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ABSTRACT
Objective: This study develops a hospital quality index to analyze state-level variations in hospital quality in the United States from
2013 to 2021, using data from 3,000 hospitals from the Centers for Medicare & Medicaid Services (CMS) Hospital Compare data set.

Design: The quality index combines three risk-adjusted measures from the CMS Hospital Compare: 30-day readmission rate, 30-

day mortality rate, and patient experience. Each measure is converted into a z-score, weighted by hospital beds, and averaged to form

the final index, which has a mean of 0 and a standard deviation of 1.

Results: In 2021, the average U.S. hospital quality measures were 15.1% for readmissions, 11.2% for mortality, and 69.7% for

patient experience. There was significant state-level heterogeneity. The quality index ranged from20.54 to 0.57. Eight states notably

outperformed the U.S. average, with Utah leading. Conversely, 14 states underperformed. From 2013 to 2021, there was an average

annual improvement in readmissions (0.08pp) and mortality (0.12pp), but a decline in patient experience (0.27pp).

Conclusions: The study highlights improvements in hospital quality over time but underscores disparities at the state level. The
quality index provides a valuable tool for understanding and addressing these variations in hospital care quality.
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Introduction
When the Institute of Medicine report on hospital
quality and patient safety was published in 2000,1 it
served as a wake-up call of the importance of
measuring and improving quality of care in hospitals.
Since that time, the Centers forMedicare &Medicaid
Services (CMS) established Hospital Compare, a re-
pository of quality measures at the hospital level. In
this study, we aggregate those hospital-level measures
to the state level to analyze hospital quality levels and
trends to better understand state-level hospital
quality heterogeneity. This study complements other
state-level andmetropolitan-statistical-area-level stud-
ies that analyzed healthcare expenditures,2-4 hospital
prices,5,6 and hospital market concentration.5 Ana-
lyzing variations in hospital quality across states can
reveal disparities in healthcare access, resources,

spending,7 and outcomes,8 which is essential for
addressing healthcare inequities and ensuring that
all states have access to high-quality care.

The primary goal of our research is to analyze and
assess the quality of care in hospitals across all 50
states and Washington DC. Previous studies have
examined various aspects of hospital quality, often
focusing on metrics such as 30-day readmission rates,
30-day mortality rates, and patient experience in the
context of specific population groups or localities.
For example, one study investigated the link between
hospital discharge prices and clinical quality,9 while
others have explored factors influencing 30-day
readmission rates in patients with myocardial in-
farction, particularly among high-risk populations.10-
12 Additional studies examined the relationships
between mortality rates and other healthcare out-
comes, emphasizing the complexity of these inter-
actions and the need for comprehensive
interventions.13,14 Furthermore, some research dem-
onstrated the significant impact of patient experi-
ence on clinical outcomes, suggesting the
importance of incorporating patient perceptions in
quality assessments.15-17 Thus, prior research has
mostly focused on quality of care using readmissions,
mortality, and patient experience locally within the
United States without specifically addressing the
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comparison across all 50 states and Washington DC.
Our study extends previous research by empirically
examining the quality of care across each state in the
United States from 2013 to 2021 by using hospital-
level data from CMS Hospital Compare, leading to
fourmajor contributions. First, we create a composite
quality index using three hospital quality measures:
30-day readmission rate, 30-day mortality rate, and
patient experience. Second, we estimate thismeasure
for each state from 2013 to 2021. Third, using
regression analysis, we compare the quality index in
each state with the national average in 2021. Fourth,
we analyze the changes in the quality index for each
state between 2013 and 2021.

This research offers valuable insights to policy-
makers, healthcare administrators, and stakeholders
regarding the progress made in different states
during the study period, highlighting areas of
excellence and potential disparities. Gaining a com-
prehensive understanding of state-level quality
trends and their comparisons with the national
average contributes to the ongoing efforts aimed at
achieving equitable and high-quality healthcare.

Methods
The hospital quality data are from Hospital Compare
provided by the Centers for Medicare & Medicaid
Services (CMS) from 2013 to 2021. This study was
waived from IRB approval of our institution because it
uses publicly available data on hospitals from CMS.
Specifically, we analyzed 30-day readmission rates, 30-
day mortality rates, and patient experience because
these measures were risk adjusted by CMS,18 available
during the entire sample period, andused previously.19

In 2021, Hospital Compare contained 3,128 acute care
general hospitals, 3,022 (96.6%) had data on read-
mission rate, 2,711 (86.7%) had data on mortality, and
3,011 (96.3%) had data on patient experience. For the
other years of data, the number of hospitals and
missing rates varied slightly, but were consistent with
those of 2021. For more details on the number of
hospitals included by measure, see Table A1.

Study Measures

30-Day Readmission Rate
The 30-day readmission ratemeasures the percentage of
patients who return to thehospital within 30days of their
discharge, regardless of whether it is the samehospital or
a different hospital. This measure encompasses various
types of care, such as medical, surgical, gynecologic,

neurologic, cardiovascular, and cardiorespiratory care,
provided from 2013 to 2021. A higher readmission rate
suggests lower hospital quality, indicating potential
complications or issues with care transitions.

30-Day Mortality
The 30-daymortality ratemeasures the percentage of
patients who die within 30 days of hospital admission
for specific conditions. These data, consistently
reported from 2013 to 2021, cover six conditions:
heart attack (AMI), coronary artery bypass graft
surgery, chronic obstructive pulmonary disease,
heart failure, stroke (STK), and pneumonia (PN).
Elevated mortality rates indicate possible problems
with patient care during and/or after hospital
admission, signaling lower hospital quality.

Patient Experience
Patient experience data are collected through the
CMS Hospital Consumer Assessment of Health Care
Providers and Systems (HCAHPS) survey. This survey
gathers feedback from randomly selected adult
patients discharged within 48 hours to 6 weeks. It
assesses aspects such as nurse and doctor communi-
cation, staff responsiveness, discharge information,
and overall patient hospital rating. Scores range from
0 to 100, with higher values indicating better patient
experiences and higher hospital quality.

Quality Index
This index creates a composite of the three quality
measures using z-scores for each, ensuring a mean of
0 and a standard deviation of 1. Z-scores help
standardize eachmeasure and then create a composite
using three measures of hospital quality. This follows
from a recent study that used z-scores to create
composite measures for hospital processes and patient
experience.10 It is calculated using data from 2013 to
2021, with the mean subtracted, and the result divided
by the standard deviation for each year. For readmis-
sion and mortality measures, z-scores are multiplied by
-1 to ensure higher values represent better quality.
State-year-level quality indexes are then created by
averaging z-scores for readmission, mortality, and
patient experience measures, allowing an assessment
of performance changes over time and across the states.

Statistical Analyses
To compare each state’s 2021 quality index with the
U.S. average, we estimated Equation 1, in which i
indexes hospitals, s indexes states, subject to the
constraint that the state parameter estimates sum to 0.
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Thedependent variable (QI) is the quality index for the
state in 2021; S is a vector of 0–1 binary variables, one of
each state andWashington DC; and u is the error term.
To estimate a traditional regression model that
includes binary variables for each state, one state must
be omitted, known as the reference state, and all other
states are compared with it. However, we wanted to
compare each state with the U.S. average, which is
statistically possible by adding the constraint, as de-
scribed by Daniel Suits.20 This constraint makes sure
that the average of all state comparisons equals the
national average. We think of it like comparing each
state’s hospital performance with an overall score for
the entire country. This way, we can see how much
better or worse each state’s hospital quality is compared
with the overall U.S. standard. The parameters of
interest are in vector b, which contains one parameter
estimate for each state and Washington DC. The
parameter estimates compare the state’s quality index
with the U.S. average in standard deviation units
because the quality index was constructed as z-score
with mean of 0 and a standard deviation equal to 1.

QIis   ¼ a0  1+51
s¼ 1bsSs 1 uis ; (1)

subject to the constraint that
+51

s5 1ðbsÞ* 5+51
s5 1ðbs 1K Þ5 0, whereby bs* is a linear

combination of bs and a constant K.

Results
Figure 1 plots the national trends in readmission rate,
mortality rate, and patient experience from 2013 to
2021. The 30-day readmission rate decreased from
15.8% to 15.1%, showing an average annual improve-
ment of 0.08 percentage points. Similarly, the 30-day
mortality rate decreased from 12.3% to 11.2%, with
an average annual improvement of 0.12 percentage
points. In contrast, patient experience worsened,
declining from 72.1 to 69.7, averaging a decrease of
0.27 percentage points annually (See Appendix
Table 1, Supplemental Digital Content 1, http://
links.lww.com/JHQ/A233, for values).

At the state level, states were categorized into three
groups based on whether their 2021 quality index
significantly deviated from the U.S. average. Figure 2
shows that eight states performed significantly better
than the national average, with Utah leading at 0.56
standard deviations above the U.S. average, followed
by Hawaii (0.47), South Dakota (0.44), Oregon
(0.42), and others. Conversely, 14 states performed
significantly worse than theU.S. average, withNevada
(20.51),West Virginia (20.45), Florida (20.44), and

Arkansas (20.38) performing the worst (See Appen-
dix Table 2, Supplemental Digital Content 1, http://
links.lww.com/JHQ/A233, for values).

Figure 3 compares the change in quality index
across states from 2013 to 2021 in a scatterplot. In
total, 24 states showed an increase in their quality
index between 2013 and 2021 (as evidenced by being
above zero on the x-axis), with Washington DC,
Alaska, North Dakota, and Wyoming showing the
biggest improvement. Notably, New Hampshire,
Vermont, South Carolina, Massachusetts, Arizona,
Missouri, and Georgia experienced the largest
decreases in their quality index. Among states with
a higher quality index score in 2021 compared with
that in 2013, Washington DC exhibited the highest
increase at 0.57 points, indicating significant
enhancements in patient outcomes, encompassing
readmission, mortality, and patient experience.

These findings provide valuable data for assessing
and comparing healthcare quality across states. and
over time, aiding policymakers and stakeholders in
their efforts to enhance healthcare outcomes and
patient experiences.

Limitations
Our study’s results should be interpreted in the context
of the following limitations. The three quality measures
we examined—hospital readmissions, mortality, and
patient experience—are important and are widely used
hospital quality measures. Nonetheless, other measures
of quality are important as well, such as process
measures, which the hospital has more control over as
compared with outcome measures, which are influ-
enced by patient behaviors. However, the hospital
process measures in CMS Hospital Compare were only
available until 2014, so we did not include them in this
analysis because they did not cover our full study period
from 2013 to 2021. Second, although two of the three
quality measures (hospital readmissions and mortality)
improved over time, more work needs to be done to
align thesemeasures and the strategies used to improve
them across the healthcare system. The fragmented
nature of the U.S. healthcare system, with its many
independent entities, makes it difficult to implement
consistent quality improvement strategies nationwide.21

In addition, there is a need for abetter understandingof
which strategies work best in different healthcare
settings and contexts, because what is effective in one
situationmay not be in another.22 Third, the COVID-19
pandemic introducedmajor shifts in patient population
demographics, healthcare delivery, treatment
approaches, and the prevalence of different diseases,
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which likely affected hospital quality metrics. Although
recent research has analyzed the financial affects of the
pandemic on U.S. hospitals,23 they do not address the
quality of care, highlighting a critical area for future
research. Future studies should incorporate these
factors to provide a more comprehensive analysis of
hospital quality during and postpandemic. Despite its
limitations, our study highlights the need for continued
efforts to refine and expand quality measurement
frameworks to include a broader array of metrics and
to adapt to the evolving healthcare landscape.

Discussion
This study constructed a hospital quality index to
estimate the overall performance of hospitals in all 50
states and Washington DC. Based on CMS Hospital
Compare data, we identified states that performed
well in 2021 and those that performed poorly,
compared with the U.S. average. There was sub-
stantial heterogeneity observed in quality across
states. Utah, Oregon, and Hawaii demonstrated high
performance, while Nevada, West Virginia, and
Florida were among the lowest performers.

The trends identified in this study align with
nationwide hospital rankings published by other
organizations, such as U.S. News &World Report and
the Leapfrog Group, which also highlight significant

interstate variations in hospital quality.24,25 Our
findings corroborate these rankings by showing
consistent high performance in states such as Utah,
known for their robust healthcare systems and
policies, and persistent challenges in states with
historically lower healthcare performance.

Our analysis underscores the critical need for
targeted strategies to address the disparities in health-
care quality. States such as Florida and Nevada could
benefit from adopting best practices from higher
performing states. This includes investing in healthcare
infrastructure, improving care coordination, and
implementing patient-centered care models.

Conclusions
In this study, we observed a modest yet statistically
significant improvement in the national healthcare
quality, characterized by reductions in 30-day read-
mission and mortality rates from 2013 to 2021.
However, these improvements were juxtaposed
against a decline in patient experience scores, under-
scoring a complex landscape of healthcare quality
advancement in the United States. The development
and application of a hospital quality index allowed for
a nuanced assessment of state-level performance,
revealing a spectrum of healthcare quality across the
states. States such as Utah and Oregon were identified

Figure 1.Quality measures for the United States, 2013–2021. Source: Authors’ analysis of CMSHospital Compare.
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as high performers, setting benchmarks for quality
care, while others including Florida and Nevada were
highlighted as states needing targeted improvement
efforts. This bifurcation underscores the heterogene-
ity inhealthcare quality and the imperative for tailored
strategies to uplift underperforming areas.

The findings of this study offer valuable insights
for policymakers, healthcare administrators, and
stakeholders, emphasizing the need for a concerted
focus on enhancing patient outcomes and experi-
ences across the board. By identifying specific
regions that require intervention and those that
exemplify healthcare excellence, our research
provides a roadmap for targeted policy and
practice reforms. It highlights the potential for
significant improvements in healthcare delivery
and patient satisfaction through strategic invest-
ments and initiatives. Given that the recent COVID-
19 pandemic has exacerbated healthcare dispar-
ities,26,27 received varying responses from the
states,28,29 and significantly affected healthcare
delivery,30-32 the insights derived from this re-
search are critical for informing efforts to achieve
a more equitable, effective, and patient-centered
quality of care in the healthcare system.

Implications
The implications of this study are substantial for policy-
makers, healthcare administrators, and stakeholders.

For policymakers, the findings emphasize the
importance of targeted interventions in underper-
forming states. Strategies may include increasing
funding for healthcare facilities, enhancing training
programs for healthcare professionals, and promot-
ing policies that incentivize high-quality care. In
addition, sharing best practices and successful care
models from high-performing states can help elevate
the overall standard of care.

Healthcare administrators can leverage these
insights to benchmark their performance against state
and national averages. This benchmarking can guide
quality improvement initiatives, focusing on areas
such as reducing readmission and mortality rates and
enhancing patient experiences. Furthermore, admin-
istrators in lower performing states can collaborate
with counterparts in higher performing regions to
adopt effective strategies and interventions.

For stakeholders, including patients and advocacy
groups, this studyhighlights the importanceof informed
decision making when seeking care. Understanding

Figure 2. Map of Quality Index by state, 2021. *Washington DC is included in the count of 29 states. High
quality (15 blue)means the state’s quality index was statistically higher than theU.S. average (p# .05), and low
quality (2 5 orange) means the state’s quality index was statistically lower than the U.S. average (p , .05).
Average quality (35 gray) means the state’s quality index was not statistically different from the U.S. average at
the 0.05 level. Source: Authors’ analysis of CMS Hospital Compare.
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state-level variations in hospital quality can empower
patients tomake better healthcare choices and advocate
for improvements in their local healthcare systems.

Overall, the study underscores the necessity of
a concerted effort to address healthcare disparities across
the United States, providing actionable insights that can
drive policy and practice reforms aimed at achieving
amore patient-centered and effective healthcare system.
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CE Objectives and Posttest Questions: State-Level Hospital Quality in the
United States: Analyzing Variation and Trends From 2013 to 2021

Learning objectives:

1. Describe the methodology used to create the hospital
quality index and its significance in assessing state-level
hospital quality.

2. Identify key trends in hospital readmission, mortality,
and patient experience rates from 2013 to 2021.

3. Describe state-level variations in hospital quality and
identify the implications for healthcare policy and
administration.

Questions

1. What is the primary purpose of the hospital quality
index developed in this study?
a. To rank hospitals based on profit margins.
b. To analyze state-level variations in hospital quality.
c. To measure patient satisfaction only.
d. To compare insurance coverage across states.

2. Which measure was included in the hospital quality
index?
a. Length of hospital stay.
b. Patient mortality.
c. Staff-to-patient ratio.
d. Healthcare spending per capita.

3. What was the national trend in 30-day readmission
rates from 2013 to 2021?
a. It increased annually by 0.27%.
b. It remained constant.
c. It decreased annually by 0.08%.
d. It increased annually by 0.12%.

4. Which data source did the study use?
a. American Hospital Association (AHA) Annual Survey.
b. CMS Hospital Compare.
c. National Healthcare Quality and Disparities

Report.
d. Healthcare Cost and Utilization Project (HCUP).

5.Which of the following states outperformed theU.S.
average in hospital quality in 2021?
a. Nevada
b. West Virginia
c. Utah
d. Florida

6. What was the national trend in 30-day readmission
rates from 2013 to 2021?
a. It increased annually by 0.27%.
b. It remained constant.
c. It decreased annually by 0.08%.
d. It increased annually by 0.12%.

7. What was the main finding regarding patient
experience from 2013 to 2021?

a. Patient experience scores improved.
b. Patient experience scores remained stable.
c. Patient experience scores had an average annual

decline.
d. Patient experience scores are not included in the study.

8. What recommendation does the study make for
policymakers?

a. Standardize hospital staffing levels.
b. Share best practices from high-performing states.
c. Increase patient satisfaction bonuses.
d. Reduce healthcare costs uniformly.

9. Which of the following is NOT a component of the
hospital quality index?
a. 30-day readmission rate.
b. Patient satisfaction score.
c. 30-day mortality rate.
d. Hospital bed utilization rate.

10. Which of the following states saw the largest
improvement in hospital quality index from 2013
to 2021?

a. Florida
b. Wyoming
c. West Virginia
d. Vermont
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