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Abstract

Background: Once weekly Glucagon-Like Peptide-1 Receptor Agonists (GLP-I RA) have been shown to improve glycemic
outcomes and cause significant weight loss. However, 9% to 27% of individuals have little or no response to these drugs. In
this article, we investigated the efficacy of GLP-1 RA therapy among adults with type | diabetes and obesity likely related to
genetic mutations compared with obesity likely unrelated to genetic mutations.

Methods: In this retrospective study, we compared body weight and glycated hemoglobin (HbAIc) change with the use
of GLP-1 RA therapy (including a dual agonist, Tirzepatide) over six months among adults with type | diabetes and obesity
likely (n = 11, median age 39.5 years with a median BMI of 43.0 kg/m?) versus unlikely related to genetic mutation(s) (n =
I5, median age 45.8 years with a median BMI of 38.7 kg/m?).

Results: Six months of GLP-I RA treatment resulted in a numerically lower reduction of weight (=5.75 = 9.46 kg vs —8.65
+ 9.36 kg, P = .44) and HbAIc (-0.28 = 0.96% vs —0.43 + 0.57%, P = .64) among individuals with obesity likely versus
unlikely related to a genetic mutation(s), respectively. Fewer individuals with genetic obesity met goal weight loss =5% or
HbA I c decrease =0.4% than did individuals with obesity unlikely related to a genetic cause (36.4% vs 80.0%, P = .04).

Conclusions: The weight loss and glycemic lowering effects of GLP-1 RA therapy may be decreased in people with type |
diabetes and obesity likely related to genetic causes. Further research is needed to understand GLP-1 RA mechanisms via
energy regulating genes.
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Introduction to increase.* Subsequently, off-label use of GLP-1 RA is
gaining traction within this population.>®7 A concurrent
proof of concept study at the Barbara Davis Center (BDC)
demonstrated significant reduction in body weight and gly-
cated hemoglobin (HbAlc) with the use of Tirzepatide in
adults with type 1 diabetes and overweight/obesity.®

Glucagon-Like Peptide-1 Receptor Agonist (GLP-1 RA)
therapy has become a standard of care for management of
type 2 diabetes.! These drugs have been shown to signifi-
cantly reduce body weight, improve glycemic control, and
decrease the risk of cardiovascular complications and all-
cause mortality.>* Weekly Semaglutide (Wegovy) and dual
agonjst, Tirzepatide (Zepbound), are also approved by the 'Barbara Davis Center for Diabetes, University of Colorado Anschutz
United States Food and Drug Administration (FDA) for obe- Medical Campus, Aurora, CO, USA
. ZIndiana University School of Medicine, Indianapolis, IN, USA
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Research into obesity itself has demonstrated the complex-
ity and often polygenic nature of the disease, which is spurred
by a heritability ranging from 40 to 70%.> Correspondingly,
research into correlations between certain genetic mutations
and obesity has spiked in recent years and may pave the way
for future understanding and mitigation of the disease.

It has been reported that between 9% and 27% percent of
those who use Semaglutide or Tirzepatide therapy do not
respond to the drug, defined as less than 5% weight loss over
an average of 72 weeks of treatment.'® The STEP 1 study
demonstrated a 13.6% nonresponse rate to the GLP-1 RA
Semaglutide in individuals with overweight or obesity
(where nonresponse was defined as loss of <5% of body
weight).!® We have observed a lack of weight loss and/or gly-
cemic lowering effect with GLP-1 RA therapy in a few indi-
viduals with type 1 diabetes in our clinical practice and in the
aforementioned feasibility study.®

Assuming good adherence to medications in the clinical
trials, lack of either glycemic or weight loss efficacy may
be due to genetic variation at incretin receptors,'? genetic
mutations in leptin-melanocortin signaling pathways, or
genes that interact with this pathway peripherally or influ-
ence the development of neurons responsible for energy
homeostasis.

In this exploratory study, we sought to evaluate response
to GLP-1 RA therapy in those with type 1 diabetes and obe-
sity likely related to genetic mutations.

Methods

Study Design, Population, and Data Collection

This was a single-center, retrospective study. As part of clini-
cal care, we (V.N.S. and H.K.A.) offered genetic testing for
eligible individuals who were followed for management of
their diabetes at the Barbara Davis Center Adult Clinic. This
genetic testing was offered at no cost through the Rhythm
Pharmaceutical sponsored “Uncovering Rare Obesity” pro-
gram.!! Adults with a Body Mass Index (BMI) =40 kg/m?
and a history of early-onset, severe obesity were eligible for
free testing through this program.!! All patients signed a
written consent form prior to saliva or blood sample collec-
tion. Samples were shipped to Prevention Genetics for
genetic testing. The 79 genes screened were primarily asso-
ciated with the leptin-melanocortin pathway, genes affecting
energy balance, and Bardet-Biedl syndrome and related cil-
iopathies. Further details about this genetic testing are
available at https://www.preventiongenetics.com/sponsored-
Testing/Rhythm. Prevention Genetics reported genetic test-
ing per American College of Medical Genetics and Genomics
(ACMG) guidelines.!?

We reviewed Electronic Medical Records (EMR) for indi-
viduals meeting the following criteria: adults (age >18
years) with type 1 diabetes who have participated in the
“Uncovering Rare Obesity” program and have used GLP-1
RA therapy for management of obesity. As a control, we used

three individuals who tested negative for a genetic mutation
associated with obesity alongside a cohort of adults with type
1 diabetes who were followed for up to 8 months to evaluate
safety and efficacy of Tirzepatide at our center. The details of
this cohort are published in the same issue of the JDST.?
Baseline (defined as the date of GLP-1 RA therapy initiation)
and follow-up clinic data were collected for the following
variables; age, sex, race, ethnicity, diabetes duration, insulin
delivery method, use of Continuous Glucose Monitor
(CGM), Total Daily insulin Dose (TDD), insurance type,
height, weight, BMI, HbA 1c, and presence of comorbidities/
diabetes complications. EMR-based data collection methods
at our site were previously published.'>!* This study was
approved by the Colorado Multiple Institutional Review
Board (COMIRB) under the exempt category.

Study Outcomes

The primary outcome of this study was percentage change in
body weight and absolute change in HbAlc at six months
across two groups: one with obesity likely related to a genetic
mutation(s) and a control group with obesity unlikely related
to a genetic mutation(s). The secondary outcomes were dif-
ferences in baseline diabetes duration, TDD, and BMI
between the two cohorts.

Statistical Analysis

We analyzed response to GLP-1 RA by comparing the
change in weight and HbAlc as continuous variables using
unpaired t-tests. We also compared responses to GLP-1 RA
therapy across four main parameters. First, response was
assessed based on relative weight change, defined as response
if greater than or equal to a 5% decrease in body weight
between baseline and six months and nonresponse if less
than a 5% decrease. Second, response was assessed via abso-
lute change in HbA 1c, defined as response if greater than or
equal to a 0.4-unit decrease between baseline and six months
and nonresponse if less than a 0.4-unit decrease. The final
two parameters were the frequency of (1) meeting either goal
(=5% decrease in body weight or =0.4 decrease in HbAlc)
and (2) meeting both goals (=5% decrease in body weight
and =0.4 decrease in HbAlc).

Results

Of 126 individuals with a BMI =40 kg/m? who were seen for
clinical care at the BDC, 23 (18.3%) were eligible for and
consented to genetic testing. 18 (78.3%) of these individuals
tested positive for an obesity-related mutation(s), and five
(21.7%) tested negative. GLP-1 RA therapy was used by 14
of the 18 individuals positive for a mutation(s) and four of
the five individuals negative for a mutation(s). 11 of the 14
former individuals were analyzed as the “Mutation” cohort
as three did not have analyzable data at six months from
baseline. Three of the four latter individuals (1 did not have
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Table I. Baseline Characteristics.

Variable

Age (years)

Female, n (%)

Non-Hispanic White, n (%)

Diabetes Duration (years)

Insulin Delivery Method, n (%)

MDI

Pump w/o CGM

AID

Use of CGM, n (%)

Total Daily Insulin Dose? (units/kg/day)
Insurance Type, n (%)

Total cohort Control,

N = 26 With mutation, n = || n=15
39.5 (35.0-46.8) 39.5 (35.3-44.1) 45.8 (34.9-48.0)
16 (61.5) 5 (45.5) I1(73.3)

23 (88.5) 9 (81.8) 14 (93.3)
20.3 (10.3-34.0) 12.8 (7.5-26.1) 24.0 (15.3-42.7)
10 (38.5) 2(182) 8(53.3)
2(7.7) 2(182) 0 (0.0
14 (53.8) 7 (63.6) 7 (46.7)

20 (76.9) 8(72.7) 12 (80.0)

0.61 (0.43-0.79)

0.68 (0.56-0.89)

0.46 (0.42-0.64)

Private 23 (88.5) 9 (81.8) 14 (93.3)
Government 3 (11.5) 2(182) I (6.7)
Weight (kg) [14.1 (97.5-129.0) 128.2 (113.0-139.2) 109.7 (92.1-117.3)
BMI (kg/m?) 39.4 (36.2-43.2) 43.0 (38.7-43.9) 38.7 (33.7-41.5)
HbAlc (%) 7.3 (6.9-7.7) 7.3 (6.9-8.2) 7.2 (6.9-7.6)
Comorbidities, n (%)
CvD 0 (0.0 0 (0.0 0 (0.0
Dyslipidemia 13 (50.0) 5 (45.5) 8 (53.3)
Neuropathy 0(0.0) 0 (0.0 0 (0.0
Nephropathy 0(0.0) 0 (0.0 0 (0.0
Retinopathy 13 (50.0) 4 (36.4) 9 (60.0)

Data are median (interquartile range) or n (percent).

Abbreviations: MDI, Multiple Daily Injections; CGM, Continuous Glucose Monitor; AID, Automated Insulin Delivery; BMI, Body Mass Index; HbAlc,

Glycated Hemoglobin; CVD, Cardiovascular Disease.
®No data for one participant.

analyzable data at six months from baseline)—alongside 12
individuals who were not eligible for genetic testing (thus
low probability of genetic obesity) and were treated with
GLP-1 RA therapy for glycemic or obesity management at
our center—were analyzed as the “Control Group” cohort. A
flowchart detailing the cohort selection process is provided
in Supplementary Figure 1. Specific genetic testing results
are provided in Supplementary Table 1.

Baseline demographic characteristics of the two cohorts are
presented in Table 1. In short, adults with obesity likely related
to a genetic mutation(s) were younger (median 39.5 vs 45.8
years) with a shorter duration of diabetes (median 12.8 vs 24.0
years) and a higher BMI (median 43.0 vs 38.7 kg/m?) than
controls. Use of technologies for type 1 diabetes management
such as CGM and insulin pumps as well as glycemic control
(HbAlc) was similar between the two groups. As expected,
TDD was higher among adults with obesity likely related to a
genetic mutation(s) than among controls (median 0.68 vs 0.46
units/kg/day). The types of GLP-1 RA used between the two
groups are provided in Supplementary Table 2.

There was an observed lower absolute and relative change
in body weight (mean —5.75 * 9.46 vs —8.65 = 9.36 kg,
P = 44; -478 * 8.83 vs —8.57 = 9.53 %, P = .31) and
absolute change in HbAlc (mean —0.28 = 0.96 vs —0.43 =

0.57, P = .64) at six months among adults with obesity likely
related to a genetic mutation(s) than among controls; how-
ever, these differences remained statistically non-significant
(Table 2). There were significantly less people with obesity
likely related to a genetic mutation(s) who met either weight
loss of =5% or HbAlc reduction of =0.4% at six months
from baseline than the control group (Figure 1). Table 3 pro-
vides detailed results of the types of genetic mutations and
correlated responses to GLP-1 RA therapy based on weight
loss and glycemic lowering.

Discussion

To our knowledge, this is the first study on the response to
GLP-1 RA therapy in patients with type 1 diabetes and obe-
sity likely related to genetic mutations. We found a lower
level of body weight and HbA lc reduction with the use of
GLP-1 RA therapy among those likely to have a genetic form
of obesity than among controls. Although changes in body
weight and HbAlc between groups were clinically signifi-
cant, they were not statistically significant, most likely due to
the small sample size. Two individuals, one with a mutation
on the NCOA1 (aka SRC1) gene and another with a mutation
on the NRP2 and BBS12 genes, did not respond to GLP-1
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Table 2. Weight and HbA|c Change Between Baseline and 6 Months.

Variable With mutation, n = || Control group, n = |5 P value
Weight, Kg
Baseline 125.92 *+ 22.52 105.90 = 21.97 .0l
Change at six months =575 + 9.46 —-8.65 = 9.36 44
% Change at six months -478 + 8.83 -8.57 = 9.53 31
HbA ¢ (%)
Baseline 7.58 = 1.26 7.27 + 0.65 A7
Change at six months? -0.28 = 0.96 -0.43 = 0.57 .64
*Missing six-month HbA | c data for one individual.
90.00 p=0.04
80.00
80.00 p=0.06
p=0.05
70.00 64.29
60.00
< p=0.18
£ 50,00
S 40.00
‘S 40.00 36.36
P-4
30.00 27.27
20.00
9.09
10.00
0.00 .
Alc Decrease 20.4% Weight Loss 5% Met either goal Met both goals
W Mutation & Control Group

Figure |. GLP-1 RA response frequency analysis.

RA therapy at all. They experienced no reduction in body
weight or HbAlc—on the contrary, they experienced an
increase in both—over the course of treatment.

Important to note is the difference in baseline body weight
and BMI between the two cohorts. The mutation group had a
higher baseline bodyweight (128.2 [113.0-139.2] kg) and
BMI (43.0 [38.7-43.9] kg/m?) as compared with the refer-
ence group, 109.7 (92.1-117.3) kg and 38.7 (33.7-41.5) kg/
m?, respectively. A post hoc analysis of Tirzepatide clinical
trials demonstrated that greater baseline BMI was gener-
ally associated with greater absolute change in body weight
in those with type 2 diabetes.'’ Taking these findings into
account when reviewing our results, it would seem that the
mutation group—with a greater baseline BMI—would have
experienced greater change in body weight. However, the
mutation group experienced both a lower absolute and a
lower relative reduction in body weight at six months
than did the reference group (—5.57 vs —8.65 kg; —4.78 vs
—8.57 %). In addition, we hypothesize that the higher base-
line weight of those in the mutation cohort may be associated
with the mutations themselves. The mutations screened for

are associated primarily with hypothalamic regulatory cen-
ters which are both essential to the regulation of energy
intake and expenditure as well as are sites of endogenous
GLP-1 action. If the mutations seen have effect on these reg-
ulatory centers, this cohort would be expected to see a higher
baseline weight due to atypical endogenous GLP-1 function.
Furthermore, our hypothesis follows that these individuals,
alongside their atypical endogenous GLP-1 function, respond
atypically to exogenous GLP-1 RAs.

A study published in 2018 investigated GLP-1 RA
response in 14 patients with obesity caused by melanocor-
tin-4 receptor (MC4-R) mutations.'® Their results demon-
strated statistically similar responses to Liraglutide treatment
(assessed through weight loss and glucose lowering)
between those with MC4-R mutations and those without.
Similarly, a case report published in 2022 demonstrated
weight loss with the use of GLP-1 RA therapy (Liraglutide
and Semaglutide) in an individual with Bardet-Biedl syn-
drome. This individual was confirmed to have a homozy-
gous mutation at ¢.1599 1602del p.(Thr53411efs*21) in the
BBS10 gene (12q21.2).!7 Although these publications
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Table 3. Mutations and GLP-I RA Response.

Gene Name Gene Transcript Response - Weight? Response - HbAIc®
IFT172 NM_015662.2 .

MAGEL2 NM_019066.4 No (-0.72%) Yes (-06)
CREBBP NM_004380.2 .

MAGEL2 NM_019066.4 No (-3.93%) No (0.3)
PLXNA2 NM_025179.3 No (-0.43%) Yes (-2.5)
ALMS| NM_015120.4

ALMS| NM_015120.4 No (-1.65%) No (-0.2)
BDNF NM_001143810.1

RAI NM_030665.3 No (-3.85%) No (0.2)
PLXNA4 NM_02091 1.1 No (-4.11%) No (0.0)
SIMI NM_005068.2

VPSI3B NM_152564.4 Yes (-30.48%) Yes (-1.5)
WDPCP NM_015910.5

IFT172 NM_015662.2 Yes (-5.73%) No (-0.1)
NRP2 NM_201266.1 .

BBSI2 NM_152618.2 No (1.33%) No (0.5)
CEP290 NM_025114.3 .

UCP3 NM_003356.3 No (-4.11%) No (-0.1)
NCOAI (aka. SRCI) NM_003743.4 No (1.06%) No (0.9)

*Yes” if =5% relative decrease from baseline.
>Yes” if =0.4 absolute decrease from baseline.

indicate similar response to GLP-1 RA therapy in individuals
with obesity-related genetic mutations as compared with
those without, they highlight an important aspect of GLP-1
RA action, that being, the complexity of its pharmacological
mechanisms. Endogenous GLP-1, produced primarily in the
gut, acts upon a variety of pathways in the body; GLP-1
receptors exist in the liver, pancreas, and other tissues, but
primarily within the central nervous system. In the first pub-
lication mentioned above,'® the population studied had
genetic mutations associated with MC4-R. These specific
receptors lie in the paraventricular nucleus (PVN) of the
hypothalamus and play an important role in the regulation of
energy intake and expenditure. However, the PVN is far
from being the only site in which GLP-1 action takes place.
Other areas of the hypothalamus, including the arcuate
nucleus (ARC) which contains anorexigenic pro-opiomela-
nocortin (POMC) neurons and orexigenic agouti-related
peptide (AgRP)/neuropeptide Y (NPY) neurons as well as
the dorsomedial hypothalamus (DMH), also contain GLP-1
receptors. Furthermore, the hypothalamus is not the only
neural center in which endogenous GLP-1 acts. GLP-1
receptors are also found in the area postrema (AP), nucleus
tractus solitarii (NTS), ventral tegmental area (VTA), and the
nucleus accumbens (NAc).'® Alongside its direct action on
the central nervous system, GLP-1 receptors have also been

found in muscle and adipose tissue,"” indicating peripheral
mechanisms that may further influence exogenous GLP-1
RA effectiveness.

To understand how GLP-1 RA can still elicit effect in
individuals with mutations on regulatory centers of energy
intake and expenditure, it is important to understand the
complexity of its action within the human body. In light of
both the findings of these two publications as well as the
findings of our own study, further research on the specific
pharmacological mechanisms of exogenous GLP-1 RAs is
needed to understand how mutations blocking/inactivating
specific neural pathways may or may not impact pharmaco-
logical effectiveness.

The clinical and research implications of this study may
help inform indications for GLP-1 RA use. First, given that
GLP-1 RA therapy is expensive, nonresponse in an individ-
ual may prompt consideration for obesity-related genetic
testing. Doing so may indicate the need for alternative treat-
ment options. Second, our data demonstrates the need for
investigative research into the physiological factors that
affect GLP-1 RA efficacy, specifically regarding obesity-
related genetic mutations. This may improve our understand-
ing of GLP-1 RA mechanisms at the central (neurological)
and peripheral (muscular and adipose tissue) systems influ-
encing weight and glycemic regulation.
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The results of our study should be interpreted with cau-
tion. This was a retrospective, exploratory analysis with a
small sample size. The majority of individuals in the
“Mutation” group were heterozygous for mutations screened
and the clinical significance of most of these mutations is
currently unknown. Not all individuals in the control group
were tested for genetic obesity; however, we assume that
they had a low pretest probability for a genetic form of obe-
sity given these participants did not meet criteria for this spe-
cific genetic testing. Furthermore, there was an imbalance in
the types of GLP-1 RAs used between our two cohorts.
86.6% of the control group use the dual-agonist Tirzepatide
compared with 36.3% of the mutation cohort (Supplementary
Table 2). Studies have demonstrated a greater impact on
weight loss with the use of Tirzepatide as compared with
Semaglutide.?’ As Semaglutide has been shown to have a
greater impact on weight loss than Liraglutide, Dulaglutide,
and Exenatide,”'?®* Tirzepatide may do so as well.
Consequently, the use of different types of GLP-1 RAs
between the two groups may have confounded weight loss
and HbA 1c outcomes. Similarly, weight loss with GLP-1 RA
is dose dependent and given the retrospective nature of this
study, we did not have data on dosages of GLP-1 RA over
time between the two groups. Lastly, the population of indi-
viduals analyzed in this study are primarily Non-Hispanic
White (88.5%). This limits generalizability of our study
results across other racial/ethnic groups.

With an understanding of these limitations, we present
our results as primary evidence to spur future research into
the associations between obesity-related genetic mutations
and response to GLP-1 RA therapy.

Conclusions

Genetic mutations on the leptin-melanocortin pathway, other
energy intake and expenditure pathways, and/or genes
related to Bardet-Biedl syndrome and similar ciliopathies
may influence the glycemic and weight lowering efficacy of
GLP-1 RA therapy. Further research is needed to understand
the pharmacological mechanisms of exogenous GLP-1 RA
via central and peripheral energy regulating pathways.
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