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IMPORTANCE Hospital prices are currently not subject to regulation, yet have profound
financial implications for patients, taxpayers, and governments. While significant for the
contemporary era of value-based care, US national variation in hospital price markup has not
been delineated.

OBJECTIVE To characterize national variation in the hospital price markup for major elective
operations and to assess the association of markup with perioperative outcomes and overall
quality of care.

DESIGN, SETTING, AND PARTICIPANTS This national cross-sectional study evaluated
institutional markup ratios (MRs) across 1960 US hospitals performing 4 major elective
operations (abdominal aortic aneurysm repair, colectomy, coronary artery bypass grafting,
and hip replacement) among patients aged 18 years and older within the 2022 Nationwide
Readmissions Database. MR was defined as the ratio of charges to costs. Centers with MRs
in the top decile were considered high-markup hospitals (HMH), with others categorized as
non-HMH. Data were analyzed from September 2024 to March 2025.

MAIN OUTCOME AND MEASURE The primary outcome was institutional MR, with secondary
consideration of perioperative outcomes.

RESULTS Of 1960 unique institutions, 194 were HMH. The median (IQR) hospital price markup
factor was 3.0 (1.9-4.4). Considering only HMH, the median (IQR) MR was 8.5 (7.1-10.8); the
top 50 most expensive hospitals marked up the true costs of care by a median factor of 13.
On average, HMH were more commonly investor-owned, for-profit hospitals located in
metropolitan areas. Of 362 367 patients, 42 620 (11.8%) were treated at HMH. Overall mean
(SD) patient age was 65.1 (12.7) years, and 174 067 patients (48.0%) were female. Following
risk adjustment, care at HMH was associated with significantly greater odds of major
morbidity (adjusted odds ratio [AOR], 1.45; 95% CI, 1.14-1.84), including higher adjusted risk
of cardiac, respiratory, infectious, and kidney sequelae. Moreover, treatment at HMH was
associated with increased likelihood of nonelective readmission within 30 days (AOR, 1.33;
95% CI, 1.24-1.42).

CONCLUSIONS AND RELEVANCE This cross-sectional study found that considerable variation
in price markup exists across hospitals and that HMHs demonstrated both lower quality and
value of care. These findings underscore that HMHs represent a key initial target for national
policy efforts targeting pricing regulation, transparency, and quality improvement.
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S urgical care now comprises nearly 20% of annual health
care expenditures in the US, accounting for one-fifth of
the gross domestic product.1 While myriad factors may

contribute to such burgeoning health care expenses, hospital
price markup—the difference between what hospitals experi-
ence in costs and what they bill—has been identified as a po-
tential driver.2,3 Select regulated markets and public payers
aside, hospitals set pricing based on chargemaster rates, which
upcharge true costs based on center-specific accounting
systems, payer mix, and surrounding market competition.4,5

Despite increasing emphasis on cost containment, however,
financial operations of US hospitals are presently not subject
to federal or state regulation.

Critically, higher prices for inpatient care can have signifi-
cant downstream financial implications. Increased costs could
subsequently be passed on, in the form of higher health pre-
miums, to insurance beneficiaries.6,7 This trend has only ac-
celerated since the adoption of regulated medical loss ratios
for insurance providers through the Affordable Care Act.8 Fur-
thermore, the most vulnerable uninsured or underinsured
patients may be subject to the full scope of hospital charges
and could face subsequent threat of personal bankruptcy or
financial toxicity.4,9-11 Meanwhile, an arms race in hospital
charges contributes to overall medical price inflation, with-
out a clear end point in sight. Paradoxically, the US persis-
tently demonstrates worse health outcomes despite 2-fold
higher health care costs compared to its counterparts.12-14

In the current era of value-based health care delivery, both
costs and quality have garnered increasing attention. How-
ever, few have examined contemporary practices in hospital
price markup.15 Prior studies have limited their scope to Medi-
care beneficiaries, focused on single centers and regions, or
used older datasets, which may not reflect hospital billing
practices in the post–Affordable Care Act era or the COVID-19
disease pandemic period.16-21 A comprehensive understand-
ing of the modern landscape of hospital price markup could
guide interventions aimed at improving transparency and regu-
lating expenditures.

In the present work, we evaluated national variation in hos-
pital billing practices across the US. We secondarily aimed to
determine whether hospital markup was associated with qual-
ity of care. We hypothesized the presence of significant varia-
tion in hospital markup across the US, with an inverse asso-
ciation between markup rates and risk-adjusted hospital
quality.

Methods
Data Source and Study Cohort
We identified all elective adult (≥18 years) hospitalizations for
abdominal aortic aneurysm repair, colectomy, isolated coro-
nary artery bypass grafting, and hip replacement within the
2022 Nationwide Readmissions Database (NRD) using previ-
ously validated International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision (ICD-10)
codes.22 These operations were selected to capture a broad
range of patients and operations, having previously been used

in assessments of hospital quality.23,24 As the largest national
readmissions repository, the NRD uses survey weighting meth-
odology to accurately estimate approximately 60% of all hos-
pitalizations in the US. Unique linkage numbers are used to
track readmissions across NRD-participating hospitals within
each calendar year. Records missing key data, including age,
sex, or in-hospital mortality, were excluded from analysis (<1%)
(Figure 1). This study followed Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines.

Hospital Markup Ratio
Hospital-level variables were defined according to the NRD
and included hospital teaching status, bed size, and owner-
ship, comprising government, private nonprofit, and private
investor–owned centers.25 For each institution, we then com-
puted the hospital markup ratio (MR). Briefly, hospitals are
required to submit all-payer cost reports to Medicare each
year describing hospital payer mix, charges, revenues, and
expenses. The Healthcare Cost Report Information System
for Medicare uses these data to compute specific cost to
charge ratios for each institution.26 These charges represent

Figure 1. Study CONSORT Diagram

367 626 Hospital encounters entailing AAA repair, colectomy,
CABG, or hip replacement, within the 2022 NRD

362 367 Encounters for patients undergoing major
elective operations

5248 Excluded
5222 Nonelective cases

26 Missing key data

42 620 High-markup hospitals
(11.8%)

319 747 Non–high-markup hospitals
(88.2%)

In total, we identified approximately 367 626 records entailing elective
admission for isolated coronary artery bypass grafting (CABG), colectomy,
abdominal aortic aneurysm (AAA) repair, or hip replacement within the 2022
Nationwide Readmissions Database (NRD). Of these, 362 367 records met
study inclusion criteria. Patients were stratified by care at high-markup
hospitals or non–high-markup hospitals.

Key Points
Question How much do US hospitals mark up the cost of
inpatient surgical treatment, and what is the association with
resulting quality of care?

Findings In this national cross-sectional study of 1960 hospitals
across the US, approximately 10% marked up the true cost of care
by a median of 8.5-fold. Surgical care at such high-markup centers
was associated with significantly greater adjusted risk of morbidity
and readmissions.

Meaning High-markup hospitals are associated with significantly
inferior quality and value of care and represent an important initial
target for national policy aimed at promoting transparency and
regulating hospital pricing.
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the total amount billed by the hospital for inpatient care epi-
sodes, comprising anesthesia, operating room, and other rel-
evant fees associated with patients’ postoperative courses.
Physician professional fees and noncovered charges are not
included.

We obtained these cost to charge ratios in the NRD and sub-
sequently computed an MR, defined as: MR = 1/(cost to charge
ratio). In short, the MR represents the ratio of what a hospital
billed for a care episode to the actual costs they incurred.2 We
further considered centers in the top decile of MR to repre-
sent high-markup hospitals (HMH). Patients were subse-
quently stratified by receipt of care at HMH vs non-HMH
(Figure 2).

Variable Definitions and Study End Points
Patient and procedural factors were tabulated using the Health-
care Cost and Utilization Project data dictionary.25 Burden of
chronic disease was quantified using the van Walraven modi-
fication of the Elixhauser Comorbidity Index.27 Previously pub-
lished ICD-10 codes were used to ascertain comorbidities and
complications, as described elsewhere.28 Nonhome dis-
charge was defined to include discharge to acute care hospi-
tals, intermediate care centers, or skilled nursing facilities.

We primarily sought to characterize hospital-level MR. We
secondarily assessed the incidence of mortality, periopera-
tive complications (cardiac, respiratory, infectious, kidney,
thromboembolic, stroke, and infectious), nonhome dis-
charge, and nonelective rehospitalization within 30 days of
discharge.

Statistical Analysis
Continuous data are reported as means with standard devia-
tion, while categorical variables are described as group pro-
portions. We developed hierarchical, multilevel multivari-
able models to examine the association of care at HMH with
key end points while accounting for patient clustering across
institutions.29 For such models, the first level represented
patient effects, while the second level accounted for hospital
factors. Model covariates were automatically selected for in-
clusion using elastic net regularization, which applies a pe-
nalized, least-squares methodology to optimize model fit.30

Variables included for risk adjustment included patient age,
sex, Elixhauser Comorbidity Index, operation type, median
household income, primary insurance coverage, year of hos-
pitalization, and hospital teaching status.

Receiver operator characteristics and coefficient of deter-
mination were assessed to evaluate model performance for
logistic and linear models, respectively. Model estimates are
reported as adjusted odds ratios (AORs) or β coefficients, as
appropriate.

Following our main analysis, we conducted 2 distinct sen-
sitivity analyses. In the first, we separately considered the in-
dependent association of HMH status among patients treated
at for-profit vs nonprofit centers. Second, we considered only
patients treated at HMH and evaluated the association of for-
profit hospital status with key study end points.

All statistical analyses were performed using Stata ver-
sion 18.0 (StataCorp). Statistical significance was considered

at α = .05. Due to the deidentified nature of the NRD, this study
was exempted from full review by the institutional review
board at the University of California, Los Angeles. Data were
analyzed from September 2024 to March 2025.

Results
Among 1960 unique institutions included for analysis, 194 were
considered HMH. Across all centers, the median (IQR) hospi-
tal price MR was 3.0 (1.9-4.4), while among HMH, the median
(IQR) MR was 8.5 (7.1-10.8) (Figure 3A).

Hospital and patient characteristics are comprehensively
reported in the Table. On average, HMH were more fre-
quently private, investor-owned facilities (73.7% vs 8.6%;
P < .001) and larger bed size hospitals (33.0% vs 30.1%; P < .001)
than non-HMH. HMH were also more commonly metropoli-
tan teaching centers (57.7% vs 44.6%; P < .001) (Figure 3B).

Considering patient characteristics, patients receiving
care at HMH were of clinically similar age, sex, and comorbid-
ity burden relative to those receiving care at non-HMH. Over-
all mean (SD) patient age was 65.1 (12.7) years, and 174 067 pa-
tients (48.0%) were female. The HMH cohort more frequently
underwent hip replacement (37.0% vs 31.0%) and less often
colectomy (40.6% vs 46.1%; P = .02). Furthermore, patients
treated at HMH were more commonly insured by Medicare
compared to others (59.3% vs 55.4%; P = .009).

On bivariate comparison, mortality rates were compa-
rable between groups (0.9% vs 0.7%; P = .04), but the HMH
cohort faced greater incidence of perioperative complica-
tions (15.8% vs 13.3%; P < .001) (Figure 4A). Specifically, pa-
tients treated at HMH faced higher rates of cardiac (3.4% vs
2.8%; P = .02), respiratory (3.7% vs 2.5%; P < .001), infec-
tious (1.8% vs 1.5%; P = .01), and kidney complications (9.1%
vs 7.4%; P < .001). Interestingly, patients treated at HMH less
commonly received a blood transfusion (4.2% vs 7.8%;
P < .001). Considering resource use, the HMH cohort was more
frequently discharged to nonhome facilities (11.7% vs 9.9%;

Figure 2. Markup Ratio by Hospital
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We identified significant variation in hospital markup ratios across the US.
The median markup ratio was 3.0, with an interquartile range of 1.9-4.4.
However, markup ratios ranged from 0.5-17.5.
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P < .001) and experienced nonelective readmission within 30
days (7.8% vs 6.6%; P < .001).

Following comprehensive risk adjustment, care at HMH
was associated with significantly greater odds of mortality
(AOR, 1.45; 95% CI, 1.14-1.84; P = .002) and any major com-
plication (AOR, 1.39; 95% CI, 1.28-1.50; P < .001). Specifi-
cally, treatment at HMH remained associated with higher
likelihood of cardiac (AOR, 1.35; 95% CI, 1.17-1.55; P < .001),
respiratory (AOR, 1.52; 95% CI, 1.31-1.77; P < .001), infectious
(AOR, 1.37; 95% CI, 1.19-1.58; P < .001), and kidney sequelae
(AOR, 1.53; 95% CI, 1.39-1.69; P < .001). Moreover, care at HMH
was associated with higher likelihood of nonhome discharge
(AOR, 1.18; 95% CI, 1.06-1.32; P = .003) and significantly
greater odds of nonelective readmission within 30 days (AOR,
1.33; 95% CI, 1.24-1.42; P < .001) (Figure 4B).

We conducted a sensitivity analysis evaluating the im-
pact of care at HMH, stratifying by for-profit and nonprofit sta-
tus. Among patients treated at for-profit centers, HMH re-
mained associated with significantly greater likelihood of
in-hospital mortality (AOR, 1.82; 95% CI, 1.09-3.01; P = .02),
morbidity (AOR, 1.38; 95% CI, 1.19-1.60; P < .001), and read-
mission (AOR, 1.16; 95% CI, 1.03-1.31; P = .02). Meanwhile,
among those receiving care at nonprofit hospitals, HMH sta-
tus was associated with comparable mortality (AOR, 0.97; 95%
CI, 0.64-1.46; P = .87) but a near–statistically significant in-
crease in the relative risk of complications (AOR, 1.13; 95% CI,
1.00-1.28; P = .06) and greater likelihood of readmission
(AOR, 1.19; 95% CI, 1.07-1.31) compared to non-HMH (eFigure
in Supplement 1).

We performed a second sensitivity analysis considering the
independent association of for-profit status with outcomes
among patients treated at HMH. Importantly, for-profit finan-
cial structure remained associated with significantly greater
odds of in-hospital mortality (AOR, 1.82; 95% CI, 1.09-3.01;
P = .02), any complication (AOR, 1.38; 95% CI, 1.19-1.60;

P < .001), and nonelective readmission (AOR, 1.16; 95% CI, 1.03-
1.31; P = .02) relative to nonprofit centers.

Discussion
With inpatient operative expenditures exceeding $500 bil-
lion each year, efforts to regulate and curb excessive spend-
ing remain paramount. In this national study of major elec-
tive operations, we found significant variation in hospital cost
markup across the US. While the median markup factor was
3, 10% of centers demonstrated a median 8-fold markup;
of these, nearly 80 hospitals marked up their costs by more
than 10-fold the estimated costs of care. High-markup cen-
ters were more often for-profit institutions located in large met-
ropolitan regions. Finally, care at such institutions remained
associated with significantly greater morbidity, with patients
facing a more than 30% relative increase in the risk of post-
operative complications. In the absence of standardized fed-
eral regulation of hospital pricing, our findings have signifi-
cant implications toward national policy and practice.

Historically, hospital systems have argued that high mark-
ups are necessary to cover growing expenses in the face of
thinning margins.4,6 While many institutions face increasing
financial pressures with growing numbers of underinsured pa-
tients, slow or even negative growth in Medicare and Medic-
aid reimbursement since passage of the Balanced Budget Act
and then the Affordable Care Act has compounded the
issue.31,32 In response, hospitals were traditionally thought to
dynamically shift costs to either privately insured or unin-
sured patients and mark up their billed charges to maximize
extractable revenue.33,34 Notably, one study found the delta
between hospital charges and net revenue to average approxi-
mately 250%,4 although more recent reports have ques-
tioned the extent of cost shifting in modern practice.35,36 How-

Figure 3. High-Markup Hospitals (HMH) and Non-HMH Markup Ratios and Characteristics
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ever, these challenges do not explain the significant variation
in hospital markup, which we found to range from 0.5 to 17.5
across centers. In fact, we found hospitals in the top decile by
cost to charge ratio to mark up their costs by a median of ap-
proximately 8 times. We did not observe a substantial differ-
ence in the proportion of Medicare patients between HMH and
other centers, suggesting no apparent basis for variation in
cost-shifting practices.

Efforts to regulate hospital markups have attracted media
attention, lawsuits, and activism but ultimately have had lim-
ited effect.11 Currently, only 2 states—Maryland and West Vir-
ginia—regulate hospital pricing.5,37 As such, the large majority
of centers have the flexibility to determine their own pricing
policies, based on health system priorities, health care costs,
diagnosis or operative volume, and case mix. Importantly, the
Affordable Care Act limited what nonprofit hospitals could

Table. Demographic, Clinical, and Hospital Characteristics, Stratified by High-Markup Hospital (HMH) Status

Characteristic

No. (%)a

P
valuea

Non-HMH
(n = 319 747)

HMH
(n = 42 620)

Patient characteristics
Age, mean (SD), y 65.1 (12.7) 65.5 (12.8) <.001
Sex

Female 153 175 (47.9) 20 892 (49.0)
.14

Male 166 572 (52.1) 21 728 (51.0)
Elixhauser Comorbidity Index, mean (SD) 2.8 (1.8) 2.7 (1.8) <.001
Operation type

Abdominal aortic aneurysm repair 1761 (0.6) 219 (0.5)

.02
Colectomy 147 427 (46.1) 17 296 (40.6)
Coronary artery bypass grafting 71 400 (22.3) 9325 (21.9)
Hip replacement 99 159 (31.0) 15 779 (37.0)

Community income percentile
>75th 79 698 (25.2) 8604 (20.4)

.05
51st-75th 80 793 (25.5) 10 340 (24.5)
26th-50th 83 368 (26.3) 11 932 (28.3)
0-25th 72 891 (23.0) 11 353 (26.9)

Insurance coverage
Private 107 287 (33.6) 13 001 (30.5)

.009
Medicare 176 919 (55.4) 25 256 (59.3)
Medicaid 23 119 (7.2) 2800 (6.6)
Other payer 12 045 (3.8) 1548 (3.6)

Residence in a rural or urban area
Central counties of metropolitan areas of ≥1 million population 61 131 (19.1) 11 888 (27.9)

.006

Fringe countries of metropolitan areas of ≥1 million population 91 335 (28.6) 11 739 (27.6)
Counties in metropolitan areas of 250 000-999 999 population 70 875 (22.2) 10 399 (24.4)
Counties in metropolitan areas of 50 000-249 999 population 34 076 (10.7) 3703 (8.7)
Micropolitan counties 33 006 (10.3) 2756 (6.5)
Not metropolitan or micropolitan 28 832 (9.0) 2095 (4.9)

Hospital characteristics
Hospitals 1766 (90.1) 194 (9.9) NA
Hospital bed size

Large 531 (30.1) 64 (33.0)

<.001Medium 468 (26.5) 81 (41.7)
Small 767 (43.4) 49 (25.3)

Hospital ownership
Government 306 (17.3) <11 (NA)

<.001Private, nonprofit 1308 (74.1) 47 (24.2)
Private, investor owned 152 (8.6) 143 (73.7)

Hospital teaching status
Nonmetropolitan 538 (30.5) 11 (5.7)

<.001Metropolitan nonteaching 440 (24.9) 71 (36.6)
Metropolitan teaching 788 (44.6) 112 (57.7)

Rural or urban designation
Large metropolitan area (≥1 million residents) 678 (38.4) 106 (54.6)

<.001
Small metropolitan area (<1 million residents) 550 (31.1) 77 (39.7)
Micropolitan area 299 (16.9) <11 (NA)
Nonurban residual 239 (13.5) <11 (NA)

Abbreviation: NA, not available.
a Reported as number with group

proportion (%) unless otherwise
noted. Statistical significance was
set at α = .05.
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charge to uninsured or out-of-network patients, but such re-
strictions did not apply to for-profit institutions.38 It is of par-
ticular interest, therefore, that approximately 74% of HMH were
private and investor owned. In fact, when we examined for-
profit hospitals specifically, we found a median markup of 6.3—
more than double the national average. Perhaps unsurpris-
ingly, prior literature has described hospital markup as a critical
contributor to profitability, with each point increase in MR being
associated with a $112 incremental increase in profits per
discharge.39 Whether to increase leverage from private payers
or maximize their revenue from out-of-network or uninsured
patients, these institutions appear to have excessively raised
their MRs, and now benefit with more than $300 higher per-
discharge profit.

In the contemporary era of health care corporatization and
the incursion of private equity into surgical care, nearly all health
systems face increasing pressure on their bottom line and are
forced to intensify their focus on revenue generation.40-42

Therefore, it is also important that our study documents higher
median cost to charge ratios compared to prior reports.5,19,20

In fact, while Bai and Anderson2 found that 50 centers were
charging more than 9-fold the true cost of care, we found nearly
100 hospitals demonstrated such MRs. Notably, the 50 most
expensive hospitals in our study marked up expenses by a me-
dian factor of 13. Altogether, it appears that there is a consider-
able trend toward increasing hospital markups across the US
that warrants both increased attention and regulation.

Ultimately, however, pricing is rarely discussed with
patients in the preoperative phase. Moreover, given the ineq-
uitable burden low-income or uninsured patients would un-
doubtedly face from such discussions,43 we argue that the in-
corporation of hospital fees into shared patient-clinician health
care decision-making would not be appropriate. This is espe-
cially significant given the lack of transparency in hospital ac-
counting practices, episodic costs of inpatient care, variation in
coding and billing practices, and the potential for bundled

services.39 In this fundamentally asymmetric information en-
vironment, patients and clinicians do not have the resources to
make fully informed choices regarding hospital fees, and nor
should they.2,44 Instead, national policy-level changes are
needed to correct this market and regulatory failure. Specific
cost nuances aside, institutional performance and risks should
be comprehensively discussed and hospital financial struc-
ture noted as part of physician referral and counseling. Given
the growing influx of private equity investment into surgical
care,45 public reporting around MRs and correlations with
performance may contribute to transparency in preoperative
decision-making and serve as a stimulus for local efforts—in
addition to federal policy—to improve care outcomes.

Indeed, national regulation is needed not only to reduce un-
necessary cost burdens on the health system, but also because
treatment at high-markup centers appears to be associated with
unnecessarily high morbidity. Importantly, we found care at
HMH to be associated with significantly greater likelihood of
perioperative complications. This association remained true fol-
lowing comprehensive risk adjustment for patient, proce-
dural, and institutional factors, including hospital teaching sta-
tus, ownership, rural location, and bed size. It is plausible that
factors intrinsic to high-markup centers, including in-house care
pathways and processes, diagnostic algorithms, and nurse to pa-
tient ratios, may influence the risk of morbidity. Our findings,
therefore, raise a fundamental issue for quality intervention:
high-markup centers appear to yield not only lower quality of
care, but also significantly lower value. As such, we call for evalu-
ation of these institutions as a first step. Currently, the Centers
for Medicare & Medicaid Services require hospitals to share
pricing information and cost to charge ratios in Medicare cost
reports.46,47 Yet, low compliance, inconsistent data presenta-
tion, and inadequate enforcement have limited the effective-
ness of the price transparency rule.48-50 In an effort to en-
hance transparency for all parties, hospitals should ideally report
both their cost to charge ratios and their chargemasters pub-

Figure 4. Hospital Markup Ratios and Quality of Care
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aP < .01.
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licly and consistently, in an easy-to-access format. Enforced pub-
lic disclosure may encourage hospitals to reevaluate and poten-
tially reign in MRs, but disclosure would also offer regulators the
opportunity to more carefully assess care processes and out-
comes at such centers.51-53 Moreover, low participation in na-
tional registries, including Vizient and the American College of
Surgeons National Surgical Quality Improvement Program,54,55

may place for-profit centers at higher risk of poor performance
due to a lack of benchmarking. Participation of such institutions
in national repositories should be encouraged, as the reporting
and ongoing evaluation of morbidity rates and costs will provide
the foundation for efforts to improve care safety and quality. Fi-
nally, we underscore that any policy change cannot be 1-sided.
Rather than target high MRs alone as an isolated symptom, regu-
lation must also address diminishing margins and inadequate
reimbursement from payers. Commercial insurers should be re-
quired to report their reimbursement rates and to submit claims
data to be published in all-payer registries.56 Within the current
hospital billing landscape, health systems and payers operate
within an umbra of secrecy, leaving insurance beneficiaries and
patients responsible for paying the price. Identifying high-
markup, low-value hospitals and regulating pricing practices
may represent an initial approach to lowering expenditures
and protecting patients, but more transparent, fair, and equal
billing practices could create a more effective system for all.

Limitations
There are several important limitations to acknowledge. The
NRD is a nationally representative dataset, which permitted a
large-scale analysis of hospital pricing policies. However, we
could not access the hospital chargemaster, and privately ne-
gotiated agreements or discounts between insurance provid-
ers and hospitals are not detailed. Despite this, cost to charge
ratios remain important, as they provide centers both lever-
age during billing negotiations as well as a higher starting point
for discussions regarding reimbursement.5 As the NRD does
not report hospital identifying information, we could not ex-

amine the geographical variation of HMH. However, one prior
investigation found the 50 hospitals with highest MRs to be
spread across 13 states, with 76% located in the South.2 The
NRD records only a single cost to charge ratio for each partici-
pating center, so we could not ascertain differences in markup
across hospital departments. Yet, we recognize markup may
vary across hospital services. Hospital financial data regard-
ing fixed, variable, or outpatient costs were similarly not avail-
able. While we could identify for-profit centers, we could not
parse those specifically backed by private equity. As private
equity acquisition has been previously associated with hos-
pital-acquired adverse events,57 future work should seek to
evaluate markup practices and associated outcomes specifi-
cally among these institutions. Finally, granular data related
to patient disease burden, timing or onset of symptoms, and
operative time were not detailed. Despite these limitations, we
applied advanced statistical methods to a large national data-
set to consider hospital MRs across the US and their associa-
tion with patient clinical outcomes.

Conclusions
In conclusion, in this cross-sectional study, we identified dra-
matic variation in hospital markup for major elective opera-
tions across the US, such that 20% of centers charged more than
4-fold the total cost of inpatient hospitalizations, and 10%
charged more than 8-fold. Moreover, HMH were associated
with significantly inferior patient outcomes and demon-
strated both lower quality and value of care. Our findings high-
light these centers as an important initial target for both fur-
ther evaluation of in-hospital care processes and pathways
contributing to inferior outcomes, as well as new opportu-
nity for quality improvement. However, our work further calls
for national discussion surrounding hospital markup and the
careful implementation of policies to promote price transpar-
ency and better regulate hospital pricing.
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