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Background

Obesity affects more than 30% of adults in the U.S. and
contributing to more than ~$300 billion in obesity-related
healthcare costs annually

— Ogden JAMA 2014;311:806-14.

— Cawley J, Journal of Health Econ.31(1):219-230. 2012.

Prevalence of obesity has caused an increased risk of obesity-
related comorbidities with >2/3s of severely obese patients having

at least one co-morbid condition such as T2DM, HTN, OSA,
dyslipidemia, and osteoarthritis. CDC

Complications Following Surgery attributed to Obesity estimated
to be 10-30% @ 40 billion USD- Surgery 2026



Obesity — Economic Burden
*National Expenditures for Obesity: 18%- $300B

20-24.9 25-29.9 30-34.9 35-39.9 >40

Wee et.al., Am J Public Health 2005

BMI



Metabolic and Bariatric Surgery: Cost-Effectiveness

* Bariatric surgery is cost-effective compared with
nonsurgical management with ICERs of $18,000-
$46,000 per QALY gained and is cost-saving over a
lifetime horizon

« Compared with GLP-1 receptor agonists at current
prices, bariatric surgery is more effective and less
costly, saving approximately $11,689 over 2
years in direct healthcare costs

e Cost-effectiveness improves with higher baseline
BMI, more severe diabetes, and longer time

Wolff Sagy Y, Winter EE, Abu Ahmad W, et al. Long-Term Health Care Utilization Costs of GLP-1RA Use vs Bariatric Metabolic Surgery. JAMA
Netw Open. 2026;9(7):€2621305. doi:10.1001/jamanetworkopen.2026.21305

Xia Q, Campbell JA, Ahmad H, Si L, de Graaff B, Palmer AJ. Bariatric surgery is a cost-saving treatment for obesity-A comprehensive meta-analysis
and updated systematic review of health economic evaluations of bariatric surgery. Obes Rev. 2020 Jan;21(1):e12932. doi: 10.1111/0br.12932. Epub
2019 Nov 16. PMID: 31733033.

Barrett TS, Hafermann JO, Richards S, LeJeune K, Eid GM. Obesity Treatment With Bariatric Surgery vs GLP-1 Receptor Agonists. JAMA

Surg. 2025;160(11):1232-1239. d0i:10.1001/jamasurg.2025.3590

Lauren BN, Lim F, Krikhely A, et al. Estimated Cost-effectiveness of Medical Therapy, Sleeve Gastrectomy, and Gastric Bypass in Patients With
Severe Obesity and Type 2 Diabetes. JAMA Netw Open. 2022;5(2):e2148317. d0i:10.1001/jamanetworkopen.2021.48317



Return on Investment
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A Study on the Economic Impact of Bariatric Surgery

FPierre-Ywves Créemieux, PhD; Henry Buchwald, MD, PhD; Scott A. Shikora, MD; Arindam Ghosh, PhD;
Haixia Elaine Yang, PhD; and Marric Buessing, BA

Results: The mean bariatric surgery investment
ranged from approximately $17.000 to $26,000.
After controlling for observable patient charac-
teristics, we estimated all costs to have been
recouped within 2 years for laparoscopic surgery
patients and within 4 years for open surgery
patients.




Health Care Use During 20 Years
Following Bariatric Surgery

r the Index Date

Figure 2. Mean Annual Hospital Days From <4 wears Before to 20 Years Afte
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JAMA 2012;308:113241.




Health Care Use During 20 Years
Following Bariatric Surgery

Adjusted Mean Difference in Drug Costs

DCrug Cost per Year, US §

T T
T 1 L L 13 14 15 16 17
Follow-up “Year

Mo. of patients
Surgerny 285 398 537 a0 F1g B5Y9 BO1 B4 00 621 053 413 315 182
Crontno 283 0952 685 6689 TBB a2 a6  Far 644 607 050 408 307 170

Adjusted for baseline age, sex, smoking, diabetes status, body mass index, and inclusion peried (before 1995
and 1995 and beyond). Error bars indicate 95% Cls.

JAMA 2012;308:1132-41.




Weiner JP, et al. Impact of bariatric surgery on health
care costs of obese persons: a 6-year follow-up of surgical

and comparison cohorts using health plan data. JAMA
Surg 2013;148:555-62.

* Costs were greater in the bariatric surgery group during the
second and third years following surgery but were similar
in the later years.

« However, the bariatric group's prescription and office visit
costs were lower and their inpatient costs were higher.

* Those undergoing laparoscopic surgery had lower costs in
the first few years after surgery, but these differences did
not persist.

« Bariatric surgery does not reduce overall health care costs
in the long term.



Cost-Effectiveness of Bariatric Surgery for
Severely Obese Adults With Diabetes

RESULTS — In all analyses, bariatric SUTgery increas sed I,'ﬁLl and increased costs. Bypass
SUTEETY had cost-effectiveness ratios of § - Y and 5121 IULFAL Y for |-1|.-_[|-] |‘||"||- T
patients with newly diagnosed and e lahh huI dl'I.F'I;Jr respectively. Banding surgery had
cost-eflectiveness ratios of § 11,000/QALY and $ 3,000/QALY for the respective groups. In
sensitivity analyses, the cost-effectiveness ratios were most alfected by assumptions about the
direct gain in QoL from BMI loss following surgery.

Cost-effective Benchmark: 50,000/QALY

Diabetes Care 33:1933-1939, 2010




Association of Bariatric Surgery and
National Medication Use

John M Morton, MD, MPH. FACS, Jaime Ponce, MD. FACS, Elisabetta Malangone-Monaco, Ms,
Ninh Nguyen, MD, FACS

To examine the long-term (4 year)
differences in the pharmacy cost and
utilization for a cohort of severely obese
patients who underwent laparoscopic
bariatric surgery compared to those who
had not undergone surgery

Moon etal  Bariatic Surgery and Medication Use J Am Coll Surg




Methods

 An administrative claims-based
retrospective cohort study using the Truven
Health MarketScan® Research databases for
the period from January 1, 2007 - December
31,2012

* Patients had a diagnosis of obesity between
January 1, 2007 and December 31, 2008

— Obesity defined as a diagnosis indicating BMI >40, BMI 35-40 with
an obesity-related comorbidity, or morbid obesity with an obesity-
related comorbidity

« Cases were required to have a claim with a procedure code for Lap
Band or Laparoscopic Roux en-Y surgery in 2008 (index date)

* Non-surgical controls had no evidence of any bariatric surgery
procedure anytime during the study period



Patient characteristics

2700 surgery cases: 2700 non-surgical controls

Laparoscopic Non-surgical
Surgery cases RYGB Lap band controls
N =2,700 N =1,833 N = 867 N =2,700
Age,’ Mean (SD) 47.1 (9.6) 47.0 (9.5) 47.2 (9.8) 47.1 (10.0)
Sex, %
Male 22.8 22.6 23.2 228
Female 77.2 774 76.8 77.2
Geographic region, %
Northeast 10.7 10.2 11.8 10.8
North Central 27.7 26.6 30.2 28.8
South 31.6 301 34.7 30.7
West 294 324 231 294
Unknown 0.6 0.8 0.2 0.3
Health plan type,' %
FFS 4.1 4.3 3.7 5.1
EPO / PPO 47.7 45.0 53.5 41.5
POS / POS with capitation 16.5 16.4 16.7 13.3
HMO 28.5 31.2 22.7 36.5
HDHP / CDHP 25 24 27 29
Other 0.7 K] 0.7 0.7

" Comparison of all surgery cases to non-surgical controls; statistically significant at p<0.05
CDHP = consumer driven health plan; EPO = Exclusive service provider; FFS = fee-for-service; HDHP = high deductible health plan; HMO
= health maintenance organization; POS = point-of-service; PPO = preferred provider organization.



Baseline clinical characteristics

* Similar over-all except that surgery
cases had a significantly higher CVD,
HTN, GERD and OSA

Laparoscopic Roux Non-surgical
Surgery cases en-Y Lap band controls
N =2,700 N=1,833 N = 867 N =2,700
Deyo CClI, Mean (SD) 0.7 (1.0) 0.8 (1.1) 0.7 (1.0) 0.7 (1.2)
Comorbid conditions during pre-index period, %
Type 2 diabetes 35.0 36.0 33.0 344
Sleep apnea1 39.6 393 40.1 18.7
Hypertension? 55.0 54.8 55.4 47.4
GERD? 247 247 248 111
Cardiovascular disease' 65.9 65.6 66.4 56.7
Hyperlipidemia' 28.8 28.8 28.7 24.0

' Comparison of all surgery cases to non-surgical controls; statistically significant difference at p<0.05



Adjusted pharmacy costs in 4-
year post-index period

After adjusting for pre-index period pharmacy costs and
comorbidities, the 4-year pharmacy costs were 23% lower
among surgery cases compared to non-surgical controls

95%
% Cost
Outcome Confidence P-Value
Change ratio
limits

Total prescription

-22.6% 0.774 0.728 0.821 <0.0001
costs



Pharmacy costs components in 1-
year baseline period and 4-year

Costs (US dollars)

$2.000 -

$1.500 A

$1.000 -

$500 -

post-index period

$0

m 1-year baseline period 4-year post-period
$1.669
$1.089
$916
$729
$561
$492 $517
$i $253 $292 _— $i‘

Surgery |Non-Surgical| Surgery |Non-Surgical| Surgery |Non-Surgical

Cases Controls Cases Controls Cases Controls

Cardiovascular prescription Antihypertensive Antidiabetic prescription

costs prescription costs costs

Reductions driven by lower antidiabetic, antihypertensive,

and cardiovascular prescription costs



-l

# Prescriptions 1-year baseline vs.
4-year post-index period

m 1-year baseline period 4-year post-period
25 -
" 19,9
2 20 -
)
2
O 15 1
g 11,2
- ’ 9,9
S 10 A
g 7,9
£ 49 > 5,1
Z 9 -
2,3 19 I I 3132 7
L . H =
Surgery |Non-Surgical| Surgery |Non-Surgical Surgery | Non-Surgical
Cases Controls Cases Controls Cases Controls
Number of Cardiovascular | Number of Antihypertensive| Number of Antidiabetic
Prescriptions Prescriptions Prescriptions

Antidiabetic prescriptions was 68% lower in surgery pts in 4-year post-index period



Adjusted count of prescriptions
in 4-year post-index period

% Incid
95% Confidence
Outcome Change rate P-Value
limits
ratio
Number of antidiabetic
prescriptions - 737% 0.2627 0.2560 0.2696 <0.0001
Number of antihypertensive -48.3% 0.5172 0.5096 0.5250 <0.0001

prescriptions
Number of cardiovascular

prescriptions (excluding -489% 0.5111 0.4995 0.5230 <0.0001
antihypertensives)

After multivariate adjustments, the number of antidiabetic prescriptions
were 74% lower among surgery cases compared to non-surgical controls



Conclusions
* Significant and sustained long-
term medication cost savings are
achieved 4-years post-surgery in
obese patients undergoing
bariatric surgery in comparison
to a propensity-matched control

group



Cost-effectiveness of Bariatric Surgery vs.
Anti-Obesity Medications
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Background

« Bariatric Surgery has demonstrated long-term safety and
efficacy with Level 1 Evidence for treatment of obesity

 Tremendous interest in recent FDA-Approved Glucagon-like
peptide-1 (GLP-1) Class of Anti-Obesity Medications Offers
Additional Therapeutic Approach

* Given the high prevalence of obesity and current cost of GLP-1s,

concern has been raised about the most rational approach to
treating obesity

« Hypothesis: Through Cost-Effectiveness Analysis, Bariatric
Surgery will be the most dominant (cost-effective) therapy in
comparison with anti-obesity medications for treatment of
obesity

Yale scHOOL OF MEDICINE



Cost-Effectiveness Primer

Base Case & Perspective: sample patient with a time horizon

Decision Tree: framework for decision making with uncertainty

Nodes

— Square (Decision)

— Circle (Chance)

— Triangle (Endpoint)
Textbook Outcome: composite quality measure that encompasses multiple
postoperative endpoints

Monte Carlo Simulation: model used to predict the probability of a variety of
outcomes when the potential for random variables is present and requires
assigning multiple values to an uncertain variable to achieve multiple results and
then averaging the results to obtain an estimate.

(ICER) Incremental cost-effectiveness ratio is a summary measure representing
the economic value of an intervention, compared with an alternative

Sensitivity Analyses: Examining model outputs while conditioning on specific
inputs provides insight about model behavior




GLP-1 Special Considerations

Risk of Gastrolmbestinal Adverse Events Assoclated
ORIGINAL ARTICLE WILEY With Glucagon-Like Peptide-1 Receptor Agonists

fior Wedght Loss

Table 2. Risks of Biliary Disease, Pancreatitis, Bowel Obstruction, and Gastroparesis Among Users
of GLP-1 Agonists vs Bupropion-Naltrexone

Weight regain and cardiometabolic effects after withdrawal
of semaglutide: The STEP 1 trial extension

GLP-1 agonists, HR (35% CI)°
(Outcomes Crude Adjusted® Bupropion-naltrexone
Primary analysis
Biliary disease 1.48 (0.88-2.47) 1.50(0.89-2.53)

1 [Reference]
Pancreatitis 10.33(1.44-74.40) 9.09(L25-66.00) 1

1

1

Referanca]
Bowal obstruction 5.16(1.27-21.00)  4.22(L.02-1740)

Gastroparesis 331(1.04-1050)  3.67 (L.15-11.90)

Referencal

[R
[
[
[R

\aferance]

Diabetes Obes Metab. 2022,24:1553-1564.

— Challenges and Uncertainty Ahead

Khrysta Baig, M.S.P.H., Stacie B. Dusetzina, Ph.D., David D. Kim, Ph.D., and Ashley A. Leech, Ph.D.

MANAGEMENT..

Medicare Part D Coverage of Antiobesity Medications ,’a P R l 1\4 E ‘ Mage“an Rx

ial Range of Medicare Costs for the Use of Antiobesity Medications.*

Obesity Prevalence Medication Users Phentermine and Topiramate Cost Semaglutide Cost
People with Estimated Percentage Estimated Percentage
Obesity No. of Annual Total of Part D Annual Total of Part D
( Treated Benefi 5 Cost () Met Spending Cost (§) Net Spending
Diagnosis in Medi- 2 99,568 66,710,261 0.05 1,355,910,952 0.94 $7.727 per GLP-1a treated member compared to the matched C(_}mrul qrc:up_ !.:JLF'—' a treatment
care claims 497,838 333551306 0.3 679,554,759 4.68 rsistency was poor with only one-third on therapy at one year. Among GLP-1a adherent
2D Conhnn 048 EEERRbAD 3 individuals, the increase in costs was even higher, double the prior year. These real-world

finding mportant to aid in the development of an evidence-based GLP-1a weight loss

6,671,026,125 4.60 135,591,005,173 03.51
0.09 9,53 g
0.45 4 management program, pharmaceutical manufacturer value-based contracts, and health

0.81 26,795,323,09¢ 8.48 insurance benefit designs.
9.02 267,953,830,938 184.20

N ENGL) MED 38811 MNEJM.ORG MARCH 16, 2023



Real World Adherence: GLP-1s

Diabetes Ther (2023) 14:723-736

g i g/ 10100741330002301352-5 Real-World Adherence and Discontinuation of
ORIGINAL RESEARCH

Glucagon-Like Peptide-1 Receptor Agonists
Real-World Evaluation of GLP-1 Receptor Agonist

Therapy Persistence, Adherence and Therapeutic The rapy in T)/Pe 2 Diabetes Mellitus Patients in
Inertia Among Obese Adults with Type 2 Diabetes .
the United States

Under real-life conditions, persistence at 2 00 . Total Event Median (85% Ci)
4791 3358 406.0 (386.0-424.0)

vears with GLP-1RA was low compared to ) + Censor

other glucose-lowering agents (48.4%
versus 72.7%, p < 0.0001). Among
HbAlc-tested GLP-1RA users, a greater
proportion of 2Z-yvear-persistent individuals
showed improved glycaemic control
(40.5% wersus 18.6%, respectively,

P < 0.0001); however, no differences in
cardiovascular outcomes or all-cause
death were found between 2Z-year- : .
persistent and non-persistent individuals. o ap Durston (oape
Therapeutic inertia was found in 38.0% of Figure 3 Time to Discontinuation of GLP-1 RAs, Kaplan-HMaier Plot. n—4791. Kaplan_teier plot of days unil GLP| RA tharapy G
thE WhD].E S-tleF prLl].aﬂﬂﬂ. at median of 406 days (95% Cl 386—424) after initiating therapy.

% Continuing GLP-1 Therapy

Conclusion: Over half of T2DM patients mitiating GLP-1 RA were non-adherent and the
Diabetes Ther (2023) 14:723-736 majonity (70.1%) disconfimed therapy by 24 months. Reasons for non-adherence and
discontinuation mertt fiurther research.

Patient Preference and Adherence 2020:14 2337-1345




JAMA | Original Investigation

Long-Term Outcomes of Medical Management vs Bariatric Surgery

in Type 2 Diabetes

Anita P. Courcoulas, MD; Mary Elizabeth Patti, MD; Bo Hu, PhD; David E. Arterburn, MD; Donald C. Simonson, MD, ScD;

Table 3. Major Adwverse Events and Events of Interest Throwgh 12 Years

Mo (3]

M adical /Mifestyle

Bariatric surgery

Ewent (= 9a) {m = 166)
Diaarth™ 2 (2.1} 2{1.2)
Cardiiowascoular
Coronanry revascularization FATFED 15 {9}
Myocardial infanction 4 (420 10 {5}
Unstable angina 2 (2.1} 4 (Z2.4)
Significant arrhythmia 4 (420 T A 2)
Heart failure 1 {1} e ]
Stroke/ftransient 2 (3.1} S {Zp
iscChemic attack
Peripheral arterial diseass 0} Z{1L 2}
Wenous thromiboemibolism 2 (2.1} 1 {OU6)
Metabalic
Sawvere hypoglycemia FALTED 11 {560
Diabetic ketoacidosis 1 (1) o]
Gastrainbaestinal
Gastric fanastomeotic ulosr 2 (2.1) 10 {5}
BEowel obstruction 1 (1) F (1.8}
Gastrointestinagl leaks 0} 1 {0U6)
Gallstones /fcholecystitis F (31D 9 (5.4)
Fancraatitis 1 (1) {1 B}
Alcohol-associated o ZL1 .2}
cirrhiosis®
Kidmey
Kidney stones 2 {2.1) 11 {&5.6)
Initiation of dialysis 2 (2.1) Ln]
Ocular
Retinopathy 5 (5.2) 2 {12}
Elindness 1{1) o
Blood transfusion
For amaemia = ] ZO {12}
For gastrointestinal 2 (2.1) S ()
bleading
Miscellansous
Fracturs S (5.2]) 22 {(13.3)
Cancars 4 (4.3 O (5. 44)
Suicide atbampt (o] 1 {06}

JANA.2024;331(8)-654-664. dok 01001 fama 2024 0318

All Bariatric Surgery Publications
for Complications & Weight Loss
from Level 1 Evidence:

RCTs or Meta-Analyses of RCTs
ARMMS Trial



Sleeve

RYGE

Band

BPD-DS

Revision

SADI

OAGE

Other

ESG

Balloons
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ANNUAL ASMBS PROCEDURES
NUMBERS, 2016-2022

2022 2021 2020 2018
180,609 152,866 122,056 152,413
62,097 56,527 41,280 45744
2,500 1121 2,393 2,375
6,096 5,526 3,655 2272
30,884 3,021 22,022 42,881
1567 1.025 488 —
1.057 1,143 1,338 -
6,189 7339 1221 6,060
4,600 2,220 1,500 —_—
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32238
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2016
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40,316
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1,236

30077

5,665

5,744

215,666

The ASMBS total bariatric procedure numbers are based on the best estimation from
available data (BOLD,ACS/MBSAQIP, National Inpatient Sample Data and outpatient
estimations).
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Long-term all-cause and cause-specific mortality for four
bariatric surgery procedures Obesty GiverSping) 2025315574585,

Ted D. Adams*?*© | Huong Meeks* | Alison Fraser* | Lance E. Davidson®® @ |
John Holmen® | Michael Newman’ | AnnaR.Ibele® | Nathan Richards® |
Steven C. Hunt?? | Jaewhan Kim1°®

o WILEYL®
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Methods

* Constructed a decision tree model using Tree Age Pro, 2021 to
determine the incremental cost-effectiveness between GLP-1 Medication
(Wegovy®) and Laparoscopic Sleeve Gastrectomy

« Base Case with Reference Patient

40 year old woman with BMI of 45 and no diabetes
40 year perspective consistent with life-time horizon

* Chance node probabilities included in the model were based on prior
literature demonstrating an association between mortality, weight loss,
complications, cost, quality of life.

Yale SCHOOL OF MEDICINE 2



Decision Tree
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Decision Tree: AOM Arm
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Decision Tree: Sleeve Gastrectomy




Decision Tree: Sleeve Gastrectomy to
Gastric Bypass
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Probabilities, costs, and quality-adjusted life years
for cost-effectiveness analysis of prolonged anti-
obesity medication versus weight-loss surgery
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Cost-effectiveness analysis of prolonged
anti-obesity medication versus weight-
loss surgery

Incremental IgiE ezl
EV cost EV effectiveness EV

Strat . ICER ALY:

(EEY (USS 2020) (UES\; czc())szto) (QALYs) effectiveness (3/QALYs)

(QALYs)
Weight-loss 302,862 -385,321 21.58 1.08 -$356,778/QALY
Surgery (300,336- (-384,614- - (21.58-21.72) (1.08-1.09) n/a?
302,900) 387,792))

Anti-obesity 688,183 20.50 [$ JQALY h

Medications (685,509- (20.50-20.64))

690,133) WLS: 14,034
_AOM: 33,570 |

95% confidence intervals in parentheses; EV, expected value; QALYs, quality adjusted life years; ICER, incremental
cost-effectiveness ratio

aThe ICER is reported with caution due to it being a negative number. Its role in cost-effectiveness studies quantitatively assess
the added benefit for an intervention that is also costlier. Weight-loss surgery dominates (lower cost, high benefit)

Anti-obesity medications, and a negative ICER would not be further used in the interpretation of these results.



Tornado Diagram: ICER
Weight Loss Surgery vs. Anti-Obesity Medications
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ICER
Incremental cost-effectiveness ratio is a summary measure representing the economic value of an intervention,
compared with an alternative (comparator) The tornado diagram is used to visually demonstrate the resulting
ICERs when 1 variable is changed to become either the maximum or minimum value of the range provided. It is
used to identify the relative importance of a variable since it can demonstrate if the economic conclusion changes
based on changing the variable




Monte Carlo simulation probabilistic analysis of cost-effectiveness of weight loss
surgery versus anti-obesity medications
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Extreme Sensitivity Analysis:
Assumes 90% long-term adherence

What happens to the heart when
people stop GLP-1 drugs?
L1E *h Al-Aly | BMJ Medicine 2026

333,000+ 16
1S WiIth Type diabetes Yyears realiment scenancos, targer tal emulanon

WHAT 3 YEARS OF CONTINUDUS USE BUILDS

e

WHAT STOPPING TAKES AWAY
| £ Se X I¥ I as ’ DKs 1

The asymmetry

3 years to buiid an 18% reduction in cardiovascular risk.
~1.5 years off the drug to erase it.



Trends in Cost of Care With Tirzepatide in Adults Aged
Over 55Years With Obesity or Overweight Without
Diabetes: A Matched Cohort Analysis

Navneet Upadhyay®

| Ali Bonakdar® | Keshab Subedi® | Soutrik Banerjee® | Benjamin Behrend! | Emily R. Hankosky'

1Eli Lilly and Company, Indianapolis, Indiana, USA | 2Cencora, Conshohocken, Pennsylvania, USA | *Aixial Group, Boulogne-Billancourt, France
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Conclusions: Monthly cost offsets for persistent tirzepatide users versus untreated individuals grew over time, offsetting §319
(ranging from $94 to $544) tirzepatide costs by 12-18 months. These results have implications for the $195 monthly net Medicare
cost for the Bridge programme, suggesting tirzepatide may generate near-term cost savings in an older population that stays on
treatment.



Extreme Sensitivity Analysis:
Assumes 50% long-term adherence
to anti-obesity medications.
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Summary & Conclusions

Inputs for Cost-Effectiveness Model Sourced from Long-Term,
Highest Level of Evidence Literature

Base Case of 40 yo woman with BMI 45 with 40 year perspective
« Laparoscopic Sleeve Gastrectomy and Wegovy

Tree Age Decision Tree w Revisional & Combination Therapy

Sensitivity Analyses Performed for 50% and 90% Adherence
« Only inflection is at 90% adherence with monthly cost of $310

Weight-loss surgery dominates (lower cost, higher benefit) anti-

obesity medications
Yale SCHOOL OF MEDICINE
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