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Abstract 

Generalized and partial lipodystrophy are rare and complex diseases with progres-
sive clinical and humanistic burdens stemming from selective absence of subcuta-
neous adipose tissue, which causes reduced energy storage capacity and a deficiency 
of adipokines such as leptin. Treatment options were limited before leptin replacement 
therapy (metreleptin) became available. This retrospective study evaluates both clinical 
and humanistic consequences of the disease and treatment.
Chart data were abstracted from a cohort of metreleptin-treated patients with general-
ized and partial lipodystrophy (n = 112) treated at the US National Institutes of Health. 
To quantify the quality-of-life consequences of the lipodystrophy disease attributes re-
corded in chart data, a discrete choice experiment was completed in 6 countries (US, 
n = 250; EU, n = 750). Resulting utility decrements were used to estimate the quality-
adjusted life-year consequences of changes in lipodystrophy attribute prevalence before 
and after metreleptin.
In addition to metabolic impairment, patients with generalized and partial lipodystrophy 
experienced a range of lipodystrophy consequences, including liver abnormality (94%), 
hyperphagia (79%), impaired physical appearance (77%), kidney abnormality (63%), re-
productive dysfunction (80% of females of reproductive age), and pancreatitis (39%). 
Improvement was observed in these attributes following initiation of metreleptin. 
Quality-adjusted life-year gains associated with 12 months of treatment with metreleptin 
were estimated at 0.313 for generalized and 0.117 for partial lipodystrophy, reducing the 
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gap in quality of life between untreated lipodystrophy and perfect health by approxi-
mately 59% and 31%, respectively.
This study demonstrates that metreleptin is associated with meaningful clinical and 
quality-of-life improvements.

Key Words: lipodystrophy, leptin, metreleptin, metabolic syndrome, patient outcomes, quality of life

Lipodystrophy syndromes are a heterogeneous cluster of 
complex, life-threatening, rare diseases with prevalence 
generally estimated to be below 10 cases/million [1, 2]. A re-
cent US medical chart review estimated clinical prevalence 
as high as 1 in 20 000 individuals and genetic prevalence 
of approximately 1 in 7000 individuals, possibly indicating 
that diagnosis rates have been low and that prevalence could 
be higher than previously estimated [1-3]. Lipodystrophy 
syndromes result in numerous adverse health consequences 
due to the selective absence of subcutaneous adipose tissue, 
resulting in reduced energy storage capacity, inappropriate 
lipid storage in muscle, the liver, and other organs, and low 
levels of adipokines such as leptin [4-6]. Lipodystrophy 
syndromes may lead to deficiency of nearly all adipose 
tissue (generalized lipodystrophy, GL), or selected adi-
pose depots may be missing, with other depots preserved 
(partial lipodystrophy, PL). Patients are at significant risk 
of developing metabolic problems, including elevated tri-
glycerides, severe insulin resistance, and impaired glycemic 
control, and abnormalities in multiple organs, including the 
liver, kidneys, and heart, as well as increased risk of pancrea-
titis [2, 7-11]. Additional impairments may arise that affect 
patient quality of life and well-being such as hyperphagia, 
and female reproductive issues (eg, infertility, polycystic 
ovarian syndrome), and changes to physical appearance 
[2, 9]. Lipodystrophy syndromes can affect patients from a 
very early age, progressively worsening throughout life due 
to complications of primary disease symptoms and possibly 
leading to premature mortality [2, 4, 12]. Given the burden 
of disease, there is an urgent need for safe and effective 
treatments for lipodystrophy syndromes.

Lipodystrophy syndromes are associated with reduced 
levels of leptin, a hormone produced in adipose tissue 
that is involved in the regulation of energy homeostasis, 
neuroendocrine function, metabolism, and immune func-
tion through its effects on the central nervous system and 
peripheral tissues [13-15]. Because leptin is secreted in pro-
portion to adipose tissue mass, patients with GL and PL 
often have low leptin levels, which have been implicated 
as a contributor to lipodystrophy-associated metabolic ab-
normalities [2, 9]. Recombinant human methionyl leptin 
(metreleptin) is approved as an adjunct to diet to treat the 
complications of leptin deficiency in patients with GL (US, 
EU, Japan) and PL (EU and Japan) [16, 17]. Single-arm 

open-label studies have indicated that metreleptin can re-
duce the severity of multiple metabolic abnormalities in 
patients with lipodystrophy, including hyperglycemia, 
hypertriglyceridemia, and hepatic steatosis [6, 8, 18-28].

While the attributes of lipodystrophy syndromes with 
potential to impair quality of life have been documented 
previously, changes in these attributes following initiation 
of metreleptin therapy have not been as extensively de-
scribed [25, 29]. Further, information on the quality of life 
of patients with lipodystrophies is limited. Dhankar et al 
evaluated the health-related quality of life in a registry of 
patients who self-identified as having lipodystrophies, pri-
marily PL [30]. This analysis, however, did not report con-
trolling for metreleptin treatment status.

Given the lack of published evidence on the quality 
of life of patients with lipodystrophy and the potential 
quality-of-life benefits associated with metreleptin, this 
retrospective study assessed patients with GL and PL before 
and after metreleptin therapy at the National Institutes of 
Health (NIH). Data on changes in prevalence and severity 
of specific disease attributes (eg, hyperphagia, pancreatitis, 
inability to work) were extracted from medical records 
maintained at NIH. In order to quantify the quality-of-life 
effect of metreleptin therapy in the NIH-treated patients, 
this study derived utility values through a discrete choice 
experiment in which respondents assessed the quality-of-
life impact of known lipodystrophy attributes.

Methods

Study Design

This study estimated the quality-of-life impact of 
metreleptin on patients with lipodystrophy by utilizing (1) 
medical chart data on changes in lipodystrophy disease at-
tributes from patients treated at NIH; and (2) data on the 
quality-of-life impact of those attributes from a discrete 
choice experiment conducted in healthy subjects without 
lipodystrophy. Data on changes in the prevalence and 
severity of each complication of lipodystrophy were ex-
tracted from medical records collected during ongoing clin-
ical studies of metreleptin in patients with lipodystrophy 
at NIH [29]. The prevalence of specific disease attributes 
was assessed before the patients started metreleptin and 
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after 1 year of treatment. Improvement after 1 year in each 
attribute was evaluated among patients in whom the attri-
bute was present before metreleptin treatment. A discrete 
choice experiment, in which respondents chose between 2 
hypothetical health profiles that differed in levels of im-
pairment and life expectancy, was conducted to determine 
the utility decrements associated with various character-
istics of lipodystrophy syndromes. The utility decrements 
from the discrete choice experiment were combined with 
data on prevalence of attributes before and after 1 year of 
treatment with metreleptin to assess overall quality-of-life 
consequences of GL and PL and the impact of metreleptin 
on quality-adjusted life years (QALYs). The QALY is a 
measure of the value of health outcomes where the change 
in utility induced by the treatment is multiplied by the dur-
ation of the treatment effect [31]. Utilities of health states 
are generally expressed on a scale ranging from 0 to 1, in 
which 0 represents the utility of the state “death” and 1 the 
utility of a state lived in “perfect health”.

Data Sources

NIH chart review
Medical chart data were extracted for a total of 112 patients 
with GL or PL who received treatment with metreleptin; 
105 of these patients were prospectively enrolled in clinical 
trial NCT00005905 and follow-up study NCT00025883 
from 2000 to 2014, which were both single-arm, inter-
ventional, phase 2 studies conducted at NIH to evaluate 
the safety and effectiveness of leptin replacement therapy 
with metreleptin in patients with lipodystrophy [8, 25]. The 
other 7 patients were enrolled in trial NCT01778556, a 
nonrandomized, parallel group study that started in 2013 
and assessed the short-term effects of leptin initiation or 
withdrawal in patients with lipodystrophy [26]. Subjects 
in all 3 studies were aged ≥6  months, had clinically sig-
nificant lipodystrophy, circulating leptin levels <12.0  ng/
mL in females and <8.0 ng/mL in males, and one or more 
metabolic abnormalities, including diabetes mellitus de-
fined per American Diabetes Association criteria, insulin 
resistance (fasting insulin  >  30  μU/mL [215 pmol/L]), or 
hypertriglyceridemia (fasting triglyceride > 200 mg/dL) [32, 
33]. Vital signs, laboratory assessments, anthropometric 
and metabolic measures, measures of vital organ function, 
metreleptin use, and medical history were recorded at base-
line and at scheduled post-baseline visits. Clinical values 
were collected at baseline and during follow-up visits at 1, 
2, 4, 6, 8, and 12 months after therapy start [8, 25]. A chart 
review was conducted to capture the prevalence of disease 
attributes before and after treatment with metreleptin, ex-
tracting the ongoing health data that were collected system-
atically over the course of these patients’ study participation 

at NIH. Data were collected from the start of metreleptin 
treatment and at each of the follow-up visits, whether or 
not the patients continued or discontinued metreleptin.

Data from all metreleptin-treated patients were available 
from the date of study enrollment until death or censoring.

Patient data were extracted by trained abstractors in 
2017 and were confirmed by NIH study investigators. 
Patient demographics and clinical characteristics obtained 
from medical records included age at start of observation, 
age at first symptoms, gender, lipodystrophy diagnosis (GL 
or PL), the number of organs with abnormalities (among 
the heart, liver, and kidney), and the presence or absence 
of liver abnormalities, kidney abnormalities, heart abnor-
malities, episodes of pancreatitis, elevated hemoglobin A1c 
(HbA1c) (defined as ≥6.5%), and hypertriglyceridemia 
(defined as ≥200 mg/dL) [34, 35]. The dates of diagnosis 
for each organ abnormality, episode of pancreatitis, ele-
vated HbA1c, and date of death (if applicable), were also 
collected.

Discrete choice experiment
Because chart data from patients seen at NIH did not in-
clude quality-of-life measures, a separate study was con-
ducted to evaluate the quality-of-life impact of disease 
attributes associated with lipodystrophy syndromes.

An online discrete choice experiment was imple-
mented through a market research firm, Survey Sampling 
International (SSI). Data gathered in the discrete choice 
experiment covered attributes determined to be potential 
consequences of lipodystrophy syndromes in consultation 
with clinical experts. Standardized information on each at-
tribute was described in a tutorial reviewed by participants.

Screening criteria for study participants included: 
age ≥ 18 years and education ≥ elementary/primary school. 
One thousand survey responses were collected: 250 re-
spondents from the United States and 150 respondents 
each from France, Germany, Italy, Spain, and the United 
Kingdom. Quotas for the final sample were set to match 
census data (US) or Eurostat data on gender, age, and edu-
cation [36-43]. For participant responses to be considered 
usable, time spent reading through the tutorial slides of ≥ 
4 minutes and correct answers for tutorial comprehension 
questions were required. Information on participant char-
acteristics, including demographics and health conditions, 
was collected.

A total of 146 distinct choice cards were constructed with 
2 hypothetical health scenarios on each choice card; these 
choice cards were randomly divided into 12 groups. Each 
group included 14 choice cards, 12 of which were unique to 
the group, and 2 of which were included in all groups to assess 
the consistency of responses. Each choice card included 12 of 
20 attributes with varying levels of severity. Each respondent 
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was randomly assigned to 1 of the 12 groups and shown the 
14 choice cards within the group in a random order. A frac-
tional factorial design was chosen to reduce study complexity. 
Respondents were then asked to choose a preferred scenario 
between the 2 options presented on each choice card, given 
the attributes and levels presented.

The 2 alternative hypothetical health profiles presented 
on each choice card were characterized by attribute impair-
ments and life expectancy. Respondents were informed of 
the attributes and levels used to define the 2 health profiles, 
including age (at which impairment is experienced), organ 
damage and its speed of progression, triglyceride control, 
lymphoma, uncontrollable constant hunger (hyperphagia), 
depression, and chronic pain, among others, each with 2 
to 4 levels (Table 1). The list of attributes included “life 
expectancy (expected age at death)” to articulate that the 
health status scenarios were for a life-threatening condi-
tion, as well as to facilitate estimation of QALY values. 
Targeted literature review and consultations with clinical 
experts at Addenbrooke’s Hospital in the United Kingdom 
and NIH in the United States were conducted to con-
struct the hypothetical scenarios relevant to lipodystrophy 
health states.

Statistical Analyses

Analyses were conducted to examine changes in outcomes/
disease progression before and after the start of metreleptin 
treatment and at each of the follow-up visits whether or not 
the patients continued metreleptin. Definitions of prevalence 
at baseline and after treatment are described in Table 2.

Measuring improvement
To capture the effect of metreleptin in improving clinical 
signs and symptoms of lipodystrophy over time, definitions 
of improvement were specified based on expert opinion 
and published evidence. Improvement was only evaluated 
among patients reporting the abnormality or attribute be-
fore treatment with metreleptin.

For organ abnormalities (heart, liver, kidney), improve-
ment from baseline was analyzed at 1 year after metreleptin 
initiation. For pancreatitis, the presence of pancreatitis 
events pre- vs post-metreleptin was analyzed. For non-
organ-based signs and symptoms of lipodystrophy, pre- and 
post-metreleptin clinical status was compared. For labora-
tory values, “baseline” values are the average of all meas-
urements captured within 0.5  years prior to metreleptin 
initiation up to 1 week post-metreleptin initiation, except 
for triglycerides and HbA1c, which were manually adjudi-
cated as the closest laboratory value prior to metreleptin 
initiation. The long-term efficacy and safety studies of 

metreleptin in patients with GL and PL by Brown et al and 
Oral et al, respectively, have previously reported significant 
reductions in triglyceride levels after metreleptin treatment 
[25, 44]. Both baseline and follow-up data were required 
to be available to include a patient in the assessment of 
each abnormality, with total N for each noted below. For 
organ abnormalities (heart, kidney, liver), if a new abnor-
mality arose in that organ during the first 1.5  years of 
metreleptin treatment, that organ was not considered to 
be improved, even if the patient otherwise met criteria for 
organ improvement.

Definitions of improvement are presented in Table 2.

Estimation of utility decrements
Data from the discrete choice experiment were used to es-
timate a conditional logit model, which assumes that in-
dividuals derive utility from spending time in particular 
health states [45-48]. Under the framework used, re-
spondents are assumed to maximize their utility with their 
choices. The utility function subtracts the sum of the utility 
impairment associated with each disease attribute from the 
utility of a year spent in perfect health and then applies 
this value to the individual’s remaining life. A binary vari-
able indicating the choice card scenario with the most life 
remaining and a binary variable indicating the choice card 
scenario with the most impairments were introduced into 
the estimation equation to reduce the bias stemming from 
respondents possibly using simple heuristic rules (such as 
always choose the scenario with the least impairments, 
or always choose scenarios with more life remaining). An 
error term following the Type 1 Extreme Value distribution 
was also included. Standard errors were clustered at the 
respondent level.

Utility decrements associated with each attribute were 
estimated using an approach similar to Bansback et al [46]. 
The utility decrements were computed as follows:

Utility decrement of attribute i =
βi

β0

where βi is the regression coefficient for attribute i and β0is 
the coefficient on years of life remaining. These decrements 
were further rescaled in a proportional manner such that the 
QALY value of the worst possible health state in the study 
(when all 18 dimensions of utility are maximally impaired) 
equals the estimated QALY value of the worst possible health 
state in the UK’s EQ-5D-3L tariff: −0.594 QALYs [49].

The utility decrements from the discrete choice experiment 
data analysis were combined with data on prevalence of attri-
butes before and after 1 year of metreleptin, to assess overall 
quality-of-life consequences of GL and PL, and the impact of 
metreleptin on QALYs using the following formula:
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QALY Gain (or loss)

=
∑
i

Rescaled Utility Decrementi

× Prevalence Differencei

Because the utility survey evaluated a limited number of 
discrete states in each disease attribute (eg, absent or pre-
sent), it is possible that clinically meaningful improvement 
in certain attributes could have been experienced by a pa-
tient but would not be reflected in the estimation of that 
patient’s post-metreleptin utility. Changes in utility are only 

Table 1. Outcome measures

Collected from NIH patient charts Discrete choice experiment

Cardiovascular profile Heart damage: Present / Absent
 Vital signs (eg, blood pressurea)
 Clinical signs, symptoms, or diagnoses of heart abnormality, 

including hypertrophy and dilation of ventricle/atrium

Chronic or acute pancreatitis Pancreas damage: Present / Absent

HbA1c laboratory values Impaired blood sugar control: Partial control / No controlb,c

History of work / school attendance Able/Unable to attend work/school 

Hyperphagia assessed by clinician Hyperphagia: Present / Absent

Impaired physical appearance Impaired physical appearance: Present / Absent

Irregular menstruation, PCOS Disruption to female reproductive system:
No damage / Polycystic ovary syndrome / Infertility

Kidney profile Kidney damage: Present / Absent
 Laboratory values (eg, 24-hour protein excretiond)
 Clinical signs, symptoms, or diagnoses of kidney 

abnormality including proteinuria, enlarged 
kidneys, nephropathy, hydronephrosis, renal disease, 
nephromegaly, renal failure, renal calculus, and 
glomerulosclerosis

Liver profile Liver damage: Present / Absent
  Laboratory values (eg, alanine aminotransferase [ALT], 

aspartate transaminase [AST])e

 Clinical signs, symptoms, or diagnoses of liver abnormality, 
including hepatic steatosis and hepatomegaly

Signs of worsening heart, liver, or kidney profile Progression of organ damage: No change / Slow / Fast

Fasting plasma triglyceride Triglyceride (blood fat) control: Partial control / No controla,f

No analogous attribute Amputation: Present / Absent
Chronic pain: Present / Absent
Depression: Present / Absent
Neuropathy: Present / Absent
Retinopathy: Present / Absent
Loss of response to treatment: Standard risk / Increased risk
Lymphoma: Standard risk / Increased risk

aA patient is considered to be hypertensive at baseline if the patient is categorized as Stage 2 hypertension (systolic ≥160 mm Hg or diastolic ≥100 mm Hg), Stage 
1 hypertension (systolic ≥140 mm Hg and <160 mm Hg; or diastolic ≥90 mm Hg and <100 mm Hg), or prehypertensive (systolic ≥120 mm Hg and <140 mm Hg; 
or diastolic ≥80 mm Hg and <90 mm Hg). Normal blood pressure is systolic <120 mm Hg and diastolic <100 mm Hg.
bDisease attributes were presented in layman’s terms for ease of comprehension.
cPatients with HbA1c values > 6.5% and ≤8% were considered as patients with “partial control” of blood sugar and patients with HbA1c values >8% were 
considered as patients with “no control” of blood sugar.
dElevated 24-hour protein excretion is considered patients with a baseline laboratory value of >150 mg.
eElevated ALT (females, >50 U/L; males > 66 U/L) and AST (>40 U/L) are patients with a baseline laboratory value of >2× normal levels.
f Patients with triglyceride values > 200 mg/dL and ≤500 mg/dL were considered as patients with “partial control” of triglyceride levels and patients with triglyc-
eride values of >500 mg/dL were considered as patients with “no control” of triglyceride levels.
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assigned to those patients in whom the full state change 
tested in the utility study was observed.

Results

Baseline Characteristics

A total of 112 patients were included in this study. Baseline 
characteristics are presented in Table 3. The mean age 
of first lipodystrophy symptom and at metreleptin initi-
ation was 13.4 years and 24.3 years, respectively. Most 
patients were female (83%) and Caucasian (63.8%) 
and had congenital GL (42.9%) or familial partial 
lipodystrophy (FPL) (33.9%). Mean baseline HbA1c 
was 8.4%, geometric mean triglycerides 531.9  mg/dL, 
and leptin 3.3 ng/mL. A minority of patients had base-
line HbA1c <6.5% and triglyceride levels <200 mg/dL, 
25.2% and 19.1% respectively. Most patients were being 
treated with antidiabetic (89.3%) and/or triglyceride-
lowering (51.8%) medications, while 31.3% of patients 

were being treated with antihypertensive medications at 
baseline. Patients in this study presented with an array 
of lipodystrophy disease attributes (Tables 4 and 5), 
including liver abnormality (94%), hyperphagia (79%), 
impaired physical appearance (77%), elevated urine pro-
tein excretion (41%), kidney abnormality (63%), hyper-
tension (54%), and elevated alanine aminotransferase 
(ALT) (51%) and aspartate aminotransferase (AST) 
(43%). Additionally, 80% of females of reproductive age 
(n = 56) experienced reproductive dysfunction. Patients 
with GL more frequently experienced elevated protein 
excretion (50% vs 27% of patients with PL), inability to 
work/attend school (57% vs 20%), hyperphagia (82% vs 
72%), and elevated ALT (66% vs 27%), kidney abnor-
malities (68% vs 57%), and AST (56% vs 23%). A larger 
proportion of patients with PL experienced pancreatitis 
(52% vs 31%), disruption of female reproductive func-
tion (55% vs 31%), and hypertension (59% vs 51%). 
A  comparable proportion of patients with GL and PL 
experienced liver abnormalities (93% vs 95%).

Table 3. Baseline characteristics

All Patients N = 112 GL Patients N = 68 PL Patients N = 44

Baseline information, n (%)    
Age at first GL/PL symptomsa    
 Years, mean (SD) 13.4 (11.2) 8.8 (7.1) 20.1 (12.6)
 Years, [median] {Q1–Q3} [12] {7–17} [9] {2–13} [17] {13–24}
Age at metreleptin initiation    
 Years, mean (SD) 24.3 (15.4) 17.5 (11.4) 34.6 (15.2)
 Years, [median] {Q1–Q3} [18] {14–35} [15] {12–20} [35] {19–46}
Type of lipodystrophy, n (%)b    
 Acquired generalized lipodystrophy 20 (17.9) 20 (29.4) –
 Acquired partial lipodystrophy 6 (5.4) – 6 (13.6)
 Congenital generalized lipodystrophy 48 (42.9) 48 (70.6) –
 Familial partial lipodystrophy 38 (33.9) – 38 (86.4)
Laboratory values, mean (SD)    
 HbA1c, %c 8.4 (2.3) 8.7 (2.3) 8 (2.2)
 Triglycerides, mg/dLd,e 531.9 (228–1219) 545.2 (220–1251) 512.5 (244–841)
 Leptin, ng/mLf 3.3 (3.4) 1.3 (1) 6.4 (3.5)
Any baseline antidiabetic medication, n (%)g 100 (89.3) 57 (83.8) 43 (97.7)
Any triglyceride-lowering medication, n (%)g 58 (51.8) 28 (41.2) 30 (68.2)
Any antihypertensive medication, n (%)g 35 (31.3) 18 (26.5) 17 (38.6)

Abbreviations: GL, generalized lipodystrophy; HbA1c, glycated hemoglobin; PL, partial lipodystrophy.
aAge at first GL/PL symptoms is the earliest age at which there was evidence of a GL/PL issue (N = 108; 64 GL and 44 PL patients).
bPatients had the following genotypes: AGPAT-2 (n = 26), BSCL2 (n = 15), LMNA (n = 27), PPAR-G (n = 9), or Not Available (n = 9). Additional data on genotype-
specific results can be found in Chong et al. and Sekizkardes et al [67, 68].
cBaseline HbA1c laboratory values are sourced for 103 patients. For 8 patients, baseline values were manually adjudicated as the closest laboratory value prior to 
metreleptin initiation. One GL patient had a missing baseline HbA1c value; percentages reported are of the patients with available baseline HbA1c values (N = 111 
patients; 67 GL and 44 PL patients).
dBaseline triglyceride laboratory values are sourced for 102 patients. For 8 patients, baseline values were manually adjudicated as the closest laboratory value prior 
to metreleptin initiation. Two GL patients had missing baseline triglyceride values; percentages reported are of the patients with available baseline triglycerides 
values (N = 110 patients; 66 GL and 44 PL patients).
eTriglycerides are reported as geometric mean (25th - 75th percentiles).
fBaseline leptin laboratory values are sourced for 104 patients. For the remaining 8 patients, no leptin data were available.
gMedications filled within 1 year prior to metreleptin initiation were considered baseline medications.
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Improvement and Change in Prevalence of 
Disease Attributes

The effect of treatment with metreleptin in improving base-
line lipodystrophy complications is presented in Table 4. 
Percent improved was defined as the proportion of patients 
with evidence of lipodystrophy characteristics at base-
line (as noted in Table 3) who showed improvement after 
treatment with metreleptin (as defined in Table 2). Among 
patients with GL, over 50% of patients with baseline com-
plications of hyperphagia, pancreatitis, elevated HbA1c, 
elevated triglyceride levels, elevated ALT and AST, inability 
to work/attend school, hypertension, disruption of female 
reproductive system, impaired physical appearance, liver 
abnormality, and elevated 24-hour protein excretion at 
baseline improved after treatment with metreleptin (Fig. 1). 
Among patients with PL, over 50% of patients with elevated 
HbA1c, hyperphagia, elevated ALT and AST, pancreatitis, 
inability to work/attend school, and elevated triglyceride 
levels improved after treatment with metreleptin (Fig. 2).

Attribute prevalence data from patients with GL and PL 
before and after metreleptin were available for 14 of 18 at-
tributes (Table 5). Attribute prevalence data were collected 
at baseline and during follow-up visits. Post-metreleptin 

prevalence includes patients who newly developed the dis-
ease attribute after treatment with metreleptin. The largest 
decreases in attribute prevalence following treatment with 
metreleptin occurred for hyperphagia (GL prevalence from 
82% to 11% and PL prevalence from 72% to 9%), in-
ability to work/attend school (GL prevalence from 57% 
to 12% and PL prevalence from 20% to 9%), pancreatitis 
(GL prevalence from 31% to 2% and PL prevalence from 
52% to 2%), impaired physical appearance (GL prevalence 
from 82% to 29% and PL prevalence 68% to 41%), and 
hyperglycemia (no control/worsening; GL prevalence from 
66% to 20% and PL prevalence from 45% to 28%).

Disease Attributes and Utility Decrements

Estimated utility decrements due to lipodystrophy-
associated disease attributes, and the calculated changes 
in QALYs associated with changes in these disease attri-
butes after metreleptin, are shown in Table 5. Overall, 
QALY gains associated with treatment with metreleptin 
were estimated at 0.313 across patients with GL (from 
0.466 to 0.779; Fig. 3). Changes in “Inability to work/at-
tend school” accounted for 24.3% of the gain. Among pa-
tients with PL, QALY gains associated with treatment with 

Figure 1. Prevalence of disease attributes at baseline and improvement following treatment in patients with generalized lipodystrophy. This figure 
presents the prevalence of each disease attribute among patients with generalized lipodystrophy before treatment with metreleptin and the number 
of patients who did not improve after treatment with metreleptin. The frequency of improvement is shown as a percentage for each disease attribute. 
Abbreviations: GL, generalized lipodystrophy.
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Figure 2. Prevalence of disease attributes at baseline and improvement following treatment in patients with partial lipodystrophy. This figure pre-
sents the prevalence of each disease attribute among patients with partial lipodystrophy before treatment with metreleptin and the number of 
patients who did not improve after treatment with metreleptin. The frequency of improvement is shown as a percentage for each disease attribute. 
Abbreviations: PL, partial lipodystrophy.

metreleptin were estimated at 0.117 (from 0.624 to 0.741; 
Fig. 3). Changes in “Hyperphagia” accounted for 37.8% 
of the gain.

Discussion

The rarity of lipodystrophies and the limited treatment op-
tions available have constrained study of the conditions and 
of the effects of metreleptin. This study has combined data 
from the largest and best-studied group of lipodystrophy 
patients initiating metreleptin with a de novo study of the 
quality-of-life effects of lipodystrophy attributes in order 
to assess the overall quality-of-life impact of lipodystrophy 
and the benefit associated with metreleptin.

More than half of all patients in this study with pan-
creatitis, impaired physical appearance, hypertension, 
hyperphagia, hyperglycemia, elevated triglyceride levels, 
elevated protein excretion, elevated ALT or AST, or in-
ability to work/attend school experienced clinically mean-
ingful improvement on these attributes following treatment 
with metreleptin (Table 4). The largest decreases in attri-
bute prevalence following treatment with metreleptin oc-
curred for hyperphagia, inability to work/attend school, 
pancreatitis, elevated ALT and AST, hyperglycemia, and 
elevated triglyceride levels.

Especially for female patients, the changed physical ap-
pearance is one of the most relevant and debilitating symp-
toms and there is supportive evidence from Miehle et  al 
investigating 8 lipodystrophy patients after 12 months of 

treatment with metreleptin [50]. The median fat mass was 
significantly reduced during metreleptin treatment from 
22.3 kg at baseline to 20.0 kg at 1 year (P = 0.031). Five 
of the 6 patients with FPL lost between 4 and 114  cm3 
of facial soft tissue volume in the pre-auricular, buccal, 
and submandibular area during metreleptin treatment 
whereas a slight volume gain was seen in 1 FPL patient. 
The 2 patients with GL developed a volume loss of 20 and 
8 cm3 in the buccal region between baseline and 1 year of 
metreleptin therapy. Another publication by Vatier et al in-
dicates that metreleptin therapy can lead to reduction in fa-
cial soft tissue volume in lipodystrophy patients [51]. This 
study assessed patients’ adherence and satisfaction with 
metreleptin therapy, as well as self-perception of physical 
appearance and social interactions, in the 20 patients with 
PL and GL included in the French metreleptin compas-
sionate program and treated for more than 1 year at the 
time of the study. Morphological appearance was reported 
improved under metreleptin therapy in 13 of 17 patients.

Acute pancreatitis (AP), with an incidence between 
0.005% and 0.08% per year, is a severe disease associ-
ated with a high mortality risk [52]. According to the cur-
rent guideline on management of severe AP, approximately 
20% of patients with AP will develop moderate or severe 
AP with a mortality rate of 13% to 35% [53-55]. However, 
hypertriglyceridemia-associated AP leads to a worse clin-
ical outcome than AP associated with other causes, as 
shown in a meta-analysis comparing 1564 patients with 
hypertriglyceridemia-associated AP with 5721 patients who 
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had AP of other etiology. Patients with hypertriglyceridemia-
associated AP showed a significant, progressive increase in the 
incidence of persistent organ failure, pancreatic necrosis, and 
mortality with increasing severity of hypertriglyceridemia 
[56]. In our investigation, 31% of patients with GL and 
52% of patients with PL had experienced pancreatitis. After 
treatment with metreleptin, only 1 patient with GL and 1 
patient with PL had a pancreatitis event.

Overall, patients with GL and PL experience reduced 
quality of life prior to metreleptin treatment (0.466 and 
0.624 QALY, respectively, compared with 1 for a person 
in perfect health). QALY gains associated with treatment 
with metreleptin were estimated at 0.313 among patients 
with GL; in other words, metreleptin treatment reduces 
the gap in quality of life between untreated GL and per-
fect health by approximately 59%. QALY gains associated 
with treatment with metreleptin were estimated at 0.117 
among patients with PL, reducing the gap in quality of life 
between untreated PL and perfect health by approximately 
31%. QALY changes of this magnitude in a population 
with chronic disease are rarely observed. A review of 333 
cost-utility analyses estimated that the median incremental 
QALY gains associated with medical interventions to treat 
chronic diseases (including cancer, cardiovascular diseases, 
respiratory diseases, and mental health disorders) range be-
tween 0.03 and 0.1 [57].

While some attributes of lipodystrophy syndromes 
with potential to impair quality of life have been docu-
mented previously, changes in many of these attributes 
following initiation of metreleptin have not been exten-
sively described [25, 29]. The present study addresses this 
gap but is limited to retrospective evaluation of patient 
chart data recorded during the course of clinical trials. 
The efficacy data were reported in phase 2, single-arm, 
open-label clinical trials (open-label exploratory study 
and subsequent long-term study) and therefore lack a 
comparator arm to help evaluate the incremental effect 
of treatment [8, 25]. Additionally, utility gains were not 
estimated for all clinically meaningful improvement in 
disease symptoms. Where the definitions for clinical im-
provement differed from those for attribute resolution 
leading to improvement in quality of life, the observed 
improvement in attributes were not included in quality-
of-life calculations.

Because data on quality-of-life effects of lipodystrophy 
attributes had not previously been collected, it was neces-
sary to develop additional data to quantify the impact of 
these disease attributes. The discrete choice experiment de-
sign used built on an extensive history of such studies [46, 
48, 58-62]. At the same time, discrete choice experiments 
are acknowledged to be imperfect tools to evaluate the 
quality-of-life impact of disease attributes. The hypothetical 
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Figure 3. Utility at baseline and following treatment with metreleptin in patients with generalized and partial lipodystrophy. This figure presents the 
quality-adjusted life year gains associated with 12 months of treatment with metreleptin, estimated at 0.313 for generalized lipodystrophy and 0.117 
for partial lipodystrophy, reducing the gap in quality of life between untreated lipodystrophy and perfect health by approximately 59% and 31%, 
respectively.
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nature of these stated preference experiments can create 
bias [63]. Hypothetical bias can be attributed to choice 
tasks that do not fully reflect reality, when respondents have 
incomplete preferences, or if respondents perceive a benefit 
to over- or understating the importance of certain attributes 
[64]. Anchoring is another potential limitation. An explicit 
anchor was not included in the discrete choice experi-
ment, which may have also introduced bias [65]. However, 
Norman et al demonstrates that while different methods of 
anchoring utility values on the full health to death QALY 
scale lead to differences in the scale of utility decrements, 
the ranking of the health states remains consistent [66].

In conclusion, previous studies have shown metreleptin-
mediated improvements in patients with lipodystrophies, 
including improvement in peripheral insulin sensitivity, 
hypertriglyceridemia, and biomarkers associated with 
nonalcoholic fatty liver disease, as well as reduction in 
hepatic and circulating triglycerides [8, 23-26, 44]. This 
study finds benefits in these outcomes as well as suggesting 
benefit in more indirect disease attributes, such as ability 
to attend school or work among both patients with GL 
and PL. Regulatory authorities have approved the usage of 
metreleptin in patients with PL on the basis of the trial pri-
mary endpoints (HbA1c and triglyceride levels). However, 
the results from this study suggest there are other benefi-
cial outcomes that regulators may want to consider when 
evaluating metreleptin. While additional research is war-
ranted, the results of this study suggest that metreleptin 
treatment dramatically reduces the gap in quality of life be-
tween lipodystrophy treated with standard of care prior to 
metreleptin and perfect health by 59% in patients with GL 
and 31% in patients with PL (Fig. 3).
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