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Abstract

Background: Over the past several decades, diabetes mellitus has
contributed to a significant disease burden in the general population.
Evidence suggests that patients with a coexisting diabetes diagnosis
consume more hospital resources, and have higher readmission rates
compared to those who do not. Against the backdrop of bundled-pay-
ment programs, healthcare systems cannot underestimate the impor-
tance of monitoring patient health information at the population level.

Methods: Using the data from the Centers for Medicare and Med-
icaid Services (CMS) administrative claims database, we created a
dashboard prototype to enable hospitals to examine the impact of dia-
betes on their all-cause readmission rates and financial implications if
diabetes was present at the index hospitalization. The technical design
involved loading the relevant 10th revision of International Classi-
fication of Diseases (ICD-10) codes provided by the medical team
and flagging diabetes patients at the claim. These patients were then
tagged for readmissions within the same database. The odds ratios
were determined based on data from two groups: those with diabetes
at index hospitalization which include type 1 only, type 2 only, and
type 1 and type 2 diabetes, plus those without diabetes at index hos-
pitalization.

Results: The dashboard presents summary data of diabetes readmis-
sions quality metrics at a national level. Users can visualize summary
data of each state and compare odds ratios for readmissions as well
as raw hospitalization data at their facility. Dashboard users can also
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view data classified by a diagnosis-related group (DRG) system. In
addition to a “national” data view, for users who inquire about data
specific to demographic regions, the DRG view can be further strati-
fied at the state level or county level. At the DRG level, users can
view data about the cost per readmissions for all index hospitalization
with and without diabetes.

Conclusions: The dashboard prototype offers users a virtual interface
which displays visual data for quick interpretation, monitors changes
at a population level, and enables administrators to benchmark facil-
ity data against local and national trends. This is an important step
in using data analytics to drive population level decision making to
ultimately improve medical systems.
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Introduction

In the USA, diabetes mellitus and associated complications
represent a rapidly growing burden on both patients and the
health care system. Despite advances in medical technology
and medical management, diabetes still contributes to a sig-
nificant disease burden. Over the two decades between 1990
and 2010, the number of adults living with diabetes more than
tripled from 6.5 million to 20.7 million [1], and forecasting
models have shown that the prevalence of diabetes will con-
tinue to increase over the next few decades [2-4] as 84 million
Americans are estimated to be living with prediabetes in 2018.

Diabetes impacts patient morbidity, mortality and quality
of life, and contributes to significant care costs for hospitals
nationwide. According to the American Diabetes Association,
the total economic costs attributed to the hospitalization of pa-
tients with diagnosed diabetes in the USA were estimated to
be $327 billion in 2017 [5]. This represents a 26% increase
from the last estimate of $245 billion in 2012 [5]. These fig-
ures illustrate that even a minor reduction in the number of
admissions or readmissions related to diabetes can result in
substantial financial savings. Understanding various aspects of
hospitalization of these patients, from admission to discharge,
offers clinicians, hospital administrators and payors an insight
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into the impact of diabetes on patient outcomes.

The morbidity of diabetes from macrovascular disease
and microvascular disease has been long established [6-8].
Patients with diabetes are also commonly at risk for other co-
morbidities including obesity, hyperlipidemia, hypertension,
fractures, and periodontal disease [9]. As a result, adults with
diabetes tend to utilize hospital systems at a higher frequency
than those without diabetes. It is not uncommon that these
patients are admitted to and/or discharged from the hospital
with a primary diagnosis other than diabetes [10, 11]. For ex-
ample, Lawson et al demonstrated that for patients with heart
failure, type 2 diabetes was associated with increased risk
of first hospitalization [12]. Similarly, several studies have
shown that readmission rates are higher in patients with dia-
betes compared to those without diabetes [13-15]. As a result,
hospitals and other healthcare facilities need to develop tools
that systematically monitor and benchmark their patient popu-
lations, allowing for targeted interventions to improve quality
and reduce costs.

Effective management tools should display information
about patients with diabetes who experienced a hospitalization,
an increased length of hospital stay, readmission, and compli-
cations. Any visual tool should enable health care systems not
only to monitor their own metrics, but also to compare their
performance to other institutions, both locally and nationally.
The aim of this study was to develop a data dashboard proto-
type using national administrative data from the Centers for
Medicare and Medicaid Services (CMS), to identify cases of
diabetes, both type 1 and type 2, in patients who were admitted
for key index admissions such as myocardial infarction, pneu-
monia, sepsis, stroke, and hip fractures, among others.

Materials and Methods

Data source

This retrospective study analyzed data from the Medicare
Limited Data Set (LDS), which is an administrative claims
database produced by the CMS. The LDS represents approxi-
mately 35% of all inpatient hospital discharges in the USA.
Since LDS data do not contain specific direct identifiers as
defined in the Health Insurance Portability and Accountabil-
ity Act (HIPAA) Privacy Rule, this study is exempted from
review by the Institutional Review Board (IRB). This study
was conducted in compliance with the ethical standards of the
responsible institution on human subjects as well as with the
Helsinki Declaration.

The CMS compiles an administrative claims database,
which contains data from all hospitals in the USA involved
in the care of Medicare patients. This study utilized data from
October 2015 through September 2018. Specifically, the data
include all index hospital admissions extracted from October
2015 through August 2018 and track all-cause readmissions
for another 30 days. All reasons for readmissions were col-
lected if diabetes was present at the index hospitalization. In
addition, the CMS has made certain hospital metrics available
to health care consumers [16].
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Identification of patients with diabetes at index hospitaliza-
tion and the 10th revision of International Classification of
Diseases (ICD-10) code identification

A medical coding team selected the ICD-10 codes based on
review of the codes and medical literature searches. The fol-
lowing databases were searched: Web of Science, EMBASE,
MEDLINE and Science Direct. First, hospital coders would
identify diabetes as a comorbidity based on electronic health
record entries. We then identified diabetes in the CMS data
using ICD-10 codes. The ICD-10 coding methodology has
flagged all diabetes (type 1 and type 2) codes from E08 to E13,
and those codes were used for the dashboard. Based on these
ICD-10 codes, patients with diabetes were flagged at each
individual claim and grouped into cohorts with and without
diabetes. Cohorts that were with fewer than 11 cases were not
identified as per CMS privacy guidelines.

Dashboard design and development

The dashboard prototype was developed with the technical as-
sistance from the Dexur Research and Analytics, a research or-
ganization specializing in the analysis of large datasets. In the
creation of the dashboard, Dexur programmers created a series
of queries driven by ICD-10 codes associated with diabetes as
a comorbidity. The technical design involved loading the rele-
vant ICD-10 codes provided by the medical team and flagging
diabetes patients at the claim. These patients were then tagged
for readmissions within the same database. The odds ratios are
determined based on data from two groups: those with diabetes
at index hospitalization which include type 1 only, type 2 only,
and type 1 and type 2 diabetes, plus those who have not been
classified into type 1 or type 2 diabetes at index hospitalization.
The calculated odds ratios are then displayed for three stratified
groups: type 1 readmissions odds ratio with diabetes, type 2 read-
missions odds ratio with diabetes and type 1 and 2 readmissions
odds ratio with diabetes respectively. The web pages are served
from pre-calculated reports in the database. Dexur stores the in-
formation available from CMS on in-house servers at its aggre-
gated data warehouse. Quality assurance algorithms flag outliers
for manual review by data technicians. Programmers at Dexur
utilized Python programing language (V 3.7.4, Python Software
Foundation, Delaware, US) and other open source tools to dis-
play information from the database in the user interface online.
The dashboard is available for users to view via HTML pages
from the personal computer (PC), mobile device or a tablet on an
open internet connection.

Results

Dashboard search functions

Users of the dashboard are able to search through all-cause
readmission rates for patients with and without diabetes for
any hospital in the USA involved in the treatment of Medicare
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Diabetes Readmissions Odds Ratio - Top States Comparison:

@ Type 1 Readmissions Odds Ratio with Diabetes @ Type 2 Readmissions Odds Ratio with Diabetes @ Type 1 & 2 Readmissions Odds Ratio with Diabetes

Odds Ratio

California Texas Florida New York Pennsylvania Ohio Michigan Illinois North Carolina  Massachusetts
Diabetes Readmissions Quality Metrics

State Name/ Type 1 Diabetes Type 2 Diabetes Type 1 &2 Type 1 Type 2 Type 1 &2
National Hospitalizations Hospitalizations Diabetes Readmissions Readmissions Readmissions

(Oct 2015 to (Oct 2015 to Hospitalizations Odds Ratio with Odds Ratio with Odds Ratio with

Aug 2018) Aug 2018) (Oct 2015 to Diabetes Diabetes Diabetes

Aug 2018)

United States 364,300 10,988,647 33,753 1.66 1.27 1.36
California 24,747 820,241 2,462 1.56 1.29 1.52
Texas 22,941 874,457 2,475 1.65 1.28 1.37
Florida 22,617 771,482 2,601 1.69 1.26 1.36

Figure 1. Screen capture of the diabetes readmissions quality metrics as a national summary view.

patients. The dashboard presents summary data of diabetes re-
admissions quality metrics at a national level. Users can visu-
alize summary data of each US state and compare odds ratios
for readmissions as well as raw hospitalization numbers data
(Fig. 1). The information about readmission can also be pro-
cessed, upon request, to generate graphs showing odds ratios

with a 95% confidence interval in a form of point with bar,
instead of column graph, as shown in Figure 2. Additionally,
dashboard users can view data classified by a diagnosis-related
group (DRG) system, i.e. general medicine, cardiovascular,
or orthopedics (Fig. 3). In addition to a “national” data view,
for users who inquire about data specific to demographic re-

Diabetes Readmissions Odds and Confidence Intervals - Top 10 Categories Comparison:

Readmissions Odds Ratio and Confidence Intervals with Diabetes

3

0Odds Ratio and Confidence Intervals

pilianlis

General Cardiovascular

Medicine

Orthopedics

Endocnnology

Pulmonology Gastroenterology Neurology

General
Surgery

Urology Psychlatw Oncology
&

Mental Dlsorders Hematology

® 0dds Ratio

Figure 2. Screen capture of the diabetes readmission showing odds ratio and confidence intervals for top 10 categories com-

parisons.
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Diabetes Readmissions Odds Ratio - Top States Comparison:

@ Readmissions Odds Ratio with Diabetes
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Figure 3. Screen capture of dashboard data at the diagnosis-related group (DRG) view at the national level (can be viewed at

the US state or county levels).

gions, the DRG view can be further stratified at the state level
or county level.

The dashboard also has functionality that enables us-
ers to compare readmission data at the hospital level. First,
there is the hospitals state summary view, which can be used
to compare readmission odds ratios between hospitals within
the same state (Fig. 4). For hospital-specific data there is the
hospital DRG view, which looks at readmissions at the DRG
level (Fig. 5).

Readmission rates

This dashboard tracks readmission rates related to diabetes at
the national, state, county and hospital levels. The key variable
in this dashboard is the odds ratio for all-cause readmissions
in patients who have diabetes. The odds ratios are displayed
for three stratified groups: type 1 readmissions odds ratio with
diabetes, type 2 readmissions odds ratio with diabetes and type
1 and 2 readmissions odds ratio with diabetes. When viewed
at the DRG level, the odds ratio for all-cause readmission with
diabetes is displayed for each DRG. At the DRG level, users
can view data about the cost per readmissions for all index hos-
pitalization with and without diabetes. This view also displays
the top five readmitted DRG groups for all index hospitaliza-
tions (Figs. 3, 5).

Discussion

In our study, we utilized the CMS administrative claims data-
base to provide a succinct, visual representation of the burden
of diabetes on hospital readmissions across the country. The
prototype dashboard demonstrates that a patient with diabetes
impacts a hospital’s readmissions rate regardless of the rea-
son for the index hospitalization. Interested users can search,
analyze and present data via a user-friendly interface for easy
interpretation with this dashboard, and the data generated can
be used to compare an institution’s data against regional and
national trends. In short, this tool presents health care provid-
ers with timely information needed to make clinical decisions
towards improving the quality of patient care.
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Prior studies have shown that clinicians have high satis-
faction with the use of dashboards in clinical workflows [17,
18]. Clinical dashboards utilize visual displays to present a
large amount of information, thereby enabling clinicians to
tackle information overload by synthesizing a large amount
of information in order to quickly aid in decision making. As
technology continues to evolve, the integration of electronic
health information with health analytics can improve the ef-
ficiency and quality of modern medical practice. Additionally,
as more health systems are moving to 100% digital environ-
ments, dashboards may be used as closed loop, real time in-
formation systems that are integrated into electronic health
records. This can play a crucial role in facilitating patient care
and quality improvement initiatives with rapid feedback re-
sponse times.

More recently, the use of clinical dashboards to provide
feedback to clinicians and managers has been increasing,
with many studies being published within the last decade
[19, 20]. Clinical dashboards have been used in a variety of
healthcare settings. For example, they have been used in the
intensive care unit (ICU) to aid in the management of criti-
cally ill patients [18, 21]. Additionally, dashboards have been
successfully implemented in emergency department settings
[22, 23] and in ambulatory diabetes care [24]. The utilization
of these dashboards has improved the efficiency and accuracy
of data acquisition for high quality care in many healthcare
settings.

At the hospital level, dashboards have been used to moni-
tor and facilitate quality improvement initiatives. For example,
one hospital utilized a clinical dashboard to improve time to
antibiotic administration and decrease overall hospital length
of stay in surgical ICU patients with sepsis [25]. Another
study used a clinical dashboard as an approach towards reduc-
ing all-cause readmission rates for heart failure patients [26].
In both studies, the hospitals utilized dashboards to analyze
primary data and facilitate interventions towards quality im-
provement processes. Pertinent to this study, dashboards have
been utilized to improve implementation of clinical guidelines
for the treatment of patients with diabetes [27]. Diabetes has
long been associated with increased risk of surgical site in-
fection, sepsis and other healthcare-associated infections, and
these dashboards have been designed to reduce the incidence
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California Hospital Diabetes Readmissions Quality Metrics
Diabetes Readmissions Odds Ratio - Top States Comparison:
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Hospital Name Type 1 Diabetes | Type 2 Diabetes | Type 1 &2 Type 1 Type 2 Type 1&2
Hospitalizations | Hospitalizations | Diabetes Readmissions | Readmissions | Readmissions
(Oct 2015 to {Oct 2015 to Hospitalizations| Odds Ratio Qdds Ratio Qdds Ratio
Aug 2018) Aug 2018) (Oct 2015 to with with with
Aug 2018} Diabetes Diabetes Diabetes
Cedars-Sinal Medical Center, 705 19,347 21 1.54 1.2 1.3

LOS ANGELES, CA

UC Devis Medical Center, 367 8,693 73 1.58 1.22 1.31
SACRAMENTO, CA

University of California, SAN 353 6,724 70 1.38 1.08 1.58
FRANCISCO, CA

Grossmonl Hospilal, LA MESA, 348 8,406 <11 2.3 135 NA
CA
Community Regional Medical 297 10,522 <11 1.03 1.18 NA

Center, FRESNO, CA

Providence Saint Joseph 284 5,595 <11 1.9 1.28 NA
Madical Center, BURBANK, CA

Saint Agnes Medical Center, 283 10,304 <11 1.69 1.16 NA
FRESNO, CA

Kaweah Delta Medical Center, 283 9,121 1" 1.79 1.44 1.57
VISALIA, CA

Figure 4. Screen capture of the hospital summary view by states for sample hospitals in California.

of central-line associated blood stream infections and sepsis hospitalizations [31, 32]. Data from our dashboard agree with
[28-30]. these prior studies, with an odds ratio for readmission for type 1

Diabetes as an illness affects individuals through a progres- and type 2 diabetes in the USA being 1.66 and 1.27, respective-
sive, multi-systemic nature. Not surprisingly, it has been asso- ly. The dashboard also demonstrates that the readmission odds
ciated with higher readmission rates for many different index ratio for patients with these two diagnoses is elevated across the
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Cedars-Sinai Medical Center Diabetes Readmissions Quality Metrics
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Figure 5. Screen capture of dashboard data at the diagnosis-related group (DRG) level for a sample hospital (Cedars-Sinai

Medical Center).

board regardless of the DRG or index hospitalization.

As previously mentioned, users should be able to utilize
the dashboard to benchmark local data against national data
and to identify opportunities for improvement. For example,
an administrator in Hawaii can see that the odds ratio of Ha-
waii for type 1 diabetes mellitus and type 2 diabetes mellitus
are 1.37 and 1.18, both lower than the national benchmark
data. Likewise, administrators from Michigan will see that the
odds ratio for type 1 diabetes mellitus and type 2 diabetes
mellitus for their state are 1.78 and 1.29, which are higher
compared to national data. Further, if a hospital discovers that
chronic obstructive pulmonary disease (COPD) is a common
DRG for readmission, then the quality officers could inter-
vene through quality improvement measures to reduce COPD
exacerbations. This initiative could include early outpatient
follow-up with a patient’s primary care physician or through
sustained patient education efforts. At the institutional level,
hospital administrators can use the dashboard to compare
their own hospital data versus the other hospitals in the state
by filtering the odds ratio data by DRG for their own hospital.
The DRG view page also displays the cost per readmission
and top five readmission DRG groups for patients with and
without diabetes. In this scenario, if a hospital sees that it has
higher readmission rates caused by skin ulcers or infections,
then administrators could implement policies to improve out-
patient follow-up with wound care services. Ultimately, this
dashboard can give clinicians and hospital administrators the
opportunity to detect common sources of hospital readmis-
sions in diabetes patients at their institution. It offers the abil-
ity to analyze a large set of data before committing resources
in funding or staff hours, and provides preliminary data to jus-
tify the investment of resources towards quality improvement
measures.

Future directions may include integrating the dashboard
into local electronic health records and mainstream quality im-
provement measures toward reducing all-cause readmission in
patients with diabetes. Further, the dashboard can be utilized
to track other significant clinical outcomes such as ICU stay,
length of stay and mortality rate in patients with diabetes. Fi-
nally, HealthGrades (Healthgrades Operating Company, Inc.,
Denver, USA), a source of information about physicians and
hospitals, found nearly 1 million patient safety lapses resulting
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in an additional $8.9 billion in health care costs among the
Medicare population [33]. With continual refinement, future
dashboards could detect clinical pathway lapses and prevent-
able medical errors.

Limitations

There are several limitations to this study. First, this study data
set is limited to Medicare patients included in the CMS data-
base and may represent a disproportionately increased risk of
all-cause readmissions because of an older population. As a
result, the true odds ratio for all-cause readmissions may be
slightly overestimated when applied to the general population.
Second, the study may be limited by regional or hospital dif-
ferences in ICD coding quality. Coding accuracy can vary in
procedures and definitions when used by coders in different
regions. Finally, it is important to note that quality metrics and
odds ratio in the figures have not been adjusted for the size
of population, age, income level, comorbidities or other de-
mographic factors. Appropriate adjustments for the aforemen-
tioned factors can be made as we continue working on future
reiterations of the dashboard.

Conclusions

This study constructed a novel dashboard as a method to track
the readmission burden for hospitals across the USA related
to diabetes. This dashboard can help hospitals administrators
and quality officers better understand the impact of diabetes
on hospital readmissions and gives administrators and clini-
cians a tool to benchmark hospital data in comparison to local
and national trends. These data can be used to initiate and
track quality improvement processes and to reduce the costs
of care. Tackling quality improvement initiative involves the
appropriate use of data and metrics to understand processes,
analyze problems, set goals, and measure change [34]. This
dashboard prototype presents readmission data via a clear
mechanistic interface allowing physicians, administrators and
hospitals to monitor and improve care for patients with dia-
betes.
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