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Abstract
Aims: LMNA-linked familial partial lipodystrophy type 2 (FPLD2) leads to insulin resistance-associated metabolic
complications and cardiovascular diseases. We aimed to characterise the disease phenotype in a cohort of patients
carrying an LMNA founder variant.
Methods: We collected clinical and biological data from patients carrying the monoallelic or biallelic LMNA
p.(Thr655Asnfs*49) variant (n = 65 and 13, respectively) and 19 non-affected relative controls followed-up in Reunion
Island Lipodystrophy Competence Centre, France.
Results: Two-thirds of patients with FPLD2 (n = 51) and one-third of controls (n = 6) displayed lipodystrophy and/or
lean or android morphotype (P = 0.02). Although age and BMI were not statistically different between the two groups,
the insulin resistance index (median HOMA-IR: 3.7 vs 1.5, P = 0.001), and the prevalence of diabetes, dyslipidaemia,
and non-alcoholic fatty liver disease were much higher in patients with FPLD2 (51.3 vs 15.8%, 83.3 vs 42.1%, and 83.1
vs 33.3% (all P ≤ 0.01), respectively). Atherosclerosis tended to be more frequent in patients with FPLD2 (P = 0.07).
Compared to heterozygous, homozygous patients displayed more severe lipoatrophy and metabolic alterations
(lower BMI, fat mass, leptin and adiponectin, and higher triglycerides P ≤ 0.03) and tended to develop diabetes more
frequently, and earlier (P = 0.09). Dilated cardiomyopathy and/or rhythm/conduction disturbances were the hallmark
of the disease in homozygous patients, leading to death in four cases.
Conclusions: The level of expression of the LMNA ‘Reunionese’ variant determines the severity of both lipoatrophy and
metabolic complications. It also modulates the cardiac phenotype, from atherosclerosis to severe cardiomyopathy,
highlighting the need for careful cardiac follow-up in affected patients.
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Introduction
LMNA-linked familial partial lipodystrophy (FPLD2)
(MIM#151660) is a rare lipodystrophic disease caused due
to pathogenic variants in LMNA encoding lamin A/C (1,
2). Lamins A and C, which form with B-type lamins the
lamina network underlying the nuclear envelope, are
major structural nuclear proteins as well as key epigenetic
regulators (3). Although FPLD2 is considered an extremely
rare disease (3), recent studies show that its prevalence can
reach up to 1/7000 in the general population (4). However,
FPLD2 is probably underdiagnosed due to poor knowledge
of the disease and a wide range of clinical presentations (4,
5, 6, 7, 8). To date, only relatively small and heterogeneous
cohorts of patients with FPLD2 have been described (2,
5, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17). The ‘typical’ form
of FPLD2 is caused by heterozygous missense pathogenic
variants affecting the arginine residue at position 482
(p.(Arg482Trp), p.(Arg482Gln), and p.(Arg482Leu)) (11,
18, 19, 20). Over time, patients with FPLD2 develop insulin
resistance-associated complications, that is, diabetes,
dyslipidaemia, non-alcoholic fatty liver disease (NAFLD),
polycystic ovary syndrome (PCOS), and premature
cardiovascular disease (CVD) (19). Signs of skeletal muscular
dystrophy and cardiomyopathy can also associate with the
disease (7, 8, 10, 11, 18, 19).
In 2006, a specific LMNA pathogenic variant was
identified in a patient originating from Reunion Island,
a French overseas territory in the Indian Ocean (7) and
was shown to have a founder effect in this genetic isolate
(21, 22). This variant, p.(Thr655Asnfs*49) refers to as the
‘Reunionese’ variant, consists of a G insertion at codon
654 in the prelamin-A-specific exon 11 (NM_170707.4:
c.1961dup) that causes the synthesis of an abnormal,
longer form of prelamin A lacking its C-terminal CSIM
farnesylation motif (21). The ‘Reunionese’ variant causes
a lipodystrophic disease in both heterozygous (HTZ) and
homozygous (HMZ) patients (21, 22).
Since the discovery of the ‘Reunionese’ variant in 2006,
efforts have been made to improve the diagnosis of patients
with lipodystrophy in Reunion Island, whose population
is characterised by a high prevalence of diabetes. In 2016,
we opened the Reunion Island Lipodystrophy Competence
Centre, part of the French National Reference Network for
Rare Diseases of Insulin Secretion and Insulin Sensitivity
(PRISIS), to perform the screening and follow up of patients
with lipodystrophy, as recommended (23).
In this study, we described the phenotype of FPLD2 in
the largest cohort of patients to date carrying the LMNA
p.(Thr655Asnfs*49) variant. The analysis of the clinical
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features of heterozygous and homozygous patients allows
us the unique opportunity to determine the clinical
consequences of different levels of expression of the
’Reunionese’ LMNA variant.

Patients and methods
Subjects
We systematically reviewed the medical records of all
patients who received a genetically confirmed diagnosis
of FPLD in Reunion University Hospital (Reunion Island,
France) from 2006 to 2020. In accordance with international
guidelines (23), a yearly standardised check-up is
provided to Reunionese patients with lipodystrophy in
our centre since 2016. Of the 102 patients with FPLD, 91
were diagnosed with the ‘Reunionese’ LMNA variant
(76 heterozygous (HTZ) and 15 homozygous (HMZ)), 8
patients with the LMNA p.(Arg582His) pathogenic variant,
and 3 patients with a PPARG pathogenic variant, using
the molecular analysis of a dedicated panel of 23 genes
(24) (Supplementary Fig. 1, see section on supplementary
materials given at the end of this article). Data from the last
available check-up of 78 patients carrying the ‘Reunionese’
variant were collected (FPLD2 group) (21, 22). We also
collected data from 19 relatives who tested negative for
any pathogenic variant during systematic family screening
(CTRL group).
All patients provided written informed consents to
undergo molecular analysis and to participate in the study.
This study was performed in accordance with local and
European Union ethical regulations and was approved by
the Institutional Ethical Committee of Bordeaux, France.
Written informed consent for publication of their clinical
details and/or clinical images was obtained from the
patient/parent/guardian/ relative of the patient.

Anthropometric and metabolic parameters
The following parameters were collected:

• Age, sex, height, weight, BMI, waist and hip
circumferences measured with non-elastic tape to
the nearest millimetre, waist/hip ratio and body
composition assessed by Bioelectrical Impedance
Analysis using Bodystat 1500 (Bodystat Ltd, United
Kingdom), presence of acanthosis nigricans or
hirsutism and presence on physical examination of
clinical features of lipodystrophy, that is, a significant
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loss of s.c. adipose tissue in the limbs and/or abdomen,
prominent muscles or apparent veins (phlebomegaly),
fat accumulation in the upper trunk, face and neck,
and/or lean phenotype and/or android phenotype
in women.
Presence of diabetes and age at diabetes onset, use
of insulin, blood glucose and insulin levels after a
12 h fast, and before and 2 h after a 75 g oral glucose
tolerance test (OGTT) (electrochemiluminescence
immunoassay 'ECLIA' cobas e601 analysers, Roche
diagnostic, Rotkreuz ZG, Switzerland) and haemoglobin
A1c (HbA1c).
Presence of prediabetes, defined by impaired fasting
glucose (fasting plasma glucose between 6.1 and 6.9
mmol/L) and/or impaired glucose tolerance (plasma
glucose 2 h-OGTT between 7.8 and 11.0 mmol/L).
Insulin resistance (IR), defined by a homeostasis model
assessment index (HOMA-IR) ≥ 2.5 (25).
Use of lipid-lowering agents (statins, ezetimibe or
fibrates), total cholesterol (TC), triglycerides (TG),
high-density lipoprotein-cholesterol (HDL-C), lowdensity lipoprotein-cholesterol (LDL-C). Presence of
dyslipidaemia, defined as high TG (>1.7 mmol/L) and/
or low HDL-C (<1.0 mmol/L in men or <1.3 mmol/L
in women as per NCEP-ATP III guidelines) (26) and/or
use of lipid-lowering agents and/or LDL-C above the
threshold of cardiovascular risk (27).
Serum leptin and adiponectin levels measured by ELISA
(human Leptin ELISA, TECOmedical AG, Sissach,
Switzerland; Human adiponectin, ELISA, BioVendor,
Eurobio, Courtaboeuf, France).

• Presence of hypertension, defined by blood pressure >
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The following parameters were collected:

• Presence of NAFLD assessed by liver ultrasound (28),
liver enzymes aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels, presence of liver
fibrosis based on the non-invasive test (FIB-4 score:
(age (years) × AST (IU/L))/(platelet count (109/L) × (ALT
(IU/L)) (29), APRI score: AST (/IU/L)/platelet count
(109/L) × 100 (30)), and the liver stiffness measurement
(LSM) performed using transient elastometry (Fibroscan
430, Echosens SAS, Paris, France)) with high-risk fibrosis
defined by FIB4 > 3.25 and/or APRI > 1.5 and/or F3-F4
fibrosis stage assessed by the LSM (30, 31).
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• Last cardiac examination (electrocardiography, 24

140/90 mmHg and/or use of antihypertensive drugs.

Organ dysfunction evaluation
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h-Holter monitoring, transthoracic echocardiography
and, if performed, exercise stress test, dobutamine stress
echocardiography and coronary angiography); presence
of cardiac arrhythmia (ventricular or supraventricular,
with or without implantable cardioverter-defibrillator
(ICD)), non-ischaemic cardiomyopathy (left ventricular
dilatation, altered left ventricular ejection fraction)
and coronary artery disease (coronary artery stenosis
> 50%, previous myocardial infarction, coronary
angioplasty/stenting or bypass); history of cardiac
transplant; presence of high or very high cardiovascular
risk defined by a coronary artery calcium (CAC) score >
11 in patients under 50 years of age, or >101 in patients
over 50 years of age measured by serial CT in subjects
without history of coronary artery disease (46 HTZ, 7
HMZ, and 6 CTRL subjects) (32); history of ischaemic
stroke and/or carotid stenosis > 50% and/or lower limb
atherosclerosis (assessed by Doppler ultrasound in
patients with reduction of walking perimeter, absence
of peripheral pulses or vascular murmur).
Presence of chronic kidney disease (CKD), defined
according to the updated KDIGO guideline (33);
presence of microalbuminuria defined by a random
urine albumin/creatinine ratio (ACR) of 3.5–35 mg/
mmol (males) or 2.5–25 mg/mmol (females), or
macroalbuminuria defined by an ACR ≥ 35 mg/mmol
(males) or ≥ 25 mg/mmol (females); presence of endstage renal disease (ESRD), defined by an estimated
glomerular filtration rate <15 mL/min/1.73 m2
calculated using the CKD-EPI formula.
History of irregular menses, history of fertility disorder,
presence of PCOS based on the Rotterdam criteria (34),
number of pregnancies and children.
Presence of muscular pain or fatigue; plasma creatine
phosphokinase (CPK).
Presence of peripheral neuropathy assessed by the
Semmes–Weinstein monofilament test or the DN4
score.
Presence of thyroid disorder, clinical thyroid goitre on
ultrasound, and/or positive thyroid autoantibodies.

• History of anxiety and depressive symptoms.
Head-to-head comparison of complications
occurring in HTZ subjects with FPLD2 due to the
LMNA ‘Reunionese’ pathogenic variant and HTZ
subjects with ‘typical’ FPLD2
The anthropometric and metabolic parameters of HTZ
patients were reviewed in light of the parameters recorded
https://eje.bioscientifica.com
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in previously published cohorts of more than 10 HTZ
subjects with FPLD2 due to the p.(Arg482Trp/Gln) variants.
No statistical comparison was performed, as the methods
used to assess clinical parameters and biological dosages
varied between studies.
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Statistical analysis
Qualitative variables were expressed as frequencies and
percentages. Quantitative variables were expressed as
medians and interquartile ranges. Bivariate comparisons
of qualitative variables were performed using chi-square
or Fisher’s exact test, as appropriate. Quantitative
variables were compared using the Mann–Whitney test.
P values were two-tailed and considered significant when
lower than 0.05. Given the multiplicity of tests, the false
discovery rate method was applied. Anthropometrics
parameters and leptin values were adjusted for sex.
Statistical analyses were performed using SAS 9.4 (SAS
Institute, Cary, NC, USA).

Results
Heterozygous and homozygous patients with the
‘Reunionese‘ pathogenic variant have an increased
risk of lipodystrophy, metabolic, and cardiac
complications compared to their relatives without
the variant
Data on 65 HTZ and 13 HMZ patients with the ‘Reunionese’
variant collected during a standardised check-up were
compared to data on 19 relatives who tested negative for
the variant after family screening (CTRL group) (Table 1).
No significant differences in age or male/female
ratio were found between the FPLD2 group (HTZ group
and HMZ group) and the CTRL group. Clinical features
of lipodystrophy were observed in two-thirds (n = 51)
of patients with FPLD2 whereas, in the CTRL group,
four women presented with an android phenotype and
two men with a lean muscular phenotype. This should
be interpreted in the light of the common android
morphotype of this population, which makes the clinical
diagnosis of lipodystrophy difficult in the absence of a
highly specific sign. Unlike HTZ and HMZ patients, CRTL
subjects did not present with phlebomegaly, abdomen,
and limb lipoatrophy, or accumulation of fat in the upper
trunk, face, and neck. After sensitivity analysis, HTZ and
HMZ women had significantly more clinical features of
lipodystrophy than CTRL women. Acanthosis nigricans
https://eje.bioscientifica.com
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was found in 29 HTZ and 4 HMZ patients but in none of
the CTRL subjects.
Lipodystrophy was associated significantly with
altered metabolic homeostasis in patients with FPLD2
compared to CTRL subjects: HTZ and HMZ patients had
a significantly higher HOMA-IR index and significantly
lower adiponectin levels, indicating insulin resistance.
Accordingly, diabetes, prediabetes, dyslipidaemia, and
NAFLD were significantly more frequent in the HTZ group
than the CTRL group, and diabetes and dyslipidaemia
were significantly more frequent in the HMZ than
the CTRL group. One-third of HTZ and HMZ patients
were diagnosed with diabetes before the age of 30 years
(Table 1). Dilated cardiomyopathy was significantly
more frequent in the HMZ group than the CTRL group.
Atherosclerotic cardiovascular events tended to be more
frequent in patients with FPLD2 group than the CTRL
group (P  = 0.07). In addition, the first coronary event
tended to occur at a younger age in patients with FPLD2,
that is, at 46 (44–50) years in HTZ (n = 5) and HMZ patients
(n = 5) vs 67 years in the CTRL group (n = 1 subject). The
prevalence of CKD and micro or macroalbuminuria was
not statistically different between the FPLD2 groups and
CTRL group, although three HTZ and two HMZ patients
had moderate or severe renal dysfunction. Thyroid disease,
muscular symptoms (muscle pain or fatigue), and anxiety
and depressive symptoms were significantly more frequent
in HMZ and HTZ patients than in CTRL subjects.

Homozygous and heterozygous patients carrying
the ‘Reunionese’ pathogenic variant have different
clinical presentations and complications
We have previously shown that the level of protein
expression of the mutated prelamin A in the cells of
affected patients depends on the monoallelic or biallelic
genetic expression of the ‘Reunionese’ variant (21, 22). In
view of this, we compared the phenotypic features of HTZ
and HMZ patients (Table 1).
Age and the male/female ratio were similar between
HTZ and HMZ patients, and the number of men was low in
both groups (Table 1). Most HTZ patients were diagnosed
during family screening (53.8%), while most HMZ patients
were diagnosed due to medical complications (69.2%).
Clinical lipodystrophy was the first diagnostic sign in only
9.2% of FPLD2 patients, all of whom were HTZ. Obvious
clinical features of lipodystrophy were observed in all
HMZ patients but in only 60% of HTZ patients (P  = 0.02)
(Fig. 1). BMI, total body fat mass and leptin levels were
significantly lower in HMZ patients (P  = 0.001, 0.003 and
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Clinical presentation and complications in patients harbouring the p.(Thr655Asnfs*49) pathogenic variant compared to

their non-affected relatives. If not stated otherwise, data are given as n (%) or median (interquartile range).
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p.(Thr655AsnfsX49)

Sex (M/F)
Age (years)
Circumstances of diagnosis
Family screening
Clinical lipodystrophy
Complications
Age at diagnosis (years)
Anthropometric parameters
BMI (kg/m2)
Total body fat mass (%)
Clinical features of lipodystrophy
Waist/hip ratio
Acanthosis nigricans
Metabolic parameters
Serum leptin (ng/mL)
Serum adiponectin (µg/mL)
HOMA-IR
Diabetes
Age at onset of diabetes (years)
Insulin (n in diabetic patients, %)
Prediabetes
Dyslipidaemiaa
TG (mg/dL)
LDL-C (mg/dL)
HDL-C (mg/dL)
Lipid-lowering therapy
Organ dysfunction
Hepatic status
NAFLD (US)
High-risk fibrosisb
Cardiovascular disease
Hypertension
Dilated cardiomyopathy
Cardiac arrhythmia or conduction
disorders
Cardiac/vascular atherosclerotic diseasesc
Kidney disease
Micro-/macro-albuminuria
Renal dysfunction including ESRD†
Gynaecology (female, n)
Hirsutism
PCOS
Fertility disorders
Muscle
CPK (U/L, s.d.)
Muscle pain/ fatigue
Peripheral neuropathyd
Thyroid disease or goitere
Depressive symptoms

HTZ (n = 65)

HMZ (n = 13)

9/56
43 (29–52)

2/11
44 (34–58)

35 (53.8%)
6 (9.2%)
24 (36.9%)
39 (26–49)

4 (30.8%)
0 (0.0%)
9 (69.2%)
41 (25–46)

P-value
Control# (n = 19)

5/14
35 (23–61)
–
–
–
–

HTZ vs
HMZ

HTZ vs
CTRL

HMZ vs
CTRL

NS
NS
NS

NS
NS
–

NS
NS
–

NS

–

–

25.7 (23.7–30.1)
29.6 (22.3–35.9)
39 (60.0%)
0.9 (0.9–1.0)
29 (45.3%)

20.0 (18.2–21.5)
11.6 (9.2–21.2)
12 (100.0%)
1 (1.0–1.0)
4 (30.8%)

23.4 (21.2–28.0)
28.8 (19–37.2)
6 (31.6%)
0.9 (0.9–1.0)
0 (0.0%)

**
**
*
NS
NS

NS
NS
NS
NS
**

**
*
**
*
NS

13.6 (8.2–20.1)
4.1 (2.6–6.3)
3.5 (2.4–6.7)
30 (46.2%)
39 (25–46)
13 (50.0%)
20 (30.8%)
52 (80.0%)
1.3 (1.0–1.8)
1.1 (0.8–1.4)
0.4 (0.3–0.5)
16 (24.6%)

1.1 (0.7–1.7)
2.3 (1.3–2.6)
5.4 (2.5–11.0)
10 (76.9%)
23 (20–34)
6 (46.20%)
2 (15.4%)
13 (100.0%)
2.7 (1.7–2.8)
0.8 (0.6–1.1)
0.3 (0.2–0.4)
8 (61.5%)

16.9 (5.8–27.2)
8.7 (3.6–12.5)
1.5 (1.2–2.3)
3 (15.8%)
50 (39–54)
0 (0.0%)
2 (10.5%)
8 (42.1%)
0.9 (0.7–.0)
1.1 (0.8–1.3)
0.6 (0.5–0.7)
3 (18.8%)

**
*
NS
NS
NS
NS
NS
NS
*
NS
*
*

NS
*
**
*
NS
NS
*
*
**
NS
**
NS

**
**
*
**
NS
NS
NS
**
**
NS
**
NS

52 (83.9%)
3 (4.6%)

7 (77.8%)
2 (40%)

5 (33.3%)
0 (0.0%)

NS
NS

**
NS

NS
NS

24 (38.1%)
0 (0.0%)
6 (9.4%)

8 (61.5%)
5 (38.5%)
6 (46.2%)

3 (15.8%)
0 (0.0%)
1 (6.3%)

NS
**
*

NS
–
NS

NS
*
NS

16 (24.6%)

6 (50%)

2 (10.5%)

NS

NS

NS

17 (28.8%)
3 (4.6%)

5 (55.6%)
2 (28.8%)

3 (20.0%)
0 (0.0%)

NS
NS

NS
NS

NS
NS

12 (21.4%)
12 (22.6%)
13 (24.1%)

1 (9.1%)
2 (20.0%)
1 (12.5%)

0 (0.0%)
0 (0.0%)
0 (0.0%)

NS
NS
NS

NS
NS
NS

NS
NS
NS

115 (86-158)
19 (29.7%)
8 (12.3%)
25 (39.7%)
28 (43.8%)

344 (139-434)
7 (63.6%)
5 (41.7%)
7 (63.6%)
6 (66.7%)

114 (85-201)
0 (0.0%)
0 (0.0%)
1 (5.6%)
0 (0.0%)

*
NS
NS
NS
NS

NS
*
NS
*
**

NS
**
*
**
**

Percentage of body fat mass was assessed by bioelectrical impedance analysis. Prediabetes was defined by impaired fasting glucose (fasting glucose
between 6.1 and 6.9 mmol/L) and/or impaired glucose tolerance (glucose between 7.8 and 11.0 mmol/L 2 h after a 75 g-oral glucose tolerance test).
a
Dyslipidaemia was defined by high triglycerides (>1.7 mmol/L) and/or low HDL-C (<1.0 mmol/L (men) or <1.3 mmol/L (women)) (26) and/or LDL-C above
the threshold of cardiovascular risk (27) and/or use of lipid-lowering agents). bHigh-risk liver fibrosis was defined by the presence of NAFLD on US with
FIB-4 > 3.25 and/or APRI > 1.5 and/or F3-F4 fibrosis stage assessed by the liver stiffness measurement (30, 31). cCardiovascular atherosclerotic disease
was defined by a history of ischaemic coronary disease or stroke and/or carotid stenosis > 50% or lower limb atherosclerosis assessed by Doppler
ultrasound and/or a coronary artery calcium (CAC) score > 11 in patients under 50 years of age or > 101 in patients over 50 years of age (32). dPeripheral
neuropathy was assessed by the Semmes–Weinstein mono-filament test or DN4 score. eThyroid disease was defined by the presence of a clinical goitre
on ultrasound and/or positive thyroid antibodies (TPO, thyroglobulin or TSH receptor). Comparisons between HTZ, HMZ and CTRL groups with *P < 0.05
or **P < 0.01. P-values were adjusted using the false discovery rate method; #Relatives without LMNA variant; †<60 mL/min/1.73 m2.
CPK, creatine phosphokinase; F, female; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance (25); LDL-C,
low-density lipoprotein cholesterol; M, male; NAFLD, non-alcoholic fatty liver disease; PCOS, polycystic ovary syndrome; TG, triglycerides; US, ultrasound.
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0.001, respectively) (Fig. 2A and Table 1). In addition, a
correlation was found between serum leptin and total
body fat mass in these populations (Fig. 2B). These data
show that lipoatrophy is a prominent feature in patients
carrying the biallelic p.(Thr655Asnfs*49) LMNA variant.
The severity of lipoatrophy in HMZ was associated
with more severe metabolic complications: serum TG
levels were significantly higher (P  = 0.03) and HDL-C
levels significantly lower (P  = 0.02) in HMZ patients
compared to HTZ patients, despite a more frequent use
of lipid-lowering agents (P  = 0.02). The insulin sensitivity
marker adiponectin was lower in HMZ patients than
HTZ patients (P  = 0.03) (Fig. 2A and Table 1). Moreover,
adiponectin was positively correlated with HDL-C
(Fig. 2C) in both groups. While the difference in the
HOMA-IR index between HMZ and HTZ groups did not
reach statistical significance, adiponectin was inversely
correlated with fasting serum insulin and the insulin
resistance index, HOMA-IR, in both groups (Fig. 2D and
E), further indicating higher insulin resistance in HMZ
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cardiac phenotype
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patients. Accordingly, the prevalence of diabetes tended
to be higher in HMZ patients than HTZ patients (76.9 vs
46.2%, P  = 0.08), and HMZ patients tended to develop
diabetes earlier than HTZ patients (23 (20–34) years vs 39
(25–46) years, P  = 0.07).
Dilated cardiomyopathy and cardiac rhythm/
conduction disorders were significantly more frequent in
HMZ patients than HTZ patients (P  = 0.001 and P  = 0.02,
respectively). Dilated cardiomyopathy was diagnosed
in 5 of the 13 HMZ patients but in none of the 65 HTZ
patients (Table 1). These laminopathic cardiac diseases
determined the prognosis of HMZ patients: four HMZ
patients diagnosed in Reunion Island and included in this
study, and an additional patient diagnosed in mainland
France (7) died during follow-up at a young age (54 (39–59)
years) (Supplementary Table 1). Moreover, 4 HMZ patients
required implantation of a cardioverter-defibrillator and

Figure 2
Correlations between metabolic parameters in the whole
cohort. Leptin and adiponectin levels in HTZ and HMZ patients
and non-affected relatives (CTRL) (A). Spearman correlation
and P-value between leptin and fat mass (B), adiponectin and
Figure 1

HDL-C (C), fasting insulin (D) and HOMA-IR (E) and HDL-C and

Clinical features of lipodystrophy were observed in one HTZ

HOMA-IR (F) in all patients and non-affected relatives (n = 97:

(A) and HMZ (B) patient.

HTZ = 65, HMZ = 13, and CTRL = 19).
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1 HMZ patient underwent cardiac transplantation due to
severe dilated and ischaemic cardiomyopathy. By contrast,
not a single death occurred in the HTZ group and none of the
HTZ patients required an ICD or cardiac transplantation.
Hypertension and cardiovascular atherosclerotic diseases
were also frequent in HMZ patients (prevalence of 61.5%
and 50%, respectively), though no statistical difference
was found between the HMZ and HTZ groups.
Similarly, the prevalence of micro or macroalbuminuria
was high in HMZ patients (55.6%). Muscle fatigue or pain
was reported in 63.6% of HMZ patients and 29.7% of HTZ
patients, and CPK levels were significantly higher in HMZ
patients than HTZ patients (P  = 0.01). Clinical peripheral
neuropathy also tended to be more frequent in HMZ
patients (41.7%) than HTZ patients (12.3%) (P  = 0.07).
The prevalence of anxiety and depressive symptoms was
particularly high in both HMZ and HTZ patients (66.7%
and 43.8% respectively).

Patients with the monoallelic ‘Reunionese’
pathogenic variant have similar clinical
presentations and complications as patients with
‘typical’ FPLD2 due to the monoallelic p.
(Arg482Trp/Gln) variants
We compared the anthropometric, metabolic, and
organ function parameters of the 65 patients with the
monoallelic ‘Reunionese’ pathogenic variant to those
recorded in previously published cohorts of more than 10
patients with ‘typical’ FPLD2 due to the monoallelic LMNA
p.(Arg482Trp/Gln) pathogenic variants (Table 2).
Table 2
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We identified three studies characterising the
phenotype of subjects with LMNA p.Arg482-linked FPLD2:
the initial cohort of 22 subjects described in Canada (2),
one from north of France with 29 subjects (11), and one
from Brazil with 14 subjects (12). We observed that the age
and sex ratio at diagnosis of the disease were within the
same range as in our study. Patients with the ‘Reunionese’
variant were found to have similar clinical presentations
and metabolic complications as subjects with the
p.(Arg482Trp/Gln) monoallelic variants (Table 2).

Discussion
Here we described the largest cohort to date of patients
with FPLD2 due to a unique LMNA founder pathogenic
variant in the genetic isolate of Reunion Island (35, 36, 37).
The clinical consequences of different expression levels of
the ‘Reunionese’ variant were determined by comparing
the phenotypes of HTZ and HMZ patients. The variant
was found to cause severe metabolic complications in HTZ
and HMZ patients and severe cardiac complications in
HMZ patients.
Due to the presence of this specific variant, the
prevalence of FPLD2 in Reunion Island is around 1/8500
inhabitants, a figure that is likely underestimated since
the genetic screening in families affected with FPLD2 is
still ongoing. This value is higher than the previously
estimated global prevalence of lipodystrophy of 1.3–4.7
per million (38). It should be noted, however, that in the
study by Gonzaga-Jauregui et al. the prevalence of genetic

Comparison of metabolic parameters between patients with FPLD2 due to the monoallelic p.(Thr655Asnfs*49) LMNA

pathogenic variant and patient with the ‘typical’ FPLD2 due to the monoallelic p.(Arg482Trp/Gln) pathogenic variant described in
earlier studies. Qualitative variables are reported as n (%) and quantitative variables as mean ± s.d. or median (IQR) when Shapiro–
Wilk test for normality was performed.

LMNA monoallelic variant
n
Age (years)
Sex (M/F)
BMI (kg/m)
Fat mass (%)
Leptin (ng/mL)
Adiponectin (µg/mL)
Diabetes
TG > 1.7 mmol/L
Lipid-lowering treatment
Hypertension
Liver steatosis

Cao et al. (2)

Resende et al. (12)

Kwapich et al. (11)

Current study

p.(Arg482Trp/Gln)
22
38.7 ± 15.5
6/16
26.5 ± 4.6
NA
NA
NA
7 (31.8%)
NA
NA
NA
NA

p.(Arg482Trp/Gln)
14
37.7 ± 16.6
1/13
24.0 ± 3.1
22.0 ± 4.0
7.6 ± 6.0
31.0 ± 18.0
9 (64.0%)
16 (67.0%)
7 (50.0%)
7 (50.0%)
8 (57.0%)

p.(Arg482Trp/Gln)
29
43 (+ 2–11 years follow-up)
7/22
24 (22–27)
20 (17.7–22.8)
5.2 (2.8–8.0)
NA
11 (37.9%)
16 (55.2%)
14 (48.3%)
17 (58.7%)
NA

p.(Thr655Asnfs*49)
65
43 (29–52)
8/57
25.7 (23.7–30.1)
29.6 (22.3–35.9)
13.6 (8.2–20.1)
4.1 (2.6–6.3)
30 (46.2%)
24 (39.3%)
16 (24.6%)
24 (38.1%)
52 (83.9%)

NA, not available.
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lipodystrophy was around 1/7000 based on electronic
health records and systematic genetic screening in large
cohorts (4). FPLD2 is more frequently described in women,
as observed in the present cohort, partly because affected
women have a more recognisable phenotype. Yet, in
the specific context of Reunion Island, the diagnosis
is often masked in women by the high frequency of
android phenotypes as well as by the high prevalence of
metabolic disorders in the general population. Indeed,
the nutritional transition of the last 40 years has led to
the rapid development of metabolic diseases on the island
which has the highest prevalence of diabetes in France. The
age-standardised prevalence of treated diabetes was 10% of
the adult Reunionese population in 2015 (39). Accordingly,
CTRL subjects in our study had a high prevalence of
android/lean muscular phenotype (31.6%), diabetes
(15.8%) and prediabetes (10.5%), despite their young age
and normal BMI. In this context, many of our patients
with FPLD2 were diagnosed only when complications set
in, even though the majority (60% of the HTZ and 100% of
the HMZ) presented with clinical signs of ‘typical’ FPLD2
early on.
The clinical consequences of the ‘Reunionese’ variant
observed in HTZ patients were globally similar to those
reported in cohorts of HTZ patients carrying the ‘typical’
LMNA p.(Arg482Trp/Gln) variant (2, 11, 12). In addition to
diabetes, glucose intolerance, dyslipidaemia, NAFLD and
cardiovascular atherosclerotic disease, a large proportion
of patients with FPLD2 presented with muscle pain and
fatigue, which could also represent specific complications
of the disease (40, 41). Finally, the prevalence of anxiety
and depressive symptoms was high in patients with FPLD2,
which considerably impact the management of patients
(5). Lipodystrophy screening and patient follow-up should
be implemented during childhood in order to set up an
earlier management of the disease, given that recent data
suggest that the first features of lipodystrophy appear well
before the onset of puberty (14, 42).
The ‘Reunionese’ variant has been shown to cause the
synthesis of an abnormal form of prelamin A, and HMZ
subjects do not produce any mature form of lamin A (21).
In accordance, the HMZ patients were found to develop
more severe lipoatrophy and metabolic alterations, with
lower leptin and adiponectin levels than the HTZ patients.
This phenomenon also confirms that the lack of adipose
tissue, which is needed to store excess energy as fat and
to maintain endocrine functions, is the main driver of
metabolic complications in lipodystrophic diseases (43).
Besides metabolic features, the cardiac diseases determine
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the prognosis in the homozygous patients with severe
and premature cardiolaminopathy leading to premature
death in 4 among 13 HMZ patients during follow-up
(22). FPLD2 or generalised lipodystrophic syndromes
have been described in rare HMZ patients carrying the
LMNA p.(Arg582Cys) and p.(Arg584His) variants (9, 44).
Likewise, 2 HMZ siblings carrying the ‘typical’ FPLD2causing p.(Arg482Gln) LMNA variant presented with
several clinical features of laminopathy, that is, generalised
lipodystrophy, insulin resistance, dyslipidaemia, muscular
dystrophy with contractures, progeroid features, and
cardiovascular involvement with severe hypertension or
cardiac arrhythmia (45).
In this largest cohort of patients with the LMNA
p.(Thr655Asnfs*49) variant to date, the level of expression
of the variant was found to determine the severity of
FPLD2 features. The variant was also found to cause severe
cardiomyopathy in HMZ patients. This strongly suggests
that metabolic and cardiac laminopathic signs have, at
least partly, similar pathophysiological determinants. This
also implies that patients carrying this variant should be
regularly screened for metabolic alterations but also for
cardiac diseases, including cardiomyopathy and rhythm/
conduction disorders.
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