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Abstract of Thesis

Comprehensive Analysis of End-stage Renal Disease Patient Population with a Comorbidity of Cardiovascular Disease when Treated with Beta-blockers

Medicare costs for ESRD patients in the United States costs over $30 billion a year. The
leading cause of death in ESRD patients is cardiovascular disease which worsens both
short and long- term in this patient population. These costs include hospitalization events
and prescription drug claims. The majority of the cost resides from inpatient and
outpatient hospital events and where the leading category of death is from
Arrhythmia/Cardiac arrest at approximately 40% mortality. As a whole in ESRD patient
population 53.6% of deaths are from cardiovascular episodes. These cardiovascular
episodes are treated with beta-blockers. Previous research describes how beta- blockers
can be used as a protective measure for ESRD patients who suffer from cardiovascular
events. We propose to isolate an ESRD Medicare Part D patient population hospitalized
for cardiovascular events as a primary diagnosis. We used IBM spss software to
evaluate the outcomes of the cardiovascular patient population when they were
administered beta-blockers. The patients who suffered from congestive heart failure and
were treated with metoprolol succinate had a slight advantage than those who were treated
with atenolol where they were discharged to go home more frequently than transferred to an
extended stay in the hospital. We have also observed in the aging African American male
population that they had better discharge outcomes for atenolol. More research has to be
conducted in order to evaluate what factors contribute to these findings.
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Introduction

At the end of the first quarter of 2016 a total of 711, 822 individuals were treated for
ESRD compared to 688, 530 at the same time in 20151. The leading cause of death in
the ESRD patient population is cardiovascular disease where the majority of the cost
comes from inpatient and outpatient hospital episodes. Cardiovascular events
amount for 53.6% of death with Arrhythmia/Cardiac arrest alone attributes to 38.7% of
deaths in this patient population1. Major complications in chronic kidney disease
patients are cardiovascular events1. Despite advances in patient care, the annual
mortality, while improving, is still unacceptability high. With the explosion of research
in biomedical informatics, a variety of new opportunities have emerged to analyze
large clinical and related administrative datasets such as the ones available through
USRDS. The existing data files in USRDS contains the metadata of patients which
we can use to evaluate the treatment outcomes of generic beta-blockers which have
been proven to have effective and lasting patients outcomes2 . The USRDS conduct
Bayesian methods to calculate the mortality ratios of kidney disease3, 4 where these
models are useful to narrow down the specific aspects of disease to research, for
instance the prevalence of cardio cardiovascular events being the leading cause of
death in the ESRD patient population.

CROWNWeb is a resource developed by the Centers for Medicare and Medicaid
Services to provide a mechanism to collect and share dialysis data for ESRD
patients5, 6. The data collected from the dialysis centers through CROWNWeb can be
combined with the rest of the clinical resources from USRDS to evaluate patient
outcomes, quality of care statistics and provide the most successful dialysis facilities
and programs as it tracks admission of the patient and discharge information7-9.
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Leveraging this type of data allows for a better and cleared understanding of patients
with comorbidity and a path to effectively and efficiently treat patients diagnosed with
several diseases. Clinical studies can be created where different researchers can
leverage these data sources and develop research projects simultaneously by
observing the interaction of drugs and different disease and patient vitals10.

Previous research has demonstrated that cardiovascular disease is associated with
the early stages of chronic kidney disease and that antihypertensive medications
such as beta-blockers are used to treat these patients11-13. Due to high cardiovascular
disease (CVD) and hypertension events, end-stage-renal disease (ESRD) patients
are prescribed medications with cardio-protective properties14. Beta-adrenergic
blocking agents (β-blockers) have been proven to have beneficial effects on the longterm outcome after myocardial infarctions15, 16 patients in the general population.

The patients in the data set which we obtained from USRDS were administered three
different beta-blockers; metoprolol succinate and tartrate, atenolol, and carvedilol. The
most prescribed beta-blockers are atenolol and metoprolol for all-cause cardiovascular
disease and that only 7% of the patients who were administered atenolol were more
likely to die from any causes within five years compared to 13.1% who were on
metoprolol17. Atenolol is excreted primarily by the kidney compared to other betablockers, however previous research has shown that there was no difference of effects
between atenolol and metoprolol succinate as far as vascular endothelial function12, 18.
In a cohort study conducted from 1987 – 2011 it was established that patients
between the age of 60 and 75 had an increased survival response when treated with
either statins or beta-blockers19. Previous studies have also demonstrated that there
were no increased hospitalization rates whether a patient was treated with atenolol or
2

metoprolol when eGFR rates were taken into consideration. Patients who were
hospitalized and given beta-blockers and were treated with them for a year did not
worsen their condition compared to those were not administered beta-blockers20.
Evaluating other research conducted it was not easy to determine whether the patients
who were on beta-blockers were discharged earlier form hospital or whether the
favorable outcomes of those patients of with in-hospital cardiac arrest could be
attributed to beta-blockers21, 22.

Our goal is to test that given metoprolol succinate or atenolol for the same
cardiovascular event which beta-blocker will provide the best hospital discharge
scenario. Patients who suffer from AMIs are prescribed either atenolol or metoprolol
and there have been no significant results to show either had a better outcome as far
as death or recurring AMIs were concerned23. By using USRDS, we can create small
cohort studies based on various data submissions and package the data in a manner
where it can be available for researchers to obtain and conduct their studies. Creating
such small pilot studies where analyses are done and organized in a structured
manner provides researchers with an overview of the specific number of patients and
the USRDS data files created.

Early stage disease recording and data sharing encourage an interoperable medium
where stakeholders can gain access to the data and use it to identify complication
areas of the disease24, 25. The data that is shared and distributed aids in establishing
and interoperable medium where a community of stakeholders collectively solve
major challenges and mitigate the progression of the disease compared to other
patients26. Physicians and researchers can identify pockets where the disease is
prevalent and evaluate methods to curb it by communicating the findings of the
3

research with patients. This mechanism set the stage for evidence based and
precision medicine where the optimization of patient outcomes is the goal.
Stakeholder communities are enabled to establish protocols and standards on how to
treatment practices can be leveraged in order to improve quality of care to the patient
while also reducing the burden of cost on the patient and hospital27, 28. Due to the
falling cost of cutting edge technologies and accessibility to more areas to provide
treatment the generation of clinical data has been increased, thus requiring the use of
standard ontologies and setting data benchmarks29-31. Leveraging the use of open
source platforms and sharing spaces such as GitHub allows for broader community
participation by making the data available.
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Results and Discussion

Normalizing the data
The combined file contained 17, 753 and the patient population that was isolated of
the patients who were hospitalized and were on the prescription drug enrollment
plan. The medical evidence file2, 32 contains the metadata of the patient such as the
first diagnosis of ESRD, number of dialysis, race, ethnicity, sex, comorbidities, social
and geographical features such as smoking, drug abuse, state and region of the
state that they are located.

All the patients who were hospitalized with a primary diagnosis of CVD and were
administered a beta-blocker were clustered together to form a patient population of 8,
660 and furthered isolated where the patients who had CVD as a primary diagnosis
and administered beta-blockers were 3, 946 as indicated Table 2. We further clustered
the patients by the type of beta-blocker which they were administered Figure 1 and
most of the patients were administered metoprolol over atenolol. The highest
recipients for the beta-blockers were males as indicated in Figure 2 and Figure 1
indicates that the largest ethnic group was African American.

Modeling the data
There were eight final cardiovascular events that were used in the evaluation of this
patient population were atherosclerotic heart disease (ASHD), acute myocardial
infarction (AMI), congestive heart failure (CHF), valvular heart disease (VHD),
cerebrovascular accident / transitory ischemic attack (CVA/TIA), peripheral arterial
disease (PAD), arterial fibrillation (AFIB), and sudden cardiac arrest/ventricular
arrhythmias (SCA/VA). We isolated two beta-blockers of interest; metoprolol
5

succinate and atenolol and measured their outcomes based on diagnostic
(DISCSTAT) code and primary diagnostic codes Figure 3 and Figure4. The statistical
analysis was conducted using the three outcomes that the patient could have from the
diagnostic code list in Figure 1 which were assigned numerical values 1- discharges
to go home, 3 – discharged or transferred to a skilled nursing facility and 6 –
discharged to a home care of home organized facility. Outcome 1 was denoted as the
best outcome and outcome 3 as the worst as the patient would require extended care.

Regularized Linear Discriminant Analysis
Regularized Linear Discriminant Analysis (RLDA)33 is an analysis to determine the
optimum regularization parameter to obtain an overview of parameters to test. We
used RLDA which embedded in HIVE34. The parameters that were set to test to see
whether there were any high level correlations between variables such as age,
discharge code, primary diagnostic code and GFR. RLDA used a Bayesian type of
analysis to calculate the correlation. The Bayesian type analysis is useful to determine
the probability of a certain drug will influence the most desirable discharge outcome for the
patient and be discharged to go home a few days after admittance. The advantages of using
this method is that the predictive probability analysis can be updated each time as the data is
being modelled and produce a mechanism where decision making can be made directly
while observing the variables that are being tested and whether they are directly influence
the positive or negative result, where in this study the result will be whether the patient
discharge outcome is favorable when administered a beta-blocker or not35, 36. There was a
strong correlation between age and eGFR and based on the nature of this RLDA
algorithm when age and eGFR, however we were not able to effectively test the eGFR in
relation to ethnicity and gender because the dataset was not sufficient to for observing the
renal function during the experimental procedure. Previous research indicates that many
6

elderly patients were diagnosed with CKD based solely on the GFR but neglect to
monitor the renal function thus prohibiting us to further test this hypothesis due to the
lack of data that monitored the renal function systematically37.

Multiple hypothesis tests for cardiovascular disease
We did a multiple hypothesis test to compare the number of hospitalization dates for
atherosclerotic heart disease, acute myocardial infarction, congestive heart failure,
valvular heart disease, cerebrovascular accident / transitory ischemic attack,
peripheral arterial disease, arterial fibrillation, sudden cardiac arrest. We fail to reject
the null hypothesis at the alpha level of 0.05 that atenolol and metoprolol succinate
has the same discharge outcomes for patient who had acute myocardial infarction
primary diagnosis. The patients had a significant level of .964 that indicates that
whether a patient is given either atenolol or metoprolol succinate they will have the same
discharge outcomes in general. However, when it came to patients who were
hospitalized for all cardiovascular events we rejected the null since the significance
level was less than 0.05. This result is consistent with previous work done where
treatment with beta-blockers improved all-cause mortality in the CKD patient
population38-40.

Previous research indicates that patients who are treated with beta-blockers after
myocardial infarction denoted as primary diagnosis 2 have better outcomes but this
could not be verified in this dataset as only 1% of the patients who had AMI were
treated with metoprolol and a half of a percentage with atenolol41. However, patients
with congestive heart failure had better outcomes when treated with beta-blockers
where metoprolol has a slight advantage over atenolol with the p-value of 0.001 at the
0.05 significant level which has been indicated in previous research about congestive
7

heart failure patients42-44. Evaluating the discharge codes for only ischemic events we
failed to reject the null hypothesis at the 0.05 significance level as the p-value was
0.08 that generic drug atenolol has better diagnostic outcomes or vice versa.

We separated the patients by sex to evaluate whether they would have better
outcomes, Figure 2. Based on the sex of the patient, males had better outcomes on
beta-blockers than the female population. There was significant evidence that the sex
of the patient had a better diagnostic outcome on atenolol than metoprolol. Whether
on a beta-blocker or not the outcome for males were better than their female counter
parts. When observing the statistics for congestive heart failure, diagnostic code , the
female population was diagnosed less with congestive heart failure, which is
consistent with studies done by other researchers and thus could lead to the false
positive that males do better45, 46. Multiple studies indicate that the progression of
disease and mortality of the aging patient population worsened, however there was
no significant evidence that aging patients had better diagnostic outcomes on
atenolol than metoprolol37, 47, 48. Although, when age and ethnicity was combined
there was a slight increase in the better outcomes category for atenolol in male
African American patient population. This is consistent with previous research that
was conducted that indicates that African American males had higher diagnosis in
cardiovascular disease than other groups and were therefore the highest group in this
patient population43, 48, 49.
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Materials and methods

Data Source - USRDS
We obtained the data files from United States Renal Data Systems (USRDS) in sas
format. A total of 67 GB of data from USRDS through MBOX hosted at the University
of Michigan. The files were packaged in SAS format in compressed zip folders see
Table1. Although we have received seven different categories of the files some of the
files overlapped and thus producing repeated files in several of the categories except for
the CROWNWEB data which contains entries from dialysis facilities and an overall
medical patient history and the prescription drug event (PDE) files which contain the
prescription drug information that the patient has been on from 2010 – 2013. The
Clinical Performance Measures files contain all the information of the dialysis patients’
quality of care with the dialysis facility information. The ESRD Claims file contains all
the claims of patients who are at the last stage of kidney disease including their
hospitalization information, whereas the Medicare Claims Clinical file includes all the
clinical data of the patients who are on Medicare Part D which includes hospital,
transplant and dialysis information. The Hospital folder contained two hospitals files the
first the entire USRDS patient hospital information up to 2009 and the second file
contained patient hospitalization from 2010 onwards. The transplant file contains data
on patient transplant information, those who are on the waiting list for a transplant and
those who have received transplants and their status. The core folder included other
supporting data files such as the medical evidence patient files that contain patient
information such as gender, first diagnosis of kidney disease and other comorbidities.

Conversion of data
Used python to convert the files from SASBDAT files to CSV see appendix Table 2 for
9

the sizes and description of the files. The metadata used from these files contained
columns variables which ranged from Patient_ID, age, race, ethnicity, etc. see
appendix Table 3. The unique patient ID has multiple rows as some of the patients
were hospitalized more than once and this caused an issue with the rows repeating.
To overcome this, we assigned a unique internal HIVE_ID to each row and this gave
each row a unique value to be assessed more accurately.

Building a working dataset
We combined the Hospital2010On file with the prescription drug files from 2010 – 2013
and the 2005 on Medical evident files, Table 2. To create the working dataset we ran a
few models to using python scripts to clean out the columns and rows and also a set of
ICD-9 codes on GitHub to match the rows. This produced a table that could easily be
formatted in various statistical analysis software such as R, IBM spss and SAS. Although
the code on GitHub was created to use R programming, the code ran for several days
and we thus used a python script that ran for only six hours. We used RLDA to evaluate
the most significant variables that correlates with the hypothesis that we wanted to test.
IBM spss was used to run all the statistical analysis through Colonial One, a GW server.
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Conclusion

We analyzed data obtained from USRDS to evaluate whether there was any
significant difference in discharge outcomes in patients who has end-stage renal
disease with cardiovascular disease as a primary diagnosis to hospitalization and were
administered beta-blockers, atenolol and metoprolol succinate. We evaluated whether
atenolol and metoprolol succinate had the same outcomes when administered to the
patient population. It was determined that there was no significant difference in
discharge outcomes in ESRD patients with acute myocardial infarction whether they
were administered atenolol or metoprolol succinate. However, in the patients who
were admitted to the hospital with congestive heart failure as a diagnosis experienced
slightly better discharge outcomes when on metoprolol succinate.

Males in general had a better outcome in discharge outcomes whether they were on
beta-blockers or not. The data did also indicate that there was a significant difference
between atenolol and metoprolol succinate. There was no significant evidence in the
data that patients had better diagnostic outcomes with age. Combining age and
ethnicity showed an increase in significance level where the African American male
had better outcomes on atenolol then metoprolol succinate.

Although the data indicates that there are significant information that atenolol can be
more beneficial in the ESRD-CVD African American male aging population more
research needs to be conducted to evaluate the factors that contribute to these results.
In order to examine this data further we are building a model to compare and match all
the patient comorbidities and account for age in increments of ten years versus fifteen
years done in this analysis.
11

Tables

Table 1 – Raw USRDS data files downloaded from MBOX.
The raw data files obtained from USRDS were compressed into smaller files. The files
were compressed into one or two files but when opened there were more sub files that we
converted from sas to csv.
Table 1: Raw Data Summary from USRDS
Type of files/data
Format of
Size of each individual
Clinical
SAS
Min 800 MB-Max10 GB
Performance
CROWNWeb
SAS
3.5 GB
ESRD Claims
SAS
1 GB – 5.3 GB
2015 Medicare
SAS
Min 4.5 GB – Max 1.8 GB
Claims Clinical
2015 Hospital
SAS
Min 2.7 GB – Max 15.4GB
2015 Transplant
SAS
Min 381 KB – Max 9.2GB
2015 Core
SAS
Min 166 KB – Max 2.5 GB
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Number of
2
1
46
1
1
1
1

Table 2 – The number of patients isolated from the data files in USRDS after
converted.
The tabular data sets were used to isolate the desired pieces of data in order to
determine whether the data was sufficient to carry on with the experiment. We started
with three separate hospital, prescription drug and medical evidence patient files and
extracted all the cardiovascular disease primary diagnostic codes to create a
combined file which contained data from the three separated files. We then extracted
the patients who were administered beta-blockers from the file and then extracted the
different beta-blockers from the beta-blocker file.

Table 2: Comprehensive files
File Name
Number of patients
Hospital 2010 from 2010 - 2013
714, 889
Prescription Drug Enrollment 2010 - 2013
638, 940
Medical Evidence
100, 954
Combined File
Created hospital, Med evidence
17, 753
Beta Blocker file
Number of patients
8, 660
Cardiovascular disease and beta-blocker file
Cardiovascular disease beta-blocker
3, 311
Metoprolol Succinate
2, 342
Carvedilol
7
Atenolol
406
Metoprolol Tartrate
1,191
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Figures

Figure 1 - Distribution of beta-blockers by ethnicity
The figure indicates a list of specific beta-blockers versus the ethnicity of the patient.
The x-axis indicates the ethnicity of the patient. The y-axis indicates the counts of each
of the beta-blockers administered to patients.
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Figure 2 – Distribution of beta-blockers by gender
This figure denotes the number of beta-blockers administered to males and females.
The x-axis indicates the beta-blockers administered. The y-axis indicates the counts of
males and females who received the beta-blockers.
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Figure 3 – Patient Discharge codes as per hospital codes
The patient discharge codes corresponding with each beta-blocker. The discharge
codes are indicated in numbers where 1 denotes that the patient was discharged to go
home, 2 – discharged to other short term general hospital for inpatient care, 3 –
transferred to a skilled nursing facility (SNF), 4 – transferred to intermediate care facility
(ICF), 5 – transferred to another institution for inpatient care, 6 – transferred to home
care of organized home health service organization, 7 – left against medical advice, 20
– expired, 30 – still a patient, 50 – home hospice, 51 – medical facility hospice, 62
discharged to inpatient rehabilitation facility, 63 – transferred to long term hospital care,
65 – transferred to psychiatric hospital, 70 the patient was transferred to an undefined
health care institution.
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Figure 4 – Patient Primary Diagnostic Codes for Cardiovascular Disease
The frequency of the cardiovascular primary diagnosis that the patients were admitted to
the hospital for. The first code denoted as 1 was assigned to patients with ASHD, 2 –
AMI, 3 - CHF, 4 – HD, 5 – CVA/TIA, 6 – PD, 7 – AFIB and 8 – SCA/VA.
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Supplementary materials

USRDS Selective Data Summary Report
Data Source: United States Renal Data Systems (USRDS)
Experimental Unit: Study Medicare End Stage Renal Disease (ESRDS) patient
population cohort.
This report contains CSV file information and column headers and number of
rows for the following files:
1.
2.
3.
4.
5.
6.

Hospital files
PDE Part D Prescription Drug Enrollment Claims
IN (Institutional Claims) Files
PS (Physician/Supplier) Files
PAYHIST
MEDEV05

Supplementary Table 1 contains the raw information as it was downloaded from
MBOX.
Table 1: Raw Data Summary from USRDS
Type of files/data
Format of files
Clinical
Performance
CROWNWeb
ESRD Claims
2015 Medicare
Claims Clinical
2015 Hospital

SAS

2015 Transplant

SAS

2015 Core

SAS

SAS
SAS
SAS
SAS
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Size of each
individual file
Min 800 MBMax10 GB
3.5 GB
1 GB – 5.3 GB
Min 4.5 GB – Max
1.8 GB
Min 2.7 GB –
Max 15.4GB
Min 381 KB –
Max 9.2GB
Min 166 KB – Max
2.5 GB

Number of files
2
1
46
1
1
1
1

Supplementary Table 2 contains information of the opened files as they
were in SAS format and then converted into CSV.
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Supplementary Table 3 – Statistical tests
Output data from IBM spss to test the significance of the data sets under different
conditions.
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Supplementary Figure 1 – Top 100 drugs given to the CKD patient population.
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Supplementary Figure 2 – Discharge status for the eight cardiovascular events
analyzed.
The x-axis denotes the patient discharge status. The y-axis denotes the frequency of the
cardiovascular disease.
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