
UCLA
UCLA Previously Published Works

Title
Up-Front Endoscopy Maximizes Cost-Effectiveness and Cost-Satisfaction in Uninvestigated 
Dyspepsia.

Permalink
https://escholarship.org/uc/item/2tf52323

Journal
Clinical Gastroenterology and Hepatology, 21(9)

Authors
Wechsler, Emily
Ahuja, Nitin
Brenner, Darren
et al.

Publication Date
2023-08-01

DOI
10.1016/j.cgh.2023.01.003
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2tf52323
https://escholarship.org/uc/item/2tf52323#author
https://escholarship.org
http://www.cdlib.org/


Up-Front Endoscopy Maximizes Cost-Effectiveness and Cost-
Satisfaction in Uninvestigated Dyspepsia

Emily V. Wechsler1,2, Nitin K. Ahuja3, Darren Brenner4, Walter Chan5, Lin Chang6, William 
D. Chey7, Anthony J. Lembo8, Baha Moshiree9, Judy Nee8, Shailja C. Shah10, Kyle Staller11, 
Eric D. Shah1,2,7

1Geisel School of Medicine, Hanover, New Hampshire;

2Section of Gastroenterology and Hepatology, Dartmouth Health, Lebanon, New Hampshire;

3Division of Gastroenterology, Penn Medicine, Philadelphia, Pennsylvania;

4Division of Gastroenterology, Northwestern Medicine, Chicago, Illinois;

5Division of Gastroenterology, Brigham and Women’s Hospital, Boston, Massachusetts;

6Division of Gastroenterology, University of California Los Angeles, Los Angeles, California;

7Division of Gastroenterology, Michigan Medicine, Ann Arbor, Michigan;

8Division of Gastroenterology, Beth Israel Deaconess Medical Center, Boston, Massachusetts;

9Division of Gastroenterology, Atrium Health, Charlotte, North Carolina;

10Division of Gastroenterology, University of California San Diego, San Diego, California;

11Division of Gastroenterology, Massachusetts General Hospital, Boston, Massachusetts

Abstract

BACKGROUND & AIMS: Practice guidelines promote a routine noninvasive, non-endoscopic 

initial approach to investigating dyspepsia without alarm features in young patients, yet many 
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patients undergo prompt upper endoscopy. We aimed to assess tradeoffs among costs, patient 

satisfaction, and clinical outcomes to inform discrepancy between guidelines and practice.

METHODS: We constructed a decision-analytic model and performed cost-effectiveness/cost-

satisfaction analysis over a 1-year time horizon on patients with uninvestigated dyspepsia without 

alarm features referred to gastroenterology. A RAND/UCLA expert panel informed model design. 

Four competing diagnostic/management strategies were evaluated: prompt endoscopy, testing for 

Helicobacter pylori and eradicating if present (test-and-treat), testing for H pylori and performing 

endoscopy if present (test-and-scope), and empiric acid suppression. Outcomes were derived from 

systematic reviews of clinical trials. Costs were informed by prospective observational cohort 

studies and national commercial/federal cost databases. Health gains were represented using 

quality-adjusted life years.

RESULTS: From the patient perspective, costs and outcomes were similar for all strategies 

(maximum out-of-pocket difference of $30 and <0.01 quality-adjusted life years gained/

year regardless of strategy). Prompt endoscopy maximized cost-satisfaction and health 

system reimbursement. Test-and-scope maximized cost-effectiveness from insurer and patient 

perspectives. Results remained robust on multiple one-way sensitivity analyses on model inputs 

and across most willingness-to-pay thresholds.

CONCLUSIONS: Noninvasive management strategies appear to result in inferior cost-

effectiveness and patient satisfaction outcomes compared with strategies promoting up-front 

endoscopy. Therefore, additional studies are needed to evaluate the drivers of patient satisfaction 

to facilitate inclusion in value-based healthcare transformation efforts.

Graphical Abstract
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Dyspepsia is a common gastrointestinal complaint that is broadly defined by the presence 

of epigastric pain or burning, early satiety, and/or post-prandial fullness. Dyspepsia affects 

approximately 20% of adults, encompasses one-fifth of all gastroenterology consultations,1,2 

and leads to one-half of all upper gastrointestinal endoscopies performed each year in the 

United States.3 Medical and prescription drug costs for dyspepsia represent $18 billion 

annually in the United States alone.4 These large numbers suggest that the choice of routine 

dyspepsia management strategy has a major downstream impact on U.S. healthcare.
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Clinical practice guidelines, including the joint American College of Gastroenterology 

and the Canadian Association of Gastroenterology guideline, the American Society of 

Gastrointestinal Endoscopy guideline, and the American Gastroenterological Association 

position statement, uniformly advocate in favor of an initial noninvasive test-and-treat 

strategy and against routine upper endoscopy to investigate dyspepsia for patients younger 

than age 50–60 years presenting without alarm features such as bleeding, weight loss, 

and vomiting.5–7 With a test-and-treat strategy, a noninvasive test for Helicobacter pylori 
is administered, and if positive, treatment to eradicate H pylori is provided. If negative 

or if dyspeptic symptoms persist after successful H pylori eradication, patients should 

receive empiric proton pump inhibitor therapy. Providers are only recommended to consider 

endoscopy if these efforts fail.

However, these guidelines have seen variable uptake in practice, and dyspepsia remains 

a common reason for upper endoscopy regardless of alarm features.2–4,8–10 Prior studies 

estimated that only 50% of physician visits adhered to these guidelines, and that as few 

as 25% of upper endoscopies performed for dyspepsia were “appropriate” as defined by 

guidelines. These findings beg 3 basic questions that stakeholders should consider:

1. In performing routine endoscopy for dyspepsia, are the majority of 

gastroenterologists and their patients actually choosing “inappropriate” care?

2. Are there important factors that might explain the divergence between guidelines 

and practice that should be considered in guideline development?

3. Which single stakeholder ultimately gets to define the “correct” management 

strategy and what is considered “appropriate” or “inappropriate”?

To inform key stakeholders, including patients, gastroenterology providers, insurers, and 

policymakers, as well as future guideline development strategies, we aimed to explore the 

persistent divergence between guidelines and practice using cost-effectiveness methods. We 

focused on identifying critical factors that drive preferences toward particular dyspepsia 

management strategies among key stakeholder perspectives. Because cost-effectiveness 

models consider a broad set of inputs for a decision (in this case, selecting up-front 

management for dyspepsia), a result that differs from that of clinical outcomes–focused 

studies may indicate factors beyond efficacy and safety are drivers of treatment selection.

Methods

Our study adhered to the CHEERS checklist and guidelines for the conduct of cost-

effectiveness analyses established by the Second Panel on Cost-Effectiveness in Health and 

Medicine.11

Model Development

To systematically inform model design and appropriately recognize the inherent diversity 

of opinions among experts, we convened a panel of 9 gastroenterologists (each with >10 

peer-reviewed publications related to disorders of brain-gut interaction or cost-effectiveness 

in gastroenterology and with demonstrated leadership in clinical care for dyspepsia) in 

August 2021. Following the RAND/UCLA Appropriateness Method,12 panelists were sent 
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background information including practice guidelines and systematic reviews relevant to 

dyspepsia management. We then performed a 3-round survey in which panelists iteratively 

rated the appropriateness of potential model assumptions from 1 to 9 (1–3, inappropriate; 

4–6, uncertain/unsure; 7–9, appropriate) (Supplementary Table 1). Assumptions that were 

rated as inappropriate by at least 1 panelist or uncertain/unsure by at least 2 panelists were 

discussed on a 90-minute videoconference call and revised before the final survey, which 

was consistent with standard RAND/UCLA scoring instructions.

Model Design

We constructed a decision analytic model using TreeAge Pro 2022 R1.2 (TreeAge, 

Williamstown, MA) simulating a base case scenario of a healthy, commercially insured 

patient aged 18–50 years with uninvestigated dyspepsia without alarm features referred 

to gastroenterology for evaluation and management (Figure 1). Our base case recognizes 

that Medicare generally covers individuals older than age 65, and that no guideline 

advocates routine endoscopy for individuals younger than 50 years of age. We compared 

4 standardized diagnostic and initial management strategies that were included in a 

recent systematic review of randomized clinical trials for being potentially applicable to 

this paradigm: (1) prompt endoscopy; (2) test-and-treat (test for H pylori and prescribe 

eradication treatment to those who test positive); (3) test-and-scope (test for H pylori and 

perform endoscopy in those who test positive); and (4) empiric acid suppression (8-week 

proton pump inhibitor trial).13

We designed our model to follow recent evidence-based syntheses that broadly recognize 

variation in clinical outcomes, satisfaction, and costs among dyspepsia management 

strategies as largely depending on the choice and timing of endoscopy weighed against 

the expected prevalence and severity of typical conditions that explain or overlap with 

dyspepsia. These conditions include erosive esophagitis, Barrett’s esophagus, peptic 

ulcer disease, gastric cancer, functional dyspepsia, gastroparesis, and others. There is 

also significant regional and patient-level variation in H pylori status and antibiotic 

resistance. Rather than modeling each factor individually and recognizing limitations in 

generalizable evidence, our approach accounts for population-level outcomes and costs for 

uninvestigated dyspepsia associated with our primary objectives. Further variation on patient 

subpopulations cared for in quaternary care centers was outside the scope of this study.

Model Inputs

Model inputs including distributions and sources are reported in Table 1. Our primary 

clinical outcome was global symptom relief (ie, the probability that patients managed with 

this strategy achieve meaningful improvement in symptoms at final point of follow-up), 

matching the primary clinical outcome of a recent well-conducted systematic review of 

randomized clinical trials including more than 6000 participants in 15 randomized controlled 

trials.13 Binary outcomes strengthen the homogeneity of individual trials included in 

network meta-analyses and informing our model. Outcomes were translated into health 

utilities for the purposes of cost-effectiveness analysis based on a large observational 

burden-of-illness study mapping clinical response onto health utilities.14 Health utilities in 

cost-effectiveness studies range from 0 (death) to 1 (full health). Over 1 year, a health utility 
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of 1 generates a full year of complete health (quality-adjusted life year [QALY]). Health 

gains are typically small outside of intensive care or end-of-life settings, recognizing that 

incremental health gains are significant over time. With a reported impact of 0.09 QALY 

experienced by patients with dyspepsia, patients would gain an entire year of full health (1.0 

QALY) over 11 years of sustained symptom relief.

Patient satisfaction was similarly defined and derived from the related primary outcome of 

“whether patients reported satisfaction with care” in the recent network meta-analysis.13

To accommodate variation in outcomes and satisfaction with local implementation of 

various dyspepsia management strategies, we applied data from the same network meta-

analysis that anchored each standardized dyspepsia management strategy against non-

standardized “usual care” in gastroenterology care settings for similar patient populations.13 

Because many patients eventually undergo endoscopy regardless of up-front strategy, even 

in clinical trials, we were able to incorporate this probability and associated cost into our 

primary analysis.13

Healthcare costs included all costs to manage dyspepsia and any identified organic 

pathology. Patient out-of-pocket expenses were derived from observational studies. Work-

productivity losses (ie, lost wages) were incurred among patients with persistent dyspeptic 

symptoms and referenced against average commercial healthcare costs and wages among 

dyspeptic and non-dyspeptic patients in the United States according to appropriate 

prospective observational data16 and data from Centers for Medicare and Medicaid 

Services and the Bureau of Labor Statistics. Healthcare costs in patients not achieving 

symptom improvement were modeled as equivalent to observational costs of dyspepsia. 

Of note, because these data are observational, they include costs associated with current 

utilization patters of dyspepsia, on average, across the U.S. population. This includes 

treatment methods not assessed here as well as cost of rare outcomes such as endoscopic 

complications; therefore, these rare outcomes are not specifically modelled. Healthcare costs 

were scaled to 2021 using the health component of the Personal Consumption Expenditure 

Price Index, consistent with best practice recommendations.11,22

Analysis

We performed cost-effectiveness and cost-satisfaction analysis on our decision-analytic 

model from insurer, health system/provider, and patient perspectives. A 1-year time horizon 

was used, which is consistent with the usual time frame for commercial insurance premium 

determinations and with the time horizon for the underlying network meta-analysis of 

randomized clinical trials on which model inputs were derived. No discount rate was applied 

because of the short time horizon. To assess the reasonable and expected ranges of “what-if” 

scenarios at a population level and the related robustness of our resultant findings, we 

conducted standard and extensive sensitivity analyses on individual costs and outcomes 

informed by their distributions in underlying clinical trials and observational studies.

Probabilistic sensitivity analyses using Monte Carlo simulation of 10,000 individual patients 

were further used to assess model robustness. Acceptability curves were constructed to 

evaluate the likelihood of each intervention being the most cost-effective and most cost-
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satisfactory at contemporary willingness-to-pay thresholds ranged from 0 to $150,000 to 

achieve a complete healthy year of life (cost-effectiveness analysis) or complete care 

satisfaction (cost-satisfaction analysis).11 One-way sensitivities assessing the influence of 

the range of model inputs on study outcomes are included in the Supplementary Material.

Results

In our base case scenario of a healthy, commercially insured individual younger than 

50 years of age with uninvestigated dyspepsia without alarm features referred to 

gastroenterology, all management strategies were similarly effective (maximum difference 

of 3 healthy days gained per year between any 2 strategies). From a patient perspective, 

costs were similar regardless of strategy, with a maximum difference between any 2 

strategies of $30.20 accounting for healthcare-related out-of-pocket costs and lost wages 

due to dyspepsia over a 1-year period. From an insurer or health system/practice perspective, 

healthcare costs (ie, reimbursement) were highest with prompt endoscopy and lowest with 

a test-and-scope strategy, with a difference of $1280 per patient between these strategies. 

Prompt endoscopy maximized patient satisfaction (+ 68.1% vs usual care), whereas patient 

satisfaction was lowest with test-and-scope. Full costs, effectiveness, and patient satisfaction 

outcomes with each strategy are reported in Tables 2 and 3. Incremental cost-effectiveness 

ratios are not reported because of strong dominance (ie, ranked preference) among strategies 

in our model.

From both insurer and patient perspectives, test-and-scope was the most cost-effective 

strategy and by maximizing effectiveness and minimizing costs therefore “dominated” 

competing strategies (Figure 2A and B). From an insurer perspective, an additional $55.79/

patient expenditure would be needed to improve satisfaction by 1% in choosing empiric 

acid suppression rather than test-and-scope. The added costs would be $13.71/patient for 

every 1% satisfaction gain with test-and-treat and $48.44/patient for a 1% satisfaction gain 

with prompt endoscopy instead of test-and-scope (Figure 2C). Maximizing satisfaction in 

the insurance perspective by choosing prompt endoscopy over test-and-scope would cost 

9% more per patient ($1280/patient). From a patient perspective, the costs to improve 

patient satisfaction over test-and-scope would be $2.19/patient for a 1% satisfaction gain 

with empiric acid suppression and $1.65/patient with test-and-treat. Prompt endoscopy 

would incur a $0.40/1% satisfaction gain expenditure from a patient perspective compared 

with test-and-scope (Figure 2D). Maximizing patient satisfaction in the patient perspective 

by choosing prompt endoscopy over test-and-scope would cost an additional 0.4% ($10/

patient).

Sensitivity Analyses

In probabilistic sensitivity analysis, test-and-scope was the most cost-effective strategy 

regardless of willingness-to-pay (Figure 3A and B). Prompt endoscopy was the most cost-

satisfactory strategy (minimizing costs and maximizing satisfaction) (Figure 3C and D). 

These findings aligned between the insurer and patient perspectives. Ranked preferences 

remained stable in one-way sensitivity analyses for each model input across each pair 
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of competing strategies (Supplementary Figures 1–25) and when stratifying by age 

(Supplementary Tables 2 and 3).

Discussion

This study considers patient satisfaction, clinical outcomes, and costs from key stakeholder 

perspectives to inform appropriate management of uninvestigated dyspepsia.23,24 Our 

study design facilitated the exploration of whether these factors may drive the significant 

divergence between guidelines that advocate noninvasive management strategies for 

dyspepsia, compared with preferences toward endoscopy in the realities of clinical 

care. By considering patient satisfaction and out-of-pocket expenses, our study found 

that management strategies promoting early endoscopy were consistently superior to 

noninvasive strategies. Prompt endoscopy maximized cost-satisfaction (ie, minimizes costs 

and maximizes satisfaction). Test-and-scope maximized cost-effectiveness. Findings were 

consistent across insurer and patient perspectives and in extensive sensitivity analyses.

It is intuitive that patients might find endoscopic rule-out of organic pathology more 

satisfactory, especially because endoscopy is a safe procedure with which adverse outcomes 

are rare.25 This fact may relate patients’ fears of potentially severe and life-threatening 

diagnoses (eg, cancer),26,27 recognizing that 1 in 4 patients with gastric cancer who present 

with dyspepsia do not feature alarm symptoms.28,29 Although gastric cancer is found in 

<1% of dyspeptic patients without alarm features, this still represents thousands of patients 

each year.30 In certain subpopulations, the risk is even higher.31,32 In addition to the 

benefits of identifying organic pathology early, improved patient satisfaction itself may 

be associated with improved health outcomes, because it may promote a positive patient-

physician relationship, a factor associated with increased treatment response.33,34 Although 

prior studies have suggested against positive impact of endoscopy on quality of life, updated 

evaluation in a modern U.S. dyspeptic population is not available.35,36

Costs with endoscopy-based strategies might be mitigated by some combination of 

decreases in downstream testing and office visits, earlier identification of organic pathology, 

and earlier consideration for tailoring therapy to endoscopic findings compared with empiric 

approaches.37 Indeed, published cost studies deemed routine endoscopy-based approaches 

to incur $80,000 in healthcare expenditures per QALY-gained,38 a threshold for which 

contemporary health economics studies would now consider cost-effective. For other 

procedural indications beyond dyspepsia, contemporary movements are toward increasing 

use of endoscopy, such as recent efforts to develop endoscopy-based gastric cancer 

screening programs or to follow gastric intestinal meta-plasia in asymptomatic populations 

where precise definitions for at-risk individuals remain controversial.31,32 Future efforts to 

conserve costs and limit endoscopies could focus on the value of subsequent endoscopies, 

rather than the index, among dyspeptic patients with stable symptoms.

That our results correlate with the lived experience of many gastroenterologists does not 

prove that the factors we have identified explain all variance from guidelines, but it suggests 

these factors deserve further examination. Uninvestigated dyspepsia is a prime example 

of the reality that guidelines often diverge with clinical practice.2–4,8–10 Guidelines are 
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developed using standardized GRADE methodology to objectively formulate clinical care 

recommendations based on strength of the evidence.5,6,39 Traditionally, the evidence base 

to justify clinical care recommendations relies on objective clinical outcomes of efficacy, 

safety, and tolerability. However, contemporary guidelines increasingly recognize the 

importance of value-based preferences that extend beyond evidence-based recommendations 

and have inherent ties to social determinants of health. These preferences might be driven 

by costs, or patient satisfaction–ranked preferences depend entirely on the answer to a 

question: “value to whom?”.40 Recognizing nuances in individual patient interactions, we 

advocate against the use of guidelines by insurers or health systems to limit potential clinical 

care pathways without multi-stakeholder input, because this may interfere with physician 

autonomy and the patient-provider relationship.

Our findings should be interpreted within the context of several limitations that are found 

in any cost-effectiveness or cost-satisfaction study. First, our study design was intended to 

identify the preferred initial management strategy for the majority of patients, supported by 

the robustness of findings in the comprehensive sensitivity analyses across the full range 

of reasonable model inputs based on available evidence. Thus, in keeping with published 

guidelines and systematic reviews, it is not intended to inform subsequent management 

decisions among increasingly smaller patient subpopulations beyond the initial routine 

strategy. In addition, care decisions for individual patients should consider the full context 

of individual patient-level factors outside the scope of this study, such as any potential 

disparity in care related to social determinants of health and race/ethnicity. Our study is 

also not designed to provide actual cost and outcomes estimates for individual patients 

or covered populations. Furthermore, data were not available to model the impact of the 

individual patient-physician relationship on patient satisfaction or treatment outcome. This 

may represent an area for further research. Second, clinical outcomes data were derived from 

indirect comparisons among competing management strategies for uninvestigated dyspepsia. 

We therefore adopted the accepted standard for cost-effectiveness studies of anchoring our 

data on a recent network meta-analysis, in this case including more than 6000 participants in 

15 randomized controlled trials referenced against symptom-based management as a control 

arm.13,41 Future studies using newer, standardized metrics of clinical outcomes, patient 

satisfaction, and quality of life may allow for more detailed evaluation of the drivers of 

patient preference. Finally, it was not possible to compare strategies on age strata, because 

data were not available and patients were not randomized on these strata in underlying trials. 

Yet, because our findings were driven by treatment satisfaction and resultant downstream 

healthcare utilization and recognizing similar clinical effectiveness regardless of strategy, it 

is plausible that preference toward endoscopy might hold across the lifespan.

In conclusion, strategies that promote more routine endoscopy to manage uninvestigated 

dyspepsia appear preferential to empiric acid suppression or test-and-treat strategies from 

both cost-effectiveness and cost-patient satisfaction perspectives and from both patient and 

insurer perspectives. Future studies are needed to prospectively identify drivers of strategy 

selection and patient satisfaction. Value-based transformation efforts should consider 

“value” from all key stakeholder perspectives and seek to define not only the development of 

practice guidelines but also their appropriate utilization to promote best practice care.
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What You Need to Know

Background

Uninvestigated dyspepsia is an extremely common complaint and reason for referral 

to gastroenterologists. Management of patients <50–60 years old often diverges from 

the test-and-treat (test for H pylori and eradicate if present) strategy advocated for in 

guidelines. The drivers of the discrepancy are not understood.

Findings

Prompt endoscopy maximizes cost-satisfaction from patient and insurer perspectives 

compared with alternate strategies including empiric acid suppression, test-and-treat, 

and test-and-scope (test for H pylori and perform endoscopy if present). Test-and-

scope maximizes cost-effectiveness. Patient satisfaction appears to drive the discrepancy 

between guidelines and practice.

Implications for patient care

Value-based transformation efforts should consider stakeholder preferences including 

patient satisfaction and costs alongside clinical outcomes to inform the optimal 

management strategy for uninvestigated dyspepsia.

Wechsler et al. Page 12

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 August 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



Figure 1. 
Model design.
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Figure 2. 
Cost-effectiveness and cost-satisfaction of discrete management strategies for patients with 

uninvestigated dyspepsia without alarm features in gastroenterology care. Treat-and-scope 

was the preferred cost-effective strategy from (A) insurer and (B) patient perspectives. 

Prompt endoscopy was the preferred strategy to maximize cost-satisfaction strategy from (C) 

insurer and (D) patient perspectives. QALY, quality-adjusted life year.
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Figure 3. 
Probabilistic sensitivity analyses demonstrate treat-and-scope as the preferred cost-effective 

strategy from (A) insurer and (B) patient perspectives. Prompt endoscopy was the preferred 

strategy to maximize cost-satisfaction from (C) insurer and (D) patient perspectives. QALY, 

quality-adjusted life year.

Wechsler et al. Page 15

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 August 01.

V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Wechsler et al. Page 16

Ta
b

le
 1

.

M
od

el
 I

np
ut

s

D
es

cr
ip

ti
on

B
as

e-
ca

se
 v

al
ue

5t
h 

pe
rc

en
ti

le
95

th
 p

er
ce

nt
ile

D
is

tr
ib

ut
io

n
R

ef
er

en
ce

s

O
ut

co
m

es

 
N

on
re

sp
on

se
 w

ith
 e

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

77
.9

%
76

.0
%

79
.7

%
B

et
a:

 N
 =

 1
32

9
E

us
eb

i, 
et

 a
l (

20
19

)13

 
N

on
re

sp
on

se
 w

ith
 p

ro
m

pt
 e

nd
os

co
py

73
.7

%
72

.0
%

75
.3

%
B

et
a:

 N
 =

 1
94

2
E

us
eb

i, 
et

 a
l (

20
19

)13

 
N

on
re

sp
on

se
 w

ith
 s

ym
pt

om
-b

as
ed

 m
an

ag
em

en
t

80
.2

%
77

.1
%

83
.1

%
B

et
a:

 N
 =

 4
69

E
us

eb
i, 

et
 a

l (
20

19
)13

 
N

on
re

sp
on

se
 w

ith
 te

st
-a

nd
-s

co
pe

70
.2

%
66

.8
%

73
.6

%
B

et
a:

 N
 =

 4
84

E
us

eb
i, 

et
 a

l (
20

19
)13

 
N

on
re

sp
on

se
 w

ith
 te

st
-a

nd
-t

re
at

76
.2

%
74

.6
%

77
.8

%
B

et
a:

 N
 =

 1
93

8
E

us
eb

i, 
et

 a
l (

20
19

)13

 
D

is
sa

tis
fa

ct
io

n 
w

ith
 e

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

47
.7

%
44

.3
%

51
.1

%
B

et
a:

 N
 =

 5
91

E
us

eb
i, 

et
 a

l (
20

19
)13

 
D

is
sa

tis
fa

ct
io

n 
w

ith
 p

ro
m

pt
 e

nd
os

co
py

31
.9

%
28

.1
%

35
.8

%
B

et
a:

 N
 =

 3
95

E
us

eb
i, 

et
 a

l (
20

19
)13

 
D

is
sa

tis
fa

ct
io

n 
w

ith
 te

st
-a

nd
-s

co
pe

58
.3

%
52

.5
%

64
.0

%
B

et
a:

 N
 =

 1
99

E
us

eb
i, 

et
 a

l (
20

19
)13

 
D

is
sa

tis
fa

ct
io

n 
w

ith
 te

st
-a

nd
-t

re
at

47
.3

%
43

.4
%

51
.3

%
B

et
a:

 N
 =

 4
31

E
us

eb
i, 

et
 a

l (
20

19
)13

 
L

ik
el

ih
oo

d 
of

 u
nd

er
go

in
g 

up
pe

r 
en

do
sc

op
y 

w
ith

 e
m

pi
ri

c 
ac

id
 

su
pp

re
ss

io
n

38
.8

%
36

.6
%

41
.1

%
B

et
a:

 N
 =

 1
23

8
E

us
eb

i, 
et

 a
l (

20
19

)13

 
L

ik
el

ih
oo

d 
of

 u
nd

er
go

in
g 

up
pe

r 
en

do
sc

op
y 

w
ith

 p
ro

m
pt

 e
nd

os
co

py
95

.3
%

94
.5

%
96

.1
%

B
et

a:
 N

 =
 1

85
6

E
us

eb
i, 

et
 a

l (
20

19
)13

 
L

ik
el

ih
oo

d 
of

 u
nd

er
go

in
g 

up
pe

r 
en

do
sc

op
y 

w
ith

 s
ym

pt
om

-b
as

ed
 

m
an

ag
em

en
t

32
.5

%
28

.6
%

36
.5

%
B

et
a:

 N
 =

 3
79

E
us

eb
i, 

et
 a

l (
20

19
)13

 
L

ik
el

ih
oo

d 
of

 u
nd

er
go

in
g 

up
pe

r 
en

do
sc

op
y 

w
ith

 te
st

-a
nd

-s
co

pe
45

.5
%

41
.7

%
49

.2
%

B
et

a:
 N

 =
 4

84
E

us
eb

i, 
et

 a
l (

20
19

)13

 
L

ik
el

ih
oo

d 
of

 u
nd

er
go

in
g 

up
pe

r 
en

do
sc

op
y 

w
ith

 te
st

-a
nd

-t
re

at
24

.0
%

22
.3

%
25

.7
%

B
et

a:
 N

 =
 1

73
8

E
us

eb
i, 

et
 a

l (
20

19
)13

Q
ua

lit
y-

ad
ju

st
ed

 li
fe

 y
ea

rs

 
H

ea
lth

 u
til

ity
 a

ss
oc

ia
te

d 
w

ith
 s

ym
pt

om
at

ic
 d

ys
pe

ps
ia

0.
91

5t
h 

pe
rc

en
til

e:
 0

.8
9 

M
in

im
um

: 0
.7

9 
(s

ev
er

e 
dy

sp
ep

si
a)

95
th

 p
er

ce
nt

ile
: 0

.9
3 

M
ax

im
um

: 0
.9

6 
(m

ild
 d

ys
pe

ps
ia

)

B
et

a
G

ro
en

ev
el

d,
 e

t a
l (

20
01

)14

 
H

ea
lth

 u
til

ity
 w

ith
ou

t s
ym

pt
om

at
ic

 d
ys

pe
ps

ia
1.

0

C
os

ts

 
M

ul
tip

lie
r 

fo
r 

co
m

m
er

ci
al

 in
su

re
r 

co
st

s 
co

m
pa

re
d 

w
ith

 U
.S

. 
M

ed
ic

ar
e 

co
st

s 
(b

el
ow

)
1.

99
M

in
im

um
: 1

.4
1

M
ax

im
um

: 2
.5

9
K

ai
se

r 
Fa

m
ily

 F
ou

nd
at

io
n15

 
A

nn
ua

l h
ea

lth
ca

re
 c

os
t a

m
on

g 
pa

tie
nt

s 
w

ith
 s

ym
pt

om
at

ic
 d

ys
pe

ps
ia

 
m

od
if

ie
d 

by
 c

om
m

er
ci

al
 m

ul
tip

lie
r

$1
7,

39
2.

64
5t

h 
pe

rc
en

til
e:

 $
94

28
M

in
im

um
: $

0
95

th
 p

er
ce

nt
ile

: 
$2

7,
75

6
M

ax
im

um
: 

$1
7,

39
2.

64

G
am

m
a

B
ro

ok
, e

t a
l (

20
10

)16

 
A

nn
ua

l h
ea

lth
ca

re
 c

os
t a

m
on

g 
pa

tie
nt

s 
w

ith
ou

t s
ym

pt
om

at
ic

 
dy

sp
ep

si
a 

m
od

if
ie

d 
by

 c
om

m
er

ci
al

 m
ul

tip
lie

r
$7

98
3.

16
B

ro
ok

, e
t a

l (
20

10
)16

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 August 01.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Wechsler et al. Page 17

D
es

cr
ip

ti
on

B
as

e-
ca

se
 v

al
ue

5t
h 

pe
rc

en
ti

le
95

th
 p

er
ce

nt
ile

D
is

tr
ib

ut
io

n
R

ef
er

en
ce

s

 
C

os
t o

f 
en

do
sc

op
y 

(C
PT

 4
32

9 
+

 A
PC

 5
30

1 
w

ith
 c

on
sc

io
us

 s
ed

at
io

n 
C

PT
 9

91
52

) 
m

od
if

ie
d 

by
 c

om
m

er
ci

al
 m

ul
tip

lie
r

$9
62

.4
3

H
O

PP
S 

Ja
nu

ar
y 

20
21

 A
dd

en
du

m
 B

17

 
A

nn
ua

l p
at

ie
nt

-b
or

ne
 o

ve
r-

th
e-

co
un

te
r 

he
al

th
ca

re
 e

xp
en

se
s 

re
la

te
d 

to
 

sy
m

pt
om

at
ic

 d
ys

pe
ps

ia
$4

61
.3

8
L

ac
y,

 e
t a

l (
20

13
)4

 
A

nn
ua

l w
or

k 
ab

se
nt

ee
is

m
 r

el
at

ed
 to

 s
ym

pt
om

at
ic

 d
ys

pe
ps

ia
10

.7
6 

da
ys

0 
da

ys
M

in
im

um
: 0

 d
ay

s
26

 d
ay

s
M

ax
im

um
: 3

0 
da

ys
G

am
m

a
B

ro
ok

, e
t a

l (
20

10
)16

 
A

nn
ua

l w
or

k 
ab

se
nt

ee
is

m
 w

ith
ou

t s
ym

pt
om

at
ic

 d
ys

pe
ps

ia
9.

18
 d

ay
s

B
ro

ok
, e

t a
l (

20
10

)16

 
M

ea
n 

an
nu

al
 w

ag
e

$7
0,

34
8.

80
M

in
im

um
: $

0
M

ax
im

um
: $

10
0,

00
0

U
S 

B
ur

ea
u 

of
 L

ab
or

 S
ta

tis
tic

s18

 
H

al
f-

da
y 

co
st

 o
f 

ch
ild

ca
re

 to
 a

tte
nd

 c
lin

ic
 (

ac
co

un
tin

g 
fo

r 
25

%
 o

f 
ho

us
eh

ol
ds

 h
av

in
g 

ch
ild

re
n)

$1
4.

50
M

in
im

um
: $

0
M

ax
im

um
: $

14
.5

0
U

S 
C

en
su

s 
B

ur
ea

u19
 C

os
t o

f 
C

ar
e 

Su
rv

ey
20

 
A

nn
ua

l w
or

k 
ab

se
nt

ee
is

m
 r

el
at

ed
 to

 d
ys

pe
ps

ia
 f

or
 tr

an
sp

or
ta

tio
n 

an
d 

ch
ild

ca
re

 r
el

at
ed

 to
 m

ed
ic

al
 c

ar
e

3.
93

 d
ay

s
M

in
im

um
: 0

 d
ay

s
M

ax
im

um
: 3

0 
da

ys
B

ro
ok

, e
t a

l (
20

10
)16

 
T

ra
ns

po
rt

at
io

n 
to

/f
ro

m
 m

ed
ic

al
 v

is
its

$1
0

M
in

im
um

: $
0

M
ax

im
um

: $
10

M
ue

nn
ig

 (
20

08
)21

N
O

T
E

. D
is

tr
ib

ut
io

ns
 w

er
e 

m
od

el
ed

 in
 p

ro
ba

bi
lis

tic
 s

en
si

tiv
ity

, a
nd

 p
oi

nt
 e

st
im

at
es

 w
er

e 
us

ed
 f

or
 o

th
er

 v
ar

ia
bl

es
. M

in
im

um
 a

nd
 m

ax
im

um
 r

an
ge

s 
w

er
e 

us
ed

 in
 m

ul
tip

le
 o

ne
-w

ay
 s

en
si

tiv
ity

 a
na

ly
se

s.
 

C
lin

ic
al

 o
ut

co
m

es
 w

er
e 

de
ri

ve
d 

fr
om

 n
et

w
or

k 
m

et
a-

an
al

ys
is

 a
nd

 s
ys

te
m

at
ic

 r
ev

ie
w

s 
of

 r
an

do
m

iz
ed

 c
lin

ic
al

 tr
ia

ls
 e

va
lu

at
in

g 
di

sc
re

te
 m

an
ag

em
en

t s
tr

at
eg

ie
s 

fo
r 

un
in

ve
st

ig
at

ed
 d

ys
pe

ps
ia

 c
om

pa
re

d 
w

ith
 

sy
m

pt
om

-b
as

ed
 m

an
ag

em
en

t. 
A

ll 
co

st
s 

w
er

e 
in

fl
at

ed
 to

 2
02

1 
U

S 
do

lla
rs

 (
$)

.

A
PC

, A
m

bu
la

to
ry

 P
ay

m
en

t C
la

ss
if

ic
at

io
n;

 C
PT

, C
om

pu
te

ri
ze

d 
Pr

oc
ed

ur
al

 T
er

m
in

ol
og

y;
 H

O
PP

S,
 H

os
pi

ta
l O

ut
pa

tie
nt

 P
ro

sp
ec

tiv
e 

Pa
ym

en
t S

ys
te

m
.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 August 01.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Wechsler et al. Page 18

Ta
b

le
 2

.

C
os

t-
E

ff
ec

tiv
en

es
s 

of
 S

ta
nd

ar
di

ze
d 

M
an

ag
em

en
t S

tr
at

eg
ie

s 
by

 G
as

tr
oe

nt
er

ol
og

is
ts

 f
or

 U
ni

nv
es

tig
at

ed
 D

ys
pe

ps
ia

 F
ro

m
 I

ns
ur

er
 a

nd
 P

at
ie

nt
 P

er
sp

ec
tiv

es

M
an

ag
em

en
t 

st
ra

te
gy

C
os

t 
($

)

E
ff

ec
ti

ve
ne

ss
 (

qu
al

it
y-

ad
ju

st
ed

 li
fe

 y
ea

rs
 g

ai
ne

d/
ye

ar
)

In
cr

em
en

ta
l c

os
t

In
cr

em
en

ta
l e

ff
ec

ti
ve

ne
ss

In
cr

em
en

ta
l c

os
t-

ef
fe

ct
iv

en
es

s 
ra

ti
o

Pa
tie

nt
 p

er
sp

ec
tiv

e

 
Sy

m
pt

om
-b

as
ed

 m
an

ag
em

en
t

25
70

0.
92

8
R

ef
er

en
ce

R
ef

er
en

ce
R

ef
er

en
ce

 
Te

st
-a

nd
-s

co
pe

25
40

0.
93

7
($

30
)

+
0.

00
9

D
om

in
at

es
 a

ll 
st

ra
te

gi
es

 
Pr

om
pt

 e
nd

os
co

py
25

50
0.

93
4

($
20

)
+

0.
00

6
D

om
in

at
es

 te
st

-a
nd

-t
re

at
, e

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

, a
nd

 s
ym

pt
om

-
ba

se
d 

m
an

ag
em

en
t

 
Te

st
-a

nd
-t

re
at

25
58

0.
93

1
($

12
)

+
0.

00
3

D
om

in
at

es
 e

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

 a
nd

 s
ym

pt
om

-b
as

ed
 

m
an

ag
em

en
t

 
E

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

25
63

0.
93

0
($

7)
+

0.
00

2
D

om
in

at
es

 s
ym

pt
om

-b
as

ed
 m

an
ag

em
en

t

In
su

re
r 

pe
rs

pe
ct

iv
e

 
Sy

m
pt

om
-b

as
ed

 m
an

ag
em

en
t

15
,5

27
0.

93
R

ef
er

en
ce

R
ef

er
en

ce
R

ef
er

en
ce

 
Te

st
-a

nd
-s

co
pe

14
,8

42
0.

93
7

($
68

5)
+

0.
00

9
D

om
in

at
es

 a
ll 

st
ra

te
gi

es

 
Pr

om
pt

 e
nd

os
co

py
16

,1
21

0.
93

4
$5

94
+

0.
00

6
D

om
in

at
es

 te
st

-a
nd

-t
re

at
, e

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

, a
nd

 s
ym

pt
om

-
ba

se
d 

m
an

ag
em

en
t

 
Te

st
-a

nd
-t

re
at

14
,9

92
0.

93
1

($
53

5)
+

0.
00

3
D

om
in

at
es

 e
m

pi
ri

c 
ac

id
 s

up
pr

es
si

on
 a

nd
 s

ym
pt

om
-b

as
ed

 
m

an
ag

em
en

t

 
E

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

15
,4

32
0.

93
0

($
95

)
+

0.
00

2
D

om
in

at
es

 s
ym

pt
om

-b
as

ed
 m

an
ag

em
en

t

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 August 01.



V
A

 A
uthor M

anuscript
V

A
 A

uthor M
anuscript

V
A

 A
uthor M

anuscript

Wechsler et al. Page 19

Ta
b

le
 3

.

C
os

t S
at

is
fa

ct
io

n 
of

 S
ta

nd
ar

di
ze

d 
M

an
ag

em
en

t S
tr

at
eg

ie
s 

by
 G

as
tr

oe
nt

er
ol

og
is

ts
 f

or
 U

ni
nv

es
tig

at
ed

 D
ys

pe
ps

ia
 F

ro
m

 I
ns

ur
er

 a
nd

 P
at

ie
nt

 P
er

sp
ec

tiv
es

M
an

ag
em

en
t 

st
ra

te
gy

A
nn

ua
l c

os
t 

($
)

In
cr

em
en

ta
l c

os
t

In
cr

em
en

ta
l p

at
ie

nt
 s

at
is

fa
ct

io
n 

ga
in

 r
ef

er
en

ce
d 

ag
ai

ns
t 

sy
m

pt
om

-b
as

ed
 

m
an

ag
em

en
t

In
cr

em
en

ta
l c

os
t-

sa
ti

sf
ac

ti
on

 r
at

io

Pa
tie

nt
 p

er
sp

ec
tiv

e

 
Sy

m
pt

om
-b

as
ed

 m
an

ag
em

en
t

25
70

R
ef

er
en

ce
R

ef
er

en
ce

 
Te

st
-a

nd
-s

co
pe

25
40

($
30

)
+

41
.7

0%
R

ef
er

en
ce

 
Pr

om
pt

 e
nd

os
co

py
25

50
($

20
)

+
68

.1
0%

$0
.3

8 
pe

r 
pa

tie
nt

 p
er

 1
%

 s
at

is
fa

ct
io

n 
ga

in

 
Te

st
-a

nd
-t

re
at

25
58

($
12

)
+

52
.7

0%
$1

.6
4

 
E

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

25
63

($
7)

+
52

.3
0%

$2
.1

7

In
su

re
r 

pe
rs

pe
ct

iv
e

 
Sy

m
pt

om
-b

as
ed

 m
an

ag
em

en
t

15
,5

27
R

ef
er

en
ce

R
ef

er
en

ce

 
Te

st
-a

nd
-s

co
pe

14
,8

42
($

68
5)

+
41

.7
0%

R
ef

er
en

ce

 
Te

st
-a

nd
-t

re
at

14
,9

92
($

53
5)

+
52

.7
0%

$1
3.

64
 p

er
 p

at
ie

nt
 p

er
 1

%
 s

at
is

fa
ct

io
n 

ga
in

 
Pr

om
pt

 e
nd

os
co

py
16

,1
21

$5
94

+
68

.1
0%

$4
8.

45

 
E

m
pi

ri
c 

ac
id

 s
up

pr
es

si
on

15
,4

32
($

95
)

+
52

.3
0%

$5
5.

66

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 August 01.


	Abstract
	Graphical Abstract
	Methods
	Model Development
	Model Design
	Model Inputs
	Analysis

	Results
	Sensitivity Analyses

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.



