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Abstract

The latest COVID-19 pandemic reveals that unexpected changes elevate depression bringing people apart, but also calling

for social sharing. Yet the impact of depression on social cognition and functioning is not well understood. Assessment of

social cognition is crucial not only for a better understanding of major depressive disorder (MDD), but also for screening,

intervention, and remediation. Here by applying a novel experimental tool, a Face-n-Food task comprising a set of images

bordering on the Giuseppe Arcimboldo style, we assessed the face tuning in patients with MDD and person-by-person

matched controls. The key benefit of these images is that single components do not trigger face processing. Contrary to

common beliefs, the outcome indicates that individuals with depression express intact face responsiveness. Yet, while in

depression face sensitivity is tied with perceptual organization, in typical development, it is knotted with social cognition

capabilities. Face tuning in depression, therefore, may rely upon altered behavioral strategies and underwriting brain

mechanisms. To exclude a possible camouflaging effect of female social skills, we examined gender impact. Neither in

depression nor in typical individuals had females excelled in face tuning. The outcome sheds light on the origins of the face

sensitivity and alterations in social functioning in depression and mental well-being at large. Aberrant social functioning in

depression is likely to be the result of deeply-rooted maladaptive strategies rather than of poor sensitivity to social signals.

This has implications for mental well-being under the current pandemic conditions.

Key words: depression, face pareidolia, face tuning, gender impact, non-face face-like images, social cognition

The latest COVID-19 pandemic demonstrates that unex-

pected and uncontrollable changes of the environment (iso-

lation, public panic, and socioeconomic deprivation) lead to

psychological distress and depression (Qiu et al. 2020). Major

depressive disorder (MDD) is a foremost human blight, which is

responsible for more years lived with disability than any other

mental condition (Smith 2014). Yet depression is commonly

underestimated, undiagnosed, and untreated because of stigma

(and related to it dishonesty), lack of effective therapies, and

inadequatemental-health resources. The Global Burden Disease

Study pointed to the prevalence of MDD of about 163 million

in 2017 (James et al. 2018). As only a diminishing part of

MDD patients is treated in low- and mid-income countries,

the disorder is not only an individual health issue but an

essential socioeconomic problem (James et al. 2018). MDD

is seen as a heterogeneous neuropsychiatric disorder with

an etiopathogenesis comprising multiple biological, social,

genetic, and psychobiological factors (Chirita et al. 2015).

Stressful life events and circumstances, parental depression,

interpersonal dysfunction, inappropriate guilt, and even “being

female” are listed among robust risk factors of MDD (Hammen

2018), though child sexual abuse, domestic violence, and

being in a “conflict country” are also among well-established

factors. Core symptoms characterizing MDD are a low mood,

anhedonia (inability to experience pleasure), and loss of energy

(chronic fatigue). Moreover, affected individuals experience
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insomnia (sleeplessness) or hypersomnia, a diminished ability

to concentrate, low self-confidence, weight or appetite changes,

and recurrent thoughts of suicide (Fried et al. 2016). MDD is

considered the most common mental condition due to which

suicide is committed (Bachmann 2018). In 2014, the prevalence

of MDD had been reported to be the highest in Afghanistan

and lowest in Japan (Smith 2014), though this may reflect

the way in which the disease is experienced and diagnosed

as well as cultural differences: for example, while standard

diagnostic tools focus on mood, lack of motivation, and fatigue,

Chinese individuals with depression often report stomach pain

or headache. Although MDD drives public attention as well as

attention of researchers and health services (e.g., our recent

Pubmed search performedwith a keyword “depression” resulted

in 521 728 references), social and clinical relevance of MDD

speaks for deeper investigations of the underlying mechanisms,

e.g., for large human-genetic studies (Hyman 2014). Aside

from neuroinflammatory and brain-morphological correlates

of depressive symptoms, cognitive concepts have proven to

be a valuable source of insights into the nature of MDD. For

better understanding of MDD and improvement of therapeutic

intervention, several models had been developed, among which

are the Beck “cognitive triad” comprising negative views about

1) oneself (“I’m ugly”), 2) the outer world (“No one values me”), and

3) the future (“Things can only get worse”) (Beck et al. 1979; Pössel

and Smith 2020); the Seligman concept of learned helplessness

in overcoming negative life experiences (Smallheer et al. 2018);

and the theory of “critical life events” due to which depression

is provoked by a loss or damage of self-definition and the lack of

efficient interpersonal strategies to cope with it (Park et al. 2015;

Strauss et al. 2018). Explicitly or implicitly, these models imply

aberrant social cognition (our ability to understand emotions,

desires, and drives of others) in MDD.

Although impairments in social cognition are characteristic

features in many neuropsychiatric conditions such as autism

and schizophrenia (Bora and Pantelis 2016), the impact of

depression on social cognitive functioning is not well under-

stood. MDD patients appear to be less severely impaired, and

deficits in social cognition may be reversible (Wang et al. 2008;

Bazin et al. 2009; Weightman et al. 2014). Social cognition has

been shown to be crucial not only for a better understanding

of MDD, but even more essential for specific screenings and

treatments targeting social dysfunction (Menard et al. 2016;

Knight and Baune 2018). Among indispensable components

constituting social competence are body language reading and

face perception (e.g., de Gelder et al. 2010; van den Stock et al.

2011; Kret and de Gelder 2012; Pavlova 2012; Pelphrey et al. 2014;

van den Stock and de Gelder 2014; van den Stock et al. 2014;

Tamietto et al. 2015; Di Giorgio et al. 2016; Di Giorgio et al.

2017; Pavlova et al. 2017a; Pavlova 2017b; Tillman et al. 2019).

In MDD, the Reading the Mind in the Eyes Test (RMET) reveals

difficulties in assessing the affective mental state, though

negative emotional states are identified more accurately than

in typical development, TD (Harkness et al. 2011; Wolkenstein

et al. 2011; Cao et al. 2013). MDD individuals exhibit aberrant

body language reading (Loi et al. 2013; Kaletsch et al. 2014). In the

domain of face perception,most research focuses on processing

of affective facial information. There is a paucity of evidence

on face processing per se. In general, though controversial, the

findings indicate that MDD individuals demonstrate increased

sensitivity to negative expressions (sadness) as compared with

positive (happiness) and exhibit a bias toward identification

of negative emotions (anger and fear) and misidentification

of positive emotions (Surguladze et al. 2004; Bourke et al.

2010; Demenescu et al. 2010; Csukly et al. 2011). Individuals

with MDD need a greater stimulus intensity for identification

of happy facial expressions and lower intensity for negative

expressions (Joormann and Gotlib 2006; Gollan et al. 2010).

Severity of depressive symptoms is negatively correlated with

the ability to identify happy faces (Surguladze et al. 2004). The

cognitive behavioral therapy improves recognition of happy

facial expressions (Yilmaz et al. 2019). However, it remains

unclear whether earlier stages of face processing such as basic

facial schema (two eyes abovemouth), assessment of the spatial

relationship between facial features (configural processing), or

holistic face processing (Piepers and Robbins 2012) are impaired

in MDD individuals. Recent electroencephalographic (EEG) data

suggests atypical face processing inMDD already at early stages:

the N170 component of event-related potentials (ERPs) elicited

by upright faces differ between patients and controls, whereas

the difference is absent with display inversion (Yin et al. 2019).

Overall, it is largely unclear whether individuals with MDD

exhibit deficits in the face sensitivity. Here we addressed this

issue by applying a recently developed experimental tool, a

set of images composed of food ingredients such as fruits and

vegetables (Pavlova et al. 2015a; Pavlova et al. 2016a; Pavlova et al.

2016b; Pavlova et al. 2017b; Pavlova et al. 2018a; Pavlova et al.

2018b; Rolf et al. 2020). These Face-n-Food images border on the

style of Giuseppe Arcimboldo, a virtuoso Italian painter known

for imaginative portraits composed utterly of fruits, vegetables,

and even roasted meat (Figs 1 and 2). The primary advantage

of these images is that single components do not trigger face

processing. In other words, on the Face-n-Food task, face tuning

occurs spontaneously without being explicitly cued by familiar

elements such as eyes. For seeing a face in these images, one

has to establish spatial connections between single non-face

components to shape a face schema. The other advantage of the

task is the usage of unfamiliar images that is of value in clinical

populations (Koelkebeck et al. 2015). In the present study, we

intended to clarify 1) whether MDD individuals exhibit aberrant

face tuning on the Face-n-Food task and 2) whether face tuning

in MDD is gender specific. In addition, our desire was to eluci-

date whether face tuning in MDD patients is specifically related

to other perceptual and cognitive abilities. With this purpose

in mind, several additional tasks were administered that tap

capabilities in perceptual organization and social cognition.

Method

Participants

Fifty-two participants (26 patients and 26 person-by-person

matched controls) were enrolled in the study. Patients were

recruited from in-patient units at the Department of Psychi-

atry and Psychotherapy, University Hospital, Eberhard Karls

University of Tübingen, Germany. Twenty patients (13 females,

7 males) were involved in the first part of the study. Thirteen

of them had been diagnosed with recurrent depressive disorder

(ICD-10; F33): 4 patients with F33.1 (moderate form of recurrent

depressive disorder) and 9 patients with F33.2 (severe form

without psychotic symptoms). Seven patients had confirmed

diagnosis of the MDD single episode (ICD-10; F32): 2 patients

with F32.1 (moderate form), 3 patients with F32.2 (severe form

without psychotic symptoms), and 2 patients with F32.3 (severe

formwith psychotic symptoms). Most of them had a pre-history

of drugs [cannabis (6 patients), cocaine (3), lysergid—LSD (2),
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Figure 1. Examples of the Giuseppe Arcimboldo style. “The Fruit Basket” or “Reversible Head with Basket of Fruit” (left), “The Gardener” (middle), and “The Cook” (right)

by Giuseppe Arcimboldo, a virtuoso Italian painter best known for fascinating portraits composed of fruits, vegetables, and even roasted meat (https://commons.wiki

media.org/wiki/Giuseppe_Arcimboldo; public domain).

ecstasy (2)] and alcohol (15) and/or nicotine (8) consumption.

At the time of examination, they were hospitalized for

39.10±25.13 days, mean± standard deviation (SD) (median,

Mdn, 33 days; 95% confidence interval, CI, 27.34 to 50.86) and

were in a post-acute phase. Except for three individuals, all

patients were under either antidepressant (including selective

serotonin reuptake inhibitors/serotonin and norepinephrine

reuptake inhibitors, SSRI/SNRI) and/or antipsychotic and/or

sedative medical drug treatment. Twelve out of 20 patients

had comorbidity (see Supplementary Material). Patients were

aged 42.55± 13.33 years (Mdn, 47.5 years; 95% CI, 36.31 to

48.79), with an age range 19 to 58 years. Twenty control TD

participants matched on a person-by-person basis for gender,

age (42.80± 13.88 years; Mdn, 48 years; 95% CI, 36.86 to 48.74;

with no difference between MDD and TD individuals; Mann–

Whitney test, U=195.5, n.s.), and education were recruited from

the local community.

For the second part of the study aimed at clarification of

gender effects on face tuning, we additionally recruited 6 males

with MDD and 6 matched TD males. Four of these patients

had confirmed diagnosis of recurrent depressive disorder (ICD-

10; F33): one of them had a moderate (F33.1), and 3 a severe

form without psychotic symptoms (F33.2). Two patients had

confirmed diagnosis of MDD single episode (ICD-10; F32): 1

patient had a severe form without psychotic symptoms (F32.2),

and 1 a severe form with psychotic symptoms (F32.3). A his-

tory of drugs (such as ecstasy) as well as alcohol and/or nico-

tine consumption was recorded in 4 patients. Two patients

only reported neither taking drugs nor alcohol and nicotine in

the past. At the time of examination, they were hospitalized

for 24.67±10.27 days and were in a post-acute phase. Except

for one patient, all these patients were under either antide-

pressant and/or antipsychotic and/or sedative medical drug

treatment.

Female patients were aged 41.15±13.68 years (Mdn, 48 years;

95% CI, 32.89 to 49.42), and all male patients together (initial

plus additional groups) were aged 40.15±13.39 years with no

difference in age between them (Mann–Whitney test, U=84,

n.s.). At the time of examination, females were hospitalized for

39.77±23.97 and males for 31.77± 22.68 days (Mdn 24 days; 95%

CI, 18.07 to 45.47) with no gender difference (Mann–Whitney test,

U=65.5, n.s.).

As performance on the Face-n-Food task and a digit span

(DS) test (see below) requires language command of good pro-

ficiency, German as native language served as an inclusion

criterion. Participants were run individually. All of them had

normal or corrected-to-normal vision. None had previous expe-

rience with such images. The study was conducted in accord

with the Declaration of Helsinki and was approved by the local

Ethics Committee of the University of Tübingen Medical School,

Tübingen, Germany. Informed written consent was obtained

from all participants. Participation was voluntary, and the data

was processed anonymously.

The Face-n-Food Task

The Face-n-Food task was administered to participants. This

task is described in detail elsewhere (Pavlova et al. 2015a; Pavlova

et al. 2016a; Pavlova et al. 2016b; Pavlova et al. 2017b; Pavlova

et al. 2018a; Pavlova et al. 2018b; Rolf et al. 2020). In short,

for this task, 10 images were produced that were composed

of food ingredients, and to different degree resembled faces.

Participants were presented with the set of images, one by one,

in the predetermined order from the least to most resembling

a face (images 1 to 10). This order was established in one of

the previous studies with TD volunteers (Pavlova et al. 2015a).

This fixed order of presentation had been used, since once

seen as a face, Face-n-Food images are frequently processed

with a face-dominating bias. On each trial, participants had

to perform a spontaneous recognition task: they were asked

to briefly describe what they saw. Their reports were recorded

and then analyzed by independent experts. For further data

processing, the responses were coded as either non-face (0) or

face (1) report. No immediate feedback was provided. To avoid

time pressure that can potentially cause stress and negative

emotional and physiological reactions blocking cognitive pro-

cesses in both patients and controls, there was no time limit on

the task.
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Figure 2. Percentage of face responses for each Face-n-Food image in patients with major depressive disorder, MDD (violet) and typically developing, TD, controls

(green). The image number reflects its face resemblance (1, the least resembling a face, through 10, the most resembling a face images from the Face-n-Food task;

these images had been first published in Pavlova et al. 2015a; doi: 10.1371/journal.pone.0130363; the Creative Commons Attribution [CC BY] license). Vertical bars

represent 95% confidence interval, CI.

Additional Tasks

Similar to our previous study in schizophrenia (Rolf et al. 2020),

three additional tasks were administered to both MDD patients

and controls: 1) a digit span (DS) task tapping short-term

working memory and attention load; 2) an event arrangement

(EA) task, for which a participant has to re-organize a set of cards

depicting an event in a comic-strip fashion (this task assesses

the visual social cognition); and 3) a picture completion (PC) task

(requiring identification of a missing piece of an object/scene)

that examines visual perceptual organization. These tests

are parts of the Wechsler Intelligenztest für Erwachsene

(WIE), a battery based on the Wechsler Adult Intelligence

Scale (WAIS-III) standardized and adapted to the German

population (Von Aster et al. 2006). The tasks represent a well-

established tool for neuropsychological assessment. With each

participant, the whole testing procedure (the Face-n-Food task

along with additionally administered tasks) lasted no longer

than 30–45 min.

Data Analysis

All data sets were routinely analyzed for normality of distribu-

tion by using Shapiro–Wilk testswith subsequent usage of either

parametric (for normally distributed data) or non-parametric

statistics. For not normally distributed data sets, additionally

to means and SDs, Mdns and 95% CIs are reported throughout

the text.

Results

Face Tuning

Similar to previous studies with healthy participants and indi-

viduals with neurodevelopmental and psychiatric conditions

(Pavlova et al. 2015a; Pavlova et al. 2016a; Pavlova et al. 2016b;

Pavlova et al. 2017b; Pavlova et al. 2018a; Pavlova et al. 2018b; Rolf

et al. 2020), MDD patients described a food-plate image either in

terms of food compositions (non-face response, 0) or as a face

(face response, 1). Thresholds for the face tuning (an average

image number, on which a face response was reported for the

first time) were comparable for MDD and TD groups, although

one MDD patient completely failed on the Face-n-Food task. TD

controls reported seeing a face for the first time on average

on 4.30±2.23 image, whereas MDD individuals gave the first

face response on average on 4.53±2.20 image. No difference

between the groups in the face recognition thresholdswas found

(t(37) = 0.685, two-tailed, P=0.751, n.s.).

Figure 2 represents percentage of face responses for each

Face-n-Food image in MDD and TD individuals. As indicated
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by multiple stepwise nominal logistic regression analysis, the

effect of group (TD vs. MDD) on face tuning was not significant

(χ2(1) = 1.229,P=0.268,n.s.). Remarkably, therewas no significant

difference in face tuning between MDD and TD individuals for

each of 10 images (Fisher’s exact test: image 1, P=1.00; 2, P=0.48;

3, P=1.00; 4, P=1.00; 5, P=0.75; 6, P=0.70; 7, P=1.00; 8, P=1.00; 9,

P=0.49; 10, P=1.00). As can be seen in Figure 2, dynamics of face

recognition (the form and slopes of the fitted face recognition

curves) were rather similar in both MDD and TD individuals.

Both groups made substantial progress in face recognition from

image 1 to 2 (χ2(1) = 6.01, P=0.014), 4 to 5 (χ2(1) = 4.06, P=0.044),

and from image 5 to 6 (χ2(1) = 5.49, P=0.019).

On all additional tests administered to participants, per-

formance level of MDD patients did not significantly differ

from TD individuals (DS task: MDD, 9.90±3.26; TD, 11.70± 2.74;

t(38) = 1.538, n.s.; EA task: MDD, 8.75± 2.81; TD, 10.40± 2.72;

t(38) = 1.533, n.s.; PC task: MDD, 9.15± 2.87; TD, 10.05± 2.69;

t(38) = 0.493, n.s.; two-tailed tests). Therefore,MDD patients were

comparable with healthy controls in respect of these cognitive

abilities.

As seen in Figure 3, in MDD, significant correlations were

found between performance on the Face-n-Food task (face

response rate) and scores on the PC task (Pearson product–

moment correlation, r(18) = 0.535, P=0.015), whereas in TD

individuals the face tuning was linked to the scores on the EA

test (r(18) = 0.563, P=0.01). [Of note, the link between the face

tuning and PC task had been confirmed in our ongoing study

with another sample of MDD patients]. By contrast, in TD, no

link was found between the face response rate and scores on the

PC task (r(18) = 0.175, n.s.), and in MDD, no association occurred

between the face response rate and EA task (r(18) = 0.346, n.s.). In

both groups, no correlations occurred between the face tuning

and scores on the DS test (MDD: r(18) =−0.085; TD: r(18) = 0.068,

n.s.), which indicated that the face tuning examined by the

Face-n-Food task and working memory/attentional load were

not intrinsically connected with each other.

Gender/Sex Impact

The sex ratio of MDD individuals in the first part of the study

was 1.86 (13 females to 7 males) that reflects differences usually

reported in this clinical population (Kessler and Bromet 2013). As

in young females, advantage in the face tuning had been previ-

ously reported on the Face-n-Food task (Pavlova et al. 2015a) and

females are considered more proficient “at seeing faces where

there are none” (Proverbio and Galli 2016),we examinedwhether

female MDD patients possessed higher sensitivity to faces and,

in this way, could camouflage possible deficits of the whole

patients’ group. Keeping in mind that the sample of females

was almost twice as large as the male sample (comparison

between such unequal samples may lead to paradoxical statis-

tical outcomes), we additionally recruited 6 male patients and 6

matched controls (see Methods) and compared face responsive-

ness between 13 female/13maleMDD and 13 female/13male TD

individuals.

Female MDD patients gave the first face response on aver-

age on 4.69± 2.36 image, whereas male patients on 4.42±1.98

image. The gender difference in face recognition thresholds

was not significant (t(23) = 0.697, P=0.754, two-tailed, n.s.). As

indicated by the multiple stepwise nominal logistic regression

analysis performed on the face response rate for each Face-

n-Food image (Fig. 4), neither the effect of gender (females vs.

males; χ
2(1) = 0.008, P=0.929, n.s.) nor the effect of group (TD

vs. MDD; χ
2(1) = 0.071, P=0.789, n.s.) on face responsiveness

was significant. The interaction of these factors was also not

significant (χ2(1) = 0.389, P=0.943, n.s.).

Discussion

By applying a novel tool, a recently developed Face-n-Food task

(Pavlova et al. 2015a; Pavlova et al. 2016a; Pavlova et al. 2016b;

Pavlova et al. 2017b; Pavlova et al. 2018a; Pavlova et al. 2018b;

Rolf et al. 2020), we assessed the face sensitivity in patients with

MDD. The key advantage of Face-n-Food images is that their sin-

gle components do not promote face processing, and, therefore,

for seeing a face one has to establish connections between non-

face elements. The outcome indicates that 1) MDD individuals

do not express lower face sensitivity: they are responsive to

the Face-n-Food images and expose face recognition dynam-

ics similar to TD individuals (Fig. 2); 2) neither in MDD nor in

TD individuals do gender differences occur in the face tuning

(Fig. 4); and 3) in MDD, the face tuning (face response rate) is

linked to perceptual organization, whereas in TD, it is firmly

associated with social cognitive abilities (Fig. 3). Therefore, the

face tuning in MDD and TD individuals appears to rely upon

different strategies and underwriting them brain networks.

Face Tuning in MDD and Other Neuropsychiatric
Conditions

Previous work that implemented the Face-n-Food paradigm in

Williams syndrome (Pavlova et al. 2016a), autistic spectrum

disorders (Pavlova et al. 2017b), Down syndrome (Pavlova et al.

2018a), and patientswith schizophrenia (Rolf et al. 2020) revealed

substantial deficits in the face tuning in all these patient popula-

tions (for comparative analysis, see Rolf et al. 2020). In light of the

present data, it appears arresting that performance level of MDD

patients is comparable with TD controls in terms of 1) face tun-

ing thresholds and 2) overall face recognition dynamics (Figs 2

and 4). Previous research on face-like non-face images indi-

cates that for seeing a face where none exists, forming binding

between even a couple of elements resembling eyes and mouth

(a coarse face schema) is already sufficient (Omer et al. 2019).

One possible explanation for intact face tuning in MDD is that

this patient population may be particularly responsive to faces

(as well as to other social cues) before the disease onset. Among

other factors, this high sensitivity can contribute to disease

progression. This assumption appears plausible, if one keeps in

mind that individuals with high sensitivity to social signals and

low psychological defense are more likely to become depressive.

In the course of disease, high social tuning may decrease to (or

even drop below) the level of non-affected individuals in general

population. Yet, this assumption requires experimental proof

that is challenging to deliver, since screening programs (if exist)

do not usually involve rigorous psychophysical examination of

social cognitive abilities.

The present study indicates that MDD individuals possess

intact sensitivity to faces in non-face images. This outcome

agrees with some previous studies showing that MDD patients

are unhindered or less severely impaired on social cognition

tasks: their deficits are more subtle than in other neuropsychi-

atric disorders (Wang et al. 2008; Bazin et al. 2009; Weightman

et al. 2014). MDD patients are reported to be unimpaired on

facial matching task (Matthews et al. 2008). Although somework

reveals altered facial affect recognition (Surguladze et al. 2004;

Bourke et al. 2010; Csukly et al. 2011), other groups do not
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Figure 3. Relationship between the face response rate on the Face-n-Food task and scores on the digit span (DS), event arrangement (EA), and picture completion (PC)

tests in MDD patients (left panel, triangles) and TD individuals (right panel, diamonds). In MDD, face response rate is positively linked with the scores on the PC test

(violet; Pearson product–moment correlation, r(18) = 0.535, P=0.015), whereas in TD, face response rate is associated with the scores on the EA test (green; r(18) = 0.563,

P=0.01). Correlation matrices on the top summarize these results.

support these findings. Patients with MDD do not show sub-

stantial deficits in processing of facial affect (Bediou et al. 2005;

Joormann and Gotlib 2006; Gollan et al. 2010; Seidel et al. 2010),

rating the valence of the masked facial expressions (Suslow

et al. 2010) and in the theory of mind (ToM) comics test (Bazin

et al. 2009). Moreover, it is suggested that MDD individuals are

competent in perceiving and understanding of counterparts,

but implement maladaptive strategies in dealing with social

agents/signals and in overcoming challenging situations indi-

cated by these signals. Therefore, even if facial emotion percep-

tion in MDD is described to be biased, this is more likely to be

a result of deeply-rooted maladaptive cognitive concepts and

strategies rather than poor sensitivity to social signals (Csukly

et al. 2011). In other words, MDD patients can see what others

see and feel, but they do not know or, better to say, do not have

capacities for coping with this knowledge (Weightman et al.

2014). [Of note, social skills training that targets these maladap-

tive strategies may serve as an essential part of therapeutic

interventions in MDD (Thase 2012).]

In a nutshell, this assumption dovetails well with the

outcome of brain imaging. Hyperactivity of the ventral par-

alimbic regions and hypoactivity of the frontal regions (the

limbic–cortical model of MDD) and abnormalities of the

prefrontal cortex in communicationwith striatal and subcortical

structures (the cortico-striatal model) point to deficient

regulatory functions of the brain in depression (Mayberg 1997;

Hamilton et al. 2012; Grahamet al. 2013).MDD is accompanied by

pivotal functional and structural abnormalities in several brain

regions incorporating primarily the frontal cortex and cortico-

limbic system [including the hippocampus, medial prefrontal

cortex (mPFC), dorsolateral prefrontal cortex (dlPFC), anterior

cingulate cortex (ACC), posterior cingulate cortex/precuneus

(PCC/PCu), amygdala, and caudate nucleus] (Rigucci et al. 2010;

Hamilton et al. 2012; Graham et al. 2013). Most important,

MDD individuals differ in terms of 1) abnormal functional

connectivity between regions comprising the default mode

network (DMN), which is active during mind-wandering and

thinking about self and others, ACC–thalamus, ACC–insula, and
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Figure 4. Percentage of face responses for each Face-n-Food image in female patients with MDD and controls (violet and green squares, respectively; left) and male

MDD patients and controls (violet and green triangles, respectively; right). The image number reflects its face resemblance (1, the least resembling, through 10, the

most resembling a face). Vertical bars represent 95% CI.

prefrontal–limbic–thalamic interplay; 2) structural covariance

between prefrontal regions; and 3) anatomical connectivity

in the inferior longitudinal fasciculus, inferior fronto-occipital

fasciculus, posterior thalamic radiation, and corpus callosum

(Rive et al. 2013; Gong and He 2015).

During facial affect processing in MDD, functional magnetic

resonance imaging (fMRI) indicates alterations in brain con-

nectivity in the neural circuits covering the ACC, amygdala,

dlPFC, and orbitofrontal cortex (Stuhrmann et al. 2011) rather

than dysfunction in the face-specific neural networks. These

regions are known to be engaged in the reward system, emo-

tion regulation, and decision making, aberrations of which are

believed to be the core of this mental condition and may be

considered as neurobiologicalmarkers ofMDD (Hahn et al. 2011).

On the other hand, EEG findings suggest atypical early stages of

visual face processing (Yin et al. 2019). The multiplicity of ties

between social cognition and functioning in depression most

likely results from aberrations in different aspects of neural

functions that range from the molecular up to neural circuits

(Chaudhury et al. 2015).

The lack of differences in the face responsiveness between

MDD patients and TD controls might be accounted for, at least

partly, by SSRI/SNRI psychopharmacological treatment adminis-

tered to some of patients at the time of examination. SSRI/SNRI

medication is known to affect cognitive functions (e.g., to

improve working memory) and perception and evaluation of

affective faces and scenes (by decreasing sensitivity to fearful

and other aversive images, while increasing a tendency to

focus on positive images) in depression and healthy individuals

(Castellano et al. 2020; Roberts et al. 2020; Zhang et al. 2020).

Yet, whereas SSRIs reduce the amygdala response to fear and

threat (for review, see Harmer and Cowen 2013), the opposite

paradoxical effects are also reported: SSRI administration

elevates resting-state perfusion in the right amygdala, increases

bilateral amygdala activation to both positive andnegative faces,

and raises activation to fearful faces in the occipitoparietal,

temporal, and prefrontal cortices (Di Simplicio et al. 2014). It is

unclear, however, whether SSRI/SNRI affect the sensitivity to

faces and other social signals at large. In the present study, no

difference betweenMDD patients receiving SSRI/SNRI and those

who were not under this pharmacological treatment was found

not only for the face tuning (both face recognition thresholds

and face response rate), but also for all additionally administered

cognitive tests. Even more conclusive, no difference in face

tuning (and other cognitive abilities) occurred between MDD

patients without SSRI/SNRI treatment and TD controls person-

by-person matched to them. Therefore, a possible influence

of SSRI/SNRI medication on the present findings appears

negligible.

Face Tuning and Other Cognitive Abilities

The outcome shows that although MDD and TD individuals do

not differ in terms of the face sensitivity to non-face stimuli,

face tuning in these populations differently relates to the EA test

tapping visual social cognition and the PC test examining visual

perceptual organization. Whereas in patients, face response

rate is positively associated with the scores on the PC test, in

healthy controls, the face tuning is related to the scores on

the EA test. This suggests that although MDD and TD individ-

uals do not differ in the face tuning demonstrating a rather

similar performance level, this outcome may be achieved by

recruiting diverse neural circuits. Indeed, previous brain imaging

data of our lab, in particular, magnetoencephalographic (MEG)

work revealing dynamics of brain activation, highlights group-

specific (as well as sex-dependent) modes in the time course

and topography of the neural circuitry underpinning visual pro-

cessing of bodymotion (Pavlova et al. 2015b) andmaking percep-

tual decisions about social interaction when watching Heider-

and-Simmel animations (Pavlova et al. 2010). These differences

in brain activation occur even in the absence of behavioral

differences. Overall, in patient populations, alterations of the

brain response may prevent behavioral differences if they are

maladaptive and in such a way foster an adaptive behavioral

response. The differences in the brain response may be difficult

to detect since at the level of brain topography, they may be

rather subtle. Exploring the time course of brain activity helps in

understanding atypical brain communication dynamics across
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the neural networks making up the social brain (Pavlova 2017a,

2017b).

Face Pareidolia and Underpinning Brain Networks

Face pareidolia signifies tuning to a coarse facial schema in non-

face images such as ink blots or clouds: a face schema is per-

ceived even where no true face information exists (Evritt 2013).

Recent findings suggest the existence of innate mechanisms

for the face sensitivity and a kind of face predisposition (Di

Giorgio et al. 2016; Reid et al. 2017). Infants and older children

visually prefer face-like images, including Arcimboldo portraits,

over similar configurations that do not contain facial schema or

are inverted in the image plane (Kobayashi et al. 2012; Kato and

Mugitani 2015; Shah et al. 2015; Guillon et al. 2016). Other species

such as the rhesusmonkey share face-detectionmachinerywith

humans (Nguyen et al. 2014; Taubert et al. 2017).

Clarification of the nature of face tuning in MDD speaks to

specially tailored brain imaging work. Yet, even in TD individu-

als, the topography and communication of the brain networks

underlying face tuning are largely unknown. In a nutshell, the

findings demonstrate that 1) topography and time course of the

neural circuits underpinning processing of real faces and face-

like images are similar; pivotal activation includes the occipital

cortices, fusiform face area (FFA), and inferior temporal brain

regions (Liu et al. 2014; Proverbio and Galli 2016); and 2) corre-

sponding brain activation is predominantly right-hemispheric.

The right superior temporal sulcus (STS), a pivot of the social

brain, segregates real faces from face-like configurations

(Hadjikhani et al. 2009). Whole-brain fMRI analysis indicates

that in a sample of predominately female TD adults, perception

of faces and face-like images elicits similar activation in the

occipital cortices, FFA, and inferior temporal areas (Akdeniz

et al. 2018). EEG suggests that already 1- to 4-day-old newborns

exhibit activation in the right-lateralized network engaging

lateral occipito-temporal and medial parietal areas overlapping

with the face-processing circuits in adults: the cortical network

for processing of face-like images is likely to be active

already at birth (Buiatti et al. 2019). The right hemispheric

dominance is also found in processing of Arcimboldo-like

images, which yield greater fMRI response in the occipito-

temporal network (comprising the FFA) specialized for face

processing, bilateral superior and inferior parietal cortices,

and the right inferior frontal gyrus than Renaissance portraits

and faces do (Boccia et al. 2015). In the left hemisphere,

the amplitude of the face-sensitive N170 ERP component

is larger for real faces, while in the right hemisphere the

N170 component is comparable in response to Arcimboldo

portraits and faces (Caharel et al. 2013). When contrasted with

the same paintings inverted in the image plane, Arcimboldo

portraits produce fMRI activation in the right FFA and posterior

STS (Rossion et al. 2011). Individuals with premanifest Hunting-

ton’s disease show a dramatic decrease in the N170 component

of ERP elicited by the face-like images, and this decline is

associated with the number of recognition errors, severity of

apathy, and global cognitive abilities (Martínez-Horta et al. 2020).

Gender Specificity in MDD, Social Cognition, and Face
Tuning

MDD is believed to have a skewed sex ratio: approximately

twice as many females as males experience depression (Neitzke

2016; Salk et al. 2017), though depression in males can be

overlooked and underestimated. Recent analyses indicate that

(among other factors such as stress responsiveness) conformity

to traditional masculine gender social norms and stereotypes

may discourage men’s help-seeking and affect the mode

males experience and express depression (Seidler et al. 2016).

Gender/sex differences in MDD have a multifactorial etiology

[gender(sociocultural)/sex(neurobiological) factors continuously

interact with each other across the lifespan], and determinants

of gender differences are still far from being well understood

(Piccinelli and Wilkinson 2000). The female preponderance in

depression emerges by ages 13–15 years or even earlier (Salk

et al. 2017) reflecting the impact of gonadal steroid changes at

puberty (Parker and Brotchie 2010), and it remains constant

till elderly (Salk et al. 2017). In the course of MDD, females

tend to develop atypical MDD and coexisting anxiety disorders

more often, whereas males are more likely to present comorbid

addiction problems and are more prone to commit suicide

(Schuch et al. 2014).

The question arises: how do gender differences in MDD

affect social cognition? Only few experimental studies address

this issue, and they are primarily related to processing of

emotional information. When MDD individuals are asked to

rate their tendencies to avoid or approach persons on the basis

of information from their faces solely, women show greater

avoidance than men (Seidel et al. 2010). Independently of

disease severity, female patients exhibit a negative cognitive

bias, whereas males demonstrate this bias only in the case of

major depression (Wu et al. 2016). Healthy males show greater

fMRI activation than females in the right superior frontal gyrus

(SFG) after presentation of sad faces and in the right dorsomedial

thalamus after presentation of neutral faces, whereas remitted

MDD males display less activation in these regions than MDD

females (Jenkins et al. 2018).

In the present study, we did not find any gender differences

in the face tuning. Bothmen and womenwith and without MDD

exhibited rather high sensitivity to a rough face schema in the

Face-n-Food images. At first glance, this outcome contradicts

previous findings. Indeed, female superiority has been observed

by administering the Face-n-Food task in a homogeneous group

of university students (Pavlova et al. 2015a). In females only, face

resemblance in such images is positively associated with face

likability (Pavlova et al. 2016b). Even subtle cultural impact can

modulate gender differences: while young females from Ger-

many and French-speaking part of Switzerland do not exhibit

differences in the face tuning, Swiss males demonstrate higher

face responsiveness than their German peers (Pavlova et al.

2018b). Although the female brain is reported to bemore respon-

sive to face-like images (like clocks or backpacks) with a greater

activation in such areas of the social brain as the right STS and

Brodmann area 22, sex differences are absent at earlier stages of

face processing (Hadjikhani et al. 2009). The coarse face schema

appears to be sex-independently hardwired in the brain. Overall,

in MDD, gender/sex differences in social cognition are driven by

higher-level modes of information processing, and their impact

appears either negligible or secondary at earlier stages of face

processing. This might serve as a possible explanation for the

lack of gender differences in our study. Further work is required

to explore sex differences in face tuning in health and disease at

all levels of face processing. It appears challenging to detect sex

differences in face processing up to their roots in the brain and

untangle these roots affecting social behavior in MDD.

In summary, aberrant social functioning in depression is

likely to be a result of deeply-rooted maladaptive cognitive
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concepts and behavioral strategies rather than poor sensitivity

to social signals such as faces. This outcome has implications

for the mental health and social functioning under the current

pandemic condition.

Supplementary Material

Supplementary material can be found at Cerebral Cortex online.
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Reading bodies and faces is essential for efficient social interactions, though it may be thought-provoking for individuals with
depression. Yet aberrations in the face sensitivity and underwriting neural circuits are not well understood, in particular, in male
depression. Here, we use cutting-edge analyses of time course and dynamic topography of gamma oscillatory neuromagnetic cortical
activity during administration of a taskwith Arcimboldo-like images.No difference in face tuningwas found between individuals with
depression and their neurotypical peers. Furthermore, this behavioral outcome nicely dovetails with magnetoencephalographic data:
at early processing stages, the gamma oscillatory response to images resembling a face was rather similar in patients and controls.
These bursts originated primarily from the right medioventral occipital cortex and lateral occipital cortex. At later processing stages,
however, its topography altered remarkably in depressionwith profound engagement of the frontal circuits. Yet the primary difference
in depressive individuals as comparedwith their neurotypical peers occurred over the leftmiddle temporal cortices, a part of the social
brain, engaged in feature integration and meaning retrieval. The outcome suggests compensatory recruitment of neural resources in
male depression.

Key words: male depression; social cognition; non-face Arcimboldo-like images; magnetoencephalography (MEG); gamma oscillatory
cortical activity.

Introduction

Major depressive disorder (MDD) emerged as menace to
affected individuals and public health (Barnett 2019).
Already in 2008, MDD had been estimated to become
the leading cause of disease burden in 2030 (Mathers
et al. 2008). According to the Global Burden of Disease
Study, the prevalence of MDD in 2017 reached 163million
people (James et al. 2018). MDD is not only a problem
of modern lifestyle or poverty, but deeply rooted among
different social groups with high years lost due to dis-
ability (YLD) numbers across low-, middle-, and high-
income countries (James et al. 2018; Malhi and Mann
2018). The latest coronavirus disease of 2019 (COVID-19)
pandemic, multimorbidity, and late-life depression sug-
gest heterogeneity in clinical presentation and manage-
ment of MDD patients (Read et al. 2017; Alexopoulos
2019; Qiu et al. 2020). Despite a variety of treatment con-
cepts for MDD, remission rates are low, recurrence rates
remain high, and insights in underlying mechanisms are
limited (Hyman 2014; Mora et al. 2018; Jha and Trivedi
2019).

<Being female= is listed among robust risk fac-
tors of MDD (Hammen 2018). Indeed, the prevalence
rates of MDD differ between males and females, with
females being about twice as often affected (Salk et al.
2017). Apart from a proposed biological susceptibility

(i.e. hormonal causes and genetic background) and
unequally distributed psychosocial factors (e.g. educa-
tional and socioeconomic status, and decisional control),
cognitive factors contribute to female preponderance:
rumination (a form of perseverative cognition that
focuses on negative content) and co-rumination (revis-
iting problems and speculating about problems with
focusing on negative feelings), neuroticism, and deficits
in positive affectivity are considered to drive femaleMDD
(Kuehner 2017).

Other factors impact male depression. Young boys fre-
quently experience depression as a result of underlying
neuropsychiatric disorder. This is often referred to as the
early onset subtype of depressive symptoms (Douglas
and Scott 2014). In the life course, male depression
becomes an underdiagnosed and often untreated clinical
entity (Seidler et al. 2016). MDD accounts for the highest
suicide rate among all mental disorders (Bachmann
2018), and men are at particularly high risk. Characteris-
tics of adult male depression are: (i) the distinct clinical
phenotype with higher rates of externalizing symptoms
(among which are substance misuse, irritability, anger,
and risk-taking); (ii) the low rates of clinically diagnosed
male depression along with pronounced high risk for
suicide; (iii) social stigma, self-stigma, and traditional
masculine gender norms, which run contrary to the
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need for professional help; and (iv) the need for new
system-oriented treatment strategies (empowerment
and self-management; Oliffe et al. 2019). This calls not
only for tailored treatment concepts, but also for societal
rethinking of male depression at large. For instance,
the male <breadwinner= model is wide-spread in many
countries withmore traditional masculine gender norms
and stereotypes, thatmay discouragemen9s help-seeking
and affect the mode males experience and express
depression (Seidler et al. 2016).

How affected individuals cope with demands of
society, in particular, how effective they are in inferring
drives, emotions, and desires of other people, becomes
a key node in understanding male depression. Yet the
relationship between MDD and social cognitive abilities
is sparely explored. The most essential pillars of social
cognition are body and face reading (de Gelder et al. 2010;
Kret and de Gelder 2012; Pavlova 2012, 2017a, 2017b;
Pelphrey et al. 2014; Di Giorgio et al. 2016, 2017; Pavlova
et al. 2017a; Sokolov et al. 2018, 2020; Pavlova and Sokolov
2022a, 2022b). Social cognition deficits in MDD may be
subtler than in other conditions (Wang et al. 2008; Bazin
et al. 2009; Weightman et al. 2014).Most research focuses
on processing of emotional information such as facial
affect (Gollan et al. 2010; Seidel et al. 2010; Anderson et al.
2011; Csukly et al. 2011; Weightman et al. 2014), whereas
the sensitivity to faces per se is under-investigated.
Earlier, by applying a novel tool for examination of face
tuning, a Face-n-Food task, we demonstrated intact face
sensitivity in MDD (Kubon et al. 2021). On this task, a set
of images containing food ingredients (such as fruits and
vegetables, Fig. 1; Pavlova et al. 2015, 2016a, 2016b, 2017b,
2018a, 2018b, 2021; Rolf et al. 2020; Kubon et al. 2021)
is presented. Similar to the portraits of a genius Italian
painter Giuseppe Arcimboldo, the face-like non-face food
compositions resemble faces. The main benefit of these
images is that their single components do not trigger face
processing. Despite the lack of difference in face tuning
between MDD and typically developing (TD) individuals,
the face sensitivity in MDD is linked in a different way
to other social and cognitive abilities: Whereas face
sensitivity in neurotypical individuals is associated with
social cognitive abilities, in MDD, it is intimately tied
with perceptual organization abilities. This suggests
that altered neural circuits may be recruited by MDD
individuals to reach a comparable behavioral outcome.

Visual processing of Face-n-Food images may be sup-
ported by gamma oscillatory activity that underlies per-
ception of Gestalt. In addition to information process-
ing in time domain and synchronization of neuronal
activity, gamma oscillations (above 30 Hz; Buzsáki and
Wang 2012) are linked to various perceptual and cog-
nitive abilities such as working memory and selective
attention (Sokolov et al. 1999, 2004; Fries et al. 2001;
Tallon-Baudry 2009; Uhlhaas et al. 2011; Başar 2013;
Herrmann et al. 2016; Kaiser et al. 2017; Miller et al.
2018; Stauch et al. 2021). Gamma oscillations underlie
also processing of social signals such as faces, face-like

images, body motion, and even social-like interaction
between simple geometric shapes (Rodriguez et al. 1999;
Pavlova et al. 2004, 2010; Dobel et al. 2011; Moratti et al.
2014; Müsch et al. 2017; Kajal et al. 2020; Yin et al. 2020;
Grove et al. 2021). Modulation of oscillatory activity in
the gamma band during face processing is reported to
be associated with anxiety (Schneider et al. 2018). Recent
work illuminates the relevance of gamma oscillations in
depression: Patients show altered gamma activity during
cognitive, emotional, and attention tasks, and these alter-
ations may be considered a potential biomarker of MDD
(Fitzgerald and Watson 2018).

The present work was aimed at clarification of the
issue of whether neural networks underwriting face sen-
sitivity are altered in MDD. To this end, we used mag-
netoencephalography (MEG), a non-invasive brain imag-
ing technique providing for high temporal resolution,
which is of great advantage for uncovering of undergoing
brain activity and comparison of patients with healthy
individuals (Pavlova 2017a, 2017b). We analyzed gamma
oscillatory activity during visual processing of Face-n-
Food images with upright display orientation and with
display inversion that severely impedes face impression,
in particular, in males (Pavlova et al 2020) (Fig. 1). For
better understanding social cognition in male MDD, we
set a focus on this patient population.

Method
Participants

Twenty-five male patients with MDD were enrolled
in MEG recording. Due to excessive artifacts in MEG
traces, 3 of them were excluded from data process-
ing, so that 22 patients aged 37.5± 8.8 years (mean,
standard deviation; age range from 22 to 50) entered
final analysis. TD male individuals matched person-by-
person for socioeconomic and educational status were
recruited from the local community. They were aged
36.8±8.6 years (age range from 22 to 49). No difference
in age occurred between MDD patients and controls
(t(42) = 0.277, P=0.783, 2-tailed, n.s.). The sample size was
determined by demands of statistical data processing,
and was calculated a priori taking into account possible
dropouts. Psychotic form of MDD or hypomanic/manic
phases aswell as a history of neurological disorders (such
as epilepsy) served as exclusion criteria. All patients were
in a post-acute phase. Most patients (20) were diagnosed
to be recurrently depressive (ICD-10; F33): 9 patients
with F33.1 (moderate form); and 11 patients with F33.2
(severe form without psychotic symptoms). Two patients
had a diagnosis of MDD single episode (ICD-10; F32):
1 patient with F32.1 (moderate form); and 1 patient
with F32.2 (severe form without psychotic symptoms).
The majority of patients reported consumption of drugs
in the past (cannabinoids [9 patients], amphetamines
[5], cocaine [3], heroine [1]) and other psychotropic
substances (angel trumpet and nutmeg [1], alcohol [16],
and/or nicotine [10]). Among comorbid disorders were
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Fig. 1. <Portrait of the man made of fruit= (leftmost), <The Gardener= (middle), and <The Cook= (right; https://commons.wikimedia.org/wiki/Giuseppe_
Arcimboldo; public domain) by Giuseppe Arcimboldo. Rightmost: One of the Face-n-Food images (from Pavlova et al. 2015, the Creative Commons
Attribution [CC BY] license). The top row represents the images inverted 180ç in the image plane.

mainly personality disorders [mixed personality disorder
(F61), narcissistic personality disorder (F60.8), anxious
personality disorder (F60.6), borderline personality disor-
der (F60.31), emotionally unstable personality disorder
(F60.3), anankastic personality disorder (F60.5) with
narcissistic and emotionally unstable features (F61)],
phobias [social phobia (F40.1), paruresis (F40.2), and
emetophobia (F40.2)], and game addictions [video game
addiction (F63.8), pathological gambling (F63.0)]. Patients
were recruited from the Department of Psychiatry
and Psychotherapy, University Hospital, Eberhard Karls
University of Tübingen. As a part of treatment regimen,
all patients received antidepressants (e.g. SSRI/SNRI,
tricyclic antidepressants, and mirtazapine) and/or
antipsychotics and/or sedatives.

Participants had either normal or corrected by MEG-
conform refractive compensation vision. The study was
conducted in accord with the Declaration of Helsinki
and was approved by the local Ethics Committee of
the University of Tübingen Medical School, Tübingen,
Germany. All participants gave informed written
consent.

Experimental design and procedure

The Face-n-Food images (Pavlova et al. 2015, 2016a,
2016b, 2017b, 2018a, 2018b, 2021; Rolf et al. 2020; Kubon
et al. 2021) to a different degree resembling a face were
used. The stimuli were presented either with canonical
upright orientation or inverted (rotated 180ç in the

image plane; Fig. 1). During each MEG recording session,
participants were administered a set of 192 stimuli (12
images × 2 types [original/mirror image]× 2 display
orientations [upright/inverted]× 4 repetitions). No more
than 4 images with the same orientation appeared
consecutively; this way, a possible adaptation of the
visual system to display orientation was prevented. On
each trial in a 2-AFC (2-alternative forced-choice) task,
participants had to indicate whether they had seen a
face. They were instructed that there were no correct or
incorrect responses on the task and they had to rely
upon their own visual impression solely. Participants
were asked to respond (to press respective keys for face
impression and non-face impression, accordingly) only
after stimulus offset to avoid a possible influence of
motor responses on the recorded MEG traces. If par-
ticipants failed to respond, the next trial automatically
started after an inter-stimulus interval randomly varying
between 3,000 to 5,000 ms. The stimuli were presented
in a pseudo-randomized order with a stimulus duration
of 1,200 ms. Each stimulus subtended a visual angle of
10.2ç (with an image size on the screen 12.5×12.5 cm at
an observation distance of 70 cm). Prior to each image,
a small fixation cross was presented in the center of the
screen for 2,000 ms. The images were presented via a
PROPixx 1,440 Hz DLP LED Projector (VPixx Technologies
Inc., Saint-Bruno, QC, Canada). The visual task was
built with Presentation software scripts (Version 20.3,
Neurobehavioral Systems, Inc., Albany, CA, United
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States). For each participant, the recording session lasted
for >12317 min.

MEG recording and analysis
MEG measurement

Recording was conducted with a whole-head MEG sys-
tem containing 275 axial magnetic gradiometers (VSM
MedTech Inc., Coquitlam, BC, Canada). This system is
operated in an electromagnetically shielded chamber
(Vacuum Schmelze GmbH & Co. KG, Hanau, Germany) at
the MEG Center, University Hospital of Tübingen. Signals
were recorded at a rate of 1,171.88 Hz with a 293-Hz
antialiasing low-pass filter. During the whole measure-
ment, head movement in relation to the magnetic field
sensors was registered with 3 localization coils placed
at the nasion, and left and right periauricular points.
Participants were instructed to blink only between trials,
if necessary. MEG data analysis was performed with in-
house MATLAB scripts (MATLAB 2020a; The MathWorks
Inc., Natick, MA, United States) and the Fieldtrip toolbox
(Version fieldtrip-20201229; Oostenveld et al. 2011).

Data preprocessing

Individual continuously recorded MEG data were seg-
mented into 192 trials and high-pass filtered at 1 Hz.
In order to exclude filter artifacts at the beginning and
end of the segments, they were defined generously 1.5 s
before and 1.5 s after stimulus onset with full coverage
of the 1.2 s stimulus presentation time. For each trial,
the interval between 500 and 300ms pre-stimulus during
which the fixation cross was presented served as base-
line to which the subsequent activation was compared.
Data were inspected visually and trials with large vari-
ance across channels (>2× 10225 T2/Hz) were removed.
In 13 datasets, artifact-contaminated channels charac-
terized by large variance across trials, were discarded
(no more than 12 per subject). Channels removed during
visual rejection were interpolated for sensor-level analy-
ses. Afterwards, data were downsampled to 250 Hz. For
further artifact detection, independent component anal-
ysis (ICA) was performed by administering the infomax
ICA algorithm (Bell and Sejnowski 1995; Amari et al.
1997). After decomposing the data into 272 components,
topography and waveform of all components were plot-
ted. The first 80 components were manually inspected
for ocular (eye blinks and eye movements), muscular,
and cardiac artifacts. Artifact-containing components
and trials were discarded and a cleaned MEG signal was
computed.After data preprocessing, the dataset included
in total 3,904 trials of 22 patients and 3,840 trials of 22
matched control participants with no difference between
the groups (Mann3Whitney test, U=196.5, P=0.285, 2-
tailed, n.s.).

Categorization of data and time-frequency
analysis

The preprocessed and cleaned trials for each participant
were classified by Display Orientation (upright/inverted)

and Participants9 Response (face/non-face). For reach-
ing a maximal contrast between face and non-face
impression, we compared trials with upright stimulus
presentation, for which participants indicated face
impression (face responses), and trials with inverted
presentation, for which participants indicated a lack
of face impression (non-face responses). For time-
frequency analysis (time-frequency representation, TFR),
such contrast was calculated for each participant. Due
to the unequal number of trials for face responses
with upright orientation and non-face responses with
display inversion, the condition (face responses/non-
face responses) with the least number of trials (Nmin)
was determined and compared with randomly selected
Nmin trials of the other condition. Therefore, across
participants and conditions, 38.77± 15.11 trials in MDD
and 41.59± 12.68 trials in TD (with no group differ-
ence t(42) = 0.670; P=0.506, 2-tailed, n.s.) entered time-
frequency analysis. Individual TFRs for each condition
(face/non-face) were computed in a frequency range
from 2 to 98 Hz by administering Hanning tapers with a
fixed time window of 500 ms, 2-Hz frequency resolution,
and 50-ms sliding windows starting from 1.25 s pre-
stimulus to 1.25 s post-stimulus onset (Percival and
Walden 1993; Mitra and Pesaran 1999). Finally, the grand
average of TFR data was obtained separately for controls
and MDD patients.

Statistical inference

Statistical analysis of TFR data was performed by
means of cluster-based nonparametric permutation
tests. These clusters contained spatio-temporo-spectral,
i.e. 3-dimensional data. We chose 2-tailed cluster-based
test statistics with a cluster-alpha of 0.05 and a required
minimum cluster size of 2 neighboring channels. This
method has proven sufficient to correct for family-wise
error (FWE) rates for multiple comparisons (Maris and
Oostenveld 2007). The channel-time-frequency triplets
with a t-value exceeding a threshold (as determined by
the cluster-alpha) were then clustered based on their
spatial, spectral, and temporal adjacency. Subsequently,
the maximum sum of t-values was used to construct
the permutation-based random distribution. The sig-
nificance level was calculated with the Monte Carlo
method based on a set of 1,000 permutations. Statistical
testing was performed on relative power changes with
respect to baseline (5003300 ms pre-stimulus). Cluster
search was limited to the time window of stimulus
presentation (031.2 s) to infer the effects of condition
(face/no face) and group (patients/controls). To obtain
a finer frequency resolution, statistical analyses were
performed independently for individual frequencies in
the gamma range of 30345 Hz in steps of 5 Hz.

Source reconstruction

Source localization based on time windows and fre-
quency ranges of the significant clusters was performed
using a beamformer approach implemented in Fieldtrip.
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To obtain cross-spectral density data, TFR analysis was
performed using discrete prolate spheroidal sequence
(DPSS) tapers. The spectrum was calculated for the
mean of the significant clusters9 frequency range with
a time window of 500 ms sliding forward in steps of
50 ms from 1.25 s pre- to 1.25 s post-stimulus. For
further source reconstruction, a canonicalMNI (Montreal
Neurological Institute) template specified in a coordinate
system defined by the fiducials nasion, left and right
periauricular points was segmented. A single shell
volume conduction model was derived from the brain
scan (Nolte 2003). As a 3-dimensional source model, a
regularly spaced grid was established with 1-cm spacing.
Source analysis was based on the dynamical imaging
of coherent sources (DICS) approach (Gross et al. 2001).
Common spatial filters for both conditions were derived
from the cross-spectral density (CSD) matrix of the TFR
data and leadfield matrix. Applying the spatial common
filters resulted in TFRs for each condition and grid
point, reflecting the time course of the spectral source
strength.

Picture completion test

Similar to our previous study in MDD (Kubon et al. 2021),
a picture completion (PC) task was administered to both
MDD and TD participants outside of MEG dewar. The task
is a part of the Wechsler-Intelligenztest für Erwachsene
(WIE), a well-established neuropsychological assessment
battery, Wechsler Adult Intelligence Scale (WAIS-III),
adapted to the German population (von Aster et al.
2006). On this task, near-to-complete pictures (with a
missing piece) are presented to participants one by
one. The test assesses the participant9s capabilities for
visual perceptual organization, which are required for
identification of a missing part within the presented
object or scene.

Beck Depression Inventory-II

The Beck Depression Inventory-II (BDI-II) was applied
for quantification of MDD severity. Investigating stan-
dard depressive features (e.g. low mood, loss of self-
confidence, sleeplessness, and appetite changes), it is a
wide-spread, reliable, and valid diagnostic tool in clinical
practice (Hautzinger et al. 2009; Wang and Gorenstein
2013). As the study was conducted during the COVID-19
pandemic, which potentially had an influence onmental
well-being, the BDI-II was also administered to TD par-
ticipants. The BDI score was 26.09± 10.01 in the group
of MDD patients and 2.73± 2.60 (Mdn, 1.50; 95% confi-
dence interval, CI, 1.5733.88) among TD individuals. The
group difference was highly significant (Mann3Whitney
test, U=2.5, P< 0.001, 2-tailed). None of TD participants
reached clinically significant BDI scores (BDIf 9 for all
TD controls).

Thewhole examination (instructions, paperwork,MEG
preparation and recording, PC and BDI-II testing) lasted
>903110 min for each participant.

Normality of data distributions

By applying Shapiro3Wilk test, all data sets were rou-
tinely checked for normality of distribution. For normally
distributed data, we further used parametric statistics,
including analyses of variance, ANOVA. In addition to
means and SDs, Mdns and 95% CIs are reported for non-
normally distributed data with subsequent use of non-
parametric statistical tests. Statistical testing of patient
characteristics and behavioral data was performed with
SPSS (Version 26, IBM, Armonk, NY, United States) and
JMP (Version 16, SAS Institute, Cary, NC, United States)
packages.

Results
Behavioral data analysis

Individual data on face response rates were submitted to
a 2-way mixed-model ANOVA with a within-subject fac-
tor DisplayOrientation (upright/inverted) and a between-
subject factor Group (MDD/TD). The main effect of Dis-
play Orientationwas significant (F(1,42) = 50.78, P<0.001,
effect size, eta-squared, η

2 =0.547) with higher face
response rates for upright presentation, whereas neither
the main effect of Group (F(1,42) = 1.75, P=0.193, n.s.),
nor an interaction between these factors (F(1,42) = 0.07,
P=0.789, n.s.) were significant. Post-hoc analysis (by
using 2-tailed Tukey honestly significant differences
(HSD) tests corrected for multiplicity) indicated that
(i) no significant differences in face responses occurred
between the MDD and TD groups for both upright (MDD:
0.686±0.150; TD: 0.636±0.129; t(42) = 1.13, P=0.676, n.s.)
and inverted display orientation (MDD: 0.453±0.264; TD:
0.420±0.205; t(42) = 0.74, P=0.879, n.s.); and (ii) display
inversion substantially impeded face recognition in MDD
(t(21) = 5.23, P< 0.001, effect size, Cohen9s d=1.59) as well
as in TD individuals (t(21) = 4.85, P<0.001, effect size,
d=1.57).

In MDD patients, there was no correlation between
severity of depressive symptoms asmeasured by the BDI-
II and face response rates either with upright or inverted
display presentation (Pearson product3moment corre-
lation, r(20) =20.006, P=0.977 for upright, r(20) = 0.040,
P=0.859 for inverted orientation, 2-tailed). Furthermore,
therewas a significant correlation between face response
rate with upright orientation and scores on the PC task
(r(20) = 0.423, P=0.05). In contrast, no significant correla-
tion between these 2 variables occurred in TD controls
(Spearman rank correlation, rho, ρ(20) = 0.125, P=0.580,
n.s.). This is in accord with our earlier study in MDD
(Kubon et al. 2021) conducted with a different task using
Face-n-Food images and a separate patient group.

MEG analysis
Increases in gamma oscillations relative to baseline

In controls, significant stimulus-specific (i.e. present for
face impressions, but absent for non-face impressions)
increases in early (from 0 to 250 ms after stimulus
onset,P=0.024, corrected throughout) gammaoscillatory
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Fig. 2. Source reconstruction and cluster visualization for face responses versus baseline. Gamma oscillatory activity during early processing (03300 ms)
originated from the right MVOC and LOC in the frequency range of 30335 Hz in TD (left panel) and 35340 Hz in MDD individuals (right panel). Source
plots represent positive peaks relative to baseline in yellow, negative in blue. Channels constituting the significant clusters are highlighted in green in
steps of 100 ms (bottom).

activity occurred in the frequency range of 30335 Hz. For
non-face responses, no increases were observed during
thewhole stimulus duration. Source localization analysis
indicated that these increases originated from the brain
areas heavily involved in visual face processing with the
maximum in the medioventral occipital cortex (MVOC)
and lateral occipital cortex (LOC, Fig. 2) of the right
hemisphere.

Such stimulus-specific activity was absent in patients:
No significant clusters of increased oscillatory activity
were found in this frequency range for both face and
non-face responses. Instead, in patients, significant
stimulus-specific differences in early activity were found
in the higher frequency range of 35340 Hz during
the first 300 ms from the stimulus onset (P=0.019).
Notably, source localization analysis indicated that
topographically, this cluster appeared to be of similar
origin as the cluster in controls found at a lower
frequency (30335 Hz; Fig. 2). For the range of 30335 Hz, in
MDD patients, no significant peaks of activity were found
for face responses at later processing stages. Significant
increases were also absent for non-face responses over
the whole stimulus duration.

In the frequency range of 35340 Hz, in controls,
clusters of increased oscillatory activity were found

during the whole stimulus presentation (1,200 ms;
P=0.004). However, early oscillatory activity peaked
also for non-face responses (03300 ms; P=0.035), and,
therefore, these early increases were not stimulus-
specific. Late stimulus-specific activity (70031,000 ms)
for face responses originated from the superior frontal
gyrus (SFG) and inferior frontal gyrus (IFG) of the left
hemisphere.

Face versus non-face contrast

In controls, within-group analysis pointed to several sig-
nificant clusters of gamma oscillations in response to
face impressions as comparedwith non-face impressions
in late activity only (30335 Hz: 0.731.2 s, P=0.01; 35340 Hz:
0.5531.2 s, P=0.01; 40345 Hz: 0.731.2 s, P=0.047). The
source localization analysis revealed increases in gamma
oscillations in the left postcentral gyrus at frequencies
30335 Hz, right precentral gyrus at 35340 Hz, and right
inferior parietal lobule at 40345 Hz (Fig. 3).

In MDD patients, significant clusters were also found
in late oscillatory gamma activity at 30335 Hz (0.731.2 s
from stimulus onset, P=0.028) and 35340 Hz (0.931.2 s,
P=0.027). The source localization analysis conducted in
these time windows pointed to the left middle frontal
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Fig. 3. Contrast of gamma oscillatory activity between face versus non-face responses. Curves represent the time course of relative power differences
(baseline corrected) plotted for face (violet) and non-face (green) conditions over the stimulus duration with stimulus onset at 0 s. Gray shaded boxes
indicate time windows of significant clusters of increased gamma oscillations. In controls, source plots show positive power differences between
conditions in the left postcentral gyrus at frequencies 30335 Hz (bottom and left), right precentral gyrus at 35340 Hz (middle and left), and right inferior
parietal lobule at 40345 Hz (top and left). In patients, these differences originated from the left middle frontal gyrus at frequencies 30335 Hz (bottom
and right), and the right middle frontal gyrus at 35340 Hz (middle and right). Positive differences are indicated by yellow, negative by blue color.

gyrus at a frequency range of 30335 Hz and the right
middle frontal gyrus at 35340 Hz.

Notably, significant clusters of oscillatory gamma
activity at frequencies 30335 Hz in the late response
(0.731.2 s) were of different topography in controls
and patients (Fig. 3): while peaks in controls occurred
primarily over the left postcentral gyrus, in patients they
were localized more anterior, over the left middle frontal
gyrus.

Between-group contrast

When contrasting oscillatory activity for face responses
between controls and patients, we found one significant
cluster at early latencies (03300 ms, P=0.023) in the
frequency range of 35340 Hz with a maximum activation
in the left middle temporal gyrus, and one cluster at later
latencies (6003900ms, P=0.026) in the frequency range of
40345 Hz with rather comparable topography (Fig. 4).

Discussion

This work was aimed at investigation of brain
mechanisms underlying the face sensitivity in male

depression. With this purpose in mind, the recently
developed Face-n-Food paradigm (Pavlova et al. 2015,
2016a, 2016b, 2017b, 2018a, 2018b, 2021; Rolf et al. 2020;
Kubon et al. 2021) had been used during recording of
neuromagnetic cortical activity. The outcome indicates:
(i) At early stages of face processing, in both MDD
and neurotypical individuals, stimulus-specific clusters
of increased oscillatory gamma activity of similar
topography originate primarily from the right MVOC and
LOC. These boosts occur in the frequency range of 303
35 Hz in controls, whereas at slightly higher frequencies
of 35340 Hz in MDD patients. (ii) At later processing
stages, clusters of increased oscillatory gamma response
to face-like images are of different topography in MDD
patients and TD controls. And, (iii) Gamma oscillations
(35345 Hz) in response to non-face Arcimboldo-like
images are stronger in controls as compared with MDD
patients over the left temporal cortices during the first
300 ms from the stimulus onset and from 600 to 900 ms,
with a maximum in the left middle temporal gyrus, a
part of the social brain, engaged in feature integration
andmeaning retrieval. In general, this outcome dovetails
well with our earlier behavioral data (obtained in the
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Fig. 4. Source reconstruction of contrast in gamma oscillatory activity for face responses between controls and patients. For both early (03300 ms,
35340 Hz, left) and late latencies (6003900 ms, 40345 Hz, right), group differences arose in the left middle temporal gyrus. Positive differences are
indicated by yellow, negative by blue colors.

other sample of MDD patients) demonstrating intact
face tuning in MDD, but apparently distinct underlying
strategies involved (Kubon et al. 2021).

Face processing in MDD

In clinical context, pathophysiology, diagnosis, treat-
ment, and remediation of MDD are all directed towards
integration of biological, psychological, and social factors
constituting the <biopsychosocial model= of depression
(Schotte et al. 2006; Papadimitriou 2017). Yet the origins
of aberrant social functioning in MDD are still a matter
of debate. Whereas some work points to deficits and
biases in social cognitive abilities such as theory of
mind, body language reading, and recognition of facial
affect (Surguladze et al. 2004; Zobel et al. 2010; Cao et al.
2013; Loi et al. 2013; Kaletsch et al. 2014), other studies
report rather subtle or reversible deficits (Bazin et al.
2009; Gollan et al. 2010; Suslow et al. 2010). As proposed
earlier, MDD individuals may be particularly sensitive to
social signals before the disease onset: Individuals with
high sensitivity (or even with over-sensitivity) to social
signals in combination with low psychological defense
are more likely to become depressive (Kubon et al. 2021).
Strictly speaking, MDD individuals may be competent
in perceiving and understanding of others, but use
maladaptive strategies in dealing with social agents as
well as in overcoming challenging situations indicated by

these signals. MDD patients can see what others see and
feel, but they do not possess efficient enough strategies
and capacities for coping with this sensory information
(Csukly et al. 2011; Weightman et al. 2014).

In line with these assumptions, the outcome of the
present work indicates rather similar face processing
with no differences between MDD patients and TD con-
trols in face responsiveness at behavioral level as well as
in the time course and topography of gamma oscillatory
cortical activity at early processing stages. The lack of dif-
ference in face response rate between MDD patients and
TD controls agrees well with our earlier findings in an
independent MDD patient group: By using non-face face-
like Face-n-Food images in ascending order (i.e. present-
ing images from the least to most face resembling), we
found comparable face thresholds in MDD patients and
matched neurotypical individuals (Kubon et al. 2021).

Present MEG analysis shows that both MDD patients
and TD controls exhibit marked boosts of early gamma
oscillatory activity originating primarily from the right
MVOC and LOC. Yet, there was a slight difference in
the range of oscillations: whereas TD controls showed
a stimulus-specific boost in the range of 30335 Hz, in
MDD patients, peaks occurred at higher frequencies of
35340 Hz. During processing of sensory stimuli, brain
oscillations in the gamma band are thought to be
associated with increased neuronal action potential
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generation (Fries et al. 2001; Kim et al. 2016; Fitzgerald
and Watson 2018) and in such conditions as depression,
with GABA(A) receptor regulation (Buzsáki and Wang
2012). As oscillation frequency is inversely related to
time (i.e. oscillation period), higher gamma frequency
reflects more swift neuronal processing in the brain
while lower frequency, less swift processing. This leads
to the expectations that more swift neuronal processing
in MDD individuals underlies the higher face sensitivity
in this patient population, and helps to compensate for
possible deficient capacities in other domains such as
attention capacity or decision-making. However, this
consideration may be irrelevant for our findings, since
the difference between TD and MDD individuals in
oscillation range at early stages of face processing is not
substantial.

Face tuning and underlying brain networks

In accord with our previous behavioral study performed
with an independent group of MDD patients and a
different paradigm (Kubon et al. 2021), the findings
indicate that the face tuning in MDD and TD individuals
differently relates to the scores on the PC test examining
visual perceptual organization.Whereas in patients, face
response rate is positively associated with the scores
on the PC test, in healthy controls this association is
absent. Earlier data also indicate that in TD individuals,
face response rate is related to social cognitive abilities
as assessed by the event arrangement task, whereas
in MDD this link is absent (Kubon et al. 2021). These
considerations lead to an assumption that although
MDD and TD individuals do not differ in performance on
the Face-n-Food task, this outcome may be achieved by
engagement of additional neural resources or recruiting
diverse networks.

Indeed, the present findings show that although at
early processing stages, the gamma oscillatory MEG
response to non-face face-like images in MDD and TD
individuals is rather similar in terms of topography and
timing, its topography is remarkably different at later
stages. In TD controls, gamma oscillations underlying
face impressions as compared with non-face responses
peak over the left postcentral gyrus at frequencies of
30335 Hz from 0.7 to 1.2 s from the stimulus onset,
the right precentral gyrus at 35340 Hz from 0.55 to
1.2 s, and the right inferior parietal lobule at 403
45 Hz from 0.7 to 1.2 s. In MDD individuals, however,
gamma activity peaks over the left middle frontal gyrus
at frequencies of 30335 Hz (0.731.2 s from stimulus
onset), and the right middle frontal gyrus at 35340 Hz
(0.931.2 s). In general, at later processing stages, the
parietal and central cortical areas are activated in
TD individuals, whereas in MDD patients, (pre-)frontal
regions are heavily involved. Frontal cortical areas are
well-known to play a key role in MDD. Hyperactivity of
the ventral paralimbic regions as well as hypoactivity of
the frontal regions, and abnormalities of the prefrontal
cortex in communication with striatal and subcortical

structures point to deficient regulatory functions of
the brain in MDD (Mayberg 1997; Hamilton et al. 2012;
Graham et al. 2013). Affected individuals show aberrant
functional connectivity in the default mode network
(DMN),hyperactivity of the ventromedial PFC (involved in
eating and sexual behavior) and lateral orbital PFC (risk
assessment and adjustment of maladaptive affective
states), hypoactivity of the dorsolateral prefrontal cortex
(dlPFC), and over-reactivity of the salience network
including the amygdala, dorsal anterior cingulate cortex,
and insula (Ressler and Mayberg 2007; Hamilton et al.
2012; Chiriţ Úa et al. 2015). Structural and functional
alterations in MDD involve areas engaged in the reward
system, emotion regulation and decision-making, and
attentional resources and control, aberrations of which
are believed to be the core of this mental condition
and may be considered neurobiological markers of MDD
(Hahn et al. 2011). Differences in topography of the late
gamma oscillatory response to face-like stimuli seem
to reflect (at least, partly) compensatory engagement of
distinct brain networks and neuronal resources.

Differences over the left middle temporal gyrus

Clarification of the nature of face tuning in MDD
speaks to tailored brain imaging work. Yet, even in the
neurotypical population, the topography and commu-
nication of the brain networks underlying face tuning
to Arcimboldo-like images are largely unknown and the
outcome of brain imaging studies is controversial (for
recent analyses, see Rolf et al. 2020; Pavlova et al. 2021).
Functional near-infrared spectroscopy (fNIRS) conducted
in 738-month-old infants (by using the preferential
looking paradigm) indicates that in response to upright
Arcimboldo portraits compared with images of single
vegetables (as a baseline), the concentration of oxy-
hemoglobin (oxy-Hb) increases in the left (but not right)
temporal areas,whereas such effect is absent in response
to inverted Arcimboldo images in the temporal areas of
both hemispheres (Kobayashi et al. 2012).

Lesion findings in patients show that damage to
the right occipitotemporal cortices leaves recognition
of Arcimboldo paintings intact, but left-hemispheric
lesions lead to deficits in face recognition. For example,
patient GG (male, born 1942) with damage to the right
occipitotemporal cortex as a result of an ischemic
infarct in the area of the right posterior cerebral artery
(Busigny et al. 2010) as well as patient DC (male, born
1948) with damage to the right fusiform gyrus, BA 36
(Rivest et al. 2009) were both unimpaired in perceiving
Arcimboldo portraits as faces. Yet female patient DF
(47 years old) with an acquired damage (as a result of
accidental carbon monoxide poisoning at age 34) to the
left hemisphere near the top of parieto-occipital sulcus,
spontaneously recognized only 1 out of 12 Arcimboldo
portraits (Steeves et al. 2006).

Electroencephalography (EEG) indicates that ampli-
tude of the N170 component of the event-related
potential (ERP) differs between Arcimboldo portraits and
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natural faces in the left (but not right) occipitotemporal
region (Caharel et al. 2013). In principal agreement with
these findings, the present work points to the middle
temporal cortex in the left hemisphere as a key brain
area with more pronounced gamma oscillations in
response to Arcimboldo-like images in neurotypical as
compared with MDD individuals. Fluctuations of gamma
oscillations over the left middle temporal cortices appear
to reflect engagement of the social brain. The present
MEG findings nicely dovetail with our earlier report about
ties between face tuning in Arcimboldo-like images
and social cognition capabilities as measured by the
event arrangement task: This link occurs in neurotypical
individuals, but is absent in depression (Kubon et al.
2021). Furthermore, the left middle temporal gyrus is
implicated in integration of sensory information, object
and face feature integration, recognition, retrieving of
meaning, and naming as well as memory functions
including encoding and consolidation of information
(Braunsdorf et al. 2021; Liu et al. 2022).

Gender/sex impact

MDD is believed to have a skewed gender ratio: approx-
imately twice as many females as males are diag-
nosed with depression (Neitzke 2016; Salk et al. 2017),
though depression in males can be overlooked and
underestimated. It is suggested that male and female
depression may be of different origins, manifestation,
and underlying mechanisms (Albert 2015; Kuehner
2017). The present work was aimed at investigation of
gamma oscillatory neuromagnetic activity in response
to face-like non-face images in male depression. Earlier,
it was shown that no difference in the face sensitivity
as compared with neurotypical peers occurs not only
in male, but also in female MDD (Kubon et al. 2021).
It appears that although no differences in topography
of gamma oscillatory activity arise at early stages
of information processing, topography of the late
gamma response underlying face impression differs
substantially in male MDD. This points to recruitment of
different networks and neural resources with emphasis
on compensatory neurobiological mechanisms in male
depression. Clarification of whether similar mechanisms
are at work in female depression requires further brain
imaging research.

Résumé

The present study uncovers the time course and topog-
raphy of the low-gamma oscillatory MEG response (303
45 Hz) to social signals such as face-like non-face images
in male depression. No difference in the face sensitivity
was found between MDD patients and their neurotypical
peers, though as in the previous study with indepen-
dent groups of participants (Kubon et al. 2021), face
impressions were differently related to perceptual
organization: whereas in MDD individuals, face impres-
sions were positively associated with the perceptual
organization abilities, in neurotypical controls, this

association was absent. Moreover, although at early
processing stages, the gamma oscillatory MEG response
to non-face face-like images in MDD and TD individuals
is rather similar in terms of the topography and time
course, its topography is remarkably different at later
stages. This points to engagement of distinct networks
and neural resources with emphasis on compensatory
neurobiological mechanisms in depression. The primary
difference between MDD individuals and their neurotyp-
ical peers occurs over the left middle temporal cortices,
a part of the social brain, also known to underwrite
face feature integration and meaning retrieval. Further
tailored MEG work is needed to clarify whether similar
brain mechanisms are engaged in female depression.
In light of the current COVID-19 pandemic leading to
impairments in social interaction and face reading due
to mandatory face covering by medical masks (Pavlova
and Sokolov 2022a, 2022b), the present findings may be
of value for maintaining efficient social interaction in
individuals with depression.
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