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Aim: While only recently approved for the treatment of metabolic dysfunction-associated steatohepatitis
(MASH), many patients with MASH have taken glucagon-like peptide-1 receptor agonists (GLP-1 RAs) for
the treatment of comorbid Type 2 diabetes (T2D) or obesity. This real-world study evaluated treatment
patterns, weight loss, healthcare resource utilization, and costs among patients with MASH who initiated
GLP-1 RAs. Materials & methods: In a linked electronic health records (Veradigm Network EHR) and claims
(Komodo Health) dataset, we identified adults (=18 years old) with a MASH diagnosis who initiated GLP-1
RA treatment (1 July 2018 to 30 April 2023; index date = date of the first GLP-1 RA claim). Patients with
other causes of liver disease or severe complications from MASH were excluded. We required =12 months
of continuous enrollment pre- (baseline) and post-index (follow-up). Patients were stratified into high
and low-dose subgroups. We also identified a comparator cohort of patients who initiated a different
class of T2D medication (DPP4, SGLT2, or sulfonylurea) during the same time period. We captured patient
characteristics, change in BMI, GLP-1 RA treatment patterns, liver-related events, healthcare utilization,
and costs. Results: We identified 10,316 patients with MASH who initiated a GLP-1 RA (high dose: 2043
[19.8%]; low dose: 8273 [80.2%]) and 2915 who initiated a non-GLP-1 RA T2D medication. GLP-1 RA users
were 52.7 years old and 64.3% female. A 5.8% decrease in the percentage of patients with class Ill obesity
was observed among GLP-1 RA users (10.7% among high-dose users; 0.8% among non-users). Overall,
56.1% of GLP-1 RA users discontinued during the 12-month follow-up. Total costs among GLP-1 RA users
and non users were $20,912 and $19,019 in the baseline period and $27,586 and $24,917 in the follow-up
period, respectively. Medical costs among GLP-1 RA users were $16,293 (baseline) and $16,886 (follow-
up). Results were similar for high and low-dose subgroups. Conclusion: Although some patients with
MASH on GLP-1 RAs, particularly those taking higher dosages, may achieve weight loss, outcomes remain
suboptimal with frequent discontinuation and high healthcare costs. Real-world GLP-1 RA utilization may
be insufficient for resolving chronic metabolic issues, including MASH.

Plain language summary: An analysis of costs and medication usage among people with metabolic
dysfunction-associated steatohepatitis who were prescribed glucagon-like peptide-1 receptor agonists

What is this article about? Metabolic dysfunction-associated steatohepatitis (MASH) is a liver disease that

gets worse over time. MASH can lead to serious complications such as liver failure. Glucagon-like peptide-

1 receptor agonists (GLP-1 RAs) are used to treat obesity and Type 2 diabetes, which are common among
people with MASH. This article is about the usage of GLP-1 RAs among people diagnosed with MASH. We
looked at patient characteristics, BMI, patterns of medication treatment, reasons for discontinuation and
changes in healthcare use and costs after starting GLP-1 RA. We also captured similar data for people who
started a different Type 2 diabetes treatment to provide additional context.

What were the results? People with MASH who took GLP-1 RA tended to lose weight, measured as a &
decrease in the percentage of patients with a very high BMI (=40). This was not observed in people who % .Becaris

10.57264/cer-2024-0223 © 2025 Madrigal Pharmaceuticals, Inc. J. Comp. Eff. Res. (2025) e240223 elSSN 2042-6313


https://orcid.org/0000-0002-0839-1515
https://orcid.org/0000-0003-2368-5279
https://orcid.org/0000-0002-6412-4139
https://orcid.org/0000-0001-6330-6718
https://orcid.org/0009-0007-0263-9384

Research Article

Tapper, Ryan, Zeng et al.

started a different Type 2 diabetes treatment. More than half of people who started GLP-1 RAs stopped
treatment for at least 45 days within 1 year. Roughly half of people who stopped treatment did not restart
treatment. Side effects were the most common reason for stopping treatment. Total healthcare costs were
$27,586, and nonmedicine-related costs were $16,886 in the year after starting treatment.

What do the results mean? GLP-1 RA may be effective in promoting weight loss among people with
MASH, but these medications may not address other issues among people with MASH as healthcare use
and costs remain high.

First draft submitted: 23 November 2024; Accepted for publication: 28 August 2025; Published online:
6 October 2025
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Metabolic dysfunction-associated steatohepatitis (MASH) is the inflammatory subtype of metabolic dysfunction-
associated steatotic liver disease (MASLD) [1,21. MASH is associated with progressive fibrosis of the liver, which
can lead to cirrhosis, hepatocellular cancer and end-stage liver disease requiring liver transplantation [2). While the
overall estimated prevalence of MASH is 3—5% (3], this rises to 37% among patients with a comorbid diagnosis of
Type 2 diabetes and 33% among patients who are overweight or obese [4,5]. The combination of an aging population
with the dual epidemics of Type 2 diabetes and obesity resulted in a projected doubling of the prevalence of MASH
between 2015 and 2030 ().

Weight loss, through a combination of a healthy diet and regular exercise, is the recommended first-line therapy
for MASLD (7-91. Studies have shown dose-dependent improvements in markers of liver damage with increasing
weight loss, with a >5% reduction being associated with reduced liver lipid content, a 7-10% reduction being
associated with reduced inflammation, and a >10% reduction being associated with improvements in fibrosis (10-12].
However, this degree of weight loss is difficult to achieve and maintain with behavioral changes alone [12].

First approved in 2005 for the treatment of Type 2 diabetes [13], several glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) and other incretin mimetics have demonstrated efficacy in promoting weight loss, particularly when
prescribed at higher dosages [14]. Improvements in cardiovascular outcomes among patients with Type 2 diabetes
have been well characterized [15,16], and recent clinical trials have demonstrated promising results on steatohepatitis
resolution without worsening of fibrosis [17-20].

While no GLP-1 RAs were approved for the treatment of MASH at the time this study was conducted, current
guidelines for the management of MASH recommend prescribing GLP-1 RAs in patients who have an approved
indication for treatment, namely, comorbid Type 2 diabetes or obesity 7-9]. The primary objective of this study
was to evaluate baseline characteristics, treatment patterns, changes in BMI, healthcare resource utilization and
healthcare costs among patients with MASH initiating treatment with GLP-1 RAs.

Materials & methods

Data sources & ethical compliance

This retrospective, observational cohort study leveraged electronic health records (EHR) from the Veradigm
Network EHR linked to insurance claims data spanning 1 July 2017, through 30 April 2024. The deidentified
linked dataset was prepared by the data providers, and the proprietary methods used to generate the dataset from
the source data were not disclosed to the authors.

The linked dataset only contains deidentified data as per the de-identification standard defined in Section
§164.514(a) of the Health Insurance Portability and Accountability Act of 1996 (HIPAA) Privacy Rule. Because
this study used only deidentified patient records, it is no longer subject to the HIPAA Privacy Rule and is therefore
exempt from Institutional Review Board approval. This study was conducted in compliance with the Declaration
of Helsinki and followed the STROBE guidelines for reporting observational research studies [21].

Study cohorts

Using structured EHR and claims data, we identified two cohorts of patients with MASH. The first was the main
study cohort, comprised of individuals starting a GLP-1 RA, and the second was a comparator cohort, comprised
of individuals initiating a different class of diabetes treatment (dipeptidyl peptidase 4 [DPP4] inhibitor, sodium-
glucose cotransporter-2 [SGLT2] inhibitor, or sulfonylurea). In line with other investigators, these comparators
were selected because, like GLP-1 RA, they are often positioned as add-on therapies in the treatment of Type 2
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diabetes [221. The purpose of the comparator cohort was to provide additional context for interpreting the cost
outcomes, as healthcare costs among MASH patients vary by comorbidity burden [23,24].

To do this, we identified individuals with a claim for a GLP-1 RA, DPP4, SGLT?2, or sulfonylurea between
1 July 2018 and 30 April 2023, as well as a medical claim or EHR record with the International Classification
of Diseases, 10th edition, Clinical Modification diagnosis K75.81 before their index date. The K75.81 code has
been used by clinicians to code for both MASH and its predecessor term, nonalcoholic steatohepatitis [25,26]. For
individuals with a GLP-1 RA prescription, the index date was the date of the earliest GLP-1 RA claim between
1 July 2018 and 30 April 2023. For all other individuals, the index date was the date of the earliest claim for a
new qualifying class of antidiabetic medication (DPP4, SGLT2, or sulfonylurea) between 1 July 2018 and 30 April
2023. To create a meaningful index date, patients could only index on a medication if they had no prior claims for
a medication in that class at any time in their available data.

We excluded individuals who had a claim for a GLP-1 RA anytime before the index date or were less than
18 years old on the index date. Patients were excluded if they had a diagnosis of viral hepatitis, alcoholism or
alcoholic liver disease, opioid disorders, Type 1 diabetes, gestational diabetes or bariatric surgery at any time in
their available data or if they had a diagnosis of cirrhosis, decompensated cirrhosis, ascites, encephalopathy, varices,
liver transplant or hepatic cell carcinoma at any time before the index date. To ensure that the opportunity for data
capture was consistent across individuals in the study, we also required a minimum of 12 months of continuous
enrollment in claims before (baseline period) and after (follow-up period) the index date. The codes used in cohort
selection are reported in Supplementary Table 1.

The GLP-1 RA cohort was further segmented into two groups based on GLP-1 RA dose intensity: high or low.
The cutoffs used to determine the dose intensity of each GLP-1 RA are reported in Supplementary Table 2.

Time periods
The index date was the first claim for a patient’s index medication. The baseline period was the 12 months preceding
the index date, and the follow-up period was the 12 months following and inclusive of the index date. Created a
24-month analytic period for each patient. All study variables were captured using only data from the 24-month
analytic period.

Study variables

Demographic characteristics, including age, sex, race, ethnicity, geographic region, insurance type and year of
index, were measured on the index date. Where height and weight values were available in the EHR, BMI was
calculated for the baseline and follow-up periods. Patients were categorized by BMI using cutoffs defined by the
US Centers for Disease Control and Prevention: underweight (BMI <18.5), healthy weight (18.5 < BMI <25),
overweight (25 < BMI <30), obese (30 < BMI), class 1 obesity (30 < BMI <35), class 2 obesity (35 < BMI
<40) or class 3 obesity (40 < BMI) [27]. Other clinical characteristics were measured during the 12-month baseline
period and included the Charlson Comorbidity Index (CCI) (28, the Diabetes Complications Severity Index
(DCSI) (291 and its individual components, cardiovascular-related conditions (cardiovascular disease, coronary artery
disease, Type 2 diabetes, hypercholesterolemia, hyperlipidemia, primary hypertension and metabolic syndrome [by
diagnosis code]), and related treatments (antidiabetics [excluding GLP-1 RA], antihypertensives, statin [high and
low/moderate]) (30. The DCSI and individual components are only reported among the subset of patients with a
diagnosis of Type 2 diabetes in the 12-month baseline period. New diagnoses of cirrhosis, decompensated cirrhosis,
liver transplant and hepatic cell carcinoma were captured in the 12-month follow-up period. Diagnoses were
captured using both EHR and claims data.

GLP-1 RA treatment patterns, including adherence, discontinuation and days of use, were captured in the 12-
month follow-up period. For adherence, we measured the proportion of days covered (PDC), which was calculated
by dividing the days’ supply of all GLP-1 RAs during the follow-up period by 365. PDC was capped at 1. Patients
with a PDC >0.8 were considered adherent. For discontinuation, we captured the time to discontinuation using
both a 45-day allowable gap and a 60-day allowable gap. Changes in dosing or switches to a new GLP-1 RA were not
considered discontinuation events unless they coincided with a gap in therapy. We also captured whether patients
restarted a GLP-1 RA after discontinuation and the time to restart. Medication usage and treatment patterns were
captured using only claims data.

We captured all-cause healthcare utilization and costs in the 12-month baseline and follow-up periods. Utiliza-
tion and costs were measured using medical and pharmacy claims data, and captured all prescriptions, services,
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procedures, facility and other medical fees billed to the insurance provider. We did not calculate proxy costs for
encounters that occurred in the EHR but did not have a corresponding claim. Costs are reported per-person
per-year and were adjusted to 2024 US dollars using the medical care component of the Consumer Price Index.

Diagnoses were captured using both EHR and claims data. Medications, treatment patterns, healthcare utilization
and cost data were captured using only claims data.

Exploratory analysis

We conducted an exploratory analysis of reasons for GLP-1 RA discontinuation using data extracted from clinical
notes in the EHR. Using only the EHR data, we identified patients with >1 GLP-1 RA prescription, a documented
end date of treatment, and a clinical note on the end date. We restricted to patients who were >18 years old and
had a diagnosis of MASH. We also excluded patients with cirrhosis, Type 1 diabetes or gestational diabetes at any
time. We identified notes with the name of a GLP-1 RA and one of several stop terms (stop, stopped, discontinued,
discontinue, discontinuation, d/c, gap, quit), and snippets of 150 characters from the deidentified free text fields
were examined for common reasons for discontinuation. A subanalysis was performed on patients stratified by time
to discontinuation: <6 months or >6 months.

Data analysis

Continuous measures are presented as means and standard deviations (SD), while categorical measures are presented
as counts and percentages. For cost variables, we also report the median and interquartile range. All results are
reported descriptively. The non-GLP-1 RA cohort was included to provide context for interpreting the results of
the GLP-1 RA cohort. No direct comparisons are made between these two cohorts. Descriptive statistics were
generated using SAS V9.4.

Results

We identified 10,316 individuals with MASH who newly initiated a GLP-1 RA and an additional 2915 individuals
with MASH who newly initiated a different class of diabetes medication (DPP4, SGLT?2 or sulfonylurea). Among
those who initiated a GLP-1 RA, 2043 (19.8%) were on a high dose, and 8273 (80.2%) were on a low dose
(Figure 1).

Patients with MASH in the GLP-1 RA cohort were, on average, 52.7 (SD: 11.3) years old and 64.3% female
(Table 1). Among those in the GLP-1 RA cohort, 59.4% were White, 45.1% lived in the South and 70.5% had
commercial insurance. By contrast, patients in the non-GLP-1 RA cohort were, on average, 57.7 (SD: 12.1) years
old, 53.5% female, 50.8% White, 36.2% in the South and 51.9% on commercial insurance. Among patients on a
high-dose GLP-1 RA, 83.3% had commercial insurance, and only 8.9% were insured through Medicaid.

Mean CCI ranged from 1.5 to 1.8, and mean DSCI ranged from 0.9 to 1.2, depending on the cohort (Ta-
ble 2). In all cohorts, the most common DCSI dimensions were neuropathy (18.2%-23.3%) and nephropathy
(12.5-14.8%). Overall, 75.3% of the GLP-1 RA cohort and 80.3% of the non-GLP-1 RA cohort had a diag-
nosis of cardiovascular disease, while 75.6% and 86.7% had a diagnosis of Type 2 diabetes in the 12-month
baseline period. Among those on a high-dose GLP-1 RA, 66.9% had a baseline diagnosis of cardiovascular dis-
ease, and 47.0% had a baseline diagnosis of Type 2 diabetes. While hyperlipidemia and primary hypertension
were present in 60.4%—74.4% of each cohort, less than 10% of any cohort had a diagnosis code for metabolic
syndrome.

Baseline use of antihypertensive and non-GLP-1 RA antidiabetic medications mirrored the incidence of primary
hypertension and Type 2 diabetes, respectively (Table 2). In the baseline period, 36.5% of the GLP-1 RA cohort
and 40.7% of the non-GLP-1 RA cohort had claims for low to moderate-dose statins, while 19.8% and 20.3%
had claims for a high-dose statin.

Among the roughly a third of patients with a BMI value, 86.6% of the overall GLP-1 RA cohort had a BMI
indicative of obesity in the baseline period, and 80.1% had a BMI indicative of obesity in the follow-up period
(Figure 2). In the subset of patients who received a high-dose GLP-1 RA, mean (SD) BMI was 36.1 (4.5) in the
baseline period and 34.6 (5.0) in the follow-up period (Supplementary Table 3). In this subgroup, the percentage
of patients with class IIT obesity decreased by 10.7 percentage points from 36.6% to 25.9%, while the percentage
of patients who were overweight increased by 8.6 percentage points from 7.3% to 15.9% suggesting an overall shift
in BMIL
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GLP-1 cohort Non-GLP-1 cohort

>1 medical claim or EHR record with a diagnosis for MASH any time before the index data®

v [

>1 claim for a new DPP4, SGLT2, or
sulfonylurea prescription between 1 July 2018
and 30 April 2023

>1 claim for a GLP-1 RA prescription between
1 July 2018 and 30 April 2023

|

AND no claims for GLP-1 RA anytime before the index date

n = 93,690

AND =18 years old on the index date

¢

AND no diagnosis of viral hepatitis, alcoholism or alcoholic liver disease, opioid disorders, type 1
diabetes, gestational diabetes, or bariatric surgery at any time in patient’s available data

¢

AND no diagnosis of cirrhosis, decompensated cirrhosis, ascites, encephalopathy, varices, liver
transplant, or hepatic cell carcinoma (broad cose set) at any time before the index date

|

AND >12 months of continuous enroliment in claims before and after the index date

n=10,316
|

v [
High-dose GLP-1 Low-dose GLP-1

n = 2043 n =38273

Figure 1. Cohort Identification.

2The index date for glucagon-like peptide-1 receptor agonists (GLP-1) users was the earliest GLP-1 RA prescription
between 1 July 2018 and 30 April 2023. For people without a GLP-1 RA prescription, the index date was the earliest
claim for a new dipeptidyl peptidase (DPP4) inhibitor, sodium-glucose cotransporter-2 (SGLT2) inhibitor or
sulfonylurea prescription between 1 July 2018 and 30 April 2023.

EHR: Electronic health record; GLP-1 RA: Glucagon-like peptide-1 receptor agonist; MASH: Metabolic
dysfunction-associated steatohepatitis.

To assess the frequency of costly liver-related complications in the follow-up period we also explored incident
liver-related diagnoses in the follow-up period (Supplementary Table 4). During the 12-month follow-up period,
1.8% of the non-GLP-1 RA cohort had an incident diagnosis of cirrhosis and 1.3% had an incident diagnosis of
hepatic decompensation. Similarly, 1.7% of the GLP-1 RA cohort had an incident diagnosis of cirrhosis, and 0.9%
had an incident diagnosis of hepatic decompensation. The mean time from index treatment event to diagnosis was
5—6 months.

GLP-1 RA treatment patterns

The majority of patients with MASH who were taking a GLP-1 RA were adherent to treatment (PDC > 0.8)
over the 12-month follow-up period, ranging from 53.0% of the low-dose subgroup to 59.1% of the high-dose
subgroup (Table 3). However, using a 45-day allowable gap, a majority of patients discontinued GLP-1 RA therapy
during follow-up, including 57.1% of the low-dose subgroup and 52.2% of the high-dose subgroup. The mean
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Table 1. Demographic characteristics.

GLP-1 RA non-users GLP-1 RA users
Any dose High dose Low dose
n=2915 n=10,316 n=2043 n = 8273

Age, mean (SD) 57.7 (12.1) 52.7 (11.3) 50.3 (10.7) 53.3(11.3)
Female, n (%) 1558 (53.5) 6637 (64.3) 1358 (66.5) 5279 (63.8)
Race, n (%)

Asian 229 (7.9) 417 (4.0) 76 (3.7) 341 (4.1)

African-American/Black 133 (4.6) 423 (4.1) 81 (4.0) 342 (4.1)

Other 473 (16.2) 1397 (13.5) 244 (11.9) 1153 (13.9)

White 1482 (50.8) 6126 (59.4) 1260 (61.7) 4866 (58.8)

Unknown/not reported 598 (20.5) 1953 (18.9) 382 (18.7) 1571 (19.0)
Ethnicity, n (%)

Hispanic 278 (9.5) 776 (7.5) 127 (6.2) 649 (7.8)

Non-Hispanic or unknown 2637 (90.5) 9540 (92.5) 1916 (93.8) 7624 (92.2)
Geographic region, n (%)

North East 608 (20.9) 1849 (17.9) 327 (16.0) 1522 (18.4)

Midwest 511 (17.5) 1913 (18.5) 379 (18.6) 1534 (18.5)

South 1054 (36.2) 4653 (45.1) 986 (48.3) 3667 (44.3)

West 672 (23.1) 1672 (16.2) 305 (14.9) 1367 (16.5)

Other/unknown 70 (2.4) 229 (2.2) 46 (2.3) 183 (2.2)
Insurance type, n (%)

Commercial 1514 (51.9) 7268 (70.5) 1702 (83.3) 5566 (67.3)

Medicare 793 (27.2) 1471 (14.3) 158 (7.7) 1313 (15.9)

Medicaid 602 (20.7) 1565 (15.2) 181 (8.9) 1384 (16.7)

Other/unknown 6 (0.2) 12 (0.1) 2(0.1) 10 (0.1)
Year of index date, n (%)

2018 222 (7.6) 434 (4.2) 29 (1.4) 405 (4.9)

2019 485 (16.6) 1130 (11.0) 77 (3.8) 1053 (12.7)

2020 605 (20.8) 1401 (13.6) 66 (3.2) 1335 (16.1)

2021 741 (25.4) 2612 (25.3) 252 (12.3) 2360 (28.5)

2022 749 (25.7) 3881 (37.6) 1250 (61.2) 2631 (31.8)

2023 113 (3.9) 858 (8.3) 369 (18.1) 489 (5.9)

GLP-1 RA: Glucagon-like peptide-1 receptor agonist; SD: Standard deviation.

time to discontinuation was 4—5 months. Of those who discontinued, 46.8% of the low-dose subgroup and 56.4%
of the high-dose subgroup restarted on a GLP-1 RA within the follow-up period, typically within about 3 months
after discontinuing. The dosage at restart was not assessed. Similar trends were observed using a 60-day allowable

&ap-

Reasons for discontinuation

In an exploratory analysis of reasons for discontinuation of GLP-1 RA using 363 clinical notes extracted from 266
patients, side effects/adverse events were the most commonly documented reason for stopping therapy (n = 129
[35.5%]) (Supplementary Table 5). Side effects or adverse events were reported as the reason for discontinuation
among 39.1% of those who discontinued within the first 6 months and among 33.0% of those who discontinued
after 6 months. Other common reasons included switched medications (15.2%) and cost/insurance barriers (8.8%).
The analysis was not designed to determine if patients were switching to a different GLP-1 RA or a different class
of medications.

Healthcare utilization & costs
During the baseline period, 12.0% of the non-GLP-1 RA cohort and 7.8% of the GLP-1 RA cohort had at least
one inpatient admission, 26.6% and 27.3% had an emergency department visit, and over 98% had an outpatient
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Table 2. Baseline clinical characteristics.

GLP-1 RA non-users GLP-1 RA users
Any dose High dose Low dose
n=2915 n=10,316 n =2043 n=8273
CCl, mean (SD) 1.8(1.7) 1.7 (1.6) 1.5(1.5) 1.7 (1.6)
DCSIT, mean (SD) 1.2(1.5) 1.0 (1.4) 0.9 (1.3) 1.0 (1.4)
DCSI conditions®, n (%)
Retinopathy/ophthalmic 197 (7.8) 630 (8.1) 63 (6.6) 567 (8.3)
Nephropathy 375 (14.8) 1017 (13.0) 120 (12.5) 897 (13.1)
Neuropathy 484 (19.2) 1770 (22.7) 175 (18.2) 1595 (23.3)
Cerebrovascular disease 20 (0.8) 46 (0.6) 3(0.3) 43 (0.6)
Cardiovascular 306 (12.1) 680 (8.7) 80 (8.3) 600 (8.8)
Peripheral vascular disease 300(11.9) 699 (9.0) 81 (8.4) 618 (9.0)
Metabolic 46 (1.8) 189 (2.4) 26 (2.7) 163 (2.4)
CV-related conditions, n (%)
Cardiovascular disease 2341 (80.3) 7768 (75.3) 1367 (66.9) 6401 (77.4)
Coronary artery disease 67 (2.3) 115 (1.1) 13 (0.6) 102 (1.2)
Diabetes, Type 2 2526 (86.7) 7803 (75.6) 960 (47.0) 6843 (82.7)
Hypercholesterolemia 484 (16.6) 1749 (17.0) 324 (15.9) 1425 (17.2)
Hyperlipidemia 2124 (72.9) 7121 (69.0) 1252 (61.3) 5869 (70.9)
Hypertension(primary) 2168 (74.4) 7179 (69.6) 1233 (60.4) 5946 (71.9)
Metabolic syndrome 77 (2.6) 719 (7.0) 184 (9.0) 535 (6.5)
Related treatments, n (%)
Any antidiabetic (except GLP-1 RA) 2153 (73.9) 7784 (75.5) 995 (48.7) 6789 (82.1)
Any antihypertensive 2168 (74.4) 7530 (73.0) 1305 (63.9) 6225 (75.2)
Statin
Low/moderate dosef 1187 (40.7) 3766 (36.5) 543 (26.6) 3223 (39.0)
High dose* 592 (20.3) 2041 (19.8) 319 (15.6) 1722 (20.8)

The Diabetes Complications Severity Index (DCSI) and components were only reported among patients with evidence of a Type 2 diabetes diagnosis.

fStatin dose intensity was calculated using peak average daily dose for any prescribed statin, with thresholds aligned with Quek, et al. [26]. High doses were
defined as follows: atorvastatin >30 mg daily; rosuvastatin >15 mg daily; simvastatin >60 mg daily.

CCl: Charlson Comorbidity Index; CV: Cardiovascular; GLP-1 RA: Glucagon-like peptide-1 receptor agonists; SD: Standard deviation.

® Class 3 Obesity (40+) ® Class 1 or 2 Obesity (30-39.9)
Overweight (25-29.9) ® Healthy weight/Underweight (<24.9)

100~ 4.8% 6.6% 2.4% 3.8% 2.3% 4.0% 2.4% 3.8%
. — [ ] — [ ] [ ] I

= 11.0% 7.3% 11.9%
ﬂ 16.1% 15.9% 16.1%
K=
£2 75
g%
Se
85 s0-
o5
S
E Q
2 € 25|
5
L
o
(8}
0_

Baseline | Follow-up | Baseline | Follow-up | Baseline | Follow-up | Baseline | Follow-up

Non-GLP-1 RA All GLP-1 RA High-dose GLP-1 RA |Low-dose GLP-1 RA

Figure 2. BMI in the baseline and follow-up periods.
GLP-1 RA: Glucagon-like peptide-1 receptor agonists.
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Table 3. GLP-1 treatment patterns.

GLP-1 RA users

Any dose High dose Low dose
Treatment patterns n=10,316 n=2043 n=8273
Adherence
Proportion of days covered, mean (SD) 0.71(0.32) 0.76 (0.29) 0.70 (0.33)
Adherent, n (%) 5588 (54.2) 1207 (59.1) 4381 (53.0)
Discontinuation
>45 day gap
Discontinued, n (%) 5788 (56.1) 1067 (52.2) 4721 (57.1)
Months to discontinuation, mean (SD) 4.4 (3.3) 4.9(3.3) 4.4 (3.3)
Restart after discontinuation, n (%) 2809 (48.5) 602 (56.4) 2207 (46.8)
Months to restart, mean (SD) 3.2(2.1) 3.1(2.1) 3.2(2.1)
>60 day gap
Discontinued, n (%) 5076 (49.2) 916 (44.8) 4160 (50.3)
Months to discontinuation, mean (SD) 4.3 (3.1) 4.8 (3.2) 4.2 (3.1)
Restart after discontinuation, n (%) 2128 (41.9) 456 (49.8) 1672 (40.2)
Months to restart, mean (SD) 3.8(2.1) 3.7 (2.1) 3.8(2.1)

GLP-1 RA: Glucagon-like peptide-1 receptor agonists; SD: Standard deviation.

u [npatient m Emergency department = Outpatient visits
m QOutpatient other = Pharmacy

27586 28,082 27,464
= 30,000 24.917 (54,262) (49,631) (55,348)
Iy (69,706)
@ 25,000 20,912 19.865 21,170
S 19019 (85105  (77882) $10,700 (41141) $12,114 (8+5%?)  $10,351
§ 20,000 (50,196)
§ 15,000 $9567
3 10,000 $8609 $9358 49851 9200 [l $9190
g $2657
= $2243 ETLEN) 2827 $2769
S 5000 $2713 S $2990 $3065  $2644
3
=
0_
Baseline Follow-up | Baseline Follow-up | Baseline Follow-up | Baseline Follow-up
n=2915 n=10,316 n =2043 n=8273
Non-GLP-1 RA All GLP-1 RA High-dose GLP-1 RA |Low-dose GLP-1 RA

Figure 3. Mean all-cause healthcare resource utilization in the baseline and follow-up periods.
GLP-1 RA: Glucagon-like peptide-1 receptor agonists.

visit and other outpatient service (Supplementary Table 6). Trends were similar in the follow-up period, with 11.0%
of the non-GLP-1 RA cohort and 7.2% of the GLP-1 RA cohort having at least one inpatient admission, while
27.6% and 26.4% had an emergency department visit. Patients with MASH had, on average, 13.9—17.8 outpatient
visits, 13.3-14.0 other outpatient services and 15.0—~17.7 unique drug formulas during the baseline period, along
with 15.0-17.5 outpatient visits, 12.5-15.4 other outpatient services and 18.2-20.0 unique drug formulas during
the follow-up period.

Mean (SD) all-cause costs in the baseline period were $20,912 (377,882) in the overall GLP-1 RA cohort,
$19,865 ($41,141) in the high-dose subgroup, and $21,170 ($84,532) in the low-dose subgroup (Figure 3). In
the follow-up period, costs were $27,586 ($54,262) in the overall GLP-1 RA cohort, $28,082 ($49,631) in the
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high-dose subgroup, and $27,464 ($55,348) in the low-dose subgroup. For comparison, baseline and follow-up
costs in the non-GLP-1 RA cohort were $19,019 ($50,196) and $24,917 ($69,706), respectively. Total costs after
removing the top 1% of spenders and median costs are reported in Supplementary Table 5. While these cost
estimates were lower than the main analysis, descriptive increases between baseline and follow-up were observed
across all cohorts.

In the GLP-1 RA cohort, mean (SD) pharmacy costs were $4619 ($49,140) in the baseline period and $10,700
($18,238) in the follow-up period. In the baseline period, the largest category of costs in all cohorts was other
outpatient services, with mean (SD) costs of $9358 ($46,284) and $8609 ($36,819) for the GLP-RA and non-
GLP-1 RA cohorts, respectively. In the follow-up period, these costs were $9108 ($34,299) and $9567 ($41,905),
respectively. Overall, mean medical costs, i.e., non-pharmacy-related healthcare costs, were $16,293 in the baseline
period and $16,886 in the follow-up period among all patients prescribed GLP-1 RA, $15,945 and $15,969 among
patients in the high-dose subgroup, and $16,378 and $17,113 among patients in the low-dose subgroup.

Discussion

MASH is a growing threat to public health, and its increasing healthcare costs remain a major unmet need. Our
study of a large cohort of 10,316 US patients with MASH who initiated treatment with GLP-1 RAs yielded three
key findings. First, while the use of high-dose GLP-1 RAs was associated with a 10% reduction in the percentage of
patients with class III obesity, roughly 80% of patients with MASH with a documented BMI who took high-dose or
low-dose GLP-1 RA had a BMI >30 in the follow-up period. Second, over 50% of individuals who started a GLP-1
RA discontinued within the first 12 months. Third, the observed trends of GLP-1 RA use were not associated with
a decrease in medical cost among patients with MASH in either the high or low-dose subgroups, suggesting that
GLP-1 RA therapy was not leading to the resolution of medical issues, including liver-related events.

Weight loss

The weightloss effects of GLP-1 RAs have been well documented among patients with a high BMI. In a retrospective
analysis of patients in a large integrated US healthcare system who initiated a GLP-1 RA at a dosage appropriate
for glycemic control (n = 2405), 26.3% of patients lost at least 5% of their body weight 56 weeks after treatment
initiation [31). Similar results were seen in an analysis of the UK Clinical Practice Research Datalink, in which
33.4% of patients with Type 2 diabetes who initiated a GLP-1 RA lost at least 5% of their body weight within a
year (32]. One study of 810 patients in the US with Type 2 diabetes who initiated a GLP-1 RA found that adherent
patients lost twice as much weight in a year as nonadherent patients (4.3 vs 1.9 kg) (33]. In this study, we observed
improved BMI among those who were treated with GLP-1 RAs, particularly among those receiving a high dose.
Specifically, among those with documented BMI, we observed a doubling in the proportion with BMI <24.9
(2.3-4.0%) and BMI 25-29.9 (7.3-15.9%), with a reduction among those with BMI > 40 (36.6-25.9%).

Adherence & discontinuation

The anticipated benefits from GLP-1 RAs on MASH resolution stem from the associated weight loss; however,
evidence suggests that patients tend to regain weight after discontinuing GLP-1 RAs [34-36). The high rates of
discontinuation observed in this and other studies suggest that in the real world, patients may not sustain GLP-1
RA treatment for sufficient time to achieve the benefits observed in clinical trials. In general, rates of adherence
to (53-59%) and discontinuation of (52-57%) GLP-1 RAs in this population of patients with MASH in this
study were similar to prior reports among patients with Type 2 diabetes (adherence: 34-51%; discontinuation:
36-59%) [37-39]. An exploratory analysis found that side effects and adverse events were the most commonly
documented reasons for discontinuing GLP-1 RAs, followed by switched medications and cost/insurance barriers.
A more comprehensive analysis of discontinuation is planned to explore associations with dosage, active ingredient,
insurance type and other factors.

In this study, we observed a mean PDC of 0.70 at 12 months for patients initiating GLP-1 RAs. Estimates from
prior studies of patients with Type 2 diabetes range from 0.65 for all new starts to 0.75 for patients with at least
2 GLP-1 RA prescriptions [37,38]. While these values may seem high relative to the observed adherence values, the
threshold for being adherent is a PDC >0.8. PDC also does not account for discontinuation or gaps in therapy. For
example, a patient who discontinued after 9 months of continuous therapy and a patient who took a GLP-1 RA
for 6 months and then switched to a different GLP-1 RA after a 3-month gap in therapy would both have a PDC
of 0.75 and be considered to have discontinued and been nonadherent. Alternatively, patients switching between
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dosages or active ingredients may be filling prescriptions more frequently, resulting in a stockpile of medication. To
account for this, we capped the PDC at 1; however, a patient who took a GLP-1 RA for 3 months and then switched
to a different GLP-1 RA after a 3-month gap in therapy but managed to stockpile an extra month of medication
would have a PDC of 0.83 and would be considered to be adherent but have discontinued therapy. Further research
into the details of GLP-1 RA treatment patterns is required to better understand how these medications are being
used in the real world.

Cost

Mean cost estimates in this study for patients with MASH taking GLP-1 RAs ranged between $19,865 (high-dose
GLP-1 RA cohort) and $21,170 (low-dose GLP-1 RA cohort) in the baseline period and between $27,464 (low-
dose GLP-1 RA cohort) and $28,082 (high-dose GLP-1 RA cohort) in the follow-up period. The increase from
baseline to follow-up was primarily driven by pharmacy costs, as mean medical costs among patients who indexed
on GLP-1 RA were $16,293 in the baseline and $16,886 in the follow-up. While we did not observe a decrease
in medical costs among patients who received a high-dose GLP-1 RA, we did not stratify these results by change
in BMI. Future studies should explore medical costs among patients who were persistent on therapy and among
those who did or did not achieve weight loss targets.

These estimates of total costs in the baseline period are comparable to, but on the higher end of, prior estimates
of uncomplicated MASH, which ranged from $16,744 to $22,953 140-42). This likely reflects the higher incidence
of comorbid diabetes in this study cohort compared with the overall MASH population. In a prior analysis, 56.8%
of patients with MASH had a comorbid diagnosis of Type 2 diabetes, and a comorbid diagnosis of Type 2 diabetes
was associated with a 63% incremental increase in costs over a diagnosis of MASH alone [24]. In that study mean
costs among patients with MASH and Type 2 diabetes were $22,213. Therefore, to contextualize the costs of
patients initiating GLP-1 RA, this analysis also reported costs among a comparator cohort of patients with MASH
who were initiating a different second-line treatment for Type 2 diabetes. In this non-GLP-1 RA cohort, mean
costs were $19,019 in the baseline period and $24,917 in the follow-up period.

Limitations

This study is subject to the standard limitations of a retrospective database study, including data entry errors, missing
data and coding limitations. More specific limitations include the fact that patients with MASH were identified
by diagnosis code and not biopsy, even though biopsy is required for a definitive diagnosis. This was because
biopsies are not widely conducted, and the results are not available in the structured data fields. Instead, we used the
K75.81 diagnosis code for identifying patients, which is the recommended approach for identifying patients with
MASH in retrospective database studies [25,26]. However, reliance on a documented MASH diagnosis will exclude
individuals at a high risk of undiagnosed MASH, such as those with multiple other metabolic conditions. It should
also be noted that, prior to 2023, the condition now known as MASH was referred to as nonalcoholic steatohep-
atitis. Both terms refer to the same underlying condition and are documented with the same ICD-10-CM code
[25,26,43].

This analysis also does not capture MASH stage as the results of biopsy and alternative measures of MASH
resolution, such as magnetic resonance imaging proton-density-fat-fraction, are not frequently performed, and
when performed, the results are not captured in the structured data fields. While some lab data is available in
the data source, we did not attempt to stratify patients by disease severity using noninvasive scoring systems.
Without staging information, it is not possible to predict the expected incidence of severe liver outcomes in the
follow-up period. Furthermore, BMI values could only be calculated for a subset of the study population, and as
this missingness may be nonrandom, there is the potential for bias in the results of the changes in BMI analysis.
While it is not possible to know in which direction this might bias the results, the percentage of documented BMI
was similar across cohorts. Furthermore, patients may be misclassified into an incorrect BMI category if there were
errors in documented height and weight.

In addition, this study was not structured to identify patients at a particular point in their patient journey, so it
likely includes patients ranging from mild to severe fibrosis. Therefore, costs are an average across the broad MASH
population, resulting in wide SDs. As we restricted to individuals with 24 months of continuous health insurance,
costs may not be representative of uninsured individuals or those with less stable insurance who could not qualify
for this study. The costs analysis was descriptive, and there was no inferential testing of differences between the
GLP-1 RA cohort and the non-GLP-1 RA cohort. This was because critical variables that would impact treatment
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selection, including insurance plan formulary, treatment indication and drug availability, were not available in the
dataset leveraged for this analysis.

It should be noted that while the non-GLP-1 RA cohort was selected based on initiation of a second-line therapy
for Type 2 diabetes, 13% did not have a diagnosis code indicating Type 2 diabetes during the 12-month baseline
period. This is likely due to three factors: the diagnosis being present but not documented during the 12-month
baseline period, the index medication being prescribed for an indication other than diabetes, or a documentation
error. Note that the baseline period did not include the index date, which may contribute to the undercounting of
comorbid Type 2 diabetes.

Furthermore, a 12-month follow-up is likely not sufficient for the development of new liver-related outcomes,
and any outcomes first reported in the follow-up period were likely present but undiagnosed in the baseline period.
In addition, the exclusion of individuals based on their medical history may reduce the generalizability of our
findings, particularly with regard to individuals with other etiologies of liver disease as well as those with a history
of severe complications from MASH.

Finally, the notes analysis was exploratory and on a different population than the rest of the study. Patients could
qualify for the notes analysis even if they did not qualify for the overall study because there was no requirement for
insurance coverage or continuous enrollment. The purpose of the exploratory analysis was to inform future studies
and provide general context not to reflect directly on the other study findings.

Conclusion

Some patients with MASH on GLP-1 RAs, particularly those taking higher dosages, may achieve weight loss.
However, discontinuation was common, and from this descriptive analysis, no change in medical costs or differences
in liver-related events compared with non-GLP-1 RA patients with MASH were observed in the follow-up period.
This suggests that in a real-world setting, chronic metabolic issues, including MASH, persist after initiation of

GLP-1 RA therapy.

Summary points

e Due in part to their efficacy in promoting weight loss, there is interest in glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) as a treatment for metabolic dysfunction-associated steatohepatitis (MASH).

e In Phase Il clinical trials, some GLP-1 RAs have demonstrated the potential for promoting steatohepatitis
resolution without worsening of fibrosis among patients with MASH who were adherent to treatment for a year.

e GLP-1 RAs are currently prescribed to many patients with MASH who have a comorbid diagnosis of an approved
indication, such as Type 2 diabetes or obesity.

e This study used real-world data from electronic health records and healthcare claims to examine patient
characteristics, treatment patterns, healthcare utilization and healthcare costs among patients with MASH for
initiated GLP-1 RAs on either a high or low dose.

e The percentage of patients with class Ill obesity was lower by 5.8% in the follow-up period among all patients
with MASH taking GLP-1 RA and was lower by 10.7% among those taking a high dose.

e A majority of patients discontinued GLP-1 RA treatment within the first 12 months, and less than half of those
who discontinued restarted treatment; the mean time to discontinuation was 4 months.

e Nonpharmacy related healthcare costs were $16,293 in the baseline period and $16,886 in the follow-up period
among patients prescribed GLP-1 RAs.

e Overall, while weight loss benefits were observed, many patients discontinued therapy before the 1 year, and
medical costs remained high in the follow-up period, suggesting that chronic metabolic conditions were
persisting despite GLP-1 RA treatment.
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