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Efficacy and Safety of Glucagon-Like Peptide 1 Agonists in a
Retrospective Study of Patients With Familial Partial
Lipodystrophy
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Our results suggest some therapeutic potential of GLP-1 for patients
with FPLD
Familial Partial Lipodystrophy (FPLD)
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We retrospectively evaluated the efficacy and safety of GLP-1RA (glucagon-like peptide 1 receptor agonists)
on glycemic and metabolic control in patients with FPLD

ARTICLE HIGHLIGHTS

e Why did we undertake this study?
Familial partial lipodystrophy (FPLD) is an orphan disease with no approved drugs for treatment in the U.S. It continues to be associated with a
high degree of unmet medical need.

® What is the specific question(s) we wanted to answer?
We investigated the effect of glucagon-like peptide 1 receptor agonists (GLP-1RA) prescribed for diabetes or weight loss in patients with FPLD.

® What did we find?
We observed a reduction in weight, HbA;, and fasting glucose and triglyceride levels with 6 months of treatment with GLP-1RA.

* What are the implications of our findings?
We demonstrate that GLP-1RA is a safe and effective treatment for patients with FPLD.
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OBJECTIVE

Glucagon-like peptide 1 receptor agonists (GLP-1RA) are widely used for the manage-
ment of diabetes mellitus (DM), but their efficacy in familial partial lipodystrophy
(FPLD) is unknown. In this retrospective study, we evaluated the effect of GLP-1RA in
patients with FPLD.

RESEARCH DESIGN AND METHODS

We analyzed data, reported with SDs, from 14 patients with FPLD (aged 58 + 12 years;
76.47% female) and 14 patients with type 2 DM (aged 58 + 13 years; 71% female) be-
fore and 6 months after starting GLP-1RA.

RESULTS

We observed reduction in weight (95 + 23 to 91 + 22 kg; P = 0.002), BMI (33 £ 6 to
31 + 6 kg/m?; P = 0.001), HbA, (8.2% * 1.4% to 7.7% * 1.4%; P = 0.02), and fasting
glucose (186 + 64 to 166 * 53 mg/dL; P = 0.04) in patients with FPLD. The change
in triglycerides after treatment was greater in the FPLD group compared with the
DM group (P = 0.02). We noted acute pancreatitis in two case subjects with FPLD
with longer therapy.

CONCLUSIONS

Our study demonstrates the relative safety and effectiveness of GLP-1RA in pa-
tients with FPLD.

Lipodystrophy (LD) is a group of heterogeneous and rare disorders characterized by
either generalized or partial lack of adipose tissue, depending on the type of LD
(1,2). Familial partial lipodystrophy (FPLD) presents with partial loss of adipose tis-
sue, insulin resistance, hypertriglyceridemia, and hepatic steatosis that result in
metabolic comorbidities that are refractory to treatment.

Glucagon-like peptide 1 receptor agonists (GLP-1RA) are an effective treatment for
type 2 diabetes mellitus (T2DM) and obesity; they decrease weight and glucose levels,
improve the lipid profile, and reduce the risk of major adverse cardiac events (3-6).
There have been reports of GLP-1RA significantly lowering glucose levels in FPLD (7)
and, in two case reports, there was a HbA;. decrease of 2.7% and 4% and a weight
loss of up to 30 kg (8). Although GLP-1RA are widely used for the management of
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more common forms of diabetes and
obesity, there is currently no large-scale
study investigating the efficacy and safety
(including side effects such as pancreati-
tis) in FLPD, to our knowledge.

In this retrospective study, we used
our LD registry and electronic medical re-
cord system to systematically evaluate ef-
ficacy and safety of GLP-1RA on glycemic
and metabolic control in patients with
FPLD.

RESEARCH DESIGN AND METHODS

The University of Michigan Institutional
Review Board approved this retrospective
study in which we selected patients with
FPLD (LD group) who had a GLP-1RA
added to their clinical management. To
be included, patients had to have a con-
firmed clinical and laboratory diagnosis
of partial LD (9), with no restriction for
sex and age, and have started treatment
with GLP-1RA and continued for 6 months
without any additional change in medical
treatment (except expected dose titra-
tion of background diabetes medications).
Data on demographic characteristics, such
as age, sex, BMI, and weight and laboratory
measurements (hemoglobin A;. [HbA.J,
and triglyceride, total cholesterol, HDL cho-
lesterol, LDL cholesterol, alanine transami-
nase, aspartate aminotransferase, and total
bilirubin levels) were collected before the
start of GLP-1RA and 6 months later. An-
other group, comprising patients with
T2DM (DM group) were matched for age
and sex with the LD group. Only those
with a stable medication regimen for
6 months outside of the addition of the
GLP-1RA were included. The effect of the
treatment was calculated by the change
in value in continuous variables (after
treatment minus before treatment). We
also interrogated records for occurrence
of gallstones and pancreatitis during the
observation period and within 12 months
after.

For summarizing data distributions,
means and SDs for continuous variables,
and frequencies and percentages for cat-
egorical variables, were used. A paired
t test was used to evaluate the differ-
ences in continuous variables in the LD
group, and an unpaired t test was used
when comparing the effect of treatment
between the LD and DM groups. Python
programming language (version 3.9.2) was
used for data analysis (10). Data prepro-
cessing was performed using the Pandas

library, and Python statistical analysis was
conducted using the scipy.stats module in
Python. Graphs were created with Graph-
Pad Prism (version 10.0.1.218; GraphPad
Software Inc., San Diego, CA). Differences
were considered significant if P < 0.05.

Statement of Ethics

This study was reviewed and approved
by the ethical committee of the Univer-
sity of Michigan (IRB Med approval no.
LD-LYNC HUM#00127427) and performed
according to the principles of the Declara-
tion of Helsinki. Written informed consent
was obtained from the patients for publi-
cation of further research.

Data and Resource Availability
Deidentified data are available upon re-
quest with proper justification to the
corresponding author.

RESULTS

There were 14 patients with FPLD (mean
age, 59 + 11 years; 79% women) and
14 patients with T2DM (mean age, 60 +
12 years; 71% women). All patients with
FPLD had been previously diagnosed with
DM associated with LD. The overall effects
noted in the two groups in the parame-
ters investigated are presented in Table 1.
Treatment with GLP-1RA resulted in signif-
icant reductions in weight (P = 0.002),
BMI (P = 0.001), HbA;. (P = 0.023), and
fasting glucose levels (P = 0.049) in pa-
tients with FPLD. Furthermore, triglyceride
levels numerically decreased from 334 +
170 mg/dL before GLP-1RA treatment to
256 + 82 mg/dL after 6 months of treat-
ment (Table 1). There were comparable
improvements in HbA,. in the DM group,
whereas the change in fasting glucose lev-
els, weight, BMI, and triglyceride levels
did not reach statistical significance within
this group. Comparing the two groups,
only the change in triglyceride levels after
6 months of treatment was significantly
greater in patients with FPLD compared
with patients with T2DM (P = 0.026)
(Fig. 1A). There were no other significant
differences (Fig. 1B-E).

While evaluating metabolic parameters
in patients treated with different dosages
and alternative GLP-1RA agents, we ex-
amined the reduction of other medica-
tions (including insulin). In the group with
FPLD, though only two patients had ac-
cess to 2.0 or 2.4 mg of semaglutide
weekly, seven patients reduced their total
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daily dose of insulin, and three patients
discontinued insulin treatment altogether
(Table 2). Among patients with T2DM, al-
though three patients had access to a
high dose of semaglutide, no significant
reduction in background medication was
observed (Table 2). There were no signifi-
cant changes in liver function parameters,
and no cases of gallstones or pancreatitis
were reported in records of either group
during the observation period of 6 months.
However, two patients with FPLD devel-
oped acute pancreatitis during continued
longer therapy within the next 12 months.
Of note, these two case subjects had prior
history of acute pancreatitis as well.

CONCLUSIONS

We retrospectively evaluated the safety
and efficacy of GLP-1RA use in 14 pa-
tients with FPLD (which leads to atypical
diabetes, a well-recognized complication
of FPLD). To our knowledge, this is the
largest study to date with this class of
drugs in FPLD, and it offers a compari-
son with 14 age- and sex-matched indi-
viduals with common T2DM. Our data
suggest GLP-1RA is effective and safe
for use in patients with FPLD for reduc-
ing weight and glucose and triglyceride
levels.

Although there are no U.S. Food and
Drug Administration (FDA)-approved ther-
apies for FPLD in the U.S., metreleptin is
an option for patients in Europe and Ja-
pan (11). Metreleptin supplementation
helps restore leptin levels and can lead to
improvements in metabolic control and tri-
glyceride levels, increases in insulin sensi-
tivity, reduction of appetite (11,12).
According to the data reviewed by the Eu-
ropean Medicines Agency (11), metrelep-
tin caused a 20.6% statistically significant
reduction in triglyceride levels and a 0.6%
reduction in HbA,. in patients with partial
LD. Our data demonstrate that GLP-1RA
reduced weight by 4.0%, BMI by 4.1%,
fasting glucose levels by 9.6%, and HbA,
by 0.5%. Furthermore, triglyceride levels
decreased by 16.7%. Both metreleptin
and GLP-1RA have notable impacts on
metabolic parameters. Whereas metre-
leptin has the potential to address lep-
tin deficiency (13) in LD, GLP-1RA can
influence glucose control and appetite
regulation. Although our findings reveal
that the effect of GLP-1RA trails slightly
behind the reported effects of metre-
leptin in reducing HbA;. and fasting
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Table 1-Demographic characteristics for the LD and DM groups, metabolic parameters before and after GLP-1RA
treatment, and percentage of changes from baseline observed for each group

Patients with FPLD

Patients with common type 2 DM

Age (years)

Female sex (%)

59 + 11
79

60 + 12
71

Before GLP-1RA

After GLP-1RA

Change (%)

Before GLP-1RA

After GLP-1RA

Change (%)

HbA, (%) 82+ 1.4 7.7 + 1.4% —0.5 +0.7 7.6 +2.0 6.4 + 0.9% —11+14
Total cholesterol (mg/dL) 181 + 52 178 + 63 —7.1+432 161 + 39 173 + 35 13.4 + 30.1
Triglycerides (mg/dL) 334.1 + 170 256 + 81 —16.7 £ 53.3 218 + 116 259 + 213 7.2 + 35.6%
HDL cholesterol (mg/dL) 39+9 36 + 8 —2.0+146 47 + 17 48 + 15 4.0 +146
LDL cholesterol (mg/dL) 98 + 39 87 + 46 3.8 +63.0 80 + 22 81+ 21 12 +32.4
Fasting glucose (mg/dL) 186 + 64 166 + 53* —9.6 +18.1 155 + 91 138 + 51 —2.0+258
AST (units/L) 29 + 14 29 + 13 4.1 +244 29+6 33+ 22 14.4 + 67
ALT (units/L) 32+ 12 29 + 10 —2.8+257 34+7 36 + 22 9.6 + 76.0
ALP (units/L) 78 £ 25 69 + 27 —73+134 74 + 24 70 + 22 —1.1+185
Bilirubin (mg/dL) 0.5 + 0.3 0.5 + 0.2 6.5 +29.3 0.4 +0.1 0.5 + 0.2 25.6 + 60.0
BMI (kg/m?) 33+6 31 + 6* —41+40 34+5 34+5 —1.4+45
Weight (kg) 95 + 23 91 + 22* —4.0+43 98 + 20 96 + 20 —18+44

Data are presented as mean + SD. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase. *P < 0.05 be-
tween before and after treatment. +P < 0.05 comparing the LD and DM groups.

triglyceride levels, there is currently no
information on either concurrent use
or comparative efficacies of these two

agents.

Although the exact mechanism of ac-
tion remains an area of interest, there
are hypotheses as to why incretin ana-
logs and GLP-1RA are effective in FPLD.

Previously, a patient with FPLD type 2
had a combined intravenous glucose
tolerance—euglycemic clamp test that
demonstrated severe insulin resistance
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Figure 1—Comparison between changes in triglycerides (A) after 6 months of treatment with GLP-1RA agonist in patients with LD (n = 14) and

common diabetes mellitus (DM) (n = 14). *P = 0.02. Differences in changes for fasting glucose (B), HbA;. (C), weight (D), and BMI (E) were not sig-
nificant. PO, by mouth.
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Table 2—Continued

Type of LD, if

Summary of background therapy Other details on oral hypoglycemic

Genetic test details if applicable

applicable, and

Patient
no.
24

changes during study period use

for LD group

treatment
T2DM, semaglutide

Sex

Group

Basal + bolus insulin; metformin
1,000 mg b.i.d.; Jardiance 25 mg daily;

No significant change on

Male

DM

background medication

glipizide 10 mg b.i.d.

Basal + bolus insulin; empagliflozin

No significant change on

T2DM, liraglutide

Female

DM

25

25 mg daily; glipizide 10 mg b.i.d.

background medication

Basal + bolus insulin; empagliflozin
25 mg daily; metformin 1,000 b.i.d.

No significant change on

T2DM, liraglutide

Female

DM

26

background medication

Basal + bolus insulin; empagliflozin
25 mg daily; metformin 1,000 b.i.d.

No significant change on

T2DM, liraglutide

Female

DM

27

background medication

Metformin 1,000 mg b.i.d.;

No significant change on

T2DM, semaglutide*

Female

DM

28

dapagliflozin 10 mg

background medication

AKI, acute kidney injury; IV, intravenous; PO, by mouth; RADIANT, Rare and Atypical Diabetes Network; TDD, total daily dose; TZD, thiazolidinedione; UM, University of Michigan; UTI, urinary tract infec-

tion; WES, whole-exome sequencing. #Has previous history of acute pancreatitis and also developed pancreatitis during the next 12 months after this study period. *Has been able to receive semaglu-

tide 2.0 or 2.4 mg every week.

(as anticipated in LD), but also an insu-
lin secretory defect with strongly di-
minished first-phase insulin secretion,
which normalized after GLP-1RA ad-
ministration (8). Additionally, patients
with FPLD type 2 have elevated dipep-
tidyl peptidase-4 (DPP-4) levels; DPP-4
is known to inactivate GLP-1 when com-
pared with healthy control study partici-
pants (14), which is believed to have
led to higher levels of central fat distri-
bution. Therefore, it is foreseeable that
the effect of GLP-1RA improves first-
phase insulin secretion and offsets zthe
high DPP-4 levels, which lead to re-
duced glucose level, reduced weight, a
lower body adiposity index, and an im-
proved lipid profile (14). Finally, the
possibility of GLP-1 to work as a leptin
sensitizer centrally may be an impor-
tant contributor (15,16).

The strengths of this study were that
all patients were followed longitudinally
with standardized variables in a large, sin-
gle institution where a single provider over-
saw therapeutic decisions. Therefore, the
prescribing practices and patterns were
homogeneous. An additional strength of
this study is the relatively large number
of patients within this cohort for a rare
disease who were matched to those with
T2DM. This gave us the benefit of com-
paring a standard FDA-approved GLP-1RA
treatment for T2DM with novel use in
FPLD.

There are several limitations to our
study. One limitation is that FPLD repre-
sents a heterogeneous population that
may have variable degrees of severity
and response to treatment. An attempt
was made to control for this aspect by in-
cluding FPLD with similar phenotypes, in
addition to matching for age and sex in
patients with T2DM. A second limitation
is that this was a retrospective study and,
as a result, there were variables of inter-
est that were not controlled for that
could be better controlled for in a pro-
spective study. Last, not all patients had
the opportunity to receive the highest
dose of a given agent or the most potent
agent in the GLP-1RA class, because this
was a retrospective evaluation and not
an interventional study. There is hesitancy
when prescribing GLP-1RA, given their
previously reported association with pan-
creatitis (which occurred in two case sub-
jects in this study on long-term follow-up),
which limited the number of patients re-
ceiving a GLP-1RA.
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In conclusion, to our knowledge, this is
the first and largest data set that demon-
strates GLP-1RA is a safe and effective
treatment for patients with FPLD, offering
benefits in lowering HbA;., weight, and
BMI.
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