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Children orphaned by HIV/AIDS (“AIDS orphans”) suffer numerous early-life adverse events which have a long-lasting effect on brain function. Although previous studies found altered electroencephalography (EEG) oscillation during resting state in children orphaned by HIV/AIDS, data are limited regarding the alterations in connectivity and microstate. The current study aimed to investigate the functional connectivity (FC) and microstate in children orphaned by HIV/AIDS with resting-state EEG data. Data were recorded from 63 children orphaned by HIV/AIDS and 65 non-orphan controls during a close-eyes resting state. The differences in phase-locking value (PLV) of global average FC and temporal dynamics of microstate were compared between groups. For functional connectivity, children orphaned by HIV/AIDS showed decreased connectivity in alpha, beta, theta, and delta band compared with non-orphan controls. For microstate, EEG results demonstrated that children orphaned by HIV/AIDS show increased duration and coverage of microstate C, decreased occurrence and coverage of microstate B, and decreased occurrence of microstate D than non-orphan controls. These findings suggest that the microstate and functional connectivity has altered in children orphaned by HIV/AIDS compared with non-orphan controls and provide additional evidence that early life stress (ELS) would alter the structure and function of the brain and increase the risk of psychiatric disorders.
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INTRODUCTION

Children orphaned by HIV/AIDS (“AIDS orphans”) were defined as children under the age of 18 years who had lost one or both parents to HIV-related illnesses (1). The United Nations International Children's Emergency Fund estimated that there were 15.4 million AIDS orphans worldwide by 2021 (2). The number of AIDS orphans could have reached 260,000–400,000 in China (3) with an increasing trend. When they grow up, AIDS orphans may suffer numerous early life stress (ELS) events, such as parental death, poverty, disrupted school attendance, and stigma. According to previous studies, these ELS events have been associated with changes in brain structure and function (4–8). Understanding these changes promises fundamental insights into the underlying pathophysiology and may eventually help establish a much sought-after biomarker of ELS.

Brain function development after ELS has mostly been assessed using functional magnetic resonance imaging (fMRI). By assessing brain activity and connectivity, recent fMRI studies have found a reduction in the volume of the hippocampus, prefrontal cortex (PFC), and corpus callosum in children with ELS (9, 10). Besides the brain structure, the alterations in brain functional connectivity (FC) have also been found, such as increased connectivity between the ventral striatum and lateral PFC (11, 12), and decreased amygdala-PFC connectivity (13, 14), or reduced ventral tegmental area-hippocampal connectivity (15). While findings from fMRI studies are all in low frequencies, there is still a lack of knowledge about brain function in a resting state at higher frequencies. To address this, electroencephalography (EEG) can provide a new perspective because of its higher temporal resolution. Mounting evidence indicates that resting-state EEG activity is related to brain functions (16–18). For example, in the attentional function, alpha oscillations were considered to clear sensory information from distractors (19). The theta/beta ratio had a negative correlation with information processing speed and attention performance (20). Therefore, analysis of resting-state EEG characteristics may reveal the alteration of brain functions in AIDS orphans.

In the commonly resting EEG analysis, a promising approach is a microstate. EEG microstates are defined as global patterns of scalp potential topographies which remain stable for a certain period of time (50–100 ms) before rapidly transitioning to different microstates (21). Most studies demonstrate that the same four classes of archetypal microstates which were labeled as A, B, C, and D can explain most of the global topographic variance (22). According to fMRI-EEG studies, different microstates correspond to certain specific resting-state functional networks. Specifically, microstate class A was associated with the auditory processing, microstate class B with the visual network, microstate class C with the salience network (SN), and microstate class D with the attention (23, 24). According to previous studies, the temporal parameters, such as duration (the mean duration of a microstate class in milliseconds), occurrence (the mean frequency of observation of a microstate class per second), and coverage (the proportion of the total time spent in a microstate class) could reflect the function of brain networks and these parameters could be altered by age, pressure, and diseases (22, 25, 26).

Following what was previously reported, there are many techniques to estimate resting-state EEG FC (27, 28). Among these techniques, The phase locking value (PLV) is especially suitable for connectivity analysis because it quantifies coupling between pairs of electrodes and measures the synchronization of temporal relationships of neural signals independent of their signal amplitude (29, 30). PLV has been used in previous studies to examine FC (31). For instance, a study that measures FC between default mode networks regions of interest and the medial prefrontal regions using PLV found decreased connectivity in the alpha band in older people (32). Rogala et al. found a positive correlation between resting-state PLV and the power of the beta-2 band (22–29 Hz), demonstrating that beta band activity plays an important role in the attentional process (16). In addition, recent studies investigated the correlation between EEG FC and fMRI FC by using different techniques and found that PLV is significantly correlated with fMRI networks compared with other FC methods (33).

This study aimed to investigate the large-scale network across the whole brain in AIDS orphans and compared it to non-orphan controls. To achieve this, the present research will use FC and the microstate approach to analyze the EEG data. The temporal parameters (duration, occurrence, and coverage) will be assessed for the microstate. For FC, the PLV will be used to calculate the functional connection.



METHOD


Participants

Data were derived from a larger neurodevelopmental study in which a total of 91 AIDS orphans and 66 non-orphan children (controls) were recruited from the local communities and school systems in central rural China. The study was open to children at 8–18 years of age who did not have HIV/AIDS-related illnesses. Age eligibility was verified through the local community leaders, school records, or caregivers. Among these participants, 65 AIDS orphans and 66 controls completed the EEG experiment. All the subjects had a normal or adequately corrected vision, were right-handed, and reported no history of mental, medical, or neurological disorders. At the end of the experiment, they received an age-appropriate gift as a token of appreciation. Written informed consent was obtained for the study. Two AIDS orphans and one control child were excluded from further analysis due to an unfinished EEG experiment. The study protocol was approved by the Institutional Review Boards at the University of South Carolina in the United States and Henan University in China (IRB 00007212).



Measures and Procedures
 
EEG Recording and Preprocessing

Participants were in the eyes-closed resting state when 4-min spontaneous EEG data were collected (Figure 1). The EEG was recorded from a 32-scalp standard channel cap (10/20 system; Brain Products, Munich, Germany) (Figure 2). An electrooculogram (EOG) was recorded from electrodes placed at the outer canthi of the right eye. All electrode recordings were online referenced to FCz. All inter-electrode impedances were maintained below 5 kΩ. The EEG and EOG signals were amplified using a 0.01–100 Hz bandpass filter and continuously sampled at 500 Hz/channel for offline analysis.


[image: Figure 1]
FIGURE 1. Procedures of the experiment.
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FIGURE 2. Electroencephalography (EEG) cap configuration with international 10–20 system.


After data acquisition, offline preprocessing was performed with EEGLAB (34). The EEG data were re-referenced to the common average reference. Then, the data were corrected for artifacts using Independent Component Analysis (ICA). Subsequently, all data were bandpass filtered at 2–20 Hz and segmented in 2 s epochs. Segments were rejected from further analyses if amplitudes exceeded ±100 uV.



EEG Connectivity Analysis

As a measure of synchrony, PLV is used as an indicator of FC between different brain regions. Compared with other indicators of FC, PLV does not depend on the spectral power of recorded signals and is more sensitive for measuring FC (16). In addition, it has good reliability for all frequency bands.

The current source density (CSD) method was used to transform EEG data from scalp electrode space into a reference-free montage (35). The EEG signals of all electrodes from CSD-converted montage are band-pass filtered into four frequency bands [delta (2–4 Hz), theta (4–8 Hz), alpha (8–13 Hz), and beta (13–20 Hz)] and transformed into analytical EEG signals using Hilbert transform (29). For each frequency band, the PLVs were calculated for all pairs of electrodes and generated an N × N synchronization matrix with N equal to 29, in which each entry Ni,j contains the value of the PLV for the channels i and j. The global mean PLV of each subject was calculated based on the N × N matrix.




Microstate Analysis

As a method of studying EEG, microstate analysis regards the EEG signal as a series of quasi-stable microstates and access the global functional state of the brain by comparing the characteristic of microstate time series (23).

Microstate analysis was performed with the microstate analysis plugin (Version 1.2; http://www.thomaskoenig.ch/Download/EEGLAB_Microstates/) for EEGLAB in Matlab 2018b. The steps were as follows. First, 1,000 global field power (GFP) peaks were selected randomly and were submitted to Atomize-Agglomerate Hierarchical Clustering (AAHC) analysis. Next for each cluster number of microstate maps from 3 to 6 was determined. According to the cross-validation criterion, we found four microstates could explain the variance of 76.26 and 71.75% for two groups. Then, a similar clustering analysis was performed at the group level based on the microstate template maps of all the participants. For the statistical analysis, the three temporal features of the microstates were extracted (duration, occurrence, and, coverage).



Statistical Analysis

In this study, the t-test was used to compare the demographic variables between two groups. All the variables with a significant difference will be used as covariates in all the subsequent analyses.

The group differences of EEG connectivity analysis were evaluated separately on each frequency band. A comparison of the group mean PLVs was conducted using one-way analysis of variance (ANOVA). For microstate analysis, the repeated-measures ANOVA was applied with microstate class (A, B, C, and D) as a within-subject factor, and group (AIDS orphans and controls) as a between-subject factor. One-way ANOVA was used to compare groups for temporal parameters of each microstate when the main effects or interactions were significant.

A greenhouse-Geisser correction was conducted to adjust p-values when appropriate. All analyses were calculated by SPSS 25.0.




RESULTS

In demographic variables, age was found to be a significant difference between the two groups and included as a covariate in subsequent analyses.


Global Connectivity

The group difference in mean global PLV was calculated with one-way ANOVA and age as a covariate. As shown in Figure 3, the mean PLV was significantly lower in AIDS orphans (alpha: 0.415 ± 0.064; theta: 0.389 ± 0.014; delta: 0.559 ± 0.013; and beta: 0.263 ± 0.015) than controls (alpha: 0.419 ±0.073; theta: 0.416 ± 0.062; delta: 0.0571 ± 0.410; and beta: 0.293 ± 0.080) in all frequency bands (alpha: F(1, 128) = 8.446, p = 0.004, η2 = 0.062; theta: F(1, 128) = 24.337, p < 0.001, η2 = 0.160; delta: F(1, 128) = 15.395, p < 0.001, η2 = 0.107; and beta: F(1, 128) = 22.989, p < 0.001, η2 = 0.152) (Table 1).


[image: Figure 3]
FIGURE 3. The mean phase-locking value (PLV) averaged over all pairs of EEG channels for AIDS orphans and controls in four frequency bands.



Table 1. The mean phase-locking value (PLV) for AIDS orphans and controls at each frequency.
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Microstate Results

The four microstate classes (A, B, C, and D) of orphans and controls obtained in the whole groups had topographies comparable with those previously found in most microstate studies (Figure 4). These microstates accounted for an average of 76.26% (SD = 5.4%) and 71.75% (SD = 7.6%) of the global variance in the AIDS orphans and control group, respectively.


[image: Figure 4]
FIGURE 4. Spatial configuration of the four microstate classes. Each row displays the four topographic configurations (A–D) for each group. AIDS orphans, controls.


We found significant class (A, B, C, and D) × group (AIDS orphans and controls) interactions for coverage (F(3, 375) = 3.492, p = 0.020, [image: image] = 0.027), and occurrence (F(3, 375) = 5.756, p = 0.001, [image: image] = 0.044). In addition, the main effect of duration (F(1, 125) = 4.510, p = 0.036, [image: image] = 0.035) was significant (Table 2).


Table 2. The results of the 2-way ANOVA for duration, occurrence, and coverage.

[image: Table 2]

The group differences were found in specific microstate classes. Specifically, for microstate coverage, orphans showed a significant decrease of microstate B (F(1, 125) = 4.234, p = 0.042, η2 = 0.033), and a significant increase of microstate C (F(1, 125) = 6.227, p = 0.014, η2 = 0.047) than controls. The occurrences of microstate B (F(1, 125) = 8.262, p = 0.005, η2 = 0.062) and D (F(1, 125) = 8.613, p = 0.004, η2 = 0.064) were higher in controls than in AIDS orphans. AIDS orphans showed significantly increased microstate C duration (F(1, 125) = 8.028, p = 0.005, η2 = 0.060) compared with controls (Table 3).


Table 3. The mean for all microstate parameters of AIDS orphans and controls.
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DISCUSSION

The present study aimed to investigate the difference in brain function between AIDS orphans and controls from the perspective of whole brain activities. Here, two novel analytical approaches were used to extract the information from the resting-state EEG data. First, microstate analysis evaluated the spontaneous brain activity and temporal dynamics resting-state networks (RSNs). Second, the altered FC of large-scale brain networks in AIDS orphans was measured. The result of this study showed alterations in microstate parameters and lower FC in all frequency bands for AIDS orphans. These results provide new insight into the brain development of AIDS orphans.

The results of FC suggest that the brain structure and function, as well as development, can be altered even damaged by ELS. This finding is consistent with previous studies that demonstrated ELS may have a negative effect on brain. A large body of studies has highlighted the impaired cognitive and affective functioning in children who experienced ELS (36–38). Wang et al. (39)found a decrease FC within prefrontal-limbic-thalamic-cerebella in major depressive disorder patients with ELS. In a study of adolescents with post-traumatic stress disorder, decreased connectivity between the amygdala and mPFC was observed compared with controls (40). In addition, the current study investigated the difference of functional networks between AIDS orphans and controls in four frequency bands. Oscillations in different frequency bands are often related to cognitive functions. The relationship between alpha oscillation and alertness has been reported in several studies (41, 42). Theta oscillation play an important role in working memory (43). Activity of the delta band was observed during the feedback and oscillation of beta related with sensorimotor decision-making (44–48). Thus, the decrease of FC in all frequency bands indicates that the defects in the brain function of AIDS orphans.

In this study, we found an increase in duration and coverage of microstate C in AIDS orphans compared with controls. This result is consistent with previous studies which found the sensitivity to perception altered (49) and neural responses to salient stimuli enhanced in the ELS sample (50). These neural responses are included in SN, which correspond to microstate C. Thus, the increase of microstate C may represent the individual becoming more sensitive to salience events (51). In addition, the SN connectivity in insula was found to be increased in trauma-exposed youth (52) and the SN alteration was found in patients with major depressive disorder (53), posttraumatic stress disorder (54), and anxiety disorders (55).

In contrast to microstate C, we found a reduction in occurrence and coverage of microstate B and a reduction in the occurrence of microstate D in AIDS orphans. According to previous studies, microstate B and D are related to the visual network and attention network, respectively. The decrease in microstate may represent a deficit in attention of AIDS orphans (56–58), which is consistent with the results of FC. Similar results were reported in patients with psychiatric disorders. For instance, studies with schizophrenic found the reduction in microstate B and D (56, 59, 60). A study on bipolar disorder showed that patients with bipolar disorder have a significant reduction in microstate B (61). In combination with the result of microstate C, this study provided further evidence that individuals who experience ELS are more likely to develop psychiatric disorders. Therefore, the altered microstate in AIDS orphans may be a predictor of mental illness.

It is possible that our results reflect impaired brain function in AIDS orphans. These findings give further support to the diatheses-stress hypotheses that the brain adapts to ELS by releasing mediators which may provoke dendritic stunting and atrophy (62, 63) and consequently affect the structure and function of the brain. In addition, previous studies on the effect of ELS on attention were based on task or certain regionals (36, 64). However, in this study, two methods based on the large-scale resting-state EEG data analysis found defects in attention function, which provided further evidence that ELS has effect on attention.



CONCLUSION

The present study showed decreased FC and different microstate dynamics in AIDS orphans. With two independent approaches to analyze EEG resting-state data, we found alterations in the brain function in AIDS orphans, and those alterations were likely to be caused by ELS. These results suggest that functional imaging may be used to detect latent neurodevelopmental effects of ELS exposure, facilitating a better understanding of the pathophysiology and treatment of ELS-related conditions.


Limitations and Future Directions

One limitation of this study is that we only explore the whole-brain network from two different perspectives. Other methods, such as graph theory as well as long- and short-distance FC, have been used to analyze FC in recent studies. Hence, these methods will be taken into account to investigate the large-scale brain network in further studies. In addition, the research is a cross-sectional study. According to previous studies, ELS has a sustained and life-long impact on the brain. The results of this study reveal the development trajectory of brain with individuals who are preadolescents and undergoing ELS. Thus, the developmental trajectory throughout puberty needs to be explored in a longitudinal study in future studies. Furthermore, this study only explored the characteristics of large-scale resting-state EEG and found the effect of ELS on brain function. However, the effect of ELS on specific cognitive function and its potential neural circuit have not been explored and analyzed. Therefore, in future studies, we will focus on the role of the ventral prefrontal cortex in the acquisition of threat conditions in individuals who experience ELS and exploring its subregional contributions to fear learning and extinction.




DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available due to privacy or ethical restrictions. Requests to access the datasets should be directed to JZ, jfzhao63@hotmail.com.



ETHICS STATEMENT

The study protocol was approved by the Institutional Review Boards at University of South Carolina in the United States and Henan University in China. Written informed consent to participate in this study was provided by the participants' legal guardian.



AUTHOR CONTRIBUTIONS

HG, XS, and HH designed the study and drafted the manuscript. XS and HH performed the study, analyzed the data, and editing of the paper. JZ and XL revised the paper. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Social Science Foundation of China, NSSFC (Grant Number 19BSH111), the Social Science Planning Project of Henan Province (2021CJY051), the Humanities and Social Science Research Project of Henan Provincial Department of Education grant number (2020-ZDJH-026), the Science and Technology Research Project of Henan Provincial Department of Science and Technology (Grant Number 212102310985), and the Henan University Philosophy and Social Science Innovation Team (2019CXTD009).



ACKNOWLEDGMENTS

We would like to express our appreciation and thanks to the communities and schools we partnered with and all the children who participated in the study, as well as their parents/legal guardians.



REFERENCES

 1. Sherr L, Varrall R, Mueller J, Richter L, Wakhweya A, Adato M, et al. A systematic review on the meaning of the concept 'AIDS Orphan': confusion over definitions and implications for care. AIDS Care. (2008) 20:527–36. doi: 10.1080/09540120701867248

 2. United Nations International Children's Emergency Fund,. Global regional trends (2021). Available onlilne at: https://data.unicef.org/topic/hivaids/global-regional-trends/ (accessed November 24, 2021).

 3. Li X, Jiang Y, Qiao S, Gu H, Zhao J. Effects of parental HIV on telomere length among children in rural China. Health Psychology. (2020) 39:617. doi: 10.1037/hea0000872

 4. Burghy CA, Stodola DE, Ruttle PL, Molloy EK, Armstrong JM, Oler JA, et al. Developmental pathways to amygdala-prefrontal function and internalizing symptoms in adolescence. Nat Neurosci. (2012) 15:1736. doi: 10.1038/nn.3257

 5. Demir-Lira ÖE, Voss JL, O'Neil JT, Briggs-Gowan MJ, Wakschlag LS, Booth JR. Early-life stress exposure associated with altered prefrontal resting-state fMRI connectivity in young children. Dev Cogn Neurosci. (2016) 19:107–14. doi: 10.1016/j.dcn.2016.02.003

 6. Eluvathingal TJ. Abnormal brain connectivity in children after early severe socioemotional deprivation: a diffusion tensor imaging study. Pediatrics. (2006) 117:2093–100. doi: 10.1542/peds.2005-1727

 7. Gu H, Zhao Q, Liu J, Zhao J, Ji L, Chi P, et al. EEG oscillation evidences of altered resting-state brain activity in children orphaned by parental HIV/AIDS. AIDS Care. (2020) 32:177–82. doi: 10.1080/09540121.2020.1739211

 8. Zhao J, Ji L, Du S, Gu H, Li X. Working memory impairment in children orphaned by parental HIV/AIDS: an event-related potentials study. Psychol Health Med. (2021) 1–14. doi: 10.1080/13548506.2021.1896761

 9. Teicher MH, Samson JA. Annual research review: enduring neurobiological effects of childhood abuse and neglect. J Child Psychol Psychiatry. (2016) 57:241–66. doi: 10.1111/jcpp.12507

 10. Adam X, Gorka, Jamie L, Hanson, Spenser R, Radtke, et al. Reduced hippocampal and medial prefrontal gray matter mediate the association between reported childhood maltreatment and trait anxiety in adulthood and predict sensitivity to future life stress. Biol Mood Anxiety Disord. (2014) 4:1–10. doi: 10.1186/2045-5380-4-12

 11. Marshall NA, Marusak HA, Sala-Hamrick KJ, Crespo LM, Rabinak CA, Thomason ME. Socioeconomic disadvantage and altered corticostriatal circuitry in urban youth. Hum Brain Mapp. (2018) 39:1982–94. doi: 10.1002/hbm.23978

 12. Herzberg MP, Gunnar MR. Early life stress and brain function: Activity and connectivity associated with processing emotion and reward. Neuroimage. (2020) 209:116493. doi: 10.1016/j.neuroimage.2019.116493

 13. Javanbakht A, King AP, Evans GW, Swain JE, Angstadt M, Phan KL, et al. Childhood poverty predicts adult amygdala and frontal activity and connectivity in response to emotional faces. Front Behav Neurosci. (2015) 9:154. doi: 10.3389/fnbeh.2015.00154

 14. Kim P, Evans GW, Angstadt M, Ho SS, Sripada CS, Swain JE, et al. Effects of childhood poverty and chronic stress on emotion regulatory brain function in adulthood. Proc Nat Acad Sci. (2013) 110:18442–7. doi: 10.1073/pnas.1308240110

 15. Marusak HA, Hatfield JR, Thomason ME, Rabinak CA. Reduced ventral tegmental area–hippocampal connectivity in children and adolescents exposed to early threat. Biol Psychiatry Cogn Neurosci Neuroimaging. (2017) 2:130–7. doi: 10.1016/j.bpsc.2016.11.002

 16. Rogala J, Kublik E, Krauz R, Wróbel A. Resting-state EEG activity predicts frontoparietal network reconfiguration and improved attentional performance. Sci Rep. (2020) 10:1–15. doi: 10.1038/s41598-020-61866-7

 17. Farina FR, Emek-Savaş DD, Rueda-Delgado L, Boyle R, Kiiski H, Yener G, et al. A comparison of resting state EEG and structural MRI for classifying Alzheimer's disease and mild cognitive impairment. Neuroimage. (2020) 215:116795. doi: 10.1016/j.neuroimage.2020.116795

 18. Babiloni C, Lizio R, Marzano N, Capotosto P, Soricelli A, Triggiani AI, et al. Brain neural synchronization and functional coupling in Alzheimer's disease as revealed by resting state EEG rhythms. Int J Psychophysiology. (2016) 103:88–102. doi: 10.1016/j.ijpsycho.2015.02.008

 19. Sadaghiani S, Scheeringa R, Lehongre K, Morillon B, Giraud A-L, Kleinschmidt A. Intrinsic connectivity networks, alpha oscillations, and tonic alertness: a simultaneous electroencephalography/functional magnetic resonance imaging study. J Neurosci. (2010) 30:10243–50. doi: 10.1523/JNEUROSCI.1004-10.2010

 20. Keune PM, Hansen S, Weber E, Zapf F, Habich J, Muenssinger J, et al. Exploring resting-state EEG brain oscillatory activity in relation to cognitive functioning in multiple sclerosis. Clini Neurophysiol. (2017) 128:1746–54. doi: 10.1016/j.clinph.2017.06.253

 21. Lehmann D, Ozaki H, Pal I. EEG alpha map series: brain micro-states by space-oriented adaptive segmentation. Electroencephalogr. Clin. Neurophysio. (1987) 67:271–88. doi: 10.1016/0013-4694(87)90025-3

 22. Lehmann D, Pascual-Marqui RD, Michel C. EEG microstates. Scholarpedia. (2009) 4:7632. doi: 10.4249/scholarpedia.7632

 23. Khanna A, Pascual-Leone A, Michel CM, Farzan F. Microstates in resting-state EEG: current status and future directions. Neurosci Biobehav Rev. (2014) 49:105–13. doi: 10.1016/j.neubiorev.2014.12.010

 24. Britz J, Michel CM. Errors can be related to pre-stimulus differences in ERP topography and their concomitant sources. Neuroimage. (2010) 49:2774–82. doi: 10.1016/j.neuroimage.2009.10.033

 25. Pal A, Behari M, Goyal V, Sharma R. Study of EEG microstates in Parkinson's disease: a potential biomarker? Cogn Neurodyn. (2021) 15:463–71. doi: 10.1007/s11571-020-09643-0

 26. Nishida K, Morishima Y, Yoshimura M, Isotani T, Irisawa S, Jann K, et al. EEG microstates associated with salience and frontoparietal networks in frontotemporal dementia, schizophrenia and Alzheimer's disease. Clin Neurophysiol. (2013) 124:1106–14. doi: 10.1016/j.clinph.2013.01.005

 27. Fraschini M, Pani SM, Didaci L, Marcialis GL. Robustness of functional connectivity metrics for EEG-based personal identification over task-induced intra-class and inter-class variations. Pattern Recognit Lett. (2019) 125:49–54. doi: 10.1016/j.patrec.2019.03.025

 28. Garcés P, Martín-Buro MC, Maestú F. Quantifying the test-retest reliability of magnetoencephalography resting-state functional connectivity. Brain Connect. (2016) 6:448–60. doi: 10.1089/brain.2015.0416

 29. Lachaux JP, Rodriguez E, Martinerie J, Varela FJ. Measuring phase synchrony in brain signals. Hum Brain Mapp. (1999) 8:194–208. doi: 10.1002/(SICI)1097-0193(1999)8:4&lt;194::AID-HBM4&gt;3.0.CO;2-C

 30. Al-Shargie F, Tariq U, Alex M, Mir H, Al-Nashash H. Emotion recognition based on fusion of local cortical activations and dynamic functional networks connectivity: an EEG study. IEEE Access. (2019) 7:143550–62. doi: 10.1109/ACCESS.2019.2944008

 31. Chen I-C, Chang C-L, Chang M-H, Ko L-W. Atypical functional connectivity during rest and task-related dynamic alteration in young children with attention deficit hyperactivity disorder: an analysis using the phase-locking value. Psychiatry Clin Neurosci. (2022). doi: 10.1111/pcn.13344

 32. Chow R, Rabi R, Paracha S, Hasher L, Anderson ND, Alain C. Default mode network and neural phase synchronization in healthy aging: a resting state eeg study. Neuroscience. (2022) 485:116–28. doi: 10.1016/j.neuroscience.2022.01.008

 33. Rizkallah J, Amoud H, Fraschini M, Wendling F, Hassan M. Exploring the correlation between M/EEG source–space and fMRI networks at rest. Brain Topogr. (2020) 33:151–60. doi: 10.1007/s10548-020-00753-w

 34. Delorme A, Makeig S. EEGLAB an open source toolbox for analysis of single-trial EEG dynamics including independent component analysis. J Neurosci Methods. (2004) 134:9–21. doi: 10.1016/j.jneumeth.2003.10.009

 35. Tenke CE, Kayser J. Reference-free quantification of EEG spectra: Combining current source density (CSD) and frequency principal components analysis (fPCA). Clinical Neurophysiology. (2005) 116:2826–46. doi: 10.1016/j.clinph.2005.08.007

 36. Pechtel P, Pizzagalli DA. Effects of early life stress on cognitive and affective function: an integrated review of human literature. Psychopharmacology. (2011) 214:55–70. doi: 10.1007/s00213-010-2009-2

 37. Halldorsdottir T, Kurtoic D, Müller-Myhsok B, Binder EB, Blair C. Neurobiology of self-regulation: longitudinal influence of FKBP5 and intimate partner violence on emotional and cognitive development in childhood. Am J Psychiatry. (2019) 176:626–34. doi: 10.1176/appi.ajp.2019.18091018

 38. Johnson DE, Guthrie D, Smyke AT, Koga SF, Fox NA, Zeanah CH, et al. Growth and associations between auxology, caregiving environment, and cognition in socially deprived Romanian children randomized to foster vs ongoing institutional care. Arch Pediatr Adolesc Med. (2010) 164:507–16. doi: 10.1001/archpediatrics.2010.56

 39. Wang L, Dai Z, Peng H, Tan L, Ding Y, He Z, et al. Overlapping and segregated resting-state functional connectivity in patients with major depressive disorder with and without childhood neglect. Hum Brain Mapp. (2014) 35:1154–66. doi: 10.1002/hbm.22241

 40. Cisler JM, Sigel BA, Kramer TL, Smitherman S, Vanderzee K, Pemberton J, et al. Modes of large-scale brain network organization during threat processing and posttraumatic stress disorder symptom reduction during TF-CBT among adolescent girls. PLoS ONE. (2016) 11:e0159620. doi: 10.1371/journal.pone.0159620

 41. Braboszcz C, Delorme A. Lost in thoughts: neural markers of low alertness during mind wandering. Neuroimage. (2011) 54:3040–7. doi: 10.1016/j.neuroimage.2010.10.008

 42. Simor P, Gombos F, Blaskovich B, Bódizs R. Long-range alpha and beta and short-range gamma EEG synchronization distinguishes phasic and tonic REM periods. Sleep. (2017) 41:zsx210. doi: 10.1093/sleep/zsx210

 43. Pomper U, Ansorge U. Theta-rhythmic oscillation of working memory performance. Psychol Sci. (2021) 32:1801–10. doi: 10.1177/09567976211013045

 44. Siegel M, Donner TH, Engel AK. Spectral fingerprints of large-scale neuronal interactions. Nat. Rev. Neurosci. (2012) 13:121–34. doi: 10.1038/nrn3137

 45. Shephard E, Tye C, Ashwood KL, Azadi B, Johnson MH, Charman T, et al. Oscillatory neural networks underlying resting-state, attentional control and social cognition task conditions in children with ASD, ADHD and ASD+ADHD. Cortex. (2019) 117:96–110. doi: 10.1016/j.cortex.2019.03.005

 46. Uhlhaas PJ, Singer W. Neural Synchrony in Brain Disorders: Relevance for Cognitive Dysfunctions and Pathophysiology. Neuron. (2006) 52:155–68. doi: 10.1016/j.neuron.2006.09.020

 47. Debnath R, Salo VC, Buzzell GA, Yoo KH, Fox NA. Mu rhythm desynchronization is specific to action execution and observation: Evidence from time-frequency and connectivity analysis. Neuroimage. (2019) 184:496–507. doi: 10.1016/j.neuroimage.2018.09.053

 48. Bathelt J, O'Reilly H, Clayden JD, Cross JH. de Haan M. Functional brain network organisation of children between 2 and 5 years derived from reconstructed activity of cortical sources of high-density EEG recordings. Neuroimage. (2013) 82:595–604. doi: 10.1016/j.neuroimage.2013.06.003

 49. Pollak SD. Mechanisms linking early experience and the emergence of emotions: illustrations from the study of maltreated children. Curr Dir Psychol Sci. (2008) 17:370–5. doi: 10.1111/j.1467-8721.2008.00608.x

 50. Herringa RJ, Phillips ML, Fournier JC, Kronhaus DM, Germain A. Childhood and adult trauma both correlate with dorsal anterior cingulate activation to threat in combat veterans. Psychol Med. (2013) 43:1533–42. doi: 10.1017/S0033291712002310

 51. Geng H, Li X, Chen J, Li X, Gu R. Decreased intra-and inter-salience network functional connectivity is related to trait anxiety in adolescents. Front Behav Neurosci. (2016) 9:350. doi: 10.3389/fnbeh.2015.00350

 52. Marusak HA, Etkin A, Thomason ME. Disrupted insula-based neural circuit organization and conflict interference in trauma-exposed youth. NeuroImage: Clinical. (2015) 8:516–25. doi: 10.1016/j.nicl.2015.04.007

 53. Hamilton JP, Etkin A, Furman DJ, Lemus MG, Johnson RF, Gotlib IH. Functional neuroimaging of major depressive disorder: a meta-analysis and new integration of baseline activation and neural response data. Am J Psychiatry. (2012) 169:693–703. doi: 10.1176/appi.ajp.2012.11071105

 54. Sripada RK, King AP, Welsh RC, Garfinkel SN, Wang X, Sripada CS, et al. Neural dysregulation in posttraumatic stress disorder: evidence for disrupted equilibrium between salience and default mode brain networks. Psychosom Med. (2012) 74:904. doi: 10.1097/PSY.0b013e318273bf33

 55. Etkin A, Wager TD. Functional neuroimaging of anxiety: a meta-analysis of emotional processing in PTSD, social anxiety disorder, and specific phobia. Am J Psychiatry. (2007) 164:1476–88. doi: 10.1176/appi.ajp.2007.07030504

 56. Lehmann D, Faber PL, Galderisi S, Herrmann WM, Kinoshita T, Koukkou M, et al. EEG microstate duration and syntax in acute, medication-naive, first-episode schizophrenia: a multi-center study. Psychiatry Res. (2005) 138:141–56. doi: 10.1016/j.pscychresns.2004.05.007

 57. D'Croz-Baron DF, Baker M, Michel CM, Karp T. EEG microstates analysis in young adults with autism spectrum disorder during resting-state. Front Hum Neurosci. (2019) 13:173. doi: 10.3389/fnhum.2019.00173

 58. Britz J, Ville DVD, Michel CM. BOLD correlates of EEG topography reveal rapid resting-state network dynamics. Neuroimage. (2010) 52:1162–70. doi: 10.1016/j.neuroimage.2010.02.052

 59. da Cruz JR, Favrod O, Roinishvili M, Chkonia E, Brand A, Mohr C, et al. EEG microstates are a candidate endophenotype for schizophrenia. Nat Commun. (2020) 11:1–11. doi: 10.1038/s41467-020-16914-1

 60. Koenig T, Lehmann D, Merlo M, Kochi K, Hell D, Koukkou M, et al. deviant EEG brain microstate in acute, neuroleptic-naive schizophrenics at rest. Eur Arch Psychiatry Clin Neurosci. (1999) 249:205–11. doi: 10.1007/s004060050088

 61. Vellante F, Ferri F, Baroni G, Croce P, Migliorati D, Pettoruso M, et al. Euthymic bipolar disorder patients and EEG microstates: a neural signature of their abnormal self experience? J Affect Disorders. (2020) 272:326–34. doi: 10.1016/j.jad.2020.03.175

 62. Chen Y, Bender RA, Brunson KL, Pomper JK, Grigoriadis DE, Wurst W, et al. Modulation of dendritic differentiation by corticotropin-releasing factor in the developing hippocampus. Proc Nat Acad Sci. (2004) 101:15782–7. doi: 10.1073/pnas.0403975101

 63. Lin Y-C, Koleske AJ. Mechanisms of synapse and dendrite maintenance and their disruption in psychiatric and neurodegenerative disorders. Annu Rev Neurosci. (2010) 33:349–78. doi: 10.1146/annurev-neuro-060909-153204

 64. Kim H-B, Yoo J-Y, Yoo S-Y, Suh SW, Lee S, Park JH, et al. Early-life stress induces EAAC1 expression reduction and attention-deficit and depressive behaviors in adolescent rats. Cell Death Discovery. (2020) 6:73. doi: 10.1038/s41420-020-00353-4

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.

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.

Copyright © 2022 Gu, Shan, He, Zhao and Li. 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/images/fpsyt-13-898716-t001.jpg
Alpha Theta Delta Beta

orphans  0.415+£0.064 0.389+0014 0559+0013 0.263+0.015
controls  0.419+£0.073 0.416+0.062 0.0571+0.410 0.293 4 0.080
F 8.446 24,337 15.395 22.989
P 0.004 < 0.001 < 0.001 < 0.001

Values are expressed as means + SD; analysis of variance (ANOVA) test followed by
Greenhouse-Geisser correction.

Significant differences are marked in bold.

Orphans, AIDS orphans.





OPS/images/fpsyt-13-898716-t002.jpg
Duration
Main effects
Class

Group

Age

2-way interaction
Class * group
Class * age
Oceurrence
Main effects
Class

Group

Age

2-way interaction
Class * group
Class * age
Coverage

Main effects
Class

Group

Age

2-way interaction
Class * group
Class * age

Fdn

Fars)
Fi1,129)
Fit.129)

Faars)
Faars)

Fiaars)
Fii.125)
Fit.125)

Faars)
Faars)

Fiaars)
Fit,128
Fit.129)

Fiaars)
Faars)

0.424
4.51
9.792

225
0.181

0.963
3.243
10.548

5.756
1.127

0616
1,609
2685

3.492
0.504

0.709
0.036
0.002

0.091
0.886

0.403
0.074
0.001

0.001
0.336

0.605
0207
0.104

0.020
0658

F(d), F-test (degrees of freedom); p, p-value; 13, partial eta square.
Significant results and differences are marked in bold.

Class, microstate class.

0.003
0.035
0.073

0.018
0.001

0.008
0.025
0.078

0.044
0.009

0.005
0.013
0.021

0.027
0.004





OPS/images/fpsyt-13-898716-g003.gif
v






OPS/images/fpsyt-13-898716-g004.gif
-~ 0%
- S9Ue0





OPS/images/inline_2.gif





OPS/images/fpsyt-13-898716-t003.jpg
Duration (ms)

Oceurrence (5)

Coverage (%)

Values are expressed as means + SD; analysis of variance (ANOVA) test followed by Greenhouse-Geisser correction.

orphans.
controls
Flo)
orphans
controls
Flp)
orphans
controls
Flo)

Significant differences are marked in bold.

Orphans, AIDS orphans.

Microstate A

67.13:+£9.95
67.93  10.57
1.896 (0.171)
378064
366059
0.002 (0.964)
24.76 + 4.81
2458 +5.75
0.432 (0.512)

Microstate B

67.38 % 10.98
70.19 % 10.65
0.028 (0.869)
3784073
408065
8.262 (0.005)
24.98+ 554
2771565
4234 (0.042)

Microstate C

68.65 + 13.71
63.95 + 1033
8,028 (0.005)
397+£079
361069
1.365 (0.245)
26,46+ 6,63
23,02+ 6.29
6.227 (0.014)

Microstate D

64.22 + 11.59
6410+ 7.98
1.662 (0.214)
8774068
390078
8613 (0.004)
2381+ 682
24,69+ 584
1.952 (0.165)





OPS/images/inline_1.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		EEG Evidence of Altered Functional Connectivity and Microstate in Children Orphaned by HIV/AIDS



		Introduction



		Method



		Participants



		Measures and Procedures



		EEG Recording and Preprocessing



		EEG Connectivity Analysis









		Microstate Analysis



		Statistical Analysis







		Results



		Global Connectivity



		Microstate Results







		Discussion



		Conclusion



		Limitations and Future Directions







		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Psychiatry

EEG Evidence of Altered Functional
Connectivity and Microstate in
Children Orphaned by HIV/AIDS





OPS/images/fpsyt-13-898716-g001.gif
T R T e





OPS/images/fpsyt-13-898716-g002.gif





OPS/images/inline_3.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Psychiatry





