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INTRODUCTION

Lamin A/C gene mutations are associated with heterogeneous phenotypes ranging from cardiomyopathies with or without muscular dystrophies to lipodystrophies-collectively referred to as 'laminopathies' [START_REF] Worman | Laminopathies: a wide spectrum of human diseases[END_REF][START_REF] Florwick | LMNA Sequences of 60,706 Unrelated Individuals Reveal 132 Novel Missense Variants in A-Type Lamins and Suggest a Link between Variant p.G602S and Type 2 Diabetes[END_REF]. The LMNA gene encodes A-type lamins (lamins A/C), members of the intermediate filament protein family that are required for nuclear lamina formation. Recent studies have suggested that LMNA mutations affect epigenetic regulation of developmental pathways [START_REF] Perovanovic | Laminopathies disrupt epigenomic developmental programs and cell fate[END_REF][START_REF] Paulsen | Chrom3D: three-dimensional genome modeling from Hi-C and nuclear lamin-genome contacts[END_REF][START_REF] Oldenburg | A lipodystrophy-causing lamin A mutant alters conformation and epigenetic regulation of the anti-adipogenic MIR335 locus[END_REF].

Lamin A/C gene mutations have been described over the entire gene. Nevertheless, the rarity of the disease makes phenotype-genotype correlation difficult. Familial partial lipodystrophy type 2 (FPLD2) is characterized by progressive fat loss in the extremities at puberty, associated with severe insulin resistance, diabetes and hypertriglyceridaemia with muscle hypertrophy [START_REF] Brown | The Diagnosis and Management of Lipodystrophy Syndromes: A Multi-Society Practice Guideline[END_REF][START_REF] Vantyghem | Patients with familial partial lipodystrophy of the Dunnigan type due to a LMNA R482W mutation show muscular and cardiac abnormalities[END_REF]. FPLD2 is related to heterozygous LMNA gene mutations, especially those at the 'hotspot' codon Arg482 (R482) in exon 8.

The severity of LMNA-related cardiomyopathies has been demonstrated in several studies showing frequent atrioventricular blocks and ventricular arrhythmias often requiring cardiac implantable electronic devices (CIEDs), as well as severe heart failure, especially in the context of dilated cardiomyopathy [START_REF] Jakobs | Novel lamin A/C mutations in two families with dilated cardiomyopathy and conduction system disease[END_REF][START_REF] Van Rijsingen | Risk factors for malignant ventricular arrhythmias in lamin a/c mutation carriers a European cohort study[END_REF][START_REF] Kitaguchi | A missense mutation in the exon 8 of lamin A/C gene in a Japanese case of autosomal dominant limbgirdle muscular dystrophy and cardiac conduction block[END_REF][START_REF] Brodt | Temporal relationship of conduction system disease and ventricular dysfunction in LMNA cardiomyopathy[END_REF][START_REF] Van Berlo | Meta-analysis of clinical characteristics of 299 carriers of LMNA gene mutations: do lamin A/C mutations portend a high risk of sudden death?[END_REF][START_REF] Subramanyam | Overlapping syndrome with familial partial lipodystrophy, Dunnigan variety and cardiomyopathy due to amino-terminal heterozygous missense lamin A/C mutations[END_REF][START_REF] Carboni | Evolution of the phenotype in a family with an LMNA gene mutation presenting with isolated cardiac involvement[END_REF][START_REF] Pankuweit | A/C mutations in patients with dilated cardiomyopathy[END_REF][START_REF] Macleod | Lamin A/C truncation in dilated cardiomyopathy with conduction disease[END_REF][START_REF] Francisco | Complex phenotype linked to a mutation in exon 11 of the lamin A/C gene: Hypertrophic cardiomyopathy, atrioventricular block, severe dyslipidemia and diabetes[END_REF][START_REF] Hoorntje | Lamin A/C-Related Cardiac Disease: Late Onset with a Variable and Mild Phenotype in a Large Cohort of Patients With the Lamin A/C p.(Arg331Gln) Founder Mutation[END_REF][START_REF] Madej-Pilarczyk | Limbgirdle muscular dystrophy with severe heart failure overlapping with lipodystrophy in a patient with LMNA mutation p.Ser334del[END_REF][START_REF] Ambrosi | A novel overlapping phenotype characterized by lipodystrophy, mandibular dysplasia, and dilated cardiomyopathy associated with a new mutation in the LMNA gene[END_REF][START_REF] Villa | A G613A missense in the Hutchinson's progeria lamin A/C gene causes a lone, autosomal dominant atrioventricular block[END_REF][START_REF] Türk | Multisystem disorder and limb girdle muscular dystrophy caused by LMNA p.R28W mutation[END_REF][START_REF] Kumar | Long-Term Arrhythmic and Nonarrhythmic Outcomes of Lamin A/C Mutation Carriers[END_REF]. Recommendations have already been given concerning the need for implanting defibrillators rather than pacemakers in laminopathies with cardiac involvement [START_REF] Meune | Primary prevention of sudden death in patients with lamin A/C gene mutations[END_REF][START_REF] Feingold | Management of Cardiac Involvement Associated with Neuromuscular Diseases: A Scientific Statement From the American Heart Association[END_REF].

However, some of these reports could have been biased by exclusive cardiac recruitment [START_REF] Kumar | Long-Term Arrhythmic and Nonarrhythmic Outcomes of Lamin A/C Mutation Carriers[END_REF]. Indeed, patients with the R482 genotype, whose metabolic phenotype is well described, have rarely been reported to have primary cardiomyopathies, although ischaemic heart disease might be more prevalent [START_REF] Hegele | Premature atherosclerosis associated with monogenic insulin resistance[END_REF][START_REF] Afonso | LMNA mutations resulting in lipodystrophy and HIV protease inhibitors trigger vascular smooth muscle cell senescence and calcification: Role of ZMPSTE24 downregulation[END_REF]. Nevertheless, unlike the cardiovascular phenotype, the metabolic phenotype of cardiac laminopathies remains largely unknown.

Thus, the aim of the present study was to compare cardiometabolic complications in patients with LMNA mutations at R482, the hotspot for FPLD2, with those in carriers of other LMNA mutations.

PATIENTS and METHODS

Study design

This retrospective longitudinal study was conducted at one university hospital over a 15-year period (from 2000 to 2015). All patients referred to the institution's endocrinology and metabolism department with a diagnosis of laminopathy were included. Patients were classified into two groups according to genotype: (i) those with the heterozygous LMNA R482 mutation; or (ii) those with other lamin A/C mutations. The cardiometabolic phenotypes in these two groups were then compared, while the metabolic phenotypes in these two groups were further compared with a control group.

Patients

A total of 157 patients were referred because of suspected laminopathy by either endocrinologists who suspected lipodystrophic syndromes, or by cardiologists or geneticists because of unexplained cardiac abnormalities or familial screening. After subjecting these patients to careful clinical and biological examinations, and obtaining their written informed consent, their LMNA genes were studied by direct sequencing. Clinical and biological data were collected from patients' medical files. In addition to gender, their age at the time of their first and last cardiometabolic evaluations were recorded for calculation of the average follow-up duration. In addition, 19 healthy subjects matched for age and gender, and recruited from the PHRC-Clin.gov2009-AO-1169-48 trial, served as the control group for metabolic assessment.

Cardiac outcomes

The following cardiac parameters were collected from the patients' medical files: (i) family history of CIED or sudden death, considered positive for any patient with at least one first-degree relative with an implanted device or who had died suddenly; (ii) abnormal electrocardiography (ECG), defined as the presence of at least one of the following during follow-up: atrial fibrillation, atrial flutter, highgrade atrioventricular (AV) block, ventricular ectopy, or complete left bundle branch block; (iii) abnormal ECG on Holter monitoring, defined as the presence of non-sustained (NSVT) or sustained ventricular tachycardia (VT), high-grade AV block, or atrial flutter or atrial fibrillation; (iv) use of a CIED, defined as a pacemaker or automatic implantable cardiac defibrillator (ICD) acquired during follow-up (before or after diagnosis of the LMNA mutation); (v) CIED interrogation, when ventricular rhythm disorders correspond to the presence of at least one NSVT or VT episode retrieved from stored electrograms during scheduled follow-up visits; (vi) abnormalities on echocardiography, defined by the presence of at least one of the following as per international guidelines for echocardiography measurements: left ventricular ejection fraction (LVEF) < 50%; left atrial enlargement; and/or LV hypertrophy or LV enlargement [START_REF] Lang | Recommendations for cardiac chamber quantification by echocardiography in adults: an update from the American Society of Echocardiography and the European Association of Cardiovascular[END_REF]; patients with non-ischaemic heart disease (cardiomyopathies), defined by LV dilatation and/or altered LVEF, were also noted, and LV diastolic function was assessed by E/A ratio if available; (vii) smoking status, recorded as either currently active or over the past 3 years; (viii) screening for ischaemic heart disease, which included myocardial ischaemia screening with an exercise stress test in five patients with R482 and six patients with non-R482 mutations, radionuclide angiography (six R482, one non-R482) or dobutamine stress echocardiography (two R482); and coronary angiography in four patients because of positive noninvasive screening or acute coronary syndrome (two patients); and (ix) screening for atheromatosis by Doppler ultrasound of the carotid and lower-limb arteries.

Metabolic outcomes

The following metabolic parameters were also collected from patients' medical records of the last endocrinological evaluation or, for the control group, from the PHRC-Clin.gov2009-AO-1169-48 database: (i) body mass index (BMI), assessment of fasting blood glucose (FBG) and triglycerides, as measured by routine techniques, and fasting C-peptide and leptin using radioimmunoassay [RIA-coat C-peptide (Mallinckrodt France SARL, Paris, France), detection limit: 0.2 ng/mL] and Human Leptin RIA kits (EMD Millipore Corporation, Burlington, MA, USA; normal range in normal-weight subjects: women 7.4 ± 3.7 ng/mL, men 3.8 ± 1.8 ng/mL), respectively; (ii) diabetes and glucose intolerance by subjecting participants not already being treated for diabetes at inclusion to a 75-g oral glucose tolerance test (OGTT), which was interpreted according to American Diabetes Association criteria; (iii) hypertension, defined as blood pressure > 140/90 mmHg or use of an antihypertensive drug; (iv) use of lipid-lowering agents (such as statins, fibrates, ezetimib); (v) use of antidiabetic treatments (such as metformin or any other antidiabetic drugs, including glucagon-like peptide-1 receptor agonists and insulin); (vi) body fat-mass percentage, as measured by dual-energy X-ray absorptiometry (DXA; Lunar DPX-IQ, GE Healthcare, Chicago, IL, USA); and (vii) ratio of intraabdominal/total abdominal fat mass, as calculated by measurement of subcutaneous and visceral fat surface areas from 1-cm reconstructed slices of abdominal L4 magnetic resonance imaging (MRI), which is contraindicated in cases of CIED and was therefore only performed in 22 R482 and 12 non-R482 patients.

Statistical analysis

Qualitative variables, expressed in absolute numbers and percentages, were compared by chi-squared or Fisher's exact test for values < 5. For quantitative variables, the Shapiro-Wilk test for normality was performed, with results expressed as medians with interquartile ranges (Q25-Q75), and compared using the Mann-Whitney test. Analyses were carried out with GraphPad Prism 6 software (GraphPad Software Inc., La Jolla, CA, USA). Any differences with P values < 0.05 were considered significant.

RESULTS

Description of the two groups

In all, 60 patients carried LMNA mutations; however, as two were excluded because their medical files were incomplete, 58 patients were ultimately included in this study: 29 patients from eight families carried the heterozygous R482W mutation, and 29 patients from 16 families carried another heterozygous LMNA mutation.

The gender ratio between the LMNA R482 and non-R482 groups did not differ, although the number of women tended to be higher in the R482 group (22 vs 16; P = 0.09). There were also no differences between the two groups in terms of age at first evaluation [R482: 43 (24-50.5) years vs non-R482: 39 (28.2-47.5) years; P = 0.9] and duration of follow-up [R482: 5 (2-11) years vs non-R482: 4 (1-9) years; P = 0.42]. These patients' genotypes and their main phenotypic features are presented in Table I, and their diagnostic circumstances are depicted in Fig. 1. The proportion of diabetes patients in the R482 group increased during the follow-up period from 11 to 24 out of 29 patients (from 37.9% to 82.7%), and from 6 to 12 out of 29 patients (from 20.7% to 41.4%) in the non-R482 group, as determined at the last evaluation.

Cardiovascular phenotype (Table II, Fig. 2 A)

The frequency of a family history of sudden death (P < 0.01) or CIED use (P < 0.001) was significantly lower in the R482 vs non-R482 mutation groups, as was the frequency of abnormal ECG (P < 0.001). The frequency of abnormal Holter monitoring also differed significantly between the two groups, with a greater frequency of abnormalities, especially NSVT, in the non-R482 mutation group compared with the R482 group (P < 0.01).

In addition, the frequency of implantable CIEDs was significantly lower in R482 vs non-R482 mutation patients (P < 0.001). More specifically, the only patient in the R482 group (R482Q mutation) with a CIED, a pacemaker implanted at age 46, died at age 60 after several years of dialysis. In the non-R482 group, there were 16 CIEDs, including eight pacemakers, seven of which were later upgraded to defibrillators when their indication for cardiac laminopathies was standardized [START_REF] Kumar | Long-Term Arrhythmic and Nonarrhythmic Outcomes of Lamin A/C Mutation Carriers[END_REF], and eight defibrillators as first-line devices. The only remaining non-R482 patient with a pacemaker, implanted at age 33, developed end-stage renal disease (ESRD) and died suddenly during dialysis at age 50, just before genetic results were obtained. Seven VT episodes were recorded by CIEDs in seven different non-R482 patients.

There was no difference in frequency of cardiac ultrasound abnormalities between the two patient groups (P = 0.18). Nevertheless, the frequency of left atrial enlargement was significantly lower in patients with R482 vs non-R482 mutations (P < 0.05), and median LVEF was significantly higher in patients with R482 vs non-R482 mutations (P < 0.01), but with no difference in LV hypertrophy (P = 1.00) or LV diastolic diameter (P = 0.76). Five patients, all in the non-R482 group, had a cardiac phenotype of non-ischaemic heart disease (Table I). Of the remaining population, 16 (seven R482 and nine non-R482 carriers) had normal systolic function and E/A measurements. In the R482 group, 4/7 had impaired relaxation (E/A < 1) vs none in the non-R482 group whereas, in the non-R482 group, 3/9 had restrictive filling patterns (E/A > 2) vs none in the R482 group (Table II). The rate of deaths during the follow-up period was similar in both groups (P = 1.00), but was more often related to cardiac causes in the non-R482 group. ESRD related to long-term severely insulin-resistant diabetes worsened the prognosis in two cases.

There was no difference in the number of smokers (P = 0.33) between the two groups. Also, no patient in the non-R482 group tested positive for cardiac ischaemia or significant coronary stenosis, which contrasted with positive diagnoses in 38% and 14% of patients, respectively, with R482 mutations. However, screening tests for cardiac ischaemia tended to be performed more often (P = 0.09) in patients with R482 mutations, who more often had diabetes (P < 0.01) than the non-R482 patients.

Comparison of peripheral atherosclerotic features showed no differences between the two groups (lower limb: P = 0.78; carotid atheromatosis: P = 0.42). III, Fig. 2 B,C) BMI (P < 0.05), blood leptin (P < 0.01) and high-density lipoprotein (HDL) cholesterol levels (P < 0.05) and fat-mass percentages (P < 0.001) were all significantly lower in patients with R482 vs non-R482 mutations. In contrast, median fasting C-peptide (P < 0.05) and glucose (< 0.001) levels, intraabdominal/total abdominal fat-mass ratio (P < 0.001), and frequencies of diabetes or glucose intolerance (P < 0.01), metformin treatment (P < 0.01) and hypertriglyceridaemia (P < 0.05) were all significantly higher in patients with R482 vs non-R482 mutations. There were no differences between the two groups in rates of hypertension (P = 0.11) or in median triglyceride (P = 0.15), total cholesterol (P = 0.73) and low-density lipoprotein (LDL) cholesterol (P = 0.82) levels, or use of lipidlowering (P = 0.10) or antidiabetic treatments other than metformin (P = 0.24), including insulin (P = 0.14).

Metabolic phenotype (Table

Comparison of the two LMNA mutation groups to an age-and gender-matched healthy control group (Table III) revealed that BMI (P < 0.02), intra-/total abdominal fat-mass ratio (P < 0.05; Fig. S1; see supplementary materials associated with this article online), leptin levels (P < 0.01), frequency of hypertriglyceridaemia (P < 0.05) and diabetes or glucose intolerance (P < 0.001) were significantly higher, whereas HDL levels (P < 0.02) were significantly lower, in the non-R482 group compared with the controls. Similarly, intra-/total abdominal fat-mass ratio (P < 0.001; Fig. S1) and frequency of hypertriglyceridemia (P < 0.05) and diabetes or glucose intolerance (P < 0.001) were significantly higher, but HDL level (P < 0.02) and fat-mass percentage significantly lower, in the R482 vs the control group.

DISCUSSION

This large-scale, single-centre, LMNA mutation cohort comparing cardiometabolic complications in patients with R482 mutations with carriers of other LMNA mutations showed more arrhythmias in the non-R482 than R482 group, which tended to have a greater frequency of coronary artery disease. On the other hand, the rate of diabetes in the non-R482 group was 40%, but twofold higher than that in the R482 group. Each group also showed higher intra-/total abdominal fat-mass ratios, a hallmark of lipodystrophy, than the control group.

Recognized only since 1999, laminopathies are rare diseases with multiple phenotypes, some of which overlap [START_REF] Worman | Laminopathies: a wide spectrum of human diseases[END_REF]. Yet, despite their rarity, nearly 60 patients from 24 families were identified at our centre alone, with a greater number of families with non-R482 than R482 mutations (16 vs 8 patients, respectively). As the northern region of France, where our patients were from, has four million inhabitants, the prevalence of patients with LMNA mutations and LMNA-related FPLD2 in this area is estimated to be 14.5 and 7.25 cases/million people, respectively, which is twice the prevalence reported in a recent study [START_REF] Chiquette | Estimating the prevalence of generalized and partial lipodystrophy: findings and challenges[END_REF]. Moreover, our results do not reflect any founder-effect bias, as 16 different mutations were identified in the non-R482 group, two of the eight R482 families were of Portuguese descent, and two of the remaining six families had two different types of mutations (R482W and R482Q). Indeed, laminopathies are most likely underrecognized, given their variable phenotype [START_REF] Worman | Laminopathies: a wide spectrum of human diseases[END_REF][START_REF] Florwick | LMNA Sequences of 60,706 Unrelated Individuals Reveal 132 Novel Missense Variants in A-Type Lamins and Suggest a Link between Variant p.G602S and Type 2 Diabetes[END_REF][START_REF] Vantyghem | Patients with familial partial lipodystrophy of the Dunnigan type due to a LMNA R482W mutation show muscular and cardiac abnormalities[END_REF], although the phenotype may perhaps be better recognized in this region, known for its high levels of obesity and diabetes, due to an anticipation phenomenon [START_REF] Jeru | LMNA-associated partial lipodystrophy: anticipation of metabolic complications[END_REF].

One limitation of our study is that it was retrospective. All investigations were not performed in every patient, but were adjusted according to clinical situation and guidelines for follow-up of type 2 diabetes. For this reason, the number of patients who underwent each investigation has been systematically mentioned. On the other hand, the size of our cohort was relatively large for such a rare disease, and all evaluations were performed at the same centre using the same methods, thereby strengthening all data comparisons. Concerning the cardiac phenotype, there was a marked difference between the R482 and non-R482 groups in familial history of CIED use or sudden cardiac death, arguing in favour of a better cardiac prognosis for R482 than for other LMNA mutations. This point, which has never been emphasized before, was easy to explore during clinical assessment of the patients' medical histories and was confirmed by cardiac investigations. Indeed, the frequencies of abnormal ECG and left atrial dilatation were significantly lower, and LVEF significantly higher, in patients with R482 vs non-R482 mutations. The latter patients were also more likely to have CIEDs, and five cases of non-ischaemic heart disease were found in this group. In contrast, patients with R482 mutations tended to have more frequent positive non-invasive tests for ischaemia or documented severe coronary artery disease. However, diastolic function was altered in some patients in both groups, but with different patterns: there was restrictive filling in non-R482 carriers, but impaired relaxation in R482 carriers, a possible consequence of the high incidence of diabetes in the latter. Also, the large number of carriers in the R482 families suggests that the prognosis for the R482W group in terms of mortality may be better.

Finally, although gender did not significantly differ, there tended to be more men in the non-R482 group, which might reflect a bias, as male gender has been reported to be a risk factor for sudden cardiac death in laminopathies [START_REF] Van Rijsingen | Gender-specific differences in major cardiac events and mortality in lamin A/C mutation carriers[END_REF]. However, this link was possibly related to the fact that male gender is more often associated with non-R482 mutations, including non-missense mutations, which are also known to be associated with higher risk of severe cardiac disorders [START_REF] Van Rijsingen | Gender-specific differences in major cardiac events and mortality in lamin A/C mutation carriers[END_REF]. Nevertheless, no definitive conclusions concerning coronary artery disease can be drawn, as there was also a trend for more frequent screening in the R482 group, most likely because those patients more often also had diabetes.

From a metabolic perspective, the prevalence of diabetes and hypertriglyceridaemia was higher in R482 than in non-R482 carriers. The R482 carriers also had lower BMIs, and lower levels of leptin and fat mass, but higher MRI-assessed visceral fat levels, than non-R482 carriers, which is in accordance with the lipodystrophic phenotype of R482 carriers. Interestingly, the intra-/total abdominal fat-mass ratio, a hallmark of lipodystrophy [START_REF] Sa | Quantitative and qualitative differences in subcutaneous adipose tissue stores across lipodystrophy types shown by magnetic resonance imaging[END_REF], was significantly higher in the non-R482 vs control group, thereby arguing for a specific lipodystrophy fat distribution even in patients with non-R482 mutations. It is also noteworthy that the frequency of diabetes reached 40% in the non-R482 group, but often required OGTT to make the diagnosis. Diabetes is known to promote atherosclerosis and findings in vitro favour a direct proatherogenic effect of the LMNA R482W mutation in endothelial cells, which is consistent with the trend towards a greater frequency of coronary heart disease in the R482 group [START_REF] Hegele | Premature atherosclerosis associated with monogenic insulin resistance[END_REF][START_REF] Afonso | LMNA mutations resulting in lipodystrophy and HIV protease inhibitors trigger vascular smooth muscle cell senescence and calcification: Role of ZMPSTE24 downregulation[END_REF]. However, the diagnosis of lipodystrophy is easier to make, as the metabolic syndrome (MetS) is more severe in women than in men [START_REF] Nishiuchi | Gene-based risk stratification for cardiac disorders in lmna mutation carriers[END_REF][START_REF] Araújo-Vilar | Phenotypic gender differences in subjects with familial partial lipodystrophy (Dunnigan variety) due to a nuclear lamin A/C R482W mutation[END_REF][START_REF] Donadille | Etiological investigations in apparent type 2 diabetes: when to search for lamin A/C mutations?[END_REF]. This gender difference in disease phenotype might be modulating the expression of coronary artery disease, thereby worsening the cardiovascular prognosis for women which, before menopause, is usually considered better than that for men. Also, our results support more systematic screening for MetS, especially by OGTT, in the non-R482 group, and for silent myocardial ischaemia in both groups of mutations, especially in cases with diabetes.

Finally, comparisons between R482 and non-R482 carriers have revealed different cardiometabolic phenotypes with different types of risk, a point that has never been emphasized before. Patients with R482 mutations have an FPLD2 phenotype, which may sometimes be associated with other features, such as myopathy [START_REF] Vantyghem | Patients with familial partial lipodystrophy of the Dunnigan type due to a LMNA R482W mutation show muscular and cardiac abnormalities[END_REF]. In this group, diabetes is present in 80% of cases, yet the cardiac phenotype seems less severe than in non-R482 cases, and is mostly the result of insulin resistance and atherosclerosis. These findings are concordant with the low frequency of arrhythmia events reported in patients with R482 mutations in the literature in contrast to the non-negligible frequency of coronary artery disease [START_REF] Hegele | Premature atherosclerosis associated with monogenic insulin resistance[END_REF][START_REF] Afonso | LMNA mutations resulting in lipodystrophy and HIV protease inhibitors trigger vascular smooth muscle cell senescence and calcification: Role of ZMPSTE24 downregulation[END_REF]. Indeed, patients with non-R482 mutations often have a severe cardiac phenotype, such as an initial conduction or rhythm disorder with a risk of sudden cardiac death, and diabetes is present in 40% of these patients. Thus, such patients should be screened for ventricular arrhythmias and dilated cardiomyopathy by Holter monitoring and echocardiography, with consideration of electrophysiological studies, CIED use or cardiac transplantation where appropriate.

In any case, the presence of ventricular arrhythmias, especially when associated with diabetes or a familial history of CIED use, should prompt LMNA genetic testing and subsequent ICD implantation.

The reason for the different expressions of the disease in our two patient groups remains unexplained.

Limited peripheral adipose tissue storage capacity has recently been emphasized in the pathogenesis of human insulin resistance [START_REF] Lotta | Integrative genomic analysis implicates limited peripheral adipose storage capacity in the pathogenesis of human insulin resistance[END_REF]. Frequent and/or early atherosclerotic complications could be mediated through oxidative stress and mitochondrial dysfunction. Recent studies suggest that LMNA mutations affect epigenetic regulation of developmental pathways, and might alter myogenesis and adipogenesis processes in a genotype-specific manner [START_REF] Perovanovic | Laminopathies disrupt epigenomic developmental programs and cell fate[END_REF][START_REF] Paulsen | Chrom3D: three-dimensional genome modeling from Hi-C and nuclear lamin-genome contacts[END_REF][START_REF] Oldenburg | A lipodystrophy-causing lamin A mutant alters conformation and epigenetic regulation of the anti-adipogenic MIR335 locus[END_REF]. These mechanisms, however, have yet to be explored.

In conclusion, these results suggest that cardiac follow-up of laminopathies might be adjusted according to genotype, with more aggressive screening for arrhythmias in non-R482 patients. Also, it is important to consider laminopathies as a differential diagnosis when faced with an unexplained rhythm disorder, especially if there is a familial history of CIED use, sudden cardiac death and/or a personal history of diabetes. In addition, coronary artery disease should not be overlooked, especially when diabetes is present. 
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