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Abstract
Familial partial lipodystrophy (FPLD) associated with LMNA gene 

mutations is a rare form of lipodystrophy disorder characterized by partial 
absence of subcutaneous adipose tissue and metabolic complications. 
Recently, this peculiar phenotype has been associated to cardiac disease 
or to atypical progeroid syndrome (APS). We present a case of 31-year-
old woman with progeria features, partial lipodystrophy, type 2 diabetes 
mellitus (T2D), hypertriglyceridemia and hepatic steatosis. Genetic 
analysis revealed a missense heterozygous LMNA mutation c.1045 C > T, 
p. (Arg349Trp) that established APS diagnosis with FPLD, so far studied 
and described in only 10 patients worldwide. The patient was initially 
treated with metformin, fenofibrate, omega-3 and low carb and low fat 
diet; later, liraglutide (a Glucagon-Like Peptide-1 analog, GLP-1) therapy 
was added and follow-up was arranged. During the initial follow-up we 
observed a significant improvement in metabolic and anthropometric 
conditions, body composition, liver volume and distribution of fat mass 
with a reduction of visceral fat. However, with disease progression, the 
patient’s lipid profile worsened, and focal segmental glomerulosclerosis 
(FSGS) and peripheral neuropathy developed. This case highlights the 
clinical signs and the progression of this rare lipodystrophy disorder and 
propose an innovative therapeutic approach to manage the disease. 
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Introduction
The lipodystrophies are rare heterogeneous group of disorders 

characterized by the general or partial absence of subcutaneous adipose tissue 
and predisposition to metabolic complications related to insulin-resistance 
[1,2]. Familial partial lipodystrophy (FPLD) is a rare form of lipodystrophy 
characterized by selective but variable loss of subcutaneous adipose tissue 
typically localized in the limbs, causing prominent musculature, while 
adipose tissue loss is variable in the trunk. However, subcutaneous adipose 
tissue can accumulate in other regions of the body such as face, neck, perineal 
and intra-abdominal areas, especially in women [1-3]. Most of FPLDs are 
associated with mutations of the LMNA which is located at chromosome 
1q21-22 and contains 12 exons. The LMNA gene encodes A and C-type 
lamins - proteins, which contribute to the maintenance of nuclear structure 
and function. The majority of LMNA mutations are heterozygous and lead to 
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defective differentiation and premature death of adipocytes 
[4]. The most frequent form of laminopathies associated 
with partial lipodystrophy is type 2 FPLD or Dunnigan type 
(FPLD2). However, there are LMNA gene pathogenetic 
variants associated with non-Dunnigan FPLD variety recently 
described that can cause diseases that share cardiac phenotype 
or features with accelerated aging, known as progeria [5,6]. 
Progerias associated with LMNA mutations are distinguished 
in typical (Hutchinson-Gilford progeria syndrome [HGPS], 
type a mandibulo-acral dysplasia [MADA]) and atypical 
progeroid syndrome (APS), which includes atypical Werner 
syndrome [7] sometimes used as a synonym of APS. HGPS 
and MADA are all well-characterized syndromes. In contrast, 
APS is a heterogeneous group of rare disorders characterized 
by variable degrees of fat loss (partial or generalized), early 
and accelerated aging process, metabolic alterations, and 
comorbidities affecting bone, skeletal muscles, peripheral 
nerves and heart [8]. Among APS patients, those presenting 
the heterozygous LMNA mutation c.1045 C > T, p. 
(Arg349Trp) have a very peculiar and recurrent phenotype 
with clinical features of partial lipodystrophy. The mutation 
p.R349W, translates arginine into a tryptophan in position 
349; this substitution involves the α-helical domain of 
the lamin A/C protein. Patients with this mutation have 
progeroid features that include premature graying of the 
hair, beaked nose, mandibular hypoplasia, high-pitched 
voice, short stature, thin lips, skin atrophy and alopecia. In 
addition, they could have micrognathia, acanthosis nigricans, 
scoliosis, myopathy and sensorineural hearing impairment. 
Metabolic complications including type 2 diabetes mellitus 
(T2D), hypertriglyceridemia, and hepatic steatosis are highly 
prevalent in these patients [6,8]. In addition, this disease is 
recurrently associated with cardiomyopathy and in rare cases 
with focal segmental glomerulosclerosis (FSGS) [9]. FSGS 
has been frequently described associated with generalized, 
congenital, or acquired lipodystrophy, but rarely in patients 
with partial lipodystrophy [6,10]. In this paper, we present 
a case report of an APS patient with partial lipodystrophy 
associated with heterozygous c.1045 C > T (p.R349W) 
missense mutation of the LMNA gene and we propose an 
innovative therapeutic approach for the management of the 
disease. So far, this mutation has been studied and described 
in only 10 patients worldwide.

Case Description
Patient Information and Phenotype

A 31-year-old woman was admitted to the Unit of 
Endocrinology, Diabetes and Metabolism, S. Giovanni 
Calibita Fatebenefratelli Hospital of Rome for insulin-
resistance, hypertriglyceridemia, and polycystic ovary 
syndrome (PCOS). The patient is in primary amenorrhea 
despite the implantation of the subcutaneous device for 
the administration of the estro-progestin. The maternal 

grandparents have T2D and her sister has a history of 
hypothyroidism due to Hashimoto’s thyroiditis. The patient’s 
body weight was 56 kg, her height was 155 cm, 24.1 kg/
m2 of body mass index (BMI), waist circumference (CW) 
was 80.5 cm and her blood pressure was 110/60 mmHg. On 
physical examination (figure 1), the patient presented absence 
of subcutaneous adipose tissue in the lower limbs and 
gluteal area where the musculature appeared prominent; fat 
accumulation was observed in the abdomen. Total body dual-
energy x-ray absorptiometry (DXA) showed a total fat mass 
accounting for 28.4% of body weight with a predominance at 
the level of the trunk; and revealed low bone mineral density 
(BMD) at the femoral neck (T-score -2.2, Z-score -2.1). 
The patient presented bird face with beaked nose, thin lips, 
micrognathia and mandibular hypoplasia, gray hair, mild 
acanthosis nigricans in axillary and inguinale region, and 
small breasts due to absence of adipose tissue. In addition, 
she suffered from bilateral progressive sensorineural hearing 
impairment from the age of 25 previously investigated 
without identifying the cause.

Clinical and Genetic Investigations 
A 75 gr glucose tolerance test (OGTT) revealed T2D 

with marked hyperinsulinemia (table 1A). The OGTT 
was used to assess insulin secretion and insulin sensitivity 
through modelling analysis [11,12]. In spite of a diabetic 
OGTT, insulin secretion was markedly increased compared 
to a reference population of nondiabetic subjects [13]. In 
particular, fasting and total insulin secretion in the first 2 h 
of the OGTT, and early insulin secretion (represented by the 
parameter denoted as rate sensitivity), were 3-4 fold greater 
than the reference values (table 1B). Glucose sensitivity, 
i.e. the slope of the relationship between insulin secretion 
and glucose concentration, which is markedly depressed in 
diabetic patients [14], was not abnormal. In contrast, insulin 
sensitivity, calculated as the 2h-OGIS index (11), was strongly 
reduced, even below the values observed in morbidly obese 
patients [15,16] (table 1B). Laboratory investigations (table 
1C) showed hypertransaminasemia, hypertriglyceridemia, 
elevated creatine kinase (CK) and aldolase levels, reduced 
adiponectin levels and normal leptin levels. The glycated 
hemoglobin A1c (HbA1c) detected highlighted a good 

 

Figure 1: Atypical progeroid syndrome patient with partial lipodystrophy.
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Time (min) 0 30 60 120 180 240

Glucose (mg/dl) 108 201 175 263 324 293

Insulin (mUI/mL) 76.3 207.2 259 576 565 754

C-Peptide (ng/ml) 9.7 16 16 27 27 29

A. Plasma glucose, insulin and C-peptide levels at time 0, 30, 60, 120, 180 
and 240 min.

Parameters Patient’s 
values

Reference 
range

Glucose (mg/dl) 108 70-100

HbA1c (%) 6.7 04-Jun

Total cholesterol (mg/dl) 250 <200

LDL cholesterol (mg/dl) 69 <100

HDL cholesterol (mg/dl) 45 40-60

Triglycerides (mg/dl) 682 <150 

Leptin (ng/ml) 7.7 3.63-11.09

Adiponectin (mg/ml) 0.99 4-19.4

AST (U/L) 61 <35

ALT (U/L) 78 <35

GGT (U/L) 55 <38

Total bilirubin (mg/dl) 0.58 0.30-1.20

Direct bilirubin (mg/dl) 0.1 0-0.20

Indirect bilirubin (mg/dl) 0.48 0.10-0.80

α-Amilase (U/L) 86 28-100

LDH (U/L) 207 <247

Aldolase (U/I) 9.5 <7.6

CK (U/L) 183 <145

Creatinine (mg/dl) 0.5 0.51-0.95

Azotemia (mg/dl) 24 17-43

eGFR (ml/min) 129.38 >90

Microalbuminuria/Creatininuria (mg/g) 59 <30

Proteinuria (mg/dl) 92.9 <15

TSH (mUI/mL) 2.7 0.340-5.600

C. Patient’s initial biochemical and hormonal investigations.

FT3 (pg/dL) 3.97 2.50-3.90

FT4 (ng/dl) 0.96 0.61-1.12

Anti-Thyroglobulin antibodies 0.4 <4

Anti-Thyroperoxidase antibodies 0.8 <9

PTH (pg/ml) 17.4 Dec-88

ACTH (pg/ml) 23.2 <60

Prolactin 0’ 9.5 3.3-26.7

Prolactin 15’ 8.4 3.3-26.7

Prolactin 30’ 8.4 3.3-26.7

Cortisol (ng/ml) 218.7 43-224

DHEA-S (mmol/L) 1 0.62-7.22

FSH (mUI/mL) 6.8 3.85-8.78

LH (mUI/mL) 9.6 2.12-10.89

Estradiol E2 (pg/mL) 37 27-122

17-a-hydroxyprogesterone (ng/mL) 0.723 0.1-0.8

4-androstestenedione (ng/mL) 1.81 0.3-3.3

Testosterone (ng/mL) 0.5 0.1-0.75

Free testosterone (pg/mL) 3.84 <4.2

5-a-dihydrotestosterone (pg/mL) 215 24-368

SHBG (nMol/L) 15.1 18.2-135.5

Vitamin D (ng/ml) 25.4 >30

Calcium (mg/dl) 9.9 8.8-10.6

Table 1: 75 gr Oral Glucose Tolerance Test and laboratory investigations 
at the diagnosis.

Time Baseline 6 months 
Hemoglobin A1c (HbA1c %) 6.7 5.2

Weight (kg) 56 52

BMI (kg/m2) 23.3 21.6

Waist circumference (cm) 80.5 73.5

Total fat mass (kg) 15.7 12.1

Trunk fat (kg) 8 5.7

Trunk fat/limbs fat 1.3 1

% trunk fat/% legs fat 3 2.5

Table 2: Glycemic control, anthropometric parameters, body composition 
and distribution of fat mass at the diagnosis and after 6 months of liraglutide 
therapy.

glycemic control. A urine collection showed proteinuria and 
microalbuminuria with normal estimate glomerular filtration 
rate (eGFR). The patient had urinary tract infection, therefore 
we decided with the nephrologist not to start angiotensin-
converting enzyme (ACE) inhibitors therapy and to re-evaluate 
the patient’s condition after the resolution of the urinary 
tract infection. The hormonal tests related to the function of 
thyroid, hypophysis, adrenal and reproductive system, did 
not report alterations. An abdominal ultrasound examination 
reported hepatic steatosis with hepatomegaly in line with 
elevated transaminase levels; a single cystic formation of 5 
cm of ovarian origin, externally to the left ovary was also 
observed. The elevated CK and aldolase levels and muscle 

Parameter Patient’s 
value Reference1

Fasting insulin secretion 
(pmol min-1m-2) 476 106 (40)

Total insulin secretion over 2 
h (nmol m-2) 144 52 (18)

Rate sensitivity (pmol 
m-2mmol-1L) 3508 921 (699)

Glucose sensitivity (pmol min-

1m-2mmol-1L) 81 113 (55)

OGIS (mL min-1m-2) 171 381 (59)

B. Insulin secretion and insulin sensitivity assessments.

1Mean (SD) values in a nondiabetic cohort of more than 2100 subjects 
(from Koivula 2019).
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weakness reported by the patient suggested a myopathy. 
Neurological tests showed no evidence of peripheral or 
autonomic diabetic neuropathy. No abnormalities were found 
during holter 24-hour electrocardiogram and echocardiogram. 
The ophthalmological examinations did not report alterations. 
The clinical and laboratory findings outlined above, suggested 
a FPLD with progeroid features [6,8]. Genetic analysis 
was carried out with sanger sequencing and revealed the 
heterozygous c.1045 C > T (p.R349W) missense mutation in 
exon 6 of the LMNA gene that established diagnosis of APS 
with clinical features of partial lipodystrophy. In addition, the 
genetic analysis was also performed for the patient’s parents 
who did not report the LMNA gene mutation.

Therapeutic Intervention
The patient was initially treated with metformin (850 

mg 3 times per day), fenofibrate (145 mg per day), omega-3 
(1000 mg 3 times per day) and low carb and low fat diet; later, 
liraglutide (a Glucagon-Like Peptide-1 analog, GLP-1) (1.8 
mg injected subcutaneously once daily) therapy was added 
with the purpose to improve body composition, distribution 
of fat mass and liver volume.

Follow up and Outcomes
The patient showed a good adherence to the therapeutic 

intervention, the therapy was well tolerated and no severe 
side effects were observed. After 3 months from the 
diagnosis, triglycerides levels were reduced (682 mg/dl to 
135 mg/dl), transaminases, aldolase and CK levels returned 
to normal levels and proteinuria and microalbuminuria were 
slightly improved. After 6 months of liraglutide therapy the 
HbA1c of the patient showed an improved glycemic control, 
and we observed a relevant improvement of anthropometric 
parameters, body composition and distribution of fat 
mass with a reduction of visceral fat (table 2). In addition, 
abdominal ultrasound examination reported a reduced liver 
volume. The patient’s condition remained stable over one-
year period. After the resolution of the urinary tract infection, 
the proteinuria and microalbuminuria were still observed, 
therefore ACE inhibitors treatment was added. In the following 
two years, the patient continued to show optimal glycemic 
control, however increased triglycerides values were detected 
(263 mg/dl and 385 mg/dl) and a renal biopsy was performed 
following the onset of marked macroalbuminuria (ratio 
microalbuminuria/creatininuria 2480 mg/g) and proteinuria 
(228.20 mg/dl) which was consistent with FSGS but with 
normal eGFR (125 ml/min). The fibroblast growth factor 
23 (FGF-23), a marker of kidney function, resulted normal 
compared to reference values (45.7 ng/L, reference range 
23.2-95.4 ng/L). In addition, the neurological tests showed 
signs and symptoms related to sensorimotor peripheral 
polyneuropathy: vibration perception value on dorsal side of 
right hallux was 20.5, normal values (n.v) <11.6, vibratory 
perception value on dorsal side of left hallux was 22, n.v 

<10.4; absence of ankles reflexes; DNI (Diabetic Neuropathy 
Index) was 5, n.v <2; MNSI (Michigan Neuropathy Screening 
Instrument) was 7, n.v <1; DN4 (Douleur Neuropathique 4) 
was 5, n.v <3. 

Discussion
We described the clinical features and the short and long-

term follow-up of an APS patient with partial lipodystrophy 
turned out to carry a pathogenic heterozygous p. (Arg349Trp) 
variant in LMNA gene and we illustrated an optimal therapeutic 
approach for the management of the disease. Her clinical 
manifestations revealed many distinguishing progeroid 
features such as premature graying of hair, mandibular 
hypoplasia and beaked nose. Additional features, expanding 
the phenotype known to be associated to this variant included 
acanthosis nigricans, micrognathia, myopathy, skeletal 
abnormalities and sensorineural hearing impairment that 
represent the key pathological hallmarks of this subtype of 
APS [6]. Conversely, she did not display any cardiovascular 
features frequently reported in association to this variant [8]. 
The presence of partial lipodystrophy was characterized by 
a reduction in subcutaneous adipose tissue, mainly over the 
extremities, fat accumulation in the abdomen and reduced 
levels of adiponectin but normal leptin. In line with this, she 
showed marked metabolic abnormalities that include T2D, 
hypertriglyceridemia, and hepatic steatosis, present in 75% 
of patients with partial lipodystrophy and progeria [8]. The 
baseline insulin sensitivity and secretion assessment showed 
strong insulin-resistance with hyperglycemia and elevated 
insulin secretion. These results show that the patient has 
strong insulin-resistance but preserved beta cells function 
despite having T2D. Therefore, this condition diverges from 
the classical T2D, which prevalently occurs when insulin-
resistance is associated with a deficit of insulin secretion [17]. 
Management of lipodystrophy is currently difficult, due to the 
underlying impaired insulin sensitivity, usually severe, and 
its manifestations. Fibrates, especially fenofibrate decreases 
hypertriglyceridemia [18]. Regarding T2D, there are no 
specific guidelines for patients with lipodystrophy. Since 
insulin-resistance is at the base of T2D in lipodystrophy, 
insulin sensitizers are a rational approach. The data 
in literature reported moderate results associated with 
metformin treatment in patient with lipodystrophy [19]. GLP-
1 analogues have been shown to amplify insulin signaling 
in peripheral skeletal muscle, liver and adipose tissue [20]. 
According to previous studies, these drugs significantly 
influence fat distribution, and even a short course of treatment 
results in a significant decrease of visceral fat deposits in 
patients with T2D [21]. In the presented case, the patient 
was treated with fenofibrate, metformin and liraglutide and 
after short course of treatment we observed improvements 
in metabolic and anthropometric parameters, liver volume, 
body composition and distribution of fat mass with a decrease 
of visceral fat. After 3 years from the diagnosis, despite a 
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good glycemic control, she showed worsening of the lipid 
profile and developed macroalbuminuria, proteinuria and 
FSGS on kidney biopsy. Although multiple organs are 
affected in LMNA mutations, the association with kidney 
disease is very rare in patients with partial lipodystrophy 
[9]. FSGS is a podocyte injury associated with proteinuria 
and is a major cause of end-stage renal disease [10]. It has 
been suggested that LMNA mutation may lead to an excess 
of Transforming Growth Factor Beta 1 (TGFb1) production 
from podocytes, promoting glomerulosclerosis in patients 
with partial lipodystrophy [22]. Despite the kidney damage, 
the patient had a normal glomerular filtration and the FGF-
23 levels were normal. The FGF-23 regulates phosphate 
homeostasis; when kidney function is altered, less phosphate 
is filtered and reabsorbed and FGF-23 increases. Therefore, 
FGF-23 increases when glomerular filtration decreases [23]. 
In our case reported, the presence of a nephropathy, with 
normal eGFR explains why FGF-23 is normal. Concurrently 
to the FSGS, the patient developed peripheral neuropathy. 
The peripheral nerves conditions observed in the third year of 
follow-up cannot originate from diabetic neuropathy because 
the patient always had optimal glycemic control during the 3 
years. The abnormalities in peripheral nerves were described 
as possible comorbidities associated to LMNA mutations 
in patient with lipodystrophy [6]. In addition, it has been 
reported that elevated triglycerides levels correlate with the 
progression of neuropathy in diabetic patients [24], therefore 
the worsening of the lipid profile may have contributed to the 
development and progression of peripheral neuropathy.

Conclusion
To the best of our knowledge this is the first time that 

an in vivo human diabetes model characterized with only 
insulin-resistance without deficit of insulin secretion has 
been described. Treatment with liraglutide in association with 
metformin and fenofibrate showed a significant improvement 
in the disease management of the APS case patient with 
partial lipodystrophy presenting heterozygous p.(Arg349Trp) 
missense LMNA mutation. To the best of our knowledge, the 
data existing on the literature report two cases of patients with 
partial lipodystrophy that have been treated with liraglutide 
therapy in order to achieve a good glycemic control [25]. 
In our case reported, the use of liraglutide not only allowed 
further improvement of the glycemic control but also favored 
the reduction of visceral fat and liver volume. We therefore 
propose the treatment with liraglutide, in association with 
metformin and fenofibrate, as innovative therapeutic approach 
to optimally manage patients with this rare lipodystrophy 
disorder. However, with disease progression the patient’s 
lipid profile worsened and FSGS and peripheral neuropathy 
developed. In the last years, the efficacy of metreleptin 
treatment in patients with partial lipodystrophy caused by 
LMNA pathogenic variants has been demonstrated [26]; 
the use of metreleptin resulted in improvements in glycemic 

control, hypertriglyceridemia and liver volume [27]. Possible 
future therapeutic strategy include treatment with metreleptin 
in order to better manage the progression of the disease.
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