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Abstract

The arrival of GLP-1 medications has been described as one of the most important health
care innovations in recent years. We provide large-scale quasi-experimental evidence on their
real-world impacts by exploiting variation in the eventual prescribing propensities of patients’
pre-existing primary care providers. Using a panel intent-to-treat design, we compare outcomes
for 1.4 million diabetic or obese veterans based on their 2018 provider’s eventual propensity to
adopt GLP-1s, leveraging comprehensive electronic health records and biomarker data from the
Veterans Health Administration, a setting with minimal insurance attrition and low-cost access
to these drugs. Patients whose providers become higher propensity adopters experience sub-
stantial improvements in glycemic control and clinically meaningful weight loss; our treatment-
on-the-treated estimates closely match estimates from clinical trials. Despite these metabolic
benefits, we find no statistically significant effects on emergency department utilization, mental
health and substance use outcomes, or non—-GLP-1 medical spending through 2024.
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1 Introduction

GLP-1 receptor agonists are potentially one of the most important pharmaceutical innovations of
the past decade. Originally developed as diabetes therapies, these drugs produce large and rapid
improvements in glycemic control and body weight, and have generated substantial enthusiasm
among clinicians, policymakers, and the public (The Economist, 2024; Moiz et al., 2025). Their
diffusion has sparked speculation and debate about the potential downstream effects on health,
healthcare costs, and even socioeconomic outcomes (American Enterprise Institute, 2024). As payers
evaluate whether and how to reimburse GLP-1 drugs, credible evidence on their real-world impacts
has become increasingly needed (Congressional Budget Office, 2024; Hwang et al., 2025).

Despite intense interest, existing clinical evidence is limited in two fundamental ways. First,
randomized controlled trials are designed to establish biological efficacy under tightly controlled
conditions and selected patient populations (e.g., SUSTAIN trials; Marso et al., 2016); they do not
speak to the broader consequences of large-scale adoption among larger and more heterogeneous
populations. Second, the trials evaluate short-term clinical endpoints, leaving open the question of
whether the costs of GLP-1 therapies are offset by downstream reductions in health care utilization
or spending (World Health Organization, 2025). As a result, some of the most policy-relevant ques-
tions surrounding GLP-1s remain unanswered: How large are their real-world metabolic benefits?
Do they have spillover effects on physical and mental health? And do they translate into meaningful
changes in health utilization and medical spending?

We provide one of the first large-scale quasi-experimental estimates of the real-world impacts
of GLP-1 therapy on health and health care utilization. Our empirical strategy closely mirrors the
way many patients initiate GLP-1s: through their primary care provider’s (PCP) adoption decisions
(Dixon et al., 2025). We exploit the fact that, when semaglutide (Ozempic) was included in the
Veterans Health Administration (VA) formulary in late 2020, veterans were already in long-standing
relationships with PCPs. Some PCPs rapidly adopted semaglutide and other GLP-1 therapies, while
others did not. Pre-existing patient-PCP relationships generate plausibly exogenous variation in
exposure to GLP-1 therapy when semaglutide became widely available.

Our data leverages rich administrative electronic health records from the Veterans Health
Administration, an ideal setting for studying GLP-1 adoption at scale. Unlike commercially insured

populations, VA patients do not experience insurance-related attrition, allowing us to follow a stable



cohort over time. The VA also contains one of the largest diabetic and obese patient populations
in the country (Liu et al., 2017), with over 250,000 veterans receiving a GLP-1 by the end of
2024. Critically, electronic health records provide regular biomarker monitoring—including A1C
and weight—offering unusually rich longitudinal measures of health.

We follow a baseline cohort of almost 1.4 million type 2 diabetic or obese veterans as of 2018,
actively engaged in primary care, at the time of Ozempic’s FDA approval. For each patient, we
construct a (leave-out) time-invariant measure of their 2018 PCP’s eventual propensity to adopt
GLP-1s in 20212022 (the period after Ozempic was added to the VA formulary in November 2020).
Using an intent-to-treat framework where patients are locked-in to their 2018 PCP, we then compare
patients who had a PCP who becomes a higher vs lower GLP-1 adopter, before and after 2021, in
an event study framework. This panel framework allows us to control for temporal trends, regional-
by-time differences, and importantly, baseline patient and provider characteristics (e.g., differences
in patient risk and provider practice behavior).

We document three main findings. First, exposure in 2018 (around FDA’s approval of Ozem-
pic) to PCPs who become high GLP-1 adopting PCPs leads to large and persistent increases in
GLP-1 use, confirming a strong and persistent first stage. A patient whose PCP in 2018 becomes
an always-adopter—for diabetic or obese patients—relative to a never-adopter, has an approxi-
mately 20 percentage point higher likelihood of filling a GLP-1 in 2023 and 2024, and accumulate
400 additional days supply of GLP-1s by the end of 2024.

Next, we show that high GLP-1 adopting PCPs meaningfully improve glycemic control (Hb
A1C) and body weight, especially after 2021, closely replicating patterns observed in clinical trials.
To translate these reduced form effects (of higher GLP-1 prescribing PCPs) to the causal impact
of GLP-1 therapy, we require that providers’ GLP-1 adoption is not accompanied by concurrent
changes in other aspects of diabetes management (exclusion restriction), and that measurement
of biomarkers is not selectively observed over time. We present evidence consistent with both
assumptions, and that the results are robust to controls and specifications that account for potential
violations. With these conditions in place, we estimate average treatment-on-the-treated (ToT)
effects per 30-week dose GLP-1 regimen—a common dose duration in clinical trials.

ToT estimates show that treatment effects on blood glucose and body weight are largest in

2021, immediately after semaglutide’s inclusion in the VA formulary. A 30-week dose of GLP-1



reduces weight by 3.28% and lowers A1C by 0.32 percentage points. Our ToT estimates for 2021
closely match those from the SUSTAIN clinical trials: randomized trial estimates fall inside our
confidence intervals. Over time, however, the treatment effect of a marginal 30-week regimen dissi-
pates; by 2024, the treatment effects on weight are almost halved and A1C improvements disappear.
This attenuation is explained in part by shifting complier composition: as GLP-1 diffusion expands,
the marginal patients induced into treatment become progressively healthier. This finding has im-
portant policy implications for expanding GLP-1 access to broader, lower risk populations who may
have lower marginal benefits relative to higher risk patients.

Finally, despite these metabolic improvements, we find no evidence of broader health im-
provements or utilization changes. Although we replicate a reduction in heart attacks and strokes
among patients with existing cardiovascular disease and chronic kidney failure (SUSTAIN 6 trials;
Marso et al., 2016), we find no statistically significant decline in broader ED visits, or in any major
diagnostic category. ED visits for alcohol or substance abuse are also unchanged. Moreover, mental
health measured via clinical questionnaires (PHQ-9 and AUDIT-C) are unchanged.! Notably, we
do not see changes in total (non-medication, non-GLP-1) medical spending. ToT estimates allow us
to rule out—with 95% confidence—reductions in total non-GLP-1 medical spending of more than
7.3% between 2021 and 2024.

Our study contributes to a new literature that examines the effects of GLP-1 therapies us-
ing quasi-experimental methods.? To the best of our knowledge, concurrent work by Wing et al.
(2025) is the only other study in this space. They use health insurance claims data from an eight-
year continuously enrolled commercial population of adults with type 2 diabetes and implement a
stacked difference-in-differences design comparing individuals initiating GLP-1 therapy in 2018 vs
2023. They find no meaningful short-run cost savings associated with GLP-1 initiation. Our study
complements their work by leveraging a substantially larger population within the Veterans Health
Administration, enabling us to observe rich health records data (e.g., A1C, weight) and to estimate
treatment effects in a stable panel without attrition. A larger medical literature studies GLP-1

initiation vs non-initiation (e.g., Michalak et al., 2025) and vs initiation of other diabetes medica-

"We estimate a reduction in moderate drinking which supports early promise from phase 2 GLP-1 and alcohol
use disorder trials (Hendershot et al., 2025).

2Recent cost-effectiveness studies have modeled potential cost savings associated with GLP-1 therapy using sim-
ulated risk reductions in cardiometabolic outcomes (e.g., Hong et al., 2019; Gémez Lumbreras et al., 2023). These
studies rely on assumptions about long-run disease progression, whereas we directly observe health care utilization
and spending from the largest integrated health system in the U.S. to directly measure realized costs.



tions (e.g., Xie et al., 2025), relying primarily on matching methods. These approaches match on
cross-sectional characteristics rather than pre-treatment trends, which may differ across treatment
and comparison groups.

We also contribute to an important and growing literature on the real-world health and
economic benefits of medical innovations, outside of clinical trials.®> Recent studies have evalu-
ated the labor market impacts of the withdrawal of Vioxx (a nonsteroidal anti-inflammatory drug;
Garthwaite, 2012), direct-to-consumer advertising of SSRIs (Shapiro, 2022), access to radiotherapy
(Daysal et al., 2024) and genomic testing (Moshfegh, 2025) for breast cancer patients. We extend
this literature by studying the rapid diffusion of a potentially transformative pharmaceutical in-
novation and tracing how its adoption translates into changes in health and routine care, while
beginning to evaluate its economic implications via cost and differential take-up over time.

The remainder of the paper is organized as follows. We begin by providing background on di-
abetes and its treatment, the clinical evidence on GLP-1 therapies, and how GLP-1s are prescribed
within the VA. Section 3 describes the data, variable construction, and baseline sample. Section 4
outlines our empirical strategy and identifying assumptions. Section 5 presents our main results, be-
ginning with the reduced-form estimates, followed by robustness and sensitivity analyses—including
placebo tests among non-diabetic, non-obese, younger patients—that support our identification.
We then use the quasi-experimental variation in PCP GLP-1 adoption to estimate treatment-on-
the-treated effects of GLP-1 therapy. The final section discusses directions for future work and

concludes.

2 Background

In this section we briefly detail diabetes, its treatment, the efficacy of semaglutide and GLP-1s, and
how its prescribed in the VA.

2.1 Diabetes and its Treatment

Diabetes is a chronic metabolic disease characterized by elevated blood glucose resulting from insuf-

ficient insulin production (Type 1) or insulin resistance (Type 2; T2D) (WHO, 2024). In 2021, more

30ur study also relates to a large literature studying obesity and diabetes in economics. For example, Cawley,
ed (2011); Bhattacharya and Bundorf (2009); Alalouf et al. (2024); Oster (2018).



than 1 in 10 Americans had diabetes—90-95% of whom had T2D-—making it the eighth leading
cause of death in the United States and contributing an estimated $412.9 billion in total costs in
2022 (Parker et al., 2023). Obesity, defined as body mass index (BMI) > 30, is a major modifiable
risk factor for T2D; among U.S. adults with diabetes, approximately 90% were overweight or obese
(CDC, 2024).

Management of T2D focuses on glycemic control, typically targeting an hemoglobin A1C blood
glucose below 7%. Treatment ranges from lifestyle modification to pharmacotherapy. Common drug
classes include biguanides (metformin), DPP-4 inhibitors, SGLT2 inhibitors, sulfonylureas, insulin,
and most recently, GLP-1 receptor agonists. Semaglutides belong to the GLP-1 class, which mimics
endogenous GLP-1 to stimulate insulin secretion and support appetite regulation. Seven GLP-
1 agonists are currently FDA-approved for T2D treatment, including semaglutide (Ozempic and
Rybelsus; Wegovy is approved for weight loss).* The first older generation GLP-1, Exenatide, was
approved in the U.S. in 2005.

2.2 What We Know About Semaglutide and GLP-1

The arrival of semaglutides represented a major shift in the perceived efficacy of GLP-1s. The
December 2017 FDA approval was based on results from the Semaglutide Unabated Sustainability
in Treatment of Type 2 Diabetes (SUSTAIN) clinical research program—a series of clinical trials
evaluating the effects of semaglutide in T2D patients. Spanning over 10 clinical trials, across
multiple countries, between 2014-2019, the trials established the safety and efficacy of semaglutide
in terms of reducing A1C levels and body weight (Sorli et al., 2017; Ahrén et al., 2017; Ahmann
et al., 2018; Aroda et al., 2017; Rodbard et al., 2018; Marso et al., 2016; Pratley et al., 2018;
Lingvay et al., 2019; Zinman et al., 2019; Capehorn et al., 2020; Frias et al., 2021). Results from
the trials demonstrated reductions in A1C levels of ca 0.2-1.5 points and weight losses of about 1-6
kg, depending on the semaglutide dose (e.g., 0.5mg or 1.0mg) and the nature of treatment in the
control arm (e.g. metformin or SGLT2s, etc.). In addition, SUSTAIN 6 established cardiovascular
benefits of semaglutide treatment for patients with established cardiovascular disease (see Table A.2

for a summary of the findings of the SUSTAIN program and Figure A.9 for treatment effects for

4These include: Dulaglutide (Trulicity), Exenatide (Byetta) and Exenatide extended-release (Bydureon), Li-
raglutide (Victoza), Lixisenatide (Adlyxin), Semaglutide injection (Ozempic), Semaglutide tablets (Rybelsus), and
Tirzepatide (Mounjaro).



each SUSTAIN trial).

With mounting evidence on the weight loss properties of semaglutides, the FDA broadened
its indication for semaglutides to obesity in June 2021, under the brand name Wegovy. This
decision was based on evidence from the STEP (Semaglutide Treatment Effect in People with
Obesity) clinical trial program. Across four studies enrolling around 4,500 participants, the trials
demonstrated that individuals who received Wegovy alongside a reduced-calorie diet and increased
physical activity, experienced greater weight loss.”

In recent years, many observational studies have used matching methods to compare patients
initiating GLP-1s with those starting other diabetes medications (e.g., metformin, insulin). These
studies have examined a wide range of outcomes—such as overdose risk (Wang et al., 2024b),
cirrhosis (Kanwal et al., 2024), colorectal cancer (Wang et al., 2024a), and 165 health outcomes
(Xie et al., 2025). However, these studies have important limitations. They do not account for the
endogenous clinical decision to initiate semaglutide rather than another agent, and their matching
procedures are based on static, cross-sectional covariates rather than the dynamic trajectories (e.g.,

trends in health status or treatment response) that may systematically differ before initiation.

2.3 GLP-1s in the VA

Prior to 2020, GLP-1s were not in the VA national formulary and could only be prescribed under
special prior authorization. In Figure A.1, the number of patients on older generation GLP-1s (e.g.,
dulaglutide, liarglutide) were low prior to 2020. In November 2020, Ozempic (semaglutide) was
awarded a national contract in the VA as the workhorse GLP-1 for new initiation subject to criteria
for use. This led to a rapid rise in semaglutide use since late 2020.

Veterans enrolled in VA health benefits generally have access to affordable medications through
the VA. When medications, including GLP-1s, are prescribed for a service-connected condition (such
as diabetes, among others) it is provided free of charge. Veterans with a service-connected disabil-

ity rating of 50% or higher (for any disability, not necessarily diabetes) also pay no copays for any

SSTEP 1, which included individuals that were overweight or obese with at least one comorbidity (excluding
T2D), showed that 83.5% of patients who were treated with Wegovy achieved at least a 5% weight reduction compared
to 31.1% among placebo recipients (Wilding et al., 2021). The corresponding numbers for STEP 2, which included
individuals who were overweight or obese with a T2D diagnosis, were 67.4% compared to 30.2%, respectively (Davies
et al., 2021).



approved medications.® In all other cases, formulary medication (e.g., Ozempic) and approved non-
formulary medication (e.g., Wegovy), copayments in 2025 are capped at $11 for a 30-day supply,

with an annual out-of-pocket maximum of $700.”

3 Data

We utilize data spanning 2000 to 2024 from the Veterans Health Administration (VHA), which
delivers healthcare services to over nine million qualified veterans (U.S. Department of Veterans
Affairs, 2025). As the nation’s largest integrated healthcare system, the VHA operates through
a network that includes 170 medical centers and more than 1,300 community-based outpatient
facilities across the United States.

The dataset encompasses all healthcare encounters occurring within the VA—ranging from
outpatient visits and hospital admissions to prescription records and other services. Because the
VA was an early adopter in implementing electronic health records, it provides highly detailed,
structured information. This includes diagnosis and procedure codes, identifiers for providers and
facilities, patient demographic details, and time-stamped clinical events. Importantly, the data
also capture clinical measures that are seldom present in claims datasets, such as laboratory val-
ues (e.g., Hb A1C for glucose control), biomarkers and vital signs (weight, blood pressure, etc.),
and standardized clinical assessments including PHQ-9 depression and alcohol use disorder (AUD)
screens.

For medical care outside the VA, we observe and incorporate VA-reimbursed community care
claims. VA reimburses community care delivered in instances of emergency or when VA access is
limited by wait times, travel distance, or service availability (U.S. Department of Veterans Affairs,
2023). Unlike VA electronic health records, these data are reimbursement claims with diagnosis,

place of service codes, and charges, etc., but do not contain biomarker data.

3.1 Variable Definitions

We briefly describe our outcome variables below and present more details in Appendix B.

SVeterans can be rated as having a service-connected disability for a variety of reasons. In 2018, there were
445,566 veterans receiving disability compensation for diabetes, and over 2.6 million veterans with a rating of over
50% (VBA, 2019). These patients all pay no copayments for approved medications.

"Ozempic (Semaglutide) is a tier 2 medication subject to a copay of $8 in 2025, Wegovy is a tier 3 medication
and subject to a copay of $11 in 2025.



GLP-1 Prescriptions and Other Medications We construct patient-year-quarter indicators
for any GLP-1 use from outpatient prescriptions, clinically administered initiation (e.g., hospital
setting or supervised dose for educational purposes), and special authorization order requests. In ad-
dition to any use, we also measure intensive margin days supply, as well as total cumulative measures
of ever use and acumulated days supply. We also construct a measure of any diabetes medication
use and categorize individual diabetes drug classes (e.g., metformin, insulin). To characterize the
prescribing patterns of high GLP-1 adopting PCPs, we also construct indicators for statins and
antihypertensives (e.g., ACE inhibitors, beta blockers, etc.), commonly prescribed cardiovascular

drugs.

Hemoglobin A1C Blood Glucose Levels We construct median A1C for each patient-year-
quarter observation, as well as an indicator for median A1C below 7% (the typical target goal for

T2D patients; American Diabetes Association, 2025), conditional on measurement.

Weight We take the logarithm of median weight for each patient-year-quarter, measured in
pounds, conditional on measurement. We also report body mass index (BMI) below 30—the clinical

cutoff for obesity—as a secondary outcome.

Healthcare Utilization and Spending We construct an outcome for any emergency department
(ED) visit (VA and non-VA) in a given year-quarter and categorize ED visits into major diagnostic
categories based on the primary diagnosis code. We also analyze healthcare spending. For VA
spending, an average cost measure based on Medicare relative value units (RVUs) and VA utilization
data (VA Health Economics Resource Center, 2025; Wagner et al., 2003) is available until 2024
Quarter 3, and approximates VA operating costs for providing healthcare. For non-VA spending,
we use total charges from non-VA reimbursed claims, which represents the amount charged to and
paid by the VA. We sum the VA and non-VA costs to arrive at a total spending which can be

disaggregated into outpatient and inpatient spending.

Mental Health and Substance Use Outcomes We construct year-quarter indicators for drug
overdose poisoning and alcohol intoxication occurring in VA or non-VA EDs and hospitalizations.
These are generally rare events; we complement these adverse events with measures of acute mental

health via Patient Health Questionnaire-9 depression screenings (PHQ-9; Kroenke et al., 2001)



which assesses depression and distress over the past two weeks, and alcohol consumption from the
Alcohol Use Disorders Identification Test (AUDIT-C; Bush et al., 1998) which assess frequency and
intensity of alcohol consumption over the past year. For clinical screening outcomes, we construct
average raw scores and indicators for screening below moderate depression and moderate AUD risk,

conditional on observation.

3.2 Sample

Our baseline analytic sample includes veterans diagnosed with T2D by 2018 or with obesity between
2015 and 2018 who were actively receiving primary care at the VA. We begin with 2,550,380 patients
who either had a type 2 diabetes diagnosis recorded at any time between 2000 and 2018 or an obesity
diagnosis between 2015 and 2018 and were alive at the end of 2018.8

Next, we restrict the sample to 1,893,241 that were receiving VA primary care and had an
assigned primary care provider (PCP) as of February 2018.° Finally, we restrict the sample to
patients whose 2018 PCP remained employed in the VA through at least early 2021, enabling us
to construct each provider’s GLP-1 prescribing propensity. The resulting analytic sample contains
1,374,666 veterans with type 2 diabetes or obesity—patients who are plausibly eligible for semaglu-
tide initiation once it becomes available. In Table 3, we report separate findings for diabetic and
obese subpopulations. We construct a panel-year-quarter dataset for each patient from 2018 to end
of 2024, resulting in 34,293,608, patient-year-quarter observations where the patient is alive.

Table 1 presents summary statistics for our sample. The average patient is 64.8 years old in
2018, 69% have T2D, while 55% are obese, and 24% are both diabetic and obese. In 2018, average
A1C is 7.1%, BMI is 33.1, and 35% were on some form of diabetes medication in the prior year,
with metformin being the most common. Average quarterly medical spending was $3,181 with a

median of $760.

8We apply different look-back windows for diabetes and obesity because diabetes is a chronic, typically lifelong
condition, whereas obesity status can change over time. Restricting obesity diagnoses to 2015-2018 helps ensure that
baseline classifications reflect patients’ contemporary health status.

9A key advantage of our data is that we directly observe PCP-patient assignments from the VA’s primary care
management system rather than inferring them from visit patterns (Currie and Zhang, 2025), which can be endogenous
to health shocks or treatment intensity.

10



4 Empirical Strategy

Our empirical strategy exploits variation in the rapid adoption of GLP-1 across PCPs after the VA
added semaglutide to its national formulary, leveraging patient—provider relationships established
prior to semaglutide’s market entry. Approximately 78% of VA-dispensed semaglutide is prescribed
in primary care, with the remainder in specialty care and programs (e.g., endocrinology and weight
management clinics), making primary care the central setting for semaglutide diffusion within the
VA. Specifically, we fix patient—-PCP assignments at the start of 2018, at the time of semaglu-
tide approval (December 2017) and nearly three years before its inclusion in the VA formulary in
November 2020. We then compare outcomes of patients whose 2018 PCPs ultimately became high
vs low GLP-1 prescribers in 2021-2022 (i.e., early adopters). This design yields an intent-to-treat
framework that avoids patient self-selection into GLP-1s——an especially important feature given
the rapid growth of patient demand and active “shopping” for GLP-1s in recent years.!”

Our approach differs from the standard provider propensity design (e.g., Eichmeyer and Zhang,
2022, 2023; Bhalotra et al., 2025) in two key respects. First, we adopt a within-patient event study,
including patient fixed effects—which encompasses provider fixed effects—that absorb average differ-
ences across physicians in practice style, patient panel composition, and baseline clinical outcomes.
This ensures that identification comes from differential changes in patient outcomes after semaglu-
tides become available (and hence GLP-1s become more common), rather than from pre-existing
cross-sectional differences. Second, we fix patient—provider relationships in 2018, which eliminates
concerns that patients might select into high-prescribing PCPs precisely to gain access to semaglu-

tide. 1!

Propensity to Adopt GLP-1 We construct a time-invariant measure of each PCP j;’s underly-
ing propensity to prescribe GLP-1 receptor agonists during the period of rapid GLP-1 expansion.
Operationally, we measure this propensity using prescribing of semaglutide in 2021-2022, which pro-

vides a high-signal indicator of newer generation GLP-1 adoption because semaglutide’s formulary

1074 is reported that 1 in 8 Americans have tried GLP-1s by 2024 and 20% of patients receive their GLP-1s from
a non-physician/clinic source (Montero et al., 2024). Online pharmacies are becoming increasingly popular—often
backed by celebrity endorsements—selling compounded semaglutide that require less FDA oversight (Lupkin, 2025;
Ashraf et al., 2024).

1 An additional advantage of this design is that the study population remains fixed, avoiding changes in sample
composition that could arise if newly eligible veterans—whose underlying health trajectories may differ—entered the
VHA following policy expansions (e.g., PACT Act of 2022).
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entry generated substantial variation in uptake relative to older generation GLP-1s. Throughout
the paper, we refer to this construct as “GLP-1 adoption”; we show that semaglutide prescribing
strongly tracks broader GLP-1 utilization when we present the first stage in Figure 2.

Specifically, we estimate a patient-year-level regression of whether (diabetic or obese prior to
2018) patient i received a semaglutide prescription from their (2018) PCP in 2021 and in 2022, on
prior (2016-2017) A1C decile bins, an obesity indicator, station-by-year fixed effects,'? indicators
for prior diagnoses of atherosclerotic cardiovascular disease (ASCVD) or chronic kidney disease
(CKD), and indicators for prior metformin or SGLT2 inhibitor use. These covariates capture the
primary factors influencing GLP-1 prescribing decisions, including the eligibility criteria in the VA
semaglutide Criteria for Use (VA PBM, 2025). We then define Zj(; as the leave-out mean residual
from this regression, representing the average semaglutide prescribing tendency of PCP j (who
treats patient 7), net of differences in diabetes severity and treatment eligibility.'?

Our sample consists of 4,737 PCPs. The average PCP has 292 diabetic or obese patients in
2018 (median: 297, SD: 161). Figure A.2 displays the distribution of Z;(; and the corresponding
first-stage relationship. There is substantial variation in PCPs’ GLP-1 adoption propensity. For
example, patients whose 2018 PCP ultimately falls at the 90th percentile of semaglutide adoption
in 2021-2022 are 1.0 percentage point more likely to have ever received a GLP-1 prescription by
2019 compared with those whose PCP is at the 10th percentile (4.0% vs 3.0%). By the end of 2022,

this 90-10 percentile gap widens as expected to 2.5 percentage points (9.9% vs 7.4%).

Within-Patient (Provider) Event Study Equipped with GLP-1 adoption propensity Zj;), we
estimate the following event study between 2018 and 2024, four years before and five years after

semaglutide’s inclusion in the VA formulary:

2024
Y= Y BeZjg x L{t =k} + o + A\ + Oy + €y (1)
k2018

where Yj; is the outcome of patient i in calendar quarter ¢ (e.g., A1C, weight, utilization). A

are calendar time fixed effects. Patient fixed effects, «;, absorb the main PCP propensity effect

12The Veterans Health Administration is comprised of 130 stations, which are parent facilities geographically
dispersed across the country.

13The outcome variable measures whether the patient received any semaglutide from their PCP, thus the propensity
measure accounts for referrals from specialists (e.g., endocrinologists) that get refilled by PCPs.

12



because each patient has only one PCP, and PCP fixed effects would absorb the main propensity
effect Z;;). We also control flexibly for station-year-quarter fixed effects, 6y;);, which account for
regional differences in GLP-1 prescribing and patient outcomes over time.

The event study coefficients, i, are the parameters of interest. They trace out the relative
outcome paths of patients whose providers that ultimately become high vs low (specifically, always
vs never) GLP-1 adopters. Heteroskedastic-robust standard errors are clustered at the PCP-level.

We also estimate and report an aggregate difference-in-differences specification, comparing
patient outcomes before vs after 2021 (just after semaglutide was added to the VA formulary in
November 2020):

Yie = BPP Zjy x 1{t >= 2021} + c; + A + O35+ + €t (2)

Identifying Assumptions The coefficients S identify the causal effect of exposure to higher
GLP-1 adopting PCPs under a parallel trends assumption. Formally, in the absence of semaglutide
entry, patients of high and low propensity providers would have followed similar outcome trajectories
after 2021. There must be no other shocks around 2021 that differentially affected patients of high
vs low propensity PCPs. Importantly, selection on levels is permissible: patients could have differen-
tially selected into providers prior to 2018, and providers could differ systematically in practice style.
Patient fixed effects—which encompass provider fixed effects—absorb these differences. Threats to
identification arise only from differential shocks or changes coinciding with semaglutide’s entry—
for example, if high-Z providers simultaneously altered other aspects of diabetes management and
practice styles around 2021.

We examine the plausibility of this assumption through pre-2021 event study dynamics, asking
whether outcomes such as weight and A1C evolve similarly across high vs low GLP-1 adopting
providers before 2021. Note that GLP-1 use was already rising prior to 2021 (Figure 1), therefore,
rather than flat or zero pre-trends, we assess whether outcome trajectories move in parallel with the
adoption trajectories of GLP-1 therapies. In Section 5.6, we assess and control for potential threats

to identification.
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5 Results

We begin by documenting the causal effect of high GLP-1 adopting PCPs on patients’ GLP-1
utilization. Next, we turn to downstream health outcomes directly treated by GLP-1s—namely
blood glucose and weight—followed by impacts on health, healthcare utilization and spending. We
then examine heterogeneity in these outcomes in Section 5.5. Finally, in Section 5.6, we discuss
mechanisms, arguing that our research design isolates the causal effect of GLP-1 use itself, rather
than broader changes in clinical practice among high prescribers, and we estimate average treatment
effect-on-the-treated (ToT) estimates (Section 5.7). Throughout this section, we focus on event
study dynamics (Equation 1), while aggregated post- vs pre-2021 (Equation 2) are reported in
Table 2.

5.1 GLP-1 and Semaglutide Use

Figure 2 presents event study estimates from Equation (1) for four measures of GLP-1 utilization:
any fill in the quarter (panel a), ever having filled by that quarter (panel b), total days supply in
the quarter by that quarter (panel ¢), and cumulative days supply (panel d). Each panel reports
estimates separately for any GLP-1 and specifically for semaglutide.

Patients whose 2018 PCP eventually becomes an always-adopter exhibit a clear and steadily
growing increase in GLP-1 use relative to patients of never-adopters. By late 2020—immediately
prior to semaglutide’s addition to the VA formulary—these patients are approximately 10 percentage
points (pp) more likely to fill a GLP-1 prescription. Following semaglutide’s formulary inclusion,
the trajectory steepens: GLP-1 utilization rises rapidly through 2023, reaching and plateauing at
about a 20 pp difference. These dynamics closely match the time series in Figure 1 and broader VA
patterns in Figure A.1. Semaglutide shows a similar, but more abrupt, post-2021 jump, consistent
with its rapid uptake due to its formulary status.

Cumulative ever-use (panel b) displays the expected smoothed version of these patterns, albeit
reaching higher levels (30 pp in 2024). Quarterly days supply (panel ¢) mirrors the extensive margin
until mid-2022, when we observe a noticeable decline. This decline coincides with the national GLP-
1 shortage declared by the FDA in March 2022 (U.S. Food and Drug Administration, 2025) and
rebounds after three quarters, before experiencing a small dip again in late 2023. This implies that

the shortage affects the intensive but not the extensive margin: patients continued receiving GLP-1
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prescriptions, but often at reduced dosage or with short gaps in supply.

By the end of 2024, cumulative days supply (panel d) shows large differences in total expo-
sure. Patients whose initial PCP is an always-adopter accumulate an additional 400 days supply
of GLP-1s (and ca 300 for semaglutide) relative to those of never-adopters, by the end of 2024. In
aggregate, these results demonstrate a strong and persistent first stage, lending credibility to our re-
search design: a patient’s pre-semaglutide-entry PCP identity is a powerful, precise, and persistent

predictor of subsequent GLP-1 use until the end of 2024.

5.2 Glucose A1C and Body Weight

Having established a strong first stage effect of PCP adoption on GLP-1 use, we next examine
impacts on A1C and weight—key clinical outcomes targeted by GLP-1 therapy. Panel (a) of Figure 3
shows that patients of high GLP-1 adopting PCPs begin to experience declines in median A1C
(conditional on measurement) around 2020, with statistically significant reductions emerging after
2021. The post- vs pre-2021 coefficient is —0.11 (column 3 of Table 2), relative to a baseline A1C of
7.12. Consistent with these improvements, the indicator for glycemic control (A1C < 7%) increases
around 2021, averaging approximately a 10 pp increase between 2022-2024. Over a baseline mean
of 55 percent, this corresponds to an effect size of about 20%.

Weight outcomes exhibit similarly meaningful improvements. Panel (c¢) shows that weight
begins declining around 2020 for patients of high adopters, with differences reaching nearly 4 log
points (= 4%) by 2024 between always- and never-adopting PCPs. The corresponding post- vs
pre-2021 average effect is 2.5 log points. For reference, the mean baseline weight in our sample in
2018 is 226.4 pounds. In addition, the indicator for BMI < 30 (the threshold for not being obese)
rises steadily, eventually peaking at an improvement of ca 8 pp, almost a quarter of an increase over
the baseline mean of 33% (panel d).

The trajectories of both A1C and weight closely mirror the adoption patterns of semaglu-
tide utilization: they begin improving modestly between 2018-2020 and accelerate substantially
after 2021, this closely tracks the gradual rise in GLP-1 utilization that rapidly increases following
semaglutide’s formulary inclusion seen in Figure 2. This alignment is consistent with a pathway in
which greater GLP-1 access—driven by PCP adoption tendencies—translates into improvements in

metabolic outcomes. It is not straightforward to benchmark these reduced form impacts of GLP-1
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propensity on weight and A1C with clinical trial findings. We return to this in Section 5.7 when es-
timating treated-on-the-treated effects; our quasi-experimental estimates are quantitatively aligned
with trial estimates. It is, however, worth noting that the sustained weight loss, yet plateauing—
or even slightly rebounding—of A1C glucose are consistent with clinical trial evidence.'® Finally,
unlike medication and healthcare utilization, biomarkers are only observed when measured. We

discuss implications of potentially selective measurement next.

Observability of A1C and weight measurements Figure A.3 examines potential selection into
weight and A1C measurements. Panel (a) shows no differential selection into weight measurement,
consistent with the fact that weight is easily and routinely collected in primary care. By contrast,
the likelihood of having an A1C measurement recorded declines over time (panel b). Clinically, this
is expected as glycemic control improves and patients require less frequent A1C testing. However,
differential testing intensity could bias our estimated A1C reductions if the observed measurements
disproportionately come from a selected group of patients. Panel (c¢) addresses this concern by
showing that, conditional on having an A1C measurement, the tested patients are increasingly
those who were ex ante sicker—specifically, those with higher pre-2018 A1C levels.'® This pattern
is consistent with PCPs continuing to monitor glycemic control primarily for patients more severe
baseline diabetes while reducing testing among those whose condition has stabilized. Consequently,
the A1C declines we document earlier are likely conservative.

We direct address this potential selection with two robustness exercises in Figure A.4. Mo-
tivated by the rising share of ex ante high-A1C patients among those tested, panel (a) reweights
patient observations in each year-quarter to match the baseline pre-2018 distribution of A1C sever-

ity; as expected, the estimated A1C reductions become larger in later years. In another robustness

MFor example, SUSTAIN-1 (Sorli et al., 2017) documents rapid initial declines in A1C followed by a plateau after
approximately 16 weeks (within a 30-week trial), while SUSTAIN-6 (Marso et al., 2016) reports partial rebound in
A1C in week 16 onwards, following an early decline. Although our event studies span multiple years whereas clinical
trials span weeks, the timing of cumulative GLP-1 exposure in the VA closely parallels these trial dynamics: panel
(d) of Figure 2 shows that patients reach roughly a 16-week equivalent days supply of semaglutide at the end of
2022, and this is when A1C begins to plateau/rebound in both our event studies and the trials. Abstracting from
differences in drug adherence, our real-world dynamic patterns align well with those observed in randomized trials.
We formally benchmark our treatment-on-the-treated estimates to trial estimates in Section 5.7.

15To assess this selection, we construct an outcome w;; = Pre2018A1C; x 1{A1C measured;;} for patients with
A1C measured that quarter (missing otherwise), and estimate wi; = Y, BrZ;y X 1{t = k} + ;) + At + €4, where
oy are PCP fixed effects. Since each patient’s pre-2018 A1C is time-invariant, PCP fixed effects absorb all patient-
level heterogeneity, allowing us to isolate whether the composition of patients receiving A1C tests shifts toward those
with higher baseline A1C.
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check, panel (b) collapses quarterly A1C values to yearly measures and estimates an event study on
the 662,245 patients who have an A1C measurement in every year they are alive (excluding pan-
demic year 2020). The resulting yearly event study closely mirrors the baseline quarterly estimates
in both pattern and magnitude, reinforcing that our main findings are not driven by differential

selection into measurement.

5.3 Mental Health and Substance Use

One growing area of interest in GLP-1s is the emerging promise of its potential spillover impacts
on mental health and substance use (Tempia Valenta et al., 2024; American Psychological Associ-
ation, 2025). We examine these outcomes in Figure 4. Beginning with adverse events, we find no
statistically significant changes in drug overdoses or alcohol intoxication emergency encounters or
hospitalizations after 2021 for patients of high—-GLP-1-adopting providers. These events are rare,
and the corresponding reduced form estimates are imprecise; for example, the post— vs pre—2021
coefficient for any overdose poisoning in a calendar quarter is 0.011 pp (SE: 0.06), over a baseline
mean of 0.11 percent.

Turning to clinical questionnaire measures, our estimates are more precise. PHQ-9 depression
scores are stable: our post- vs pre-2021 estimate on screening below moderate depression is —0.0215
(SE: 0.059) over a baseline mean of 0.53. We do not detect a change in average alcohol use disorder
score. Given the low mean score of 1.1—corresponding to having no more than two drinks, no more
than once a month—is well within the low to no risk range, this is not surprising. However, we
do detect a statistically significant increase (at the 5% level) of 2.3 pp in the likelihood of being
below moderate risk of alcohol use disorder (AUD), over a baseline mean of 91%. Although we
are cautious in interpreting this pattern, particularly given the absence of corresponding declines in
alcohol-related ED events, it is directionally consistent with phase 2 clinical trial evidence showing
reductions in heavy drinking among AUD patients undergoing GLP-1 therapy (Hendershot et al.,
2025).

5.4 Healthcare Utilization and Spending

Given the improvements in glycemic control and weight, it is natural to ask whether patients of

high GLP-1 adopting PCPs subsequently experience reductions in healthcare utilization. Figure 5
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presents event study estimates for four outcomes in panels (a) through (d): any emergency depart-
ment (ED) visit, outpatient spending, inpatient spending, and total (non-drug, non-GLP-1) medical
spending. Each measure includes both VA care and VA-reimbursed community care.

Across all four outcomes, we observe little evidence of meaningful changes following the VA’s
addition of semaglutide to the national formulary in 2021. The likelihood of any ED visit trends
upward slightly, but the post- vs pre-2021 difference is small and statistically insignificant. Fig-
ure A.5 classifies ED visits by the major diagnostic category of the primary diagnosis. Consistent
with the aggregate results, no category exhibits a significant decline after 2021; several categories—
including infectious and parasitic diseases, nervous system disorders, respiratory conditions, and
symptoms/signs—show statistically significant increases. Clinical trial evidence from SUSTAIN 6
(Marso et al., 2016) find a reduction in major adverse cardiovascular events (myocardial infarction
and stroke) among patients with established cardiovascular disease or chronic kidney disease. We
replicate this cardiovascular improvement in Table A.1, especially for those with existing cardiovas-
cular disease or chronic kidney disease.

Outpatient and inpatient spending similarly show no detectable changes attributable to PCP
adoption of GLP-1 therapy. Total medical spending exhibits a post- vs pre-2021 difference of —237.3
(standard error of 389.3; column 6 of Table 2) between always- and never-adopting PCPs, relative
to a baseline mean of $3,181. Taken together, these results indicate that while patients of GLP-1
adopting PCPs experience substantial metabolic improvements, these benefits do not translate into
reductions in overall healthcare utilization or spending by the end of 2024, for the average diabetic

or obese VA primary care patient.

5.5 Heterogeneity

Table 3 examines whether the impacts of PCP GLP-1 adoption differ across clinically relevant
subgroups. Panel (a) splits patients by their 2018 diabetes and obesity status. All three groups
show statistically significant increases in GLP-1 use following semaglutide’s formulary inclusion, with
the largest increases among patients who are both diabetic and obese. These groups also exhibit
meaningful improvements in metabolic outcomes, albeit sometimes imprecise: A1C and weight
decline across all subsamples. Effects on ED visits remain small and statistically indistinguishable

from zero for each group.
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Spending effects are generally imprecisely estimated. The only subgroup with a statistically
significant change is patients who are both diabetic and obese, who show a large negative and
marginally significant estimate for total medical spending. This estimate is somewhat imprecisely
estimated (—$1,837 with a standard error of $737), and should be interpreted cautiously, but does
indicate a potential benefit for the sickest and most eligible patients. Panel (b) shows broadly
similar patterns by age: both younger and older adults exhibit comparable increases in GLP-1 use
and improvements in A1C and weight, with no meaningful differences in utilization or spending.

A1C reductions are largest for younger adults.

5.6 Assessing the Identifying Assumption

Our identifying assumption requires that patients of high- and low-propensity PCPs would have
followed similar outcome trajectories after 2021 in the absence of GLP-1 adoption. A primary
threat to this assumption is that GLP-l1-adopting providers may have simultaneously changed
other aspects of their clinical practice over time, violating the exclusion restriction. In this section,
we assess the plausibility of the identifying assumption by examining trends in other prescribing
behaviors (e.g., cardiovascular and diabetes medications) and by conducting a falsification test using

a placebo cohort of patients who are not candidates for GLP-1 therapy.

Exclusion Restriction In Figure A.6, we show that high GLP-1-adopting providers are not
meaningfully more likely to prescribe antihypertensives or statins—two most common non-diabetic
medications in our sample—over time or after November 2020. The pre- vs post-2021 coefficients
are 0.005 (SE: 0.013) and —0.013 (SE: 0.015) for any antihypertensive and any statins, respectively,
over baseline means of 0.554 and 0.408.

We observe a modest increase in the likelihood that patients receive any diabetes medica-
tion, primarily driven by growth in semaglutides, but also SGLT?2 inhibitor prescriptions, and a
corresponding decline in other diabetes drugs. The decline in older generation diabetes medications
reflects substitution toward semaglutide, as expected following the adoption of a new therapeutic
innovation and consistent with the “care-as-usual” counterfactual. The concurrent rise in SGLT2
prescriptions, however, could pose a concern since SGLT2 inhibitors by themselves improve patient
outcomes.

Reassuringly, we find that this increase primarily reflects concurrent prescribing rather than
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confounding SGLT2 use: patients receiving GLP-1s are often co-prescribed SGLT2 inhibitors, con-
sistent with clinical evidence supporting the combined use of these agents (Zinman et al., 2019) and
with VA prescribing guidance (VA PBM, 2022). Panel (e) of Figure A.6 shows that a large frac-
tion of SGLT?2 prescriptions are written for patients also on GLP-1s (42% prior to November 2020
and 79% thereafter). Thus, the observed increase in SGLT2 use is consistent with recommended
clinical practice and real-world use of GLP-1, rather than independent adoption behavior. More-
over, GLP-1 use without concurrent SGLT2 use also dominates SGLT2 monotherapy. Nevertheless,
we address any residual exclusion concerns in two ways. First, we conduct heterogeneity analyses
among obese and non-diabetic patients in 2018, who are unlikely to receive SGLT2 inhibitors; the
results are qualitatively similar to the full sample (Table 3 panel a). Second, we control for SGLT?2
prescribing propensity in Equation (1), analogous to the semaglutide propensity and estimate event
studies controlling for SGLT2 prescribing propensity interacted with time in Figure A.7.16 Across
both exercises, the our main findings remain robust, supporting the interpretation that our results
isolate the causal impact of GLP-1 medications rather than broader treatment bundling among

GLP-1-adopting providers.'”

Placebo Check To assess whether high GLP-1 propensity PCPs changed other aspects of their
care during the study period in ways that might confound our results, we conduct a falsification test
on a placebo cohort of patients who are highly unlikely to receive GLP-1 prescriptions. If provider
propensity is simply proxying for broader changes in provider behavior, we would expect to observe
similar effects in this placebo group. Conversely, if the event study patterns in the main sample
arise from GLP-1 adoption, estimates for this placebo cohort should be flat.

We construct the placebo cohort from VA patients who were younger than 40, non-diabetic,
and non-obese in 2018. This group serves as a valid placebo sample because GLP-1 utilization rate

reaches only 0.8% by the end of 2024. As in the main analysis, we restrict to patients with an

16Specifically, calculate the leave-out propensity to prescribe SGLT?2 to pre-2018 diabetes patients over the 2021
2022 (while the first SGLT2 inhibitor was FDA approved in 2013, take-up in the VA and nationally did not rise

until many years later; Shen and Farley, 2023), st(%Ln. Then we estimate the following event study: Y =

Zi()j;ms B Zy x L{t = kY + 3 a01s 5SGLT2ZJ.S(%LT2 x 1{t = k} + @i + A\t + 04(:),c + € and report 771, The
correlation between PCPs’ GLP-1 propensity and SGLT2 propensity is 0.10, indicating while the two are related,
there is ample variation across the different practice styles.

1"We also note that to the extent that SGLT?2 inhibitors independently reduce cardiovascular events and healthcare
utilization (Bhattarai et al., 2022; Hong et al., 2019), their increased use would bias us against finding a null effect
on utilization and spending attributable to GLP-1 adoption.
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assigned PCP in February 2018 whose PCP remained at the VA through 2021, resulting in a sample
of 371,173 individuals. PCP propensity remains constructed on pre-2018 diabetic patients.

Figure A.8 presents the results of this falsification test. The first stage impact of PCP adoption
propensity on GLP-1 is very small, peaking at 0.025 at the end of 2024 (panel a), an order of
magnitude smaller than our baseline sample. Accordingly, panels (b) and (c) show no relationship
between provider propensity and patients’ A1C or weight, and panels (d) and (e) show no differential
changes to emergency department visits or total medical spending. These null results indicate that
high propensity providers are not generating spurious improvements in patient health through other
channels, reinforcing that the effects observed in the diabetic and obese cohort are attributable to

GLP-1 adoption rather than correlated changes in provider practice.

5.7 Treatment-on-the-Treated Estimates

Given the evidence supporting the exclusion restriction, we convert our reduced form event-study
coefficients into average treatment-on-the-treated (ToT) effects—that is, the causal effect of GLP-1
therapy on patient outcomes. We estimate marginal dose response effects by scaling the reduced-
form coefficient in quarter ¢ by the corresponding first stage coeflicient on total cumulative GLP-1
days supply through quarter ¢ (Figure 2 panel d). This Wald-type ratio yields the effect of an
additional unit of accumulated GLP-1 exposure, by quarter ¢, on outcomes in quarter ¢t. For
comparability with the SUSTAIN trials—which often evaluate 30-week treatment durations—we
scale all effects in terms of a 30-week equivalent dose. Standard errors are computed using a

clustered bootstrap, resampling PCPs 500 times.

A1C and Weight ToT Effects, and Benchmarking to Clinical Trials Panels (a) and (b)
of Figure 6 plot the ToT estimates over time for A1C and weight. Early years (2018-2019) exhibit
substantial noise due to limited and specialized GLP-1 use and weak first stage impacts, so we
display them in light transparent gray and zoom in on the estimates range beginning in 2020 and
especially after 2021, for readability.

Average ToT effects peak shortly after semaglutide’s formulary entry. In 2021, an accumulated
30-week GLP-1 regimen reduces weight by 3.28% (95% CI: —4.55,—2.02) and lowers A1C by 0.32
percentage points (95% CI: —0.53, —0.10).

We benchmark these quasi-experimental ToT estimates against randomized trial evidence.
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Because our real-world counterfactual is “care-as-usual’—such as SGLT2 inhibitors, insulin, etc.—
the appropriate clinical benchmark is active-comparator trials (e.g., GLP-1 vs another diabetes
medication, as opposed to vs placebo), as in many SUSTAIN studies.'® ' Our quasi-experimental
estimates closely match the range of effects observed in the SUSTAIN active-comparator trials;
indeed, the average effect across the nine active-comparator trials falls squarely within the 95%
confidence intervals of our ToT estimates (Figure A.9).

Treatment effects attenuate substantially in later years. In 2024, a 30-week dose reduces
weight by 1.82% (95% CI: —2.23,—1.35) and improves A1C by only a statistically insignificant
0.05 points (95% CI: —0.11,0.02). This attenuation could be explained by diminishing marginal
effects from additional cumulative exposure and/or selection on treatment: the early initiators and
compliers in 2021 have larger treatment effects than later compliers.

Indeed, the complier analysis in Figure A.10 confirms that the characteristics of compliers—
patients whose GLP-1 use is induced by their PCP—change markedly between 2021 and 2024.%° In
the first year of expanded GLP-1 availability, compliers are twice as likely to have a pre-2018 A1C
above 7%, 1.7 times as likely to have used prior diabetes medications, 1.4 times as likely to have a
diabetes diagnosis, and 1.3 times as likely to exhibit more than four Elixhauser comorbidities, than
the overall sample. Over the subsequent years, however, the complier population—which includes
both marginal and inframarginal patients—becomes noticeably healthier. By 2024, the relative
likelihoods of prior diabetes medication use, diabetes diagnosis, and high comorbidity burden all
fall by 0.2 or more, indicating that later compliers are substantially lower risk than early compliers.
Therefore, the diminishing in treatment effects over time can partly be explained by the complier

population becoming healthier at baseline over time.

Spending ToT Effects Figure 6 panels (c¢) and (d) display any ED visit and total medical
spending outcomes. Likelihood of any ED visit increases by 3.3 pp per 30-week GLP-1 regimen in

8There are some differences in study population. SUSTAIN participants were exclusively T2D patients, often
selected for inadequate glycemic control or cardiovascular conditions, and are generally younger on average than our
VA sample, which also includes obese patients without diagnosed diabetes.

19Some of the SUSTAIN trials compare semaglutide with older generation GLP-1s. Although these head-to-
head comparisons capture the incremental benefits of semaglutide relative to earlier GLP-1 agents, we report them
alongside active-comparator trials for completeness. Moreover, they aid in understanding heterogeneity across GLP-
1 agents and interpreting the attenuation of our ToT effects over time, as the composition of GLP-1 therapies shifts
from primarily semaglutide toward including new agents such as tirzepatide and Wegovy.

20Details are provided in Appendix C.
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2021 (95% CI: 0.01, 0.06), and 1.7 pp in 2024 (95% CI: 0.01 0.03). ToT estimates on total quarterly
medical spending are a statistically insignificant $1,058 in 2021 (95% CI: —856, 2972) and —$145
in 2024 (95% CI: —808, 519).

While the estimates on utilization and spending are less precisely estimated than those on
weight and glucose, our 95% confidence intervals are able to reject sizable reductions in medical
spending over the first 4 years of GLP-1 availability in the VA. ToT effects of a 30-week GLP-1
regimen on total medical spending over 2021-2024 (sum of the coefficients) are $5,042 (95% CI:
—5076, 15160). Thus, we are able to reject reductions in medical spending (i.e., cost savings not
accounting for GLP-1 drug spending) of more than 7.3% over the first four years (= —$5, 076 over a
baseline mean of $69,067 total spending over 4 years). In other words, among the baseline sample of
diabetic or obese veterans engaged in primary care in 2018—many of which have multiple existing
comorbidities and are elderly—those induced into ever using a 30-week regimen of GLP-1s due to

their PCPs, are unlikely to experience significant cost savings in the short run.

6 Conclusion

This paper provides large-scale quasi-experimental evidence on the real-world impacts of GLP-1
therapies by leveraging variation in the adoption decisions of veterans’ pre-existing primary care
providers. Using comprehensive health records and biomarker data from the Veterans Health Admin-
istration, we document substantial metabolic benefits of GLP-1 therapy. Patients whose providers
become higher propensity GLP-1 adopters experienced clinically meaningful reductions in A1C and
body weight. Our treatment-on-the-treated estimates for 2021—the first year in which semaglu-
tide (Ozempic) became broadly available in the VA—closely align with efficacy estimates from the
SUSTAIN clinical trials. These improvements, however, diminish over time and are substantially
attenuated by 2024 as healthier patients initiate GLP-1s. This finding has important considerations
for policymakers evaluating broadening access to GLP-1s.

Despite these metabolic gains, we find no evidence that increased GLP-1 use translated into
short-run improvements in broader health outcomes or reductions in medical spending. Emergency
department visits, inpatient and outpatient expenditures, and total non-GLP-1 spending remain
statistically unchanged through 2024. These results suggest that, for the veteran population we

study—many of whom are older and have long-standing chronic conditions—the clinical benefits of
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GLP-1 therapy do not translate into immediate cost savings for the VA.

Our findings point to several promising directions for future research. First, longer-run follow-
up of outcomes is needed, particularly on morbidity and medical spending. Second, future re-
search should assess whether GLP-1-induced improvements eventually translate into improvements

in broader socioeconomic economics such as fertility, employment, and labor supply.
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Tables

Table 1: Summary Statistics

Mean SD Q1 Median Q3
Female 0.079
Age in 2018 64.8 13.8 57 68 73
Black 0.196
White 0.708
Asian American/Pacific Islander 0.023
Native American or Alaska Native 0.010
Hispanic Ethnicity 0.073
Type 2 Diabetes 0.686
Obesity 0.554
Diabetic and Obese 0.241
ASCVD or CKD 0.271
Elixhauser Comorbidities, Count 3.6 2.2 2 3 5
Outcomes in 2018:
Al1C, % 7.1 1.5 6.0 6.7 7.8
Weight, lbs 226 48 193 222 254
BMI 33.1 6.3 28.7 32.4 36.6
GLP-1 0.011
Biguanides (Metformin) 0.227
Other Diabetes Medication 0.243
Any Diabetes Medication 0.351
Any Emergency Department Visit, Quarterly 0.090
Total Medical Spending, Quarterly 3,181 26,763 56 760 2,280
Mortality 0
Outcomes in 2022:
Al1C, % 7.0 1.5 5.9 6.7 7.7
Weight, lbs 221 49 188 217 250
BMI 32.3 6.5 27.8 31.7 36
GLP-1 0.054
Biguanides (Metformin) 0.229
Other Diabetes Medication 0.267
Any Diabetes Medication 0.372
Any Emergency Department Visit, Quarterly 0.120
Total Medical Spending, Quarterly 4,818 20,586 0 961 3026
Cumulative Mortality 0.166
Outcomes in 2024:
Al1C, % 6.9 1.4 5.9 6.6 7.6
Weight, lbs 219 48 185 214 247
BMI 32 6.5 27.5 31.3 35.7
GLP-1 0.101
Biguanides (Metformin) 0.224
Other Diabetes Medication 0.295
Any Diabetes Medication 0.401
Any Emergency Department Visit, Quarterly 0.135
Total Medical Spending, Quarterly 5,631 17,307 82 1,190 3,741
Cumulative Mortality 0.238

Notes: This table presents summary statistics for our baseline sample of patients diagnosed with diabetes or obesity
prior to 2018 and were receiving VA primary care in 2018. We report summary statistics on demographics and existing
comorbidities (prior to 2018), as well as key outcomes (A1C, weight, body mass index, medication use, any quarterly
emergency department visits, and total quarterly medical spending) in 2018, 2022, and 2024. Statistics for outcomes are
conditional on being alive. Spending is measured in 2025 dollars.



Table 2: Aggregate Outcomes, Post vs Pre Semaglutide Included in VA Formulary

Dependent variable:

Any Any A1C Log Any Total
GLP-1  Semaglutide Weight ED Spending
(1) (2) (3) (4) (5) (6)
Propensity x Post2021 0.1271**  0.1838***  —0.1121** —0.0249***  0.0083 —237.3

(0.0133)  (0.0144)  (0.0465)  (0.0048)  (0.0079)  (389.3)

N (patient-year-quarter) 34,293,608 34,293,608 10,435,204 15,131,936 34,293,608 33,246,463
Mean Dep. Var. (2018 Q1) 0.011 0.00001 7.119 5.400 0.090 3,181

Notes: This table displays the aggregate post-2021 vs pre-2021 coefficient (3PP) estimated from Equation (2) on select main
outcomes. Spending data is only available until 2024 Q3, resulting in one quarter fewer observations. Mean dependent variables
are calculated at baseline (2018 Q1). Patient-year-quarter observations where the patient is dead are dropped. Heteroskedastic-
robust standard errors are clustered at the PCP-level. ***: 0.01, **: 0.05, *: 0.1.
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Table 3: Heterogeneity: Aggregate Outcomes, Post vs Pre Semaglutide Included in VA Formulary

Dependent variable:

Any GLP-1 Al1C Log Weight Any ED Total Spending
(1) (2) (3) (4) (5)
Panel (a): Diabetic vs Obese
Diabetic only 0.1288*** —0.0458 —0.0158*** 0.0127 —174.2
(0.0167) (0.0617) (0.0046) (0.0096) (503.5)
Mean Dep. Var. 0.008 7.36 5.29 0.083 2,966.9
Obese only 0.0440***  —0.1551*** —0.0102 —0.0019 12.8
(0.0084) (0.0483) (0.0062) (0.0094) (359.0)
Mean Dep. Var. 0.0005 5.71 5.47 0.083 2,410.1
Diabetic and Obese  0.2192*** —0.1197 —0.0249"*  —0.0063 —1,836.5**
(0.0267) (0.0811) (0.0066) (0.0128) (737.2)
Mean Dep. Var. 0.028 7.53 5.50 0.113 3,982.7
Panel (b): Age

Age < 55 0.1297*  —0.3010***  —0.0200***  —0.0016 60.36
(0.0181) (0.0968) (0.0071) (0.0106) (377.6)

Mean Dep. Var. 0.008 6.91 5.47 0.099 2,479
Age > 55 0.1265*** —0.0537  —0.0232***  0.0092 —479.5
(0.0140) (0.0469) (0.0042) (0.0085) (454.4)
Mean Dep. Var. 0.011 7.16 5.38 0.088 3,200.4

Notes: This table explores heterogeneity by displaying the aggregate post-2021 vs pre-2021 coefficient (ﬁDD) estimated from
Equation (2) on select main outcomes (as in Table 2) estimated on various subsamples. Panel (a) splits the sample by prior
2018 diabetes and obesity status, and panel (b) splits the subsample by younger (under 55) and older (over 55) patients in
2018. Mean dependent variables are calculated at baseline (2018 Q1). The sample sizes (number of patients) are diabetic
only: 612,428; obese only: 431,039; diabetic and obese: 331,199; age < 55: 331,039; age > 55: 1,063,627. Patient-year-quarter
observations where the patient is dead are dropped. Heteroskedastic-robust standard errors are clustered at the PCP-level.

*¥**:0.01, **: 0.05, *: 0.1.
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Figures

Figure 1: Rates of GLP Use Among Baseline Diabetic or Obese Sample
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Notes: This figure shows the rise in GLP-1 use among the baseline sample (patients diagnosed with diabetes or
obesity prior to 2018 and were receiving VA primary care in 2018). The fraction is calculated for patients who are
alive in that year-quarter. Other GLP-1s include albiglutide, exenatide, lixisenatide, and tirzepatide. The dashed
vertical line corresponds to November 2020, when semaglutide (Ozempic) was added to the VA national formulary.
Figure A.1 shows the time series for the entire VA population, which follows a nearly identical pattern.
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Figure 2: GLP-1 Medication Utilization
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Notes: This figure shows the first stage impact of PCP propensity to adopt GLP-1s on GLP-1 outcomes estimated
from Equation (1). Panel a shows any GLP-1 and any semaglutide (a specific GLP-1) in that year-quarter as the
outcome variable. Panel b shows whether the patient has received any GLP-1 (and any semaglutide) up to that
year-quarter (cumulative). Panel ¢ and d reports the same contemporaneous and cumulative measures for total
days supply. Patient-year-quarter observations where the patient is dead are dropped. Heteroskedastic-robust
standard errors are clustered at the PCP-level, and 2018 Q1 is the omitted base period. The dashed vertical line
corresponds to November 2020, when semaglutide (Ozempic) was added to the VA national formulary.
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Figure 3: Blood Glucose and Weight Outcomes
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Notes: This figure shows the reduced form impact of PCP propensity to adopt GLP-1s on hemoglobin A1C blood
glucose and weight outcomes estimated from Equation (1). Panels a to d display median quarterly A1C, indicator
for median A1C that quarter below 7%, log of weight (in pounds), and indicator for body mass index below 30
(threshold for obesity). Means in the base period (2018 Q1) are 7.12 for A1C, 0.55 for A1C < 7, 5.4 for log
weight (226.4 1bs), and 0.33 for BMI < 30. The specification is estimated on a sample of patient-year-quarter
observations with non-missing weight or A1C observations, and patient is alive; selection into measurement is
shown in Figure A.3. Heteroskedastic-robust standard errors are clustered at the PCP-level, and 2018 Q1 is the
omitted base period. The dashed vertical line corresponds to November 2020, when semaglutide (Ozempic) was
added to the VA national formulary.
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Figure 4: Mental Health and Substance Use Outcomes

(a) Drug Overdose ED Visit (b) Alcohol Intoxication ED Visit
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Notes: This figure displays shows the reduced form impact of PCP propensity to adopt GLP-1s on mental health
and substance use outcomes estimated from Equation (1). Panels a to d display any drug overdose ED encounter
or hospitalization (panel a), any alcohol intoxication ED encounter or hospitalization (panel b), average PHQ-9
depression scores and PHQ-9 score below moderate depression in black and red (panel ¢), and average alcohol
use disorder screen (AUDIT-C) and below moderate risk in black and red (panel d). Means in the base period
(2018 Q1) are 0.0011 for overdose, 0.0005 for alcohol intoxication, 9.55 for average PHQ-9, 0.53 for PHQ-9 below
moderate, 1.09 for average AUDIT-C, and 0.91 for AUDIT-C below moderate risk. The specification is estimated
on a sample of patient-year-quarter observations when the patient is alive, and for clinical questionnaires, when
they are conducted. Heteroskedastic-robust standard errors are clustered at the PCP-level, and 2018 Q1 is the
omitted base period. The dashed vertical line corresponds to November 2020, when semaglutide (Ozempic) was
added to the VA national formulary.

38



Figure 5: Utilization and (Non-GLP-1) Spending Outcomes
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Notes: This figure shows the reduced form impact of PCP propensity to adopt GLP-1s on healthcare utilization
and cost outcome estimated from Equation (1). Panels a to d display indicator for any emergency department
(ED) visit, total outpatient spending, total inpatient spending, and total outpatient and inpatient spending. All
outcomes include VA utilization and non-VA community utilization reimbursed by the VA and do not include
prescription drugs (and hence GLP-1 spending is not included). All spending are in 2025 dollars. Means in the
base period (2018 Q1) are 0.090 for any ED visit, $2,188 for outpatient spending, $993 for inpatient spending,
and $3,181 for total medical spending. Heteroskedastic-robust standard errors are clustered at the PCP-level, and
2018 Q1 is the omitted base period. The dashed vertical line corresponds to November 2020, when semaglutide
(Ozempic) was added to the VA national formulary.
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Log Weight
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Figure 6: Average Treatment-on-the-Treated Effects of 30-Week Dose of Accumulated GLP-1
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Notes: The figure plots the treatment-on-the-treated (ToT) estimates of the impact of a marginal accumulated
30-week dose GLP-1 treatment by quarter ¢, on outcomes in quarter t. These ToT are estimated via a Wald-type
ratio of the reduced form impact of higher propensity GLP-1 adopting PCPs divided by the first stage impact
measured in terms of accumulated 30-week days supply of GLP-1s. Standard errors are computed using a clustered
bootstrap, resampling PCPs 500 times. ToT estimates prior to 2020 are unstable and noisy due to limited GLP-1
use and a weaker first stage. Therefore, for readability, we plot those in transparent gray points and zoom in on
the y-axis values that span post-2020 ToT estimates. The dashed vertical line corresponds to November 2020,
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when semaglutide (Ozempic) was added to the VA national formulary.
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A Appendix Tables and Figures

Table A.1: Major Adverse Cardiovascular Events: Myocardial Infarction and Stroke

Sample:
Full Sample Prior ASCVD or CKD
(1) (2)
Propensity x Post2021 —0.0095 —0.0156**
(0.0026) (0.0065)
N (patient-year-quarter) 34,293,608 8,425,648
Mean Dep. Var. 0.011 0.021

Notes: This table displays the aggregate post-2021 vs pre-2021 coefficient on an indicator variable of whether the patient had
an myocardial infarction (heart attack) or stroke, in an ED or hospitalization, in a given quarter. The outcome variable and
the subsample by prior Atherosclerotic Cardiovascular Disease or Chronic Kidney Disease closely approximate the SUSTAIN
6 clinical trial (Marso et al., 2016) which focuses on patients with established cardiovascular disease, chronic heart failure,
or chronic kidney disease. Mean dependent variables are calculated at baseline (2018 Q1). Patient-year-quarter observations
where the patient is dead are dropped. Heteroskedastic-robust standard errors are clustered at the PCP-level. ***: 0.01, **:
0.05, *: 0.1.
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Figure A.1: Rates of GLP-1 Use Among Baseline Diabetic or Obese Sample
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Notes: This figure shows the rise in GLP-1 among the entire VA population. Other GLP-1s include albiglutide,
exenatide, lixisenatide, and tirzepatide. The dashed vertical line corresponds to November 2020, when semaglutide
(Ozempic) was added to the VA national formulary.
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Figure A.2: Distribution of PCP GLP-1 Propensity and First Stage
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Notes: This figure presents a histogram of the leave-out PCP propensity to prescribe semaglutide to diabetic
or obese patients in 2021-2022, as defined in Section 4. Overlaid on the histogram are first stage relationships
between patients’ 2018 PCP propensity and their cumulative GLP-1 use by the end of 2019 (gray) and by the end
of 2022 (red). GLP-1 use rises between 2019 and 2020, and increases sharply among patients whose 2018 PCPs
ultimately become high semaglutide adopters. The steeper slope in the 2022 cross-section corresponds to the kink
in the event study estimates following the addition of semaglutide to the VA national formulary. The first stage
relationships are local linear regressions estimated on the average of (residualized) Z;(;), over 50 equally spaced
bins and weighted by the number of observations in each bin. 95% confidence bands are shown.
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Figure A.3: Selection Into Measurement

(a) Any Weight Measurement (b) Any A1C Glucose Test
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(c) Pre-2018 A1C Among Those Receiving A1C

0.4

0.2

TN Tl
T 11

2018 2019 2020 2021 2022 2023 2024

0.0

Pre—Period A1C

-0.2

-0.4

Notes: This figure shows the reduced form impact of PCP propensity to adopt GLP-1s on whether the patient has
any weight measurement (panel a) or A1C glucose test (panel b) in a given year-quarter (Equation (1)). Means
in the base period (2018 Q1) are 0.522 for any weight measurement and 0.324 for any A1C glucose measurement.
Patient-year-quarter observations where the patient is dead are dropped. Panel c¢ displays pre-period (2017)
median A1C among patients that receive an A1C glucose test in a given year-quarter, conditional on receiving an
A1C glucose test. This regression controls for PCP fixed effects instead of patient fixed effects since pre-period
median A1C is constant within a patient. It shows that A1C glucose tests are more likely to be taken for ex
ante more severe diabetes patients. Heteroskedastic-robust standard errors are clustered at the PCP-level, and
2018 Q1 is the omitted base period. The dashed vertical line corresponds to November 2020, when semaglutide
(Ozempic) was added to the VA national formulary.
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Figure A.4: Robustness: Accounting For Selection Into A1C Glucose Measurement

(a) Patient-Year-Quarter Re-Weighted to Match Pre-2018 A1C Distribution
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Notes: This figure displays two robustness exercises for A1C outcome. Following from Figure A.3 panel c,
where A1C observations are increasingly taken from patients with ex ante higher A1C levels, panel a, re-weights
A1C measurements in each year-quarter to match the ex ante pre-2018 distribution. Panel b collapses quarterly
observations to yearly observations and estimates the event study on a sample of patients that have at least one
A1C measurement per calendar year that they are alive (excluding pandemic year 2020). The sample size is
662,245 patients; among diabetic patients, 60% have annual A1C glucose measurements. The yearly event study
coeflicients among this sample is very similar to the quarterly means among the full sample (yearly averages
displayed in grey horizontal lines). Heteroskedastic-robust standard errors are clustered at the PCP-level, and
2018 Q1 is the omitted base period. The dashed vertical line corresponds to November 2020, when semaglutide
(Ozempic) was added to the VA national formulary.
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Figure A.5: Emergency Department Visits by Major Diagnostic Category
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Notes: This figure displays the aggregate post-2021 vs pre-2021 coefficient on any emergency department (ED)
visit and each major diagnostic category. Specifically, § from the following specification: Y = 8Z;¢;) x 1{t >=
2021} + ai + A¢ + 8(;),¢ + €ie. Heteroskedastic-robust standard errors are clustered at the PCP-level. N.e.c.
stands for not elsewhere classified. The outcome variables are indicator for ED visits, thus the individual major
diagnostic categories do not aggregate (average) to the “Any ED” outcome.
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Figure A.6: Other Relevant Medications
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Notes: This figure shows the reduced form impact of PCP propensity to adopt GLP-1s on indicators for relevant
medication drug use estimated from Equation (1). Panels (a) to (d) display any antihypertensives, and statins, any
diabetes medication, and specific diabetes drugs. Panel (e) breaks down SGLT2 and GLP-1 use; see text for more

details.

Means in the base period (2018 Q1) are for antihypertensives: 0.554, statins: 0.408, any diabetes medi-

cation: 0.351, semaglutide: 0, metformin: 0.227, insulin: 0.140, SGLT2: 0.007: DPP-4: 0.028, and other diabetes
medications: 0.118. Other diabetes medication includes sulfonylureas, meglitinides, thiazolidinediones, and alpha-
glucosidase inhibitors. Patient-year-quarter observations where the patient is dead are dropped. Heteroskedastic-
robust standard errors are clustered at the PCP-level, and 2018 Q1 is the omitted base period. The dashed vertical
line corresponds to November 2020, when semaglutide (Ozempic) was added to the VA national formulary.
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Figure A.7: Main Outcomes, Controlling for SGLT2 Adoption Propensity

(a) GLP-1 (b) A1C
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Notes: This figure displays robustness of the main outcomes after controlling for PCP SGLT2 inhibitor propensity
interacted with year-quarter fixed effects. In Figure A.6, we see that high GLP-1 propensity PCPs are more
likely to prescribe their patients SGLT2. SGLT?2 propensity is constructed as the leave-out fraction of pre-

2018 diabetic or obese patients who received SGLT2 in 2021-2022, ZJS’(G)LT2 The gray points show the baseline

estimates from Equation (1) and the blue points show 5F? estimated from: Yi; = 20225018 PLZiy x 1{t =
k}+ ZiO:225018 ﬁfGLijs(ig)Lm X 1{t = k} + i+ Ai +05:),. +€ie. The correlation between PCPs’ GLP-l propensity

and SGLT?2 propensity is 0.10. Heteroskedastic-robust standard errors are clustered at the PCP-level, and 2018 Q1
is the omitted base period. The dashed vertical line corresponds to November 2020, when semaglutide (Ozempic)
was added to the VA national formulary.
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Figure A.8: Placebo Sample: Non-Diabetic, Non-Obese Patients Under Age 40

(a) GLP-1 (b) A1C
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Notes: This figure shows the reduced form impact of PCP propensity to adopt GLP-1s on the main set of outcomes
estimated from Equation (1) for a placebo falsification sample of non-diabetic and non-obese patients (prior to
2018) and were under age 40 in 2018. These patients are unlikely candidates for GLP-1. There is no overlap
between these placebo patients and our baseline sample. There are no restriction on diabetes or obesity diagnoses
after 2018. Spending is measured in 2025 dollars. Means in the base period (2018 Q1) are 0.000005 for any GLP1,
5.29 for median A1C, 5.24 for log weight (189 lbs), 0.075 for any ED visit, and $1,557 for total medical spending.
Patient-year-quarter observations where the patient is dead are dropped. Heteroskedastic-robust standard errors
are clustered at the PCP-level, and 2018 Q1 is the omitted base period. The dashed vertical line corresponds to
November 2020, when semaglutide (Ozempic) was added to the VA national formulary.
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Figure A.9: Comparing Quasi-Experimental Treatment on the Treated Effects to Clinical Trials
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Notes: This figure compares our treatment effect on the treated (ToT) against RCT estimates from the SUSTAIN
(Semaglutide Unabated Sustainability in Treatment of Type 2 Diabetes) trials on key clinical oucomes weight
and A1C. Our quasi-experimental ToT estimates are for a 30-week dose of GLP-1 on outcomes in 2021. For ToT
effects for other years, see Figure 6. Other than SUSTAIN 1, where the comparison group was the placebo, all
other trials were against active comparators (e.g., vs insulin or GLP-1 + insulin vs only insulin, etc.). The vertical
blue line corresponds to the treatment-sample-size-weighted average among the 9 comparator SUSTAIN trials. A
summary of each of the SUSTAIN trials can be found in Table A.2. Estimates for the SUSTAIN trials are scaled
to 30-weeks to match our ToT estimates; trial lengths for SUSTAIN 1 to 10 were 30, 56, 56, 30, 30, 104, 40, 52,
30, 30 weeks, respectively. Scaling of both the trial estimates and our dose response ToT estimates require an
assumption that the treatment effect is linear in dosage. Standard errors (and 95% confidence intervals) around
our ToT estimates are constructed via clustered bootstrap with 500 iterations.
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Figure A.10: Complier Analysis by Year
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Notes: This figure reports a complier analysis of baseline characteristics X for patients utilizing GLP-1s in a
given year (2021-2024) is induced by their 2018 PCP’s GLP-1 prescribing propensity. For each year, we plot
the relative likelihood of characteristic X among compliers—patients whose treatment status changes with the
instrument—compared to its unconditional prevalence in the population. All characteristics X are measured at
baseline, prior to 2018. See Appendix C for more details of the complier analysis.
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B Details on Variable Definitions

In Section 3, we provided a brief description of the main outcome variables. Below, we describe the

variables in more detail.

GLP-1 Prescriptions and Other Medications We construct patient-year-quarter indicators
for any GLP-1 use from outpatient prescriptions, clinically administered initiation (e.g., hospital
setting or supervised dose for educational purposes), and special authorization order requests. In
addition to any use, we also measure intensive margin days supply, as well as total cumulative
measures of ever use and acumulated days supply. We also construct a measure of any diabetes
medication use and categorize individual diabetes drug classes : biguanides (metformin), insulin,
SGLT?2 inhibitors, DPP-4 inhibitors, sulfonylurea, semaglutide, and other non-semaglutide GLP-
1s (e.g., tirzepatide, liraglutide, etc.), and others (thiazolidinediones, alpha-glucosidase inhibitors,
etc.). To characterize the prescribing patterns of high semaglutide adopting PCPs, we also construct
indicators for medications for statins and antihypertensives (e.g., ACE inhibitors, beta blockers,
etc.).

Hemoglobin A1C Blood Glucose Levels We construct median A1C for each patient-year-
quarter observation, measured in percent of hemoglobin in red blood cells that has glucose attached
to it. In addition, we construct an indicator for median A1C below 7% (the typical target goal for
T2D patients; American Diabetes Association, 2025).

Weight We take the logarithm of median weight for each patient-year-quarter, measured in
pounds. We also report BMI as a secondary outcome, using a fixed, time-invariant median height
for each patient based on measurements from 2015-2019. We use a time-invariant measure of height
because unlike weight, height is unlikely to meaningfully change over time and changes are more

likely to reflect measurement error.

Mental Health and Substance Use Outcomes We construct year—quarter indicators for over-
dose poisonings (ICD10 codes: T36-65) and alcohol intoxication or poisoning (ICD 10 codes: F10.12,
F10.22, F10.92, T51) documented in VA and non-VA EDs. Because these are severe but relatively
rare events, we complement these outcomes with measures of acute mental health derived from the
Patient Health Questionnaire-9 (PHQ-9; Kroenke et al., 2001), which assesses depressive symptoms
and psychological distress over the preceding two weeks. The PHQ-9 is a nine-item clinical screen-
ing tool that ranging from 0 to 27, with 27 being the most severe. Scores greater or equal to 5
potentially indicate mild symptoms, 10 indicating moderate, 15 indicating moderately severe, and
20 indicating severe.

From the Alcohol Use Disorders Identification Test (AUDIT-C; Bush et al., 1998), we construct
average raw scores at the patient-year-quarter-level. The AUDIT-C is a 3-item questionnaire that

asks about the patient’s frequency and intensity of alcohol consumption over the past year. Scores
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range from 0 to 12 with scores greater or equal to 4 potentially indicating moderate risk, 6 indicating

high risk, and 8 indicating severe risk.

Healthcare Utilization and Spending We construct an outcome for any emergency department
(ED) visit (VA and non-VA) in a given year-quarter and categorize ED visits into major diagnostic
categories based on the primary diagnosis code. We also analyze healthcare spending via an average
cost measure, based on Medicare relative value units (RVUs) and VA utilization data (VA Health
Economics Resource Center, 2025; Wagner et al., 2003), which is available until 2024Q3. For non-
VA spending, we use total charges from non-VA reimbursed claims, which represents the amount
charged to and paid by the VA. We sum VA and non-VA spending to arrive at a total spending which
can be disaggregated into outpatient and inpatient spending. Inpatient and outpatient spending are
separately winsorized at the 99th percentile, conditional on positive spending each quarter ($327,336
and $77,999, respectively).

Non-VA community outpatient and inpatient utilization codes are classified via place of service
codes, with POS=21, 31, 51, 61 as inpatient, and the remaining being outpatient. Note that the
interpretation of total VA + non-VA spending is the cost incurred to the VA since VA average cost
is meant to approximate VA operational cost and non-VA spending is measured via total charges.

In Table A.1 we also measure major adverse cardiovascular events (myocardial infarction and
stroke) following Marso et al. (2016) using the following ICD-10 codes: 121, 122, 160, 161, 163, and
I64.
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C Complier Analysis

Following Abadie (2003), we non-parametrically estimate the characteristics of compliers relative
to the baseline population (patients diagnosed with diabetes or obesity prior to 2018; see Section 3
for specifics), and we track how these complier characteristics change over time.

Specifically, for each year ¢t and binary characteristic X, we estimate the probability of X
given the patient is a complier divided by the probability of X in the baseline sample. This relative

likelihood, vx ¢, can be estimated using the following equivalence:

]P)(X|Dt,1 > Dt,O) _ IP)(Dt|Z = ZhighaX = 1) - IED(D7f|Z = Ziow, X = 1)
P(X) IP)(D15|Z = Zhigh) - P(Dt‘Z = Zlow)

TXt =

where Dy is a binary indicator for whether the patient had GLP-1 treatment in year t. Therefore,
our estimates are the ratio of two values: the probability of X among compliers and the probability
of X among the all patients in our sample.

We estimate the numerator using a cross-sectional first degree local linear regression of Dy
on residualized Z where we restrict to observations with X = 1 (where Z is residualized on station
fixed effects). We then subtract the estimated conditional mean at the 1st percentile from the esti-
mated conditional mean at the 99th percentile of residualized Z. The procedure for calculating the
denominator is the same except we keep all observations regardless of their value of X. Importantly,
the percentile values zp;gp and 24, are unchanged across years and samples.

Figure A.10 plots yx ¢ for years 2021 through 2024 and for six health characteristics measured
in 20218. In earlier periods, there is a higher incidence of adverse health conditions among compliers
compared to the population. However, over time the population of compliers becomes more healthy

compared to the whole sample.
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