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Background: This study aimed to investigate the neural substrates of processing depression emotion in premenstrual syndrome (PMS) and healthy subjects of college students using blood oxygenation level-dependent functional magnetic resonance imaging (BOLD-fMRI).

Methods: During BOLD-fMRI scanning, 13 PMS patients and 15 healthy controls (HC) performed a picture visual stimulation task during luteal and follicular phases, in which participants and HC were asked to see pictures containing depression and non-depression emotions. Simultaneously, self-rating depression scales (SDS) were employed to evaluate the emotional status of participants.

Results: Compared to HC, right inferior occipital gyrus, right middle occipital gyrus, right lingual gyrus, right fusiform gyrus, right inferior temporal gyrus, cerebelum_crus1_R, cerebelum_6_R, culmen, the cerebellum anterior lobe, tuber, and cerebellar tonsil of PMS patients showed enhanced activation. In contrast, sub-lobar, sub-gyral, extra-nuclear, right orbit part of superior frontal gyrus, right middle temporal gyrus, right orbit part of inferior frontal gyrus, limbic lobe, right insula, bilateral anterior and adjacent cingulate gyrus, bilateral caudate, caudate head, bilateral putamen, and left globus pallidus exhibited decreased activation.

Conclusion: The findings indicate that abnormal functional regulation of brain regions such as occipital lobe and cerebellum leads to abnormal changes in emotional regulation, cognitive ability, and attention distribution in PMS patients, implying significant central pathogenesis.
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BACKGROUND

Premenstrual syndrome (PMS) is a disorder that substantially impairs normal life activities and interpersonal relationships and is associated with a woman's menstruation cycle (1, 2). Premenstrual dysphoric disorder (PMDD) is a severe form of PMS (3). Established research indicated that PMS prevalence was 35.3% among Sharjah university students (4), 62.7% among Puducherry college students (5), 64.9% among female medical students in Saudi Arabia (6), and even higher in some regions. PMS causes various symptoms in women, commonly including affective symptoms, behavioral symptoms, and difficulty concentrating, impairing their quality of normal life (7, 8). Among them, women with PMS had difficulty in regulating their emotions (9), such as prominent depression (10), making them at higher risk of suicidality (11).

Although PMS pathogenesis remains unclear, the application of brain imaging technology has facilitated its intrinsic neural mechanism of neuropsychiatric disorders (12). Among them, blood oxygenation level-dependent (BOLD) functional magnetic resonance imaging (fMRI) has had a tremendous influence on human neuroscience over the last two decades (13). Qing Liu demonstrated decreased connectivity in the middle frontal gyrus (MFG) and parahippocampal gyrus (PHG) in PMS patients, as well as increased connectivity in the left medial/superior temporal gyri (MTG/STG) and precentral gyrus within the default mode network (DMN) using fMRI (14). Hai Liao revealed elevated regional homogeneity (ReHo) mainly in the bilateral precuneus, left inferior temporal cortex (ITC), right inferior frontal cortex (IFC), and left middle frontal cortex (MFC), as well as decreased ReHo in the right anterior cingulate cortex (ACC) of PMS patients during the luteal phase (15). Besides, structural MRI revealed increased gray matter (GM) volumes in precuneus/posterior cingulate cortex (precuneus/PCC) and thalamus, as well as decreased GM volumes in the insula of PMS patients (16). Concurrently, Demao Deng's research indicated that PMS patients have greater bilateral amygdalae volumes, increased FC between amygdala and certain regions of frontal cortex, the right temporal pole, and the insula, as well as decreased FC between bilateral amygdalae and right orbitofrontal cortex and right hippocampus (17). In addition, Peng Liu discovered decreased prefrontal-thalamic connectivity and increased posterior parietal-thalamic connectivity in PMS patients using resting-state fMRI (18).

Until now, few studies have been reported on the processing mechanism of depression emotion in PMS (3). Accordingly, this study aims to investigate the neural substrates of depression emotion processing in PMS using BOLD-fMRI.



MATERIALS AND METHODS


Ethics Statement

The Medicine Ethics Committee of the First Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Shandong, China, approved this study. All research procedures were conducted following the Declaration of Helsinki. All participants were apprised of the entire experimental procedure and signed an informed consent form.



Participants

Thirteen right-handed PMS females were recruited to participate in this study and matched with a control group of 15 comparison subjects. In each group, subjects were matched according to their age and educational level. In addition, all subjects completed the Self-rating depression scale (SDS), which aims to determine depression severity. All subjects provided written informed consent.



Inclusion and Exclusion Criteria
 
Inclusion Criteria for PMS

It firstly meets the international diagnostic standards for PMS of the American Society of Obstetrics and gynecology (ACOG). The subjects were college students, 20–25 years old, right-handed, and voluntarily participated in the study. Inclusion criteria also included good mental state, sleep quality, and appetite. Those who have clear consciousness, and independent judgment ability, can understand the purpose of this study and cooperate voluntarily. There are no major diseases such as heart, liver, and kidney, no brain tumor or other brain diseases, and no history of taking psychotropic drugs. Both eyes have a normal naked vision or corrected vision.



Inclusion Criteria for HC

The participants were healthy and had no history of nervous system diseases such as headache, dizziness, and seizures. And they were college students, 20–25 years old, right-handed, and voluntarily participated in the study. At present, the participants are in a good mental state, have good sleep quality and appetite, clear consciousness, independent judgment ability, able to understand the purpose of this study, and voluntarily cooperate with the experiment. The naked or corrected visual acuity of both eyes is normal.



Exclusion Criteria

Participants will be excluded if they are mentally ill, have serious physical diseases, have a history of drug abuse (including drugs used to treat PMS within 3 months), have blood system diseases, or have aphasia, disturbance of consciousness, dementia, and other conditions that cannot cooperate with the examination, have a chronic history of five visceral diseases such as heart and liver and have clinical symptoms, or undergo unilateral oophorectomy or abortion within 6 months, take contraceptives, or the head translation monitored during motion correction exceeds 3 mm; or rotate more than 1 degree in any direction in the three-dimensional direction. Those who put metal objects in their bodies (including pacemakers, metal dental materials, wearing braces, etc.) were excluded.




Stimuli Paradigm

The picture visual stimulation task consisted of depression and neutral emotional pictures filtered by the international emotional picture library. Stimuli were presented using the experimental visual stimulus program (Electronic Technology in Medicine Co., Ltd., Shenzhen, China). Each stimulus onset (masked face or crosshair) was triggered directly by a pulse from the scanner. The images were projected onto a computer screen behind the subject's head within the imaging chamber. The screen was viewed by a mirror positioned ~8 cm above the subject's face.

During fMRI, all subjects were shown depression and neutral emotional pictures in a block design [See Figure 1A Examples of depression pictures from the International Affective Picture System (IAPS) chosen referring to previous study (19)]. The task state contains two runs and six blocks. Each block had neutral emotional pictures interspersed with emotional pictures in a pseudo-random order. This ensured that emotional pictures occurred unpredictably. Depression emotional picture stimulus consisted of a 30-s presentation (each picture was presented for 5 s, six pictures in a block), followed by a 30-s presentation of neutral pictures (each picture was presented for 5 s, six pictures in a block). The subject saw 30 negative emotional pictures within the emotional stimuli blocks in a predetermined random order. The subject also saw 30 neutral emotional pictures within the neutral picture blocks in a predetermined random order. Picture stimuli were presented at a rate of one per echo-planar image (EPI) sequence. Following each face block, a control period of 30 cross-hair stimuli fixation points (+) was presented at the same rate as the emotional pictures (see Figure 1).


[image: Figure 1]
FIGURE 1. Timeline of experiments (fMRI). (A) Demonstrates the overall operating flow of emotional stimuli experiments during fMRI. (B) Illustrates depression degree in PMS patients after depression picture stimulation during the luteal phase of the menstrual cycle. ***P < 0.00.


The presentation order of emotional pictures was identical for all subjects across runs. The first run consisted of + Negative emotion pictures (NEG) + Neutral emotion pictures (NEU). The second run was + NEU + NEG. Each run lasted 6 min. Each subject viewed two runs. Following the scan, subjective reports of pictures evoking emotional effects were evaluated using SDS. Higher scores indicated that subjects experienced higher emotional strength. Subjects must carefully choose while assessing emotional intensity, which may induce different emotions.



Image Acquisition and Data Analysis

Functional magnetic resonance imaging images were obtained on a 3.0-T MR scanner equipped with a prototype fast gradient system for echo-planar imaging (EPI) at the Institute of Medical Imaging of Shandong. Functional images were obtained using an echo-planar imaging sequence with the following parameters: TE = 35 ms; TR = 2,000 ms; slice thickness = 4 mm; gap = 1 mm; flip angle = 90°; FOV = 24 cm; and in-plane resolution = 64 × 64.

Functional MRI data were preprocessed using Statistical Parametric Mapping (SPM8). We discarded data of subjects whose head motions of more than 3.0 mm maximum displacement in X, Y, or Z directions or 2.5 degrees in any angular direction. The first three volumes of functional images were discarded due to signal equilibrium and participants' adaptation to the scanning noise. For each participant, functional images were realigned using least-squares minimization without higher-order corrections for spin history and were normalized to Montreal Neurological Institute (MNI) template from structural images. Images were re-sampled to 3 × 3 × 3 mm3 and smoothed with a 6-mm full-width at half maximum.



Statistical Analysis

Individual data were analyzed by creating a generalized linear model (GLM) in SPM. First level analysis was performed using a General Linear Model [GLM, (53)] applied to the time series, and convolved with the canonical hemodynamic response function. A high pass filter of 128 seconds was applied in order to remove slow signal drifts and improve signal to noise ratio. For each emotional condition, two conditions were defined: depression emotional pictures and neutral emotional picture. In GLM analysis, when setting the model matrix, NEG vs. NEU, the block in NEG is set to 1, and the block in NEU is set to −1. When looking at the main effect of NEG alone, the trail in NEG is set to 1, and the rest are set to 0. Whole-brain voxel-based activation analysis was used to calculate the activation strength in each voxel in each subject and convert it into con-maps (con-maps is a contrast file, which represents the comparison operation of beta values under different conditions).Group-level statistical analyses were performed using a random-effects model in SPM8. Two-sample t-test was conducted on the individual con-maps of the two groups with small volume correction for the one sample results masks. The volume threshold for each cluster was >389 consecutive voxels; the single voxel threshold for brain regions was P < 0.05 (corrected). Multiple comparison correction for the results was performed using simulation (see program AlphaSim by B.D. Ward, http://afni.nimh.nih.gov/pub/dist/doc/manual/AlphaSim.pdf), with a statistically significant difference. A double-sample t-test was used to analyze the case and control groups.




RESULTS


Demographics

This study included 13 women with PMS and 15 matched HC. The sample size was determined prospectively and was bigger than existing published studies evaluating brain activity in PMDD women (20–22). The groups did not differ significantly in age (years), menophania (years), length of menstrual cycles (days), menstruation (days), all ps > 0.1 (see Table 1).


Table 1. Demographics of PMS and HC groups.
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Degree of Depression

After the subjects completed the experiment, they were asked to identify depression severity using SDS. Depression degree in PMS patients was significantly higher than that in the HC group (P < 0.001; Figure 1B).



Group Differences in BOLD-fMRI

Compared with HC group, PMS patients exhibit increased activation in the following brain regions: right inferior occipital gyrus, right middle occipital gyrus, right lingual gyrus, right fusiform gyrus, right inferior temporal gyrus, cerebelum_crus1_R, cerebelum_6_R, culmen, cerebellum anterior lobe, tuber, and cerebellar tonsil. Simultaneously, PMS patients have decreased activation of the following brain areas: sub-lobar, sub-gyral, extra-nuclear, right orbit part of superior frontal gyrus, right middle temporal gyrus, right orbit part of inferior frontal gyrus, limbic lobe, right insula, bilateral anterior and adjacent cingulate gyrus, bilateral caudate, caudate head, bilateral putamen and left globus pallidus, (Figure 2 and Table 1).


[image: Figure 2]
FIGURE 2. Increased and decreased activation of PMS patients' brain regions than healthy controls when processing depression vs. neutral pictures. (A) Depicts overall activation of the brain area by negative emotional picture task in PMS patients. (B) Manifests bilateral temporal lobe. (C) Illustrates bilateral precuneus, posterior cingulate, and cuneiform. (D) Demonstrates the brain areas activated in motor areas. Red indicates enhanced activation of brain regions in PMS patients, while blue indicates that activation is decreased.





DISCUSSION

According to established research, women with PMS appear to experience emotional dysregulation throughout the menstrual cycle (23). Additionally, students experienced more emotional regulation deficits (24). Among premenstrual symptoms, depression was the most prominent feature of PMS diagnosis and should be properly evaluated and treated (10). Our findings indicated that the depression degree in PMS patients was significantly higher than in the HC group (Figure 1B), which is consistent with our findings in PMDD (19). Women with PMS/PMDD show significant depression, which is a response to abnormal changes in the brain. When PMS patients are exposed to emotional stimuli, the function of the spindle gyrus in occipital and temporal lobes, as well as activation of the right infratemporal gyrus and cerebellum, are enhanced, while sub lobar, sub gyral, extra nucleus, frontal, marginal, and basal nuclei are weakened (Table 2 and Figure 2). It demonstrates that the above-mentioned brain area function regulation is abnormal before menstruation, followed by emotional, cognitive, and attention distribution changes, all of which are associated with PMS pathogenesis.


Table 2. Difference area of two sample t-test under the condition of subtracting neutral picture from negative emotion picture between PMS group and HC group in BOLD-fMRI.

[image: Table 2]

Our findings corroborate other research conducted both domestically and internationally. The frontal lobe is involved in spiritual activities associated with an individual's emotions (25). The prefrontal cortex (PFC) plays a critical role in emotion generation and regulation (26). Furthermore, the prefrontal cortex edge, especially the orbitofrontal cortex, influenced decision-making and emotional regulation (27). When untreated depression patients viewed negative emotional stimuli, the right orbitofrontal cortex (28) (middle frontal gyrus) oxygen-dependent reaction weakened, which may be linked to depression emotion.

Besides, insular is involved in emotional processing and influences individual decisions (29). In the task state, insula and insular cortex activity of PMDD patients significantly increased during the luteal phase (29). Our findings revealed that right insula activation decreased in task state, which is a new discovery in PMS research that is not identical to PMDD (19). Additionally, there were changes in the hippocampus cortex of PMDD patients (30). Amygdala, hippocampus, and anterior cingulate belong to the limbic lobe, which is intimately connected to emotional, functional activities (31). Cerebellum was linked to cognitive function (32). PMDD subjects had greater cerebral gray-matter volume than controls in the posterior cerebellum (33). The cerebellar activity of PMDD patients increased from follicular phase to late luteal phase (34), especially cerebellar vermis, which was correlated with emotional deterioration, as confirmed by our study. Additionally, our findings indicated that culmen, cerebellum anterior lobe, tuber, and cerebellar tonsil were intimately associated with PMS.


Limitations

For now, our findings in college students with PMS in China have suggested their basic neural mechanism, and we need to aim at the deeper mechanism of PMS/PMDD and explore correlation between BOLD fMRI and SDS in the future study. Besides, the physiological components induced by heart rate and respiration were not considered in our study. We will pay more attention to the analysis of influencing factors such as heart rate.




CONCLUSIONS

In summary, PMS's abnormal brain regions were localized using BOLD-fMRI in college students, indicating pathological brain changes. However, these new findings must be confirmed and replicated in the future using larger sample size and animal models.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Medicine Ethics Committee of the First Affiliated Hospital of Shandong University of Traditional Chinese Medicine. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

DG and MG designed the study, wrote the draft, and revised it. MG and YH performed the experiment. MG, QX, and LR collected data. MG performed the statistical analyses and finally edited manuscript. YY, LA, and JW provided key assistance. All authors contributed to and have approved the final manuscript.



FUNDING

This study was sponsored by Key project of Natural Science Foundation of Shandong Province (ZR2020ZD17), National Natural Science Foundation of China (81001484; 81473558), Natural Science Foundation of Shandong Province (ZR202102270167), Shandong medical and health science and technology development plan project (202105010467) and 20 articles for colleges and universities funded project in Jinan (2020GXRC002).



ACKNOWLEDGMENTS

We thank all members of Team of Research and Innovation Focusing on Emotional Diseases and Syndromes in Shandong University of Traditional Chinese Medicine, Team of Young Scientific Research and Innovation Focusing on Pharmacology Mechanism of Emotional Diseases and Syndromes in Ganzangxiang.



ABBREVIATIONS

PMS, premenstrual syndrome; HC, healthy control; BOLD-fMRI, blood oxygenation level-dependent functional magnetic resonance imaging; ACOG, American Society of Obstetrics and Gynecology; SDS, self-rating depression scales; MFG, middle frontal gyrus; PHG, parahippocampal gyrus; MTG/STG, left medial/superior temporal gyri; DMN, default mode network; ReHo, regional homogeneity; ITC, inferior temporal cortex; IFC, inferior frontal cortex; MFC, middle frontal cortex; ACC, anterior cingulate cortex; GM, gray matter; PCC, posterior cingulate cortex; IAPS, International Affective Picture System; EPI, echo-planar image; MNI, Montreal Neurological Institute; NEG, negative emotion picture; NEU, neutral emotion pictures.



REFERENCES

 1. Yonkers KA, O'Brien PMS, Eriksson E. Premenstrual syndrome. Lancet. (2008) 371:1200–10. doi: 10.1016/S0140-6736(08)60527-9

 2. Dilbaz B, Aksan A. Premenstrual syndrome, a common but underrated entity: review of the clinical literature. J Turk Ger Gynecol Assoc. (2021). doi: 10.4274/jtgga.galenos.2021.2020.0133

 3. Gao M, Gao D, Sun H, Cheng X, An L, Qiao M. Trends in research related to premenstrual syndrome and premenstrual dysphoric disorder from 1945 to 2018: a bibliometric analysis. Front Public Health. (2021) 9:596128. doi: 10.3389/fpubh.2021.596128

 4. Hashim MS, Obaideen AA, Jahrami HA, Radwan H, Hamad HJ, Owais AA, et al. Premenstrual syndrome is associated with dietary and lifestyle behaviors among University Students: a cross-sectional study from Sharjah, UAE. Nutrients. (2019) 11:1939. doi: 10.3390/nu11081939

 5. Bhuvaneswari K, Rabindran P, Bharadwaj B. Prevalence of premenstrual syndrome and its impact on quality of life among selected college students in Puducherry. Natl Med J India. (2019) 32:17–9. doi: 10.4103/0970-258X.272109

 6. Al-Shahrani A, Miskeen E, Shroff F, Elnour S, Algahtani R, Youssry I, et al. Premenstrual syndrome and its impact on the quality of life of female medical students at Bisha University, Saudi Arabia. J Multidiscip Healthc. (2021) 14:2373–9. doi: 10.2147/JMDH.S327893

 7. Mishra S, Marwaha R. Premenstrual dysphoric disorder. Treasure Island, FL: StatPearls (2020). 

 8. Hou LL, Zhou RL. Patterns of premenstrual syndrome and depression symptoms in Chinese female university students: results of a latent profile analysis. J Affect Disorders. (2021) 293:64–70. doi: 10.1016/j.jad.2021.06.017

 9. Nasiri F, Sharifi S, Mashhadi A, Sharp R. Premenstrual syndrome: the role of emotion regulation strategies and trait meta-mood. J Ration Emot Cogn Behav Ther. (2021). doi: 10.1007/s10942-021-00412-4 

 10. Ko CH, Long CY, Chen SY, Chen IJ, Huang TH, Yen JY. Depression, irritability, and anxiety in women with premenstrual dysphoric disorder. Int J Psychiatry Med. (2013) 46:39–55. doi: 10.2190/PM.46.1.d

 11. Prasad D, Wollenhaupt-Aguiar B, Kidd KN, Cardoso TD, Frey BN. Suicidal risk in women with premenstrual syndrome and premenstrual dysphoric disorder: a systematic review and meta-analysis. J Womens Health. (2021) 30:1693–707. doi: 10.1089/jwh.2021.0185

 12. Milham MP, Craddock RC, Klein A. Clinically useful brain imaging for neuropsychiatry: how can we get there? Depress Anxiety. (2017) 34:578–87. doi: 10.1002/da.22627

 13. Miao X, Paez AG, Rajan S, Cao D, Liu D, Pantelyat AY, et al. Functional activities detected in the olfactory bulb and associated olfactory regions in the human brain using T2-prepared BOLD functional MRI at 7T. Front Neurosci. (2021) 15:723441. doi: 10.3389/fnins.2021.723441

 14. Liu Q, Li R, Zhou RL, Li J, Gu Q. Abnormal resting-state connectivity at functional mri in women with premenstrual syndrome. Plos ONE. (2015) 10:e0136029. doi: 10.1371/journal.pone.0136029

 15. Liao H, Pang Y, Liu P, Liu H, Duan G, Liu Y, et al. Abnormal spontaneous brain activity in women with premenstrual syndrome revealed by regional homogeneity. Front Hum Neurosci. (2017) 11:62. doi: 10.3389/fnhum.2017.00062

 16. Liu P, Wei Y, Fan Y, Li R, Liu Y, Wang G, et al. Altered brain structure in women with premenstrual syndrome J Affect Disorders. (2018) 229:239–46. doi: 10.1016/j.jad.2017.12.075

 17. Deng D, Pang Y, Duan G, Liu H, Liao H, Liu P, et al. Larger volume and different functional connectivity of the amygdala in women with premenstrual syndrome. Eur Radiol. (2018) 28:1900–8. doi: 10.1007/s00330-017-5206-0

 18. Liu P, Wei Y, Liao H, Fan Y, Li R, Feng N, et al. Thalamocortical dysconnectivity in premenstrual syndrome. Brain Imaging Behav. (2019) 13:717–24. doi: 10.1007/s11682-018-9894-0

 19. Gao M, Qiao M, An L, Wang G, Wang J, Song C, et al. Brain reactivity to emotional stimuli in women with premenstrual dysphoric disorder and related personality characteristics. Aging. (2021) 13:19529–41. doi: 10.18632/aging.203363

 20. Petersen N, Ghahremani DG, Rapkin AJ, Berman SM, Liang L, London ED. Brain activation during emotion regulation in women with premenstrual dysphoric disorder. Psychol Med. (2018) 48:1795–802. doi: 10.1017/S0033291717003270

 21. Flores-Ramos M, Alcauter S, Lopez-Titla M, Bernal-Santamaria N, Calva-Coraza E, Edden RAE. Testosterone is related to GABA+ levels in the posterior-cingulate in unmedicated depressed women during reproductive life. J Affect Disord. (2019) 242:143–9. doi: 10.1016/j.jad.2018.08.033

 22. Petersen N, Ghahremani DG, Rapkin AJ, Berman SM, Wijker N, Liang L, et al. Resting-state functional connectivity in women with PMDD. Transl Psychiatry. (2019) 9:339. doi: 10.1038/s41398-019-0670-8

 23. Wu M, Liang Y, Wang Q, Zhao Y, Zhou R. Emotion dysregulation of women with premenstrual syndrome. Sci Rep. (2016) 6:38501. doi: 10.1038/srep38501

 24. Reuveni I, Dan R, Segman R, Evron R, Laufer S, Goelman G, et al. Emotional regulation difficulties and premenstrual symptoms among Israeli students. Arch Womens Ment Health. (2016) 19:1063–70. doi: 10.1007/s00737-016-0656-y

 25. Chayer C, Freedman M. Frontal lobe functions. Curr Neurol Neurosci Rep. (2001) 1:547–52. doi: 10.1007/s11910-001-0060-4

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

 27. Berridge KC, Kringelbach ML. Neuroscience of affect: brain mechanisms of pleasure and displeasure. Curr Opin Neurobiol. (2013) 23:294–303. doi: 10.1016/j.conb.2013.01.017

 28. Feeser M, Schlagenhauf F, Sterzer P, Park S, Stoy M, Gutwinski S, et al. Context insensitivity during positive and negative emotional expectancy in depression assessed with functional magnetic resonance imaging. Psychiat Res. (2013) 212:28–35. doi: 10.1016/j.pscychresns.2012.11.010

 29. Harlé KM, Chang LJ. van 't Wout M, Sanfey AG. The neural mechanisms of affect infusion in social economic decision-making: a mediating role of the anterior insula. NeuroImage. (2012) 61:32–40. doi: 10.1016/j.neuroimage.2012.02.027

 30. Jeong HG, Ham BJ, Yeo HB, Jung IK, Joe SH. Gray matter abnormalities in patients with premenstrual dysphoric disorder: an optimized voxel-based morphometry. J Affect Disorders. (2012) 140:260–7. doi: 10.1016/j.jad.2012.02.010

 31. Feinstein JS, Khalsa SS, Salomons TV, Prkachin KM, Frey-Law LA, Lee JE, et al. Preserved emotional awareness of pain in a patient with extensive bilateral damage to the insula, anterior cingulate, and amygdala. Brain Struct Funct. (2016) 221:1499–511. doi: 10.1007/s00429-014-0986-3

 32. Villanueva R. The cerebellum and neuropsychiatric disorders. Psychiat Res. (2012) 198:527–32. doi: 10.1016/j.psychres.2012.02.023

 33. Berman SM, London ED, Morgan M, Rapkin AJ. Elevated gray matter volume of the emotional cerebellum in women with premenstrual dysphoric disorder. J Affect Disord. (2013) 146:266–71. doi: 10.1016/j.jad.2012.06.038

 34. Rapkin AJ, Berman SM, Mandelkern MA, Silverman DH, Morgan M, London ED. Neuroimaging evidence of cerebellar involvement in premenstrual dysphoric disorder. Biol Psychiatry. (2011) 69:374–80. doi: 10.1016/j.biopsych.2010.09.029

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 Gao, An, Yu, Wang, Hou, Xu, Ren and Gao. 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-13-856443-t001.jpg
Variables PMS (n =13)
Age (years) 24.421 £ 0838
Menophania (years) 13.787  1.240
Length of menstrual cycles 6211 1.228
(days)

Menstruation (days) 31.053 + 2.483

All values are mean + standard deviation (SD).

HC (n = 15)

24.762 £ 1.338
13.476 £ 0.981
5714 £ 1.189

30.286 + 2.077

P-value

0.346
0.463
0.202

0.294





OPS/images/fpsyt-13-856443-t002.jpg
Brain region

Clusters peak voxel

Putamen_L

Cerebelum_Crus1_R

BA, Brodmann's areas.

Cluster voxels

1,418

642

X

-12

Peak MNI coordinate

Y

6

-75

2

-9

-18

BA

BA25

BA19

T-Value

—4.3294

3.7694

Sub-brain region

Sub-cluster

Orbit part of superior frontal gyrus
Middle temporal gyrus

Orbit part of inferior frontal gyrus
Rectal gyrus

Sub-lobar

Sub-Gyral

Extra-nuclear

Right insula

Amygdala hippocampus
Anterior and adjacent cingulate gyrus
Caudate

Caudate head

Putamen

Caudate

Globus palicus
Cerebelum_Crusi_R
Cerebelum_6_R

Culmen

Cerebellum anterior lobe

Tuber

Cerebellar tonsil

Right inferior occipital gyrus
Lingual gyrus

Right fusiform gyrus

Fusiform gyrus

Inferior temporal gyrus

Sub-cluster voxels

105
67
57
73
289
124
113
22
142
a7
107
78
126
45
23
123

54
54
35
29
11
12
104
32
28





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Brain Activation During Processing of Depression Emotion in College Students With Premenstrual Syndrome in China: Preliminary Findings



		Background



		Materials and Methods



		Ethics Statement



		Participants



		Inclusion and Exclusion Criteria



		Inclusion Criteria for PMS



		Inclusion Criteria for HC



		Exclusion Criteria









		Stimuli Paradigm



		Image Acquisition and Data Analysis



		Statistical Analysis







		Results



		Demographics



		Degree of Depression



		Group Differences in BOLD-fMRI







		Discussion



		Limitations







		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















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

Brain Activation During Processing of
Depression Emotion in College
Students With Premenstrual
Syndrome in China: Preliminary
Findings





OPS/images/fpsyt-13-856443-g001.gif





OPS/images/fpsyt-13-856443-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





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





