appealing for clinical neuroimaging research.

Only few previous neuroimaging studies used fNIRS in mood disorders research (Adorni et 

al., 2016; Zhang et al., 2015). For example, one fNIRS study showed that the changes in 

depression severity over time negatively correlated with changes in left prefrontal cortical 

activation during a verbal working memory task (Sato et al., 2011). Another fNIRS study 

showed that both individuals with bipolar disorder and those with major depression, 

compared to HC, had lower prefrontal cortical activation during working memory tasks 

(Schecklmann et al., 2011). No previous fNIRS study examined emotion processing in mood 

disordered individuals.

Our study is the first to employ fNIRS to examine the differences in PFC activation in 

depressed individuals vs. HC during recognition of emotional and neutral facial expressions. 

In Experiment 1, we designed and piloted the experimental paradigm to examine the 

hypothesis that depressed individuals make more errors than HC when judging neutral facial 

expressions (e.g., Gur et al., 1992; Leppänen et al., 2004; Surguladze et al., 2004). In 

Experiment 2, we sought to replicate behavioral findings from Experiment 1 and to examine 

the relationship between the behavioral findings and PFC activation as measured by the 

fNIRS method. Given previous findings that PFC is involved in recognition of emotional 

expressions (Fusar-Poli et al., 2009; Perry et al., 2017) and that depressed individuals 

showed both impaired emotion processing (Derntl et al., 2009; Gur et al., 1992; Persad and 

Polivy, 1993; Rubinow and Post, 1992; Drevets, 2001) and aberrant functioning of PFC 

(Fitzgerald et al., 2008; Hamilton et al., 2012), we hypothesized that lower neutral face 

recognition accuracy maybe related to aberrant PFC activation patterns in depressed 

individuals, compared to HC.
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2 METHOD

2.1 Participants

The study was approved by the University of Pittsburgh Institutional Review Board. Written 

informed consent was obtained from all participants. HC without personal or family history 

of psychiatric disorders and depressed individuals suffering from major depressive or bipolar 

I or II disorder were recruited from local and university communities, counseling and 

medical centers, outpatient clinics, and from other research studies through advertisements 

and referrals. The participants were right handed, fluent in English, and were matched on 

age, gender and IQ. A total of 53 participants (33 depressed individuals diagnosed with 

either major depressive or bipolar disorders, 20 HC) participated in Experiment 1 

(behavioral study) and 35 different participants (19 depressed individuals diagnosed with 

either major depressive or bipolar disorders, 16 HC) participated in Experiment 2 (fNIRS 

study). One depressed individual in Experiment 2 misunderstood instructions and was 

excluded from the dataset, leaving 34 participants in the fNIRS data analysis.

2.2. Clinical assessment

All diagnoses were made by a trained clinician and confirmed by a psychiatrist according to 

DSM-5 criteria using M.I.N.I.7.0 (Sheehan, 1998; Sheehan et al., 1997). Current depression 

symptoms measured by the Hamilton Rating Scale for Depression (HDRS-25; Hamilton, 

1960), current mania symptoms measured by the Young Mania Rating Scale (YMRS; Young 

et al., 1978). Lifetime depression and hypo/mania spectrum symptomatology were measured 

using the mood spectrum self-report questionnaire (Dell’Osso et al., 2002). Exclusion 

criteria for both experiments included history of head injury, neurodevelopmental disorders, 

systemic medical illness, premorbid IQ<85 measured by the National Adult Reading Test 

(Blair and Spreen, 1989) current alcohol/drug abuse, YMRS scores >10 on the day of the 

experiment. A total psychotropic medication load was calculated for each participant, with 

greater numbers and doses of medications corresponding to a greater medication load (as 

described in Hassel et al., 2008; Manelis et al., 2016). Table 1 reports means and standard 

deviations of participants’ demographic and clinical characteristics for both experiments. 

The ratio of male/female for depressed individuals and HC were compared using a chi-

square test. When appropriate, other demographic and clinical characteristics were 

compared in depressed individuals and HC using a t-test. These results are reported in Table 

1.

2.3 Behavioral paradigm

Participants performed the Emotion Intensity Rating task modeled after Erwin et al. (1992), 

in which they were shown happy, neutral and fearful faces taken from the Karolinska 

Directed Emotional Faces (KDEF) database (Goeleven et al., 2008). Participants were asked 

to rate the intensity of each face’s emotional expression on the scale 1 to 9 by pressing the 

corresponding buttons on the PC keyboard (Fig. 1). They were informed that there was no 

right or wrong answer, so all judgments had to be made based on a subject’s personal 

perception of each emotional face. Participants were instructed to give the face the score of 5 

if they believed that the face was neutral, give the face the score between 6 and 9 if they 

believed that the face was happy (6 would be given to slightly happy faces and 9 would be 
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given to very happy faces), and give the scores between 1 and 4 if they believed that the face 

was fearful (4 would be given to slightly fearful faces and 1 would be given to very fearful 

faces). We believe that these instructions made the task more sensitive to individual 

differences in perception of facial emotions because they did not require subjects to look for 

a ground truth for emotional categories (e.g., “I think most people would consider this face 

neutral, so I should respond it is neutral even though it seems slightly fearful to me”).

There were 48 faces to judge (16 happy, 16 neutral, 16 fearful). The faces were shown in the 

center of the screen one at a time. The response options were shown on the scale 1 to 9. The 

scale was located below the face (Fig. 1). The task was self-paced. We asked participants to 

respond as quickly as possible but did not limit the duration of a trial. In Experiment 1, there 

was a 500 msec inter-trial interval (ITI). In Experiment 2, there was a 4500 msec ITI to 

better separate neural responses on each trial. The E-Prime program for Experiment 2 also 

incorporated triggers to mark the onset and offset of happy, neutral and fearful face stimuli.

2.4 fNIRS data acquisition

Optical imaging data were collected from bilateral frontal cortices using a CW6 fNIRS 

system (Techen, Inc., Milford, MA, USA) with laser optodes. The fNIRS probe consisted of 

a total of 4 light sources emitting light at two wavelengths (690-nm and 830-nm) and 8 light 

detectors. Including the two wavelengths allowed us to examine the concentration of both 

oxygenated (hbo) and deoxygenated (hbr) hemoglobin using the modified Beer-Lambert law 

(Delpy and Cope, 1997). In each hemisphere, the optodes in the probe were located 3 cm 

apart and were installed in a neoprene cap. The probe was built according to the 10/20 

system and covered left and right BA10, BA 45 and BA46 (Fig 3). The center of the lower 

edge of the probe was aligned with FpZ.

The fNIRS data were collected using a custom-built data acquisition interface (Abdelnour 

and Huppert, 2009). Data were collected at 20Hz. The stimuli were presented using E-Prime 

(Psychology Software Tools, Sharpsburg, PA, USA) software that was synchronized with the 

fNIRS data acquisition in Experiment 2. During the fNIRS experiment, participants were 

comfortably seated at the desk in front of the PC computer with the probe located on their 

head.

2.5 Data analyses

Behavioral and neuroimaging data analyses were conducted using linear mixed effects 

models that use explanatory variables and random effects to estimate group-level effects. It 

was shown that linear mixed effect models outperform traditionally used repeated measures 

ANOVA (Kristensen & Hansen, 2004) by taking into account the subject’s level variance. 

Given that mixed effects models take into account multiple sources of variance, degrees of 

freedom for mixed models can be only roughly estimated. For example, a different heuristics 

is applied for degrees of freedom calculation in a contrast analysis based on estimated 

marginal means from a mixed effects model than that in a traditional t-test.

2.5.1 Behavioral data analysis—The responses were considered accurate when 

participants assigned ‘5’ to neutral faces, scores between 6 and 9 to happy faces and scores 
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between 1 and 4 to fearful faces. All behavioral data in Experiments 1 and 2 were analyzed 

using R (https://www.r-project.org/). Response accuracy and reaction time (RT) in both 

experiments were analyzed using linear mixed effects models implemented through the 

lmerTest package in R (Kuznetsova, Brockhoff, & Christensen, 2014) using the 

Satterthwaite’s degrees of freedom approach (Satterthwaite, 1946) to estimate denominator 

degrees of freedom for F or t statistic. Group (HC/ Depressed) and emotions (positive/

neutral/negative) were explanatory variables, and subject was a random effect variable.

A contrast analysis to examine the group differences for each emotional condition was based 

on estimated marginal means from a mixed model and was implemented using the ‘psycho’ 

package in R (Makowski, 2018). The p-values were adjusted for dependent multiple 

comparisons at a false discovery rate (FDR) with the significance level set at 0.05 (q ≤ 0.05) 

(Yekutieli & Benjamini, 1999).

2.5.2 fNIRS data analysis—The fNIRS data were analyzed using the NIRS toolbox 

(Santosa et al., 2018). The data were resampled from 20Hz to 4Hz, converted to the changes 

in optical density over time and then converted to oxygenated hemoglobin (hbo) and 

deoxygenated hemoglobin (hbr) estimates using the modified Beer-Lambert law with a 

partial pathlength correction factor of 0.1 (Strangman et al., 2003).

The first-level (or subject-level) analyses used the statistical autoregressively whitened 

weighted least-squares (general linear) regression model (Barker et al., 2013) with happy, 

neutral, and fearful faces as explanatory variables. This model statistically addresses both 

increased false-discovery rates introduced by serially-correlated noise due to physiology in 

fNIRS and outliers related to motion artifacts (for the review see Huppert, 2016). This model 

has been previously validated and compared with other linear regression approaches and 

showed better sensitivity-specificity characteristics (Santosa et al., 2018). The canonical 

HRF function was used to model a hemodynamic response with an undershoot period 

(Santosa et al., 2018).

The first-level models were incorporated into group-level analyses for which the model was 

whitened using the error-covariance of the first level GLM model (Santosa et al., 2018). To 

control for multiple comparisons (including the number of comparison conditions and NIRS 

channels), a false discovery rate (FDR) correction was used with the significance level set at 

0.05 (q ≤ 0.05) (Benjamini and Hochberg, 1995).

The first group-level analysis used mixed effects models with group (HC/depressed) and 

emotion (happy/neutral/fearful) as explanatory variables, and subject as a random effect to 

identify the effects of group and emotional condition, as well as the interaction between the 

two on brain activation in the right and left PFC. A subsequent contrast analysis compared 

PFC activation in depressed individuals vs. HC for each emotional condition. The second 

group-level analysis used mixed effects models with group (HC/depressed), condition 

(happy/neutral/fearful) and accuracy for neutral face recognition as explanatory variables, 

and subject as a random effect to identify the interaction between these variables on brain 

activation in the right and left PFC. The latter analysis was conducted only for neutral faces 

because there was no sufficient variability in recognition accuracy for fearful and happy 
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faces (Fig.1). A subsequent contrast analysis compared the slopes for the relationship 

between PFC activation and accuracy for neutral face recognition in depressed individuals 

vs. that in HC. Given that the groups did not differ in mean age, IQ or gender composition, 

these variables were not entered into the model.

2.5.3 Exploratory analysis: Effect of Medications—Exploratory analyses examined 

a possibility that the effects observed in the analyses described above were due to the effect 

of psychotropic medications that some depressed individuals had been taken. The effect of 

medications was examined in the group of depressed individuals using two strategies: (1) by 

comparing the effects identified by the mixed effects models for depressed individuals ON 

vs. those OFF psychotropic medications, and (2) by using a psychotropic medication load as 

a covariate in the group-level mixed effect models.

3 RESULTS

3.1 Experiment 1

The mixed effects models revealed a significant effect of condition (F(2,153)= 52.2, 

p<0.001) and group*condition interaction (F(2, 153)= 4.25, p<0.05) on participants’ 

accuracy to recognize emotional and neutral facial expressions, but no main effect of group. 

HC were significantly more accurate than depressed individuals during recognition of 

neutral facial expressions (t=3.35, q=0.002, df=153). The groups were not different in 

accuracy for happy and fearful faces. The same analysis of RT revealed a significant main 

effect of group (F(1,51)= 4.03, p<0.05) on RT, but no effect of condition, or group*condition 

interaction. There were no significant between-group differences in RT for any specific 

emotion. The results are illustrated in Fig. 2. An exploratory analysis showed that response 

accuracy and RT in depressed individuals did not depend either on whether depressed 

individuals were ON or OFF psychotropic medications, or on a total medication load.

3.2 Experiment 2

The mixed effects models revealed significant effects of condition (F(2,64)= 26.5, p<0.001), 

group (F(1,32)= 12.8, p <0.001) and group*condition interaction (F(2,64)= 11.9, p<0.001) 

on participants’ accuracy to recognize emotional and neutral facial expressions. As in 

Experiment 1, the only significant difference between HC and depressed individuals was 

observed for neutral facial expression recognition accuracy (t=6.1, q<0.001, df=96) with HC 

been more accurate than depressed individuals. The analysis of RT revealed significant 

effects of condition (F(2,64)= 8.4, p <0.001) and group (F(1,32)= 4.2, p <0.05), but no 

significant group*condition interaction effect). HC were faster than depressed individuals 

during recognition of neutral facial expression (t=6.1, q<0.001, df=46). An exploratory 

analysis showed that response accuracy and RT in depressed individuals did not depend 

either on whether depressed individuals were ON or OFF psychotropic medications, or on a 

total medication load.

3.2.2 fNIRS results—The mixed effects models revealed no significant effects of 

Emotion or Group, or Group x Emotion interaction on PFC activation. A contrast analysis 

based on estimated marginal means from a mixed model revealed no significant group effect 
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on brain activation for neutral and fearful faces. The same contrast analysis, however, 

revealed lower PFC activation in depressed individuals relative to HC as indicated by 

significantly higher concentration of deoxygenated hemoglobin (hbr) in right BA45 and 

BA46 in depressed individuals vs. in HC (BA45: t=3.64, q=0.005, df=96, power=0.97; 

BA46: t=3.45, q=0.005, df=96, power=0.96) to happy faces (Fig. 3B). As the exploratory 

analyses showed, brain activation in right BA45 and BA46 for happy faces in depressed 

individuals did not depend either on whether depressed individuals were ON or OFF 

psychotropic medications, or on a total medication load.

The mixed effects model and a follow-up contrast analysis that examined whether the 

relationship between PFC activation during recognition of neutral facial expressions and 

corresponding accuracy for recognition of neutral facial expressions differed between 

depressed individuals and HC revealed significant between-group differences in right BA46 

(t=−3.0, q=0.036, df=96, power=0.92) with a steeper slope observed for depressed 

individuals vs. HC. A follow-up analysis showed that this effect was explained by the fact 

that depressed individuals, but not HC, had a significant negative relationship between 

neutral face recognition accuracy and concentration of deoxygenated hemoglobin in right 

BA46 (t=−4.5, q=0.0008, df=96, power=0.99; Fig. 3A and 3C), thus suggesting that those 

depressed individuals who were more accurate on the task also had higher activation in right 

BA46. An exploratory analysis showed that the effect of accuracy on brain activation for 

neutral faces in depressed individuals did not depend on whether depressed individuals were 

ON or OFF psychotropic medications. There was the interaction effect of a total medication 

load and accuracy for neutral faces on right BA46 activation (BA46 hbr: t=3.8, q=0.009, 

df=51, power=0.98), however (Fig. 3D). The latter indicated that the relationship between 

accuracy and BA46 activation was more pronounced for depressed individuals with low 

medication load, than in depressed individuals with higher medication load.

4 DISCUSSION

To our knowledge, this study is the first to examine recognition of facial emotional 

expressions in depressed individuals with mood disorders using fNIRS. In this study, we 

examined behavioral and neural correlates of facial emotion recognition in depressed 

individuals across mood disorders vs. HC. Consistent with previous findings (Gur et al., 

1992; Leppänen et al., 2004; Surguladze et al., 2005) and our hypothesis, both experiments 

demonstrated that depressed individuals were significantly slower and less accurate than HC 

in recognizing neutral facial expressions, thus showing impairment in recognition of neutral 

facial expression. fNIRS revealed that the impairment in distinguishing neutral facial 

expressions from emotional ones in depressed individuals might be related to aberrant 

decreases in DLPFC activation during face processing.

The DLPFC is involved in emotion regulation and cognitive control (Ochsner and Gross, 

2005), as well as in goal planning (Kaller et al., 2011), dealing with ill-structured problems 

that have no unique correct solution (Gilbert et al., 2010), and increase in behavioral 

inhibition (Shackman et al., 2009) among other cognitive processes. In this study, we 

showed that greater behavioral impairment in depressed individuals corresponded to lower 

right BA46 (or DLPFC) activation during neutral face processing. These effects did not 
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depend on whether depressed individuals were ON or OFF psychotropic medications, but 

depended on a total medication load. It is noteworthy that the most pronounced effect was 

observed in less medicated or unmedicated depressed individuals, while the least 

pronounced effect was observed in those who were most medicated. This might suggest that 

medications mitigate the effect of depression on recognition of neutral faces. The fact that 

there was no significant effect of a total medication load on recognition accuracy in 

depressed individuals does not support that hypothesis, however. Alternatively, higher load 

of psychotropic medications may hinder the detection of the effects that would be otherwise 

observed in depressed individuals.

It is also noteworthy that despite comparable recognition accuracy, depressed individuals 

showed lower activation than HC in the right DLPFC during processing of happy faces. One 

explanation for this effect is that happy faces are highly salient (e.g., a smile can 

automatically attract attention) and, consequently, recognizing happy facial expression may 

be much easier than recognizing neutral facial expressions so lower PFC activation did not 

affect recognition accuracy on an easy task.

Emotion regulation can rely on top-down or bottom-up strategies (Ochsner and Gross, 

2005). The automatic bottom-up emotion regulation is likely disrupted in depressed 

individuals due to aberrant functioning of the amygdala and other brain regions (Peluso et 

al., 2009; Surguladze et al., 2005; Suslow et al., 2010) involved in processing of emotional 

faces (Fusar-Poli et al., 2009). Given that aberrant increases in amygdala activation can 

result in interpreting emotionally neutral stimuli as emotionally meaningful (Drevets, 2001), 

the top-down regulatory signal from the PFC might be necessary in order to change the 

mental representation of a stimulus in the amygdala (Ochsner et al., 2012) and help 

depressed individuals distinguish emotional and non-emotional stimuli without relying on 

automatic processing of salient information. Reduced PFC activation may affect the ability 

of depressed individuals to discriminate between neutral and emotionally-salient facial 

stimuli.

Multiple previous studies used emotionally neutral stimuli as a comparison baseline for 

emotional (e.g., happy, fearful, sad) stimuli. Our neuroimaging findings support a recent 

conclusion (Filkowski and Haas, 2017) that using neutral stimuli as a reference baseline in 

the studies of emotion processing and regulation is not always appropriate as processing of 

neutral faces might be impaired in individuals with psychiatric disorders. Using the neutral 

face baseline to examine PFC activation in fearful and happy emotional conditions would 

differentially affect depressed individuals and HC, and would also bias within-group 

comparisons as a function of participants’ ability to accurately recognize neutral facial 

expressions.

Our study demonstrated that that it was feasible to study the processing of emotional 

information in PFC in mood disordered individuals using fNIRS. The fNIRS method opens 

new perspectives in clinical neuroimaging. First, it allows conducting neuroimaging research 

on patients who would not otherwise meet the inclusion criteria for fMRI due to 

claustrophobia, excessive weight, metal in the body, etc. Second, it extends the application 
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of neuroimaging to ‘field’ studies that can be conducted, for example, in the doctor’s office 

or during a therapy session.

Limitations and future directions

While we replicated behavioral findings in two experiments, replicating our fNIRS results in 

a larger sample would ensure their validity and reliability. Due to small sample sizes, our 

exploratory analyses regarding the effect of psychotropic medications should be interpreted 

with caution. Small sample sizes also did not allow us to compare individuals with major 

depressive vs. those with bipolar I and vs. those with bipolar II disorders. Future studies 

should examine the differences between individuals with these mood disorder subtypes. 

Despite small sample sizes, however, all fNIRS analyses had high power (>0.9), suggesting 

that the sample size was adequate. Our patient sample only included depressed individuals, 

which did not allow us to make conclusions about how the absence of depressive symptoms 

(or presence of hypo/manic symptoms) affects patients’ ability to process neutral faces. 

Future cross-sectional and longitudinal studies should examine how changes in mood state 

(improvement/worsening of depression and/or mania symptoms) affect participants’ ability 

to identify neutral facial expressions and how these changes affect PFC activation. Our 

findings point to the right DLPFC as a potential target of neuromodulation to improve the 

ability of depressed individuals to discriminate neutral and emotional signals in the 

environment. Future studies should examine how modulation of the right DLPFC affects 

processing of neutral and emotional stimuli in depressed individuals and HC.
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Highlights

• The differences in DLPFC activation in depressed individuals vs. healthy 

controls during recognition of emotional and neutral facial expressions was 

examined using functional near-infrared spectroscopy.

• Depressed individuals, compared to healthy controls, were slower and less 

accurate in recognizing neutral, but not happy or fearful, facial emotional 

expressions.

• Depressed individuals, but not healthy controls, rely on functioning of the 

right DLPFC during recognition of neutral and happy facial expressions

• Depressed individuals who had lower activation in the right DLPFC during 

recognition of neutral facial expression also had lower recognition accuracy 

for neutral facial expressions compared to depressed individuals who had 

greater right DLPFC activation.
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Fig 1. 
Example of a Neutral trial in the Emotion Intensity Rating task.
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Fig 2. 
Mean accuracy and reaction time (RT) during rating of intensity of facial emotional 

expressions in depressed individuals and healthy controls in Experiments 1 and 2. Error bars 

show standard errors of mean.
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Fig 3. 
(A) A brain mesh with the probe and significant channels (source-detector pairs) showing 

the deoxygenated hemoglobin differences between the groups for the brain activation x 

neutral face recognition accuracy interaction. The dark blue channel corresponds to right 

BA46. The location of fNIRS sensors are shown overlaid on the Colin27 atlas template for 

display purposes. R = right hemisphere. The blue dots on the probe are detectors, the red 

dots are light sources. The color bar shows t-statistics for the differences between depressed 

individuals vs. HC in accuracy x activation slopes. (B) Parameter estimates (betas) for 

deoxygenated hemoglobin (hbr) in BA46 during recognition of happy, neutral and fearful 

emotional expression in depressed individuals and HC. The star (-*-) denotes significantly 

different comparisons. (C) Between-group differences in the interaction effect between brain 

activation in BA46 as reflected by the measures of deoxygenated hemoglobin (hbr) and 

accuracy for neutral faces in depressed individuals and HC. (D) The illustration of the 

medication load x accuracy for neutral faces interaction on activation in right BA46 hbr. 
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Blue color stands for lower hbr values and higher brain activation, while red color stands for 

higher hbr values and lower brain activation
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Table 1

Demographic and clinical characteristic of participants in Experiments 1 and 2

Experiment 1 Experiment 2

HC (n=20) 
Mean(SD)

Depressed 
(n=33) 
Mean(SD)

Statistics HC 
vs. 
Depressed

HC (n=16) 
Mean(SD)

Depressed 
(n=18) 
Mean(SD)

Statistics HC 
vs. 
Depressed

Age 25.72(6.85) 23.57(5.27) ns 23.69(3.45) 23.63(3.7) ns

Gender (female/male) 14/6 23/10 ns 14/2 16/2 ns

IQ 108.62(6.96) 111.56(5.83) ns 107.57(4.33) 109.49(7.49) ns

Diagnosis (MDD/BD-
I/BD-II)

na 19/1/13 na 13/0/5

Number of participants 
taking psychotropic 
medications:

na 23 na 7

1 medication na 10 na 4

2 medications na 12 na 3

>2 medications na 1 na 0

Number of participants 
taking Antidepressants

na 21 na 6

Number of participants 
taking Antipsychotics

na 0 na 0

Number of participants 
taking Mood stabilizers

na 3 na 2

Number of participants 
taking Benzodiazepines

na 5 na 1

Number of participants 
taking Stimulants

na 1 na 0

Total medications load na 1.64(1.5) na 0.6(0.85)

Current depression 
(HDRS-25)

1.3(1.26) 24.18(6.74) t(51)=−14.9, 
p<0.001

1.62(1.5) 24.11 (6.2) t(32)=−14.2, 
p<0.001

Current mania (YMRS) 0.35(0.75) 2.33(2.3) t(51)=−3.7, 
p<0.001

0.25(0.45) 2.67(2.47) t(32)=−3.8, 
p<0.001

Lifetime depression 
(MOODs-SR)

1(1.45) 21.15(2.94) t(51)=−28.6, 
p<0.001

0.69(0.87) 20.67(2.97) t(32)=−25.9, 
p<0.001

Lifetime mania (MOODs-
SR)

4.55(4.15) 12.42(6.89) t(51)=−4.6, 
p<0.001

1.88(1.59) 13.2(6.45) t(32)=−6.8, 
p<0.001

Note. ns - not significant. SD - standard deviation
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