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ABSTRACT  

Aim. – The adipo-myokine irisin regulates energy expenditure and fat metabolism. LMNA-associated 

familial partial lipodystrophy (FPLD2) comprises insulin resistance, muscle hypertrophy and 

lipoatrophy. The aim of this study was to investigate whether irisin could be a biomarker of FPLD2.  

Patients and methods. – This case–control study included 19 FPLD2 subjects, 13 obese non-diabetic 

(OND) patients and 19 healthy controls (HC) of normal weight (median BMI: 26, 39 and 22 kg/m2, 

respectively). Serum irisin and leptin levels, body composition (DXA/MRI) and 

metabolic/inflammatory parameters were compared in these three groups.  

Results. – BMI and MRI intra-abdominal fat significantly differed among these three groups, whereas 

DXA total fat mass and leptin levels were higher in the OND group, but did not differ between HC 

and FPLD2. Lipodystrophy patients had higher intra-abdominal/total abdominal fat ratios than the 

other two groups. Irisin levels were higher in FPLD2 and OND patients than in HC (medians: 944, 

934 and 804 ng/mL, respectively). However, irisin/leptin ratios and lean body mass percentages were 

strikingly higher, and lean mass indices lower, in FPLD2 and HC than in the OND (median 

irisin/leptin ratios: 137, 166 and 21, respectively). In the entire study group, irisin levels positively 

correlated with BMI, lean body mass and index, intra-abdominal/total abdominal fat ratio, triglyceride, 

cholesterol, insulin, glucose and HbA1c levels. Also, intra-abdominal/total abdominal fat ratio and 

lean body mass better differentiated the three groups only in female patients.  

Conclusion. – Circulating irisin is similarly increased in FPLD2 and OND patients, who are 

characterized by higher lean body mass regardless of their clearly different fat mass. However, 

irisin/leptin ratios, strikingly higher in FPLD2 than in OND patients, could help to make the diagnosis 

and prompt genetic testing in clinically atypical cases. 

 

Key words: Fat mass; Irisin; Lamin A; Lean mass; Leptin; Lipodystrophy; Muscle; Obesity 
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INTRODUCTION 

 The spectrum of adipose tissue diseases ranges from obesity to lipodystrophy, and is usually 

defined according to the amount and distribution of fat mass. Obesity features an increased amount of 

fat and is characterized by a body mass index (BMI) > 30 kg/m2. In contrast, lipodystrophy syndromes 

are characterized not only by a decrease and abnormal distribution of total fat mass, but also, in most 

cases, by a very muscular appearance associated with severe insulin resistance, diabetes and 

hypertriglyceridaemia [1–3]. This group of rare diseases may be acquired or inherited, generalized or 

partial. Among them, LMNA-related familial partial lipodystrophy (FPLD2) is characterized by 

progressive fat loss in the extremities at puberty, with muscular hypertrophy predominantly in the 

calves [4–6]. Lamin A, encoded by the LMNA gene, is a member of the intermediate-filament protein 

family and required for nuclear lamina formation. The hotspot mutation at codon R482 could affect the 

ability of A-type lamins to bind DNA and transcription factors and, subsequently, alter adipocyte 

differentiation and skeletal muscle metabolism [7–10]. Fat remodelling, including altered partitioning 

of white (energy-storing) and brown/beige (thermogenic) fat, has been described in lipodystrophy 

patients with LMNA mutations [10, 11]. Interestingly, brown adipocytes are thought to originate from 

a cell precursor shared with skeletal muscle, whereas white adipocytes originate from distinct 

precursors [12, 13].  

 The diagnosis of lipodystrophy is clinically based, but may be difficult, while FPLD2 may 

have a greater prevalence than is currently believed due to lack of recognition of its more subtle forms 

[14]. Indeed, screening all non-obese patients with type 2 diabetes mellitus (T2DM) for known FPLD 

genes increases the prevalence of lipodystrophy by more than 400-fold from their baseline assessment 

[15–17]. However, there are as yet no validated biological markers to date for identifying FPLD, 

although a decrease of leptin levels correlates with a decrease of fat mass in lipodystrophy [18]. 

 Irisin is a newly discovered adipo-myokine involved in myogenesis and in the ‘browning’ of 

white adipose tissue [19, 20]. A cleaved and secreted fragment of fibronectin type III domain-

containing 5 (FNDC5), irisin stimulates muscle growth and browning of white adipocytes in both mice 

and humans [21–23]. In humans, circulating irisin levels, correlated with lean body mass, increase 

after exercise in healthy young individuals, and are also associated with markers of adiposity, 
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components of the metabolic syndrome, cardiovascular events and polycystic ovary disease [24–30]. 

Yet, levels of serum irisin have not been investigated in human lipodystrophy syndromes associating 

muscle hypertrophy and adipocyte dysfunction. 

 Thus, the objective of the present study was to identify simple biomarkers of FPLD2. Our 

hypothesis was that an imbalance between lean and fat mass in FPLD2 might trigger specific 

deregulation of adipokines and myokines. To this end, it was necessary to determine: (i) lean and fat 

body masses in FPLD2 subjects, in obese non-diabetic (OND) patients and in normal-weight healthy 

controls (HC); (ii) serum levels of irisin and leptin in FPLD2 vs OND patients and HC; and (iii) the 

usefulness of these markers for FPLD2 diagnosis. 

 

PATIENTS AND METHODS 

Study design 

 In this case–control study, control subjects and patients were recruited from a clinical trial 

analyzing the clinical, metabolic and cytokine profiles of adult patients who had either a qualitative 

(lipodystrophy syndrome) or quantitative (obesity) anomaly of adipose tissue (Clin.gov2009-AO-

1169-48/PHRC 2009_09/094). The study protocol was approved by the relevant ethics committee, and 

all selected subjects gave their written informed consent to participate. Thus, the present study 

included men and women aged > 18 years from the following groups: (i) patients with FPLD2 due to 

LMNA mutations (FPLD2); (ii) OND patients (BMI > 30 kg/m²) according to American Diabetes 

Association criteria after an oral glucose tolerance test; and (iii) normal-weight HC (BMI > 18 kg/m2 

but < 25 kg/m2). Patients were excluded if they were aged < 18 years or fulfilled any of the following 

criteria: BMI > 60 kg/m²; creatinine > 1.5 mg/dL; autoimmune disorders; active cancer; excessive 

alcohol consumption; coagulation disorders; active chronic infection, including human 

immunodeficiency virus (HIV) and hepatitis C; treatment that might interfere with metabolic function, 

including oestrogens and analogues (contraceptive pill, tamoxifen); and other medicolegal conditions 

(psychiatric disease; pregnant or breastfeeding women; patients unable to provide informed consent or 

refusing to sign consent forms; participation in other studies, thereby precluding their participation in 

an additional protocol; patients under guardianship or deprived of their freedom rights; patients not 
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covered by health insurance). Levels of physical activity in all these subjects was low or moderate (≤ 

30 min/day). 

 

Patients  

  A total of 51 patients (15 males and 36 females), including 19 lipodystrophy patients with 

LMNA pathogenic variants, 13 OND patients and 19 normal-weight HC were enrolled from the above-

mentioned cohort.  

 

Outcomes 

 Anthropometric and biological markers were prospectively assessed for each participant at 

baseline. 

 

Anthropometric and body composition parameters 

 Age, gender, height and body weight were recorded, and BMI was calculated. Total body fat 

and lean masses were measured by dual-energy X-ray absorptiometry (DXA; Lunar DPX-IQ, GE 

Healthcare, Waukesha, WI, USA). Total and intra-abdominal adipose tissue surface areas to allow 

assessment of subcutaneous and visceral fat were calculated at the same radiological centre, using 1-

cm reconstructed slices of abdominal L4 magnetic resonance imaging (MRI) scans and Extended 

Brilliance Workspace (EBW) version 3.5 software (Philips Medical Systems, Eindhoven, The 

Netherlands). Fat and lean body mass measurements in grammes and percentages were used to derive 

ratios of total fat/height2 (body fat mass index) and lean mass/height2 (body lean mass index), total and 

intra-abdominal fat surface areas, and intra-abdominal/total abdominal fat surface areas.  

 

Laboratory parameters 

 Fasting blood glucose (FBG), haemoglobin A1c (HbA1c), liver enzymes [aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), triglycerides, and total, low-density 

lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol levels were measured using routine 

methods. Fasting insulin levels were measured in duplicate at the same centralized laboratory by 
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monoclonal immunoradiometric assay (Bi-INS-IRMA; Cisbio, Bedford, MA, USA). Leptin levels 

were measured by radioimmunoassay using commercial kits (Human Leptin RIA, EMD Millipore, 

Billerica, MA, USA). Intra- and interassay coefficients of variation (CVs) were < 8.5%. Irisin was 

assessed from serum stored at –80° C until analysis, using commercially available enzyme-linked 

immunosorbent assay (ELISA) kits (EK-067-29, Irisin Recombinant, Phoenix Pharmaceuticals Inc., 

Burlingame, CA, USA) and run in duplicate; intra- and interassay CVs were < 10% and < 15%, 

respectively, according to manufacturer’s information. 

 

Statistical analysis 

 Quantitative variables were expressed as medians, first and third quartiles or means ± standard 

deviation (SD). Between-group comparisons were performed using Kruskal–Wallis or Mann–Whitney 

tests. Qualitative values were expressed as proportions, and compared between groups using chi-

squared or Fisher’s exact tests, according to validity conditions. Confidence intervals (CIs) for 

proportions were computed using a binomial law. Correlations were assessed by Spearman’s rank 

correlation coefficient and related tests. All tests were two-sided, and a P value < 0.05 was considered 

statistically significant. All statistical analyses were performed with the ROCR software package (R 

Foundation for Statistical Computing, Vienna, Austria).  

 Finally, an arbitrarily developed score was used to distinguish FPLD2 patients from other 

patients (OND vs HC), defined by the following equation: FPLD2 score = irisin – [12.5 × leptin]. The 

sensitivity and specificity of this score were calculated for different thresholds, with genetic diagnosis 

considered the gold standard. The receiver operating characteristic (ROC) curve was plotted, and the 

area under the curve (AUC) thus computed: a value of 1 denoted perfect discrimination, whereas a 

value of 0.5 denoted a random (and therefore useless) prediction of patient status. 

 

RESULTS 

Description of the lipodystrophy group 

The FPLD2 group included patients with LMNA heterozygous pathogenic variants: 14 patients had the 

well-known c.1444C>T (p.Arg482Trp) or c.1445G>A (p.Arg482Gln) substitutions (12 were women, 
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aged 19–75 years, with typical FPLD2 phenotypes); and five patients (including four women) had 

other LMNA molecular defects [two c.1173dup (p.Ser392Glnfs*34), one c.860del 

(p.Ala287Valfs*193), one c.1238del (p.Gly413Alafs*67) and one c.1157G>C (p.Arg386Thr) variant), 

and were aged 26–63 years with less-typical partial lipodystrophy phenotypes. The p.Arg386Thr 

LMNA variant had previously been reported associated with a mixed phenotype of cardiomyopathy 

and lipodystrophy [31]. The three remaining LMNA variants had never been previously reported but, 

as they are thought to drastically modify protein structure, they are also very likely to be disease-

causing.  

Ten of the 14 patients with R482 substitutions were treated with antidiabetic drugs, including insulin 

in four cases. Seven of the 10 R482 patients not treated with insulin had serum insulin levels > 4 

mIU/L (5.1–56.6 mIU/L), with FBG levels > 5.5 mmol/L in 10/14 cases. Two of the five patients 

bearing other LMNA variants were treated with antidiabetic drugs, but none with insulin. Two of the 

five non-R482-mutated patients had fasting insulin levels > 4 mIU/L (5.1–6.4 mIU/L), with only one 

patient showing FBG > 5.5 mmol/L.  

 

Comparison of the three groups 

 The clinical, biochemical and anthropometric characteristics of our three study groups 

(FPLD2, OND, HC) are shown in Table I. Age did not differ significantly, but gender differed slightly 

among the three groups, with lipodystrophy being more easily identified in female than in male 

patients.  

 

Anthropometric parameters 

 Although BMI, proportion of total body fat, body fat index and total abdominal fat area were, 

as expected, higher in OND vs HC and FPLD2 patients, these parameters did not significantly differ 

between the HC and FPLD2 except for BMI (Table I). Compared with OND, lean body mass 

percentages and lean mass index/total abdominal fat surface area ratios were higher in HC and FPLD2 

patients (P < 0.0001 for both). However, the lean mass index was, or tended to be, lower in HC and 

FPLD2 than in OND patients (P < 0.0001 and P = 0.08, respectively), with a value between those in 
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the HC and OND (P = 0.12) for FPLD2 (Table I, Fig. 1 E). The intra-abdominal/total abdominal fat 

ratio did not differ significantly between OND and HC groups, but was higher in FPLD2 patients, 

reflecting their specific subcutaneous lipoatrophy (Table I, Fig. 1 D). In fact, BMI and intra-abdominal 

fat mass were the best parameters to discriminate among the three groups (Table I, Fig. 1). 

 

Metabolic and inflammatory parameters  

 Compared with the HC, levels of HbA1c, insulin, triglycerides, ALT and C-reactive protein 

(CRP) were higher, or tended to be significantly higher, in OND and FPLD2 patients (Table I). In 

addition, HbA1c, insulin, triglyceride and ALT levels were even higher in the FPLD2 than in the OND 

group (Table I).  

 

Irisin and leptin levels 

 Leptin levels did not differ significantly between HC and FPLD2 patients (4.6 ng/mL and 6.9 

ng/mL, respectively; P = 1.00), but were higher in OND patients (median: 49.6 ng/mL, P < 0.0001). In 

contrast, irisin levels were similar in the OND and FPLD2 groups (median: 934 ng/mL and 944 

ng/mL, respectively; P = 1.00), but lower in the HC (median: 804 ng/mL, P < 0.01 vs OND and P < 

0.005 vs FPLD2). Interestingly, irisin/leptin ratios were similar in the HC and FPLD2 (median: 166 

and 137, respectively; P = 1.00), but strikingly lower in OND patients (median: 21, P < 0.0001; Table 

I, Fig. 1). 

 

Influence of gender 

No significant difference was observed in circulating irisin levels according to gender. In addition, a 

comparison of the three groups restricted to female-only patients served to reinforce certain group 

differences that had previously shown only borderline degrees of significance (Table S1; see 

supplementary materials associated with this article online). Interestingly, lean mass indices became 

significantly different between the HC and FPLD2 groups. Furthermore, BMI, intra-abdominal fat 

mass, intra-abdominal/total abdominal fat surface area ratio, FBG, triglycerides and CRP were the 
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parameters that better differentiated the three female-only groups, with a trend favouring lean body 

mass. Nevertheless, gender did not modify the results for adipo-myokines leptin and irisin. 

 

Influence of diabetes status 

Comparison of the different parameters between diabetic (n = 11) and non-diabetic (n = 8) patients 

within the FPLD2 group showed significantly elevated glucose parameters in those with than without 

diabetes: FBG (P < 0.0001); insulin (P = 0.033); HbA1c (P = 0.001); and ALT (P = 0.028) (Table S2; 

see supplementary materials associated with this article online). Irisin/leptin ratio (P = 0.04), lean 

mass index (P = 0.039) and intra-abdominal fat levels (P = 0.027) were also significantly higher in the 

diabetic vs non-diabetic FPLD2 patients. Furthermore, the diabetic group tended to be older (P = 

0.09). HDL (P = 0.047) and LDL (P = 0.039) cholesterol levels were slightly, but significantly, higher 

in the non-diabetic vs diabetic group, whereas body weight, BMI, fat or lean mass in grammes or 

percentages, total abdominal fat and intra-abdominal/total abdominal fat surface area ratio, and irisin 

and leptin levels did not differ significantly between diabetic and non-diabetic FPLD2 patients (Table 

S2). 

 

Correlation of circulating irisin with anthropometric and metabolic parameters  

 For the entire study group (n = 51), irisin levels were positively correlated with lean mass 

indices (lean mass/height2) and intra-abdominal/total abdominal fat mass, as well as with insulin, 

triglycerides and total cholesterol (r = +0.400–0.489; P < 0.01) and, to a lesser extent, with BMI, lean 

body mass, FBG and HbA1c (r = +0.281–0.335; P < 0.05; Table II, Fig. 2). In addition, irisin levels 

tended to correlate with LDL cholesterol and ALT (P = 0.06–0.08), but not with body fat or 

abdominal fat mass, HDL cholesterol, AST, leptin and CRP.  

 

FPLD2 scores in the female-only groups 

 Distribution of the FPLD2 score in patients after exclusion of male subjects, and as defined by 

the equation irisin – (12.5 × leptin) according to patient group, is shown in Fig. 3 A. The ROC curve 

of this female-only FPLD2 score is displayed in Fig. 3 B. The AUC of the FPLD2 score was 74.4%, 
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and can be used with various thresholds: for instance, if the female FPLD2 score is defined as > 863, 

then sensitivity is 57.9% and specificity is 93.5%, whereas at a lower threshold of 650, sensitivity is 

then around 90.0%, while specificity falls to about 30%.  

 

DISCUSSION 

 The diagnosis of monogenic lipodystrophy syndromes remains a difficult challenge. T2DM, of 

polygenic origin, may be associated with partial lipodystrophy, a limited capacity for fat storage in the 

limbs and insulin resistance [32], whereas monogenic forms of partial lipodystrophy syndromes with 

subtle clinical lipodystrophy have also been described [14–17]. Because muscle hypertrophy and/or 

altered metabolism are consistently associated with subcutaneous lipoatrophy in LMNA-related FPL2, 

our hypothesis was that biomarkers such as leptin, mainly secreted by adipose tissue, and irisin, 

recently identified as both an adipokine and a myokine, might help to distinguish patients with FPLD 

from patients with obesity.   

 Indeed, as expected, our three study groups (FPLD2, OND, HC), all of whom differed in 

terms of their qualitative or quantitative fat anomalies, showed significant differences in all 

anthropometric parameters. However, besides BMI, intra-abdominal fat mass was the only other 

parameter that clearly differentiated FPLD2 from either the HC or OND patients. Yet, when only 

female patients were assessed, the intra-abdominal/total abdominal fat ratio was also significantly 

different in the three groups: this ratio in the FPLD2 group was two- to threefold higher than in the HC 

and OND patients, thereby pointing to a specific subcutaneous lipoatrophy characterizing the disease. 

Although this was previously described in FPLD2 patients vs normal-weight HC [33], our study 

demonstrates for the first time that the intra-abdominal/total abdominal fat ratio also differs 

significantly between female FPLD2 and OND subjects, thereby confirming that this fat mass 

imbalance is a characteristic feature of FPLD.  

 On the other hand, lean mass percentages and indices differed or tended to differ between the 

HC and FPLD2 compared with the OND, with a higher lean body mass percentage and lower lean 

mass index in the HC and FPLD2 vs OND. In addition, when only female patients were considered, 

lean body mass then also differed significantly in our three groups, with values increasing from HC to 
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FPLD2 patients and from FPLD2 to OND patients. These results confirm the increased skeletal 

muscle volume previously shown in FPLD2 women, albeit using a different technique, in comparison 

to HC [4]. Our study also shows that the lean body mass and indices of FPLD2 patients were 

intermediate to those of the HC and OND groups, and may be more discriminating than the intra-

abdominal/total abdominal fat ratio to differentiate female HC from female FPLD2 patients.   

 Interestingly, lean mass index and intra-abdominal fat surface area were the only 

anthropometric parameters to differ according to diabetes status among FPLD2 patients. In fact, the 

increased intra-abdominal fat surface area in diabetic FPLD2 patients may be related to the known 

relationship between visceral fat and insulin resistance. In addition, the higher lean mass indices and 

blood insulin levels in diabetic vs non-diabetic patients are in accordance with the significantly 

positive correlation between appendicular skeletal muscle indices and clinical parameters of insulin 

resistance (and also beta-cell function) previously demonstrated elsewhere [34–36]. This relationship 

is usually weaker in women, who have less muscle mass, and in ageing people because of age-related 

sarcopenia. In the present study, the relationship between lean body mass and insulin resistance could 

have been influenced by the more severe metabolic phenotype reported in female compared with male 

FPLD2 patients, and by the fact that our diabetic patients tended to be older (P = 0.09). Overall, our 

results suggest a close relationship between insulin resistance, visceral fat and muscle mass. 

 In addition, our study determined circulating levels of the adipokine leptin and adipo-myokine 

irisin in our three study groups (FPLD2, OND, HC), and found that leptin levels did not discriminate 

between HC and FPLD2 patients in accordance with their similar total fat mass, not even when only 

female patients were considered. Our results thereby confirm that leptin serum levels correlate with 

the amount of adipose tissue in patients with FPLD2 [18]. 

 Both irisin levels and lean body mass and indices were, or tended to be, higher in OND and 

FPLD2 patients than in HC in our study, with a significant correlation between irisin and lean mass 

index as assessed by DXA. These results, which were independent of gender and diabetes status, are in 

accordance with the positive correlation previously observed between circulating irisin levels and 

skeletal muscle mass assessed by impedancemetry [37]. Finally, not only leptin levels, but also 

irisin/leptin ratios, can strikingly discriminate between FPLD2 and OND, but not between FPLD2 and 
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HC. Irisin/leptin ratios were also higher in diabetic vs non-diabetic FPLD2 patients, although irisin did 

not correlate with leptin in our study. In fact, conflicting results have been published regarding the 

relationship between irisin and leptin [38, 39]. However, a recent study of patients treated with 

metreleptin revealed that leptin in itself does not alter circulating irisin levels [40]. Importantly, our 

present results also show that irisin levels are not related to either total fat mass as assessed by body 

fat indices or total abdominal fat surface area, but are positively correlated with the intra-

abdominal/total abdominal fat ratio assessed by MRI. Nevertheless, whether irisin is secreted 

differently by visceral and by subcutaneous fat remains an open question. Irisin could be a marker of 

both lean body mass index and visceral distribution of fat mass, given its known role in subcutaneous 

adipocyte ‘beiging/browning’ [41–43]. It might also perhaps serve as an indicator of the optimal ratio 

between lean mass and visceral fat mass.  

 Given our present results, a biological diagnostic score was developed for female FPLD2 

patients, determined by the equation irisin – (12.5 × leptin), in an attempt to differentiate female 

patients with LMNA-associated FPLD2 from HC and OND patients. Validation of this female FPLD2 

score vs the gold standard (genetic testing) showed a good result (AUC: 74.5%), and a threshold of 

650 could be used as a screening test, given its sensitivity of 90% and specificity of 29%. In our study 

sample, this score was able to distinguish between FPLD2 patients and normal-weight HC as well as 

patients with obesity. However, because of the small total number of patients, our study was set up 

and evaluated in the same sample. Nevertheless, this score should now be studied in a representative 

and larger cohort to confirm its relevance and to identify the most relevant threshold. 

 In the present study, circulating irisin levels were increased in FPLD2 patients, who were 

characterized by high lean body mass regardless of their fat mass. However, some limitations should 

be acknowledged when interpreting these results. First, there is as yet no consensus on the 

identification of the soluble portion of the irisin precursor FNDC5 membrane protein, as the 

mechanisms of secretion and the variable presence of target epitopes differ among manufacturers [20, 

30]. Second, the size of each of our study groups was small and, finally, no conclusions regarding 

cause–effect relationships can be drawn. Clearly, further clinical studies to investigate the molecular 

mechanisms regulating irisin secretion, site(s) of action and signalling pathways are now necessary. 
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That said, our present results suggest that the cross-talk between skeletal muscle and adipose tissue 

mediated by irisin could be contributing to the muscle hypertrophy seen in FPLD2, along with other 

mechanisms such as insulin resistance, intramyocellular lipids, the effects of hyperinsulinaemia on 

insulin-like growth factor (IGF)-1 receptors, and intrinsic defects of skeletal muscle metabolism due to 

lamin A and C dysfunction. 

 

 In conclusion, in addition to an increased intra-abdominal/total abdominal fat ratio > 0.5, 

which differentiates women with FPLD2 from those with OND and HC, FPLD2 might also be 

differentiated from obese subjects at the biological level by lower leptin and higher irisin/leptin levels. 

FPLD2 can also be discriminated from healthy individuals by higher lean body mass indices and irisin 

levels, although the latter levels are similar to those of obese subjects. The FPLD2 score, derived by 

the equation irisin – (12.5 × leptin), may also be proposed as a marker for female FPLD2 patients with 

a specificity > 90% when using a threshold > 863. 
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Figure legends 

 

Fig. 1. Comparison of three groups of subjects (HC: healthy controls, OND: obese non-

diabetic; FPLD2: LMNA-associated lipodystrophy) according to median levels of (A) body 

mass index (BMI), (B) fat mass index, (C) leptin, (D) intra-abdominal/total abdominal fat 

mass, (E) lean mass index, and (F) irisin. Levels of significance refer to all three groups. 

 
Fig. 2. Correlation between blood irisin levels and lean mass index in the entire study 

population. HC: healthy controls; OND: obese non-diabetic; FPLD2: LMNA-associated 

lipodystrophy.  

 

Fig. 3. (A) LMNA-associated lipodystrophy (FPLD2) score distribution; and (B) FPLD2 score 

receiver operating characteristic (ROC) curve. OND: obese non-diabetic; HC: healthy 

controls. 
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Table I  

Anthropometric, metabolic and inflammatory parameters in healthy controls (HC), and obese non-diabetic (OND) and familial partial lipodystrophy (FPLD2) patients expressed as medians [first and third quartiles]: 

parameters shown in italics can better differentiate the three groups 

 

Parameters HC OND FPLD2 P (all) P (HC/OND) P (HC/FPLD2) P (OND/FPLD2) 

Total, n 19 13 19     

ANTHROPOMETRIC        

Age 37 [23; 55] 51 [45; 56] 45 [33; 58.5] 0.22 – – – 

Male gender, n 10 2 3 0.04    

Body mass index (kg/m2) 22 [21; 24] 39 [37; 41] 26 [23; 29] < 0.0001 < 0.0001 0.02 < 0.0001 

Body composition (DXA)        

Fat mass (g) 15,620 [11,898; 19,133] 48,102 [44,694; 50,984] 15,188 [8603; 17,525] < 0.0001 < 0.0001 0.98 < 0.0001 

Total fat mass (%) 22 [20; 30] 45 [43; 49] 21 [16; 30] < 0.0001 < 0.0001 0.99 < 0.0001 

Fat mass/height2 or index (g/m2) 0.52 [0.43; 0.63] 1.78 [1.64; 2.02] 0.55 [0.37; 0.65] < 0.0001 < 0.0001 1.000 < 0.0001 

Lean mass (g) 46,691 [42,531; 55,645] 54,019 [48,517; 58,248] 47,626 [41,923; 59,717) 0.008 < 0.0001 0.72 0.16 

Lean mass (%) 73 [66; 76] 52 [48; 54] 76 [65; 79] < 0.0001 < 0.0001 0.87 < 0.0001 

Lean mass/height2 or index (g/m2) 1.64 [1.50; 1.80] 2.06 [1.91; 2.17] 1.80 [1.70; 2.2] < 0.0001 < 0.0001 0.12 0.08 

Abdominal fat mass (MRI)        

Total abdominal fat area (cm2) 276 [166; 374] 833 [711; 937] 233 [160; 336] < 0.0001 < 0.0001 0.66 < 0.0001 

Intra-abdominal fat area (cm2) 50 [21; 92] 182 [122; 336] 135 [75; 169] 0.0002 0.0006 0.017 0.02 

Intra-abdominal/total abdominal fat area 0.20 [0.11; 0.30] 0.25 [0.15; 0.33] 0.58 [0.46; 0.67] < 0.0001 0.74 < 0.0001 < 0.0001 

Lean mass/height2/intra-abdominal fat 

area (g/m2)/(cm2) 
0.03 [0.02; 0.07] 0.01 [0.01; 0.02] 0.01 [0.01; 0.02] 0.0005 0.0015 0.03 0.5 

Lean mass/height2/total abdominal fat area 

(g/m2)/(cm2) 
0.006 [0.004; 0.010] 0.002 [0.002; 0.003] 0.007 [0.006; 0.010] < 0.0001 < 0.0001 0.27 < 0.0001 

METABOLIC        

Glucose        

Fasting blood glucose (mmol/L) 4.73 [4.61; 5.22] 5.11 [4.61; 5.50] 6 [4.78; 8.25] 0.0005 0.87 0.0007 0.02 

Fasting blood insulin (pmol/L) 31 [21; 40] 50 [31; 73] 64 [42; 110] 0.01 0.07 0.009 0.18 

HbA1c (%) 5 [4.9; 5.6] 5.8 [5.4; 6.2] 6.2 [5.3; 7.1] < 0.0001 0.0001 < 0.0001 0.08 

Liver transaminases (IU/L)        

Aspartate aminotransferase 22 [19; 25] 20 [19; 25] 29 [22; 39] 0.01 1.000 0.01 0.04 

Alanine aminotransferase 17 [14; 25] 20 [19; 27] 29 [22; 50] 0.005 0.089 0.003 0.13 

Lipids (mmol/L)        

Total cholesterol 5.05 [4.66; 5.49] 4.86 [4.53; 5.51] 4.42 [3.95; 5.40] 0.85 – – – 

Low-density lipoprotein cholesterol 3.00 [2.56; 3.36] 3.10 [2.64; 3.72] 2.47 [1.85; 3.47] 0.55 – – – 

High-density lipoprotein cholesterol 1.45 [1.16; 1.81] 1.19 [1.01; 1.47] 1.05 [0.74; 1.20] 0.01 0.48 0.015 0.35 

Triglycerides 1.0 [0.7; 1.3] 1.5 [1.2; 1.8] 2.0 [1.0; 2.6] 0.0008 0.05 0.001 0.03 

ADIPO-MYOKINES        

Leptin (ng/mL) 4.6 [4.1; 10.7] 49.6 [31.9; 67.6] 6.9 [4.3; 13.5] < 0.0001 < 0.0001 0.20 < 0.0001 

Irisin (ng/mL) 804 [732; 876] 934 [872; 1046] 944 [788; 1076] 0.006 0.0099 0.005 0.68 

Irisin/leptin ratio 166 [71; 214] 21 [13; 32] 137 [68; 183] < 0.0001 < 0.0001 0.45 < 0.0001 

INFLAMMATORY        

C-reactive protein (mg/L) 0 7 [3; 15] 3 [0.0; 3.5] < 0.0001 < 0.0001 0.0009 0.11 
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Table II Correlation between blood irisin levels and anthropometric, metabolic and inflammatory parameters in 

the entire study group (healthy controls + obese non-diabetic + familial partial lipodystrophy subjects) 

 

 

 

Parameters n r P 

ANTHROPOMETRIC 

Body mass index (kg/m2) 50 +0.281 0.048 

Fat mass (g), dual-energy X-ray absorptiometry 

(DXA) 

45 +0197 0.195 

Fat mass (%), DXA 45 +0.073 0.612 

Lean mass (g), DXA 50 +0.335 0.017 

Lean mass (%), DXA 50 –0.047 0.748 

Lean mass/height2 (g/m2), DXA 50 +0.426 0.002 

Total abdominal fat area (cm2), magnetic resonance 

imaging (MRI) 

45 +0.078 0.610 

Intra-abdominal fat area (cm2), MRI 45 +0.220 0.147 

Intra-abdominal/total abdominal fat area, MRI 45 +0.425 0.004 

METABOLIC  

Fasting blood glucose  50 +0.304 0.032 

Fasting blood insulin  48 +0.489 < 0.0001 

HbA1c 50 +0.315 0.026 

Total cholesterol  50 +0.400 0.004 

High-density lipoprotein cholesterol  50 –0.171 0.235 

Low-density lipoprotein cholesterol  50 +0.249 0.082 

Triglycerides  50 +0.442 0.001 

Aspartate aminotransferase  50 +0.133 0.3 

Alanine aminotransferase  50 +0.264 0.063 

Leptin  50 +0.110 0.448 

INFLAMMATORY    

C-reactive protein  50 +0.009 0.953 




