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Abstract
Objective: Lipodystrophy syndromes comprise a group of rare diseases characterized by loss of adipose tissue without nutritional or catabolic 
causes. As the rarity of these conditions necessitates collaboration, the European Consortium of Lipodystrophies (ECLip) established an 
international, longitudinal registry for patients with all forms of lipodystrophy (excluding HIV-associated cases).
Methods: From December 2017 to November 2023, 19 centers from 13 countries recruited 631 patients into the ECLip Registry. Cross-sectional 
data were analyzed using descriptive statistics.
Results: Prospective data were available for 467 patients (82.7% female; 86.5% adults; median age 44.0 years). Familial partial lipodystrophy 
(FPLD) was the most common subtype (57.4%), especially FPLD2 (37.9%). However, in men, congenital generalized lipodystrophy was 
nearly as common as FPLD (33.3% vs. 35.8%). Symptoms at onset varied by subtype, with loss of adipose tissue being the most frequent. 
More than 70% of the patients suffered from metabolic complications, particularly dyslipidemia (59.0%) and diabetes (48.4%), but prevalence 
and severity varied between subtypes (prevalence of diabetes, eg, 76.9% in patients with acquired partial lipodystrophy vs. 8.7% in acquired 
localized lipodystrophy). Metreleptin, the only disease-specific treatment, was used by 11.6% of all patients. Thirty-four deaths were 
documented, primarily due to cardiovascular events and cancer. Patients with generalized forms of lipodystrophy died earlier compared to 
patients with partial forms (median age at death 27.0 vs. 72.0 years).
Conclusion: This study describes the largest cohort of patients with lipodystrophy reported to date. The dataset offers a comprehensive view of 
the epidemiology, clinical presentation, and associated comorbidities of lipodystrophy.
Keywords: lipodystrophy, registry, metabolic diseases, chronic complications, adipose tissue, leptin

Graphical Abstract

Significance

Lipodystrophy syndromes are ultra-rare disorders characterized by a lack of adipose tissue and development of an ample 
series of metabolic and non-metabolic complications leading to reduced life quality and expectancy. The European 
Lipodystrophy Registry (established in 2018) houses the largest global cohort of patients with lipodystrophy. In this first 
comprehensive data analysis of this cohort, we report a high prevalence (>70%) of metabolic comorbidities, analyzed in 
detail for each subgroup of lipodystrophy. Additionally, our findings underscore the significant burden of the disease 
(with more than 27% of all patients suffering from psychosocial problems), the causes of death (mainly cancer and major 
cardiovascular events), and treatment modalities. They also highlight the urgent need for improved diagnostic awareness 
and treatment options.
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Introduction
Lipodystrophy syndromes (LDS) are a group of rare diseases 
characterized by selective and irreversible loss of adipose tis
sue, unrelated to malnutrition or catabolism.1 Loss of adipose 
tissue can be complete (ie, generalized) or partial and is the re
sult of impaired adipose tissue development (genetic cause) 
and/or inadequate tissue maintenance (acquired cause).

Detection of LDS is based on clinical history, physical exam
ination, imaging, and biochemical tests.2 The differential diag
noses include a range of disparate conditions, such as anorexia 
nervosa, constitutional leanness, malnutrition, uncontrolled 
diabetes mellitus, polycystic ovary syndrome (PCOS), 
Cushing’s syndrome, hyperthyroidism, and acromegaly, 
among others.

LDS have been traditionally divided into 4 major categor
ies.3 However, today, 6 categories are recognized: congenital 
or familial forms (generalized, partial, systemic—including 
progeroid and autoinflammatory syndromes), and acquired 
forms (generalized, partial, localized).1

LDS, especially generalized and familial partial forms, are 
often associated with the development of severe metabolic 
complications such as insulin resistance, including diabetes, 
hypertriglyceridemia, and metabolic dysfunction-associated 
steatotic liver disease (MASLD) and steatohepatitis (MASH). 
Low leptin levels further disrupt hunger regulation, promoting 
hyperphagia and worsening metabolic dysfunction.

In partial forms of lipodystrophy (PLD), regional adipose 
tissue loss may be associated with the expansion of adipose de
pots in other areas of the body.

Furthermore, LDS may be associated with a range of other 
specific features, depending on the subtype.

The reported prevalence of LDS is 1.3-4.7 cases per mil
lion,4 though the true prevalence is likely higher due to 
underdiagnosis.5-7 A very recent estimate, based on the 2 lar
gest lipodystrophy registries (LD-Lync and the European 
Consortium of Lipodystrophy (ECLip) Registry), calculated 
a prevalence for FPLD alone of 19.0-30.0 per million.8

The low prevalence and the high heterogeneity between sub
types hinder comprehensive characterization of genetic var
iants, natural history, complications, treatment outcomes, 
and prognosis, including mortality rate by individual centers. 
This challenge is widely acknowledged by experts around the 
world.9 Thus, centers affiliated to the European Consortium 
of Lipodystrophies, an association of European expert centers 
in lipodystrophy (https://www.eclip-web.org/; date last ac
cessed March, 7, 2025) decided in 2016 to create an inter
national registry for patients affected by LDS, called the 
ECLip Registry, to meet the needs in characterization of 
various clinical phenotypes, to define the long-term natural 
history and assess treatment outcomes under real world 
conditions.10

The aim of this cross-sectional study is to describe the pa
tient population of the ECLip Registry, explore the prevalence 
of the different disease subgroups, and characterize them ac
cording to demographic, clinical, and treatment patterns.

Methods
The ECLip Registry
The ECLip Registry is drafted as a multicentric, international, 
longitudinal, observational study. Expert centers from all over 
the world are invited to join the registry (contact: help-eclip- 
registry@uniklinik-ulm.de). All patients of all ages with any 

form of lipodystrophy presenting at a participating center 
are asked to participate in the ECLip Registry; the only exclu
sion criterion is HIV-associated lipodystrophy. Data in the 
registry are divided into (mostly) unchanging basic data 
(year of birth, sex, diagnosis, genetic, age at diagnosis, etc.), 
and dynamic clinical characteristics collected repeatedly at 
each new visit (“episode data”: eg, anthropometry, laboratory 
values, comorbidities, clinical characteristics, and current 
medication). Physicians are encouraged to record annual 
follow-up visits. Data collection is based on standard of care 
examinations performed during the visit. Information on pa
tient status (active, loss of follow-up, deceased) is collected 
regularly. In addition to this prospective data collection, entry 
of retrospective data from visits that occurred before the pa
tient’s participation in the registry is also encouraged.

The set-up of the registry and data entry were described 
in detail previously.10 The registry is registered at 
ClinicalTrials.gov (ClinicalTrials.gov ID: NCT03553420) 
and is an affiliated registry to the European Registries for 
Rare Endocrine Conditions EuRRECa. The consortium is 
governed by a board elected from the ECLip Registry members 
and a representative of patient advocacy groups. The ECLip 
Registry began to enroll and follow up patients prospectively 
from December, 16, 2017 onwards.

Classification of subgroups of LD
The cases of lipodystrophy were coded according to online 
Mendelian Inheritance of Man (OMIM; https://www.omim. 
org/) and Orphanet (https://www.orpha.net/). For compari
son, the disease subtypes were categorized into 10 different 
subgroups: congenital generalized lipodystrophy (CGL), 
FPLD1 (polygenic form of FPLD; defined by an increased ratio 
of either truncal fat percentage or skinfold thickness compared 
to lower extremity), FPLD2 (LMNA-related FPLD, also 
known as Dunnigan syndrome), and other forms of FPLD 
not including type 1 and 2 (oFPLD), acquired generalized lip
odystrophy (AGL), acquired partial lipodystrophy (APL), ac
quired localized lipodystrophy (ALLD), progeroid syndrome 
associated with generalized lipodystrophy (PSGLD) and pro
geroid syndrome associated with partial lipodystrophy 
(PSPLD), and other forms of lipodystrophy (oLD) (for more 
information see Supplementary Methods and Table S1).

Ethics approval and consent to participate
All centers participating in the ECLip Registry obtained ethic
al approval from their respective medical ethics committees in 
their countries. All prospectively recruited patients (or their 
caregivers) gave informed consent. In addition, some ethical 
committee approval also allows retrospective anonymized 
inclusion of former patients who were either dead or 
lost-to-follow-up at the start of the registry in the respective 
center.10

Study sample and parameters, imaging
For the current analysis, all patients registered by November, 
7, 2023, were included after plausibility checks and data har
monization procedures. Data plausibility checks were con
ducted centrally and included checks for completeness as 
well as checks for outliers. Centers were asked to complement 
missing data if possible or correct implausible data.

We defined 2 study cohorts: 
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1. all registered patients (“complete cohort”), including pa
tients with only retrospectively collected data (see above) 
or basic data without episode data.

2. all prospectively registered patients (“prospective co
hort”), which included only patients who had presented 
at least once to a center after the center had started par
ticipation in the ECLip Registry, and for whom episode 
data for at least one visit were available. Patients were ex
cluded from the prospective cohort if only retrospective 
data were available for them, or no episode data at all, 
or if their center was not able to carry out data corrections 
identified to be necessary by the centralized plausibility 
check (Figure 1).

For the cross-sectional analysis of dynamic clinical charac
teristics, only the baseline visit was chosen. The baseline visit 
was defined as the main visit at the time of consent and was 
by definition only available for all patients in the prospective 
cohort. Therefore, data analysis of changeable parameters 
(such as anthropometry, laboratory values, and medication) 
was only performed in this cohort. In contrast, basic data 
such as diagnosis, age, and symptoms at diagnosis, and date 
and cause of death were analyzed in the complete cohort. 
The latter data were not strictly cross-sectional but reflected 
a snapshot of the recorded events at the time of the cross- 
sectional survey without systematic follow-up.

Based on the age at baseline, patients were classified as chil
dren/adolescents (<18 years) or adults (≥18 years).

In children, information on BMI was provided as BMI 
z-score based on World Health Organization (WHO) percen
tiles (https://www.who.int/toolkits/child-growth-standards/ 
standards/body-mass-index-for-age-bmi-for-age).

Drug usage documented as Anatomical Therapeutic 
Chemical (ATC) codes (current valid version at the date of 
data entry) was subdivided into 11 different medication sub
groups (Supplementary Methods).

Total body fat percentage was assessed using dual-energy 
X-ray absorptiometry (DEXA) and compared to measure
ments in healthy cohorts.11

Information on sex refers to the apparent biological sex 
identified and assigned at birth. In most patients, this is based 
on anatomic features without confirmation via chromosomal 
genotyping.

For further information on data acquisition, please refer to 
Supplementary Methods.

Statistical analyses
For the current study, the analyses focused on descriptive sum
mary statistics, for which we used the statistical software 
package SAS release 9.4 (SAS Institute, Cary, NC, USA). 
For this first cross-sectional analysis, no group comparison 
was performed. Any differences between groups are therefore 
merely descriptive without testing for significance. 
Continuous data is presented as median and interquartile 
range (IQR). For categorical data, frequencies were calcu
lated. If the percentage of patients is given, this always refers 
to the number of patients for whom information on the specif
ic parameter (eg a specific comorbidity) was available.

Data and resource availability
The ECLip Registry encourages all researchers to use data 
from the ECLip Registry for scientific purposes. Interested 
researchers should submit an official application to the 
ECLip Registry Board (help-eclip-registry@uniklinik-ulm. 
de). Additional information about the ECLip Registry and ac
cess to data can be found at the registry’s homepage (https:// 
eclip-registry.com/; date last accessed July, 8, 2025).

Results
Number of patients and their characteristics
The complete cohort included 631 patients from 19 centers in 
13 countries. For 74 patients, only retrospective data were 
available, 50 lacked any documentation of a visit (episode 
data), and plausibility checks were not possible in 40 patients, 
leaving 467 patients in the prospective cohort (Figure 1).

Both cohorts (complete and prospective) were mostly fe
male (81.6% and 82.7%, respectively), adult-aged (85.9% 
and 86.5% adults; median age 45.0 years; IQR 32.0-57.0 
and 44.0 years; IQR 30.0-57.0), and from Europe (84.6% 
and 81.8%, respectively; Table 1). Familial partial lipodystro
phy (FPLD) was the most common subgroup (58.6% and 
57.4%), with FPLD2 being the most common diagnosis 
(38.2% and 37.9%; Table 1 and Figure 2). In males, CGL 
was nearly as common as FPLD (33.3% vs. 35.8% in the pro
spective cohort, Figure 2). Only one male patient was diag
nosed with FPLD1 (based on his high ratio of subscapular to 
calf skinfold thickness, low leptin levels, and severe metabolic 
phenotype; Figure 2). As expected, patient status differed by 
cohort, with more lost to follow-up and deceased cases in 
the complete cohort (23.7% vs. 16.2% and 5.5% vs. 3.7%, re
spectively; Table 1).

In the prospective cohort, the median BMI in adults was 
24.8 kg/m² (IQR 21.9-29.0) and the median BMI z score in 
children was 0.00 (IQR −0.01 to 0.01). Median total body 
fat content was low-normal (around minus 1 SD) for male 
and female adults (22.3%, IQR 18.8%-25.0% and 28.9%, 
IQR 22.2-36.9, respectively) and male and female children 

Figure 1. Flow chart. The figure shows the exclusion criteria for the 
prospective ECLip cohort.
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(20.6%; IQR 17.3%-22.1% and 23.6%; IQR 18.5-30.9, re
spectively) according to their median age (Tables 1 and 2).11

Age at diagnosis and first symptoms
Age at diagnosis tended to be lower in patients with general
ized forms of lipodystrophy (GLD, 13.0 years; IQR 
3.0-32.0) compared to those with partial forms (PLD, 40.0 
years; IQR 23.0-55.0) (Table 3, Figure 3). Except for patients 
with FPLD1, the most common first symptom was loss of adi
pose tissue (in 57.9% of all patients). In contrast, fatty tissue 

accumulation was the most frequent first symptom in 
FPLD1 and the second most frequent in FPLD2 and APL. 
Diabetes as first symptom of disease manifestation was also 
common, especially in patients with CGL, FPLD1, oFPLD, 
and oLD. Liver disease (including MASLD) as first symptom 
was common in patients with AGL (21.7%)

Laboratory values and metabolic status
Median leptin and adiponectin levels tended to be lower in pa
tients with GLD compared to PLD (Table 4). Among patients 
without fibrate treatment, those with oFPLD had the highest 
median triglyceride levels (2.4 mmol/L, IQR 1.9-3.6), while 
in the fibrate-treated group, median triglyceride levels lay 
above the target value of 2.3 mmol/L1 in all subtypes with 
available data. In patients not receiving glucose-lowering 
drugs, overall metabolic control was good (with a median gly
cated hemoglobin (HbA1c) below 7.0% [53 mmol/mol])1

with the exception of patients with AGL (HbA1c 7.4% 
[57 mmol/mol]; IQR 5.9-8.4 [41-68]); however, HbA1c val
ues in treated groups suggest a suboptimal control in patients 
with CGL, AGL, FPLD1 and APL (median HbA1c above 
7.0% [53 mmol/mol] in each subtype1). In the untreated 
group, median fasting plasma glucose lay below the threshold 
for diabetes mellitus (7.0 mmol/L) in all patient groups with 
the exception of AGL. Median alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) levels were most
ly normal, except for patients with CGL and PSPLD (CGL me
dian ALT 34.0 U/L, PSPLD median ALT 38.5 U/L, and 
median AST 36.0 U/L; Table 4).

Comorbidities
In most patient groups, metabolic complications were the 
most common comorbidities, with the exception of patients 
with CGL or progeroid syndromes in whom abdominal prob
lems, including MASLD (including MASH) and pancreatitis, 
were more common (Table 2, Figure 4). Patients with CGL fre
quently also suffered from hypertrophic cardiomyopathy 
(21%). In AGL, diabetes, conduction disorders, and fatigue 
were also prevalent. Ischemic cardiomyopathy was predomin
antly affecting patients with FPLD2, whereas conduction ab
normalities were especially common in patients with CGL 
and with progeroid syndromes. Muscular weakness and pain 
were frequent in oLD and AGL (though small group sizes 
may bias these findings). For the latter, chronic pain was re
ported in more than 50% of patients. Depression was present 
in all groups, with oLD showing the highest rates.

Medication
Non-insulin glucose-lowering drugs were the most widely 
used medications (50.0%), followed by lipid-lowering agents 
(44.2%) and antihypertensive treatments (41.4%) (Table 5). 
Non-insulin glucose-lowering drugs were especially frequently 
prescribed in patients with FPLD1, oFPLD, and oLD. Patients 
with FPLD1, oFPLD, and AGL were also the main insulin 
users. Antihypertensive treatment/cardiovascular active drugs 
were most commonly used by patients living with FPLD1 and 
with AGL (60.4% and 50.0%). Lipid-lowering agents were 
mainly received by patients living with FPLD1 (62.5%) and 
FPLD2 (56.8%). Patients living with oLD were the ones re
ceiving immunosuppressive therapy more often than other pa
tient groups (16.7%). Antidepressive treatment was taken in 

Figure 2. Distribution of lipodystrophy subtypes in the prospective 
ECLip cohort. The data show the percentage of patients living with the 
different lipodystrophy subtypes in the prospective ECLip cohort. 
(A) Shows the whole cohort (n = 467). (B) Shows only female patients (n  
= 386). (C) Shows only male patients (n = 81). AGL, acquired generalized 
lipodystrophy; ALLD, acquired localized lipodystrophy; APL, acquired 
partial lipodystrophy; CGL, congenital generalized lipodystrophy; FPLD, 
familial partial lipodystrophy; oLD, other forms of lipodystrophy; oFPLD, 
other forms of familial partial lipodystrophy not including type 1 and 2; 
PSGLD, progeroid syndrome associated with generalized lipodystrophy; 
PSPLD, progeroid syndrome associated with partial lipodystrophy.
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Table 1. Characterization of the ECLip registry cohorts.

Complete ECLip cohorta 

(n = 631)
Prospective ECLip cohortb 

(n = 467)

Sex, n (%) 631 467
Female 515 (81.6) 386 (82.7)
Male 116 (18.4) 81 (17.3)

Age, yearsc 623 465
Adults, n (%) 535 (85.9) 402 (86.5)
Median (Q1; Q3) 45.0 (32.0; 57.0) 44.0 (30.0; 57.0)
Children/adolescents, n (%) 88 (14.1) 63 (13.6)
Median (Q1; Q3) 11.0 (6.5; 14.0) 11.0 (6.0; 14.0)

BMI, kg/m2 (median; Q1; Q3) 401
Adults 343 24.8 (21.9; 29.0)

BMI z-score (median; Q1; Q3)
Children/adolescents 58 0.00 (−0.01; 0.01)

Total fat, % (median; Q1; Q3) 167
Adults 145 27.7 (21.9, 35.5)
Female 123 28.9 (22.2, 36.9)
Male 22 22.3 (18.8, 25.0)
Children/adolescents 22 21.6 (17.3; 30.9)
Female 13 23.6 (18.5, 30.9)
Male 9 20.6 (17.3, 22.1)

Country of origin, n (%)d 595 439
Europe 502 (84.4) 359 (81.8)
Eastern Europe 41 (8.2) 5 (1.4)
Southern Europe 250 (49.8) 173 (48.2)
Western Europe 181 (36.1) 151 (42.1)
Undefined 30 (6.0) 30 (8.4)
Non-European countries 89 (15.0) 76 (17.3)
Mixed origin 4 (0.7) 4 (0.9)

Patient status, n (%) 621 457
Active 366 (58.9) 366 (80.1)
Lost of follow-up 221 (35.6) 74 (16.2)
Deceased 34 (5.5) 17 (3.7)

Categories of LDSe, n (%) 631 467
CGL 99 (15.7) 79 (16.9)

CGL1 48 (48.5) 41 (51.9)
CGL2 18 (18.2) 14 (17.7)
CGL3 3 (3.0) 2 (2.5)
CGL4 8 (8.1) 7 (8.9)
PELD 4 (4.0) 0
CGL, undefined 18 (18.2) 15 (19.0)

PSGLD 19 (3.0) 14 (3.0)
Hutchinson–Gilford progeria syndrome 2 (10.5) 1 (7.1)
SHORT syndrome 3 (15.8) 3 (21.4)
Mandibuloacral dysplasia with type B lipodystrophy 1 (5.3) 0
MDPL syndrome 5 (26.3) 5 (35.7)
Atypical Werner syndrome 8 (42.1) 5 (35.7)

AGL 27 (4.3) 14 (3.0)
AGL, autoimmune 14 (51.9) 8 (57.2)
AGL, idiopathic 11 (40.7) 5 (35.7)
AGL, panniculitis 2 (7.4) 1 (7.1)

FPLD 370 (58.6) 268 (57.4)
FPLD1 84 (22.7) 59 (22.0)
FPLD2 241 (65.1) 177 (66.0)
FPLD3 20 (5.4) 13 (4.9)
FPLD4 18 (4.9) 16 (6.0)
FPLD, AKT2 associated 1 (0.3) 0
FPLD, undefined 6 (1.6) 3 (1.1)

PSPLD 9 (1.4) 6 (1.3)
Mandibuloacral dysplasia with type A lipodystrophy 3 (33.3) 3 (50.0)
Werner syndrome 6 (66.7) 3 (50.0)

APL 64 (10.1) 49 (10.5)
Barraquer–Simons syndrome 40 (62.5) 28 (57.1)
APL associated with total body irradiation and hematopoietic stem cell transplant 7 (10.9) 6 (12.2)
APL, undefined 17 (26.6) 15 (30.6)

ALLD 27 (4.3) 24 (5.1)
OTULIN-associated autoinflammatory syndrome 1 (3.7) 1 (4.2)
Drug-induced localized lipodystrophy 8 (29.6) 7 (29.2)
Idiopathic localized lipodystrophy 17 (63.0) 15 (62.5)

(continued)
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all patient groups apart from patients with progeroid syn
drome, but was the most common in patients living with 
AGL (33.3%) and FPLD1 (20.8%). Patients living with 
FPLD1 were also most likely to take pain relief medication 
(16.7%).

Metreleptin, the only disease-specific treatment, was used in 
11.6% of patients, most frequently in CGL and AGL, though 
still only 35.2% and 33.3%, respectively.

Causes of and age at death
There were 34 documented deaths, 17 in the prospective co
hort. Major adverse cardiovascular events (MACE; including 
stroke) were the most common cause of death (n = 7), fol
lowed by cancer (n = 6) and infections (n = 4). All 4 patients 
(and only them) with progressive encephalopathy with lipo
dystrophy (PELD) died from epileptic status or encephalop
athy. Additional pediatric deaths occurred in one child with 
undefined CGL, 2 with Hutchinson–Gilford progeria syn
drome, and one with AGL (8 deaths under age 18). Even after 
excluding children, patients with GLD died younger than 
those with PLD (median age at death: 49.0 years, IQR 
29.0-70.0 vs. 72.0 years, IQR 61.5-78.5). Including children, 
median age at death was 27.0 years (IQR 13.0-54.0) for GLD 
vs. 72.0 years (IQR 61.5-78.5) for PLD (Table 6).

Conclusion
We present the first cross-sectional analysis of the ECLip 
Registry. Prospective and detailed clinical data were available 
for 467 patients, representing the largest published cohort to 
date (previous largest: 292 patients from France12). This pro
vides us with the unique possibility to describe a more accurate 
picture of single subgroups and compare the same parameters 
between subgroups. Due to the international multicentric ap
proach, we minimize the effect of local accumulation of pa
tients with a specific disease form, for example, due to 
founder variants or specific research interest of individual 
centers.

FPLD was the most common subgroup, with the majority of 
patients being female, which aligns with previous findings in 
other cohorts.1,12-14 Similar to the above-mentioned French 
cohort,12 our data show a 5-fold lower rate of diagnosed 

lipodystrophy in men (Figure 2). This may in part be due to re
duced penetrance/expression of LMNA heterozygous variants 
in patients living with FPLD2, but is more likely to indicate 
underdiagnosis due to reduced socio-cosmetic pressure experi
enced by men,8 and their tendency to present with less severe 
metabolic complications, or later in life.15,16 Patients with 
GLD tended to be diagnosed earlier than those with PLD, 
and their mean age at diagnosis (13.0 years) was in accordance 
with an international study including patients from the US, 
Brazil, and Turkey (mean age at diagnosis 12.3 years17). 
Nevertheless, this is still a late time point for diagnosis, given 
that the majority of patients with GLD in our cohort had a 
congenital form, and at least in one cohort of patients with 
CGL, age at diagnosis was as low as 1 year.18 However, 
most patients were diagnosed over 10 years ago, before the 
international consensus guidelines for lipodystrophy in 
20161 raised awareness for these diseases. Together, the 
high age at diagnosis and underrepresentation of men indicate 
that lipodystrophy remains underrecognized. Raising aware
ness, particularly of atypical initial symptoms, is essential. 
Experts and registries like ECLip play a critical role in promot
ing earlier diagnosis and timely treatment.

While the first manifestation was loss of adipose tissue in the 
majority (57.9%) of all patients with GLD, surprisingly, for 5 
patients with GLD, fat accumulation was reported as the first 
symptom. This might however reflect a fat distribution mis
match rather than true accumulation.

As expected, metabolic complications were a common fac
tor among patients with FPLD, especially dyslipidemia 
(69.7%) and diabetes (57.6%). These results align with inter
national data.19,20 However, just as a former Spanish report14

we found an unexpectedly lower prevalence of diabetes in pa
tients living with GLD in our registry of “only” 40.4% com
pared to 62.5% in a Turkish cohort21 and 58.0% (diabetes 
and or insulin resistance) in the above-mentioned internation
al cohort,17 even though patients with GLD in the ECLip 
Registry were on average not younger than patients in those 
2 cohorts.

These data show that geographic aspects such as genetic 
background or diet might play an important role in the devel
opment of metabolic comorbidities in LDS and could partly 
explain the generally good metabolic control in our cohort.

Table 1. Continued

Complete ECLip cohorta 

(n = 631)
Prospective ECLip cohortb 

(n = 467)

Panniculitis-induced localized lipodystrophy 1 (3.7) 1 (4.2)
oLD 16 (2.5) 13 (2.8)

Proteasome-associated autoinflammatory syndrome 1 1 (6.3) 1 (7.7)
Donohue syndrome 1 (6.3) 1 (7.7)
Insulin receptor defect 4 (25.0) 4 (30.8)
Others, undefined 10 (62.5) 7 (53.8)

This table shows the basic characteristics of the 2 ECLip Registry cohorts.
aComplete cohort: all patients registered within the ECLip Registry at the November, 7, 2023.
bProspective cohort: complete cohort without patients with only retrospectively collected data, basic data without episode data, or without plausibility check.
cAge at start of registry (2018) for patients without baseline-episode (patient who died before the start of the registry were excluded from this analysis).
dCountries of origin were defined following the United Nations classification for continents (https://unstats.un.org/unsd/methodology/m49/).
eSubtypes of LDS according to OMIM and ORPHA codes.
AGL, acquired generalized lipodystrophy; AKT2, AKT serine/threonine kinase; ALLD, acquired localized lipodystrophy; APL, acquired partial lipodystrophy; 
BMI, body mass index; CGL, congenital generalized lipodystrophy; FPLD, familial partial lipodystrophy; MDPL, mandibular hypoplasia, deafness, progeroid 
features and lipodystrophy syndrome; n, number of patients; oLD, other forms of lipodystrophy; oFPLD, other forms of familial partial lipodystrophy not 
including type 1 and 2; OTULIN, OTU deubiquitinase with linear linkage specificity; PELD, progressive encephalopathy with lipodystrophy; PSGLD, 
progeroid syndrome associated with generalized lipodystrophy; PSPLD, progeroid syndrome associated with partial lipodystrophy; SHORT syndrome, short 
stature, hyperextensibility of joints, ocular depression, Rieger anomaly and teething delay syndrome.
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Table 3. Age at diagnosis and symptoms of first manifestation in the complete ECLip cohort.

Type of 
lipodystrophy

na Age at diagnosis Symptoms of first manifestation

Median (Q1; Q3) Lipoatrophy Accumulation of 
fat

Muscular 
hypertrophy

Diabetes Liver 
disease

Hirsutism Infertility

n (%b) n (%b) n (%b) n (%b) n (%b) n (%b) n (%b)

GLD 133 13.0 (3.0; 32.0) 84 (63.2) 5 (3.8) 26 (19.6) 31 (23.3) 20 (15.0) 4 (3.0) 2 (1.5)
CGL 92 13.5 (1.0; 30.0) 55 (59.8) 1 (1.1) 24 (26.1) 27 (29.4) 14 (15.2) 4 (4.4) 1 (1.1)
PSGLD 18 14.5 (9.0; 39.0) 13 (72.2) 3 (16.7) 0 0 1 (5.6) 0 0
AGL 23 8.0 (4.0; 34.0) 16 (69.6) 1 (4.4) 2 (8.7) 4 (17.4) 5 (21.7) 0 1 (4.4)
PLD 367 40.0 (23.0; 55.0) 200 (54.5) 115 (31.3) 68 (18.5) 86 (23.4) 21 (5.7) 22 (6.0) 11 (3.0)
FPLD1 68 53.0 (39.5; 64.5) 23 (33.8) 30 (44.1) 7 (10.3) 22 (32.4) 5 (7.4) 2 (2.9) 3 (4.4)
FPLD2 197 38.0 (23.0; 53.0) 116 (58.9) 61 (31.0) 51 (25.9) 41 (20.8) 9 (4.6) 14 (7.1) 5 (2.5)
oFPLD 35 47.0 (33.0; 55.0) 15 (42.9) 11 (31.4) 8 (22.9) 13 (37.1) 3 (8.6) 4 (11.4) 3 (8.6)
PSPLD 9 27.0 (20.0; 36.0) 7 (77.8) 1 (11.1) 0 2 (22.2) 1 (11.1) 0 0
APL 58 25.0 (11.0; 45.0) 39 (67.2) 12 (20.7) 2 (3.5) 8 (13.8) 3 (5.2) 2 (3.5) 0
ALLD 25 44.0 (30.0; 55.0) 21 (84.0) 1 (4.0) 0 6 (24.0) 0 0 0
oLD 10 31.0 (18.0; 71.0) 5 (50.0) 4 (40.0) 0 5 (50.0) 1 (10.0) 1 (10.0) 0

This table shows age at diagnosis and reported symptoms of first manifestation of patients with LDs in the complete ECLip cohort categorized by disease 
subgroups.
AGL, acquired generalized lipodystrophy; ALLD, acquired localized lipodystrophy; APL, acquired partial lipodystrophy; CGL, congenital generalized 
lipodystrophy; FPLD1, familial partial lipodystrophy type 1; FPLD2, familial partial lipodystrophy type 2; GLD, generalized forms of lipodystrophy; n, number 
of patients; oLD, other forms of lipodystrophy; oFPLD, other forms of familial partial lipodystrophy not including type 1 and 2; PLD, partial forms of 
lipodystrophy; PSGLD, progeroid syndrome associated with generalized lipodystrophy; PSPLD, progeroid syndrome associated with partial lipodystrophy.
aNumber of patients for whom any question of any of the here mentioned symptoms of first manifestation and age of diagnosis has been answered.
bPercentage of patients in this subgroup in whom this symptom was one of the first manifestations. Multiple answers were possible for symptom of first 
manifestation; therefore, percentage in each line might add up to more than 100%.

Figure 3. Age at diagnosis in the different lipodystrophy subtypes. The data represent age at diagnosis in all patients in the complete ECLip cohort, 
differentiated by subtypes. The data are shown as cumulative percentage. AGL, acquired generalized lipodystrophy; ALLD, acquired localized 
lipodystrophy; APL, acquired partial lipodystrophy; CGL, congenital generalized lipodystrophy; FPLD, Familial partial lipodystrophy; oLD, other forms of 
lipodystrophy; oFPLD, other forms of familial partial lipodystrophy not including type 1 and 2; PSGLD, progeroid syndrome associated with generalized 
lipodystrophy; PSPLD, Progeroid syndrome associated with partial lipodystrophy.
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Though patients with FPLD2 did not show increased cardi
ometabolic risk factors compared to the other subgroups, they 
showed the highest prevalence of ischemic cardiomyopathy. 
This premature and severe atherosclerosis has been proposed 
to arise from developmental alterations due to mesodermal 
and endothelial differentiation defects.22 Overall, however, 
patients with PLD tended to display less cardiac comorbid
ities (20.6%) compared to patients with GLD (36.4%). 
Patients with GLD showed a particularly high rate of cardio
myopathy (dilated and hypertrophic) of 20.2% which lay, 
for example, above the prevalence rate in the Turkish cohort 
(13.9%).21 However, in a National Institute of Health 
(NIH) study23 formally studying cardiac phenotype in pa
tients with GLD, an even higher rate of increased left ven
tricular mass/hypertrophic cardiomyopathy of 55% was 
found, indicating that cardiomyopathy might be an under
diagnosed comorbidity.

The most commonly used drugs in the registry were non- 
insulin glucose-lowering drugs (50.0%), lipid-lowering agents 
(44.2%), antihypertensive treatment/cardiovascular drugs 
(41.4%), and insulin (29.3%), reflecting the importance of 
managing metabolic complications. Metreleptin, the only 
LD specific medication, was used only by 29.1% of GLD pa
tients and 7.3% of PLD patients at baseline, despite approval 
from the European Medicines Agency (EMA) for most of these 
patients, possibly due to the acceptable metabolic control 
achieved in many patients in our cohort even without metre
leptin treatment or maybe due to health insurance or local 
regulatory limitations. Furthermore, the visit analyzed in this 
data set presented the first visit to a specialized center for 
many patients thus they might have been started on metrelep
tin shortly after this visit.

Despite the fact that we see a fairly good metabolic control 
in our cohort, this did not translate into a median higher age at 
death. The mean age at death in patients with GLD (49.0 years 
after excluding the children) and PLD (72.0 years) was re
markably similar to those reported (51 and 67 years, respect
ively) by the large international, multicenter study.17 This 
indicates that we might also have a similar rate of death com
pared to other cohorts. Future analyses are required to under
stand why this might be the case, and how we can improve 
care to increase life expectancy of our patients.

Psychosocial repercussions also presented a huge burden of 
disease in patients with LD in our cohort with comparable 
prevalence rates between patients with PLD and GLD (27.3 
vs. 26.3%). While the prevalence of chronic pain was compar
able between our registry (17.5%) and other studies (19.4% 
QuaLip study,24 25% in an Italian cohort25), the rates of re
ported depression varied widely between these cohorts 
(6.8% QuaLip study,24 14.9% ECLip Registry, 37.5% in 
the Italian cohort25). So we see that while it is possible to 
achieve acceptable metabolic control in patients living with 
lipodystrophy, we should not underestimate the psycho-social 
burden of the disease. For the future, we urgently need 
lipodystrophy-specific patient-reported outcome measures to 
systematically assess quality of life, pain, and psychological 
disorders accompanying LDS.

Strengths of our study include standardized and prospective 
data collection, continuous data monitoring, and diagnosis 
updates. Limitations include varied clinical assessments by dif
ferent physicians and lack of treatment recommendations for 
all subgroups. However, cooperation within the ECLip 
Registry fostered alignment in treatment approaches.T

ab
le

 4
. 

C
on

tin
ue

d

C
G

L
 

n 
=

 7
6a

PS
G

L
D

 
n 

=
 1

3a
A

G
L

 
n 

=
 1

2a
FP

L
D

1 
n 

=
 5

6a
FP

L
D

2 
n 

=
 1

51
a

oF
PL

D
 

n 
=

 3
0a

PS
PL

D
 

n 
=

 6
a

A
PL

 
n 

=
 4

6a
A

L
L

D
 

n 
=

 2
4a

oL
D

 
n 

=
 1

3a

M
ed

ia
n 

(Q
1;

 Q
3)

M
ed

ia
n 

 
(Q

1;
 Q

3)
M

ed
ia

n 
 

(Q
1;

 Q
3)

M
ed

ia
n 

 
(Q

1;
 Q

3)
M

ed
ia

n 
 

(Q
1;

 Q
3)

M
ed

ia
n 

 
(Q

1;
 Q

3)
M

ed
ia

n 
 

(Q
1;

 Q
3)

M
ed

ia
n 

 
(Q

1;
 Q

3)
M

ed
ia

n 
(Q

1;
 Q

3)
M

ed
ia

n 
(Q

1;
 Q

3)

T
SH

 (
m

U
/L

) 
n 

=
 3

06
b

2.
0 

(1
.4

; 3
.3

)
1.

8 
(1

.3
; 2

.2
)

1.
5 

(1
.1

; 1
.9

)
1.

7 
(1

.1
; 2

.4
)

1.
8 (1

.1
; 2

.4
)

1.
4 

(0
.9

; 2
.1

)
2.

1 
(0

.9
; 4

.2
)

1.
7 

(1
.2

; 2
.8

)
1.

7 
(1

.2
; 2

.9
)

1.
9 

(1
.2

; 2
.4

)

T
he

 t
ab

le
 s

ho
w

s 
th

e 
di

st
ri

bu
ti

on
 o

f s
el

ec
te

d 
la

bo
ra

to
ry

 p
ar

am
et

er
s 

ac
co

rd
in

g 
to

 t
he

 d
if

fe
re

nt
 li

po
dy

st
ro

ph
y 

su
bg

ro
up

s 
in

 m
ed

ia
n 

an
d 

in
te

rq
ua

rt
ile

 r
an

ge
s.

 O
nl

y 
la

bo
ra

to
ry

 v
al

ue
s 

w
it

h 
da

ta
 f

ro
m

 m
or

e 
th

an
 3

 p
at

ie
nt

s 
av

ai
la

bl
e 

ar
e 

di
sp

la
ye

d.
A

G
L

, a
cq

ui
re

d 
ge

ne
ra

liz
ed

 li
po

dy
st

ro
ph

y;
 A

L
L

D
, a

cq
ui

re
d 

lo
ca

liz
ed

 li
po

dy
st

ro
ph

y;
 A

L
T

, a
la

ni
ne

 a
m

in
ot

ra
sf

er
as

e;
 A

PL
, a

cq
ui

re
d 

pa
rt

ia
l l

ip
od

ys
tr

op
hy

; A
ST

, a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; C
G

L
, c

on
ge

ni
ta

l g
en

er
al

iz
ed

 
lip

od
ys

tr
op

hy
; C

K
, c

re
at

in
e 

ki
na

se
; F

PL
D

1,
 f

am
ili

al
 p

ar
ti

al
 li

po
dy

st
ro

ph
y 

ty
pe

 1
; F

PL
D

2,
 f

am
ili

al
 p

ar
ti

al
 li

po
dy

st
ro

ph
y 

ty
pe

 2
; G

L
D

, g
en

er
al

iz
ed

 f
or

m
s 

of
 li

po
dy

st
ro

ph
y;

 H
b,

 h
em

og
lo

bi
n;

 H
bA

1c
, h

em
og

lo
bi

n 
A

1c
; 

H
D

L
, h

ig
h-

de
ns

it
y 

lip
op

ro
te

in
s;

 h
sC

R
P,

 h
ig

h-
se

ns
it

iv
it

y 
C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 L

D
L

, l
ow

-d
en

si
ty

 li
po

pr
ot

ei
ns

; n
, n

um
be

r 
of

 p
at

ie
nt

s;
 o

FP
L

D
, o

th
er

 fo
rm

s 
of

 fa
m

ili
al

 p
ar

ti
al

 li
po

dy
st

ro
ph

y 
no

t i
nc

lu
di

ng
 ty

pe
 1

 a
nd

 2
; P

L
D

, 
pa

rt
ia

l f
or

m
s 

of
 li

po
dy

st
ro

ph
y;

 P
SG

L
D

, p
ro

ge
ro

id
 s

yn
dr

om
e 

as
so

ci
at

ed
 w

it
h 

ge
ne

ra
liz

ed
 li

po
dy

st
ro

ph
y;

 P
SP

L
D

, p
ro

ge
ro

id
 s

yn
dr

om
e 

as
so

ci
at

ed
 w

it
h 

pa
rt

ia
l l

ip
od

ys
tr

op
hy

; P
T

H
, p

ar
at

hy
ro

id
 h

or
m

on
e;

 T
SH

, t
hy

ro
id

 
st

im
ul

at
in

g 
ho

rm
on

e;
 W

B
C

, w
hi

te
 b

lo
od

 c
el

ls
; γ

G
T

, g
am

m
a-

gl
ut

am
yl

 t
ra

ns
fe

ra
se

.
a N

um
be

r 
of

 p
at

ie
nt

s 
in

 t
hi

s 
su

bg
ro

up
 w

it
h 

an
y 

la
bo

ra
to

ry
 d

at
a 

av
ai

la
bl

e.
b
T

ot
al

 n
um

be
r 

of
 p

at
ie

nt
s 

fo
r 

w
ho

m
 t

hi
s 

sp
ec

ifi
c 

la
bo

ra
to

ry
 v

al
ue

 w
as

 a
va

ila
bl

e.
c T

re
at

m
en

t 
re

fe
rr

in
g 

to
 in

su
lin

 o
r 

no
n-

in
su

lin
 g

lu
co

se
-l

ow
er

in
g 

dr
ug

s.
d
In

 p
at

ie
nt

s 
no

t 
in

su
lin

 t
re

at
ed

.
e T

re
at

m
en

t 
re

fe
rr

in
g 

to
 n

on
-i

ns
ul

in
 g

lu
co

se
-l

ow
er

in
g 

dr
ug

s 
(p

at
ie

nt
s 

tr
ea

te
d 

w
it

h 
in

su
lin

 w
er

e 
co

m
pl

et
el

y 
ex

cl
ud

ed
 f

ro
m

 t
hi

s 
an

al
ys

is
).

f T
re

at
m

en
t 

re
fe

rr
in

g 
to

 fi
br

at
es

.
g In

 p
at

ie
nt

s 
no

t 
le

pt
in

 t
re

at
ed

.
h
W

it
ho

ut
 c

hi
ld

re
n 

an
d 

ad
ol

es
ce

nt
s.

Ceccarini et al.                                                                                                                                                                                                   597
D

ow
nloaded from

 https://academ
ic.oup.com

/ejendo/article/193/5/585/8305425 by guest on 08 January 2026



Conclusion
The ECLip Registry provides a comprehensive dataset on 
patients living with LD, highlighting the importance 
of geographic and genetic factors in metabolic comorbid
ities as well as emphasizing the need for improved diagno
sis and awareness. Despite achieving good metabolic 
control in many patients, the psychosocial burden of LD 
remains significant. To reduce mortality and improve 

quality of life for patients with LDS, future research 
must focus on early diagnosis, increasing access to ad
equate therapies, and addressing the psychological chal
lenges. Additionally, the ECLip Registry’s extensive 
dataset offers a unique resource for future research and 
the refinement of clinical guidelines aimed at improving 
patient outcomes.

Figure 4. Prevalence of comorbidities according to subgroup. The figure shows the prevalence of selected comorbidities at baseline for the patients in 
the prospective ECLip cohort differentiated by lipodystrophy subtype. AGL, acquired generalized lipodystrophy; ALLD, acquired localized lipodystrophy; 
APL, acquired partial lipodystrophy; CGL, congenital generalized lipodystrophy; FPLD, familial partial lipodystrophy; MAFLD, metabolic dysfunction 
associated liver disease; MASH, metabolic dysfunction associated steatotic hepatitis; oLD, other forms of lipodystrophy; oFPLD, other forms of familial 
partial lipodystrophy not including type 1 and 2; PSGLD, progeroid syndrome associated with generalized lipodystrophy; PSPLD, progeroid syndrome 
associated with partial lipodystrophy.
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