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Background

Alcohol dependence (AD) patients have a high prevalence of aggressive behavior (AB). The frontal cortex and amygdala contains various neurotransmitter systems and plays an important role in AB, which is also associated with cognitive deficits. However, to date, no study has addressed the association of metabolites in the frontal cortex and amygdala with cognitive deficits in Chinese aggressive behavior-alcohol dependent patients(AB-ADs).



Methods

We recruited 80 male AD and 40 male healthy controls (HCs), who completed the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), the Modified Overt Aggression Scale (MOAS), and the proton magnetic resonance spectroscopy (¹H MRS) scan using 3.0T Siemens. The ¹H MRS data were automatically fitted with a linear combination model for quantification of metabolite levels of n-acetyl-aspartate (NAA), glutamate (Glu), Choline (Cho) and creatine (Cr). Metabolite levels were reported as ratios to Cr.



Results

The AB-ADs group scored significantly lower than the non-aggression-alcohol dependent patients (NA-ADs) on these two RBANS subscales (immediate memory and attention function indices). The AB-ADs group showed a significant reduction in NAA/CR ratio in the left frontal cortex and Cho/Cr ratio in the left amygdala, and elevation in Glu/Cr ratio in the bilateral amygdala, compared with the NA-ADs group. The NAA/Cr ratio in the left frontal cortex was positively associated with immediate memory (r=0.60, P<0.05), and the Glu/Cr ratio in the right amygdala was negatively associated with delayed memory (r=-0.44,P<0.05) in AB-ADs group.



Conclusions

Metabolite alterations in the frontal cortex and amygdala may be involved in the pathophysiology of AB in AD and its associated cognitive impairment, especially immediate memory and delayed memory.
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Introduction

Alcohol dependence patients (AD) have a higher rate of aggressive behavior (AB) than patients with other psychiatric disorders, and the general population (1). The frequency of violent behavior in alcohol dependent patients has been reported to range from 20% to 50% (2). Moreover, the AB of AD patients can lead to economic burdens and social problems (3, 4) such as crime, and it predicts poor clinical outcome in AD patients (5). However, not all AD patients exhibit such aggressive behaviour (6) and it is unknown whether specific pathophysiological mechanisms cause AB in AD patients.

Alcohol-related AB is associated with cognitive deficits, these variables include the following: alcohol myopia (narrowed attention), hostile attribution bias (ambiguous social interactions being perceived as hostile (7), and disinhibition (executive functional abnormality) (8). This evidence has suggested that multi-faceted impairment in the cognition process is an important feature of the neuropsychology of AB in AD patients (9)

Many morphometric and functional neuroimaging studies have shown that aggressive individuals have structure and function abnormalities in regions related to the control of emotions, such as the frontal cortex, amygdala, and nucleus accumbens (10, 11). Studies that have used functional magnetic resonance imaging (MRI) have demonstrated that aggressive individuals showed deficient activation of the medial prefrontal cortex and the increased amygdala reactivity (12, 13). Importantly, several prefrontal cortex (PFC) subregions (anterior cingulate cortex) provide an inhibitory signal to the limbic areas (amygdala) (14). Considering the PFC-amygdala as a circuit, it helps to regulate emotional behavior (14). These pieces of evidence suggest that PFC and the amygdala play an important part in the regulation of AB (15, 16). Many neuroimaging studies have also found that long-term exposure to alcohol leads to serious regional brain changes (17), such as in the frontal cortex (18), amygdala (19) and anterior cingulate cortex (ACC) (20), including gray matter volume (GMV) integrity, regional activity, and cerebral glucose metabolism. These studies suggested that AD patients may share alterations in common brain regions with aggressive individuals, however, there is little known about the specific neurological mechanisms underlying AB and whether these cause AD patients to exhibit aggressive behavior.

Taken together, alcohol-related AB may be associated with specific neuroadaptive changes in the frontal cortex and amygdala by impairing various cognitive functions, including prefrontal control of emotional behavior (9, 21). However, no study has explored the association between activation in brain regions and cognitive functions (with imaging or electrophysiological techniques) in AD patients with AB. 1 H magnetic resonance spectroscopy (1 H MRS) is an invasive method, which can help to examine the metabolites in the brain regions (22). In this present study, we performed this method to explore the quantification of metabolite levels of n-acetyl-aspartate (NAA), glutamate (Glu), Choline (Cho), and creatine (Cr) in alcohol dependent patients with and without AB. We aimed to investigate whether AD patients with AB have specifically altered metabolites in the frontal cortex and amygdala associated with relevant cognitive functions. It was hypothesized that firstly, AB-AD patients would be associated with impaired cognitive functions and altered metabolite levels in the frontal cortex and amygdala; and secondly, that these impaired cognitive functions would be significantly correlated with altered metabolite levels in AB-AD patients.



Methods


Participants

Eighty male AD inpatients and forty HCs were recruited from Hunan brain hospital, ChangSha city, Hunan, China. All subjects met the following inclusion criteria: 1) age 18-60 years, Han Chinese; 2) no contraindications for MRI. Participants were excluded if they (i) had any general medical conditions or neurological disorders, including infectious, hepatic, or endocrine disease; (ii) had a history of severe head injury with skull fracture or loss of consciousness of more than 10min; (iii) had any current or previous psychiatric disorder; (iv) had a family history of psychiatric disorder; (v) had contraindications for MRI. Alcohol dependence patients confirmed DSM-IV diagnosis of alcohol dependence and abstained from alcohol for at least 7 days before scanning. AD inpatients were excluded if they met criteria for other substance dependence (excluding nicotine dependence) at any time.

Written informed consent was given by all subjects. This study was approved by the Ethics Committee of the Brain Hospital, Traditional Chinese Medicine University.



Clinical Characters and Aggressive Behavior Measures

Each subject filled out a detailed questionnaire that recorded general information, sociodemographic characteristics, medical and psychological conditions, and smoking behavior. In addition, we administered an alcohol use questionnaire to record alcohol history and family history of alcohol from each subject. Additional information was collected from available medical records and collateral data (from family and/or treating clinician). The patient’s degree of AB was assessed by the Chinese translation of the standardized Modified Overt Aggression Scale (MOAS). We divided the AD patients into groups based on their AB history and MOAS scores. AD patients with AB were defined as persons who had shown aggressive behavior on more than two instances within half a year, and rated with a score of≥8 in the MOAS. AD patients without AB were defined as individuals who had no AB history and rated with a score of < 8 in the MOAS.



Cognitive Tests

Cognitive functioning was assessed by the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS, Form A) (23). The RBANS consists of 12 subtests that are used to calculate 5 age-adjusted index scores and a total score. Test indices are Immediate Memory (comprised of List Learning and Story Memory tasks); Visuospatial/Constructional (comprised of Figure Copy and Line Orientation tasks); Language (comprised of Picture Naming and Semantic Fluency tasks); Attention (comprised of Digit Span and Coding tasks); and Delayed Memory (comprised of List Recall, Story Recall, Figure Recall, and List Recognition tasks). The Chinese version of RBANS has good clinical validity and test-retest reliability (24).



Magnetic Resonance Data Acquisition

The MRS scan was performed using a Siemens Magnetom Trio Tim 3.0 MR scanner (Siemens, Erlangen, Germany) at the Magnetic Resonance Center of Hunan brain Hospital, China. T1-weighted three-dimensional images were acquired using a gradient echo sequence (repetition time=2,000ms, echo time=2.26ms, field of view=256×256mm, flip angle=8◦, matrix size=256×256, number of slices=176, slice thickness=1mm). Using these images, a single1 H MRS voxel was placed on the corpus callosum and centered on the intrahemispheric fissure, including frontal cortex (see Figures 1A, B), and amygdala (see Figures 2A, B).1 H MRS was performed using a short-echo point resolved spectroscopy sequence (PRESS;repetition time=1,000ms;echo time=144ms; voxel size 10×10×10mm; number of scans=328). Water suppression was achieved using a chemical shift selective (CHESS) sequence. The area under each peak was measured and the ratio of NAA/Cr to Cho/Cr was calculated using software provided by General Electric Company (GE Funtool2). The position of NAA is determined at the mass fraction of 2.0×10-6 on the spectral line, and the chemical shifts of other substances were determined by using it as a reference. The mass fraction of Cho is 3.2×10-6 and the mass fraction of Cr is 3.02×10-6. In the calculation, the under-peak area of each peak is measured respectively. According to the usual calculation method, taking Cr as the internal standard, the ratio of NAA and Cho to Cr was calculated. All scans were performed by the same radiologist, and all images were recorded on disk for measurement and analysis at the same time.




Figure 1 | Region of interest in the frontal cortex in views, and spectra of the unfiltered data superimposed with the LCModel fit. (A) Region of interest in the left frontal cortex in views, and spectra of the unfiltered data superimposed with the LCModel fit. (B) Region of interest in the right frontal cortex in views, and spectra of the unfiltered data superimposed with the LCModel fit.






Figure 2 | Region of interest in the amygdala in views and spectra of the unfiltered data superimposed with the LCModel fit. (A) Region of interest in the left  amygdala in views, and spectra of the unfiltered data superimposed with the LCModel fit. (B) Region of interest in the right  amygdala in views, and spectra of the unfiltered data superimposed with the LCModel fit.




Statistical Analysis

Demographic and clinical variables of the AD inpatients with AB and without AB groups and HCs were compared using t-test, analysis of variance (ANOVA) for continuous variables and chi-squared for categorical variables. We compared RBANS scores and metabolite ratios among the three groups using analysis of variance (ANOVA). Fisher’s least significant difference (LSD) test was used to perform post-hoc pair-wise between-group comparisons. The relationship between the RBANS scores and metabolite ratios was examined by Pearson’s or Spearman’s correlation analysis, followed by the Bonferroni test. In these analyses, all variables were initially entered simultaneously to determine the overall influence, and then backward stepwise procedures were employed to determine the significant associations. SPSS version 19.0 was used to do all statistical analysis. Data were presented as mean and standard deviation (mean ± SD). All p values were 2 tailed with a significance level set at 0.05.





Results


Participants Characteristics

The three groups, AB-AD patients (MOAS≥8, n=40), non-aggression-alcohol dependent (NA-AD) patients (MOAS< 8, n=40)and HCs were matched in terms of age, levels of education and the daily number of cigarettes smoked. The AB-AD patients and NA-AD patients were matched in terms of the duration of alcohol use, age of first alcohol use, and the dosage of alcohol used per day. Details of all self-report and behavioral measures are given in Table 1.


Table 1 | Demographic and alcohol use characteristics of alcohol dependent patients with Modified Overt Aggression Scale (MOAS) and health controls.





Group Differences in Cognitive Performance

RBANS index scores of 40 AB-AD patients, 40 NA-AD patients, and 40 HCs are shown in Table 2. The AB-AD patient group scored significantly lower than the NA-AD patients on these two RBANS subscales (immediate memory and attention function indices) (p<0.001).


Table 2 | Index scores on the RBANS in AB-ADs, NA-Ads, and health controls.





1 H MRS Metabolite Ratios

The AB-AD patient group showed a significant reduction in NAA/CR ratio in the left frontal cortex and Cho/Cr ratio in the left amygdala, and elevation in Glu/Cr ratio in the bilateral amygdala, compared with the NA-AD patients group (Table 3).


Table 3 | Metabolite concentrations in the region of interest in AB-ADs, NA-ADs, and health controls.





Correlation Between Metabolite Ratios and Cognitive Performance

For the AB-AD patients, correlation analyses showed a significant positive association between NAA/Cr ratio in the left frontal cortex and the score of immediate memory index (r=0.60,P<0.05); and a significant negative association between Glu/Cr ratio in the right amygdala and the score of delayed memory (r=-0.44,P<0.05) (Figure 3).




Figure 3 | NAA/Cr ratio in the left frontal cortex was significantly correlated with the score of immediate memory index (r=0.60,P<0.05). Glu/Cr ratio in the right amygdala was significantly correlated with the score of delayed memory (r=-0.44, P < 0.05).






Discussion

The main findings of the present study were: (1) significantly lower scores on the two RBANS subscales (immediate memory and attention function indices) were found in AB-AD patients than NA-AD patients; (2) a reduction in NAA/CR ratio in the left frontal cortex and Cho/Cr ratio in the left amygdala, and an elevation in Glu/Cr ratio in the bilateral amygdala of AB-ADs, compared with NA-ADs group; (3) the NAA/Cr ratio in left frontal cortex was positively associated with immediate memory and the Glu/Cr ratio in the right amygdala was negatively associated with delayed memory in AB-AD patients group.

In this study, we found that significantly lower cognitive performance on the two RBANS subscales (immediate memory and attention function indices) were found in AB-AD patients than NA-AD patients. The impairment of attention and memory is associated with an increased manifestation of alcohol-related aggression and has been hypothesized to be an important factor in the onset of alcohol-related aggression (25, 26). Taken together, these results suggest that AB-AD patients had more neuropsychological impairments than NA-AD patients.

Finding the reduced ratio of NAA/CR in the AB-AD patient group is consistent with the theory that substance abuse leads to long-lasting impairment of the frontal cortex and as well as the AD patients (27, 28). Some studies suggested that AD patients have structural and functional abnormalities in the frontal cortex, which is associated with decision-making and inhibition control of AB (9). In addition, NAA reflects neuronal integrity, viability, and number (29). The changes in NAA may reflect adverse neuron function disorder (30). This present finding suggests that there is decreased neuronal integrity, viability, number, or dysfunction in the frontal cortex in AD patients, which may be a neurobiological marker of alcohol-related aggressive behavior.

We also found that the AB-AD patient group showed a significant reduction in the Cho/Cr ratio in the left amygdala. The decreased ratio of Cho/Cr in the left amygdala for the AB-ADs group is in line with previous studies on AD patients (31, 32). Some studies have suggested that Cho is taken as a marker of glial density and represents the status of glial cells in the brain (33, 34). Reduction of Cho/Cr may suggest the proliferation of glial cells due to the damage of neurons induced by alcohol dependence patients (33), which is a marker of AD patients induced neurons damage after Cho decreased. We also found that the AB-AD patient group showed an elevation in Glu/Cr ratio in the bilateral amygdala, compared with the NA-AD patient group, previous studies on alcohol dependent patients have found such findings (35). Glu is the major excitatory neurotransmitter, which is the main precursor and involved in the regulation of brain amino acid metabolism (36). The glutamateric signal system plays an important role in inhibition and behavior control (37). The abnormal function of the glutamate energy system is related to the pathophysiology of mood disorder (38). Thus, our findings, which observed the increased Glu/Cr ratio in the bilateral amygdala, may be associated with an increased manifestation of alcohol-related aggression behavior.

The current findings indicate that metabolite alterations in the frontal cortex and amygdala were associated with worse cognitive function in aggressive behavior-alcohol dependent patients. This finding is consistent with two studies showing that metabolite alterations in the frontal lobes and limbic regions were associated with worse neuropsychological function in AD patients (39, 40). Studies that used as an animal model have discussed that frontal lobe lesion delays memory task completion time (41). Most importantly, frontal lobe lesions have lead to reduced working memory performance in human models (42). These results show that metabolites alterations may play a role in the cognitive process of AB-AD patients, suggesting that alcohol-related aggressive behavior is not just associated with cognitive function impairment but is also related to metabolite alterations in frontal cortex and amygdala.


Limitations

Several limitations of this study should be noted. First, all subjects in our study were male, making it impossible to explore the influence of gender confidently. Second, our study is cross-sectional, and it is unclear whether alterations in cognition performance and metabolites would persist or be reversed after a continued period of abstinence from alcohol. Finally, this study only focused on the metabolic changes in some brain regions (frontal lobe, amygdala) related to aggressive behavior. In the future, studies using whole-brain analysis may help to provide further insight into the relationship between brain regions and aggressive behavior in alcohol dependent patients. Future studies should also include more women AB-AD patients, and measure alterations longitudinally, examining AB-AD patients for a longer duration, starting from the beginning of abstinence, and covering a longer period of abstinence.




Conclusion

Our findings suggest that alterations in the ratios of NAA/CR, Cho/Cr, and Glu/Cr in the frontal cortex or amygdala may underline the pathophysiology of neurological impairment in AB-AD patients. These AD patients with AB also displayed a range of cognitive impairments, and metabolite alterations were associated with worse cognitive function in these AD patients. This study indicates that neurotransmitter alteration constitutes a risk factor for cognitive deficits in AB-AD patients. The reduction of NAA/CR in the frontal cortex and Cho/Cr ratio in the amygdala or elevation of the Glu/Cr ratio in the amygdala may be of great clinical significance in treatment.



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 Ethics Committee of the brain Hospital, Traditional Chinese Medicine University. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

CL, XZ, and XT designed the study. CL, YL, and JX managed the data collection. CL and YL undertook the statistical analysis. CL wrote the first draft of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by the Diagnosis and Treatment Enhancement Project of Hunan Provincial Severe Mental illness (2018SK70020), and First class Discipline in Clinical Medical School of Hunan University of Chinese Medicine, and a grant of the National Natural Science Youth Found of the Hunan Province (2018JJ3284 to XZ), and a grant of the National Key research and development program (2018YFC1314401 to XZ), and a grant of the Scientific Research Project of Hunan Provincial Health Commission (20200620 to XZ), and a grant of the Hunan Research Center for Mental and Behavioral Disorders (2018SK70020 to XZ), and Provincial technology innovation guide program funded by the Hunan Department of Science and Technology (2017SK50312 to CL), and by Outstanding Young program funded by the Hunan Province Department of Education (18B254 to CL), and a grant of the Ministry of Education of China for Outstanding Young Teachers in University, a grant of the National Natural Science Foundation of Hunan Province (2019JJ80028 to LX).



Acknowledgments

We thank Wei Zhang, from the Brains Hospital of Hunan Province, for his assistance in fMRI data acquisition.



References

1. Dang C, Hispard E, Chariot P. Experience of violence perpetration and victimization in alcohol-dependent patients hospitalized for alcohol withdrawal. J Forensic Legal Med (2012) 19(7):402–6. doi: 10.1016/j.jflm.2012.04.002

2. Davis KC, Hendershot CS, George WH, Norris J, Heiman JR. Alcohol’s effects on sexual decision making: An integration of alcohol myopia and individual differences. J Stud Alcohol Drugs (2007) 68(6):843–51. doi: 10.15288/jsad.2007.68.843

3. Testa M. The impact of men’s alcohol consumption on perpetration of sexual aggression. Clin Psychol Rev (2002) 22(8):1239–63. doi: 10.1016/S0272-7358(02)00204-0

4. Arseneault L, Moffitt TE, Caspi A, Taylor PJ, Silva P. A.Mental disorders and violence in a total birth cohort: results from the Dunedin Study. Arch Gen Psychiatry (2000) 57(10):979–86. doi: 10.1001/archpsyc.57.10.979

5. Rubio G, Jimenez M, Rodriguezjimenez R, Martinez I, Avila C, Ferre F, et al. The role of behavioral impulsivity in the development of alcohol dependence: a 4-year follow-up study. Alcohol Clin Exp Res (2008) 32(9):1681–7. doi: 10.1111/j.1530-0277.2008.00746.x

6. Beck A, Heinz A. Alcohol-related aggression—social and neurobiological factors. Deutsches Ärzteblatt Int (2013) 110(42):711. doi: 10.3238/arztebl.2013.0711

7. Godlaski AJ, Giancola PR. Executive functioning, irritability, and alcohol-related aggression. Psychol Addict Behav (2009) 23(3):391. doi: 10.1037/a0016582

8. Pihl RO, Paylan SS, Genteshawn A, Hoaken PN. Alcohol affects executive cognitive functioning differentially on the ascending versus descending limb of the blood alcohol concentration curve. Alcohol Clin Exp Res (2003) 27(5):773–9. doi: 10.1097/01.ALC.0000065434.92204.A1

9. Heinz AJ, Beck A, Meyer-Lindenberg A, Sterzer P, Heinz A. Cognitive and neurobiological mechanisms of alcohol-related aggression. Nat Rev Neurosci (2011) 12(7):400. doi: 10.1038/nrn3042

10. Christensen R, Van Ameringen M, Hall G. Increased activity of frontal and limbic regions to emotional stimuli in children at-risk for anxiety disorders. Psychiatry Res (2015) 233(1):9–17. doi: 10.1016/j.pscychresns.2015.04.004

11. Ochsner KN, Gross JJ. The cognitive control of emotion. Trends Cogn Sci (2005) 9(5):242–9. doi: 10.1016/j.tics.2005.03.010

12. Coccaro EF, Mccloskey M, Fitzgerald DA, Phan KL. Amygdala and orbitofrontal reactivity to social threat in individuals with impulsive aggression. Biol Psychiatry (2007) 62(2):168–78. doi: 10.1016/j.biopsych.2006.08.024

13. Lee T, Chan S, Raine. Strong limbic A. and weak frontal activation to aggressive stimuli in spouse abusers. Mol Psychiatry (2008) 13(7):655. doi: 10.1038/mp.2008.46

14. Barbas H. Connections underlying the synthesis of cognition, memory, and emotion in primate prefrontal cortices. Brain Res Bull (2000) 55(5):319–30. doi: 10.1016/S0361-9230(99)00245-2

15. Jones AP, Laurens KR, Herba CM, Barker GJ, Viding E. Amygdala hypoactivity to fearful faces in boys with conduct problems and callous-unemotional traits. Am J Psychiatry (2009) 166(1):95–102. doi: 10.1176/appi.ajp.2008.07071050

16. Sterzer P, Stadler C. Neuroimaging of aggressive and violent behaviour in children and adolescents. Front Behav Neurosci (2009) 3:35. doi: 10.3389/neuro.08.035.2009

17. Sterzer P, Krebs A, Kleinschmidt A, Poustka F. Abnormal neural responses to emotional visual stimuli in adolescents with conduct disorder. Biol Psychiatry (2005) 57(1):7–15. doi: 10.1016/j.biopsych.2004.10.008

18. Sorg SF, Taylor MJ, Alhassoon OM, Gongvatana A, Theilmann RJ, Frank LR, et al. Frontal white matter integrity predictors of adult alcohol treatment outcome. Biol Psychiatry (2012) 71(3):262–8. doi: 10.1016/j.biopsych.2011.09.022

19. Gazdzinski S, Durazzo TC, Mon A, Yeh P, Meyerhoff DJ. Cerebral white matter recovery in abstinent alcoholics—a multimodality magnetic resonance study. Brain (2010) 133(4):1043–53. doi: 10.1093/brain/awp343

20. Alhassoon OM, Sorg SF, Taylor MJ, Stephan RA, Schweinsburg BC, Stricker NH, et al. Callosal white matter microstructural recovery in abstinent alcoholics: a longitudinal diffusion tensor imaging study. Alcohol Clin Exp Res (2012) 36(11):1922–31. doi: 10.1111/j.1530-0277.2012.01808.x

21. Davidson RJ, Putnam KM, Larson CL. Dysfunction in the neural circuitry of emotion regulation–a possible prelude to violence. Science (2000) 289(5479):591–4. doi: 10.1126/science.289.5479.591

22. Meyerhoff DJ, Durazzo TC. Proton magnetic resonance spectroscopy in alcohol use disorders: a potential new endophenotype? Alcohol Clin Exp Res (2008) 32(7):1146–58. doi: 10.1111/j.1530-0277.2008.00695.x

23. Randolph C, Tierney MC, Mohr E, Chase TN. The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS): preliminary clinical validity. J Clin Exp Neuropsychol (1998) 20(3):310–9. doi: 10.1076/jcen.20.3.310.823

24. Zhang B-H, Tan Y-L, Zhang W-F, Wang Z-R, Yang G-G, Chi C. Repeatable battery for the assessment of neuropsychological status as a screening test in Chinese: reliability and validity. Chinese Mental Health Journal (2008). doi: 10.1076/jcen.20.3.310.823

25. Steele CM, Josephs RA. Alcohol myopia: its prized and dangerous effects. Am Psychol (1990) 45(8):921. doi: 10.1037/0003-066X.45.8.921

26. Giancola PR, Josephs R, Parrott DJ, Duke AA. Alcohol myopia revisited: Clarifying aggression and other acts of disinhibition through a distorted lens. Perspect Psychol Sci (2010) 5(3):265–78. doi: 10.1177/1745691610369467

27. Alfonso-Loeches S, Guerri C. Molecular and behavioral aspects of the actions of alcohol on the adult and developing brain. Crit Rev Clin Lab Sci (2011) 48(1):19–47. doi: 10.3109/10408363.2011.580567

28. Schweinsburg BC, Taylor MJ, Alhassoon OM, Videen JS, Brown GG, Patterson TL, et al. Chemical pathology in brain white matter of recently detoxified alcoholics: a 1H magnetic resonance spectroscopy investigation of alcohol-associated frontal lobe injury. Alcohol Clin Exp Res (2001) 25(6):924–34. doi: 10.1111/j.1530-0277.2001.tb02299.x

29. Moffett JR, Ross BD, Arun P, Madhavarao CN, Namboodiri AM. N-Acetylaspartate in the CNS: from neurodiagnostics to neurobiology. Prog Neurobiol (2007) 81(2):89–131. doi: 10.1016/j.pneurobio.2006.12.003

30. Durazzo TC, Gazdzinski S, Banys P, Meyerhoff DJ. Cigarette smoking exacerbates chronic alcohol-induced brain damage: a preliminary metabolite imaging study. Alcohol Clin Exp Res (2004) 28(12):1849–60. doi: 10.1097/01.ALC.0000148112.92525.AC

31. Schweinsburg BC, Taylor MJ, Alhassoon OM. Chemical Pathology in Brain White Matter of Recently Detoxified Alcoholics: A 1 H Magnetic Resonance Spectroscopy Investigation of Alcohol-Associated Frontal Lobe Injury. Alcohol Clin Exp Res (2013) 25(6):924–34. doi: 10.1016/j.schres.2008.03.012

32. Lee E, Jang DP, Kim JJ, An SK, Park S, Kim IY. Alteration of brain metabolites in young alcoholics without structuralchanges. Neurorep (2007) 18(14):1511–4. doi: 10.1097/WNR.0b013e3282ef7625

33. Zahr NM, Mayer D, Rohlfing T, Hasak MP, Hsu O, Vinco S, et al. Brain injury and recovery following binge ethanol: evidence from in vivo magnetic resonance spectroscopy. Biol Psychiatry (2010) 67(9):846–54. doi: 10.1016/j.biopsych.2009.10.028

34. Bloomer CW, Langleben DD, Meyerhoff DJ. Magnetic resonance detects brainstem changes in chronic, active heavy drinkers. Psychiatry Res Neuroimag (2004) 132(3):209–18. doi: 10.1016/j.pscychresns.2004.06.003

35. Ende G, Walter S, Welzel H, Demirakca T, Wokrina T, Ruf M, et al. Alcohol consumption significantly influences the MR signal of frontal choline-containing compounds. Neuroimage (2006) 32(2):740–6. doi: 10.1016/j.neuroimage.2006.03.049

36. Jonkman LE, Klaver R, Fleysher L, Inglese M, Geurts JJ. Ultra-high-field MRI visualization of cortical multiple sclerosis lesions with T2 and T2*: a postmortem MRI and histopathology study. Am J Neuroradiol (2015) 36(11):2062–7. doi: 10.3174/ajnr.A4418

37. Maddock RJ, Buonocore MH. MR spectroscopic studies of the brain in psychiatric disorders. Curr Topics Behav Neurosci (2011) 11:199–251. doi: 10.1007/7854_2011_197

38. Miguel-Hidalgo JJ, Wei J, Andrew ME, Overholser JC, Jurjus G, Stockmeier CA, et al. Glia pathology in the prefrontal cortex in alcohol dependence with and without depressive symptoms. Biol Psychiatry (2002) 52(12):1121–33. doi: 10.1016/S0006-3223(02)01439-7

39. Bendszus M, Weijers H, Wiesbeck G, Warmuthmetz M, Bartsch AJ, Engels S, et al. Sequential MR imaging and proton MR spectroscopy in patients who underwent recent detoxification for chronic alcoholism: correlation with clinical and neuropsychological data. Am J Neuroradiol (2001) 22(10):1926–32. doi: 10.1055/s-2001-18214

40. Durazzo TC, Gazdzinski S, Rothlind J, Banys P, Meyerhoff DJ. Brain metabolite concentrations and neurocognition during short-term recovery from alcohol dependence: preliminary evidence of the effects of concurrent chronic cigarette smoking. Alcohol Clin Exp Res (2006) 30(3):539–51. doi: 10.1111/j.1530-0277.2006.00060.x

41. Pihl R, Assaad J-M, Hoaken PN. The alcohol-aggression relationship and differential sensitivity to alcohol. Aggressive Behav (2003) 29(4):302–15. doi: 10.1002/ab.10072

42. Tzambazis K, Stough C. Alcohol impairs speed of information processing and simple and choice reaction time and differentially impairs higher-order cognitive abilities. Alcohol Alcohol (2000) 35(2):197–201. doi: 10.1093/alcalc/35.2.197



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.

Copyright © 2020 Liu, Tian, Ling, Xu and Zhou. 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.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Alterations of Metabolites in the Frontal Cortex and Amygdala Are Associated With Cognitive Impairment in Alcohol Dependent Patients With Aggressive Behavior

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Participants

          



          		

            Clinical Characters and Aggressive Behavior Measures

          



          		

            Cognitive Tests

          



          		

            Magnetic Resonance Data Acquisition

          

            		

              Statistical Analysis

            



          



          



        



        



        		

          Results

        

          		

            Participants Characteristics

          



          		

            Group Differences in Cognitive Performance

          



          		

            1 H MRS Metabolite Ratios

          



          		

            Correlation Between Metabolite Ratios and Cognitive Performance

          



        



        



        		

          Discussion

        

          		

            Limitations

          



        



        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt.2020.00694_cover.jpg
’ frontiers
in Psychiatry

Alterations of Metabolites in the
Frontal Cortex and Amygdala Are
Associated With Cognitive
Impairment in Alcohol Dependent
Patients With Aggressive Behavior





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-11-00694-g002.jpg





OEBPS/Images/table2.jpg
Index AB-ADs(n=40)

frmediata memory 3050+637
Visvospatial 14982476
constructonal

Language 20682555
Atention 630821126
Detayed memory 555621930

484, agressio behaver-alconol depencent patents: HCS, Py conts; NA-ADS, norsaggpession-acohol daperciont patents

o ANOUA.

NA-ADs(n=40)

3698607
16432514

28682598
70432 1062
5805 2 1256

plagoressve benaorakcobl dependent paterts vs bty oS,
o7 non-aggression-aloohol dapendent patients vs haalthy conros,

s o s e pths L e e e

HCs(n=40)
49431489
1820431

2002551
75852 11.12
672321230

»”
008
o2

008
ois
o021

013

008
001

004
on

007
012
003





OEBPS/Images/table3.jpg
NA-ADs(n=40) HCs(n=40) " » L3 o

NAWCR 3262078 3872077 0038 o027 o045 004
ot frontal cortex

gt fonta contex 3182064 3422086 3742048 01z 00a7 013 on
et amygasla 1922072 1962061 248073 0048 o002 0043 012
ight amygdala 1872085 196051 2032065 022 018 o021 009
CroCr 1242036 132045 1782032 o045 003 o00s2 010
ot frotal corex.

foht fonta contex 115203 108085 156065 008 0013 o00a7 008
et amygcala 3252124 4562103 4582114 004 o0co7 0035 003
fght amygdaa 3652085 3972051 5822045 004 00w 0043 0004
Guor 5212121 5562132 5342108 014 000 01 o1
ot frontal cortex.

gt ronta contex 4852166 4972156 5012134 ot 013 015 o1
ot amygdala 8752365 5082278 4982265 008 001 007 00

fght amygdala 7822325 5382202 4542233 0043 003 o1t 004
484D, agorossi betaior-aloohol cepencint patents; HCs, Poathy conrl; A0, non-agaression-aiconoldeporcient pterts; NAA, acetyasparale Cro, choe: G,
gutamsto; C, ratre.

o ANOVA.

plagaresive benairatcohl ependent patkrts vs ity Conos,

7 norageressin-acoholdepencent patents vs heathy ontos,

e e e i e kil s





OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Images/fpsyt-11-00694-g001.jpg





OEBPS/Images/fpsyt-11-00694-g003.jpg





OEBPS/Images/table1.jpg
Characteristic

Age years)

Educaton fears)

Age of frstalcobal use (ars)
Aoohol used per day
Duaton of dconc use (ears)
Number of absthence
Coartte smoec par day

AB-A00. aonoesive bebadoratcoal ceoendent patients: HOs, Bealfe conbols: NA-Ads. nomaoareeaion-alohal dependent petients.

AB-ADS(n = 40)

44352552
9302215
16552168
20328 22465
1225824
1232117
26502625

NA-AD(n = 40)

41282528

9452174
16902 193
2125623141
10522751

0882095
3065455

HCs(n = 40)

40462624
9612194
17652158

27452675

010
014
o1
010

008
012





