
Frontiers in Psychology 01 frontiersin.org

Different activation in left 
dorsolateral prefrontal cortex and 
left orbitofrontal cortex during 
autobiographical memory tasks is 
associated with depressive 
disorder with different levels of 
resilience: a functional 
near-infrared spectroscopy study
Huifen Wu 1, Baoquan Lu 1*, Nian Xiang 2, Min Qiu 2, Hui Da 2, 
Qiang Xiao 2, Yan Zhang 2* and Hui Shi 3*
1 Hubei Engineering University, Xiaogan, Hubei, China, 2 Huazhong University of Science and 
Technology, Wuhan, Hubei, China, 3 Beijing Chaoyang Hospital, Capital Medical University, Beijing, 
China

Objective: Previous studies have found that resilience is a protective factor 
against depression, and new antidepressant methods can be developed from 
the perspective of resilience. However, it remains unclear how resilience 
protects individuals from depressive symptoms and what neural mechanisms 
underlie this “protective” effect.

Methods: We recruited 237 participants in our study according to the depression 
and anxiety clinical scale (HADS) and Connor-Davidson Resilience Scale (CD-
RISC), including 100 healthy controls (HADS≤7) and 137 depressed patients 
(HADS≥8). All participants were evaluated using 53-channel functional near-
infrared spectroscopy (fNIRS) to detect cerebral hemodynamic differences 
during autobiographical memory tasks.

Results: The results showed that (1) the activation of oxy-Hb in the left 
dorsolateral prefrontal cortex (DLPFC) was significantly higher in the positive 
emotional valence condition than in the negative emotional valence condition 
for the groups of depression-high resilience and healthy-low resilience, while 
there was no significant difference between the positive and negative emotional 
valences observed in response to for the groups of depression-low resilience and 
healthy-high resilience. (2) Oxy-Hb activation under positive emotional valence 
was significantly higher in the group with healthy-low resilience than healthy-
high resilience and depression-low resilience. (3) Under the negative emotional 
valence condition, resilience mediated the indirect effect of depression on oxy-
Hb activation in the left orbitofrontal cortex (OFC).

Conclusion: fNIRS may be  a useful tool for diagnosing and characterizing 
depression in patients with high or low resilience and improving individual 
resilience may be a new perspective for diagnosing and intervening in depression.
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1 Introduction

Major depressive disorder (MDD) affects 2–5% of the global 
population and is the number one disability worldwide, which is 
increasing (Kessler et al., 1994; Nestler et al., 2002; Berton and Nestler, 
2006; Ferrari et  al., 2013), but less than half of patients achieve 
complete remission, and many do not respond to currently available 
treatments, including antidepressants and psychotherapy (Nestler 
et al., 2002; Berton and Nestler, 2006; Ferrari et al., 2013; Nestler and 
Carlezon, 2006; Toseeb et al., 2014). One possible reason for this is 
that we have an incomplete understanding of the heterogeneity of 
depression, with wide individual differences in response to chronic or 
severe stress, which are important risk factors for depression (Han and 
Nestler, 2017). The study of resilience and its neurobiological basis is 
a relatively new area of scientific research (Southwick and Charney, 
2012). As defined by the American Psychological Association (2013), 
resilience is the process of adaptation to adversity, trauma, tragedy, 
threats, and even major sources of stress. Increasing evidence supports 
the view that the promoting mechanisms of natural resilience 
represent a bonafide alternative path for generating novel 
antidepressant treatments (Han and Nestler, 2017; Friedman et al., 
2014; Friedman et al., 2016). Therefore, resilience may be a protective 
factor against depression. Many researchers have assumed that 
resilience is not simply the result of a lack of disease processes, but also 
reflects the work of biologically based active adaptation mechanisms 
(Friedman et al., 2014; Russo et al., 2012). Block and Kremen (1996) 
argued that resilience is a continuum and that individuals with high 
resilience are characterized by their ability to engage in appropriate 
and dynamic self-regulation, whereas individuals with low resilience 
tend to rigidly engage in self-regulation under or over self-regulate. 
This dynamic and appropriate ability to self-regulate allows people 
with high-resilience traits to adapt more quickly to changing 
circumstances. Studies have also found that highly resilient individuals 
recover more quickly (Tugade and Fredrickson, 2004) and completely 
(Waugh et al., 2008a; Waugh et al., 2008b) after being threatened by 
possible negative experiences and that highly than resilient individuals 
cope better with stress and report more positive emotions than 
resilient individuals. They are also less likely to report depressive 
symptoms (Klasen et al., 2015; Ong et al., 2006). In summary, it is of 
great theoretical and practical significance to develop new treatment 
and prevention methods for depression to explore the differences in 
brain activation between healthy individuals and patients with 
depression with high and low resilience and further clarify the neural 
mechanism of resilience as a protective effect against depression.

Although the American Psychological Association (2013) has 
defined resilience, scholars have provided different definitions 
according to their research fields. Some studies have defined 
resilience as a process of dynamic adaptation to adverse and 
unpleasant experiences (Luthar et  al., 2000), but it generally 
refers to an individual’s ability to face stressful events (Yi‐Frazier 
et al., 2010). It has also been defined as a functional mode that 
indicates positive adaptation to a risky or adverse environment 
(Ong et  al., 2009). Resilience refers to resistance to stress 
(Garmezy, 1985), corresponds to successful adaptation 

(Donnellan et al., 2009), and behavioral adjustment (Leve et al., 
2009). Although there are many definitions of resilience, we can 
generally divide the study of resilience into two categories based 
on commonalities. One major line of research considers resilience 
in the context of development and argues that resilience is a 
dynamic process, an individual’s ability to adapt to adversity, 
rather than a ‘trait,’ and is distributed throughout the system of 
child development (Masten, 2014a; Masten, 2014b). According to 
this concept, resilience develops through the capabilities in the 
development of different systems. However, another group sees 
resilience as focusing on youth and adult resilience in the context 
of development, seeing it as a measurable trait and taking a 
psychopathological rather than a developmental view. According 
to this view, trait resilience is a personality trait that favors 
positive adaptation to loss and can be measured and modified 
(Connor and Davidson, 2003; Campbell-Sills et al., 2006; Waugh 
et  al., 2008a; Waugh et  al., 2008b). This study considered 
resilience from the latter perspective and used a self-report 
questionnaire (Connor-Davidson Resilience Scale, CD-RISC) to 
measure individual trait resilience.

The PFC participates in trait resilience, especially in the 
interaction between the orbitofrontal cortex (OFC) and dorsolateral 
prefrontal cortex (DLPFC) in trait resilience, which is a 
neurophysiological mechanism of trait resilience (Salehinejad et al., 
2017). The OFC is involved in trait resilience through emotional 
flexibility (Waugh et al., 2008a; Waugh et al., 2008b; Lieberman et al., 
2007; Phillips et al., 2008). The OFC is extensively involved in affective 
and cognitive integration (Rolls, 1999) and, more specifically, in the 
expectation of negative outcomes (O'Doherty et al., 2001). This is 
especially true when the outcome is more negative than the alternative 
(Waugh et al., 2008a; Waugh et al., 2008b). The OFC activity increases 
when aversive or threatening stimuli are expected. However, 
individuals with high resilience show reduced OFC activity in this 
situation compared to individuals with low resilience because they 
have greater emotional flexibility (Waugh et al., 2008a; Waugh et al., 
2008b). Reynaud et al. (2013) also reported functional activation in 
the right amygdala and left orbitofrontal cortex (LOFC) in firefighters 
who scored high in trait tolerance (a structure associated with 
resilience). It is associated with cognitive flexibility, reassessment, and 
impulse control (Steinbeis et  al., 2012). These skills are known to 
contribute to mental health and are impaired in major depression. 
Skills, such as restructuring and cognitive flexibility, have been 
identified as part of resilience (Iacoviello and Charney, 2014). The left 
DLPFC volume was significantly higher in the healthy high-risk group 
than in the other groups. The DLPFC is associated with cognitive and 
emotional processes, and high volumes of the DLPFC in this region 
can contribute to adaptive coping in high-risk individuals to maintain 
their mental health. Therefore, this increased volume may constitute 
the neural basis for resilience to major depression in high-risk 
individuals (Brosch et al., 2022). Sanchez-Lopez et al. (2020) used 
transcranial direct current stimulation (tDCS) of the left DLPFC to 
improve individual attention and emotional regulation processes 
(improved re-appraisal and reduced rumination) and promote 
improved mental resilience. In conclusion, these studies suggest that 
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the LOFC and left DLFPC may be involved in the neurophysiological 
mechanisms of resilience.

fNIRS, a relatively new and promising neuroimaging method, 
is a psychophysiologically useful and objective indicator of cognitive 
function in clinical settings, which has a higher temporal resolution 
(0.1 s) than functional magnetic resonance imaging (fMRI) and 
higher spatial resolution (2–3 cm) than electroencephalograms 
(EEGs), and can be  used relatively quickly to measure brain 
function dynamics while being insensitive to noise and head 
movements (Lai et al., 2017), and able to overcome interference of 
cognitive neuro-techniques (e.g., MRI) due to task-generated noise 
(Pinti et al., 2020). Many fNIRS studies have found that patients 
with depression, as opposed to controls, are associated with a 
reduced rise in oxy-Hb levels in the PFC during cognitive tasks 
(Zhang et  al., 2015; Ho et  al., 2020). Ho et  al. (2020) further 
proposed that a distinct and consistent characteristic pattern of 
blood oxygenation changes in the prefrontal cortex in response to 
different cognitive tasks between patients with depression and 
healthy controls using fNIRS could be used as a tool to assist in 
depression diagnosis, predict patients’ clinical symptoms, monitor 
treatment response and disease progression, and predict the disease. 
Recent studies have used functional near-infrared spectroscopy 
(fNIRS) combined with autobiographical memory tasks (AMTs) to 
explore differences in PFC activation between healthy individuals 
and patients with depression (subtypes and severities of depression) 
from the perspective of emotion and cognition and found that 
differences in oxy-Hb activation under different emotional states 
can be used to distinguish healthy individuals from patients with 
depression and various subtypes and severities of depression 
(Zhang et al., 2022; Zheng et al., 2023; Wu et al., 2024; Zhang et al., 
2025). For example, Wu et  al. (2024) found that hemodynamic 
hyperactivation of negative emotional valence in the left DLPFC 
during AMT may be due to neurophysiological differences between 
anxious and non-anxious patients with depression. Zhang et al. 
(2025) found that the left OFC mediated the process from insomnia 
to depression, while the left DLPFC directly moderated the impact 
of insomnia on depression and the influence of the left OFC on 
depression. The authors further proposed that interventions in the 
left OFC and DLPFC in the insomnia population potentially 
alleviate depressive symptoms during AMT. Further, Zheng et al. 
suggested that depressed individuals with suicidal ideation have 
deficits in executive function in the right dlPFC, while depressed 
adults without suicidal ideation may have a mechanism of resource 
compensatory recruitment in the left dlPFC, and the dlPFC 
abnormality involved in the pathophysiology may localize within 
the left hemisphere during AMT (Zheng et al., 2023). These studies 
further illustrate that when using fNIRS as a tool to diagnose 
depression, AMT is an effective and feasible task. Therefore, this 
study used fNIRS and AMT to explore differences in brain 
activation between healthy individuals and patients with depression 
with high and low levels of resilience and further clarify the neural 
mechanism of elasticity as a protective effect against depression to 
provide a new perspective for the diagnosis and intervention 
of depression.

Previous studies suggest that the LOFC and left DLFPC may 
be  involved in the neurophysiological mechanisms of resilience 
(Salehinejad et al., 2017; Waugh et al., 2008a; Waugh et al., 2008b; 
Lieberman et  al., 2007; Phillips et  al., 2008; Brosch et  al., 2022; 

Sanchez-Lopez et al., 2020). Many fNIRS studies have confirmed that 
patients with depression have insufficient activation in the left DLPFC 
and the LOFC (Shajahan et al., 2002; Zhong et al., 2011; Mannie et al., 
2011; Ong et  al., 2021) and that the degree of activation in these 
regions are negatively correlated with the level of depression in 
depressed patients (Shajahan et al., 2002; Speer et al., 2009; Zhong 
et al., 2011). As can be seen from the above discussion, resilience and 
depression share the same physiological mechanisms, which provides 
a neurophysiological basis for finding methods of intervention and 
treatment for depression from the perspective of resilience. This study 
takes the left DLPFC and LOFC as regions of interest and compares 
differences in brain activation among healthy-high resilience, 
healthy-low resilience, depression-high resilience, and depression-low 
resilience to reveal how resilience might protect individuals from 
depressive symptoms and what neural mechanisms could underlie 
this “protective” effect.

Furthermore, although many studies found a significant negative 
correlation between depressive symptoms and oxy-Hb 
concentrations in the left DLPFC and LOFC using fNIRS (Shajahan 
et al., 2002; Zhong et al., 2011; Mannie et al., 2011; Speer et al., 2009; 
Ong et  al., 2021), other studies have observed no significant 
correlations (Tsujii et  al., 2014) or even a significant positive 
association (Liu et al., 2014) between depression scores and oxy-Hb 
concentrations. Some researchers believe that resilience is a 
protective factor against depression and that individuals with high 
resilience are not prone to depression. Therefore, new measures of 
depression can be  developed from the perspective of resilience 
(Southwick and Charney, 2012). This study also used the left DLPFC 
and LOFC as regions of interest and explored whether resilience 
plays a mediating role in the influence of the degree of depression on 
hemodynamic activation, increasing our understanding of how 
resilience exerts a protective effect on depression, improving the 
accuracy and reliability of fNIRS in diagnosing depression, and 
developing new approaches for the intervention and treatment 
of depression.

2 Materials and methods

2.1 Participants

This study included 237 participants: 100 healthy controls and 137 
patients with depression. Participants were recruited from the 
Psychiatry Department of Huazhong University of Science and 
Technology in Wuhan, China, from September 2019 to October 2022. 
The patients with depression in this study were young college students 
aged 18–20 years who were right-handed and were diagnosed with 
DSM-5 by three senior psychiatrists. Considering that the patients 
with depression in our study were young, we  recruited healthy 
controls from Huazhong University of Science and Technology to 
better match their age, sex, and education. Before fNIRS monitoring, 
all participants were assessed using the Mini International 
Neuropsychiatric Interview (Chinese version) by senior psychiatric 
clinicians according to DSM-5 standards and the Hospital Anxiety 
and Depression Scale (HADS), which satisfied the criteria 
for depression.

We selected healthy controls (100) and patients with depression 
(137) who scored above or below 27% on the Connor-Davidson 
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Resilience Scale (CD-RISC) in healthy controls and depressed 
patients. Participants with the same critical-point scores in the high- 
and low-resilience groups were excluded. Ultimately, 128 participants 
were selected: 27 healthy-high resilience, 27 healthy-low resilience, 37 
depression-high resilience and 37depression-low resilience. Finally, 46 
healthy controls and 54 patients with depression were excluded. The 
four groups were matched for sex, age, and years of education 
(Table 1).

Exclusion criteria were as follows: left-handedness, history of 
other mental illnesses, history of brain trauma or other organic brain 
diseases, substance-related or addictive disorders, history of significant 
physical illness, pregnancy and lactation, received electrical shock 
therapy within the last 6 months, and inability to complete cognitive 
tasks. All participants were native Chinese speakers. This study was 
approved by the Ethics Committee of the Huazhong University of 
Science and Technology.

2.2 Psychological assessment

2.2.1 HADS
The HADS is a 14-item self-report measure with seven items that 

form a depression subscale and seven items that measure anxiety 
(Zigmond and Snaith, 1983). Each item is rated on a four-point scale 
ranging from 0 to 3, with 3 indicating a higher frequency of symptoms. 
The total score for each subscale ranges from 0 to 21, categorized as 
normal depression/anxiety (0–7), suspected depression/anxiety 
(8–10), or diagnosed depression/anxiety (11–21). The participants 
read and answered questions in the presence of an interviewer. The 
results of the depression “D” scale were examined. For the inclusion 
of depressed patients, scores ≥8 on the depression rating scale 
were selected.

The HADS is a unidimensional scale designed as a brief self-
report measure of the severity of depressive or anxious states (Snaith, 
1992) and has been widely used to assess the symptom severity of 
anxiety disorders and depression among different populations 
(Bjelland et al., 2002; White et al., 1999). The reliability and validity 
of the scale have been verified in various languages (including 
Chinese) (Whelan-Goodinson et  al., 2009; Herrero et  al., 2003). 
Many fNIRS studies on depression have used the HAD scale to 
distinguish patients with different severities and subtypes of 
depression, detect differences in brain blood oxygen activation, and 
search for biomarkers and effective intervention methods to provide 
a basis for efficient diagnosis and treatment of depression (Zhang 
et al., 2022; Wu et al., 2022; Zheng et al., 2023).

2.2.2 Connor-Davidson resilience scale 
(CD-RISC)

The CD-RISC in Chinese people consists of 25 items, each of 
which is rated on a five-point scale, ranging from 1 to 5 (Yu and 
Zhang, 2007). This scale measures positive psychological qualities that 
are conducive to the adaptation of individuals to adversity (Connor 
and Davidson, 2003). The higher the score, the higher the level of 
thought resilience. We selected participants with scores above and 
below 27% of the CD-RISC scores of healthy controls and depressed 
patients as participants, and those with the same critical-point scores 
of the high- and low-resilience groups were excluded.

2.3 Activation task (AMT)

The two pictures (positive and negative) used in this study were 
derived from the Chinese Affective Picture System (CAPS), a localized 
affective picture system in China that has been proven to have high 
internal consistency and test–retest reliability in valence, arousal, and 
dominance (Bai et al., 2005). During the AMT, the experimental task 
stimuli were presented to the participants using PowerPoint and the order 
of presentation of the two emotional pictures was randomized. 
Participants and the experimenter were not allowed to communicate 
during the AMT.

The total duration of the AMT was approximately 210 s and 
contained the following three stages. Stage 1: 30s of pre-task rest. 
Participants continued counting from 1 to the end of Stage 1 for a total 
time of 30 s. Stage 2: 150 s AMT task. The participants recalled positive or 
negative events as much and as quickly as possible and were 
simultaneously asked to orally describe the recalled events (including 
time, situations, places, and people) as specifically and in detail as possible 
for 60 s according to the emotional pictures, closing their eyes for a 30-s 
rest between positive and negative events. Stage 3: 30s post-task rest. 
Participants continued to count from 1 to the end of the experiment for a 
total time of 30s. The task design is illustrated in Figure 1 (Wu et al., 2024).

It is worth mentioning that we did not measure the response time 
or number of positive and negative episode judgments. However, 
we assessed the accuracy of the participants’ recollections. Based on 
the content of the participants’ oral recollections, we excluded those 
who did not recall as required. As our study aimed to use fNIRS to 
investigate hemodynamic activation in the left DLPFC and LOFC of 
groups with healthy-low resilience, healthy-high resilience, 
depression-low resilience and depression-high resilience, we recorded 
the participants’ brain activation during AMT triggered by different 
emotional valence stimuli.

TABLE 1  Demographic characteristics and clinical scale assessments of healthy controls and depression with different levels of resilience.

Healthy-high 
resilience

Healthy-low 
resilience

Depression-high 
resilience

Depression-low 
resilience

F/x2 p

Age 18.700 ± 0.724 18.590 ± 0.844 18.500 ± 0.609 18.840 ± 0.638 1.189 0.189a

Education (years) 12.704 ± 0.724 12.592 ± 0.844 12.778 ± 0.637 13.158 ± 0.547 1.354 0.260a

Gender (female/

male)
5/22 7/20 9/25 10/27 0.023 0.511b

HAD-D 2.780 ± 1.695 5.580 ± 1.099 11.500 ± 2.223 11.660 ± 2.374 134.550 p < 0.001a

CD-RISC 112.590 ± 3.630 79.520 ± 5.937 94.330 ± 12.788 57.790 ± 7.516 230.584 p < 0.001a

Values are expressed as mean ± SD [range]. The p-values are derived from the χ2 test or one-way ANOVA. ‘a’ represents one-way ANOVA; ‘b’ represents the χ2 test.
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2.4 Near-infrared spectroscopic imaging 
measurement

A 53 channel fNIRS device (BS-7000, Wuhan Znion Technology 
Co., Ltd., China) was used to measure changes in the three types of 
relative concentrations of oxy-Hb, deoxy-Hb, and total-Hb using near-
infrared light of a specific wavelength. The instrument contains 16 pairs 
of emission and detector probes. The wavelengths of the emitted light 
were 760 and 850 nm and the frequency was 15.625 Hz. The distance 
between each emitter and detector was 2.9–3.1 cm. The area between 
the emitter and detector probes consisted of a channel. The probes were 
placed on the forehead of the scalp. The optode arrangement is shown 
in Figure 2 (Wu et al., 2022; Wu et al., 2024) and is based on the 10/20 
electrode placement method commonly used in electroencephalograms 
(Okamoto et al., 2004).

Sixteen pairs of optodes and 53 channels. The numbers represent 
the emitter probes and the letters represent the detector probes.

2.5 Regions of interest

The left prefrontal area, where there was a change in the oxy-Hb 
waveform during AMT, was of particular interest. Therefore, the 

regions of interest (ROIs) were set in the following regions: the left 
dorsolateral prefrontal cortex (DLPFC) (6th, 9th, 11th, 13th, 14th, 
15th, 16th, 17th, 18th, 19th, 20th, and 25th channels) and left 
orbitofrontal cortex (LOFC) (21st and 23th channels) (Figure 2).

2.6 Statistical analysis

A one-way analysis of variance (ANOVA) was performed for the 
groups with healthy-low resilience, healthy-high resilience, 
depression-low resilience and depression-high resilience according 
to age and years of education. Gender frequency between groups was 
compared with a χ2 test. We performed a 2 (groups: healthy controls/
depression) × 2 (resilience levels: high/low) × 2 (emotional valence: 
positive/negative) repeated-measures ANOVA and a simple effect 
analysis or simple effect analysis for oxy-Hb activation in ROIs. A 
post-hoc pairwise comparison analysis was conducted and the 
statistical significance was set at p < 0.05. We used the Bonferroni 
correction to address multiple comparisons with adjusted p-values 
for post hoc tests to compare two or three specific groups. SPSS 20.0 
was used for all statistical analyses. Furthermore, we  used SPSS 
INDIRECT MACRO version 3.4 (Preacher and Hayes, 2008), a 
multiple regression procedure, to test for the mediation effects of 

FIGURE 1

Experiment procedure.

FIGURE 2

Optode arrangement.
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resilience level (mediation assessment by Model 4 in the process) on 
depression severity and oxy-Hb changes in specific brain regions. 
Subsequently, we  used the bootstrapping method to test the 
significance of the indirect effect using 5,000 bootstrap samples and 
95% confidence intervals (CIs) (Shrout and Bolger, 2002). CIs that 
did not include zero were considered statistically significant.

fNIRS data were analyzed using Homer2 software (Huppert et al., 
2009), and the processing procedure and related parameters were those 
referenced in Brigadoi et al. (2014). We deleted channels in the data that 
were oversaturated with light intensity. The relative coefficient of variation 
(CV; %) was used to identify poor channels (Piper et  al., 2014). 
Participants whose measured channels had CVchan of >15% were 
excluded. Although participants with CVchan of <15% were retained, bad 
channels were counted as empty values in the statistical analysis.

For each participant, the original light intensity data were 
converted into relative changes in optical density (OD). Motion 
artifacts in the OD data were then identified and corrected by 
moving the standard deviation and cubic spline interpolation 
(Scholkmann et al., 2010). Physiological signals were removed from 
the data using a low-pass filter with a cut-off of 0.2 Hz. 
Low-frequency drift was removed by a high-pass filter with a cut-off 
frequency of 0.01 Hz (Arun et al., 2020). After filtering, the OD data 
were converted into oxy-Hb and deoxy-Hb concentration data 
following the Beer–Lambert law.

Regarding fNIRS data, we focused on oxy-Hb changes because 
oxy-Hb has a superior signal-to-noise ratio and can reflect task-
related cortical activation more directly than deoxy-Hb (Huppert 
et al., 2006; Strangman et al., 2002). Thus, we calculated the mean 
activation changes in oxy-Hb in the 53 channels by determining the 
difference in the mean oxy-Hb values between the task and 
pre-task periods.

3 Results

3.1 Demographic characteristics of the 
participants and clinical scale assessment

There were no significant baseline differences in education, age 
and gender among the groups with healthy-low resilience, healthy-
high resilience, depression-low resilience and depression-high 
resilience (p > 0.05) (Table 1).

The four groups had comparable HADS scores for depression 
(p < 0.001) and RRS scores for resilience (p < 0.001). Compared to the 
groups with healthy-high resilience and depression-high resilience, 
the groups with healthy-low resilience (p < 0.001) and depression-low 
resilience (p < 0.001) showed lower CD-RISC resilience scores. 
Compared to the groups with healthy-high resilience and healthy-low 
resilience, the groups with depression-high resilience (p < 0.001) and 
depression-low resilience (p < 0.001) showed higher HADS depression 
scores (Table 1).

3.2 Comparison of hemodynamic response 
during the AM task between the groups

We performed a 2 (groups: healthy controls/depression) × 2 
(resilience levels: high/low) × 3 (emotional valence: positive/negative) 

repeated-measures ANOVA for oxy-Hb activation in the left 
DLPFC. There was a significant main effect of emotional valence (ch6, 
ch9, ch11, ch13-20; p < 0.05), while there was no significant main 
effect of the groups (p > 0.05) or resilience level (p > 0.05). There was 
no significant interaction effect of groups × emotional valence 
(p > 0.05), while there were significant interaction effects of the 
emotional valence × resilience level (ch9; p < 0.05), groups × resilience 
level (ch19; p < 0.05), and groups × resilience level × emotional 
valence (ch15; p < 0.05). In view of the above, three channels (9, 15, 
and 19) with interactions were all located in the left DLPFC. When the 
three-way interaction was significant, the higher-way interaction was 
analyzed first (Wickens and Keppel, 2004), and there was no need to 
explain the significant two-way interaction and the main effect 
separately (Jaccard and Turrisi, 2003). Therefore, the simple effects 
analysis only analyzed ch15.

Simple effect analysis showed that the activation of oxy-Hb in 
the left DLPFC was significantly higher in positive emotional valence 
than in negative emotional valence for the groups with depression-
high resilience (Bonferroni-corrected p < 0.05/4) and healthy-low 
resilience (Bonferroni-corrected p < 0.05/4), whereas there were no 
significant differences between the two emotional valences for the 
groups with depression-low resilience (p > 0.05) and healthy-high 
resilience (p > 0.05) (Figure 3). Oxy-Hb activation in the positive 
emotional valence for the group with healthy-low resilience was 
significantly higher than with healthy-high resilience (Bonferroni-
corrected p < 0.05/4) (Figure  4), while oxy-Hb activation in the 
positive emotional valence for the group with depression-low 
resilience was not significantly different from that of depression-
high resilience (p > 0.05). Oxy-Hb activation in the positive 
emotional valence for the group with healthy-low resilience was 
significantly higher than depression-low resilience (Bonferroni-
corrected p < 0.05/4) (Figure  5), while there were no significant 
differences between the groups with healthy-high resilience and 
depression-high resilience (p > 0.05). However, there were no 
significant oxy-Hb activation differences among the groups with 
healthy-low resilience, healthy-high resilience, depression-low 
resilience and depression-high resilience in negative emotional 
valence (p > 0.05).

We performed a 2 (groups: healthy controls/depression) × 2 
(resilience levels: high/low) × 2 (emotional valence: positive/negative) 
repeated-measures ANOVA for oxy-Hb activation in the LOFC. There 
were no significant main effects of emotional valence (p > 0.05), 
groups (p > 0.05) and resilience level (p > 0.05). There was also no 
significant interaction effect of groups × emotional valence (p > 0.05), 
emotional valence × resilience level (p > 0.05), groups × resilience 
level (p > 0.05), or groups × resilience level × emotional valence.

3.3 Moderated mediation models

Indirect effect analysis showed that resilience mediated the effects 
of depression severity on oxy-Hb changes in the LOFC during AMT 
with negative emotional valence. However, the direct effect analysis 
showed that depression severity had no effect on the changes in 
oxy-Hb in the LOFC during AMT on negative emotional valence 
(Table 2). In other words, the effect of depression on the oxy-Hb 
changes in the LOFC was completely mediated by the resilience level 
(Hayes, 2009) (Figure 6).
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4 Discussion

For the first time, this study used fNIRS to investigate differences 
in oxy-Hb activation among the groups with healthy-low resilience, 
healthy-high resilience, depression-low resilience and depression-high 

resilience, and further explored the mediating role of resilience levels 
in the degree of depression in oxy-Hb activation, to reveal how 
resilience might protect individuals from depressive symptoms and 
what neural mechanisms could underlie this “protective” effect. The 
results showed the following: (1) The oxy-Hb activation of the left 

FIGURE 3

Histogram of the distribution of the average oxy-Hb activation in the left DLPFC in Ch15 under positive and negative emotional valence among the 
groups with healthy-low resilience, healthy-high resilience, depression-low resilience and depression-high resilience. *p < 0.05, **p < 0.001.

FIGURE 4

(A) Average activation of oxy-Hb in the left DLPFC with positive emotional valence between the groups with healthy-high resilience and healthy-low 
resilience during AMT. (B) Histogram of the distribution of average oxy-Hb activation in Ch15 under positive emotional valence between healthy 
control with high resilience and low resilience. *p < 0.05.
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DLPFC for the groups with depression-high resilience and healthy-low 
resilience was significantly higher under the positive emotional 
valence condition than under the negative emotional valence 
condition, while the oxy-Hb activation in the left DLPFC was not 
significantly different between the two emotional valence conditions 
for the groups with depression-low resilience and healthy-high 
resilience. (2) Under the condition of positive emotional valence, 
oxy-Hb activation in the left DLPFC the groups with healthy-low 
resilience was significantly higher than healthy-high resilience and 
depression-low resilience. (3) Under the negative emotional valence 
condition, the resilience level mediated the indirect effect of the degree 
of depression on the activation of oxy-Hb in the LOFC. This result 
reveals the neurophysiological basis of brain activation between 
patients with depression and healthy individuals with different levels 
of resilience, and the different mechanisms of resilience under 
different emotional valence conditions under the influence of the 
degree of depression on brain activation. This study provides a new 
perspective on interventions and treatments for depression. At the 

same time, it further improves the accuracy and precision of fNIRS in 
detecting depression.

4.1 Comparison of the hemodynamic 
difference in the left DLPFC in response to 
positive and negative valence

In this study, it was found that the oxy-Hb activation of left 
DLPFC in the depression-high resilience group was significantly 
higher in the positive emotional valence condition than in the 
negative emotional valence condition, while there was no significant 
difference in the oxy-Hb activation of left DLPFC in the 
depression-low resilience group under positive and negative 
emotional valence conditions. AM  is the long-term memory of 
personal experiences and is a core part of the self-memory system 
(Conway and Pleydell-Pearce, 2000). Explicit long-term memory bias 
in patients with depression is a manifestation of cognitive bias 

FIGURE 5

(A) Average oxy-Hb activation of the left DLPFC under positive emotional valence between the groups with depression-low resilience and healthy-low 
resilience during AMT. (B) Histogram of the distribution of average oxy-Hb activation in Ch15 under positive emotional valence between healthy 
control with low resilience and depression with low resilience. *p < 0.05.

TABLE 2  Bootstrapping results of the mediation model examine the effects of resilience level on the relationship between the severity of depression 
and the change in oxy-hemoglobin LOFC (N = 237).

B SE * **

LLCI ULCI

Total effect of severity of depression on change in oxy-hemoglobin in the LOFC (c) −0.0047 0.0253 −0.0546 0.0451

Direct effect of the severity of depression on the change in oxy-hemoglobin in the LOFC (c’) 0.0379 0.0311 −0.0234 0.0992

Indirect effect(s) of depression severity on oxy-hemoglobin change in the LOFC (d) −0.1065 0.0400 −0.1928 −0.0344

B, unstandardized coefficients; SE, standard error. *LLCI: lower limit within the 95% confidence interval of the indirect boot effect. **ULCI: upper limit within the 95% confidence interval of 
the boot indirect effect. LOFC, left orbitofrontal cortex.
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(Everaert et  al., 2012). Meanwhile, patients have a recall bias for 
negative information (Mathews and MacLeod, 2005), and this bias 
effect is stronger when recalling negative information related to the 
self (Wisco, 2009). In contrast, patients with depression do not have a 
positive memory bias for positive events, similar to healthy people 
(Harmer et al., 2009). Furthermore, fNIRS research has revealed that 
anxious depression is a more severe subtype than non-anxious 
depression (Wu et al., 2022; Wu et al., 2024). Wu et al. (2024) used 
AMT and fNIRS technology to explore differences in oxy-Hb 
activation in anxious depression, non-anxious depression, and healthy 
groups under different emotional valence conditions and found that 
there were no significant differences between positive and negative 
emotional valence in the anxious depression group. Oxy-Hb activation 
in the left DLPFC in healthy controls and patients with non-anxious 
depression was significantly higher in positive emotional valence than 
in negative emotional valence. This result indicates that patients with 
anxious depression are deficient in positive emotional valence 
conditions, suggesting that due to deepening of depression, patients 
with anxious depression have insufficient oxy-Hb activation in the left 
DLPFC, which affects the oxy-Hb activation of positive emotional 
valence, especially processed in this region. Therefore, in this study, 
the difference in oxy-Hb activation in the left DLPFC between the 
groups with depression-low resilience and depression-high resilience 
under the two emotional valence conditions indicated that depressed 
patients with low resilience may have a more severe depression 
subtype than those with high resilience, and the processing of positive 
emotional valence is affected by insufficient oxy-Hb activation in the 
left DLPFC due to deepening of depression for the group with 
depression-low resilience. It revealed that the resilience level of 
depressed patients has a protective effect on the generation and 
development of depression.

The DLFPC has been associated with cognitive flexibility, 
reassessment, and impulse control (Steinbeis et al., 2012), and skills 
such as restructuring and cognitive flexibility have been identified as 
part of resilience (Iacoviello and Charney, 2014). The left DLPFC has 

been shown to be  a possible neurophysiological mechanism of 
resilience (Brosch et  al., 2022). Many studies have confirmed 
insufficient activation of the left DLPFC in depressed patients 
(Shajahan et al., 2002; Zhong et al., 2011; Mannie et al., 2011) and that 
the degree of activation of this region is negatively correlated with the 
degree of depression in patients (Shajahan et al., 2002; Speer et al., 
2009; Zhong et al., 2011). It is worth proposing that the DLPFC is 
associated not only with cognitive processes but also with emotional 
processes. Repeated transcranial magnetic stimulation (rTMS) of the 
left DLFPC in patients with major depression can increase their 
empathetic well-being and reduce anhedonia (Light et  al., 2019). 
Resilience is associated with motion regulation, attention, a positive 
versus negative outlook, reward and motivation, sensitivity to context, 
response to fear, learning and memory, adaptive social behaviors, and 
speed of recovery from stress (Southwick and Charney, 2012). 
Resilient individuals tend to experience fewer depressive symptoms 
(Fredrickson et  al., 2003) and are less likely to develop chronic 
depression (Bonanno et al., 2004). Research on depression has shown 
that patients with depression tend to ruminate the process of 
repeatedly focusing on their own negative emotions (Nolen-
Hoeksema, 2000), and that this rumination may be partly due to an 
inability to suppress negative information (Joormann et al., 2005). 
Studies have shown that when threats do not materialize, highly 
resilient individuals successfully suppress anticipated emotions to aid 
recovery. This ability to successfully suppress negative emotions may 
be related to a reduced tendency to ruminate, making highly resilient 
individuals less likely to experience a long-lasting depressive mood 
and reducing their probability of depression occurring (Nolen-
Hoeksema, 2000). In this study, it was found that the activation of the 
left DLPFC in the depression-high resilience group was significantly 
higher in the positive emotional valence condition than in the negative 
emotional valence condition. We concluded that the left DLPFC may 
be a possible neurophysiological mechanism of resilience and that it 
is associated with cognitive flexibility. Owing to the protective effect 
of resilience, the depression-high resilience group had higher cognitive 

FIGURE 6

Mediation analysis showing the indirect effect of resilience level on the relationship between depression severity and the change in oxy-hemoglobin in 
the LOFC. *, 95% CI significant; **, 99.9% CI significant; Oxy-Hb, oxy-hemoglobin; LOFC, left orbitofrontal cortex.
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flexibility than the group with lower resilience. By successfully 
suppressing the negative emotions caused by depression, the 
depression-high resilience group generated more positive emotions. 
Furthermore, the left DLPFC is negatively correlated with the severity 
of depression, and because of the effect of elasticity, activation of this 
brain region plays an important role in alleviating depression in a 
certain sense. Thus, the depression-high resilience group exhibited a 
positive memory bias for positive events, similar to the healthy 
individuals. It further indicating that resilience is a protective factor 
in patients with depression, and that the left DLPFC is the 
neurophysiological basis of resilience as a new means of depression 
intervention and treatment.

In addition, it should be proposed that left DLPFC activation was 
significantly higher in the healthy-low resilience group under the 
positive emotional valence condition than in the negative emotional 
valence condition, while there was no significant difference in the 
activation of the left DLPFC in the healthy-high resilience under the 
two valence conditions. Studies have shown that healthy individuals 
in the absence of mood disorders tend to focus on positive emotional 
stimuli. However, depressed patients cannot reasonably allocate their 
attention to happy or neutral stimuli, and their attention is focused on 
negative emotional stimuli such as sadness (Gotlib et al., 2004); that 
is, there is an attentional bias toward negative emotional stimuli 
(Disner et  al., 2011). Functional deficits may lead to attention 
disengagement disorders (cognitive deficits that inhibit attention to 
negative stimuli) (Schaefer et al., 2006; Eugene et al., 2010; Mathews 
and MacLeod, 2005). Healthy controls require greater cognitive effort 
to separate attention from positive stimuli, while patients with 
depression require greater cognitive effort to separate attention from 
negative stimuli (Disner et al., 2011). Numerous studies have found 
that positive emotional valence is dominated by the left DLPFC 
(Davidson and Irwin, 1999; Murphy et al., 2003; Wager et al., 2003). 
Therefore, in this study, the healthy-low resilience group showed 
significantly higher activation of the left DLPFC under positive 
emotional valence than under negative emotional valence.

Studies have shown that compared to the group with healthy-low 
resilience, healthy-high resilience perform better in terms of emotional 
flexibility (Waugh et al., 2008a), that is, the flexible use of emotional 
resources to precisely match the needs of the situation (Bonanno et al., 
2004). Highly resilient individuals can adapt to stressful situations 
through active inhibitory control of stressors (Hänsel and von Känel, 
2008). In these recurring negative situations, the emotional flexibility 
hypothesis suggests that resilient individuals should exhibit 
appropriate emotional and physiological responses when negative 
events occur and appropriate non-emotional responses when negative 
events do not occur (Waugh et  al., 2008b). Individuals with high 
resilience recover more quickly (Tugade and Fredrickson, 2004) and 
completely (Waugh et al., 2008a; Waugh et al., 2008b) than those with 
low resilience. Studies have also found that resilient individuals use 
positive emotions to recover from stress and find positive meaning in 
stress. Highly resilient individuals may be  able to build effective 
coping resources in time to help buffer negative emotional life 
experiences (both psychological and physical) (Tugade and 
Fredrickson, 2004). Furthermore, this study found that there were no 
significant activation differences in the left DLPFC between conditions 
of positive and negative emotional valence for the healthy-high 
resilience group, indicating that the activation of the left DLPFC in the 
healthy-high resilience group quickly returned to normal levels after 

experiencing emotional events, achieving balance in different 
emotional states. This further suggests that the healthy-high resilience 
group perform better in emotional flexibility and that the left DLPFC 
may be a biomarker of emotional flexibility in resilient individuals. It 
is worth proposing that emotional variability is adaptive because the 
type and intensity of emotional responses correspond to the needs 
required for these real and important emotional events. However, 
emotional variability can be maladaptive if the type and/or intensity 
of an individual’s emotional responses do not correspond appropriately 
to the demands of the environment (Waugh et al., 2011). Studies have 
found that high levels of emotional variability are a hallmark symptom 
of some mental health problems, such as borderline personality 
disorder (Trull et al., 2008). There was no significant difference in the 
activation of the left DLPFC in the healthy-high resilience group 
under different emotional valence conditions, further indicating that 
resilience has a promoting effect on individual mental health and can 
be used as a new perspective to intervene in mental diseases.

4.2 The left DLPFC hemodynamic 
hyperactivation of positive emotional 
valence in healthy controls with low 
resilience

This study also found that, compared to the groups with healthy-
high resilience and depression-low resilience, the left DLPFC of the 
group with healthy-low resilience showed a tendency to oxy-hb 
hyperactivation under the positive emotional valence condition. Many 
previous studies have found that the oxy-Hb activation status of the 
left DLPFC in patients with depression is negatively correlated with 
the severity of depression (Shajahan et al., 2002; Speer et al., 2009; 
Zhong et al., 2011). The DLPFC plays an important role in memory 
representation and is a key brain region for executive control (Chai 
et  al., 2018; Demanet et  al., 2016; Leon-Dominguez et  al., 2015). 
Patients with depression show decreased responses to positive 
scenarios (Sloan et al., 1997), decreased neural activity to positive 
utterances (Canli et al., 2004), and decreased behavioral responses to 
reward contingencies (Henriques and Davidson, 2000). These findings 
suggest that patients with depression have positive emotional 
information processing deficits and cannot focus excessive attention 
and cognitive resources on positive information (Levens and Gotlib, 
2009). Therefore, under the same low-resilience conditions, depressed 
patients are insensitive to positive information compared to healthy 
individuals, and the left DLPFC in the depressed group with low 
resilience is hypoactivated in the positive emotional state. According 
to the valence lateralization theory, positive emotional valence is 
dominated by the left prefrontal cortex, while negative emotional 
valence is dominated by the right prefrontal cortex (Davidson and 
Irwin, 1999; Murphy et al., 2003; Wager et al., 2003). An fMRI study 
of healthy individuals showed that the left DLPFC was activated when 
participants anticipated positive emotions (Ueda et al., 2003). fMRI 
studies in patients with depression have found that the lower the left 
DLPFC signal strength in patients with MDD, the lower the depressed 
patient’s positive emotional rating, which is consistent not only with 
the observed lack of left DLPFC activity, but also the inability of 
patients with MDD to see things positively, even if it is truly positive 
(Grimm et al., 2008). fNIRS research further revealed that decreased 
left DLPFC function in patients with depression is associated with the 
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prediction of positive emotions, and abnormal right prefrontal cortex 
function is associated with the prediction of negative emotions 
(Akiyama et al., 2018). This evidence further supports the finding that 
oxy-Hb activation of the left DLPFC in the group with healthy-low 
resilience was significantly higher than that depression-low resilience 
under positive emotional valence conditions.

This study also found that activation of the left DLPFC in the 
group with healthy-low resilience was significantly higher than 
healthy-low resilience under positive emotional valence conditions. 
Resilience is characterized by the ability to recover from negative 
emotional experiences and adapt flexibly to changes in stressful 
experiences (Block and Block, 1980; Block and Kremen, 1996; 
Lazarus, 1993). Resilient individuals have an optimistic, enthusiastic, 
and energetic lifestyle, are curious and open to new experiences, and 
are characterized by highly positive emotions (Block and Kremen, 
1996; Klohnen, 1996). Other evidence suggests that highly resilient 
individuals use humor (Werner and Smith, 1992), relaxation 
techniques (Demos, 1989; Wolin and Wolin, 1993), and optimistic 
thinking (Kumpfer, 1999). Positive emotions are an important 
component of mental resilience. Many previous studies have found 
that activation of the left DLPFC is related to active information 
processing (Ueda et al., 2003; Grimm et al., 2008; Akiyama et al., 
2018). In the absence of mood disorders, healthy individuals tend to 
focus on positive emotional stimuli (Gotlib et  al., 2004). The 
healthy-low resilience group need to overactivate the left DLPFC to 
maintain more positive emotions and thus maintain mental health, 
while the healthy-high resilience group are influenced by positive 
emotions and emotional flexibility and do not need to activate the left 
DLPFC to provide more positive emotions and maintain 
mental health.

4.3 The level of resilience mediated the 
indirect effects of depression severity on 
the hemodynamic changes in the LOFC

Evidence obtained by neuroimaging, neuropathology, and 
lesion analysis techniques suggests that OFC is involved in the 
pathophysiology of major depression (Drevets, 2007). Some studies 
suggest that the severity of depression is negatively correlated with 
the activation of OFC (Neumeister et  al., 2004; Bremner et  al., 
1997), and some researchers believe that the severity of depression 
is negatively correlated with the activation of this region (Schneider 
et al., 1995; Drevets, 1995; Rauch et al., 1994); some studies even 
believe that there is no relationship between them (Drevets, 2000; 
Mayberg et al., 1997; Mayberg et al., 1994). However, these studies 
did not consider the emotional valence of the stimuli. In this study, 
it was found that under the condition of negative emotional 
valence, the resilience level played a completely mediated role in 
the influence of depression severity course on oxy-Hb activation 
in the LOFC, echoing the conclusion of previous studies on the 
inconsistent relationship between depression severity and OFC 
activation, indicating that under the condition of negative 
emotional valence, the level of resilience is related to the effect of 
the degree of depression on hemodynamic changes in the 
LOFC. Studies have shown that the severity of depression is 
negatively correlated with the level of resilience, which is consistent 
with previous studies showing that individuals with high resilience 

are less likely to suffer from depression (Klasen et al., 2015; Ong 
et al., 2006). This indicates that individuals with severe depressive 
symptoms may have low psychological resilience and a new 
approach to depression intervention can be  found from the 
perspective of psychological resilience.

In addition, previous studies have found that the OFC 
participates in trait resilience through emotional flexibility (Waugh 
et al., 2008a; Waugh et al., 2008b) and is involved in the expectation 
of negative outcomes (O'Doherty et al., 2001). Individuals with 
high resilience show reduced OFC activity in this situation 
compared to individuals with low resilience because they have 
greater emotional flexibility (Waugh et al., 2008a; Waugh et al., 
2008b). In this study, we found that under the condition of negative 
emotional valence, the resilience level was positively correlated 
with the activation of the LOFC hemodynamics, indicating that 
improving the resilience of individuals during the processing of 
negative emotional valence may further activate the area of the 
brain representing emotional flexibility (LOFC). Many previous 
studies have found that depressed patients pay too much attention 
to negative emotions and that alleviating depressive symptoms can 
begin by improving depressive emotions in depressed individuals 
(Gotlib et al., 2004; Disner et al., 2011; Eugene et al., 2010; Mathews 
and MacLeod, 2005). In this study, we found that resilience plays 
a protective role in the influence of the degree of depression on the 
activation of the LOFC hemodynamic changes when processing 
negative information, further suggesting that a new approach to 
the diagnosis and treatment of depression can be developed from 
the perspective of resilience.

5 Limitations

This study has several limitations. First, we did not record the 
number of events recalled by the different groups with different 
emotional valences. This may have impacted the research results, and 
future studies should consider this variable further. Second, HADS 
was used to assess depression and anxiety scores in all groups. 
However, the main psychiatric diagnoses evaluate symptoms of 
anxiety and depression using the HAM-D (Hamilton, 1960; Delaparte 
et al., 2017; Liu et al., 2015). Therefore, to ensure the reliability of the 
results of this study, they should be used for further verification. Third, 
we  did not collect information on drug use or the onset time. 
Therefore, it will be necessary to include these factors in future studies. 
Fourth, Brosch et al. (2022) showed that using the Connor-Davidson 
Resilience Scale (CD-RISC) to assess resilience has two shortcomings: 
first, self-reported resilience does not necessarily portray objective 
resilience; and second, without assessing adversity, the questionnaires 
cannot represent the entire process-like concept of resilience. In the 
future, a more comprehensive and objective approach should 
be adopted to evaluate resilience and validate the results of this study. 
Finally, although some interesting conclusions were found in this 
study, in the group with healthy-high resilience and healthy-low 
resilience and the group with depression-high resilience and 
depression-low resilience, the left DLPFC showed an opposite trend 
in the activated difference between positive emotion valence and 
negative emotion valence. Our research also explained this difference. 
However, the stability of this study’s results needs to be validated in 
different groups.
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6 Conclusion

In this study, we found that the hemodynamic activation level 
of the left DLPFC could be used as a biomarker for healthy and 
depressed individuals with different levels of resilience in different 
emotional states, suggesting that fNIRS may be a useful tool for 
diagnosing and characterizing patients with depression with high 
or low resilience. The level of resilience plays a completely mediated 
role in the effect of depression severity on hemodynamic changes 
in the LOFC, suggesting that improving individual resilience may 
be  a new perspective for the diagnosis and intervention 
of depression.
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