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 23 

Abstract 24 

Context:  25 

Lipodystrophy syndromes are rare disorders characterized by deficient adipose tissue, leading 26 

to insulin resistance, dyslipidemia, and organ system abnormalities. 27 

Objective:  28 

Our goal was to develop a lipodystrophy severity score (LDS) to holistically capture the diverse 29 

manifestations of lipodystrophy into a numerical score to aid in prediction of clinical outcomes 30 

and/or treatment impact.  31 

Design:  32 
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An 8-domain LDS was developed by eight disease experts in consultation with patient 1 

organizations. The LDS was rated for feasibility and content validity by 28 additional clinicians 2 

and 9 patient representatives. LDS was compared to Clinical Global Impression (CGI) of 3 

severity for 20 putative patient profiles, each at two different time points, and by comparing 4 

change in LDS to global impression of change. For external validation, LDS was calculated in 5 

two cohorts of patients with lipodystrophy treated with metreleptin. 6 

Results: 7 

LDS domains include Diabetes/Insulin Resistance, Microvascular Complications of Diabetes, 8 

Lipids, Cardiovascular, Liver, Kidney, Reproductive, and Other. Each domain is assessed by 9 

one or more questions assessing both lifetime and recent complications of lipodystrophy. The 10 

LDS had high content validity and feasibility, and high reliability by intraclass correlation 11 

coefficients (>0.95). Global and domain-specific LDS were strongly correlated with CGI, as were 12 

changes in scores across visits (R=0.79-0.99, P<0.001 for all). In generalized lipodystrophy, 13 

metreleptin significantly reduced LDS (from 46 to 26 at 12 months, P<0.001). The reductions 14 

were smaller in partial lipodystrophy (from 65 to 61 at 12 months, P=0.04). 15 

Conclusions:  16 

The LDS can reflect the severity of diverse manifestations of lipodystrophy and monitor changes 17 

following interventions. 18 

Keywords: clinical events, comorbidities, complications, disease burden, metabolic disease, 19 

lipodystrophy. 20 

 21 

Introduction 22 

Lipodystrophy syndromes are a rare and heterogeneous group of disorders characterized by 23 

selective loss or absence of adipose tissue, leading to a multifaceted burden of health 24 

complications for affected individuals (1). Lipodystrophy syndromes are broadly categorized as 25 

generalized lipodystrophy, in which patients are missing nearly all adipose tissue, and partial 26 

lipodystrophy, in which patients are missing adipose tissue in large regions of the body, while 27 

other regions have preserved adipose tissue (2). All patients with generalized and a subset with 28 

partial lipodystrophy face a high risk of severe metabolic disease and life-threatening organ 29 

complications (3,4). Lipodystrophy may result in insulin resistance, leading to difficult-to-treat 30 

diabetes and associated complications, as well as dyslipidemia characterized by elevated 31 
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triglycerides, predisposing patients to the development of acute pancreatitis (5). Low fat mass 1 

leads to deficiency of the adipokine, leptin, resulting in severe hyperphagia, especially in 2 

patients with generalized lipodystrophy (6). Metabolic disease caused by adipose tissue 3 

dysfunction and leptin deficiency results in organ-specific complications (7). Additionally, 4 

molecular characteristics of genetic lipodystrophy syndromes and associated autoimmune 5 

features in acquired lipodystrophy syndromes contribute to the disease burden (8-11). 6 

The liver is commonly affected from the early stages of the disease, where hepatic steatosis can 7 

progress to metabolic dysfunction associated steatohepatitis (MASH) and eventually cirrhosis 8 

(4,12,13). Proteinuric chronic kidney disease, which has a complex etiology in lipodystrophy 9 

including poorly controlled diabetes, is quite common, with a subset of patients progressing to 10 

nephrotic-range proteinuria and kidney failure (14-16). Cardiovascular complications occur with 11 

high prevalence and early onset due to an atherogenic lipid profile, severe insulin resistance, 12 

and specific molecular etiologies in some genetic lipodystrophy syndromes (17,18). The 13 

reproductive system is adversely affected by both leptin deficiency, leading to partial 14 

hypogonadotropic hypogonadism, and severe insulin resistance leading to a polycystic ovary 15 

syndrome (PCOS)-like phenotype (19-21). Because of these complications, lipodystrophy 16 

syndromes may be associated with poor quality of life (22) and reduced life expectancy (4). 17 

Previous studies identified metabolic disease, cardiovascular events, cerebrovascular disease, 18 

infections, acute pancreatitis, and liver and kidney-related complications as important causes of 19 

mortality (4,23-25). 20 

Although lipodystrophy has a broad impact on many organ systems, as well as patient 21 

functioning and quality of life (2,4,22,26), clinicians often rely on basic laboratory parameters 22 

when assessing disease burden in lipodystrophy. HbA1c and triglycerides are commonly used 23 

surrogates for metabolic disease in clinical practice and have also served as co-primary 24 

endpoints in clinical studies to demonstrate the efficacy of metreleptin, a leptin analogue used to 25 

treat complications of leptin deficiency in lipodystrophy. However, the disease burden in 26 

lipodystrophy extends beyond simple laboratory parameters, encompassing multisystem organ 27 

abnormalities, which requires a comprehensive approach to measure and quantify. In addition, 28 

multiple factors modulate patients’ health self-perception in the field of lipodystrophy (27). 29 

Despite the availability of disease severity scoring systems for various chronic diseases (28-31), 30 

there is currently no tool developed and validated specifically for lipodystrophy. An integrated 31 

assessment tool for disease burden can potentially be used to evaluate a patient’s current 32 

status, monitor disease progression, identify treatment benefits, compare outcomes in different 33 
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patient populations, and serve as endpoints in clinical studies. In this study, our aim was to 1 

create a scoring system capable of assessing the burden of lipodystrophy beyond simple 2 

laboratory assessments. Here, we outline the development of a lipodystrophy severity score 3 

(LDS) designed specifically for individuals diagnosed with lipodystrophy. In collaboration with a 4 

large group of international experts, we subjected the instrument to a thorough evaluation 5 

process, assessing its content validity. Additionally, we investigated the reliability and feasibility 6 

of implementing the LDS in clinical practice. Finally, we calculated the LDS in two cohorts of 7 

patients with lipodystrophy treated with metreleptin to perform external validation of the score. 8 

 9 

Material and Methods 10 

Initial Meeting with Key Opinion Leaders: 11 

The process of developing a lipodystrophy physician scoring system initiated with an inaugural 12 

meeting in November 2021. This meeting aimed to discuss a proposal for the comprehensive 13 

assessment of lipodystrophy burden through a scoring system. Key Opinion Leaders (KOLs) in 14 

lipodystrophy were invited to share insights on the concept’s viability and potential value. The 15 

discussion covered the utility of such a scoring system in assessing disease severity, monitoring 16 

longitudinal progression, and identifying treatment effects. KOLs also provided input on 17 

available data in various patient cohorts, existing data gaps, and the relevance of similar scoring 18 

systems in other disease areas (e.g., diabetes (32,33), nonalcoholic steatohepatitis (34), 19 

cardiovascular disorders (35-37), Gaucher disease (31)). The meeting resulted in a consensus 20 

on the need to develop a lipodystrophy disease severity score, leading to the formation of the 21 

LDS development group. 22 

Development of the LDS: 23 

Following the initial meeting, three subsequent meetings were held in December 2021, February 24 

2022, and March 2022 to initiate the development of the instrument. The domains for a 25 

comprehensive assessment were carefully selected, and a methodologist-biostatistician with 26 

expertise in outcomes measurement was involved to ensure methodological rigor. The group 27 

reviewed existing scoring systems for potential applicability in lipodystrophy. A workstream was 28 

employed to list disease burden parameters and assess their impact on daily functioning. This 29 

exercise identified relevant items for assessing the severity of lipodystrophy, and these were 30 

ranked in order of importance. The development group engaged in open-ended discussions to 31 

select assessment methods, aiming for feasibility, comprehensiveness, user-friendliness, and 32 
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no additional cost or risk to patients. The identified domains underwent expert evaluation, 1 

focusing on reliability, feasibility, and validity, resulting in the selection of eight domains for 2 

inclusion in the LDS. 3 

Weighting of Different Items and Domains: 4 

To establish a preliminary weighting system, the development group engaged in collaborative 5 

discussions, collectively determining the relative importance of each item and domain. 6 

Preliminary weightings were based on current knowledge and expert opinions. Hypothetical 7 

patient profiles constructed by the development group were then utilized to optimize weighting, 8 

and the Clinical Global Impression (CGI) scale (38) was employed for scoring, providing a 9 

standardized evaluation of disease severity. The CGI is a measure of symptom severity and 10 

treatment response originally developed for mental disorders but also used in a variety of other 11 

disease states. Each profile received a score for every visit, assessing the overall extent of 12 

disease severity and summarized as the CGI severity score. The CGI-Improvement Score (CIS) 13 

was employed to characterize the degree of intra-patient change between visits, providing a 14 

classification of each patient’s status at the follow-up visit as “very much improved”, “much 15 

improved”, “minimally improved”, “no change”, “minimally worse”, “much worse”, and “very much 16 

worse” compared to the initial visit (38). This approach allowed for a comprehensive and 17 

standardized evaluation of disease severity and progression in the context of lipodystrophy. 18 

Testing on First Draft Versions: 19 

Following the creation of the initial draft, three experts scored an additional nine patient 20 

scenarios, and the obtained scores were compared to CGI evaluations. Revisions were made 21 

based on the feedback received, and an additional twelve hypothetical case profiles were 22 

scored. The group then scheduled a meeting with patient representatives to gain insight into the 23 

second draft version and decided to involve a broader group of experts through a consensus 24 

group. 25 

Consensus Group Meeting: 26 

In April 2022, a consensus group was formed by adding three additional lipodystrophy experts. 27 

The meeting agenda covered baseline and follow-up assessments, a review of comparison data 28 

between CGI/CIS and LDS, insights from the statistics/methodology team, group review of the 29 

severity tool, final corrections, review of footnotes, and planning for validation steps. The 30 

outcome of this meeting was positive, finalizing the LDS and planning for validation steps after 31 

receiving feedback from patient representatives. 32 
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Meeting with Patient Organization Representatives: 1 

In May 2022, a member of the development group met with representatives from patient 2 

organizations in the US, UK, and Canada. During an online meeting, the LDS was presented, 3 

receiving generally positive feedback. While the tool was found acceptable, broader involvement 4 

from patient organizations was recommended. The most significant takeaway from this meeting 5 

was the decision to separate the physician and patient assessment tools. The patient 6 

community expressed concerns that combining these tools would be challenging, as they 7 

perceive a significant disconnect between what physicians are looking for and what patients are 8 

reporting. Meeting minutes are included in the Supplemental Data File (39). 9 

Optimization and Content Validation: 10 

A total of 31 international treating physicians (from the US, UK, Italy, Germany, Austria, France, 11 

Turkey, Israel, UAE, Brazil, Argentina), with expertise in lipodystrophy, participated in the 12 

content validation meetings. These physicians had no prior exposure to the development stages 13 

of the LDS. The evaluation utilized deidentified patient profiles (n = 20) containing 14 

comprehensive clinical information from two clinic visits. These patient profiles were modified 15 

from real patient data from the treating clinicians, chosen to capture a diverse spectrum of 16 

complications and severity. Each patient profile underwent scoring using both the LDS and the 17 

CGI. 18 

Experts assessed each profile during both visits, utilizing the CIS to determine the degree of 19 

change between visits. The feasibility and content validity of the LDS were rated on a 4-point 20 

scale, ranging from 1 (worst feasibility/content validity) to 4 (best feasibility/content validity). A 21 

total of 28 experts returned the evaluation forms. Furthermore, experts provided insights into 22 

whether observed changes in a patient’s status would warrant alterations in treatment or 23 

prognosis. To determine the minimal clinically important difference, raters were asked to specify 24 

what percentage they considered to be an important difference between the two visits. 25 

Another crucial aspect of the content validation process included a separate meeting with nine 26 

representatives from patient organizations in the US, UK, Canada, France, Germany, Spain, 27 

and Brazil (including affected adults and parents of affected children). Similar to treating 28 

physicians, these leaders of patient organizations were asked to provide ratings for the 29 

feasibility and content validity of the LDS. However, unlike the treating physicians, no patient 30 

profiles were presented to the patient organization representatives for evaluation. 31 

 32 
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External validation: 1 

To perform external validation of the LDS, we calculated LDS in two cohorts of patients with 2 

lipodystrophy treated with metreleptin.  3 

The first cohort consisted of 62 subjects with generalized lipodystrophy (either congenital or 4 

acquired) who were treated with metreleptin for 6-12 months in clinical trials (NCT00025883, 5 

NCT01778556, NCT02262832) or who received metreleptin as an approved drug and 6 

participated in a natural history study (NCT00001987). These studies were approved by the 7 

Institutional Review Board of the National Institutes of Health. All subjects or their guardians 8 

provided written, informed consent, and minors provided assent when age-appropriate. LDS 9 

were calculated based on laboratory, imaging, and medical history data. Due to the paucity of 10 

data for acanthosis nigricans, this item was not included, leading to a maximum score of 340 in 11 

pubertal females, 332 in pubertal males, and 321 in prepubertal children of both sexes. 12 

The second cohort consisted of 17 subjects with partial lipodystrophy who were treated with 13 

metreleptin for 12 months in the partial lipodystrophy MASH study (NCT01679197). This study 14 

was funded by NIDDK grant R01 DK088114 and approved by University of Michigan 15 

Institutional Review Board. The study forms captured very detailed history and physical exam 16 

findings prospectively at every encounter and covered most of the information needed to 17 

calculate LDS scores. The only exceptions were acanthosis nigricans and congestive heart 18 

failure classes. Acanthosis nigricans severity was captured as “present” or “not present” and 19 

severity was imputed based on comments entered by the examiner where available. Presence 20 

of Congestive Heart Failure was not captured at all and the presence and severity of congestive 21 

heart failure was imputed via retrospective review of patient’s available medical records. 22 

Statistical Analysis: 23 

Pearson product-moment correlation was used to determine the correlation between the mean 24 

(across raters) LDS and mean CGI scores both overall and by domain. Content validity was 25 

defined as the proportion of raters who rated the domains 3 or 4 on 1-4 scale, with 1 26 

representing the least/worst content validity and 4 the best content validity (i.e., 4 is very 27 

relevant). Feasibility was defined likewise on a 4-point scale with 1 representing the least 28 

feasibility and 4 the most feasibility. Each rater was asked to rate what s/he considers the 29 

minimal clinically important difference (MCID) for each domain and descriptive statistics were 30 

computed for these ratings to ascertain what reasonable MCIDs should be along with their 31 

ranges and variability. Rater reliability was assessed using intraclass correlation coefficient 32 
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11 

(ICC) (40). Cronbach’s coefficient Alpha, which gives a lower bound of the internal consistency 1 

reliability measure, was computed for each rater overall as well as deleting each of the domains. 2 

Changes in LDS total and domain scores were analyzed using linear mixed models. The 3 

percent reduction in total LDS and the percentage of subjects who achieved at least 25% 4 

reduction in total LDS were calculated.  Analyses were conducted using GraphPad Prism 5 

version 9.5.1. Statistical significance was defined as two-sided P<0.05. 6 

 7 

Results 8 

Domain Selection: 9 

In the initial stages of developing the LDS, six domains were considered for inclusion: diabetes, 10 

lipids, liver, kidney, cardiovascular, and reproductive. The group proposed additional domains, 11 

such as complications of diabetes, skeletal abnormalities, neuromuscular issues, 12 

gastrointestinal symptoms, progeria, autoimmunity, immunodeficiency, hematological 13 

abnormalities, cancers, infections, surgeries, other endocrine problems, and lipomatosis. After 14 

discussions, the group refined the selection to eight domains: diabetes/insulin resistance, 15 

microvascular complications of diabetes, lipids, liver, cardiovascular, kidney, reproductive, and 16 

“other conditions”. This refinement aimed to streamline the LDS by focusing on the most 17 

impactful and distinctive domains while ensuring comprehensive coverage of lipodystrophy 18 

disease burden. In developing the LDS, we included both constant elements, like cardiovascular 19 

history, and modifiable outcomes, such as acanthosis nigricans, to better monitor changes over 20 

time and capture treatment-related improvements. 21 

To address patient-reported aspects, the group suggested the use of several standard validated 22 

questionnaires (Short Form-36 (SF36) (41), EQ-5D-5L (42), Patient Health Questionnaire (PHQ-23 

9) (43), Beck’s Depression Inventory (BDI) (44), GAD-7 Anxiety scale (45), Brief Pain Inventory 24 

(46), Michigan Body Map (47), Work Productivity and Activity Impairment Questionnaire (48), 25 

Three factor eating questionnaire (49), Items from the Hyperphagia Questionnaire for Clinical 26 

Trials (HQCT) (50), Items from Derriford Appearance Scale (51), Facit Fatigue Scale (52), Peds-27 

QL (53), EQ-5D-Y-5L (54), CDI depression test (55), School Participation Questions (22), and 28 

Dykens Hyperphagia Questionnaire (56). These questionnaires, used in previous lipodystrophy 29 

studies and the current LD-Lync registry (NCT03087253), will be supplementary to the physician 30 

use of LDS. The group acknowledged, however, the urgent need to develop a lipodystrophy-31 

specific patient-reported outcome (PRO) measure in a follow-up study. 32 
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LDS Application and Domain Items: 1 

Table 1 shows the domains and their elements, along with the corresponding maximum scores. 2 

Instructions, LDS domains and items, and footnotes are provided in the Supplemental Data File 3 

(39). For ease of use, an online application has been developed for computer screens, tablets, 4 

or cell phones and is hosted at https://ldscoring.com/. Upon accessing the instruction page, the 5 

initial page of the LDS app prompts users to enter two mandatory pieces of information: gender 6 

and pubertal status. Depending on these responses, some reproductive system items may not 7 

be displayed, slightly impacting the maximum score. Users also have the option to input age 8 

and genetic results, which will appear in their personal copy and can be linked to a patient ID. 9 

Each of the eight domains of the LDS comprises four or more items, except for the “Other 10 

Conditions” domain, which necessitates the physician to assign a score based on the overall 11 

severity of additional comorbidities associated with lipodystrophy. The evaluating physician 12 

individually assesses and scores each item within a domain. 13 

The Diabetes/Insulin Resistance domain gauges disease severity through four items. The first 14 

two items inquire about the presence of diabetes, current HbA1c level, and acanthosis 15 

nigricans. Prediabetes and diabetes are defined based on American Diabetes Association 16 

criteria (57). Acanthosis nigricans is scored using a tool adopted from National Institute of 17 

Diabetes and Digestive and Kidney Diseases trials. The Medications item queries the use of 18 

antidiabetic drugs. Finally, hospitalization for ketoacidosis/nonketotic hyperosmolar state in the 19 

last year is assessed. 20 

The Microvascular Complications of Diabetes domain evaluates retinopathy and neuropathy, 21 

while nephropathy is covered under the Kidney domain. The definition of severe retinopathy 22 

includes proliferative retinopathy, retinal detachment, blindness, and vitreous hemorrhage based 23 

on Diabetes Complications Severity Index (DCSI) (32,33). Two separate items cover 24 

sensorimotor and autonomic neuropathies. 25 

The Lipids domain evaluates disease severity based on triglycerides and HDL cholesterol 26 

levels, medications, and diet used to manage lipid abnormalities, as well as lifetime episodes of 27 

pancreatitis and pancreatitis episodes in the last year. 28 

The Cardiovascular domain encompasses items such as blood pressure, antihypertensive 29 

medication use, lifetime history of cardiovascular, cerebrovascular, and peripheral vascular 30 

disease, and heart failure. Additionally, cerebrovascular events and major adverse 31 

cardiovascular events during the last year are considered. 32 
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The Liver domain probes hepatic steatosis, the presence and severity of hepatomegaly, levels 1 

of liver enzymes, hepatic fibrosis, clinical symptoms/events associated with liver failure or portal 2 

hypertension, and liver transplantation. 3 

The Kidney domain considers estimated glomerular filtration rate (eGFR), albuminuria, dialysis, 4 

and kidney transplant.  5 

The Reproductive domain evaluates PCOS, hyperandrogenism, and 6 

oligomenorrhea/amenorrhea in females, and hypogonadism and infertility in both sexes. 7 

Finally, the Other Conditions domain can add scores for additional comorbidities associated with 8 

lipodystrophy (if not covered under standard domains) if they are life-limiting, impact activities of 9 

daily living, or require additional management. 10 

The domain score is calculated by summing the scores assigned to all items within that specific 11 

domain. For the overall LDS score, the sum of scores from the eight domains is determined, 12 

allowing a maximum score of 343 points for females (324 for prepubertal girls) and 335 for 13 

males (324 for prepubertal boys). To ensure consistent and accurate scoring, the app is 14 

designed to calculate scores automatically for the user. The final page displays the total score 15 

and domain scores and compares the individual’s total score to the CGI scores. An example 16 

assessment report is presented in Figure 1. Additionally, .csv and .pdf versions can be 17 

generated. 18 

Feasibility, Content Validity, and Reliability: 19 

The overall content validity index was 100%, and the feasibility index was 96% for treating 20 

physicians. For patient organization leaders, the content validity index was 88%, and the 21 

feasibility index was 100%. Domain-specific index values are presented in Table 2. 22 

Regarding reliability, the overall intraclass correlation coefficients were 0.969 (95% CI: 0.933, 23 

0.992) for baseline and 0.960 (95% CI: 0.919, 0.987) for follow-up visits. Intraclass correlation 24 

coefficients by domain are shown in Table 3. The overall standardized Cronbach’s coefficients 25 

alpha of provided quite acceptable lower bounds for the internal consistency reliability 26 

coefficient, ranging from 0.65 for one rater to 0.83 for another at baseline, and 0.54 to 0.79 at 27 

follow-up. The Cronbach Coefficient Alpha with deleted domains showed that, in general, 28 

removing Liver and Other conditions domains increased the standardized Cronbach alpha 29 

coefficient for most raters, especially at baseline, suggesting that removing these domains from 30 

the scale may make the construct more reliable. 31 
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Correlation with CGI and CIS: 1 

Baseline LDS assessments showed a strong correlation with CGI scores, which were based on 2 

clinical assessments by lipodystrophy experts (Figure 2A). Similarly, LDS was correlated with 3 

CGI scores at follow-up visits (Figure 2B). The correlation coefficients for both overall and 4 

domain-specific scores revealed strong correlations. Correlations and scatter plots between 5 

mean CIS and mean LDS numeric changes indicated strong correlations (Figure 2C), 6 

suggesting the potential of LDS to capture changes in disease burden over time. Domain 7 

specific scores are presented in Supplemental Data File (39).  8 

Minimal Clinically Important Difference: 9 

A median change of 25% (IQR: 15%, 30%) from the baseline overall score was deemed to be 10 

an important difference between the two visits by the experts. Across all domains, approximately 11 

20-25% change from the baseline score was considered clinically significant. Descriptive 12 

statistics are presented in Table 4. 13 

LDS in Patient Cohorts with Generalized and Partial Lipodystrophy Treated with 14 

Metreleptin: 15 

In the first cohort (NIH), there were 62 participants with generalized lipodystrophy (49 females, 16 

13 males; median age 15 years, range 0.5-68) who completed up to 12 months of treatment 17 

with metreleptin.  Total LDS from decreased from 46 (29-59) (range 6 to 98) to 32 (25-43) and 18 

26 (18-37) after 6 and 12 months of metreleptin (P<0.0001), respectively (Figure 3). The percent 19 

reduction in LDS relative to baseline was 25 (12-44) and 29 (6-53) after 6 and 12 months. 48% 20 

and 54% of patients had at least 25% improvement in total LDS after 6 and 12 months. 21 

In the second cohort (University of Michigan), there were 17 participants with partial 22 

lipodystrophy (14 females, 3 males; median age 42 years, range 13-64) who completed 12 23 

months of treatment with metreleptin. Total LDS score decreased from 65 (51.5-74.5) (range 37-24 

80) to 62 (50-71) and 61 (44-68) after 6 and 12 months of metreleptin (p=0.04), respectively 25 

(Figure 3). The percent reduction in LDS relative to baseline was 2.7% (-1.7% - 9.3%) and 5.2% 26 

(-3.6% - 19%). Two patients (12%) demonstrated more than a 25% improvement in total LDS 27 

after one year of treatment. Improvements exceeding 25% were observed in specific domains: 28 

lipids in 7 patients (41%), liver in 7 patients (41%), diabetes in 2 patients (12%), and 29 

cardiovascular in 1 patient (6%). 30 

 31 
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Discussion 1 

As a clinical tool, LDS has the potential to serve as a comprehensive framework to assess and 2 

quantify the impact of lipodystrophy on patients' lives. LDS provides a standardized approach to 3 

assess the severity of lipodystrophy, enabling more accurate identification of disease burden, 4 

improved disease monitoring in clinical practice, and enhanced clinical trial design. 5 

LDS can improve clinical care in lipodystrophy by providing a structured and systematic method 6 

for clinicians to evaluate the severity of a patient's condition. The multidimensional nature of 7 

LDS allows clinical centers to consider various aspects of disease burden beyond simple 8 

laboratory parameters. This holistic approach ensures a more thorough understanding of the 9 

disease burden, facilitating disease monitoring and management. The use of LDS can promote 10 

consistency in severity assessment across different treatment centers that can improve 11 

communication and data sharing between centers and may facilitate patient care coordination. 12 

The LDS can be used during different clinical visits, allowing assessment of within-patient 13 

changes over time. It may be advisable to use the LDS from the time of the patient’s diagnosis 14 

of lipodystrophy to gain a better understanding of the evolution of disease severity. In addition, 15 

LDS can serve as a checklist to screen for components of metabolic disease and other 16 

comorbidities and assist in monitoring disease progression and/or treatment benefits.  17 

LDS can be a feasible outcome measure for clinical trials in lipodystrophy. Clinical trial design 18 

for lipodystrophy faces challenges due to limited patient populations, heterogeneity of clinical 19 

presentations, and variability in disease progression (58). The implementation of a standardized 20 

severity assessment tool can help address these challenges by providing a feasible platform for 21 

researchers and regulators to consistently evaluate disease progression and/or treatment 22 

efficacy. LDS scores can serve as a tool in patient stratification, allowing research teams to 23 

categorize patients based on disease severity. The use of LDS can ensure that clinical trials 24 

capture multifaceted endpoints related to disease severity, enabling more robust and reliable 25 

assessments of treatment outcomes. Also, the use of LDS may facilitate data interpretation in 26 

clinical lipodystrophy studies. 27 

We calculated LDS in two clinical study cohorts of patients with lipodystrophy treated with 28 

metreleptin. The generalized cohort was younger compared to the partial lipodystrophy cohort, 29 

resulting in a higher baseline LDS in the partial lipodystrophy cohort due to organ abnormalities 30 

that developed over time. Total LDS decreased significantly after 6 and 12 months of 31 

metreleptin treatment in patients with generalized lipodystrophy, with improvements observed 32 

across all components of the LDS which were clinically significant in most patients. In the partial 33 
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lipodystrophy cohort, changes in LDS were smaller, but a gradual small improvement was 1 

noted. These finding are thus consistent with clinical trial data showing that metabolic changes 2 

with metreleptin treatment are generally more pronounced in patients with generalized 3 

lipodystrophy (59) than in those with partial lipodystrophy (60), confirming the validity of the LDS 4 

as a potential outcome for clinical trials. 5 

We faced many challenges while designing LDS and during content validation processes. The 6 

lack of an existing tool for lipodystrophy forced us to use subjective expert assessments for 7 

development and comparison purposes. In this process, we benefited from experiences in other 8 

disease areas. Previously, subjective expert assessments through CGI/CIS were used to 9 

develop a disease severity score for Gaucher disease (31). Before engaging with the use of 10 

subjective expert assessments, we reached out to one of the leading authors of the previous 11 

Gaucher work (31) (Professor Timothy M. Cox) and requested a meeting to understand 12 

challenges with the development stages and validation process. This meeting enabled us to 13 

review steps of proper use of these subjective assessment tools for our purposes and also led 14 

to the development of a consensus group, as advised by Professor Cox, to improve the 15 

robustness of LDS before moving to a content validation process. Also, an extensive review of 16 

existing severity scores in other relevant disease states helped us to define disease-specific 17 

domains and ensure relevance across diverse patient populations. Refining and validating the 18 

LDS required collaboration with clinicians and patient advocacy groups, ensuring that it 19 

accurately reflects the unique characteristics of lipodystrophy. Although both physicians and 20 

patient representatives reported high overall feasibility and content validity, differences were 21 

noted in the assessment of content validity for various domains. For instance, variations were 22 

present between treating physicians and patient organization leaders in their evaluations of 23 

microvascular complications, reproductive system issues, and other conditions. These 24 

differences suggest that perspectives may vary between physicians and patients, highlighting 25 

the importance of considering patient input in the assessment process. Finally, we conducted a 26 

series of meetings with clinician expert groups to present case scenarios and gather both LDS 27 

and CGI/CIS assessment scores. The 20 patient examples used for content validation and 28 

comparison were representative of a broad spectrum of possible disease severity, ensuring that 29 

a wide range of severity scores for each domain was created. 30 

The online application for LDS offers several distinct advantages that can significantly enhance 31 

its utility and accessibility. An online platform may allow for widespread and convenient 32 

dissemination, reaching a larger audience of clinicians worldwide. This increased accessibility 33 
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ensures that the tool can be easily integrated into diverse healthcare settings, promoting 1 

standardized severity assessment across various lipodystrophy centers. The interactive nature 2 

of an online application enhances user engagement and promotes active participation in the 3 

severity assessment process. Clinicians can input patient data efficiently and interpret results 4 

promptly. The user-friendly interface can encourage consistent use of LDS in clinical practice, 5 

contributing to improved disease burden identification, monitoring, and continuous patient care 6 

in the field of lipodystrophy. The LDS application does not require any identifying information to 7 

be entered and does not store any patient data elements but provides the user with a one-time 8 

.csv output and pdf report that can facilitate secure storage of patient data in treatment centers, 9 

ensuring confidentiality and compliance with data protection regulations. This secure user-10 

limited repository not only streamlines data management but also allows for collaborative 11 

research efforts and the pooling of anonymized data for broader analyses for future research. 12 

The aggregation of data from diverse sources may enhance the statistical power of research, 13 

contributing to a more comprehensive understanding of lipodystrophy-related disease burden. 14 

There are several limitations of the current version of LDS. First, although the tool assesses 15 

multiple organ systems that may be affected by lipodystrophy, it lacks a dedicated PRO 16 

assessment. The authors of this article are aware of an urgent need for tools that can measure 17 

disease burden in lipodystrophy from a patient perspective. Patients living with lipodystrophy are 18 

not only at risk for severe metabolic disease and organ complications but also suffer from a 19 

wide range of symptoms and a significant psycho-emotional burden that can affect their daily 20 

lives and limit social functioning. Although some aspects of this burden can be assessed with 21 

existing tools that are not lipodystrophy-specific, these instruments do not describe a complete 22 

picture of the disease state and thus do not satisfy the needs of patient communities. As a next 23 

step, we will develop a lipodystrophy-dedicated PRO assessment tool that can be integrated 24 

into the LDS. Some potential domains for inclusion in PRO development could include, but are 25 

not limited to, hunger, fatigue, chronic pain, mood disturbances, depression, anxiety, and 26 

concerns about physical appearance. Secondly, the initial comparisons were based on a 27 

relatively small number of patient scenarios (n = 20) at only two time points. Two contributing 28 

centers are actively working on acquiring a new set of real patient data to assess the tool's 29 

performance across multiple visits and its ability to predict mortality. Thirdly, during 30 

development, we presented the LDS to international patient advocacy leaders with 31 

lipodystrophy which guided us in refining the tool, including decisions on content and language, 32 

though we have not yet tested the LDS in larger patient communities. External validation is 33 

ongoing, with current testing in clinical study data and real-world datasets. Additionally, we are 34 
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implementing the LDS in the prospective LD-Lync registry to evaluate its performance. Also, 1 

external validation with interventions (i.e., metreleptin) has not been completed yet; however, 2 

this work is underway. Finally, there were limited pediatric case scenarios, and although we 3 

collaborated with patient advocacy leaders, including some parents of children with 4 

lipodystrophy, patient feedback primarily reflected adult experiences. To address these 5 

limitations, we recently applied the LDS to a cohort of pediatric patients with congenital and 6 

acquired generalized lipodystrophy treated with metreleptin at the NIH and are also creating a 7 

new real-world natural history dataset for pediatric age-onset disease. 8 

In conclusion, LDS holds the potential to assess comprehensive disease burden in 9 

lipodystrophy, enhance patient monitoring practices, contribute to improved patient care, and 10 

facilitate more effective clinical trial design. The transformation of LDS into an online platform 11 

further enhances its functionality, making it a versatile and valuable resource for the 12 

lipodystrophy community. It is crucial to continue collaborative efforts and validation processes 13 

to fully unlock this innovative tool's potential in the field of lipodystrophy. 14 

 15 
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 5 

Tables 6 

Table 1: Domains, domain elements and maximum scores 7 

Domain Domain elements Max score* Contribution 

to max total 

score* 

Diabetes/Insulin 

resistance 

Max domain score 32 9.3% 

Diabetes and glycemic control 10 

Acanthosis nigricans 4 

Medications 8 

Hospitalization for ketoacidosis/nonketotic hyperosmolar in last year 10 

Microvascular 

complications 

Max domain score 30 8.7% 

Retinopathy 9 

New retinopathy event in last year 6 

Neuropathy 9 

Autonomic neuropathy 6 

Lipids Max domain score 43 12.5% 

Triglyceride and HDL cholesterol 10 

Triglyceride lowering treatment 8 

LDL cholesterol lowering treatment 5 

Lifetime episodes of pancreatitis 10 

Pancreatitis episodes in last year 10 

Cardiovascular Max domain score 87 25.4% 

Cardiovascular events in lifetime 10 

Revascularization or stent or unstable angina or MI in last year 10 

Heart failure 10 

Cerebrovascular events in lifetime 10 

Cerebrovascular events in last year 10 

Peripheral vascular disease in lifetime 10 

Amputation in last year 10 
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Blood pressure 10 

Antihypertensive medications 7 

Liver Max domain score 55 16.0% 

Steatosis 5 

Hepatomegaly 8 

Elevated liver enzymes 5 

Fibrosis 9 

Liver event in lifetime 10 

Liver event in last year 10 

Liver transplantation 8 

Kidney function Max domain score 47 13.7% 

eGFR 10 

Albuminuria 9 

Dialysis lifetime 10 

Kidney transplantation lifetime 10 

Dialysis or kidney transplant in last year 8 

Reproductive 

system 

Max domain score 19# 5.5% 

PCOS or hyperandrogenism 4¥┼ 

Oligomenorrhoea/amenorrhoea 4¥┼ 

Hypogonadism 5┼ 

Infertility 6┼ 

Other conditions Max domain score 30 8.7% 

Condition severity 30 

Overall Max overall score 343*  

eGFR: Estimated glomerular filtration rate; Max: maximum; MI: myocardial infarction; PCOS: Polycystic 1 
ovary syndrome. 2 

*Note that some reproductive system items may be excluded based on responses to onboarding 3 
questions, which slightly affects the maximum score and percent contributions to the maximum total 4 
score. #The maximum score for the reproductive system is 11 for males. It is zero for prepubertal subjects 5 
and does not contribute to the total score. The overall LDS score is calculated by summing the eight 6 
domain scores, with a maximum of 343 points for females (324 for prepubertal girls) and 335 points for 7 
males (324 for prepubertal boys). ¥indicates item skipped in males. ┼indicates item skipped if prepubertal.  8 

 9 

 10 
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Table 2: Feasibility and content validity for treating physicians and patient organization leaders 1 

(overall and by domain). 2 

 Treating physicians Patient organization leaders 

Domain Feasibility, n Content validity, n Feasibility, n Content validity, n 

Diabetes/Insulin resistance 100%, 26 96%, 25 100%, 9 67%, 9 

Microvascular complications 92%, 26 100%, 24 78%, 9 56%, 9 

Lipids 96%, 26 92%, 25 100%, 9 100%, 9 

Cardiovascular 92%, 26 96%, 24 100%, 9 88%, 8 

Liver 92%, 26 92%, 25 100%, 9 100%, 9 

Renal functions 100%, 26 100%, 24 89%, 9 88%, 8 

Reproductive system 77%, 26 75%, 24 88%, 8 57%, 7 

Other conditions 60%, 25 63%, 24 89%, 9 88%, 8 

Overall 100%, 23 96%, 23 100%, 9 88%, 8 

The content validity Index is the proportion of treating physicians who scored the instrument as either 3 3 
(relevant but needs minor alterations) or 4 (very relevant and succinct). The feasibility index was 4 
calculated in the same manner as the content validity index, with a score of 3 equal to feasible but needs 5 
minor alterations and a score of 4 equal to very feasible. 6 

 7 

Table 3: Reliability (overall and by domain); intraclass correlation coefficients. 8 

Domain Baseline (n = 28), PE [95% CI] Follow-up (n = 28), PE [95% CI] 

Diabetes/Insulin resistance 0.977 [0.960, 0.990] 0.981 [0.966, 0.991] 

Microvascular complications 0.986 [0.975, 0.994] 0.963 [0.935, 0.983] 

Lipids 0.986 [0.976, 0.994] 0.987 [0.976, 0.994] 

Cardiovascular 0.990 [0.982, 0.995] 0.980 [0.966, 0.991] 

Liver 0.962 [0.935, 0.983] 0.928 [0.878, 0.967] 

Renal functions 0.992 [0.986, 0.996] 0.963 [0.935, 0.983] 

Reproductive system 0.933 [0.887, 0.969] 0.893 [0.824, 0.949] 

Other conditions 0.681 [0.491, 0.879] 0.615 [0.426, 0.834] 

Overall 0.969 [0.933, 0.992] 0.960 [0.919, 0.987] 

 9 

Table 4: Descriptive statistics of expert responses on minimally clinically important difference. 10 

Domain n Median (IQR) Mean ± SD 5th-95th percentiles 

Diabetes/Insulin resistance 23 20% (12 - 25) 21% ± 12 0.05 - 0.45 
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Microvascular complications 20 18% (10 - 28) 22% ± 15 0.05 - 0.50 

Lipids 23 25% (15 - 40) 27% ± 14 0.05 - 0.50 

Cardiovascular 22 25% (15 - 30) 24% ± 13 0.05 - 0.50 

Liver 23 25% (15 - 45) 27% ± 15 0.10 - 0.50 

Renal functions 25 20% (10 - 25) 21% ± 12 0.05 - 0.50 

Reproductive system 18 23% (15 - 50) 29% ± 17 0.10 - 0.50 

Other conditions 19 25% (15 - 40) 27% ± 14 0.05 - 0.50 

Overall 19 25% (15 - 30) 25% ± 12 0.10 - 0.50 

 1 

Figure legend 2 

 3 

Figure 1: A sample final page report from the LDS app. 4 

 5 

Figure 2: Correlations between the LDS with CGI and CIS scores from the validation 6 

assessments for 20 patient profiles, each scored at two different time points by 28 lipodystrophy 7 

treating physicians. 8 

A. Baseline visit, LDS vs. CGI 9 

B. Follow-up visit, LDS vs. CGI 10 

C. CIS vs. LDS numeric change between baseline and follow-up visits 11 

 12 

Figure 3: LDS before and after treatment with metreleptin in patients with generalized 13 

lipodystrophy (GL) and partial lipodystrophy (PL). 14 
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Figure 1 2 
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Figure 2 2 
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Figure 3 2 
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