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Perinatal depression (PD) is a highly prevalent psychological disorder that has a detrimental effect on infant and maternal physical and mental health, but effective and objective assessment of PD is still insufficient. In recent years, the functional near-infrared spectroscopy (fNIRS) has been acknowledged as an effective non-invasive tool for clinical assessment of depression. This study proposed a free association semantic task (FAST) paradigm for fNIRS-based assessment of PD. To better address the emotion characteristics of PD, the participants are required to generate a dynamic concept chain based on positive, negative or neutral seed words, while 48-channel fNIRS recordings over frontal and bilateral temporal regions. Results from twenty-two late-pregnant women revealed that, the oxyhemoglobin (oxy-Hb) changes during the FAST with the positive and negative seed words over the frontal region were correlated with PD severity, which was different from the correlation patterns in the FAST with neutral seed word and the classical verbal fluency test (VFT). Furthermore, distinct correlation patterns were also observed in the FAST with the positive and negative seed words, manifested in fNIRS channels corresponding to the right dorsolateral prefrontal cortex (DLPFC) and right inferior frontal gyrus (IFG), respectively. Moreover, regression analyses showed that the FAST with positive and negative seed words can well explain the severity of PD. Our findings suggest the proposed FAST paradigm as a promising approach for PD assessment.
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1 Introduction

Perinatal depression (PD) is defined as a major depressive episode that occurs from the time of pregnancy until four 4 weeks after delivery (1). It is estimated that the prevalence of PD ranges from 11 to 20% (2–4), with a rate of about 16.3% in China (5). PD has detrimental effects on both physical and mental health, leading to an increased risk of pre-eclampsia, gestational diabetes, and preterm birth, as well as low mood, loss of interest, insomnia (6–8). It could also have a critical influence on the development of the newborns, potentially increasing their risk of having cognitive, emotional and behavioral issues (9–12). As the gold standard for perinatal mental health screening (13), the Edinburgh Postnatal Depression Scale (EPDS) has been widely recommended and used in clinical settings for its validity, brevity, and user-friendly features (14). The use of the EPDS in perinatal populations has been instrumental in identifying individuals who may require further assessment for depression and subsequent intervention (14, 15).

With the development of cognitive neuroscience over the past decade, biomarkers and pathological mechanisms of depression have been recognized as the key to improving diagnostic accuracy and treatment effectiveness (16, 17). Functional Near Infrared Spectroscopy (fNIRS) could be a promising tool for assessing perinatal depression. fNIRS utilizes the scattering of 650–1,000 nm near-infrared light by the principal components of blood to quantify alterations in cerebral hemoglobin concentration via the neurovascular coupling mechanism (18, 19). Compared to other neuroimaging techniques such as electroencephalography (EEG) and functional magnetic resonance imaging (fMRI), fNIRS offers several advantages, including low operating cost, insensitivity to the subject’s body movement related noise and environmental electromagnetic noise, high portability and thus high deployment flexibility, etc. (20, 21). These benefits make it particularly suitable for use in challenging clinical settings such as routine outpatient examinations for pregnant women (20). Although the use of fNIRS for PD assessment is still limited, it has been widely applied for the assessment of depression in the general population (22–24).

The verbal fluency test (VFT) is currently the most widely used paradigm for fNIRS-based depression assessment. The participants are instructed to verbally generate as many words as possible within a specified category (e.g., a phoneme or a word) in a given time period (25–27). The depressed people have been shown to generate fewer words and have a relatively smaller increase in oxyhemoglobin (oxy-Hb) in the frontal and temporal regions compared to healthy controls (HCs) (24, 28–31). More importantly, correlation analysis also indicated that the VFT-based fNIRS activities over the fNIRS channels corresponding to the dorsolateral prefrontal cortex (DLPFC), frontopolar cortex (FPC), inferior frontal gyrus (IFG), temporopolar area, and pre-motor area, have been linked to the severity of depression (22, 32–36). The VFT is known to assess depression primarily by measuring individuals’ cognitive abilities and executive functioning (29, 37). However, given that depression is an affective disorder characterized by core symptoms such as low mood, feelings of worthlessness, and rumination (1), the VFT may not comprehensively capture the essence of depression. This limitation could potentially reduce its effectiveness in targeted clinical applications.

The recently developed Free Association Semantic Task (FAST) paradigm could be a suitable candidate to extend the VFT paradigm, for an enhanced specificity for depression assessment. The structure of the FAST paradigm is similar to that of the VFT, requiring participants to generate a dynamic concept chain following a given seed word. However, unlike the VFT, the seed words of FAST could be emotion-related, and its paradigm requires participants to produce the next word based on the immediately preceding word in the sequence, rather than always revolving around the seed word. This design is advantageous for better capturing the dynamic process of cognitive arise, unfold and transition over time and facilitating the exploration of the underlying neural mechanisms of word generation and retrieval (38, 39). The potential utility of FAST in characterizing depression is underscored by recent findings that highlight its sensitivity to ruminative tendencies: using emotion-related words as seed words, individuals prone to high levels of rumination exhibit a propensity to shift from positive to negative associations, a behavior that is indicative of depressive symptomatology (38). Furthermore, chains of negative associations, as elicited by the FAST paradigm, have been identified as robust predictors of repetitive negative thinking and the manifestation of negative emotional traits (40). In the meanwhile, an fMRI study has identified specific brain patterns linked to the emotional valences of word chains generated by the participants, including the dorsomedial prefrontal cortex (DMPFC), ventromedial prefrontal cortex (VMPFC), orbitofrontal cortex (OFC), and hippocampus (39). In these studies, emotional words have been used as the seed word to elicit the word chain and its effectiveness for reflecting depression has been demonstrated. Nevertheless, to our knowledge, the FAST paradigm has not been used for clinical samples and no fNIRS studies have been reported.

The present study aimed to investigate the feasibility of the Free Association Semantic Task paradigm for fNIRS-based perinatal depression assessment. fNIRS recordings over the frontal and temporal regions were employed to have a comprehensive coverage over the related brain areas (29, 41). In order to better target the characteristics of depression, three emotional seed words of positive, negative or neutral valences were selected as seed words (38, 39). Considering the context of possible clinical application (31, 35), correlation and regression analyses for quantitatively assessing the severity of perinatal depression were conducted, rather than classifying individuals as depressed or not depressed. Late-pregnant women were recruited for the present study, for the following reasons: (1) the late-pregnant period is a time when expectant mothers may begin to experience increased depressive symptoms due to the anticipation of childbirth and the changes that come with motherhood (42, 43); and (2) identifying depression during the late-pregnant period allows for early intervention and support that would potentially reduce the risk of postpartum depression (44). Meanwhile, the classical VFT paradigm was employed as a comparison condition to explore the potential unique features and benefits of FAST. Referring to related studies on fNIRS for depression in general (22–24) and the fMRI study with FAST paradigm (39), we hypothesize that the fNIRS activities during FAST execution would reflect the severity of PD and the involved brain regions might be more focused over the prefrontal regions as compared to VFT. Moreover, the FAST-related brain regions may differ based on the valence of the seed words (45, 46) and it would be practically important to know which seed word(s) were more effective. The findings of this study are expected to deepen the understanding of the neural mechanisms of PD, and contribute to the implementation of the clinical quantitative assessment of PD.



2 Methods


2.1 Participants

A total of 24 women in late pregnancy (after 28 weeks of gestation) were recruited for this study. The age range was between 24 and 42 years (mean age ± standard deviation [SD]: 33.29 ± 4.40 years). Participants were excluded if they had any of the following conditions: (1) current major physical illness or other mental disorder, (2) history of alcohol or drug abuse, or (3) multiple gestations. Two of the participants only completed the VFT and did not complete the FAST due to scheduling conflicts. The study was approved by the Ethics Committee of Peking Union Medical College Hospital and written informed consent was obtained from all participants (Ethics number: I-22PJ122).



2.2 fNIRS measurement

In this study, a 48-channel NirSmart-6000A device (Danyang Huichuang Medical Equipment Co., Ltd., China) was employed to continuously measure and record cerebral blood flow in brain oxygenated hemoglobin (Oxy-Hb) and deoxyhemoglobin (HbR) concentrations at two wavelengths (730 nm and 850 nm) in the near-infrared light. The system employs a light-emitting diode (LED) as the near-infrared light source and an avalanche photodiode (APD) as the detector, with the source-detector distance of 3 cm. The sampling rate was set at 11 Hz.

This study utilized a total of 15 light sources and 16 detectors, covering frontal and bilateral temporal regions (Figure 1). The detector 3 (D3) was set at Fpz, and the source 1 and 6 (S1 and S6) were placed as T4 and T3, according to the international 10–20 system. For the probabilistic registration of all fNIRS channels onto the cortical surface, the topography data of cranial landmarks were projected into a 3D reference frame (MNI-space, Montreal Neurological Institute) (47, 48) based on NIRS_SPM (49). Spatial registration information could thus be provided for each channel, with standard deviations ranging from 4.7 to 7.0 mm (48). The relevant anatomical labels and the percentage of overlap for each channel were presented in Supplementary Table 1.

[image: Figure 1]

FIGURE 1
 Description of fNIRS channel location. Relationship between source (S)–detector (D) and corresponding channel location map.




2.3 Procedure

The participants participated in the study when they paid their regular visit to the hospital for their pregnancy check-ups. During the study, participants were required to maintain a comfortable seated position in order to minimize possible body and head movement. Upon task initiation, the participants first engaged in a resting-state phase. They were asked to close their eyes, relax their bodies, remain as still as possible, and try not to think about anything in particular for 2 min. This allowed them to settle into the task state and relax. After that, a pre-task counting stage was followed, serving as a baseline for the subsequent verbal task. During this phase, participants were simply instructed to count the number “1, 2, 3, 4, 5” repeatedly for 30-s. Following this, three consecutive trials of VFT were executed, with a 70-s post-task counting stage immediately ensuing to return blood oxygen levels to the baseline. Given the potential confounding factors induced by emotional tasks, the FAST was performed at the end of the procedure in three trials, with each trial followed by a rest period to ensure recovery of blood oxygen levels to baseline. See the subsequent sections and Figure 2 for more details of VFT and FAST.

[image: Figure 2]

FIGURE 2
 Experimental flow diagram.


After completing the entire task procedure, the Edinburgh Postnatal Depression Scale (EPDS) was employed to assess participants’ level of depression. The scale is a clinically validated and widely utilized self-report questionnaire comprising 10 items, with a score range of 0–30. A higher score indicates a more severe depressive tendency (50, 51). A score of 10 was used as the cut-off point for identifying the presence of depressive tendencies, which has been shown to have good sensitivity and specificity in late pregnancy (52). In addition, basic demographic information was also collected for each participant, including age, gestational weeks, ethnicity, education level, annual household income, sleep quality, and both their own and family’s medical history.


2.3.1 Verbal fluency test

During the classical VFT phase, participants were required to generate as many words as possible that belonged to the corresponding category, beginning with fruits, vegetables, and animals in sequence. The three trials were performed consecutively for 20-s each, for a total task duration of 60-s. To ensure that participants were clear about the task requirements, they were asked to complete a 20-s exercise in the “city” category ahead of the formal task. The number of words generated by the subject in each category, excluding repeated words, was used to quantify task performance (26, 31, 53).



2.3.2 Free association semantic task

Before the start of each trial, there was a 2-s preparation period in which participants were prompted to prepare for the seed word. Immediately afterwards, a “seed word” was presented in black font in the center of a white screen for 2-s, and then for the following 30-s, the participants were asked to generate a dynamic chain of concepts containing a series of words based on the seed word. A 10-s rest period was implemented between trials to allow oxygen to return to baseline levels. The task comprised three trials, with the seed words being “sadness” (negative valence), “calmness” (neutral valence), and “happiness” (positive valence). The neutral seed word trial was positioned in the middle to act as a buffer between the negative and positive seed word trials. Furthermore, to eliminate order effects, the negative and positive seed word trials were counterbalanced between subjects. Prior to the formal task, the non-emotional seed word “thirst” was employed in a practice phase to guarantee that participants had a comprehensive understanding of the task requirements. It is notable that the task required participants to generate concepts each time that were related only to the preceding word in the chain, rather than the seed words. For example, in a trial with the seed word “sadness,” participants may form a word chain such as the string: sadness-crying-painful-destruction-rebirth-peaceful. Thus, the participants’ dynamic thought processes could be quantified in terms of the unfolding of the word chain (38).

All of the above task programs were designed using E-prime 3.0 (Psychology Software Tools Inc., United States).




2.4 fNIRS data processing

First, channels were trimmed based on signal strength and standard deviation using the “hmrR_PruneChannels” function (SNRthresh = 2; SDrange = [0, 45]). Then, the raw light intensity was converted to optical density for subsequent analysis. For baseline shifts and spikes in the signal, spline interpolation and Savitzky–Golay filtering were used for correction, respectively (54). And the bandpass filter was set to 0.01–0.5 Hz to remove noise, such as heartbeat and breathing. After that, the data were segmented into trials and corrected for each trial using the last 5 s of the pre-task phase as the baseline. Finally, the optical density data were converted to delta hemoglobin concentration (DC) for later statistical analysis. During the pre-processing, the PHOEBE algorithm (55) and the correlation between Oxy-Hb and HbR was employed to eliminate channels with extreme values. Additionally, the maximum proportion of saturating and flooring points was set at >10% to effectively exclude channels of poor quality (41). The retention rate after data scrubbing was 97.6%. In subsequent analyses, only changes in Oxy-Hb were statistically analyzed, as it has been demonstrated to be more sensitive than HbR concentration in reflecting task-induced changes in local cerebral blood flow (31, 56).

The Homer3 and FieldTrip toolboxes of Matlab R2023b (MathWorks Inc., United States) were used to process the fNIRS data.



2.5 Statistical analysis

For the behavioral data, the number of words generated in the two tasks was calculated. Subsequently, the word vectors of category words in VFT, seed words in FAST, and each word generated by participants were calculated using the HanLP package (57). Then, the cosine distance between each category/seed word vector and every word vector in each chain was calculated separately and took 5-s as the unit for average. Through this, an analysis was conducted comparing the distance dynamic trend based on the matching and non-matching of seed words and word chains. Additionally, in the VFT, the classification accuracy for each category was assessed by comparing the distance of each word to the three category words. The category with the minimum distance was identified as the correct classification.

For the pre-processed fNIRS data, the continuous oxy-Hb change of each channel under each task and participant was averaged. And the task activation indicator was defined as the mean oxy-Hb value of the task minus the baseline (pre-task counting period) in order to eliminate the potential for interference from the pure speech process. Given our primary interest in the quantitative assessment of depression, the Pearson correlation analysis was employed to calculate the fNIRS activities during FAST execution in relation to the EPDS (Figure 3). This allowed us to examine the differential characteristics of brain representations during tasks with different emotional seed word. A high correlation value would indicate that the channel has a more sensitive oxy-Hb response as depression levels changes.

[image: Figure 3]

FIGURE 3
 FNIRS statistical analysis flowchart. Note: mM·mm represents “m mol/L * mm” of hemoglobin concentration.


Based on this, the same method was used to compare and analyze the fNIRS activities during VFT execution. Meanwhile, to explore whether there were differences between the two tasks in the quantitative assessment of depression, the significant channels under different tasks were extracted for correlation analysis.

Overall, in order to evaluate the explanatory power of each task on depression severity, the significant channels of correlation analysis under each task were selected and a linear regression analysis was performed. A greater determination coefficient (R2) would reflect a heightened explanatory validity of the model for depression severity.

For all of the above analyses, a level of significance of p < 0.05 was set. The permutation test (5,000 iterations) was used to validate the reliability of the data, followed by correction for multiple comparisons using the false discovery rate (FDR, p < 0.05) (58).

Behavioral data were analyzed using Python 3.11.9 (Python Software Foundation, United States), the fNIRS data were conducted in Matlab R2023b (MathWorks Inc., United States) and visualized using the EasyTopo toolbox (59).




3 Results


3.1 Participant demographic and behavioral outcomes

According to the EPDS score, with a cut-off point of 10 (52), seven participants could be classified as depressed and the other 17 as mentally healthy, suggesting a good diversity of the participants. Neither the participants nor their families reported the presence of other serious mental disorders.

In word chain analysis, the FAST revealed a gradual increase in the dynamic tendency of cosine distances between matched positive and negative seed words and word chains. In contrast, the distance between mismatched items displayed no such trend, exhibiting a stable range of 0.7–0.8 (Figure 4A). While in the VFT task, a distinction can be observed in the cosine distance between matching and unmatching items, with the matching conditions consistently maintained at a relatively minimal distance (Figure 4B). Classification results showed that the accuracy was 98.34% (fruit), 100.00% (vegetable) and 96.53% (animal).

[image: Figure 4]

FIGURE 4
 Dynamic analysis of word chains in FAST and VFT. (A,B) represent trend graphs of the cosine distance between the seed word and generated words by each subject over time in the FAST and VFT, respectively (averaged in windows of 5-s).




3.2 FAST response associated with EPDS

In the FAST with positive seed word, significant negative correlations were observed between EPDS and the mean oxy-Hb levels in channels 38 (dorsolateral prefrontal cortex, DLPFC) and 20 (pre-motor and supplementary motor cortex, PM & SMC; ch 38, r = −0.493, p = 0.023; ch 20, r = −0.560, p = 0.008). As for the negative seed word FAST, the mean Oxy-Hb levels in channels 5 (inferior frontal gyrus, IFG) and 36 (PM & SMC) also showed a significant negative correlation with the EPDS (ch 5, r = −0.452, p = 0.035; ch 36, r = −0.478, p = 0.033; Figures 5A,C).

[image: Figure 5]

FIGURE 5
 Significant responses of depression-related brain regions in FAST. (A–C) represent brain regions and scatter plots corresponding to significant depression-related fNIRS channels in the FAST with positive, neutral, and negative seed words, respectively.


Besides, the EPDS was correlated with mean Oxy-Hb levels in channels 15 (middle temporal gyrus, MTG) and 36 (PM & SMC) during the neutral seed word FAST (ch 15, r = 0.468, p = 0.032; ch 36, r = −0.498, p = 0.025; Figure 5B).



3.3 Comparison between FAST and VFT

Compared to FAST, VFT has notable similarities with neutral seed word FAST. The mean Oxy-Hb levels in channels 15, 16 (MTG) and 20 (PM & SMC) correlated significantly with EPDS (ch 15, r = 0.464, p = 0.026; ch 16, r = 0.562, p = 0.008, ch 20, r = −0.620, p = 0.002). Moreover, there was also a significant negative correlation between EPDS and the mean Oxy-Hb level in channel 8 (frontopolar area, FPC; r = −0.423, p = 0.039; Figure 6).

[image: Figure 6]

FIGURE 6
 Significant responses of depression-related brain regions in VFT.


To identify possible distinct patterns of depression-related oxy-Hb activation elicited by different tasks, the degree of correlation between the significant channels of each task were calculated. The results indicated the correlations between task-specific channels were mostly insignificant, suggesting that each task exhibited relatively independent pattern of channel representation. In particular, channel 38 in FAST with positive seed word exhibited a relatively low correlation with channel 5 in FAST with negative seed word (r = −0.046, p > 0.05). Similarly, the valence-specific FAST channels also displayed mostly non-significant correlations with those of VFT and FAST with neutral seed word, see Table 1.



TABLE 1 Correlation matrix of depression-related task activated channels.
[image: Table1]

Moreover, in order to clarify the efficacy of each task in identifying depression severity, multiple linear regression analyses were used to calculate the interpretability of significant channels to EPDS under each task. The results showed that each task explained 35.5% (VFT, VFT-fruits 40.9%, VFT-vegetables 31.1%, and VFT-animals 38.8%, respectively), 29.7% (FAST-positive), 28.5% (FAST-negative) and 21.2% (FAST-neural) of the EPDS variance, respectively (Table 2).



TABLE 2 Regression analysis of activated channels on the EPDS for each task.
[image: Table2]




4 Discussion

The present study investigated the feasibility of the free association semantic task, a novel paradigm based on emotional seed words, as a tool for fNIRS-based assessment of perinatal depression. Our study revealed significant correlations between FAST-related oxy-Hb changes over the frontal brain regions and the Edinburgh Postnatal Depression Scale score. The correlation patterns were distinct for FAST with different seed words. The FAST-related fNIRS activities by both positive and negative seed words were substantially different from those by the neutral seed word, as well as those by the classical VFT paradigm.

The behavioral results suggested a valid execution of the FAST paradigm by the participants, as shown in Figure 4. In contrast to the VFT paradigm in which the participants were required to generate words belonged to a given category, the participants were asked to generate words only related to the concept of the preceding word in the FAST. As expected, the VFT word chains showed a consistently close distance to the target seed words, while maintaining a large and stable distance to the non-target seed words. The FAST word chains, however, showed a gradual deviation from the target seed words over time, indicating an effective execution of the task. Hereby, the FAST paradigm in the present study might offer a better reflection of the dynamic development process of individual thought flows (38, 39) as compared to VFT.

The correlation patterns between EPDS and the fNIRS activities in the FAST with positive and negative seed words could reflect a distinct mechanism as compared to the classical VFT and FAST with neutral seed word. In particular, the correlation patterns in the FAST with positive and negative seed words were predominantly observed in the fNIRS channels corresponding to the brain regions such as DLPFC and IFG; the VFT was associated with other parts such as the MTG and FPC. While the VFT findings were consistent with previous studies for executive control processing (60–62), the frontal-oriented FAST findings could imply the involvement of emotion generation and regulation (63). More specifically, the frontal part has been suggested to be related to depression (64) and previous studies using emotion-related tasks have reported depression-specific functional relevance for IFG and DLPFC (65–67). The emotion specificity of the FAST results was further supported by the observation that our FAST results with the neutral seed word were more similar to the VFT results without much frontal involvement. In addition, the correlation analyses among the channel sets of interest from different tasks (Table 1) suggested relatively independent response patterns in these tasks. Taken together, the distinct patterns observed in the FAST with emotional seed words may therefore provide a unique window into the neural underpinnings of emotional dysfunction in PD.

Furthermore, the FAST with positive and negative seed words were associated with different brain regions for representing PD severities. Specifically, as PD score increased, the positive-seed-word FAST was reflected by decreased activation of the fNIRS channels corresponding to DLPFC, whereas the negative-seed-word FAST was mainly reflected by decreased activation of the fNIRS channels corresponding to IFG. The DLPFC is linked not only to individuals’ cognitive and executive functions (68, 69), but also to the voluntary or effortful regulation of an individual’s emotional state (70, 71). Abnormally low activation of DLPFC has been widely reported in patients with depression (72, 73), which is characterized by an inability to regulate the affective processing system (74, 75). Accordingly, we speculate that individuals with a higher level of depression have a reduced capacity to mobilize positive memory experiences in free association with positive seed word, which is reflected in the weaker activation of DLPFC in neural representation. On the other hand, a negative correlation was observed between depression severities and oxy-Hb alterations in the fNIRS channels corresponding to IFG during the FAST with negative seed word. The IFG is frequently activated in response to negative emotional cues (76, 77) and plays a pivotal role in emotion recognition and evaluation, empathy, and executive function (78–81). Prior studies have revealed the role of IFG as an indicator of successful inhibition of emotional distraction, and this function was impaired in patients with depression (82, 83). Meanwhile, consistent evidence has been indicating that the IFG was hypoactive in women with subthreshold or postpartum depression, which is considered as a sensitive indicator preceding the clinical onset (84, 85). In accordance with the cognitive model of depression, deficiencies in the inhibition of negative emotional responses may engender negative biases in attention and memory, thereby resulting in symptoms such as rumination (86). Our findings align with previous studies, indicating that in the FAST induced by negative seed word, a higher depression tendency was associated with insufficient IFG activation in pregnancy. This might reflect weakened emotional inhibition control, thereby increasing the risk of individuals indulging in negative thinking during the association process. Additionally, the correlation between FAST-specific channels with positive and negative seed words was also statistically insignificant, thereby allowing complementary role of the two types of FAST for a more complete assessment of PD.

Finally, regression analyses using the fNIRS activities in each FAST session revealed significant overall regression models for FAST with the positive and the negative seed words, as well as marginally significant regression for FAST with the neutral seed word. The better model fittings for FAST with positive and negative seed words further suggest the efficacy of using FAST with emotional words. Moreover, the magnitude of R2 in this study is comparable to that of previous studies (45), indicating that the initial predictive efficacy of the current model is promising. Although the present study did not include fNIRS data from both positive and negative FAST, and those from VFT for a more integrated model due to the limited sample size in the present study, it is expected to see improved performance by combining these tasks together, as these tasks were associated with distinct fNIRS channels with non-significant correlations. Further studies with increased sample size are necessary to investigate how to integrate these paradigms toward more efficient and effective assessment of PD. Nevertheless, the present findings have suggested the FAST paradigm as a promising approach for PD assessment. The combination of the user-friendly nature of the FAST paradigm, characterized by its simplicity and ease of execution, with the high efficiency of being completed within tens of seconds, and the convenience of fNIRS devices for deployment in clinical settings, holds the potential to rapidly transition into clinical practice once refined (37, 87, 88).

There are also several limitations to be noted. First, the present study focused only on the late pregnancy stage. Given the sustained fluctuations in both the physical and mental states of perinatal individuals (89–91), future studies should undertake a more comprehensive assessment on participants throughout the entire perinatal process. Secondly, the behavioral data could be more extensively exploited. It could be expected that the generated word chain might be informative about the participant’s mental health state as well, especially with a larger sample size and advanced natural language processing techniques. Third, the proposed FAST paradigm could be in general applicable for depression and other types of mood disorders, but fNIRS-based studies using FAST is still limited. More extensive studies for fNIRS-based assessment using FAST is necessary for more clinical populations.



Data availability statement

The raw data supporting the conclusions of this article data will be available upon reasonable request.



Ethics statement

The studies involving humans were approved by the Peking Union Medical College Hospital (PUMCH) Ethics Committee (no. I-22PJ122). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

DC: Writing – original draft, Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – review & editing. XY: Investigation, Project administration, Resources, Writing – review & editing. YuL: Conceptualization, Investigation, Methodology, Writing – review & editing. CH: Conceptualization, Writing – review & editing. SZ: Resources, Writing – review & editing. YiL: Resources, Writing – review & editing. YeL: Resources, Writing – review & editing. XL: Conceptualization, Writing – review & editing. WM: Conceptualization, Writing – review & editing. DZ: Conceptualization, Formal analysis, Funding acquisition, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. LM: Conceptualization, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Natural Science Foundation of China (T2341003, 61977041, 62061136001), the National Key Research and Development Plan (2024QY2401), and the Medical and Health Technology Innovation Project of Chinese Academy of Medical Sciences (2020-I2M-2-009, 2021-I2M-1-023).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1491923/full#supplementary-material.



References

 1. American Psychiatric AssociationDsm-5 Task Force. Diagnostic and statistical manual of mental disorders: DSM-5™. 5th ed American Psychiatric Publishing, Inc. (2013).

 2. O'hara, MW, and Wisner, KL. Perinatal mental illness: definition, description and aetiology. Best Pract Res Clin Obstet Gynaecol. (2014) 28:3–12. doi: 10.1016/j.bpobgyn.2013.09.002 

 3. Underwood, L, Waldie, K, D'souza, S, Peterson, ER, and Morton, S. A review of longitudinal studies on antenatal and postnatal depression. Archives of Womens Mental Health. (2016) 19:711–20. doi: 10.1007/s00737-016-0629-1 

 4. Woody, CA, Ferrari, AJ, Siskind, DJ, Whiteford, HA, and Harris, MG. A systematic review and meta-regression of the prevalence and incidence of perinatal depression. J Affect Disord. (2017) 219:86–92. doi: 10.1016/j.jad.2017.05.003 

 5. Nisar, A, Yin, J, Waqas, A, Bai, X, Wang, D, Rahman, A , et al. Prevalence of perinatal depression and its determinants in mainland China: a systematic review and meta-analysis. J Affect Disord. (2020) 277:1022–37. doi: 10.1016/j.jad.2020.07.046 

 6. Arafa, A, and Dong, JY. Depression and risk of gestational diabetes: a meta-analysis of cohort studies. Diabetes Res Clin Pract. (2019) 156:107826. doi: 10.1016/j.diabres.2019.107826 

 7. Rong, H, Yingxue, L, Zhixia, Z, Weirong, Y, and James, C. Antenatal depressive symptoms and the risk of preeclampsia or operative deliveries: a Meta-analysis. PLoS One. (2015) 10:e0119018. doi: 10.1371/journal.pone.0119018

 8. Stein, A, Pearson, RM, Goodman, SH, Rapa, E, Rahman, A, Mccallum, M , et al. Effects of perinatal mental disorders on the fetus and child. Lancet. (2014) 384:1800–19. doi: 10.1016/S0140-6736(14)61277-0 

 9. Kaplan, PS, Danko, CM, Diaz, A, and Kalinka, CJ. An associative learning deficit in 1-year-old infants of depressed mothers: role of depression duration. Infant Behav Dev. (2011) 34:35–44. doi: 10.1016/j.infbeh.2010.07.014 

 10. Leis, JA, Heron, J, Stuart, EA, and Mendelson, T. Associations between maternal mental health and child emotional and behavioral problems: does prenatal mental health matter? J Abnorm Child Psychol. (2014) 42:161–71. doi: 10.1007/s10802-013-9766-4 

 11. Letourneau, NL, Tramonte, L, and Willms, JD. Maternal depression, family functioning and children's longitudinal development. J Pediatr Nurs. (2013) 28:223–34. doi: 10.1016/j.pedn.2012.07.014 

 12. Wang, S, Ding, C, Dou, C, Zhu, Z, Zhang, D, Yi, Q , et al. Associations between maternal prenatal depression and neonatal behavior and brain function - evidence from the functional near-infrared spectroscopy. Psychoneuroendocrinology. (2022) 146:105896. doi: 10.1016/j.psyneuen.2022.105896 

 13. Chan, AW, Reid, C, Skeffington, P, and Marriott, R. A systematic review of Epds cultural suitability with indigenous mothers: a global perspective. Archives of Womens Mental Health. (2021) 24:353–65. doi: 10.1007/s00737-020-01084-2 

 14. El-Den, S, Pham, L, Anderson, I, Yang, S, Moles, RJ, O'reilly, CL , et al. Perinatal depression screening: a systematic review of recommendations from member countries of the organisation for economic co-operation and development (Oecd). Archives of Womens Mental Health. (2022) 25:871–93. doi: 10.1007/s00737-022-01249-1 

 15. Porter, MASM, Kisely, S, Betts, KS, Salom, C, and Alati, R. Association between antenatal screening for depressive symptoms and postpartum psychiatric admissions. J Psychiatr Res. (2021) 133:46–51. doi: 10.1016/j.jpsychires.2020.12.008 

 16. Cukic, M, Stokic, M, Simic, S, and Pokrajac, D. The successful discrimination of depression from Eeg could be attributed to proper feature extraction and not to a particular classification method. Cogn Neurodyn. (2020) 14:443–55. doi: 10.1007/s11571-020-09581-x 

 17. Liu, S, Chen, ST, Huang, ZN, Liu, XY, Li, MJ, Su, FY , et al. Hypofunction of directed brain network within alpha frequency band in depressive patients: a graph-theoretic analysis. Cogn Neurodyn. (2022) 16:1059–71. doi: 10.1007/s11571-022-09782-6 

 18. Ferrari, M, and Quaresima, V. A brief review on the history of human functional near-infrared spectroscopy (fnirs) development and fields of application. NeuroImage. (2012) 63:921–35. doi: 10.1016/j.neuroimage.2012.03.049 

 19. Villringer, A, and Dirnagl, U. Coupling of brain activity and cerebral blood-flow - basis of functional neuroimaging. Cerebrovasc Brain Metab Rev. (1995) 7:240–76.

 20. Ehlis, AC, Schneider, S, Dresler, T, and Fallgatter, AJ. Application of functional near-infrared spectroscopy in psychiatry. NeuroImage. (2014) 85:478–88. doi: 10.1016/j.neuroimage.2013.03.067

 21. Li, ZR, Li, JW, Hong, B, Nolte, G, Engel, AK, and Zhang, D. Speaker-listener neural coupling reveals an adaptive mechanism for speech comprehension in a Noisy environment. Cereb Cortex. (2021) 31:4719–29. doi: 10.1093/cercor/bhab118 

 22. Hu, S, Li, X-J, Law, S, Shen, C-Y, Yao, G-Q, Zhang, X-Q , et al. Prefrontal cortex alterations in major depressive disorder, generalized anxiety disorder and their comorbidity during a verbal fluency task assessed by multi-channel near-infrared spectroscopy. Psychiatry Res. (2021) 306:114229. doi: 10.1016/j.psychres.2021.114229 

 23. Tran, BX, Nguyen, TT, Nguyen, HSA, Boyer, L, Auquier, P, Fond, G , et al. Utility of portable functional near-infrared spectroscopy (fnirs) in patients with bipolar and unipolar disorders: a comparison with healthy controls. J Affect Disord. (2023) 323:581–91. doi: 10.1016/j.jad.2022.11.091 

 24. Wang, R, Hao, Y, Yu, Q, Chen, M, Humar, I, and Fortino, G. Depression analysis and recognition based on functional near-infrared spectroscopy. IEEE J Biomed Health Inform. (2021) 25:4289–99. doi: 10.1109/JBHI.2021.3076762 

 25. Giovannoli, J, Martella, D, and Casagrande, M. Executive functioning during verbal fluency tasks in bilinguals: a systematic review. Int J Lang Commun Disord. (2023) 58:1316–34. doi: 10.1111/1460-6984.12855 

 26. Ren, YF, Cui, G, Feng, K, Zhang, XQ, Yu, CC, and Liu, PZ. A scoping review of utilization of the verbal fluency task in Chinese and Japanese clinical settings with near-infrared spectroscopy. Front Psychiatry. (2024) 15:1282546. doi: 10.3389/fpsyt.2024.1282546 

 27. Takizawa, R, Fukuda, M, Kawasaki, S, Kasai, K, Mimura, M, Pu, SH , et al. Neuroimaging-aided differential diagnosis of the depressive state. NeuroImage. (2014) 85:498–507. doi: 10.1016/j.neuroimage.2013.05.126 

 28. Feng, K, Law, S, Ravindran, N, Chen, G-F, Ma, X-Y, Bo, X , et al. Differentiating between bipolar and unipolar depression using prefrontal activation patterns: promising results from functional near infrared spectroscopy (fnirs) findings. J Affect Disord. (2021) 281:476–84. doi: 10.1016/j.jad.2020.12.048 

 29. Husain, SF, Yu, R, Tang, T-B, Tam, WW, Tran, B, Quek, TT , et al. Validating a functional near-infrared spectroscopy diagnostic paradigm for major depressive disorder. Sci Rep. (2020) 10:9740. doi: 10.1038/s41598-020-66784-2 

 30. Song, ZC, Zhou, Y, Zheng, YY, Huang, WJ, Meng, ZY, Li, HY , et al. Factors influencing functional near-infrared spectroscopy in postpartum depression: a cross-sectional study. Int J Gynecol Obstet. (2023) 161:1046–52. doi: 10.1002/ijgo.14663 

 31. Yeung, MCK, and Lin, JX. Probing depression, schizophrenia, and other psychiatric disorders using fnirs and the verbal fluency test: a systematic review and meta-analysis. J Psychiatr Res. (2021) 140:416–35. doi: 10.1016/j.jpsychires.2021.06.015 

 32. Da, H, Xiang, N, Qiu, M, Abbas, S, Xiao, Q, and Zhang, Y. Characteristics of oxyhemoglobin during the verbal fluency task in subthreshold depression: a multi-channel near-infrared spectroscopy study. J Affect Disord. (2024) 356:88–96. doi: 10.1016/j.jad.2024.04.005 

 33. Ho, CSH, Lim, LJH, Lim, AQ, Chan, NHC, Tan, RS, Lee, SH , et al. Diagnostic and predictive applications of functional near-infrared spectroscopy for major depressive disorder: a systematic review. Front Psychiatry. (2020) 11:378. doi: 10.3389/fpsyt.2020.00378 

 34. Noda, T, Yoshida, S, Matsuda, T, Okamoto, N, Sakamoto, K, Koseki, S , et al. Frontal and right temporal activations correlate negatively with depression severity during verbal fluency task: a multi-channel near-infrared spectroscopy study. J Psychiatr Res. (2012) 46:905–12. doi: 10.1016/j.jpsychires.2012.04.001 

 35. Wu, H, Lu, B, Zhang, Y, and Li, T. Differences in prefrontal cortex activation in Chinese college students with different severities of depressive symptoms: a large sample of functional near-infrared spectroscopy (fnirs) findings. J Affect Disord. (2024) 350:521–30. doi: 10.1016/j.jad.2024.01.044 

 36. Zhang, H, Dong, W, Dang, W, Quan, W, Tian, J, Chen, R , et al. Near-infrared spectroscopy for examination of prefrontal activation during cognitive tasks in patients with major depressive disorder: a meta-analysis of observational studies. Psychiatry Clin Neurosci. (2015) 69:22–33. doi: 10.1111/pcn.12209 

 37. Zhang, J, Yu, T, Wang, M, Zhang, Y, Li, H, Chen, H , et al. Clinical applications of functional near-infrared spectroscopy in the past decade: a bibliometric study. Appl Spectrosc Rev. (2024) 59:908–34. doi: 10.1080/05704928.2023.2268416

 38. Andrews-Hanna, JR, Woo, CW, Wilcox, R, Eisenbarth, H, Kim, B, Han, JH , et al. The conceptual building blocks of everyday thought: tracking the emergence and dynamics of ruminative and nonruminative thinking. J Experimental Psychol General. (2022) 151:628–42. doi: 10.1037/xge0001096 

 39. Kim, B, Andrews-Hanna, JR, Han, J, Lee, E, and Woo, CW. When self comes to a wandering mind: brain representations and dynamics of self-generated concepts in spontaneous thoughtWhen self comes to a wandering mind: brain representations and dynamics of self-generated concepts in spontaneous thought. Sci Adv. (2022) 8:eabn8616. doi: 10.1126/sciadv.abn8616

 40. Flynn, AJ, Herbers, JE, Kurko, SA, and Kan, IP. Using spreading activation to understand repetitive negative thinking. Cognit Emot. (2023) 37:453–65. doi: 10.1080/02699931.2023.2176288 

 41. Ho, CSH, Wang, J, Tay, GWN, Ho, R, Husain, SF, Chiang, SK , et al. Interpretable deep learning model for major depressive disorder assessment based on functional near-infrared spectroscopy. Asian J Psychiatr. (2024) 92:103901. doi: 10.1016/j.ajp.2023.103901 

 42. Petrovic, D, Perovic, M, Lazovic, B, and Pantic, I. Association between walking, dysphoric mood and anxiety in late pregnancy: a cross-sectional study. Psychiatry Res. (2016) 246:360–3. doi: 10.1016/j.psychres.2016.10.009 

 43. Vanwetswinkel, F, Bruffaerts, R, Arif, U, and Hompes, T. The longitudinal course of depressive symptoms during the perinatal period: a systematic review. J Affect Disord. (2022) 315:213–23. doi: 10.1016/j.jad.2022.06.087 

 44. Qi, WJ, Zhao, FQ, Liu, YT, Li, Q, and Hu, J. Psychosocial risk factors for postpartum depression in Chinese women: a meta-analysis. BMC Pregnancy Childbirth. (2021) 21:174. doi: 10.1186/s12884-021-03657-0 

 45. Manelis, A, Huppert, TJ, Rodgers, E, Swartz, HA, and Phillips, ML. The role of the right prefrontal cortex in recognition of facial emotional expressions in depressed individuals: fnirs study. J Affect Disord. (2019) 258:151–8. doi: 10.1016/j.jad.2019.08.006 

 46. Zhang, Y, Li, XQ, Guo, Y, Zhang, Z, Xu, F, Xiang, N , et al. Dorsolateral prefrontal activation in emotional autobiographical task in depressed and anxious college students: an fnirs study. Int J Environ Res Public Health. (2022) 19:14335. doi: 10.3390/ijerph192114335

 47. Shattuck, DW, Mirza, M, Adisetiyo, V, Hojatkashani, C, Salamon, G, Narr, KL , et al. Construction of a 3D probabilistic atlas of human cortical structures. NeuroImage. (2008) 39:1064–80. doi: 10.1016/j.neuroimage.2007.09.031 

 48. Singh, AK, Okamoto, M, Dan, H, Jurcak, V, and Dan, I. Spatial registration of multichannel multi-subject fnirs data to Mni space without Mri. NeuroImage. (2005) 27:842–51. doi: 10.1016/j.neuroimage.2005.05.019 

 49. Chul, J, Tak, S, Jang, KE, Jung, J, and Jang, J. Nirs-Spm: statistical parametric mapping for near-infrared spectroscopy. NeuroImage. (2009) 44:428–47. doi: 10.1117/12.762291

 50. Cox, JL, Holden, JM, and Sagovsky, R. Detection of postnatal depression. Development of the 10-item Edinburgh postnatal depression scale. Br J Psychiatry J Ment Sci. (1987) 150:782.

 51. Smith-Nielsen, J, Matthey, S, Lange, T, and Væver, MS. Validation of the Edinburgh postnatal depression scale against both Dsm-5 and Icd-10 diagnostic criteria for depression. BMC Psychiatry. (2018) 18:393. doi: 10.1186/s12888-018-1965-7 

 52. Bergink, V, Kooistra, L, Lambregtse-Van Den Berg, MP, Wijnen, H, Bunevicius, R, Van Baar, A , et al. Validation of the Edinburgh depression scale during pregnancy. J Psychosom Res. (2011) 70:385–9. doi: 10.1016/j.jpsychores.2010.07.008 

 53. Villalobos, D, Torres-Simón, L, Pacios, J, Paúl, N, and Del Río, D. A systematic review of normative data for verbal fluency test in different languages. Neuropsychol Rev. (2023) 33:733–64. doi: 10.1007/s11065-022-09549-0 

 54. Jahani, S, Setarehdan, SK, Boas, DA, and Yücel, MA. Motion artifact detection and correction in functional near-infrared spectroscopy: a new hybrid method based on spline interpolation method and Savitzky–Golay filtering. Neurophotonics. (2018) 5:1. doi: 10.1117/1.NPh.5.1.015003 

 55. Pollonini, L, Bortfeld, H, and Oghalai, JS. Phoebe: a method for real time mapping of optodes-scalp coupling in functional near-infrared spectroscopy. Biomed Opt Express. (2016) 7:5104–19. doi: 10.1364/BOE.7.005104 

 56. Strangman, G, Culver, JP, Thompson, JH, and Boas, DA. A quantitative comparison of simultaneous bold fmri and Nirs recordings during functional brain activation. NeuroImage. (2002) 17:719–31. doi: 10.1006/nimg.2002.1227

 57. He, H., Choi, J. D., and Assoc Computat, L. (2021). “The stem cell hypothesis: dilemma behind multi-task learning with transformer encoders.” Conference on empirical methods in natural language processing (Emnlp), 2021 Nov 07–11 2021 Punta Cana, Dominican Rep. 5555–5577.

 58. Benjamini, Y, and Hochberg, Y. Controlling the false discovery rate - a practical and powerful approach to multiple testing. J R Stat Soc Ser B Stat Methodol. (1995) 57:289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x

 59. Tian, F., Lin, Z.-J., and Liu, H. (2013). “EasyTopo: a toolbox for rapid diffuse optical topography based on a standard template of brain atlas.” Conference on Optical Tomography and Spectroscopy of Tissue X, 2013 Feb 03–06 2013 San Francisco, CA.

 60. Liu, X, Cheng, F, Hu, S, Wang, B, Hu, C, Zhu, Z , et al. Cortical activation and functional connectivity during the verbal fluency task for adolescent-onset depression: a multi-channel Nirs study. J Psychiatr Res. (2022) 147:254–61. doi: 10.1016/j.jpsychires.2022.01.040 

 61. Ong, SK, Husain, SF, Wee, HN, Ching, J, Kovalik, JP, Cheng, M , et al. Integration of the cortical Haemodynamic response measured by functional near-infrared spectroscopy and amino acid analysis to aid in the diagnosis of major depressive disorder. Diagnostics (Basel, Switzerland). (2021) 11:1978. doi: 10.3390/diagnostics11111978 

 62. Yang, T, Wang, H, Dai, H, Hui, J, Zhang, J, Li, J , et al. The fnirs evaluation of frontal and temporal lobe cortical activation in Chinese first-episode medication-naive and recurrent depression during a verbal fluency task. Front Psychiatry. (2023) 14:1132666. doi: 10.3389/fpsyt.2023.1132666 

 63. Dixon, ML, Thiruchselvam, R, Todd, R, and Christoff, K. Emotion and the prefrontal cortex: an integrative review. Psychol Bull. (2017) 143:1033–81. doi: 10.1037/bul0000096 

 64. Pizzagalli, DA, and Roberts, AC. Prefrontal cortex and depression. Neuropsychopharmacology. (2022) 47:225–46. doi: 10.1038/s41386-021-01101-7 

 65. Ladouceur, CD, Phillips, ML, and Drevets, WC. A neural model of voluntary and automatic emotion regulation: implications for understanding the pathophysiology and neurodevelopment of bipolar disorder. Mol Psychiatry. (2008) 13:833. doi: 10.1038/mp.2008.65

 66. Laicher, H, Int-Veen, I, Woloszyn, L, Wiegand, A, Kroczek, A, Sippel, D , et al. In situ fnirs measurements during cognitive behavioral emotion regulation training in rumination-focused therapy: a randomized-controlled trial. Neuroimage Clin. (2023) 40:103525. doi: 10.1016/j.nicl.2023.103525 

 67. Sindermann, L, Redlich, R, Opel, N, Bhnlein, J, and Leehr, EJ. Systematic transdiagnostic review of magnetic-resonance imaging results: depression, anxiety disorders and their co-occurrence. J Psychiatr Res. (2021) 142:226–39. doi: 10.1016/j.jpsychires.2021.07.022 

 68. Miller, EK, and Cohen, JD. An integrative theory of prefrontal cortex function. Annu Rev Neurosci. (2001) 24:167–202. doi: 10.1146/annurev.neuro.24.1.167 

 69. Wang, YC, Zhang, AX, Yang, CX, Li, GZ, Sun, N, Liu, PH , et al. Enhanced functional connectivity within executive function network in remitted or partially remitted Mdd patients. Front Psychol. (2021) 11:538333. doi: 10.3389/fpsyt.2020.538333

 70. Langenecker, SA, Bieliauskas, LA, Rapport, LJ, Zubieta, JK, Wilde, EA, and Berent, S. Face emotion perception and executive functioning deficits in depression. J Clin Exp Neuropsychol. (2005) 27:320–33. doi: 10.1080/13803390490490515720 

 71. Nejati, V, Majidinezhad, M, and Nitsche, M. The role of the dorsolateral and ventromedial prefrontal cortex in emotion regulation in females with major depressive disorder (Mdd): a tdcs study. J Psychiatr Res. (2022) 148:149–58. doi: 10.1016/j.jpsychires.2022.01.030 

 72. Fales, CL, Barch, DM, Rundle, MM, Mintun, MA, Snyder, AZ, Cohen, JD , et al. Altered emotional interference processing in affective and cognitive-control brain circuitry in major depression. Biol Psychiatry. (2008) 63:377–84. doi: 10.1016/j.biopsych.2007.06.012 

 73. Nixon, NL, Liddle, PF, Worwood, G, Liotti, M, and Nixon, E. Prefrontal cortex function in remitted major depressive disorder. Psychol Med. (2013) 43:1219–30. doi: 10.1017/S0033291712002164 

 74. Phillips, ML, Drevets, WC, Rauch, SL, and Lane, R. Neurobiology of emotion perception I: the neural basis of normal emotion perception. Biol Psychiatry. (2003) 54:504–14. doi: 10.1016/S0006-3223(03)00168-9 

 75. Vanderhasselt, MA, Baeken, C, Van Schuerbeek, P, Luypaert, R, De Mey, J, and De Raedt, R. How brooding minds inhibit negative material: an event-related fmri study. Brain Cogn. (2013) 81:352–9. doi: 10.1016/j.bandc.2013.01.007 

 76. Batty, M, and Taylor, MJ. Early processing of the six basic facial emotional expressions. Cogn Brain Res. (2003) 17:613–20. doi: 10.1016/S0926-6410(03)00174-5 

 77. Vetter, NC, Fröhner, JH, Hoffmann, K, Backhausen, LL, and Smolka, MN. Adolescent to young adult longitudinal development across 8 years for matching emotional stimuli during functional magnetic resonance imaging. Dev Cogn Neurosci. (2022) 57:101131. doi: 10.1016/j.dcn.2022.101131 

 78. Petrides, M. Lateral prefrontal cortex: architectonic and functional organization. Philosophical Trans Royal Society B-Biolog Sci. (2005) 360:781–95. doi: 10.1098/rstb.2005.1631 

 79. Seitz, RJ, Schaefer, R, Scherfeld, D, Friederichs, S, Popp, K, Wittsack, HJ , et al. Valuating other people's emotional face expression: a combined functional magnetic resonance imaging and electroencephalography study. Neuroscience. (2008) 152:713–22. doi: 10.1016/j.neuroscience.2007.10.066 

 80. Shamay-Tsoory, SG, Aharon-Peretz, J, and Perry, D. Two systems for empathy: a double dissociation between emotional and cognitive empathy in inferior frontal gyrus versus ventromedial prefrontal lesions. Brain. (2009) 132:617–27. doi: 10.1093/brain/awn279 

 81. Vasic, N, Walter, H, Höse, A, and Wolf, RC. Gray matter reduction associated with psychopathology and cognitive dysfunction in unipolar depression: a voxel-based morphometry study. J Affect Disord. (2008) 109:107–16. doi: 10.1016/j.jad.2007.11.011 

 82. Dolcos, F, and Mccarthy, G. Brain systems mediating cognitive interference by emotional distraction. J Neurosci. (2006) 26:2072–9. doi: 10.1523/JNEUROSCI.5042-05.2006 

 83. Wang, LH, Labar, KS, Smoski, M, Rosenthal, MZ, Dolcos, F, Lynch, TR , et al. Prefrontal mechanisms for executive control over emotional distraction are altered in major depression. Psychiatry Res Neuroimag. (2008) 163:143–55. doi: 10.1016/j.pscychresns.2007.10.004 

 84. Laurent, HK, and Ablow, JC. A face a mother could love: depression-related maternal neural responses to infant emotion faces. Soc Neurosci. (2013) 8:228–39. doi: 10.1080/17470919.2012.762039 

 85. Li, HJ, Wei, DT, Sun, JZ, Zhang, QL, and Qiu, J. Fronto-limbic alterations in negatively biased attention in young adults with subthreshold depression. Front Psychol. (2017) 8:1354. doi: 10.3389/fpsyg.2017.01354 

 86. Disner, SG, Beevers, CG, Haigh, EAP, and Beck, AT. Neural mechanisms of the cognitive model of depression. Nat Rev Neurosci. (2011) 12:467–77. doi: 10.1038/nrn3027

 87. Fan, X, Wu, N, Tu, Y, Zang, T, Bai, J, Peng, G , et al. Perinatal depression and infant and toddler neurodevelopment: a systematic review and meta-analysis. Neurosci Biobehav Rev. (2024) 159:105579. doi: 10.1016/j.neubiorev.2024.105579

 88. Tirumalaraju, V, Suchting, R, Evans, J, Goetzl, L, Refuerzo, J, Neumann, A , et al. Risk of depression in the adolescent and adult offspring of mothers with perinatal depression a systematic review and Meta-analysis. JAMA Netw Open. (2020) 3:e208783. doi: 10.1001/jamanetworkopen.2020.8783 

 89. Brunton, PJ, and Russell, JA. Endocrine induced changes in brain function during pregnancy. Brain Res. (2010) 1364:198–215. doi: 10.1016/j.brainres.2010.09.062 

 90. Orchard, ER, Rutherford, HJV, Holmes, AJ, and Jamadar, SD. Matrescence: lifetime impact of motherhood on cognition and the brain. Trends Cogn Sci. (2023) 27:302–16. doi: 10.1016/j.tics.2022.12.002 

 91. Sandoval, IK, Ngoh, G, Wu, J, Crowley, MJ, and Rutherford, HJV. Eeg coherence before and after giving birth. Brain Res. (2023) 1816:148468. doi: 10.1016/j.brainres.2023.148468


Copyright
 © 2025 Chen, Yang, Liang, Huang, Zhang, Li, Li, Li, Mu, Zhang and Ma. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		A free association semantic task for fNIRS-based perinatal depression assessment



		1 Introduction



		2 Methods



		2.1 Participants



		2.2 fNIRS measurement



		2.3 Procedure



		2.3.1 Verbal fluency test



		2.3.2 Free association semantic task









		2.4 fNIRS data processing



		2.5 Statistical analysis









		3 Results



		3.1 Participant demographic and behavioral outcomes



		3.2 FAST response associated with EPDS



		3.3 Comparison between FAST and VFT









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

A free association semantic task
for fNIRS-based perinatal
depression assessment












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






OPS/images/fneur-15-1491923-g005.jpg
(A)
® channel 20 channel 38
n 0
F=-0360,p = 0.008 L reampeoon
o e
Positive H H
10} e s 10| .o y
word 2 . 8 S,
B S o & -
Lo 05 025 0 025 05 5
FAST actvation ()
®) channel 15 channel 36
0 n
F=0.468,p= 0032 & r=-0.498,p=0.025
o o
Neutral 0z §
rd 10} - auf O
. LN e e
o o =
o = o =
T as d es 0 o5 T S0 EEI)
FAST actvation (¥ ) FAST actvation ()
0.6
© channel 5 channel 36
» n
o re0452,p- 0035 T8 p =003
o1 o8
Negative L Lol ~os
word Bl tiiie B
f . s
PM & SMC for RO d






OPS/images/fneur-15-1491923-g006.jpg
EPDS score

PM & SMC
channel 8 channel 16 channel 20
20,
r=-0.423,p = 0.039 r=0562,p3 0.008 . r=-0.620,p=0.002
15| 15
o £ £
e Yo ﬁm 2 10 o *
. £ £ 4
o e ® & [ g =
= . et o
0 0
0z 0 02 04 a5 a1 s o0 o5 a5 a1 05 0 05 1
'VFT activation (mM-mm) VFT activation (mM-mm)

VFT activation (mM-mm)

0.6

-0.6





OPS/images/fneur-15-1491923-g003.jpg
Task activation indicator:

Pre-processed INIRS signal task-baseline Mean

Correlation analysis

/|

y Task Baseline EPDS
NN x : A~ (score)

NN Calculate a3 |Subtract| e | _Statistic Analysis

m M ARy e a

AN L

A |24 (time, channel) (time, channel)

(time, channel) Task activation (mM-mm)





OPS/images/fneur-15-1491923-g004.jpg
@ Negative seed

) Negative chain Neutral chain Positive chain 7§ Nesuivese
o0 o0 o0 e
oy o5
H Lol £o00]
FASTZ oo Z0es 20
fun )
H 2 2%
0ss oss oss|
R o N T L = O S == e == [T Ux Ty T T e
e riig e rn e ros
(B) i Fruit
" " < - . @~ Vegetable
Fruit chain Vegetable chain Animal chain gy
| oo
r i il o
fii i 0%
i fon
VFT £ i
- Boes
Dy Ll e, i
0ss 4\‘,_4\‘
| g———F——W| g —— o —
05 ) 10155 15208 05 05 10155 e *os 05 10155 15205
T T I





OPS/images/fneur-15-1491923-t001.jpg
VFT8 VFT15 VFT16 VFT20 FAST5 FAST36 FAST15 FAST36 FAST20 FAST 38

(negative) (negative) (neutral) (neutral) (positive) (positive)
VFT$ 1
VFT15 ~0.154 1
VFT 16 ~0088  0577* 1
VFT20 0320 045 | -0372 1
FASTS (negative) 0205 —0573*  —0283 0349 1
FAST36 (negative) | 0.047  —0.829%%  —0602¢  0.482 0426 1
FASTI5 (neutral) | ~0.187  0.806% | 0.644%F  ~0367 ~0534* ~0650%% 1
FAST36 (neutral) | 0286 —0.874%%% | 0438 | 0541% 0488 0919%+% 0615 1
FAST20 (positive) | 0183 | -0322 | 0085 0706% 0463 0095 -0219 0271 1
FAST38 (positive) | 0166 —0022 | 0323 | 052% 0046 0169 0159 0135 0522 1

<005, *4p <001, ***p < 0.001.
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Model df R? Adjusted R P

FASTI (negative) 19 0.361 0.285 0.022%
FAST2 (neutral) 18 0299 0212 0058
FAST3 (positive) 20 0367 0.297 0.016*
VET 18 0.498 0.355 0.036*
VET (fruits) 18 0541 0.409 0.021%
VET (vegetables) 18 0464 0311 0054
VET (animals) 18 0.524 0.388 0.026%

P <005
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