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Background: A growing number of voxel-based morphometry (VBM) studies have demonstrated widespread gray matter (GM) abnormalities in myotonic dystrophy type 1 (DM1), but the findings are heterogeneous. This study integrated previous VBM studies to identify consistent GM changes in the brains of patients with DM1.

Methods: Systematic retrieval was conducted in Web of Science, Pubmed, and Embase databases to identify VBM studies that met the inclusion requirements. Data were extracted. The Seed-based d Mapping with Permutation of Subject Images (SDM-PSI) software was used for meta-analysis of voxel aspects.

Results: A total of eight VBM studies were included, including 176 patients with DM1 and 198 healthy controls (HCs). GM volume in patients with DM1 was extensively reduced compared with HCs, including bilateral rolandic operculum, bilateral posterior central gyrus, bilateral precentral gyrus, right insula, right heschl gyrus, right superior temporal gyrus, bilateral supplementary motor area, bilateral middle cingulate gyrus/paracingulate gyrus, left paracentral lobule, and bilateral caudate nucleus. Meta-regression analysis found that regional GM abnormalities were associated with disease duration and Rey-Osterrieth Complex Figure (ROCF)-recall scores.

Conclusion: DM1 is not only a disease of muscle injury but also a multisystem disease involving brain motor and neuropsychiatric regions, providing a basis for the pathophysiological mechanism of DM1.
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INTRODUCTION

Myotonic dystrophy type 1 (DM1) is an autosomal dominant genetic disorder caused by CTG's abnormal repeat expansion in the noncoding region of the dystrophia myotonic protein kinase (DMPK) gene. It is the most common muscular dystrophy in adults with a global prevalence between 1/3,000 and 1/8,000 (1). It is a multisystem disease that affects not only the musculoskeletal system but also the respiratory, gastrointestinal, genitourinary, and central nervous system. The main clinical manifestations of DM1 include myotonia, muscle weakness, mild intellectual disability, speech delay, fatigue, impaired attention and memory, and excessive daytime sleepiness (2), resulting in a substantial disease burden and impairment across many different domains of patients' lives (3). There are no disease-modifying treatments for the disease currently. Knowing about the neuroimaging changes and the associations between affected areas in the whole brain and clinical manifestations such as muscular dystrophy and cognitive impairment can help us to better understand the pathogenesis and explore new therapeutic targets.

Over the years, various morphologic MRI techniques have been used to reveal brain structural changes in DM1, mainly including conventional morphological brain MRI, voxel-based morphometry (VBM), and diffusion tensor imaging (DTI). VBM can quantitatively analyze the changes in density or volume of gray matter (GM) and white matter (WM) of each voxel in MRI, thus reflecting the differences in corresponding anatomical structures. It is a new method of evaluating GM and WM lesions in the whole brain. In the past, many studies based on VBM explored GM changes in patients with DM1 and their correlation with clinical features. Numerous studies have shown cortical atrophy in patients with DM1, including the frontal, parietal, cingulate gyrus, and temporal lobes (4–10). Some studies showed atrophy of the striatum (4, 6, 7, 9–13), while others did not (5, 8, 14). Some studies revealed cerebellar GM atrophy in patients with DM1 (5, 8, 12). However, Labayru et al. found that compared to healthy controls (HCs), patients with DM1 had increased cerebellar GM volume at baseline and decreased cerebellar volume after approximately 9 years of follow-up (10). Therefore, the results were inconsistent, probably due to varied sample sizes, the characteristics of patients, disease duration, and methods.

At present, there is no meta-analysis to quantitatively analyze the changes in GM volume (GMV) in patients with DM1 compared with HCs. Hence, it is of great significance to select appropriate methods for quantitative analysis. Seed-based d Mapping (SDM) is a statistical technique for meta-analyses studies on differences in brain activity or structure in which neuroimaging technique such as fMRI, VBM, DTI, or PET is used. The methods have been fully validated in many studies (15, 16). SDM with Permutation of Subject Images (SDM-PSI) is a new algorithm that can use standard voxel-wise tests and conducts a standard PSI. SDM-PSI version 6.21 is the latest version, it includes the following new features: (nearly) unbiased estimation of effect sizes and familywise correction for multiple comparisons (15). In this study, our aim was to conduct a voxel analysis of GMV changes in patients with DM1 using the SDM-PSI method, to clarify the GMV changes in patients and their correlation with clinical manifestations.



METHODS


Search and Inclusion of Studies

We conducted a systematic and detailed search of works in Pubmed, Embase, and Web of Science databases from their inception to October 17, 2021. The following keywords are used to search in these databases: (“myotonic muscular dystrophy” OR “myotonic dystrophy” OR “dystrophy Myotomic”) AND (“VBM” OR “voxel-based morphometry” OR “gray matter” OR “white matter”). Additional searches were also conducted in the reference list and related articles. We included studies in our meta-analysis when the article met the following criteria: (1) was published as an original article in a journal and peer-reviewed; (2) the enrolled patients were clearly diagnosed with DM1; (3) reported changes in GMV in patients with DM1 compared to HC, with three-dimensional coordinates (x, y, and z) based on standard stereo space (i.e., Talairach or Montreal Neurological Institute space); and (4) reported significance thresholds that were corrected for multiple comparisons or uncorrected with spatial extent thresholds. Studies were excluded if (1) there were no HCs or definite diagnosis of DM1 in the article; (2) only the region of interest in the brain rather than the whole brain was analyzed; and (3) the article lacked a spatial coordinate value or significance test. For patients from the same institution, we chose the study with a larger sample size.



Data Extraction and Quality Assessment

Extract the following data for each article: numbers of patients and controls, mean age, mean disease duration, the mean number of CTG repeats, muscular impairment rating scale (MIRS) scores, beck depression inventory (BDI) scores, technical parameters of image scanning, structural data analysis software, and other clinical data. In addition, according to the SDM tutorial the peak coordinates and their effect sizes (t values, z scores, or p values) of abnormal GM areas in each article were extracted. Two authors (Qirui Jiang and Junyu Lin) reviewed the studies independently. A 15-point checklist (Supplementary Table 1) was used for each study quality assessment, which was described in previous meta-analyses (17, 18). Each item is rated 2, 1, or 0 depending on how well the criteria are met. This checklist provides a reference for the rigor of the included study.



Meta-Analysis of Studies

We used SDM-PSI version 6.21 to perform an intelligent voxel meta-analysis of GMV differences in brain regions between patients with DM1 and HCs. The meta-analysis of VBM studies is described in detail in the software tutorial (www.sdmproject.com) and previous studies (16, 19). In this study, we first established a file containing sample size, clinical data, and statistical thresholds. In addition, the spatial coordinates of GMV differences between DM1 and HCs in each article and corresponding t statistics were extracted according to the required format. If there were no statistics, we use software to convert z scores or p values into t statistics, and input the obtained data into the software according to the format requirements. The software will use maximum likelihood techniques to estimate the most likely effect size and its standard error, and a random-effects model will be used for the meta-analysis of each study. Then we conducted family-wise error correction for multiple comparisons and establish statistical significance. We used the following parameters in the software: anisotropy=1, full width at half maximum = 20 mm, voxel size = 2 mm, imputations = 50, permutations = 1,000, p = 0.005, peak height threshold = 1, extent threshold = 10 voxels, and nonthreshold cluster enhancement family-wise error rate p = 0.05. It has been proved that these parameters can balance false negative and false positive well and have high sensitivity and specificity.

Q and I2 statistics were calculated to assess heterogeneity between included studies. I2 > 50% was considered to be highly heterogeneous. Egger's test and funnel plot were used to detect publication bias. p < 0.05 or an asymmetry plot were considered significant. Finally, jackknife sensitivity was performed, that is, the analysis was repeated after each study was deleted to see whether the results were changed. Meta-regression analysis was performed on clinical characteristics such as age, disease duration, MIRS, and BDI, with p = 0.005 and extent threshold = 10 voxels.




RESULTS


Included Studies

After searching systematically, 316 potentially related studies were initially found, and finally, 8 studies met the inclusion criteria and were analyzed in the meta-analysis (4–11). The detailed process of inclusion and exclusion is shown in Figure 1. Because one of the studies divided patients into two groups, namely, pediatric onset and adult onset, and respectively contrasted with HCs, it was included as two separate studies (10). The 15-point checklist was used to score the quality of each article, and the results of each article were all greater than or equal to 13 points. Ultimately, our study included 176 patients with DM1 and 198 HCs. The demographic, clinical characteristics, and quality assessment of the included studies are summarized in Table 1.


[image: Figure 1]
FIGURE 1. The screening process of articles.



Table 1. Demographic, clinical characteristics, and quality assessment of the included 8 studies.
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Regional Differences in GMV

As shown in Figure 2, no increased GMV was detected in patients with DM1 compared with HCs. Reduction of GMV was found in bilateral rolandic operculum, bilateral posterior central gyrus, bilateral precentral gyrus, right insula, right heschl gyrus, right superior temporal gyrus, bilateral supplementary motor area, bilateral middle cingulate gyrus/paracingulate gyrus, left paracentral lobule, and bilateral caudate nucleus. The results of the meta-analysis are summarized in Table 2.


[image: Figure 2]
FIGURE 2. Regions of gray matter atrophy in patients with DM1 compared with HCs.



Table 2. The results of meta-analysis and jackknife sensitivity analysis.
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Analyses of Sensitivity, Heterogeneity, and Publication Bias

A whole-brain jackknife sensitivity analysis showed that the GMV reductions in all regions derived from significant clusters were replicable in eight studies (Table 2). Heterogeneity analysis using Q and I2 (0.430%−5.359%) statistics showed no variability between studies. A quantitative assessment of the Egger's test (p = 0.337–0.992) showed no publication bias in all significant brain regions (Table 2), and funnel plots showed no significant asymmetry in all detected brain regions (Supplementary Figure 1).



Subgroup Meta-Analyses

Considering the effects of different magnetic fields on gray matter, we divided nine studies into two parts, including six 1.5 T scanner studies and three 3 T scanner studies. A meta-analysis was conducted for a subgroup of 1.5 T scanners, we found that the results remained basically unchanged with only one additional significantly decreased cluster in the left middle temporal gyrus. Supplementary Table 2 details areas of gray matter atrophy in the 1.5 T scanner subgroup. However, only three 3 T scanner studies were unable to conduct a meta-analysis.



Meta-Regression Analyses

Meta-regression analysis showed that longer disease duration was associated with severe atrophy in the left superior temporal gyrus, left caudate nucleus, and right rolandic operculum in patients with DM1. A lower Rey-Osterrieth Complex Figure (ROCF)-copy score was associated with severe atrophy of the left superior temporal gyrus and orbital part of the left middle frontal gyrus (see Table 3 for details). Age, onset age, MIRS score, GTC repeats, BDI score, MMSE score, and TMT score had no significant correlations with GMV changes.


Table 3. Meta-regression analyses of disease duration and ROCF-copy on GMV abnormal changes in DM1 patients.
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Family-Wise Error Correction

Family-wise error (FWE) was used to correct for thresholds with p < 0.05, and all results overlapped with uncorrected results.




DISCUSSION

This study is the first VBM-based quantitative meta-analysis of GMV changes in patients with DM1. Our study identified extensive GMV reduction in patients with DM1 both in cortical and subcortical structures, most of which are bilateral and symmetrical. Sensitivity analysis and FWE correction confirmed the robustness of the results.

In the current study, we detected that GMV reduction in cortex associated with motor areas in patients with DM1 through meta-analyses, such as bilateral rolandic operculum, precentral gyrus, postcentral gyrus, and supplementary motor area. Therefore, DM1 is not just a disease affecting the muscle in the traditional viewpoint, brain motor networks are also involved in (20). Rolandic operculum is located on the surface of the posterior central gyrus within the lateral fissure and is part of the language output network (21, 22). Lesions in this area may result in poor pronunciation or defective speech fluency (23, 24). Therefore, speaking and swallowing difficulties observed in patients with DM1 might partially ascribe to the impairment of the rolandic operculum besides the weakness and myotonia of the tongue and throat muscles. The precentral gyrus participates in the inhibition of involuntary movement and regulates movement through the basal ganglia (25). Electrophysiological experiment (26) and neuroimage-based meta-analysis studies found that motor areas (such as supplementary motor area, primary motor cortex, etc.) are involved in various stages of motor skill learning (27, 28). Pathological studies of DM1 showed neuron loss, development of abnormally neurofibrillary tangles (NFTs) or eosinophilic transparent inclusion bodies in extensive cortical regions, including the frontal lobe (29, 30). These findings suggest that the impairment of motor executive and planning function in DM1 is related to the central motor structure (31). An fMRI study found patients with DM1 had a larger cerebral blood-oxygen-level-dependent signal in the supplementary motor area during myotonia, suggesting that cortical function in high-order motor control areas is associated with the occurrence of myotonia (32), which also supported that the finding of GMV reduction in precentral gyrus identified in our study. The posterior central gyrus is one of the central areas of sensory input and utilization in the control of limb movement (33). A study using transcranial magnetic stimulation showed that the plasticity of the somatosensory cortex is involved in the consolidation of motor memory and motor learning (34, 35), and the earliest changes during learning are in the somatosensory cortex rather than the motor cortex (35). In a recent FDG-PET study, patients with DM1 showed the most significant abnormalities of glucose metabolism in bilateral frontal precentral and parietal postcentral regions (36), which also supported the finding of GMV reduction detected in our study.

In addition to identified atrophy areas associated with motor areas, our study also found GM atrophy in the superior temporal gyrus, heschl gyrus, cingulate gyrus, and insula, which may be associated with cognitive deficits and personality changes observed in patients with DM1, such as visual-spatial deficits, decreased attention and memory, and psychiatric symptoms like anxiety and depression (37). A recent study on cortical thickness found that there was a significant correlation between cortical thickness and the ability of patients with DM1 to correctly detect emotions. For example, there were significant associations between cortical thickness and sadness in the superior temporal gyrus, the right precentral gyrus, the right angular gyrus, and the left medial frontal gyrus bilaterally (38). An FDG-PET study found a good association between regions of hypoglucose metabolism and different neuropsychological impairments in patients with DM1. Frontal parietal dysfunctions were observed in the early stage of patients with DM1, however, memory and language impairments were observed in the late stage, suggesting the temporal lobe may be involved later (39, 40), which was also confirmed by the finding of neuronal loss, abnormal NFTs or eosinophilic hyaline inclusion bodies in the temporal lobe by postmortem studies (29, 30). The posterior cingulate gyrus plays a key role in the extraction of short-term memory (41, 42). Therefore, the GM atrophy of the cingulate gyrus identified in patients with DM1 may explain the poor short-term memory of patients with DM1. The insula involves different functions, such as the visceral sensory area, visceral motor area, motor association area, vestibular area, language area, and somatosensory area (43). A previous study found that patients with DM1 had a mildly decreased glucose metabolism in the insula (36). ROCF is a powerful and sensitive neuropsychological measure that reflects cognition in visual-spatial and memory functions. In our meta-regression analysis, the ROCF-recall score was positively correlated with GMV of the left superior temporal gyrus and middle frontal gyrus (orbital part). The middle frontal gyrus (orbital part) is a part of the prefrontal cortex that is closely related to thinking, memory of information, recall, and emotion. In addition, studies have found that the involvement of multimodal integrated network regions (such as insula, rolandic operculum, and anterior cingulated cortex) is also related to neuropsychological symptoms (44, 45). Therefore, the disconnection between primary sensory regions and higher cortical centers may be the basis of impaired higher cognitive function in patients with DM1 (10). A resting-state fMRI study also showed reduced amplitude of spontaneous activity in the middle frontal gyrus, cingulate gyrus, and supplementary motor area of patients with DM1 (46). These regions are components of the default mode network and executive control network, and play an important role in executive function and higher-order cognitive functions (47–49). In addition, a 4-year follow-up study found that the WM and GM of patients with DM1 were gradually affected, and the damage to working memory and visuospatial skills were significantly correlated with the changes in WM (50). This shows that the impairment of cognitive function is not only related to GM, WM also plays an important role.

In our meta-analysis, we found the subcortical regions with GM abnormalities mainly including the bilateral caudate nucleus, which is involved in the regulation of muscle tone, postural reflex, and complex behavior (51). Postmortem study on patients with DM1 also revealed neuronal loss, abnormal NFTs, or eosinophilic transparent inclusions in the basal ganglia (29, 30). Combined with our findings, basal ganglia may be partly responsible for myotonia bedsides repeated depolarization of the muscle membrane, and fixed thinking in patients with DM1 (52).

In the meta-regression analysis, we found that disease duration was correlated with GM abnormalities in the left superior temporal gyrus, left caudate nucleus, and right rolandic operculum, suggesting that the impairment of the central nervous system was increased with the progression of the disease, which was consistent with a previous five-year follow-up study (53). A recent 9-year follow-up study found that cognitive score progression was related to disease duration (54).

Our study has the following limitation: First, VBM processing methods and magnetic field intensity of MRI scanning among different studies are different, which cannot completely exclude the differences in the measurement process. Second, some included studies had incomplete information and used varied evaluation scales and criteria. Third, we did not analyze the abnormalities of white matter because of the lack of sufficient literature. Finally, this study only studied the GMV changes of patients with DM1 at one time point, and the change of its volume over time was not explored.



CONCLUSION

The current voxel meta-analysis found patients with DM1 have extensive cortical and subcortical gray matter atrophy, including rolandic operculum, posterior central gyrus, precentral gyrus, supplementary motor area, insula, heschl gyrus, superior temporal gyrus, middle cingulate gyrus/paracingulate gyrus, and caudate nucleus. Regional GM abnormalities were associated with disease duration and ROCF-recall. Our findings provide evidence of central neural anatomic changes for motor dysfunction and neuropsychiatric symptoms in patients with DM1. Future studies on longitudinal brain structure alteration are needed.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

Written informed consent was obtained from the individual(s), and minor(s)' legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

QJ contributed with conception and execution, data collection, statistical analysis, and writing the manuscript. JL contributed to the conception, data collection, and review and editing of the manuscript. CL and YH contributed to the execution and data collection. HS contributed with conception and organization, manuscript review and critique, and was responsible for overall content as the guarantor. All authors contributed to the article and approved the submitted version.



FUNDING

This article was supported by the 1.3.5 project for disciplines of excellence, West China Hospital, Sichuan University (No. ZYJC18038) and the Science Foundation of Chengdu Science and Technology Bureau (Grant No. 2019-YF05-00307-SN).



ACKNOWLEDGMENTS

The authors thank all the participants of this study.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2022.891789/full#supplementary-material



REFERENCES

 1. Ashizawa T, Gagnon C, Groh WJ, Gutmann L, Johnson NE, Meola G, et al. Consensus-based care recommendations for adults with myotonic dystrophy type 1. Neurol Clin Pract. (2018) 8:507–20. doi: 10.1159/000505634

 2. Ozimski LL, Sabater-Arcis M, Bargiela A, Artero R. The hallmarks of myotonic dystrophy type 1 muscle dysfunction. Biol Rev Camb Philos Soc. (2021) 96:716–30. doi: 10.1111/brv.12674

 3. Landfeldt E, Nikolenko N, Jimenez-Moreno C, Cumming S, Monckton DG, Gorman G, et al. Disease burden of myotonic dystrophy type 1. J Neurol. (2019) 266:998–1006. doi: 10.1007/s00415-019-09228-w

 4. Antonini G, Mainero C, Romano A, Giubilei F, Ceschin V, Gragnani F, et al. Cerebral atrophy in myotonic dystrophy: a voxel based morphometric study. J Neurol Neurosurg Psychiatry. (2004) 75:1611–3. doi: 10.1136/jnnp.2003.032417

 5. Weber YG, Roebling R, Kassubek J, Hoffmann S, Rosenbohm A, Wolf M, et al. Comparative analysis of brain structure, metabolism, and cognition in myotonic dystrophy 1 and 2. Neurology. (2010) 74:1108–17. doi: 10.1212/WNL.0b013e3181d8c35f

 6. Minnerop M, Weber B, Schoene-Bake JC, Roeske S, Mirbach S, Anspach C, et al. The brain in myotonic dystrophy 1 and 2: evidence for a predominant white matter disease. Brain. (2011) 134(Pt 12):3530–46. doi: 10.1093/brain/awr299

 7. Caso F, Agosta F, Peric S, Rakočević-Stojanović V, Copetti M, Kostic VS, et al. Cognitive impairment in myotonic dystrophy type 1 is associated with white matter damage. PLoS ONE. (2014) 9:e104697. doi: 10.1371/journal.pone.0104697

 8. Serra L, Petrucci A, Spanò B, Torso M, Olivito G, Lispi L, et al. How genetics affects the brain to produce higher-level dysfunctions in myotonic dystrophy type 1. Funct Neurol. (2015) 30:21–31.

 9. Zanigni S, Evangelisti S, Giannoccaro MP, Oppi F, Poda R, Giorgio A, et al. Relationship of white and gray matter abnormalities to clinical and genetic features in myotonic dystrophy type 1. Neuroimage Clin. (2016) 11:678–85. doi: 10.1016/j.nicl.2016.04.012

 10. Labayru G, Jimenez-Marin A, Fernandez E, Villanua J, Zulaica M, Cortes JM, et al. Neurodegeneration trajectory in pediatric and adult/late DM1: a follow-up MRI study across a decade. Ann Clin Transl Neurol. (2020) 7:1802–15. doi: 10.1002/acn3.51163

 11. Schneider-Gold C, Bellenberg B, Prehn C, Krogias C, Schneider R, Klein J, et al. Cortical and subcortical grey and white matter atrophy in myotonic dystrophies type 1 and 2 is associated with cognitive impairment, depression and daytime sleepiness. PLoS ONE. (2015) 10:e0130352. doi: 10.1371/journal.pone.0130352

 12. Labayru G, Diez I, Sepulcre J, Fernández E, Zulaica M, Cortés JM, et al. Regional brain atrophy in gray and white matter is associated with cognitive impairment in myotonic dystrophy type 1. Neuroimage Clin. (2019) 24:102078. doi: 10.1016/j.nicl.2019.102078

 13. Gliem C, Minnerop M, Roeske S, Gaertner H, Schoene-Bake J-C, Adler S, et al. Tracking the brain in myotonic dystrophies: a 5-year longitudinal follow-up study. Plos ONE. (2019) 14:e0213381. doi: 10.1371/journal.pone.0213381

 14. Baldanzi S, Cecchi P, Fabbri S, Pesaresi I, Simoncini C, Angelini C, et al. Relationship between neuropsychological impairment and grey and white matter changes in adult-onset myotonic dystrophy type 1. Neuroimage Clin. (2016) 12:190–7. doi: 10.1016/j.nicl.2016.06.011

 15. Albajes-Eizagirre A, Solanes A, Vieta E, Radua J. Voxel-based meta-analysis via permutation of subject images (PSI): theory and implementation for SDM. Neuroimage. (2019) 186:174–84. doi: 10.1016/j.neuroimage.2018.10.077

 16. Yang C, Chang J, Liang X, Bao X, Wang R. Gray matter alterations in Parkinson's disease with rapid eye movement sleep behavior disorder: a meta-analysis of voxel-based morphometry studies. Front Aging Neurosci. (2020) 12:213. doi: 10.3389/fnagi.2020.00213

 17. Shepherd AM, Matheson SL, Laurens KR, Carr VJ, Green MJ. Systematic meta-analysis of insula volume in schizophrenia. Biol Psychiatry. (2012) 72:775–84. doi: 10.1016/j.biopsych.2012.04.020

 18. Baiano M, David A, Versace A, Churchill R, Balestrieri M, Brambilla P. Anterior cingulate volumes in schizophrenia: a systematic review and a meta-analysis of MRI studies. Schizophr Res. (2007) 93:1–12. doi: 10.1016/j.schres.2007.02.012

 19. Dahlgren K, Ferris C, Hamann S. Neural correlates of successful emotional episodic encoding and retrieval: an SDM meta-analysis of neuroimaging studies. Neuropsychologia. (2020) 143:107495. doi: 10.1016/j.neuropsychologia.2020.107495

 20. Koch G, Cercignani M, Pecchioli C, Versace V, Oliveri M, Caltagirone C, et al. In vivo definition of parieto-motor connections involved in planning of grasping movements. Neuroimage. (2010) 51:300–12. doi: 10.1016/j.neuroimage.2010.02.022

 21. Kertesz A. Recovery in aphasia and language networks. NeuroRehabilitation. (1995) 5:103–13. doi: 10.1016/1053-8135(94)00109-8 

 22. Eickhoff SB, Schleicher A, Zilles K, Amunts K. The human parietal operculum. I Cytoarchitectonic mapping of subdivisions. Cereb Cortex. (2006) 16:254–67. doi: 10.1093/cercor/bhi105

 23. Behroozmand R, Shebek R, Hansen DR, Oya H, Robin DA, Howard MA 3rd, et al. Sensory-motor networks involved in speech production and motor control: an fMRI study. Neuroimage. (2015) 109:418–28. doi: 10.1016/j.neuroimage.2015.01.040

 24. Biesbroek JM, van Zandvoort MJ, Kappelle LJ, Velthuis BK, Biessels GJ, Postma A. Shared and distinct anatomical correlates of semantic and phonemic fluency revealed by lesion-symptom mapping in patients with ischemic stroke. Brain Struct Funct. (2016) 221:2123–34. doi: 10.1007/s00429-015-1033-8

 25. Bhattacharjee S, Kashyap R, Abualait T, Annabel Chen SH, Yoo WK, Bashir S. The role of primary motor cortex: more than movement execution. J Mot Behav. (2021) 53:258–74. doi: 10.1080/00222895.2020.1738992

 26. Kashyap R, Ouyang G, Sommer W, Zhou C. Neuroanatomic localization of priming effects for famous faces with latency-corrected event-related potentials. Brain Res. (2016) 1632:58–72. doi: 10.1016/j.brainres.2015.12.001

 27. Hardwick RM, Rottschy C, Miall RC, Eickhoff SB. A quantitative meta-analysis and review of motor learning in the human brain. Neuroimage. (2013) 67:283–97. doi: 10.1016/j.neuroimage.2012.11.020

 28. Lohse KR, Wadden K, Boyd LA, Hodges NJ. Motor skill acquisition across short and long time scales: a meta-analysis of neuroimaging data. Neuropsychologia. (2014) 59:130–41. doi: 10.1016/j.neuropsychologia.2014.05.001

 29. Itoh K, Mitani M, Kawamoto K, Futamura N, Funakawa I, Jinnai K, et al. Neuropathology does not correlate with regional differences in the extent of expansion of CTG repeats in the brain with myotonic dystrophy type 1. Acta Histochem Cytochem. (2010) 43:149–56. doi: 10.1267/ahc.10019

 30. Sergeant N, Sablonnière B, Schraen-Maschke S, Ghestem A, Maurage CA, Wattez A, et al. Dysregulation of human brain microtubule-associated tau mRNA maturation in myotonic dystrophy type 1. Hum Mol Genet. (2001) 10:2143–55. doi: 10.1093/hmg/10.19.2143

 31. Mitsuoka T, Watanabe C, Kitamura J, Ishigame K, Nakamura S. Movement-related cortical potentials in myotonic dystrophy. Clin Neurophysiol. (2003) 114:99–106. doi: 10.1016/S1388-2457(02)00325-5

 32. Toth A, Lovadi E, Komoly S, Schwarcz A, Orsi G, Perlaki G, et al. Cortical involvement during myotonia in myotonic dystrophy: an fMRI study. Acta Neurol Scand. (2015) 132:65–72. doi: 10.1111/ane.12360

 33. Takakusaki K. Functional neuroanatomy for posture and gait control. J Mov Disord. (2017) 10:1–17. doi: 10.14802/jmd.16062

 34. Kumar N, Manning TF, Ostry DJ. Somatosensory cortex participates in the consolidation of human motor memory. PLoS Biol. (2019) 17:e3000469. doi: 10.1371/journal.pbio.3000469

 35. Ohashi H, Gribble PL, Ostry DJ. Somatosensory cortical excitability changes precede those in motor cortex during human motor learning. J Neurophysiol. (2019) 122:1397–405. doi: 10.1152/jn.00383.2019

 36. Peric S, Brajkovic L, Belanovic B, Ilic V, Salak-Djokic B, Basta I, et al. Brain positron emission tomography in patients with myotonic dystrophy type 1 and type 2. J Neurol Sci. (2017) 378:187–92. doi: 10.1016/j.jns.2017.05.013

 37. Meola G, Sansone V, Perani D, Scarone S, Cappa S, Dragoni C, et al. Executive dysfunction and avoidant personality trait in myotonic dystrophy type 1 (DM-1) and in proximal myotonic myopathy (PROMM/DM-2). Neuromuscul Disord. (2003) 13:813–21. doi: 10.1016/S0960-8966(03)00137-8

 38. Serra L, Bianchi G, Bruschini M, Giulietti G, Domenico CD, Bonarota S, et al. Abnormal cortical thickness is associated with deficits in social cognition in patients with myotonic dystrophy type 1. Front Neurol. (2020) 11:113. doi: 10.3389/fneur.2020.00113

 39. Winblad S, Samuelsson L, Lindberg C, Meola G. Cognition in myotonic dystrophy type 1: a 5-year follow-up study. Eur J Neurol. (2016) 23:1471–6. doi: 10.1111/ene.13062

 40. Modoni A, Silvestri G, Vita MG, Quaranta D, Tonali PA, Marra C. Cognitive impairment in myotonic dystrophy type 1 (DM1): a longitudinal follow-up study. J Neurol. (2008) 255:1737–42. doi: 10.1007/s00415-008-0017-5

 41. Herron JE, Henson RN, Rugg MD. Probability effects on the neural correlates of retrieval success: an fMRI study. Neuroimage. (2004) 21:302–10. doi: 10.1016/j.neuroimage.2003.09.039

 42. Koch K, Wagner G, von Consbruch K, Nenadic I, Schultz C, Ehle C, et al. Temporal changes in neural activation during practice of information retrieval from short-term memory: an fMRI study. Brain Res. (2006) 1107:140–50. doi: 10.1016/j.brainres.2006.06.003

 43. Augustine JR. Circuitry and functional aspects of the insular lobe in primates including humans. Brain Res Brain Res Rev. (1996) 22:229–44. doi: 10.1016/S0165-0173(96)00011-2

 44. Sepulcre J. Integration of visual and motor functional streams in the human brain. Neurosci Lett. (2014) 567:68–73. doi: 10.1016/j.neulet.2014.03.050

 45. Sepulcre J, Sabuncu MR, Yeo TB, Liu H, Johnson KA. Stepwise connectivity of the modal cortex reveals the multimodal organization of the human brain. J Neurosci. (2012) 32:10649–61. doi: 10.1523/JNEUROSCI.0759-12.2012

 46. Huang P, Luan XH, Xie Z, Li MT, Chen SD, Liu J, et al. Altered local brain amplitude of fluctuations in patients with myotonic dystrophy type 1. Front Aging Neurosci. (2021) 13:790632. doi: 10.3389/fnagi.2021.790632

 47. Brown CA, Schmitt FA, Smith CD, Gold BT. Distinct patterns of default mode and executive control network circuitry contribute to present and future executive function in older adults. Neuroimage. (2019) 195:320–32. doi: 10.1016/j.neuroimage.2019.03.073

 48. Xu W, Chen S, Xue C, Hu G, Ma W, Qi W, et al. Functional MRI-specific alterations in executive control network in mild cognitive impairment: an ALE meta-analysis. Front Aging Neurosci. (2020) 12:578863. doi: 10.3389/fnagi.2020.578863

 49. Bressler SL, Menon V. Large-scale brain networks in cognition: emerging methods and principles. Trends Cogn Sci. (2010) 14:277–90. doi: 10.1016/j.tics.2010.04.004

 50. Cabada T, Diaz J, Iridoy M, Lopez P, Jerico I, Lecumberri P, et al. Longitudinal study in patients with myotonic dystrophy type 1: correlation of brain MRI abnormalities with cognitive performances. Neuroradiology. (2021) 63:1019–29. doi: 10.1007/s00234-020-02611-9

 51. Vydra DG, Rayi A. Myotonic Dystrophy. StatPearls. Orlando, FL: StatPearls Publishing LLC (2021). 

 52. Serra L, Silvestri G, Petrucci A, Basile B, Masciullo M, Makovac E, et al. Abnormal functional brain connectivity and personality traits in myotonic dystrophy type 1. JAMA Neurol. (2014) 71:603–11. doi: 10.1001/jamaneurol.2014.130

 53. Merkel C, Minnerop M, Roeske S, Gaertner H, Schoene-Bake JC, Adler S, et al. Tracking the brain in myotonic dystrophy: a 5-year longitudinal neuroimaging and neuropsychological follow-up study. Neuromuscul Disord. (2014) 24:839–40. doi: 10.1016/j.nmd.2014.06.160

 54. Gallais B, Gagnon C, Mathieu J, Richer L. Cognitive decline over time in adults with myotonic dystrophy type 1: a 9-year longitudinal study. Neuromuscul Disord. (2017) 27:61–72. doi: 10.1016/j.nmd.2016.10.003 

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 Jiang, Lin, Li, Hou and Shang. 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/fneur-13-891789-t003.jpg
Region

Disease duration
Left superior temporal gyrus

Left caudate nucleus

Right rolandic operculum, BA 48
ROCF-copy

Left superior temporal gyrus, BA 48

Loft middle frontal gyrus, orbital part, BA 11

ROCF, rey-osterrieth complex figure; GMV, gray matter volume; DM1, myotonic dystrophy type 1;

Peak MNI coordinate (x, y, 2)

50, -8,4
-10,12,14
54, -10, 10

—60, -14,2
—26, 42, —20

SDM-Z

—3.694
-3.311
-3.313

3919
3.308

MNI, montreal neurological institute; BA, Brodmann area.

p-Values

0.00011057
0.0004651
0.00046164

0.000044405
0.00047064

No. of voxels

402
o8
69

329
91





OPS/images/fneur-13-891789-t001.jpg
Study Sample  Age (years)  Sex Disease CTG repeats ~ MIRS MMSE ™T ROCF BDI Software, Threshold Quantity

size (F/M) duration scanner (T) score
(vears)
Zanigni et DM1 24 385+118 1014 16.2+10.8 NA NA 270+27 NA NA 53+35 FSL1.6T p <005 15
al.(9) HC25 385113  11/25 corrected
Weber et DM1 14 372+142 NA8/20 16.0+96 574 £ 308 3.1+08 282+19 NA Copy 33.3 101 £74 SPM2 1.5T p <0.05 13
al.(5) HC 20 403125 4.5 Recall corrected
19.7 £90

Seraetal. DMi10  418+96  4/67/9 NA 5304+ 27+£09  283%21 A488+364 NA 53:35 SPM8 3T p <005 15
® HC 16 428129 5303 B121.4% corrected

1005
Schneider-  DM1 12 45113 48 1847 450(ange 33+12  NA NA NA 76+75 SPM8 3T p <005 14
Goldetal.  HC33 214 1914 75-720) corrected
(1)
Minerop ~ DM122 4244126 13/ 182£70  614+£306  86£09  NA AB3.45 & NA 93£78 SPMS 3T p <005 13
etal. (6) HC 22 50.1+9.0 11/22 11.70 corrected

B96.52 %

4875
Labayru et DM19 30 +6.59 5/47/5 NA 851.89 256+0.88 NA NA Copy 37.25 NA FSL 1.6T p <0.05 14
al. (10) HC 12 335832 44477 +10.38 corrected

Recall
41.38% 1021
Labayuet DMi12 4583905 6/66/8 NA 362.83 208+10 NA NA Copy333+  NA FSL 15T p <005 15
al. (10) HC 14 43.64 +8.11 325.54 4.5 Recall corrected
19.7£90

Casoetal. DM 51 42£10 2427 192485  750£276  33+07  NA AS56+216  Copy238  NA SPMB15T  p <0.05 15
7 HC 34 4510 2,113 B156.6 £ =+ 5.5 Recall corrected

828 181+ 52
Antoniniet  DM1 22 33(the Y13NA  125(the 530£365  NA NA NA NA NA SPM99 1.5T  p <005 13
al. (4 HC 22 median), median), corrected

range 20-55 range 1-35
NA NA

DM1, myotonic dystrophy type 1; HC, healthy controls; NA, not applicable; F/, female/mele; MIRS, muscular impaiment rating scale; MMSE, mini mental state examination; TMT, trail-making test; ROCF, rey-osterrieth complex figure;
BDI, Beck Depression Inventory score.





OPS/images/fneur-13-891789-t002.jpg
Region Maximum

MNI coordinate (x,y,z2) SDM-Z  p-Values

Area 1 46, 14,12 —4.308  0.000008225
Area 2 6, -6, 60 -4.199  0.000013351
Area 3 —46, -6, 46 -3629  0.000142276
Area 4 14,14,6 —4.085  0.000024021
Area 5 -10,12,4 —-4.168  0.000015318

BA, Brodmann area; MNI, montreal neurological institute.

Egger test
(p-value)

0.897

0.767

0.692

0.701
0.992

No. of voxels

2,149

1,096

680

414
379

Clusters

breakdown

Right rolandic operculum,
BA43

Right postcentral gyrus, BA
43, BA4, BA3

Right insula, BA 48

Right precentral gyrus, BA
6,BA4

Right heschl gyrus, BA 48

Right superior temporal
gyrus, BA 48

Right supplementary motor
area, BA6, BA 4

Left supplementary motor
area, BA 6

Right median
cingulate/paracingulate gyri
Left median
cingulate/paracingulate gyri,
BA23

Left paracentral lobule, BA4
Left precentral gyrus, BA 6

Left rolandic operculum, BA
48

Left posteentral gyrus, BA
48,BA4, BA43

Right caudate nucleus
Left caudate nucleus

Jackknife sensitivity
analysis

9outof 9

9outof9

9outof9
9outof9

9outof9
Youtof 9

9outof9

9outof 9

9outof 9

9outof 9

9outof 9

9outof9
7 outof 9

9outof9

9outof9
9outof9





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gray Matter Abnormalities in Myotonic Dystrophy Type 1: A Voxel-Wise Meta-Analysis



		Introduction



		Methods



		Search and Inclusion of Studies



		Data Extraction and Quality Assessment



		Meta-Analysis of Studies







		Results



		Included Studies



		Regional Differences in GMV



		Analyses of Sensitivity, Heterogeneity, and Publication Bias



		Subgroup Meta-Analyses



		Meta-Regression Analyses



		Family-Wise Error Correction







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















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

Gray Matter Abnormalities in
Myotonic Dystrophy Type 1: A
Voxel-Wise Meta-Analysis





OPS/images/fneur-13-891789-g001.gif
Search for 534 articles in total:
Pubmed (n=117),Embase (n=206),

Web of science (n=211)

f—————>| Duplicate removal (n-218)

Sereened articles (n=316)
f—————>{ Title and abstract screening

)
R"':'d o les / Full-text aricles screening

! ‘The exclusion articles are as follows:
Conference ablacts(n=17)

Lack of spatial coordinates(n=8)
‘White matter, white matter lesions, or
Finally, § artcles cortical thickness(n=12)
were included in our No regional GMV changes(n=5)
Review(u=4)
Studies involving DM2 only (i
Explore GMV only in ROI (n=1)

study






OPS/images/fneur-13-891789-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





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





