WALDEN
UNIVERSITY

A higher degree. A higher purpose.

Walden University
ScholarWorks

Walden Dissertations and Doctoral Studies

Walden Dissertations and Doctoral Studies i
Collection

2018

Catheter-Associated Urinary Tract Infection in
New York and North Carolina

Kehinde O. Abiodun
Walden University

Follow this and additional works at: https://scholarworks.waldenu.edu/dissertations

b Part of the Epidemiology Commons, Health and Medical Administration Commons, and the
Public Health Education and Promotion Commons

This Dissertation is brought to you for free and open access by the Walden Dissertations and Doctoral Studies Collection at ScholarWorks. It has been
accepted for inclusion in Walden Dissertations and Doctoral Studies by an authorized administrator of ScholarWorks. For more information, please

contact ScholarWorks@waldenu.edu.


http://www.waldenu.edu/?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.waldenu.edu/?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissertations?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissanddoc?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissanddoc?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.waldenu.edu/dissertations?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/740?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/663?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/743?utm_source=scholarworks.waldenu.edu%2Fdissertations%2F4768&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ScholarWorks@waldenu.edu

Walden University

College of Health Sciences

This is to certify that the doctoral dissertation by

Kehinde Abiodun

has been found to be complete and satisfactory in all respects,
and that any and all revisions required by
the review committee have been made.

Review Committee
Dr. Namgyal Kyulo, Committee Chairperson, Public Health Faculty
Dr. Howell Sasser, Committee Member, Public Health Faculty
Dr. Loretta Cain, University Reviewer, Public Health Faculty

Chief Academic Officer
Eric Riedel, Ph.D.

Walden University
2018



Abstract

Catheter-Associated Urinary Tract Infection in New York and North Carolina

by

Kehinde O. Abiodun

MSN, University of Phoenix, 2012
MSc, Bowie State University, 2002

BSc, Obafemi Awolowo University, 1989

Dissertation Submitted in Partial Fulfillment
of the Requirements for the Degree of
Doctor of Philosophy

Public Health

Walden University

January 2018



Abstract
In the United States, many hospitalized patients with indwelling urinary catheters acquire
catheter-associated urinary tract infections (CAUTI) during their hospital stay. CAUTI
negatively affects peoples’ health and quality of life and causes a financial burden to
individuals and the nation. The purpose of this quantitative cross-sectional study was to
explore the relationship between gender, age, and hospital types and CAUTI incidence in
New York and North Carolina over a 3-year period. The theoretical framework of choice
was the Donabedian model. Simple logistic regression and hierarchical multivariable
logistic regression analysis were performed on archival data that was requested from
Healthcare Cost and Utilization Project (HCUP) agency. According to the findings, males
(n=61,040) were at a higher risk of developing CAUTI compared to female (n = 66,792)
(» <.001) in New York and North Carolina between 2012 and 2014. The odds of getting
CAUTI were much higher among age > = 45 compared to the < 17 years. These findings
fit in with previous literature identifying age and gender as having a significant
relationship with CAUTI occurrence. The outcomes in this study may guide the
formulation of policies that are age-appropriate, gender-specific, and facility-tailored to

reduce the incidence of CAUTI.
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Chapter 1: Introduction to the Study

Urinary tract infection (UTI) is caused by disease-causing organisms in the
ordinarily sterile urine or tissues of the genitourinary tract involving the bladder, the
kidneys, and urethra (Center for Disease Control and Prevention [CDC], 2015). When
UTI results from the introduction of an indwelling catheter into the bladder for urine
drainage, the diagnosis is called catheter-associated urinary tract infection (CAUTI,
CDC, 2015). The CDC (2015) defined CAUTI as clinical symptoms and laboratory
evidence of UTI in a patient who has had an indwelling urethral catheter in place for
more than 2 days. Patients with CAUTI feels ill; have a temperature; rigidities; change in
mental status; weakness; flank pain; and an unset of blood in urine, pelvic pain, and
difficulty or frequent urination, or suprapubic pain or tenderness. CAUTI is clinically
diagnosed by =>103 colony forming units (cfu)/mL of => to bacterial species in a single
catheter urine specimen or in a midstream-voided urine specimen from a patient whose
urethral, suprapubic, or condom catheter has been removed within the previous 48 hours.
Patients in health care facilities such as acute care hospitals, surgical centers, end-stage
renal disease facilities, long-term care facilities, nursing homes, and rehabilitation centers
that have an indwelling urinary catheter inserted are at risk of developing CAUTI (Weber
et al., 2011).

Some patients require the insertion of the indwelling urinary catheter for medical
treatments. Magill et al. (2014) found that 23.6% of 183 surveyed U. S. hospitals use
indwelling urinary catheter during patient care. In 2011, National Healthcare Safety

Network (NHSN) reported that 45-79% of patients in adult critical care units had an



indwelling catheter. Dudeck et al. (2013) claimed that 17% of patients receiving an
indwelling urinary catheter are in medical wards, 23% in surgical units, and 9% on
rehabilitation departments.

The disease-causing microorganisms associated with CAUTI include bacteria,
fungi, viruses, and other pathogens, and the insertion of a urinary catheter is one of the
risk factors of CAUTI(Carter, Reitmeier, & Goodloe, 2014). The infectious agents
migrate into the bladder through the catheter tubing that as a result of the improper
insertion of the catheter, obstruction of the flow of urine, or accumulation of urine in the
bladder that increases the growth of microorganisms (Carter et al., 2014).

CAUTI is the most frequently seen hospital-acquired infection (HAI) in the
United States with approximately one in every five patients admitted to an acute care
hospital who had an indwelling urinary catheter (Saint, Meddings, Calfee, Kowalski, &
Krein, 2009). More than 12% of adult hospital inpatients have an indwelling urethral
catheter during their hospital stay, and indwelling urethral catheters account for 70%-
80% of UTI with a daily risk of 3% to 7% CAUTI (Weber et al., 2011; Weinstein et al.,
1999).

In Chapter 1, I addressed the background of CAUT]I, the purpose of the study,
research questions and hypotheses, theoretical framework, and the nature of the study.
This chapter also includes an overview of the study, assumptions, scope, limitations,
delimitations, the significance of this research study, and implications for positive social

change.



Background

CAUTI is a HAI that continually challenges the quality of health care services
despite the increasing evidence that CAUTI is preventable with the use of evidence-based
practices (Umscheid et al., 2011). From 1990 to 2002, CAUTI accounted for 32% of all
HAIs, making it the most frequent type of infection experienced in the hospital with
approximately 449,000 CAUTI incidences at an estimated cost of $450 million yearly in
the United States (Klevens et al., 2007). According to the CDC (2012), 15% -25% of
hospitalized patients receive indwelling urinary catheters during their hospital stay, and
75% of acquired UTIs in the hospital are associated with an indwelling urinary catheter.
Two-thirds of patients in intensive care units and one-fifth of patients on medical-surgical
units have indwelling urinary catheters during their hospital stay (Dudeck et al., 2011).

The CDC also estimated that 600,000 hospital patients develop UTI annually with
80% being CAUTI and complications including secondary bloodstream infections, a 10%
mortality rate, and increased number of hospital days stay by 2-4 days, and antimicrobial
overuse (Campbell, & Moore, 2016). HAIs including CAUTTI in North Carolina cost
$124-$348 million each year in direct expenditures (Anderson, Pyatt, Weber, Rutala, &
North Carolina Department of Public Health HAI Advisory Group, 2013).

According to the 2012, 2013, and 2014 CDC Hospital Acquired Infection (HAI)
Progress Report, there was a 3% increase in CAUTI between 2009 and 2012, with 16
states performing worse than the national standardized infection ratio (SIR). Table 1
below shows the comparison of CAUTI’s SIR for New York and North Carolina with the

national SIR in 2012, 2013, and 2014.



Table 1

Progress Report of CAUTI’s SIR in New York and North Carolina Compared to the
National SIR CAUTI Incidence in 2012, 2013, and 2014

State Year Number of National State SIR  State SIR vs
Reporting Hospitals SIR National SIR
New York 2012 175 1.03 1.36 36%
2013 153 1.06 1.26 26%
2014 149 1 1.15 15%
North
Carolina 2012 100 1.03 1.09 9%
2013 77 1.06 1.14 14%
2014 79 1 1.22 22%

Note. Progress report of healthcare associated infections (CDC 2012, 2013, and 2014).
Adapted from National and State Healthcare Associated Infections Progress Report
published in 2014, 2015 and 2016.

The National and State Healthcare-Associated Infections Progress Report (2014,
2015, 2016) noted a 36%, 26%, and 15% higher than the national CAUTI SIR in 2012,
2013, and 2014 respectively in New York hospitals. The CDC (2014, 2015, 2016)
indicated a 9%, 14%, and 22% higher than the national CAUTI SIR in 2012, 2013, and
2014 respectively compared to the national SIR in North Carolina hospitals, as shown in
Table 1. According to the New York State Department of Health (2013), there was a 56%
urinary indwelling catheter use in intensive care unit patients; 13% of urinary indwelling
catheters in the medical and surgical wards resulted in CAUTI at a rate of 2.6 infections
per 1,000 catheter days.

In the United States, about 50% of intensive care units do not have written

policies and protocols for the insertion of urinary indwelling catheters (Conway,
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Pogorzelska, Larson, & Stone, 2012). There should be policies on using portable bladder

ultrasound scanners, condom catheters for men with urinary incontinence, patient
reminders, or regular stop orders to prompt the removal of indwelling catheters (Conway
et al., 2012). Consequently, it has been a challenge to reduce CAUTI nationwide. There
is a need to develop effective policies and procedures for the prevention of CAUTI.

The Center for Medicare and Medicaid Services (CMS), CDC, the Healthcare
Infection Control Practices Advisory Committee (HICPAC), and the Joint Commission's
2012 National Patient Safety Goals identified evidence-based practices to reduce the
occurrence of CAUTIL. In 2013, the department of health and human services (DHHS)
reported a 9% increase in CAUTIs between 2010 and 2013. In an effort to reduce
CAUTI, the CMS has increased penalties for health care facilities with CAUTI
incidences.

Problem Statement

On a national level, CAUTI is the most common HAI in the United States
(Conway & Larson, 2012; Dudeck et al., 2013). Almost 25% of hospitalized patients
receive indwelling urinary catheters during their hospital stay (CDC, 2013a). About 75%
of UTIs occur in 15-25% of hospitalized patients who receive indwelling urinary
catheters during their hospitalization (CDC, 2013a). CAUTI is responsible for 35% to
40% of HAIs in the United States, and it costs health care organizations between $150
and $450 million annually (Institute for Healthcare Improvement, 2011).

In New York and North Carolina, health care facilities continue to have higher

numbers of CAUTI than the national baseline and hospitals. Both states reported higher



CAUTI rates between 2012 and 2014 compared to the national SIR (CDC, 2012, 2013,
2014). CAUTI affect the quality of life of patients. It causes burning or pain in the lower
abdomen, fever, burning sensation during urination, or an increase in the frequency of
urination (CDC, 2013a). CAUTI also increases the cost of health care services, length of
hospital stays, and the number of deaths during and after a hospital stay. There is also the
risk of antimicrobial resistance and Clostridium difficile infection in acute care facilities
when there is an improper management of CAUTTI (Trautner et al., 2009). The risk of
infection increases 3% to 5% each day an indwelling catheter remains in a patient with a
0.5 to 1.0 extended hospital day (Institute for Healthcare Improvement, 2011). There has
not been a study conducted on the factors that influence the incidence of CAUTI in New
York and North Carolina in 2012 to 2014, thus revealing a gap in the literature.
Purpose of Study

The goal of this study was to explore the relationship between CAUTI and
gender, age, and hospital types in New York and North Carolina over a 3-year period of
2012, 2013, and 2014. Data was collected from HCUP agency and was analyzed using a
quantitative cross sectional research method to accomplish this goal.

Research Questions and Hypotheses

The following three research questions informed this study:

RQ 1: Is there any significant relationship between gender and CAUTI incidence

in New York and North Carolina between 2012 and 2014?

Hol: There is no significant relationship between gender and CAUTI incidence in

New York and North Carolina between 2012 and 2014.
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Ha1: There is a significant relationship between gender and CAUTI incidence in
New York and North Carolina between 2012 and 2014.
. Dependent variable: number of CAUTI
. Independent variable: gender
. Statistical analysis: simple logistic regression and multivariable logistic
regression analysis.
RQ 2: Is there any significant relationship between age and CAUTI incidence in
New York and North Carolina between 2012 and 2014?
Ho2: There is no significant relationship between age and CAUTI incidence in
New York and North Carolina between 2012 and 2014.
H.2: There is a significant relationship between age and CAUTI incidence in New
York and North Carolina between 2012 and 2014.
* Dependent variable: number of CAUTI
* Independent variable: Age
 Statistical analysis: simple logistic regression and multivariable logistic
regression analysis.
RQ 3: Is there any significant relationship between hospital types categorized as
government- owned, private not-for-profit, and private for-profit, and CAUTI
incidence in New York and North Carolina between 2012 and 2014?
Ho3: There is no significant relationship between hospital types categorized as
government- owned, private not-for-profit, and private for-profit, and CAUTI incidence

in New York and North Carolina between 2012 and 2014.



H.3: There is a significant relationship between hospital types categorized as
government-owned, private not-for-profit, and private for-profit, and CAUTI incidence in
New York and North Carolina between 2012 and 2014.

* Dependent variable: number CAUTI

* Independent variable: Hospital types (government-owned, private nonprofit,

and private for profit).

* Analysis: analysis of CAUTI occurrences by hospital type reported in New

York and North Carolina between 2012 and 2014.

Theoretical Framework

The theoretical foundation upon which this study was based was the Donabedian
theory. This framework model has been used in health care service research to determine
the elements relevant to patients’ care quality (Aday, Begley, Lairson, & Balkrishnan,
2004). The Donabedian model is appropriate for this study because the model may be
used to explain how structure and process in each state, city, or jurisdiction could
determine the incidence of CAUTI outcome.

The first component of the Donabedian model is the structure. The structure
comprises all factors that affect the context of health care delivery and the physical
aspects of the organizational care settings (McDonald et al., 2007). The second part, the
process, consists of all actions that constitute health care delivery systems. The third
element, the outcome, refers to the effects of health care on the status of patients or

populations.



Structural elements

Characteristics of:

community
institution
provider
patient

Examples:

Figure 1. Donabedian’s model for quality assurance (Aday, Begley, Lairson, &

geographic location of facility
nurse-to-patient ratio
availability of technologies
hospital size

physician training

™

Outcomes

death

adverse events

readmissions to hospital

resource use (costs, length of stay in hospital)
patient satisfaction with care

quality of life

patient ability to function in daily activities

Process elements

. s & »

treatment process
stages of treatment
appropriateness
services process

Examples:

use of efficacious therapy
use of diagnostic tests
use of procedures
treatment delays
(including wait times)

7

Balkrishnan, 2004). Adapted from Donabedian, 2003.

sectional research method. The appropriateness in the choice of quantitative research
method stems from its extensive applicability, as well as its detailed presentation of

statistical descriptions of trends, opinions, and measures the level of occurrence of an

event (Creswell, 2014).

Nature of the Study

The Donabedian model provided the framework in this quantitative, cross-
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The dependent variable was CAUTI occurrences, and the independent variables
were gender, age, and hospital types namely government-owned, private nonprofit, and
private for-profit. Secondary data collected from HCUP were used to examine the
relationship between the occurrence of CAUTI and gender, the age of the patients, and
hospital types in acute care facilities in New York and North Carolina in 2012, 2013, and
2014. The literature review, theoretical framework, and statistical analysis were
conducted to determine if there was a significant relationship between the dependent
variable -CAUTI- and the independent variables of age, gender, and hospital types in
New York and North Carolina from 2012 to 2014.

Definitions and Key Terms

Acute care hospitals: Healthcare facilities that deliver care at an individual or
population level in a time sensitive manner and performed rapidly to promote health and
provide treatment. The patient receives active but short-term treatment for a severe injury
or episode of illness, an urgent medical condition, or during recovery from surgery.

Age: The patient age in years as calculated by the admission date to the hospital.

Agency for Healthcare Research and Quality (AHRQ): A U.S. government agency
that functions as a part of the Department of Health & Human Services (HHS) to support
research to help improve the quality of health care.

Catheter-associated urinary tract infection (CAUTI): A UTI that occurs by the
introduction of a catheter(s), or tubes, placed in the urethra and bladder.

Discharges: The unit of analysis for HCUP data is the hospital discharge (i.e., the

hospital stays), not a person or patient. An individual who is admitted to the hospital
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multiple times in 1 year will be counted each time as a separate discharge from the
hospital.

Gender: Patient sexual orientation coded as male or female at the time of
admission.

Healthcare Cost and Utilization Project HCUP): The nation’s most
comprehensive source of hospital data.

Hospital-acquired infection (HAI): HAIs are diseases that develop in hospital
patients’ after 48 hours of stay or within 30 days of release.

Hospital types: Categories as government owned (public), private not-for-profit
(voluntary) and private investor-owned (proprietary).

International Classification of Diseases - 9th Revision - Clinical Modification
(ICD-9-CM): All diagnoses (or conditions) and all procedures that patients receive in the
hospital are assigned an ICD-9-CM code. Codes for diagnoses can be up to five digits
long, and codes for procedures can be up to four digits long.

The National Healthcare Safety Network (NHSN): The NHSN is the United
States” most widely used health care-associated infection tracking system. Since 2009,
infection data have been reported to the NHSN to track the national progress of the
reduction of HAIs. The NHSN is a secure, Internet-based national data reporting system
that New York State (NYS) hospitals must use to report HAIs. The NHSN is managed by
the CDC’s Division of Healthcare Quality Promotion.

Nosocomial urinary tract infection: A disease of the UTI that develops in patients

while in health care facilities.
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New York: New York in this study refers to the New York State and not New

York City.

Standardized infection ratios (SIR): The primary summary measure used by the
National Healthcare Safety Network (NHSN) to track HAIs. SIR is calculated by the
number of observed infections divided by the number of predicted infections.

Urinary tract infection (UTI): A disease of one or more of the urinary tract

structures namely the kidneys, ureters, bladder, or urethra.
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Assumptions

The following were the assumptions made for this study: I adopted the structural
settings of the organizational resources. These resources included the facilities,
equipment, money and, human resources as in health care workers and of organizational
configuration as in medical staff organization, methods of peer review, and methods of
reimbursement (Donabedian, 2005). The process elements are the care services rendered
and received, including patients’ activities toward care that could be influenced by age,
and gender, and caregiver activities, such as diagnosis and recommending or
implementing treatment (Donabedian, 2005). The outcome elements addressed how a
patient’s health status is affected or influenced. Health status included patient
satisfaction, health improvement, and the patient’s knowledge of constructive changes in
the patient’s behavior.

Donabedian (2005) explained that health care providers include skilled workers,
financial resources, and administrative setting. The skills, proficiencies of the system's
administration policies, and clinical processes requires proper considerations because of
its influence on the patient's outcome (Campbell, Roland, & Buetow, 2000). Donabedian
also assumed that the organization's mission, vision, philosophy, beliefs and values,
employee motivation, and leadership skills and attributes contribute to the structure,
process, outcome model (Glickman, Baggett, Krubert, Peterson, & Schulman, 2007).

This study was based on data collected by the HCUP, which contains the most
extensive collection of longitudinal hospital care data in the United States. The medical

database is developed through a federal-state-industry partnership and is sponsored by the
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AHRQ. The HCUP database comprises data from states, organizations, hospital
associations, private organizations, and the federal government to create a national
information resource of encounter-level health care data.
Scope and Delimitations

In this study, I addressed the research questions concerning the possible
relationship between CAUTI and age, gender, and hospital types. The population of the
study included patients diagnosed with CAUTI during their hospital stay in New York
and North Carolina from 2012 to 2014. Delimitations of a study are characteristics that
limit the scope of the inquiry as determined by the conscious exclusion and inclusion
decisions made during the process of the research (Mitchell, Wirt, & Marshall, 1986). A
delimitation of this study was the use of secondary data collected and published by the
HCUP; the analyses were performed on data from New York and North Carolina. Given
the nature of the study and characteristics of the data available, a quantitative perspective
was undertaken. Finally, findings from the study were generalizable to only the states
specified in this study.

Strengths and Limitations

One of the strengths of this study lies in the research method. The cross-sectional
study provided a snapshot of the frequency of CAUTI in the population considered at a
given point in time. The sample size was sufficient to estimate the prevalence of the
conditions of interest with adequate precision.

One of the limitations of this study was the use of secondary data collected for

other purposes; moreover, the data on one of the independent variables were not available
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in the format that could be analyzed via statistic testing. Although it may be appropriate
to generalize findings to other states in the country, it may not be prudent to generalize
outcomes to all states. There could be significant microcultural differences in other states
that could directly affect the results of the study. There could also be factors associated
with CAUTI that were not known at the time of the study and may affect the outcome of
the study. Therefore, data accuracy is assumed but may limit the interpretation of the
findings.
Significance

In October 2016, the U.S. HHS announced new targets for the national acute care
hospital metrics to prevent HAI that included a reduction of CAUTI in intensive care
units and ward-located patients by 25%. As shown in Table 2, CAUTI had not changed
since the last target goal was made in 2013, and CAUTI was the least-expected reduction
goal for the new target set for 2020 by the CDC as shown in Table 3. This research has
provided statistical information on the relationship between CAUTI and each of age,
gender, and hospital type that could be helpful in solving the problem of CAUTIs’
frequent occurrence in acute care settings. This research fills the gap in the literature
regarding the lack of study of the possible relationship between CAUTI and age, gender,
and hospital types categorized as government owned, private not-for-profit, and private
for-profit. This study was intended to increase awareness among all health care providers
in New York and North Carolina regarding the need to implement effective evidence-

based practices related to indwelling catheterization of patients. The findings from this



study may be used to formulate policies within health care facilities to reduce and to

possibly eliminate CAUTI in these two states.

16



17
Table 2

Prevention of HAI Targets and Progress Made by 2014 as Reported by the CDC

Original target for 2013 Progress made by
Measure (and data source) (from 2009 baseline) 2014
CLABSI (NHSNY) 50% reduction 50% reduction
CAUTI (NHSN) 25% reduction No change
Invasive MRSA (NHSN/EIP) 50% reduction 36% reduction
Facility-onset MRSA (NHSN) 25% reduction 13% reduction
CDI (NHSN) 30% reduction 8% reduction
SSI (NHSN) 25% reduction 18% reduction
Clostridium difficile hospitalizations  30% reduction 18% increase

(HCUP?)
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Table 3

New Targets set for 2020 by the CDC

2020 Target (from 2015

Measure (and data source) baseline)

CLABSI (NHSN) 50% reduction
CAUTI (NHSN) 25% reduction
Invasive MRSA (NHSN/EIP) 50% reduction
Facility-onset MRSA (NHSN) 50% reduction
CDI (NHSN) 30% reduction
SSI (NHSN) 30% reduction
Clostridium difficile hospitalizations (HCUP) 30% reduction

Note: Improve patient safety DHHS, 2013). Adapted from the Office of Disease
Prevention and Health Promotion, Office of the Assistant Secretary for Health, Office of
the Secretary, U.S. Department of Health and Human Services

As indicated in Table 3 above, the new targets start from an updated baseline and,

in some cases, are more aggressive than the previous goals.

Summary
The insertion of an indwelling urinary catheter for and during medical treatment is
an unavoidable invasive procedure in health care facilities. Patients who have indwelling
urinary catheter are exposed to acquiring UTIs as a result of factors such as improper

insertion procedure and management of the catheter; hence, there is the concern for



19
patient safety. The knowledge of significant factors that influence CAUTI in New York

and North Carolina might trigger more research that may result in creating effective
policies for the reduction and elimination of CAUTI in these two states. In this chapter, I
focused on the background of the study, problem statement, and purpose of the study.
This section included the research questions, associated hypotheses, theoretical
framework for the study, a brief overview of the assumptions, scope, limitations, and
delimitations. There were also discussions on the significance of this study, as well as the
implications for positive social change. The detailed literature review is presented in

Chapter 2.
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Chapter 2: Literature Review
Introduction

With an annually estimated 2 million patients with HAI, reducing CAUTI is a
patient safety issue that must be addressed by health care providers (CDC, 2013a).
CAUTI in the United States is a significant health problem that continues to occur among
males and females, various age groups, and regularly in health care facility types.
Knowing the relationship between CAUTI and gender, hospital types, and age can help
decrease HAIL However, this study was limited to researching statistical occurrence and
possible reasons as to why the CAUTI persists; I did not compare geographic rates that
are in proximity with the goal of determining if any significant factor exists that may be a
common variable to the occurrence of CAUTIL In this chapter, I explain the literature
search strategy used for the study, why the theoretical framework applies to the study,
and the literature related to variables and concepts of the study.

Literature Search Strategy

In the literature review, I present a systematic and historical evaluation of the
research on CAUTI using electronic databases such as the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) database PubMed, Ovid/MEDLINE, ProQuest,
and the Cochrane Library. The keywords used in the search included urinary tract
infections, and indwelling urinary catheters. Research criteria included published
research in the English language describing experimental or observational studies and
literature on current strategies and interventions to reduce or prevent hospital-acquired

CAUTIL. Exclusion criteria included publications on occasional catheterization,
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suprapubic, nephrostomy tubes, and noncatheter-related urinary tract infection (UTI).

This literature review consists of the evaluation of recommended clinical practice

guidelines within the last 5 years that apply to decreasing the occurrence of CAUTL
Theoretical Foundation

The theoretical foundation for this study was the Donabedian model developed by
Donabedian as a structure-process-outcome theory. The focus of this theory is on
improving quality outcomes in health care facilities. The Donabedian framework is
frequently used in the quality of care research. This framework is used to assess the
quality of care because it is flexible for health care conditions, such as the use of
indwelling urinary catheters to care for patients in health care facilities (Dimick, 2010).
Donabedian (1980, 1990) included patients’ satisfaction and other attributes that define
the quality of health care.

Dimick (2010) explained that although there are different types of quality
measurements, quality measures can be classified into one of Donabedian three
dimensions to measuring health care quality. The model has been used in health care
service research to determine the elements that are relevant to patients’ care quality
(Aday et al., 2004). The Donabedian model applies to this study because it can be used to
explain how structure and process in each state, city, or jurisdiction could determine the
outcome of health care services.

An organization with the right structure and process will produce a better outcome
(Donabedian, 1985). The Donabedian model divides concepts into three components:

structure, process, and outcome (Figure 1). The first element of the Donabedian model is
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the structure. The structure comprises all factors that affect the context of health care
delivery and the physical aspects of organizational care settings (McDonald et al., 2007).
Examples of the structure include; facilities, equipment, personnel, operational, and the
financial processes that support health care delivery.

The second component, the process, consists of all actions that constitute health
care delivery systems (Donabedian, 1985). The focus of the process is on the care
delivered to the patient, the communication, and the collaboration between patients and
health care providers (Donabedian, 2003). Examples of the process are services and
treatments. Having the knowledge of the relationship between CAUT]I, age, and gender
may improve the interaction between patients and health care providers for a CAUTI-free
stay in health care facilities.

The third component of the Donabedian model, the outcome, refers to the effects
of health care on the status of patients or populations. Donabedian (2005) recognized that
attempts to measure health care quality comes with challenges. One such problem was
how to take into consideration the unique nature of the individual patient and the resultant
complexities of tailoring care to accommodate the uniqueness of the patients. One
attempt to take care of the uniqueness of care is to measure whether or not a minimum
standard of care for the population is met rather than measuring quality on a continuum
from weak to excellent. Donabedian specified two requirements in the model. First, there
is the need to assess the interdependent influences of structure and process on the
outcome, as well as to control the characteristics of the patient population during the

delivery of care. Although some health care researchers believe that the Donabedian



23

model may need revision, the model continues to help guide policymakers, quality
measure developers, and users to improve health care outcomes (Dimick, 2010). There is
need also to put the characteristics of patient population into perspective, as in male or
female, children, adults, or the elderly when providing health care services (Dimick,
2010). I used the Donabedian platform to examine the relationship between CAUTI, age,
gender, and hospital types in two states for a period of 3 years, 2012 to 2014.
Historical Background

One of the earliest reports on CAUTI dated back in 1883 with Clark’s “catheter
fever” findings. Clark discovered that healthy, middle-aged men with no prior disease
were stricken by fever after the use of an indwelling urinary catheter, and some of them
died. Levine (1964) established that using a urethral catheter is an established health risk
device despite its usefulness. Stamm (1975) conducted research on more than 400,000
patients with an indwelling urinary catheter in the United States and showed that the most
common HAI infection was CAUTI. Stamm indicated that CAUTI increases morbidity,
extends hospital stay, increases the cost of hospitalization, and increases mortality as a
result of Gram-negative septicemia. Indwelling urethra catheterization have also been
associated with risks such as CAUTI; yet, Jansen et al. (2012) indicated that about 14—
38% of the indwelling urethra catheters placed in hospitalized patients are inserted
without a medical indication.

Pathogenesis
The source of the microorganisms causing CAUTI can be endogenous, typically

via meatal, rectal, or vaginal colonization or exogenous (such as via equipment or the
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contaminated hands of health care personnel) (CDC, 2005). A urinary catheter provides a
portal of entry into the urinary tract. Bacteria may ascend into the tract via the external or
internal surface of the catheter. Characteristics of each method of ascension are identified

below in Figure 2.

Indwelling Urinary Catheter:

Entry Pathways for Microbes!

Bladdar

= Entry during
insertion

* Bacteria movement
up the catheter

Urethra
[Urinaery it
Enlrance)

Breaks in the catheter tubing
or drainage bag

Urine Drainage Bag | ‘
* Contamination of the catheter
_ tubing or drainage bag

Figure 2. Diagram of the routes of entry of uropathogens to catheterized urinary tract.
Adapted from Maki and Tambyah, Emerg Infect Dis 2001;7:1-6.

The insertion of the catheter into the bladder through the urethral may introduce
pathogens into the bladder, and a contaminated drainage tube attached to the collection
bag may serve as a source of the disease-causing microorganism to migrate into the
bladder through the collection tube (Barford & Coates, 2009). The urine that remains in
the bladder of catheterized patients encourages the pathogens to adhere to the epithelial

cells of the urinary tract and the surface of the catheter. The surface of the catheter thus
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becomes resistant to the patient’s immunity and antibiotics (Barford & Coates, 2009).
The indwelling urinary catheter may irritate the epithelium of the bladder, resulting in
inflammation and infection of the wall of the bladder. Other undesirable outcomes of
indwelling urethral catheter include serving as a source of infection (especially after
many days of the catheter in the bladder), nonbacterial urethral inflammation, urethral
strictures, and mechanical trauma (Hooton et al., 2010).
Diagnosis

CAUTI is diagnosed when the signs and symptoms of UTI are present in patients
with an indwelling urinary catheter with no other identified source of infection. There has
to be more than 103 colony forming units (cfu)/mL equal or greater than one bacterial
species in a single catheter urine specimen or a midstream voided urine specimen from a
patient whose urethral, suprapubic, or condom catheter has been removed within the
previous 48 hours (Hooton et al., 2010). A CAUTI patient does not show typical
symptoms associated with UTI, such as dysuria, frequent urination, and urgent urination;
yet, symptoms may occur after the removal of the indwelling urinary catheter (Tambyah
& Maki, 2000). Signs and symptoms associated with CAUTI include high temperature,
change in mental status, tiredness, side pain, sudden blood in urine, pelvic pain, and
difficulty and pain with frequent urination in patients post indwelling catheterization
(Hooton et al., 2010).

Risk Factors
The length of time that an indwelling urethral catheter remains in situ has been

found to be a risk factor in the development of CAUTI. Frequent indwelling urinary
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catheter placement gender, age, and management closed drainage system increases the
risk of CAUTI (Gould, Umscheid, Agarwal, Kuntz, & Pegues, 2010). Disease
comorbidity and measures (ie., neutropenia, renal disease, and gender) could contribute
to CAUTI (Greene et al., 2012). There is a 3—7% daily risk of acquiring CAUTI when an
indwelling urinary catheter is in place, and the risk is higher for women and older
individuals (Hooton et al., 2010).

Alternatives to indwelling urethral catheterization include intermittent
catheterization; suprapubic catheterization; and the use of external collection devices,
including condom catheters, diapers, or pads. De Ruz, Leoni, and Cabrera (2000)
indicated a decrease in the incidence of CAUTI among patients at the same institution
with condom catheters or indwelling urethral catheters.

A suprapubic catheter is used for bladder drainage in patients with the benefit of
decreasing CAUTI incidence, lowering the risk of urethral trauma and structure and
allowing patients to try normal urination (Hooton et al., 2010). In a review of published
studies comparing urethral and suprapubic catheters in patients undergoing colorectal
surgery, Branagan and Moran (2002) showed that CAUTI was more prevalent in the
patient with indwelling urethral catheterization along with more repetition of
catheterization and discomfort. Comorbidity risk factors associated with CAUTI includes
prolonged catheterization, use of systemic antibiotics, diabetes mellitus, higher risk
compared to males, preexisting conditions such as malnutrition, and elevated creatinine

(Nicolle et al., 2005).
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Effects of Catheter-Associated Urinary Tract Infection

Clinical procedures and treatment interventions in hospitals have been associated
with increased mortality rates in elderly patients with hospital-acquired CAUTI. A case-
control study was done on 681patients 65years and above admitted during a 3-year period
with hospital-acquired CAUTI; Schroeder (1998) showed a significant interaction
between genitourinary disease and invasive treatment procedures. Hospital-acquired
CAUTI was associated with an increased hospital stay and excess hospitalization costs
postsurgical procedure as a result of an average of 2.4 more days in the hospital costing
$558 per patient (Givens & Wenzel, 1980). Early detection and intervention in patients of
advanced age with severe underlying and debilitating disease will reduce the effects of
CAUTI on the patients, as well as the cost of treatment (Schroeder, 1998). The
consequences of using indwelling urinary catheters include increased patient
hospitalization from 11,742 in 2001 to 40,429 in 2010, a financial burden that has cost
the United States $213 million to $1.3 billion in the same 10-year period (Colli, Tojuola,
Patterson, Ledbetter, & Wake, 2014). The indwelling urinary catheter can cause medical
complications such as septicemia, which increased from 21 % in 2001 to 40 % in 2010
(Colli et al., 2014).

Evidence-Based Practices to Decrease CAUTI

Recommended techniques and methods can be implemented to prevent CAUTL
Among these methods is employing computer technology to prompt health care
providers’ discontinued use of indwelling urinary catheter and infection control strategies

such as proper hand washing and aseptic techniques (Rosenthal et al., 2012). All of these



can factors be significant in the reduction of CAUTI if adequately implemented
(Rosenthal et al., 2012).

Arcury et al. (2005) conducted an analytical study on the importance of
geography and spatial behavior’s influence on rural health care use, controlling for
demographic, social, cultural, and health status factors. Arcury et al. used a 3-stage
sampling design stratified by county and ethnicity. Arcury et al. showed continuing
inequity in rural health care use that must be addressed in public policy.

More than 65% of CAUTI casa are preventable with current, evidence-based
strategies using comprehensive application of guidelines, such as hand hygiene and
proper aseptic insertion techniques (Umscheid et al., 2011). Clinical indications and
patient factors (such as age, gender) and organizational factors (including facility

resources and policy) are significant determinants of the use and management of

indwelling urinary catheter (Murphy, 2014). Understanding interventions to reduce the

initial placement of indwelling urinary catheters is substandard, and there is a lack of
agreement on when the benefits of indwelling urinary catheter use outweigh the risks

(Murphy, 2014). Patients in a medical intensive care unit who had indwelling urinary
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catheters showed a significant reduction in the incidence of CAUTI with a decrease in the

length of days of an indwelling urinary catheter in the patient (Elpern et al., 2009).

Evidence-Based Practice (EBP) is the application of recently proven best methods

of practices such as patient care in healthcare delivery. In medical care, EBP employs a

clinical approach to solving the problem using research evidence with proven skill and

patient-centered inclinations (Poilt & Beck 2012). EBPs have been proven to reduce and
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prevent CAUTI. Some studies have endorsed the early removal of urinary indwelling
catheters to avert CAUTI occurrences. Bernard, Hunter, and Moore (2012) found that
nurse-led or chart reminders to periodically assess the continued need of urethral
indwelling did reduce the number of days of catheterizations, and consequently the
incidence of CAUTL

Lo et al. (2008) employed a pre-post intervention strategy to study the effect of
number of catheter days and the incidence of CAUTI. EBP guidelines suggested by the
Society for Healthcare Epidemiology of America (SHEA) and Infectious Disease Society
of America (IDSA) was used to revise the hospital policy on the insertion and care of
indwelling urinary catheters (Lo et al., 2008). The outcome of the study decreased the
number of indwelling urinary catheter use days from 3.01 to 2.2 on the surgery unit and
from 3.53 to 2.7 on the medical ward (Lo et al., 2008).

Clark et al. (2013) studied bundling interventions comprising four actions: the use
of a securing device after indwelling catheter insertion, choosing silver alloy catheters,
ensuring that catheter tubing is off the floor and removal of the indwelling urinary
catheter by day two in postoperative patient. The result showed a clinically significant
decrease in CAUTI (Clarke et al., 2013). CAUTI pre-intervention period decreased from
5.2 per 1,000 catheter days to 1.5 per 1,000 catheters days’ post-intervention (Clarke et
al., 2013).

Government Intervention to Decrease CAUTI
The CDC (2015) has surveillance processes associated with CAUTI that comprise

specific criteria to detect and report CAUTI as well as required guidelines for caregivers.
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CDC guidelines as listed in Table 4 include measures for using an indwelling urethral
catheter on patients, insertion methods that should be employed to maintain indwelling
urethral catheter, quality improvement programs, administrative infrastructure, and
surveillance strategies (CDC, 2009). Category 1B is a strong recommendation supported
by low quality evidence suggesting net clinical benefits or harms or an accepted practice
(e.g., aseptic technique) supported by low to very low-quality evidence and 1.B. Consider
using alternatives to indwelling urethral catheterization in selected patients when

appropriate.
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Table 4

CDC-Appropriate Urinary Catheter Use Guidelines for Prevention of Catheter-
Associated Urinary Tract Infections

# Recommendation Category

LA. Insert catheters only for appropriate indications (see Table 2 for 1B
guidance), and leave in place only as long as needed.

LA.1. Minimize urinary catheter use and duration of use in all patients, 1B

particularly those at higher risk for CAUTI or mortality from
catheterization such as women, the elderly, and patients with
impaired immunity.

LA2. Avoid use of urinary catheters in patients and nursing home residents 1B
for management of incontinence.
LA2. a. Further research is needed on periodic (e.g., nighttime) use of No
external catheters (e.g., condom catheters) in incontinent patients or recommendation/
residents and the use of catheters to prevent skin breakdown. unresolved issue
LLA.3. Use urinary catheters in operative patients only as necessary, rather 1B
than routinely.
LLA4. For operative patients who have an indication for an indwelling 1B

catheter, remove the catheter as soon as possible postoperatively,
preferably within 24 hours, unless there are appropriate indications
for continued use.
LB.1. Consider using external catheters as an alternative to II
indwelling urethral catheters in cooperative male patients
without urinary retention or bladder outlet obstruction.

IB.2. Consider alternatives to chronic indwelling catheters, II
such as intermittent catheterization, in spinal cord injury
patients.

I.B.3. Intermittent catheterization is preferable to indwelling II

urethral or suprapubic catheters in patients with bladder
emptying dysfunction.

1.B.4. Consider intermittent catheterization in children with II
myelomeningocele and neurogenic bladder to reduce the
risk of urinary tract deterioration.

L.B.S. Further research is needed on the benefit of using a No
urethral stent as an alternative to an indwelling catheter recommendation/
in selected patients with bladder outlet obstruction. unresolved issue
I.B.6. Further research is needed on the risks and benefits of No
suprapubic catheters as an alternative to indwelling recommendation/

urethral catheters in selected patients requiring short- or unresolved issue
long-term catheterization, particularly for complications
related to catheter insertion or the catheter site.

Note: Adapted from Centers for Disease Control and Prevention National Center for
Emerging and Zoonotic Infectious Diseases (NCEZID) Division of Healthcare Quality
Promotion (DHQP)
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Effective from January 1, 2012, the Joint Commission established National
Patient Safety Goal (NPSG) 07.06.01 to implement EBPs to prevent indwelling urinary
CAUTI. The first recommendation is for healthcare facilities to have systems in place
that assess the need for indwelling urinary catheter use to reduce its use. (The Joint
Commission, 2012). The Institute of Healthcare Improvement recommended the use of
aseptic techniques during insertion of indwelling urinary catheters.

In 2009, the CDC directed healthcare facilities to use indwelling urethral catheters
for critically ill patients with acute urinary retention or bladder outlet obstruction. It is
also recommended for patients undergoing surgery of the genitourinary tract when intake
and urinary output measures are needed to enhance healing of open sacral or perineal
wounds in incontinent patients. The use of indwelling urethral catheters is also
recommended for patients who needs to remain immobilized for a long period of time
and for improved comfort in end of life care. The CDC guidelines also direct that
indwelling urethral catheter should not be used as an alternative for providing care for
incontinent patients. It should not be used to collect urine for culture or other diagnostic
tests in continents patients, and, for patients with a lengthy postoperative period, there
must be appropriate indications for its use (CDC, 2009).

Organizational Approach to Decrease CAUTI

An administrative approach to reducing CAUTI has been proven to be effective.
There is an emphasis on healthcare facilities to empower healthcare providers through
education, and reminders to deliver excellent patient care to prevent CAUTI. The results

of a study done in a neurological intensive care unit using hospital reminder systems, to
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stop orders, periodic assessment to evaluate indication for use, and staff education on
indwelling urinary catheter care and insertion showed a 15% reduction in indwelling
urinary catheter utilization (Underwood, 2015).

Hooton et al. (2010) recommended four effective performance measures that
could guide healthcare facilities to achieve a reduction in morbidity and mortality
associated with CAUTI. Healthcare institutions are advised to develop a list of
appropriate indications for inserting indwelling urinary catheters, instruct staff on signs,
and occasionally evaluate compliance with the institution-specific guidelines (Hooton et
al., 2010). Organizations should ensure physician’s order before an indwelling urinary
catheter is placed on a patient and follow up with a periodical assessment of adherence to
the qualification. Among the recommendations is the use of reminders or automatic stop
orders to discontinue the use of indwelling catheter (Hooton et al., 2010).

Summary and Conclusions

The review of the literature on CAUTI reveals the early discovery of CAUTI as
catheter fever, established as a health risk intervention that results in increased disease
morbidity, and extended hospital stays for patients including more financial burden and
possible death (Stamm, 1975). Pathogenesis indicates the introduction of disease-causing
microorganisms into the urinary system (Barford & Coates, 2009). According to Gould et
al. (2010), risk factors include gender, age, and management of a closed drainage system.
Studies have been conducted to investigate best practice measures and clinical
approaches using research evidence with proven skill and patient-centered inclinations to

reduce CAUTI (Poilt & Beck 2012). Studies have been conducted on the national and
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international levels on CAUTTI infection. This study is performed on a regional level for
specific factors namely age, gender and hospital types that could influence CAUTI in two

states.
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Chapter 3: Research Method

Introduction

The purpose of this quantitative study was to examine the association between
CAUTI incidence and gender, age, and hospital types using data from the HCUP. In this
chapter, I focus on the role of the researcher, the population of interest, the research
method and design, data collection process, an outline of the data analysis method, and
the reliability and validity of the study.

Research Design and Rationale

The research design for this study was a quantitative, cross-sectional. I chose a
quantitative methodology over a qualitative methodology because I wished to examine
the association between variables of interest. I chose a cross-sectional because of its
wider applicability, its ability to provide numerical descriptions of trends, and its ability
to measure levels of occurrence of an event (Creswell, 2009). The dependent variable in
this study was the incidence of CAUTI, and the independent variables were gender, age,
and hospital types (government-owned, private nonprofit, and private for-profit). The
targeted population was patients with CAUTI during their hospital stay. Data analysis
was performed on secondary data obtained from the HCUP.

I aimed to explore the role of gender, age, and hospital types namely government-
owned, private nonprofit, and private for-profit in the incidence of CAUTI in New York
and North Carolina between 2012 and 2014. The quantitative study was nonexperimental
with variables occurring naturally in a setting, and there was no manipulation or random

selection of the samples used in the study. Comparative research designs were used to
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obtain information about the current status of the phenomenon and to describe concerns
regarding CAUTI incidence between states. I incorporated a cross-sectional approach,
meaning that data were collected at a single point in time rather than across time.
Study Population and Sample Size

The population of the study consisted of all individuals who received medical care
in New York and North Carolina acute care hospitals and who had an indwelling urinary
catheter from January 1%, 2012 to December 31, 2014. Data were extracted from the
HCUP. The HCUP comprises health care databases on inpatient hospital stays from
participating states in the United States. Data on gender, age, and hospital types were also
obtained. In North Carolina, there were patients with CAUTI in 123 hospitals in 2012,
122 hospitals in 2013, and 121 hospitals in 2014. In New York record shows there were
patients with CAUTI in 176 hospitals in 2012, 177 hospitals in 2013, and 174 hospitals in
2014 as contained in the HCUP database.

To determine an appropriate sample size to decrease the likelihoods of making a
Type I error, a power analysis was conducted using the G*Power statistical program.
Power is the possibility of correctly rejecting the null hypothesis by making sure that the
projected sample size does not differ statistically from the original population and the
study group of interest (Suresh & Chandrashekara, 2012). Type II errors typically occur
when the sample size is too small. Falsely accepting the null or failing to correctly reject
the null hypothesis will lead to a Type II error. The sample size was calculated using the
effect size (0.15), a probability level of statistical significance (0.05), and the statistical

power (0.80; Erdfelder, Faul, & Buchner, 2005). The minimum calculated sample size
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was 551. In this study, the sample size was larger than 551. The finding is supported by

good power.

Data sampling did not occur because CAUTI incidence are reported by the state
with an inclusion criterion for diagnosis for CAUTI including precatheter insertion for
more than 2 days. The HCUP database has individual-level data with no personal
identifiers.

Data Collection

Having received approval from the Walden University Institutional Review Board
(Approval Number 08-22-16-0398249), I requested data from the HCUP. I then cleaned
the collected data, extracting the number of CAUTI patients in acute care hospitals in
New York and North Carolina between 2012 and 2014 using SPSS. The extracted data
obtained from the HCUP database contained information on a number of CAUTI
incidents based on gender and age. Information on CAUTI incidence and hospital types
categorized as government-owned, private not-for-profit, and private for-profit in New
York and North Carolina between 2012 and 2014 were extracted from the HCUP
website.

Data Analysis Plan

Secondary data were accessed from the HCUP. Data cleaning and screening
procedures were performed by checking for missing values and deciding what to do if
there were missing values, checking for outliers and normality, and deciding how to deal

with outliers and non-normality. Using SPSS software, simple logistic regression and
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multivariable logistic regression analyses were employed to answer the research
questions outlined for this study.

Logistic regression is a statistical method that can be used to analyze a dataset of
a categorical and dichotomous dependent variable in which the independent variable can
be a combination continuous and categorical (Hosmer, 2013). Logistic regression is used
to describe a dataset and explain the relationship that exists between one dependent
variable and one or more independent variables. In epidemiologic studies, the logistic
regression model has been identified as a tool that enables multiple explanatory variables
to be analyzed simultaneously, while reducing the effect of confounding factors
(Sperandei, 2014).

The assumptions associated with logistic regression are linearity of independent
variables and log odds, independence of errors, and little or no multicollinearity
meaning that independent variables should be independent of each other.
Logistic regression assumes that P(Y=1), which is the probability of the event occurring.
To ensure linearity, the independent variables were appropriately categorized, and the
dependent variable was coded accordingly. The Durbin-Watson Statistic testing was used
to test for independence of errors.

For the model to be fitted correctly, a stepwise method was used to estimate the
logistic regression because it selects appropriate independent variables from the model
based on predefined statistical criteria that are influenced by the unique characteristics of
the sample being analyzed (Tabachnick & Fidell, 2007). I used the logistic regression test

to measure the relationship between the categorical dependent variable, CAUTI
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incidence, and the independent variable gender in Research Question 1, I used the logistic
regression test to measure the relationship between the categorical dependent variable,
CAUTI rate, and independent variable, age, in Research Question 2.

In this study, the variables met the logistic regression assumptions. The dependent
variable CAUTI was a stochastic event with a yes and no consequence while the
independent variable was categorized into age groups 0-17, 18-44, 45-64, 65-84, and 85
years and above and were appropriately dummy coded. The output from the logistic
regression includes an odd ratio analysis that is interpreted to explain the relationships
and strengths among the variables of interest.

Hierarchical multivariable regression is a statistical tool that is used to show if
variables of interest explain a statistically significant amount of variance in the dependent
variable after accounting for all other variables. The hierarchical multivariable regression
is a model for comparison rather than a statistical method. Regression models are created
by adding variables to a previous model at each step. The goal is to determine if newly
added variables show a significant improvement in R? (the proportion of explained

variance in dependent variable by the model).

Research Questions and Hypotheses
I tested three hypotheses in the attempt to answer three research questions:
RQ 1: Is there any significant relationship between gender and CAUTI incidence
in New York and North Carolina between 2012 and 2014?
Ho1: There is no significant relationship between gender and CAUTI incidence in

New York and North Carolina between 2012 and 2014.
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H.1: There is a significant relationship between gender and CAUTI incidence in
New York and North Carolina between 2012 and 2014.
. Dependent variable: number of CAUTI
. Independent variable: gender
. Statistical analysis: simple logistic regression and multivariable logistic
regression analysis.
RQ 2: Is there any significant relationship between age and CAUTI incidence in
New York and North Carolina between 2012 and 2014?
Ho2: There is no significant relationship between age and CAUTI incidence in
New York and North Carolina between 2012 and 2014.
H.2: There is a significant relationship between age and CAUTI incidence in New
York and North Carolina between 2012 and 2014.
* Dependent variable: number of CAUTI
* Independent variable: Age
 Statistical analysis: simple logistic regression and multivariable logistic
regression analysis.
RQ 3: Is there any significant relationship between hospital types categorized as
government- owned, private not-for-profit, and private for-profit, and CAUTI
incidence in New York and North Carolina between 2012 and 2014?
Ho3: There is no significant relationship between hospital types categorized as
government- owned, private not-for-profit, and private for-profit, and CAUTI incidence

in New York and North Carolina between 2012 and 2014.



41

H.3: There is a significant relationship between hospital types categorized as
government-owned, private not-for-profit, and private for-profit, and CAUTI incidence in
New York and North Carolina between 2012 and 2014.

* Dependent variable: number CAUTI

* Independent variable: Hospital types (government-owned, private nonprofit,

and private for profit).

* Analysis: analysis of CAUTI occurrences by hospital type reported in New

York and North Carolina between 2012 and 2014.

Threats to Validity and Reliability

Reliability refers to the interitem consistency of a latent construct. Scholars use
reliability analysis to study the component and features of the measuring tool (Tabachnic
& Fidell, 2007). Concern for reliability is not applicable in this study given the
characteristics of the data because the data could not be obtained from single-value ratio
data.

Validity refers to the assumption that the CAUTI value obtained measures the
catheter infection rate of a population. The validity of the data was assumed given that
the data had been screened, processed, and analyzed under the directive of the CDC.
External validity addresses the extent to which the results of this study can be generalized
to other contexts including situational interaction effects of selection and specificity of
variables. Secondary data were used for this study, which could introduce threats to

potential external validity.
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Ethical Procedures

I analyzed secondary data with no personal identifiers, no human participants, and
no ethical concerns related to data collection. To have access to HCUP data, I completed
and signed the HCUP Data Use Agreement (DUA) Training Course before receiving
data. A web-based training course summarized essential points in the DUA. The online
course emphasized the importance of data protection and reducing the risk of inadvertent
violations, and described my responsibilities, as a researcher, when using HCUP data.
The HCUP DUA were maintained; data were stored in a protected medium, will be held
for 5 years after the study the conclusion of the study, and will be destroyed afterwards.
The findings from this study will be shared with the dissertation committee and review
boards.

Summary

In Chapter 3, I described the research design and methodology including the
population being investigated, the sampling methods, and the data collection processes
and analysis. The research questions were restated, and I identified the threats to validity
including minimizing the threats and increasing reliability and validity of the study. The

description of the data analysis is presented in Chapter 4.
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Chapter 4: Results

Introduction

The purpose of this study was to explore the association between CAUTI
incidence and gender, age, and hospital types in New York and North Carolina over a 3-
year period. I reviewed and analyzed data from the HCUP database using simple logistic
regression and hierarchical multivariable logistic regression analysis on archival data
from HCUP.

This chapter provides the characteristics of the target population; hypotheses;
logistic regression and hierarchical multivariable logistic regression analyses;
assumptions; and analysis of the literature findings on the difference in the incidence of
CAUTI by hospital types categorized as government-owned, private not-for-profit, and
private for-profit in New York and North Carolina between 2012 and 2014. A discussion
section in this chapter includes data collection, data management processes, descriptive
statistics of the variables of interest, statistical analyses using tables for each research
question, and a summary of the results. The incidence rate was used to measure the
frequency of occurrence of new cases of infection within a defined population during a

specified time frame. The incidence rate was calculated as shown below.
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Equation 1
Incidence rate = # of Infections Xk (constant)

Population at Risk
# = number of infections cases identified by surveillance activities
The population at risk = Number of patients on the patient care unit during exposed to
catheter insertion during a defined time frame in a defined population.
k (constant) = represents a standard population and time period for interpretation of the
rate. The assigned value is 100 and may be interpreted as a percentage.
Below are the three research questions and hypotheses for this study:
RQ 1: Is there any significant relationship between gender and CAUTI incidence
in New York and North Carolina between 2012 and 2014?
Hol: There is no significant relationship between gender and CAUTI incidence in
New York and North Carolina between 2012 and 2014.
H.1: There is a significant relationship between gender and CAUTI incidence in
New York and North Carolina between 2012 and 2014.
. Dependent variable: number of CAUTI
. Independent variable: gender
. Statistical analysis: simple logistic regression and multivariable logistic
regression analysis.
RQ 2: Is there any significant relationship between age and CAUTI incidence in

New York and North Carolina between 2012 and 2014?
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Ho2: There is no significant relationship between age and CAUTI incidence in
New York and North Carolina between 2012 and 2014.

H.2: There is a significant relationship between age and CAUTI incidence in New
York and North Carolina between 2012 and 2014.

* Dependent variable: number of CAUTI

* Independent variable: Age

 Statistical analysis: simple logistic regression and multivariable logistic
regression analysis.

RQ 3: Is there any significant relationship between hospital types categorized as

government- owned, private not-for-profit, and private for-profit, and CAUTI

incidence in New York and North Carolina between 2012 and 2014?

Ho3: There is no significant relationship between hospital types categorized as
government- owned, private not-for-profit, and private for-profit, and CAUTI incidence
in New York and North Carolina between 2012 and 2014.

H.3: There is a significant relationship between hospital types categorized as
government-owned, private not-for-profit, and private for-profit, and CAUTI incidence in
New York and North Carolina between 2012 and 2014.

* Dependent variable: number CAUTI

* Independent variable: Hospital types (government-owned, private nonprofit,

and private for profit).

* Analysis: analysis of CAUTI occurrences by hospital type reported in New

York and North Carolina between 2012 and 2014.
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The frequency distribution and descriptive statistics of the number of CAUTI for

Gender in North Carolina and New York are presented in Table 5 and 6, and the
frequency distribution of CAUTI by age group in New York and North Carolina from
2012 to 2014 are presented in Table 7 and 8. The result of the findings of CAUTI in the
different hospital types in North Carolina and New York for the year 2012, 2013, and
2014 is shown in Tables 9.
Descriptive Data Analysis

The findings begin with an overview of descriptive statistics. The statistical data
relating the population of interest in this study are as follows.
Gender Variable

I found that the CAUTI incidence rate among males in New York was 17.2,
19.4%, 23%, in the years 2012, 2013, and 2014 respectively. The CAUTI incidence rate
among females in New York was 7.2%, 9.0%, and 11% in the years 2012, 2013, and
2014 respectively.
Table 5

Distribution of CAUTI by Gender in New York from 2012 to 2014

Gender 2012 2013 2014
# of Incidence  # of Incidence # of Incidence
CAUTI rate (%) CAUTI Rate (%) CAUTI rate (%)
Total 4,157 11.7 4,312 14 5,126 17.1
Male 2,728 17.2 2,892 19.4 3,457 23

Female 1,429 7.2 1,420 9.0 1,669 11
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I found that the CAUTTI incidence rate among males in North Carolina was
36.1%, 44.3%, and 37.1% in the years 2012, 2013, and 2014 respectively. The CAUTI
incidence rate among females in North Carolina was 31.5 %, 36.5%, and 17.8% in the
years 2012, 2013, and 2014 respectively. Table 7 shows the CAUTI incidence rate among
age group in New York from 2012 to 2014.
Table 6

Distribution of CAUTI by Gender in North Carolina from 2012 to 2014

Gender 2012 2013 2014
No. of Incidence  No. of Incidence No. of Incidence
CAUTI rate (%) CAUTI rate (%) CAUTI rate (%)
Total 3,089 36.1 3,330 40.9 3,859 26.2
Male 1,824 40.1 2,017 443 2,376 37.1
Female 1,265 31.5 1,313 36.5 1,483 17.8
Age Groups

In 2012 in New York, 35,609 patients were at risk for CAUTI due to the
indwelling urethral catheter. Specifically, 3.1% of age group 0-17, 3.3% of the age group
18-44, 12.9% of the age group 45-64, 14.9% of the age group 65-84, and 14.1% of the
age group 85 and above were diagnosed with CAUTI.

In 2013 in New York, 30,788 patients were at risk for CAUTI due to the

indwelling urethral catheter. Specifically, 3.6% of the age group 0-17, 5.4% of the age
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group 18-44, 14.5% of the age group 45-64, 16.3% of the age group 65-84, and 16.7% of

the age group 85 and above were diagnosed with CAUTL

In 2014 in New York, 29,997 patients were at risk for CAUTI due to indwelling
urethral catheter. Specifically, 6.9% of the age group 0-17, 6.1% of the age group 18-44,
17.1% of the age group 45-64, 19.4% of the age group 65-84, and 22.4% of the age group
85 and above were diagnosed with CAUTI. Table 8 shows the distribution of CAUTI by
age group in North Carolina from 2012 to 2014.
Table 7

Frequency Distribution of CAUTI by Age Group in New York from 2012 to 2014

Age 2012 2013 2014

Group # at # of Inciden # at # of Inciden # at # of Inciden
Risk CAUTI ceRate Risk CAUTI ce Rate Risk CAUTI ce Rate

Age 0-17 486 15 3.1 421 15 3.6 393 27 6.9

Age 18-44 7,547 246 33 5,101 273 5.4 5,224 317 6.1

Age45-64 7,123 915 12.9 6,502 945 14.5 6,197 1,058 17.1
Age 65-84 13,024 1,936 14.9 12,086 1,967 16.3 11,682 2,267 19.4
Age 85+ 7,429 1,045 14.1 6,678 1,112 16.7 6,501 1,457 22.4
Total 35,609 4,157 11.7 30,788 4,312 14.0 29,997 5,126 17.1

In 2012 in North Carolina, 8,556 patients were at risk for CAUTI due to the
indwelling urethral catheter. Specifically, 7.7% of the age group 0-17, 38.8% of the age
group 18-44, 35.3% of the age group 45-64, 35.1% of the age group 65-84, and 36.3% of
the age group 85 and above were diagnosed with CAUTIL.

In 2013 in North Carolina, 8,151 patients were at risk for CAUTI due to
indwelling urethral catheter. Specifically, 15.6% of the age group 0-17, 41.4% of the age
group 18-44, 42.7% of the age group 45-64, 39.9% of the age group 65-84, and 41.9% of

the age group 85 and above were diagnosed with CAUTL
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In 2014 in North Carolina, 14,733 patients were at risk for CAUTI due to the

indwelling urethral catheter. Specifically, 7.7% of the age group 0-17, 9.1% of the age

group 18-44, 32.9% of the age group 45-64, 32.4% of the age group 65-84, and 36.5% of

the age group 85 and above were diagnosed with CAUTL

Table 8

Frequency Distribution of CAUTI by Age Group in North Carolina from 2012 to 2014

Age 2012 2013 2014
Group # at #. of Inciden # at # of Inciden # at # of Inciden
Risk CAUTI ceRate Risk CAUTI ceRate Risk CAUTI ce Rate
Age 0-17 91 7 7.7 77 12 15.6 246 19 7.7
Age 18-44 901 350 38.8 801 332 41.4 4062 368 9.1
Age 45-64 2077 790 353 2000 854 42.7 3116 1025 32.9
Age 65-84 3937 1380 35.1 3822 1524 39.9 5429 1761 324
Age 85+ 1550 562 36.3 1451 608 41.9 1880 686 36.5
Total 8556 3089 36.1 8151 3330 40,8 14733 3859 26.1
Hospital Types

Secondary data collected from HCUP database do not contain information on the

hospital types. The information on hospital types was obtained from the HCUP web site.

Data included findings of the incidence of CAUTI by hospital types categorized as

government-owned, private not-for-profit, and private for-profit in New York and North

Carolina between 2012 and 2014.



50

Table 9

Number of Hospitals by Ownership Type and CAUTI Occurrences in New York from
2012 to 2014

Number of Number of  Hospital

Year Hospital Type Hospitals CAUTI Type Ratio

2012 Government owned 26 251 9.7
Private, not-for-profit 152 2,171 14.3
Private, for-profit 0 0 0

2013 Government owned 25 281 11.2
Private not-for-profit 152 2,463 16.2
Private, for-profit 0 0 0

2014 Government owned 24 335 14.0
Private, not-for-profit 150 2,980 19.9
Private, for-profit 0 0 0

Note. Number of Hospitals by Ownership Type and CAUTI Occurrences in New York.
Adapted from https://hcupnet-archive.ahrq.gov

In New York, I found that in 2012, there were 9.7 CAUTI infections per
government-owned hospital and 14.3 CAUTI infections per private, not-for-profit owned
hospital. In 2013, there were 11.2 CAUTI infections per government-owned hospital and
16.2 CAUTI infections per private, not-for-profit owned hospital. In 2014, there were
14.0 CAUTI infections per government-owned hospital and 19.9 CAUTI infections per

private, not-for-profit owned hospital.
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Table 10

Number of Hospitals by Ownership Type and CAUTI occurrences in North Carolina from
2012 to 2014

Number Hospital
of Number Type
Year Hospital Type Hospitals of CAUTI Ratio
2012 Government owned 35 622 17.8
Private, not-for-profit 72 1066 14.8
Private, for-profit 16 68 4.2
2013 Government owned 33 620 18.8
Private, not-for-profit 72 1227 17.0
Private, for-profit 17 90 5.3
2014 Government owned 33 779 23.6
Private, not-for-profit 68 1473 21.7
Private, for-profit 20 87 4.4

Note. Number of Hospitals by Ownership Type and CAUTI Occurrences in North
Carolina. Adapted from https://hcupnet-archive.ahrq.gov

In New York, I found that in 2012, there were 17.8 CAUTI infections per
government-owned hospital; 14.8 CAUTI infections per private, not-for-profit owned
hospital; and 4.2 CAUTI infections per private for owned hospital. In 2013, there were
18.8 CAUTI infections per government-owned hospital; 17.0 CAUTI infections per
private, not-for-profit owned hospital; and 5.3 CAUTI infections per private for owned
hospital. In 2014, there were 23.6 CAUTI infections per government-owned hospital;
21.7 CAUTI infections per private, not-for-profit owned hospital; and 4.4 CAUTI

infections per private for owned hospital.
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Hypothesis Testing

Simple Logistic Regression Analysis

A logistic regression was performed to determine the effects of gender on the
likelihood of a patient diagnosed with CAUTI from the insertion of an indwelling urinary
catheter in New York and North Carolina in 2012, 2013, and 2014. In New York 2012,
the logistic regression model was statistically significant, X?(1) = 852.590, p < .0005,
indicating that there is a statistically significant association between gender and CAUTI.
The null hypothesis that there is no significant relationship between gender and CAUTI
incidence in New York ion 2012 is rejected; there is significant relationship between
gender and CAUTI incidence. The Negelkerke R? of .048 indicated a very weak
relationship and the model indicates that the odd of having CAUTI is 2.672 times greater
for males as oppose to females in New York in 2012.

In New York 2013, the logistic regression model was statistically significant,
X*(1) = 702.125, p < .0005, indicating that there is a statistically significant association
between gender and CAUTI. The null hypothesis is rejected; there is significant
relationship between gender and CAUTI incidence in New York in 2013. The
Negelkerke R? of .023 indicated a very weak relationship, and the model indicates that
the odd of having CAUTI is 0.410 times greater for males as oppose to females in New
York in 2013.

In New York 2014, the logistic regression model was statistically significant,
X*(1) = 832.621, p < .0005, indicating that there is a statistically significant association

between gender and CAUTI. The null hypothesis is rejected; there is a significant
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relationship between gender and CAUTI incidence in New York in 2014. The

Negelkerke R? of .046 indicated a very weak relationship. The model indicated that the
odd of having CAUTI is 2.482 times greater for males as oppose to female in New York
in 2014.

In North Carolina 2012, the logistic regression model was statistically significant,
X*(1) = 68.483, Sig = .000 (p < .0005), indicating that there is a statistically significant
association between gender and CAUTI. The null hypothesis is rejected, that there is
significant relationship between gender and CAUTI incidence in North Carolina in 2012.
The Negelkerke R? of .011 indicated a very weak relationship. The model indicated that
the odd of having CAUTI is 1.455 times greater for males as oppose to female in North
Carolina in 2012.

In North Carolina 2013, the logistic regression model was statistically significant,
X%(1) = 51.943, p < .0005, indicating that there is a statistically significant association
between gender and CAUTI. The null hypothesis is rejected; there is significant
relationship between gender and CAUTI incidence in North Carolina in 2013. The
Negelkerke R? of .009 indicated a very weak relationship. The model indicated that the
odd of having CAUTTI is 1.389 times greater for males as oppose to female in North
Carolina in 2013.

In North Carolina 2014, the logistic regression model was statically significant,
X%(1) = 696.139, p < .0005, indicating that there is a statistically significant association
between gender and CAUTI. The null hypothesis is rejected; there is significant

relationship between gender and CAUTI incidence in North Carolina in 2014. The
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Negelkerke R? of .068 indicated a very weak relationship. The model indicated that the

odd of having CAUTI is 2.727 times greater for males as oppose to female in North
Carolina in 2014.
Table 11

Logistic Regression Test of Relationship Between CAUTI and Gender in New York and
North Carolina Between 2012 and 2014

State Year Gender  Total CAUTI af X NR? Sig  Odd of

Count Count (%) CAUTI
New 2012 Male 15835 2728 (17.2%) 1 853.2 .048 .000 2.672
York Female 19776 1429 (7.2 %)

2013 Male 14933 2892 (19.4%) 1 692.2 .023 .000 410
Female 15857 1420 (9.0%)
2014 Male 14772 3547 (24.0%) 1 819.2 .046 .000 2.482
Female 15227 1669 (11.0%)
North 2012 Male 4545 1824 (40.1%) 1 68.483  .011 .000 1.455
Caroli Female 4011 1265 (31.5%)
na
2013 Male 4549 2017 (44.3%) 1 51.8 .009 .000 1.389
Female 3602 1313 (36.5%)
2014 Male 6406 2376 (37.1%) 1 698.4  .068 .000 2.727
Female 8319 1483 (17.8%)

Note: Where df = the degrees of freedom, X> = Chi square, Sig. = Significance level.
NR?= Nagelkerke R Square

Multivariable Logistic Regression Analysis

Hierarchical multivariable regression analysis was conducted to determine the
effect of gender on CAUTI incidence in New York in 2012, 2013, and 2014. Initial
analyses were performed to ensure there was no violation of the assumption of normality,
linearity, multicollinearity and homoscedasticity. In New York 2012, after controlling for
age of patient, this model was statistically significant F' (1, 35607) = 635.855, p <.001
and explained 1.8% of variance in CAUTI occurrence. After entry of gender of patient at
Step 2 the total variance explained by the model as a whole was 3.6% (F (2, 35606) =

655.853, p <.001). The introduction of gender explained additional 1.8% of variance in
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CAUTI incidence after controlling for age. In the adjusted model both gender and age

were statistically significant, however, gender recorded a higher Beta Value (f =.136, p
<.001) than age (p =-.109, p <.001. The null hypothesis is rejected; there is significant
relationship between gender and CAUTI incidence, even after controlling for age in New
York in 2012.

In New York 2013, after controlling for age of patient, this model was statistically
significant F (1, 30786) = 46,719, p <.001 and explained 1.3% of variance in CAUTI
occurrence. After entry of gender of patient at Step 2 the total variance explained by the
model as a whole was 3.1% (F (2, 3307) = 58.228, p <.001). The introduction of gender
explained additional 1.9% of variance in CAUTI incidence after controlling for age. In
the adjusted model both gender and age were statistically significant, however, gender
recorded a higher Beta Value (B =.138, p <.001) than age (f =-.095, p <.001). The null
hypothesis is rejected; there is significant relationship between gender and CAUTI
incidence in New York 2012 after controlling for age.

In New York 2014, after controlling for age of patient this model was statistically
significant F (1, 29995) = 630.617, p <.001 and explained 2.1% of variance in CAUTI
occurrence. After entry of gender of patient at Step 2 the total variance explained by the
model as a whole was 4.1% (F' (2, 29994) = 636.135, p <.001). The introduction of
gender explained additional 2.0% of variance in CAUTI incidence after controlling for
age. In the adjusted model both gender and age were statistically significant, however,

gender recorded a higher Beta Value (f =.145, p <.001) than age (B =-.118, p <.001).
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The null hypothesis is rejected; there is significant relationship between gender and

CAUTI incidence in New York 2012 after controlling for age.

Table 12

Hierarchical Multivariable Regression Analysis Between CAUTI and Gender in New
York Between 2012 and 2014

Year R R’ R’ B B df/Res F Sig.
Change
Step 1 132 .018 .018
2012 Age -002  -132  1(35607) 635.855 .651
Step 2 .188 .036 018
Age 000  -.109  2(35606) 655.853 .479
Gender .086 136 .000
2013 Step 1 122013 013
Age -.002 - 112 1(30787) 392.848 .158
Step 2 177 .031  .019
Age -.002 -095  2(30785) 499.122  .133
Gender .096 138 .000
2014  Step 1 .143 .021 021
Age -003  -.143 1(29995) 630.617 .000
Step2 202 .041 .020
Age -008 -.118 2(29994) 640.053 .000
Gender .108 145 .000

R = Unstandardized coefficient

R2 = amount of variance explained by IVs

R2 Change = additional variance in dependent variable

S = Standardized Coefficient Beta

B = Unstandardized Coefficient Beta
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F = Ftest

Sig. = Significance level
df/Res = Degree of freedom/Residual from ANOVA

Hierarchical multivariable regression analysis was conducted between CAUTI
and Gender (controlling Age) to determine the effect of gender on CAUTI incidence in
North Carolina in 2012, 2013 and 2014. Analyses were performed to ensure there was no
violation of the assumption of normality, linearity, multicollinearity and
homoscedasticity.

In 2012, Age (variable to be controlled) was entered into Step 1 and the model
was not statistically significant F' (1, 8554) = .205. Sig. =.651 (p > .05) and explained
less than 0.1% of variance in CAUTI occurrence. After entry of gender of patient at Step
2, the model was statistically significant F' (2, 8553) = 34.62. Sig =.000 (p <.001). The
null hypothesis is rejected; there is significant relationship between gender and CAUTI
incidence in North Carolina 2012 after controlling for age. The total variance explained
by the model as a whole was 0.8%, the introduction of gender explained additional 0.8%
of variance in CAUTI incidence. In the adjusted model, only gender was statistically
significant and recorded a higher Beta Value (B = .09, p <.001) than age (f = .008, p >
.05).

In 2013, Age (variable to be controlled) was entered into Step 1 and the model
was not statistically significant F' (1, 8149) = 1.997. Sig. = .158 (p >.05) and explained
less than 0.1% of variance in CAUTI occurrence. After entry of gender of patient at Step

2, however, the model was statistically significant F' (2, 8148) =27.169. Sig =.000 (p <
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.001). The null hypothesis is rejected; there is significant relationship between gender and
CAUTI incidence in North Carolina 2012 after controlling for age. The introduction of
gender explained additional 0.6% of variance in CAUTI incidence after controlling for
age, and the total variance explained by the model as a whole was 0.7%. In the adjusted
model, only gender was statistically significant and recorded a higher Beta Value (f =
.08, p <.001) than age (B =-.007, p > .05).

In 2014, Age (variable to be controlled) was entered into Step 1 and the model
was statistically significant F' (1, 14723) = 890.388. Sig. =.000 (p <.001) and explained
5.7% of variance in CAUTI occurrence. After entry of gender of patient at Step 2, the
model was statistically significant F' (2, 14722) = 650.430. Sig. = .000, (p <.001). The
null hypothesis is rejected; there is a significant relationship between gender and CAUTI
incidence in North Carolina 2012 after controlling for age. The introduction of gender
explained additional 2.4% of variance in CAUTI incidence after controlling for age. The
total variance explained by the model as a whole was 8.1%. In the adjusted model both
IV, gender and age were statistically significant, however, gender recorded a higher Beta

Value (B =.162, p <.001) than age (B = -.192, p <.001).



Table 13

Hierarchical Multivariable Regression Analysis Between CAUTI and Gender in North
Carolina Between 2012 and 2014

Year R R’ R’ B B df/Res F Sig.
Change
Step 1 .005 .000
2012 Age 000  -.005 1(8554) .205 651
Step 2 .090 .008 .008
Age 000  -.008 2(8553) 34.620 479
Gender .086 .090 .000
2013 Step 1 016  .000 .000
Age .000 -.006 1(8149) 1.997 .158
Step 2 081  .007  .006
Age .000 -.007 2(8148) 27.169 .133
Gender .079 .080 .000
2014  Step 1 239 .057
Age -005 -289 1(14723) 890.388 .000
Step2 285 .081 .024
Age -004  -192 2(14722) 650.430 .000
Gender 144 162 .000

R = Unstandardized coefficient

R2 = amount of variance explained by IVs

R2 Change = additional variance in dependent variable
p = Standardized Coefficient Beta

B = Unstandardized Coefficient Beta

F =F test

Sig. = Significance
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Df/Res = Degree of freedom/Residual from ANOVA

Simple Logistic Regression Analysis

A simple logistic regression analysis was performed to determine the effect of
patients’ Age Groups, 0-17, 18-44, 45-64, 65-84, and 85+ on the likelihood of a patient
being diagnosed with CAUTI from the insertion of the indwelling urinary catheter in
New York in 2012, 2013, and 2014. In New York 2012, a test of the full model against a
constant only model was statistically significant, X*(4) = 916.453, p < .0001, with df = 4,
indicating that there is a statistically significant association between the age groups and
CAUTI although the Nagelkerke’s R? of .049 indicated a very weak relationship. The
null hypothesis that there is no significant relationship between age and CAUTI in New
York in 2012 is rejected.

The individual predictors (categorized ages) were examined further and the result
indicated that all but Age Group 18-44 were significant predictors in the model. Using
Age Group 0-17 as the reference category (constant), the result indicated that the odds of
developing CAUTTI is higher in all other age groups compared to Age 0-17. The odds of
developing CAUTI is the highest with age group 65-84 in New York in 2012 followed by
Age 85+ then Age Group 45-64 and Age Group 18-44 years.

The odds of Age Group 18-44 developing CAUTI is 1.058 times higher than Age
Group 0-17, the odds of Age Group 45-64 developing CAUTI is 4.628 times higher than
Age Group 0-17, the odds of Age Group 65-84 developing CAUTI is 5.483 times higher
than Age Group 0-17, and the odds of Age Group 85years and above developing CAUTI

is 5.140 times higher than Age Group 0-17years New York 2012.
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In New York 2013, a test of the full model against a constant only model was
statistically significant, X*(4) = 541.023, p <.0001, with df = 4, indicating that there is a
statistically significant association between the age groups and CAUTI although the
Nagelkerke’s R? of .031 indicated a very weak relationship. The null hypothesis that
there is no significant relationship between age and CAUTI in New York in 2013 is
rejected.

The individual predictors (categorized ages) were examined further and the result
indicated that all but Age Group 18-44 (p = .111) were significant predictors in the
model. Using Age Group 0-17 as the reference category (constant), the result indicated
that the odd of developing CAUTTI is higher in all other age groups compared to Age 0-
17. The odds of developing CAUTTI is the highest with Age Group 85+ in New York in
2013 followed by Age 65-84 then Age Group 45-64 and Age Group 18-44 years.

The odds of Age Group 18-44 developing CAUTI is 1.538 times higher than Age
Group 0-17, the odds of Age Group 45-64 developing CAUTI is 4.626 times higher than
Age Group 0-17, the odds of Age Group 65-84 developing CAUTI is 5.287 times higher
than Age Group 0-17, and the odds of Age Group 85years and above developing CAUTI
is 5.434 times higher than Age Group 0-17years New York 2013.

In New York 2014, a test of the full model against a constant only model was
statistically significant, X*(4) = 768.263, p <.0001, with df = 4, indicating that there is a
statistically significant association between the age groups and CAUTI although the

Nagelkerke’s R? of .042 indicated a very weak relationship. The null hypothesis that
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there is no significant relationship between age and CAUTI in New York in 2014 is

rejected.

The individual predictors (categorized ages) were examined further and the result
indicates that all but Age Group 18-44 (p = .540) were significant predictors in the
model. Using Age Group 0-17 as the reference category (constant), the results indicated
that the odds of developing CAUTTI is higher in all other age groups compared to Age 0-
17. The odd of developing CAUTT is the highest with Age Group 85+ in New York in
2014 followed by Age 65-84 then Age Group 45-64 and Age Group 18-44 years.

The odds of Age Group 18-44 developing CAUTI is .880 times higher than Age
Group 0-17, the odds of Age Group 45-64 developing CAUTI is 2.806 times higher than
Age Group 0-17, the odds of Age Group 65-84 developing CAUTI is 3.282 times higher
than Age Group 0-17, and the odds of Age Group 85years and above developing CAUTI

is 3.937 times higher than Age Group 0-17years in New York 2014.



Table 14

Logistic Regression Analysis to Test the Relationship Between Age and CAUTI in New
York Between 2012 and 2014

Year Age Group CAUTI# (%) df X? NR? Sig 0Odd Ratio
(Exp(B))

2012 4 916453 .049 .000

Step 1*  18-44 246(5.9%) 1 835 1.058
45-64 915 (22.0%) 1 000 4.628
65-84 1936 (46.6%) 1 .000 5.483
85+ 1045 (25.1%) 1 .000 5.140
Constant 1 .000 0.032

2013 4 541.023 .031 .000

Step 1*  18-44 273 (6.4%) 1 A11 0 1.538
45-64 945 (21.9%) 1 .000 4.626
65-84 1967 (45.6%) 1 .000 5.287
85+ 1112 (25.8%) 1 .000 5.434
Constant 1 .000 0.37

2014 4 768.263 .042 .000

Step 1*  18-44 317 (6.2%) 1 540 .880
45-64 1058 (20.7%) 1 .000 2.806
65-84 2267 (44.2%) 1 .000 3.282
85+ 1457 (28.4%) 1 .000 3.937
Constant 1 .000 0.073

a. Variable(s) entered on step 1*° Age 18 - 44, Age 45 - 64, Age 65 - 84, Age
85+.
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A simple logistic regression analysis was performed to determine the effect of
patients’ Age Groups, 0-17, 18-44, 45-64, 65-84, and 85+ on the likelihood of a patient
being diagnosed with CAUTI from insertion of an indwelling urinary catheter in North
Carolina in 2012, 2013, and 2014. In North Carolina 2012, a test of the full model against
a constant only model was statistically significant, X*(4) = 48.308, p <.0001, with df = 4,
indicating that there is a statistically significant association between the age groups and
CAUTI although the Nagelkerke’s R? of .008 indicated a very weak relationship. The
null hypothesis that there is no significant relationship between age and CAUTI in North
Carolina in 2012 is rejected.

The individual predictors (categorized ages) were examined further, and the result
indicated that all the age groups were significant predictors in the model. Using Age
Group 0-17 as the reference category (constant), the results indicated that the odds of
developing CAUTI is higher in all other age groups compared to the Age 0-17. The odds
of developing CAUTI is the highest with Age Group 18-44 in North Carolina in 2012
followed by Age 45-64 then Age Group 85+ and Age Group 65-84 years.

The odds of Age Group 18-44 developing CAUTI is 7.623 times higher than Age
Group 0-17, the odds of Age Group 45-64 developing CAUTI is 7.366 times higher than
Age Group 0-17, the odds of Age Group 65-84 developing CAUTI is 6.476 times higher
than Age Group 0-17, and the odds of Age Group 85years and above developing CAUTI
is 6.826 times higher than Age Group 0-17years in 2012 in North Carolina.

In North Carolina 2013, a test of the full model against a constant only model was

statistically significant, X*(4) = 28.222, p <.0001, with df = 4, indicating that there is a
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statistically significant association between the age groups and CAUTI although the
Nagelkerke’s R? of .005 indicated a very weak relationship. The null hypothesis that
there is no significant relationship between age and CAUTI in North Carolina in 2013 is
rejected.

The individual predictors (categorized ages) were examined further and the result
indicated that all the age groups were significant predictors in the model. Using Age
Group 0-17 as the reference category (constant), the result indicated that the odd of
developing CAUTTI is higher in all other age groups compared to Age 0-17. The odds of
developing CAUTTI is the highest with Age Group 45-64 in North Carolina in 2013
followed by Age 85+ then Age Group 18-44 and Age Group 65-84 years.

The odds of Age Group 18-44 developing CAUTI is 3.834 times higher than Age
Group 0-17, the odds of Age Group 45-64 developing CAUTTI is 4.037 times higher than
Age Group 0-17, the odds of Age Group 65-84 developing CAUTI is 3.592 times higher
than Age Group 0-17, and the odds of Age Group 85years and above developing CAUTI
is 3.907 times higher than Age Group 0-17 in North Carolina in 2013.

In North Carolina in 2014, a test of the full model against a constant only model
was statistically significant, X?(4) = 1085.442, p < .0001, with df = 4, indicating that
there is a statistically significant association between the age groups and CAUTTI although
the Nagelkerke’s R? of .104 indicated a weak relationship. The null hypothesis that there
is no significant relationship between age and CAUTI in North Carolina in 2014 is
rejected.

The individual predictors (categorized ages) were examined further and the result
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indicated that all but Age Group 18-44 were significant predictors in the model. Using
Age Group 0-17 as the reference category (constant), the results indicated that the odd of
developing CAUTTI is higher in all other age groups compared to Age 0-17. The odd of
developing CAUTI is the highest with Age Group 85+ in North Carolina in 2014
followed by Age 45-64 then Age Group 65-84 and Age Group 18-44 years.

The odds of Age Group 18-44 developing CAUTI is 1.190 times higher than Age
Group 0-17, the odds of Age Group 45-64 developing CAUTT is 5.857 times higher than
Age Group 0-17, the odds of Age Group 65-84 developing CAUTI is 5.736 times higher
than Age Group 0-17, and the odds of Age Group 85years and above developing CAUTI

is 6.864 times higher than Age Group 0-17years in North Carolina in 2014.
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Table 15

Logistic Regression Analysis to Test the Relationship Between Age and CAUTI in North
Carolina Between 2012 and 2014

Year Age Group CAUTI# (%) df X? NR? Sig  (Exp(B))

2012 4 48.308 .008 .000

Step 1*  18-44 350 (11.3%) 1 .000 7.623
45-64 790 (25.6%) 1 000 7.366
65-84 1390 (44.7%) 1 .000 6.476
85+ 562 18.2%) 1 000 6.826
Constant 1 .000 .083

2013 4 28222 .005 .000

Step 1*  18-44 332 (9.9%) 1 000 3.834
45-64 854 (25.6%) 1 .000 4.037
65-84 1524 (45.8%) 1 000 3.592
85+ 608 (18.3%) 1 .000 3.907
Constant 1 000 .185

2014 4 108544 .104 .000

Step 1*  18-44 368 (9.5%) 1 477 1.190
45-64 1025 (26.6%) 1 000 5.857
65-84 1761 (45.6%) 1 .000 5.736
85+ 686 (17.8%) 1 000 6.864
Constant 1 .000 0.084

Variable(s) entered on step 1%: Age 18 - 44, Age 45 - 64, Age 65 - 84, Age 85+.
Multivariable Logistic Regression Analysis

Hierarchical multivariable regression analysis was performed to determine the
effect of age on CAUTI occurrence in New York in 2012, 2013, and 2014. Initial
analyses were performed to ensure there was no violation of the assumption of normality,

linearity, multicollinearity, and homoscedasticity.
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Table 16

Hierarchical Multivariable Regression Analysis to Test the Relationship Between Age
and CAUTI in New York Between 2012 and 2014

Year R R’ R’ Change B B df/Res F Sig.
Step 1 155 .024
2012  Gender .100 155 1(35607) 873.848  .000
Step 2 188  .036  .012
Gender .088 136 2(356006) 655.853  .000
Age -.002 -.109 .000
2013  Step 1 150 .022
Gender .104 150 1(30786) 708.038 .000
Step 2 177 0 .031  .009
Gender .096 138 2(30785) 499.122 .000
Age -.002 -.095 . 000
2014  Step 1 .165 .027
Gender 124 .156 1(29995) 842.117 .000
Step2 202 .041 .014
Gender .109 .145 2(29996)  640.053 .000
Age -.002  -.118 .000

In 2012, after controlling for gender, the model was statistically significant F (1,
35607) = 873.848, p <.001 and explained 2.4% of the variance in CAUTI occurrence in
New York in 2012. After entry of age of the patient at Step 2, the model was significant
and the null hypothesis is rejected. There is a significant relationship between age and
CAUTI incidence in New York 2012 after controlling for gender. The total variance
explained by the model as a whole was 3.6% (F' (2, 35606) = 655.853, p <.001). The
introduction of age explained additional 1.2% of the variance in CAUTI occurrence after

controlling for gender. In the adjusted model both gender and age were statistically
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significant, however, age recorded a lower Beta value (f =-.109, p <.001) than gender (
=.136, p <.001)

In 2013, after controlling for gender, the model was statistically significant F (1,
30786) = 708.038, p < .001 and explained 2.2% of the variance in CAUTI occurrence in
New York in 2013. After entry of age of patient at Step 2, the model was statistically
significant (F (2, 30785) =499.122, p <.001). There is a significant relationship between
age and CAUTI incidence in New York 2013 after controlling for gender. The total
variance explained by the model as a whole was 3.1%. The introduction of age explained
additional 0.9% of the variance in CAUTI occurrence after controlling for gender. In the
adjusted model both gender and age were statistically significant, however, age recorded
a lower Beta value (f =-.085, p <.001) than gender (p =.138, p <.001)

In in 2014, after controlling for gender, the model was statistically significant '
(1,29995) = 842.117, p < .001 and explained 2.7% of the variance in CAUTI occurrence
in New York in 2014. After entry of age of patient at Step 2, the model was statistically
significant (F (2, 29994) = 640.053, p <.001). There is a significant relationship between
age and CAUTI incidence in New York 2013 after controlling for gender. The total
variance explained by the model as a whole was 4.1% The introduction of age explained
additional 1.4% of the variance in CAUTI occurrence after controlling for gender. In the
adjusted model both gender and age were statistically significant, however, age recorded
a lower Beta value (B =-.118, p <.001) than gender (B =.145, p <.001) a lower Beta

value (f =-.109, p <.001) than gender (B =.136, p <.001)



Hierarchical multivariable regression analysis was performed to determine the

effect of age on CAUTI occurrence in North Carolina in 2012, 2013, and 2014.

Table 17

Hierarchical Multivariable Regression Analysis to Test the Relationship Between Age
and CAUTI in North Carolina Between 2012 and 2014
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Year R R’ R’ B B df/Res F Sig.
Change
Stepl  .089  .008
2012  Gender 000 .086  1(8554) 68.743  .000
Step2  .090  .008  .000
Gender 000  .086  2(8553) 34.620  .000
Age 086  .000 479
2013 Step 1 080  .006
Gender 000 -016 1(8149) 52.074  .000
Step 2 081  .007 .001
Gender 000 -017 2(8148) 27.169  .133
Age 079 .080 .000
2014 Stepl 218  .047
Gender 193 218 1(14723)  733.064 .000
Step2 285  .081 .034
Gender 114 162 2(14722)  651.192  .000
Age -004  -.192 .000

R = Unstandardized coefficient

R2 = amount of variance explained by IVs

R2 Change = additional variance in dependent variable

S = Standardized Coefficient Beta

B = Unstandardized Coefficient Beta

F =F test
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Sig. = Significance
Df/Res = Degree of freedom/Residual from ANOVA

In North Carolina in 2012, after controlling for gender the model was statistically
significant F' (1, 8554) = 68.743, p < .001 and explained 0.8% of the variance in CAUTI
occurrence. After entry of age of patient at Step 2, the total variance explained by the
model remained the same 0.8% (F (2, 8553) = 34.620, p <.001). The introduction of age
did not contribute to the variance in CAUTI occurrence after controlling for gender. In
the adjusted model, only gender was statistically significant. The null hypothesis that
there is no relationship between CAUTI and Age of patient after controlling for gender
cannot be rejected. Gender recorded a higher Beta value (B =.090, p <.001) than age (
=-.008, p=.478.

In 2013, after controlling for gender the model was statistically significant F (1,
8149) =52.072, p <.001 and explained 0.6% of the variance in CAUTI occurrence in
North Carolina in 2013. After entry of age of the patient at Step 2 the total variance
explained by the model as a whole was 0.7% (F (2, 8148) =27.169, p <.001). The
introduction of age explained additional 0.1% of the variance in CAUTI occurrence after
controlling for gender. In the adjusted model, only ager was statistically significant and
recorded a higher Beta value (f =.080, p <.001) than gender (B =-.017, p =.133).

In 2014, after controlling for gender, the model was statistically significant F (1,
14723) = 733.064, p <.001 and explained 4.7% of the variance in CAUTI occurrence in
North Carolina. After entry of age of the patient at Step 2 the total variance explained by
the model as a whole was 8.1% (F (2, 14722) = 651.192, p <.001). The introduction of

age explained additional 3.4% of the variance in CAUTI occurrence after controlling for
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gender. In the adjusted model both gender and age were statistically significant, however,
age recorded a lower Beta value (f =-.192, p <.001) than gender (p =.218 p <.001).
The null hypothesis is not rejected. There is a significant relationship between age and
CAUTI incidence in North Carolina in 2014 after controlling for gender.
Hospital Types

Statistical analysis could not be conducted to answer Research Question 3. There
wereno data on hospital type categorized as government-owned, private not-for-profit,
and private for-profit in New York and North Carolina between 2012 and 2014 in the
secondary data obtained from HCUP. The hospital types information obtained from the
HCUP website for the present study were not in a format that could be used to conduct
statistical testing of the hypothesis for Research Question 3. The relationship between
hospital types and CAUTI was evaluated using the findings from the HCUP website
through a query to answer Research Question 3. The query provided the ratio of the
number of CAUTI incidences per hospital type.

Summary

In this chapter, the results of the logistics regression and hierarchical
multivariable regression analyses used to test the research questions and hypothesis
generated for this study are presented. The simple logistics regression results show the
relationship between gender and CAUTI prevalence in New York and North Carolina
between 2012 and 2014 and the null hypotheses that there is no relationship between
gender and CAUTI in New York and North Carolina between 2012 and 2014 were

rejected.
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Hierarchical multivariable logistic regression results showed statistical significant
relationship between gender and CAUTI in New York and North Carolina between 2012
and 2014 after controlling for age. Hierarchical logistic regression results showed
statistical significant relationship between age and CAUTI after controlling for gender in
all but North Carolina 2012 where it is insignificant (p = .133). Research Question 3
could not be statistically answered; but, reported finding showed some trend in hospital
types and CAUTI occurrences.

The interpretation of the findings, the limitations, and recommendations for future

research are discussed in Chapter 5.
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Chapter 5: Discussion, Conclusions, and Recommendations
Introduction

The purpose of this study was to examine if there was a significant relationship
between the dependent variable, CAUTI, and the independent variables of gender, age,
and hospital types in New York and North Carolina over a 3-year period (2012, 2013,
and 2014). Researchers have examined hospital types, gender, and age and CAUTI
incidence (Garibaldi, Burke, Dickman, & Smith, 1974; Gillen, Isbell, Michaels, Lau, &
Sawyer, 2015; Temiz et al., 2012). However, there is a gap in the literature regarding the
influence of gender, age, and hospital types on the incidence CAUTI in New York and
North Carolina between 2012 and 2014. The purpose of this study was to fill the gap in
the literature by determining if there was a significant relationship between gender, age,
and hospital types and CAUTI incidence in New York and North Carolina from 2012 to
2014.

I used a quantitative, cross-sectional research method to examine data from the
HCUP. The health care data were collected through a federal-state-industry partnership
and sponsored by the AHRQ. The independent variables included gender, age, and
hospital types, while the dependent variable was the number of CAUTL

Interpretation of the Findings

In New York, in descriptive analysis, I found that the CAUTI incidence rate
among males in New York was 17.2, 19.4%, 23%, in years 2012, 2013, and 2014
respectively. The CAUTI incidence rate among females in New York was 7.2%, 9.0%,

and 11% in the years 2012, 2013, and 2014 respectively. In the results of the simple
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logistic regression on gender and CAUTTI incidence, I found a higher statistically
significant relationship in CAUTI rate among males compared to the female population
in 2012 (P-value 853.2), 2013 (P-value 692.2), and 2014 (P-value 819.2).

In North Carolina, in the descriptive analysis, I found a CAUTI incidence rate
among the males in North Carolina at 36.1 %, 44.3%, and 37.1% in years 2012, 2013,
and 2014 respectively. The CAUTI incidence rate among the females in North Carolina
were 31.5%, 36.5%, and 17.8% in the years 2012, 2013, and 2014 respectively. I found a
higher statistically significant relationship in CAUTI rates among males compared to the
female population in 2012 (P-value 68.2), 2013 (P-value 51.8), and 2014 (P-value
698.4).

Hierarchical multivariable logistic regression analysis was conducted to test if
there was a relationship between gender and CAUTI incidence in New York and North
Carolina between 2012 and 2014 after controlling for age. I found that there was a
significant relationship between gender and CAUTI incidence after controlling for age.
The introduction of gender to the model in each case explained the additional percentage
of variance in CAUTI incidence after controlling for age. The introduction of gender
explained an additional 1.8% of variance in CAUTI incidence after controlling for age in
New York in 2012, an additional 1.9% in 2013, and an additional 2.0% in 2014.
Similarly, the introduction of gender explained an additional 0.008% of variance in
CAUTI incidence after controlling for age in North Carolina in 2012, an additional 0.7%
in 2013, and an additional 0.004% in 2014. I also found a relationship between gender

and CAUTI incidence between 2012 and 2014.
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A logistic regression analysis was conducted to test if there was a relationship
between age and CAUTI incidence in New York and North Carolina between 2012 and
2014. In New York, the odds of developing CAUTI was the highest with the Age Group
65-84, followed by Age 85+, Age Group 45-64, and Age Group 18-44 years in 2012. The
odds of developing CAUTI were the highest with Age Group 85+ in 2013 followed by
Age 65-84, Age 45-64, and Age 18-44 years. The odd of developing CAUTI were the
highest with the Age Group 85+ in New York in 2014 followed by Age 65-84, Age 45-
64, and Age 18-44 years in 2014.

In North Carolina, the odds of developing CAUTI were the highest with the Age
Group 18-44 followed by Age 45-64, Age 85+, and Age 65-84 years in 2012. The odds
of developing CAUTI were the highest with the Age Group 45-64 followed by Age 85+,
Age 18-44, and Age 65-84 years in 2013. The odds of developing CAUTI were the
highest with the Age Group 85+ followed by Age 45-64, Age 65-84, and Age 18-44
years in 2014. I found that the odds of getting CAUTI were much higher among age>=
45 compared to the <17 years.

A hierarchical logistic regression analysis was conducted to test if there was a
relationship between age and CAUTI incidence in New York and North Carolina
between 2012 and 2014 after controlling for gender. I found that there was a significant
relationship between age and CAITI incidence after controlling for gender in New York
and North Carolina between 2012 and 2014, except in North Carolina in 2013. The model
was not significant in North Carolina in 2013, indicating that age was not significantly

related to CAUTI incidence after controlling for gender in North Carolina in 2013.
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In the findings generated from the HCUP website on hospital types and CAUTI in

New York and North Carolina, I found that the incidence of CAUTI in New York and
North Carolina in 2012, 2013, and 2014 did vary to a significant degree by hospital types
categorized as government-owned, private not-for-profit, and private for-profit.

In New York, private not-for-profit hospitals consistently demonstrated a higher
incidence of CAUTI in patients than government-owned hospitals in 2012, 2013, and
2014. In North Carolina, government-owned hospitals consistently had a higher incidence
of CAUTI patient than private, not-for-profit hospitals and private, for-profit hospitals
from 2012 to 2014. However, it should be noted that a higher number of CAUTI patient
discharges does not necessarily translate to a higher incidence of CAUTI by hospital
types. The ratio of the number of hospitals by the number of CAUTI incidences also
indicated the same result of higher incidence of CAUTI in patients in private, not-for-
profit hospitals in New York and higher incidence of CAUTI in government-owned
hospitals. Because there were no data to statistically determine the relationship between
hospital types and CAUTI incidence, it is recommended that future research be
conducted to establish the relationship of hospital type and CAUTI incidence.

This study adds to the existing literature on the relationship between hospital
types, gender, age, and the incidence of CAUTI in New York and North Carolina
between 2012 and 2014. I hoped to advance knowledge in the health care practice in New
York and North Carolina by influencing policy-making in the prevention of CAUTI in
our hospitals. These findings fit in with the extant literature that there was a significant

relationship between age and CAUTI. The study could be used in furthering health care
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providers’ understanding of factors that contributed to CAUTI in New York and North
Carolina between 2012 and 2014.

Garibaldi et al. (1974) found that age plays significant roles in CAUTI. Four
hundred and five hospitalized patients with indwelling urinary catheter drainage showed
23%developed infection. Garibaldi et al. (1974) found that the risk was greater in elderly
patients. Gould et al. (2010) found that age was correlated with CAUTI. Gillen et al.
(2015) selected patients undergoing cardiac surgery from 2006 through 2012 and found
that older age was significantly associated with CAUTI. These findings fit in with
literature in that there was a significant relationship between gender and incidence of
CAUTIL Findings confirmed knowledge in the discipline.

Garibaldi et al. (1974) found that gender was significantly correlated with
CAUTIL Temiz et al. (2012) selected male and female patients with an indwelling
urinary catheter in the Zonguldak Karaelmas University Hospital intensive care unit,
finding that gender was associated with CAUTIL. Gillen et al. (2015) found that
female gender was significantly associated with CAUTI.

In this study, the characteristics of patients such as gender and age are linked with
CAUTI in New York and North Carolina between 2012, 2013, and 2014. These findings
fit in with the theoretical framework. The first component of Donabedian model is the
structure. The structure comprises all factors that affect the context in which care is
delivered and the characteristics of patients such as age and gender. (McDonald et al.,

2007).
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Theoretical Implications

The Donabedian theory guides the present study. Dimick (2010) explained that
while there are different types of quality measurements, nearly all quality measures could
be classified into one of Donabedian three dimensions (structure, process, and outcome)
to measure healthcare quality. The model has been used to determine the characteristics
of patients (i.e., age, gender) that are related to patients’ care quality (Aday et al., 2004).
The Donabedian model ties into this study because it can be used to explain how
structure such as the characteristics of patients (age, or gender) in each state, city or
jurisdiction can determine the CAUTI outcome.

The findings made a meaningful contribution to the advancement of the
Donabedian theory because the model continues to help guide policy makers and users to
improve healthcare outcomes (Dimick, 2010). I applied the Donabedian theory to the
research topic and examined the impact of gender and age on the incidence of CAUTI.

Limitations of the Study

There are the limitations to generalizability (Leedy & Ormrod, 2016). The target
population was men and women receiving medical care in New York and North Carolina
who had received an indwelling urinary catheter between January 1, 2012, and December
31, 2014. Considering that New York and North Carolina may not represent all states,
therefore, findings cannot be generalized to other states (Remler & Van Ryzin, 2010).

I examined the relationship between age and CAUTI and the results showed a
significant relationship. There may be a need for the study to control some factors such as

education levels and socioeconomic status using a hierarchical regression analysis
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(Remler & Van Ryzin, 2010). The education levels and socioeconomic status variables
were not available a higher number does not necessarily equate to a higher proportion.
Controlling for education levels and socioeconomic status could result in stronger results
from similar studies.

The data were analyzed based on the self-reported scores by the hospitals. The
participants could be biased. The reliability and the content validity of the survey were
not tested. Reliabilities should be greater than 0.70 (Nunally, 1978). Testing the
reliability and content validity would result in stronger results from similar studies
(Leedy & Ormrod, 2016).

Recommendations

This study was conducted on data collected from acute care settings. Future
studies could include data from all healthcare facilities including long-term care facilities
and community clinics. There is need to perform detail analysis of the influence of
hospital types (i.e., government-owned, private not-for-profit, and private for-profit) on
CAUTI that could not be done in this study due to the non-availability of data in the right
format time frame and other practical considerations.

Healthcare providers can employ the findings of this study to develop treatment
plans and procedures that are age appropriate and gender-specific that could help control
the incidence of CAUTI in New York and North Carolina. The knowledge gained from
this study can be used to develop strategies to manage differences in the incidence of
CAUTI and evaluate factors that predict the incidence of CAUTI in New York and North

Carolina. There seems to be a higher odd of getting CAUTI among age group 18-44years
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in 2012 compared to your reference age group in North Carolina in 2012. This may
require further investigation as to why the inconsistency.
Implications for Positive Social Change

This study offers potential positive social change by showing that there is a
significant relationship between gender, age, and CAUTI in New York and North
Carolina. The study may provide an understanding of patients with CAUTI and the
structure they need during care. The social change implications of the study include the
knowledge gained that can influence policies that are age-appropriate, gender-specific,
and facility tailored to reduce the incidence of CAUTIL. This study helps researchers to
realize that age, gender, and hospital type, may affect the incidence of CAUTL
Furthermore, the study could be beneficial to healthcare organizations and professionals
who care for patients with an indwelling urethral catheter.

Conclusion

CAUTI is an important factor for health care quality improvement that affects the
patient’s quality of life and services received in healthcare facilities. It also affects the
reimbursement of services provided by healthcare facilities. With the increasing
importance of preventing HAI including CAUTI, I evaluated gender, age and hospital
types as risk factors for acquiring CAUTI in patients.

The findings of this study are that there is statistical significant relationship
between gender and CAUTI in New York and North Carolina between 2012, 2013, and
2014. These finding fit in with previous literature in that age and gender significantly

affected CAUTI. Results confirmed knowledge in the discipline. This study may
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influence positive social change by acting as a guide in formulating policies that are age
appropriate, gender-specific, and facility tailored to reduce the rate of CAUTI. This study
may help health care practitioners plan for projects to decrease the incidence of CAUTL
The study could assist policy makers implement policies that are age appropriate, gender
specific, and facility tailored to benefit patients with an indwelling urethral catheter in the

hospital.



83

References

Aday, L. A., Begley, C. E., Lairson, D. R., & Balkrishnan, R. (2004). Evaluating the
healthcare system: Effectiveness, efficiency, and equity. Chicago, IL: Health
Administration Press.

Anderson, D. J., Pyatt, D. G., Weber, D. J., Rutala, W. A., & North Carolina Department
of Public Health HAI Advisory Group. (2013). Statewide costs of health care-
associated infections: Estimates for acute care hospitals in North Carolina.
American Journal of Infection Control, 41(9), 764-768.
http://dx.doi.org/10.1016/j.ajic.2012.11.022

Arcury, T. A., Gesler, W. M., Preisser, J. S., Sherman, J., Spencer, J., & Perin, J. (2005).
The effects of geography and spatial behavior on health care utilization among the
residents of a rural region. Health Services Research, 40(1), 135-155.

Barford, J., & Coates, A. (2009). The pathogenesis of catheter-associated urinary tract
infection. Journal of Infection Prevention, 10(2), 50-56 Tp.

Bernard, M. S., Hunter, K. F., & Moore, K. N. (2012). A review of strategies to decrease
the duration of indwelling urethral catheters and potentially reduce the rate of
catheter-associated urinary tract infections. Urologic Nursing, 32(1), 29.

Branagan, G. W., & Moran, B. J. (2002). Published evidence favors the use of suprapubic
catheters in pelvic colorectal surgery. Diseases of the Colon & Rectum, 45(8),
1104-1108.

Brien, S. E., & Ghali, W. A. (2008). Public reporting of the hospital standardized

mortality ratio (HSMR): Implications for the Canadian approach to safety and



84

quality in health care. Retrieved from
http://www.openmedicine.ca/article/view/208/170

Campbell, S. M., Roland, M. O., & Buetow, S. A. (2000). Defining quality of care. Social
Science & Medicine, 51(11), 1611-1625.

Campbell, E. F., & Moore, J. B. (2016). Preventing catheter-associated urinary tract
infections—One patient at a time. American Journal of Infection Control, 44(6),
S97-S98.

Carter, N. M., Reitmeier, L., & Goodloe, L. R. (2014). An evidence-based approach to
the prevention of catheter-associated urinary tract infections. Urologic Nursing,
34(5), 238-245. do0i:10.7257/1053-816X.2014.34.5.238.

Center for Disease Control and Prevention. (2013a). Healthcare-associated infections
(HAI) progress, 2013. Retrieved from http://www.cdc.gov/hai/progress-
report/index.html

Centers for Disease Control and Prevention. (2013b). National Healthcare Safety
Network (NHSN) report, data summary for 2011, device-associated module.
Atlanta. Retrieved from http://www.cdc.gov/nhsn/PDFs/dataStat/NHSN-Report-
2011-Data-Summary.pdf

Centers for Disease Control and Prevention. (2015). Catheter-associated urinary tract
infections (CAUTI). Retrieved from http://www.cdc.gov/HAI/ca uti/uti.html

Centers for Disease Control and Prevention. (2013). Acute care hospital surveillance for
catheter-associated urinary tract infections. Retrieved from

http://www.cdc.gov/nhsn/acute-care-hospital/ CAUTI/index.html



Centers for Disease Control and Prevention. (2012). National and state healthcare-
associated infections progress report. Retrieved from
http://www.cdc.gov/nhsn/dataStat. html/nr

Centers for Disease Control and Prevention. (2012). Protocol for reporting catheter-
associated urinary tract infections to the National Healthcare Safety Network.
Retrieved from http://www.cdc.gov/hai/pdfs/NHSN/7pscCAUTISAMPLE.pdf

Clark, A. B. (1883). Catheter fever. Lancet, 1075-1077.

Clarke, K., Tong, D., Pan, Y., Easley, K. A., Norrick, B., Ko, C., ... Stein, J. (2013).
Reduction in catheter-associated urinary tract infections by bundling
interventions. International Journal for Quality in Health Care, 25(1), 43-49.

Colli, J., Tojuola, B., Patterson, A. L., Ledbetter, C., & Wake, R. W. (2014). National
trends in hospitalization from indwelling urinary catheter complications, 2001-
2010. International Urology and Nephrology, 46(2), 303-8.
http://dx.doi.org/10.1007/s11255-013-0524-x

Colon Cabassa, S. (2010). Nurse-generated reminder system to reduce catheter
associated urinary tract infection (Doctoral dissertation, FAIRLEIGH
DICKINSON UNIVERSITY). I stopped reviewing here. Please go through the
rest of your references and look for the patterns I pointed out to you.

Conway L. J., & Larson E. L. (2012). Guidelines to prevent catheter-associated urinary
tract infection: 1980 to 2010. Heart and Lung, 41(3), 271-283.

do0i:10.1016/j.hrtlng.2011.08.001

85



86
Conway, L. J., Pogorzelska, M., Larson, E., & Stone, P. W. (2012). Adoption of policies

to prevent catheter-associated urinary tract infections in United States intensive
care units. American Journal of Infection Control, 40(8), 705-710.
do0i:10.1016/j.ajic.2011.09.020

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods
approaches (4th ed.). Thousand Oaks, CA: Sage Publications.

De Ruz, A. E., Leoni, E. G., & Cabrera, R. H. (2000). Epidemiology and risk factors for
urinary tract infection in patients with spinal cord injury. Journal of Urology,
164(4), 1285-1289.

Dimick, C. (2010) Quality check: An overview of quality measures and their uses.
Journal of AHIMA, 81(9), 34-38.

Donabedian, A. (1980). Explorations in quality assessment and monitoring: The
definition of quality and approaches to its assessment. Ann Arbor, MI: Health
Administration Press.

Donabedian, A. (1988). The quality of care: How can it be assessed? Journal of the
American Medical Association, 260, 1743-1748.

Donabedian, A. (1990). The seven pillars of quality. Archives of Pathology & Laboratory
Medicine, 114, 115-118.

Donabedian, A. (2003). An introduction to quality assurance in health care. New York:
Oxford University Press.

Donabedian, A. (2005). Evaluating the quality of medical care. Milbank Quarterly, 83,

691-729.



87
Dudeck M. A., Horan T. C., Peterson K. D., Allen-Bridson K., Morrell G., Anttila A., &

Edwards J. R. (2013). National Healthcare Safety Network report, data summary
for 2011, device-associated module. American Journal of Infection Control, 41
(4), 286-300. doi:10.1016/j.ajic.2013.01.002

Dudeck, M. A., Edwards, J. R., Allen-Bridson, K., Gross, C., Malpiedi, P. J., Peterson, K.
D., & ... Sievert, D. M. (2015). National Healthcare Safety Network report, data
summary for 2013, Device-associated Module. American Journal of Infection
Control, 43(3), 206-221 16p. doi:10.1016/j.ajic.2014.11.014

Dyson, S., & Brown, B (2015). Social theory and applied health research. Berkshire,
UK: McGraw-Hill Professional Publishing.

Eccles, M., Grimshaw, J., Walker, A., Johnston, M., & Pitts, N. (2005). Changing the
behavior of healthcare professionals: the use of theory in promoting the uptake of
research findings. Journal of Clinical Epidemiology, 58(2), 107-112.

Elpern, E., Killeen, K., Ketchem, A., Wiley, A., Patel, G., & Lateef, O. (2009). Reducing
use of indwelling urinary catheters and associated urinary tract infections.
American Journal of Critical Care, 18(6), 535-542. doi:10.4037/ajcc2009938

Erdfelder, E., Faul, F., & Buchner, A. (2005). Power analysis for categorical
methods. Wiley StatsRef: Statistics Reference Online.

Field, A. (2009). Discovering statistics using SPSS. Sage publications.

Garibaldi, R. A., Burke, J. P., Dickman, M. L., & Smith, C. B. (1974). Factors
predisposing to bacteriuria during indwelling urethral catheterization. New

England Journal of Medicine, 291(5), 215-219.



88
Gillen, J. R., Isbell, J. M., Michaels, A. D., Lau, C. L., & Sawyer, R. G. (2015). Risk

factors for urinary tract infections in cardiac surgical patients. Surgical
Infections, 16(5), 504-508. doi:10.1089/sur.2013.115

Givens, C., & Wenzel, R. (1980). Catheter-associated urinary tract infections. Journal of
Urology, 124, 646-648.

Glickman, S. W., Baggett, K. A., Krubert, C. G., Peterson, E. D., & Schulman, K. A.
(2007). Promoting quality: the health-care organization from a management
perspective. International Journal for Quality in Health Care,19(6), 341-348.

Gokula, R.M., Smith, M.A., & Hickner, J. (2007). Emergency room staff education and
use of a urinary catheter indication sheet improves appropriate use of Foley
catheters. American Journal of Infection Control, 35(9), 589-593

Gould C. V., Umscheid C. A., Agarwal R. K., Kuntz G., Pegues D. A., & Healthcare
Infection Control Practices Advisory, Committee. (2010). Guideline for
prevention of catheter-associated urinary tract infections 2009. Infection Control
and Hospital Epidemiology, 31(4), 319-326. doi:10.1086/651091

Gould, C. V., Umscheid, C. A., Agarwal, R. K., Kuntz, G., & Pegues, D. A. (2010).
Guideline for prevention of catheter-associated urinary tract infections 2009.
Infection Control, 31(04), 319-320.

Greene, M. T., Chang, R., Kuhn, L., Rogers, M. A., Chenoweth, C. E., Shuman, E., &
Saint, S. (2012). Predictors of hospital-acquired urinary tract—related bloodstream

infection. Infection Control, 33(10), 1001-1007



89
Hartstein, A. 1., Garber, S. B., Ward, T. T., Jones, S. R., & Morthland, V. H. (1981).

Nosocomial urinary tract infection: a prospective evaluation of 108 catheterized
patients. Infection Control, 2(05), 380-386.

Hooton, T. M., Bradley, S. F., Cardenas, D. D., Colgan, R., Geerlings, S. E., Rice, J. C.,
... & Nicolle, L. E. (2010). Diagnosis, prevention, and treatment of catheter-
associated urinary tract infection in adults: 2009 International Clinical Practice
Guidelines from the Infectious Diseases Society of America. Clinical Infectious
Diseases, 50(5), 625-663.

Hosmer, D (2013). Applied logistic regression. Hoboken, New Jersey: Wiley. ISBN 978-
0470582473.

Hospital ac STAMM, W. E. (1975). Guidelines for prevention of catheter-associated
urinary tract infections. Annals of internal medicine, 82(3), 386-390.

Institute for Healthcare Improvement. (2011). How-to-guide: Prevent catheter-associated
urinary tract infections. Cambridge, MA.

Jansen, I. A. V., Hopmans, T. E. M., Wille, J. C., van den Broek, P.J., van der Kooi,
Tjallie, 11, & van Benthem, B., H.B. (2012). Appropriate use of indwelling urethra
catheters in hospitalized patients: Results of a multicentre prevalence study. BMC
Urology, 12, 25. doi:http://dx.doi.org/10.1186/1471-2490-12-25

Joint Commission Resources (2011). Clinical improvement strategies: Preventing
catheter-associated urinary tract infections. Oakbrook Terrace, Illinois: Joint

Commission Resources, Inc.



90

Justus, T. M. (2015). A quality improvement project using a simulation module to
educate and prevent catheter-associated urinary tract infections in a hospital
setting (Order No. 3700769). Retrieved from
http://search.proquest.com/docview/1680274475?accountid=14872

Kass, E.H. (1956). Asymptomatic infections of the urinary tract. Transactions of the
Association of American Physicians, 69, 56-63.

Klevens, R. M., Edwards, J. R., Richards, C. J., Horan, T. C., Gaynes, R. P., Pollock, D.
A., & Cardo, D. M. (2007). Estimating health care-associated infections and
deaths in U.S. hospitals, 2002. Public Health Reports, 122(2), 160-166.

Kobayashi, H., Takemura, Y., & Kanda, K. (2011). Patient perception of nursing service
quality; an applied model of Donabedian’s structure-process-outcome approach
theory. Scandinavian Journal of Caring Sciences, 25(3), 419-425.

Leedy, P.D., & Ormrod, J.E. (2016). Practical research: Planning and design. New
York, NY: Pearson.

Levine, J. (1964). The rate and prevention of infection after urethral catheterization.
Annals.

Lo, E., Nicolle, L., Classen, D., Arias, K., Podgorny, K., & Anderson, D. J (2008).
Strategies to prevent catheter-associated urinary tract infections in acute hospitals.
Infection Control and Hospital Epidemiology, 29, S41-S50.

http://dx.doi.org/10.1086/591066



91
Magill, S. S., Edwards, J. R., Bamberg, W., Beldavs, Z. G., Dumyati, G., Kainer, M. A.,

... & Ray, S. M. (2014). Multistate point-prevalence survey of health care—
associated infections. New England Journal of Medicine, 370(13), 1198-1208.

McDonald, K.M, Sundaram, V., Bravata, D.M., Lewis, R., Lin, N., Kraft, S.A., ...
Owens, D.K. (2007). Closing the quality gap: A critical analysis of quality
improvement strategies (Vol. 7: Care Coordination). Rockville , MD: Agency for
Healthcare Research and Quality. Retrieved from:
http://www.ncbi.nlm.nih.gov/books/NBK44015/

Meddings, J., Rogers, M. A., Macy, M., & Saint, S. (2010). Systematic review and meta-
analysis: reminder systems to reduce catheter-associated urinary tract infections
and urinary catheter use in hospitalized patients. Clinical Infectious Diseases,
51(5), 550-560.

Mitchell, D., Wirt, F., & Marshall, C. (1986). Alternative state policy mechanisms for
pursuing educational quality, equity, efficiency, and choice goals. Final report to
the National Institute of Education.

Moody, D. L. (2005). Theoretical and practical issues in evaluating the quality of
conceptual models: current state and future directions. Data & Knowledge
Engineering, 55(3), 243-276.

Murphy, C. (2014, January). Why do clinicians place indwelling urinary catheters with
patients in acute medical care? Why do clinicians place indwelling urinary
catheters with patients in acute medical care? N.PAG p. of Internal Medicine,

914-920.



92
New York State Department of Health (NYSDOH). Hospital-Acquired Infections, New

York State (2014). Retrieved from
https://www.health.ny.gov/statistics/facilities/hospital/hospital acquired infection
$/2013/docs/hospital _acquired infection.pdf

Nicolle, L. E., Bradley, S., Colgan, R., Rice, J. C., Schaeffer, A., & Hooton, T. M.
(2005). Infectious Diseases Society of America guidelines for the diagnosis and
treatment of asymptomatic bacteriuria in adults. Clinical Infectious Diseases: An
Official Publication of The Infectious Diseases Society of America, 40(5), 643-
654.

Nunnally, C. (1978). Psychometric theory. New York, NY: MCgraw-HILL.

Polit, D., F. & Beck, C., T. (2012). Nursing research: Generating and assessing evidence
for nursing practice. Philadelphia, PA: Wolters Kluwer/Lippincott, Williams, &
Wilkens.

Remler, D., & Van Ryzin, G. (2010). Research methods in practice: Strategies for
description and causation. Thousand Oaks, CA: Sage Publications.

Rosenthal, V. D., Todi, S. K., Alvarez-moreno, C., Pawar, M., Karlekar, A., Zeggwagh,
A. A, ... Ulusoy, S. (2012). Impact of a multidimensional infection control
strategy on catheter-associated urinary tract infection rates in the adult intensive
care units of 15 developing countries: Findings of the international nosocomial
infection control consortium (INICC). Infection,40(5), 517-26.

http://dx.doi.org/10.1007/s15010-012-0278-x



93
Saint, S., Meddings, J. A., Calfee, D., Kowalski, C. P., & Krein, S. L. (2009). Catheter-

associated urinary tract infection and the Medicare rule changes. Annals of
Internal Medicine, 150(12), 877-884.

Schroeder, D. (1998). Predictors of in-hospital mortality in elderly patients with catheter-
associated nosocomial urinary tract infection. Predictors of In-hospital Mortality
in Elderly Patients with Catheter-associated Nosocomial Urinary Tract Infection,
361.

Sperandei, S. (2014). Understanding logistic regression analysis.

Suresh, K. P., & Chandrashekara, S. (2012). Sample size estimation and power analysis
for clinical research studies. Journal of Human Reproductive Sciences, 5(1), 7.

Sutherland, T., Beloff, J., McGrath, C., Liu, X., Pimentel, M. T., Kachalia, A., ... &
Urman, R. D. (2015). A single-center multidisciplinary initiative to reduce
catheter-associated urinary tract infection rates: Quality and financial
implications. Health Care Manager, 34(3), 218-224.

Tabachnick, B. G., & Fidell, L. S. (2007). Using multivariate statistics. Boston:
Pearson/Allyn & Bacon.

Tambyah, P. A., & Maki, D. G. (2000). Catheter-associated urinary tract infection is
rarely symptomatic: a prospective study of 1497 catheterized patients. Archives of
Internal Medicine, 160(5), 678-682.

Temiz, E., Piskin, N., Aydemir, H., Oztoprak, N., Akduman, D., Celebi, G., & Kokturk,
F. (2012). Factors associated with catheter-associated urinary tract infections and

the effects of other concomitant nosocomial infections in intensive care



94
units. Scandinavian Journal of Infectious Diseases, 44(5), 344-349.

doi:10.3109/00365548.2011.639031

The Joint Commission (2012) (a). National patient safety goals. Hospital accreditation
standards. (pp. NPSG-10-NPSG-17). Oakbrook, IL.: Joint Commission resources.

Trautner, B. W., Cope, M., Cevallos, M. E., Cadle, R. M., Darouiche, R. O., & Musher,
D. M. (2009). Inappropriate treatment of catheter-associated asymptomatic
bacteriuria in a tertiary care hospital. Clinical Infectious Diseases, 48(9), 1182-
1188.

Umscheid, C. A., Mitchell, M. D., Doshi, J. A., Agarwal, R., Williams, K., & Brennan, P.
J. (2011). Estimating the proportion of healthcare-associated infections that are
reasonably preventable and the related mortality and costs. Infection Control and
Hospital Epidemiology, 32(2), 101-114. doi:10.1086/657912.

Underwood, L. (2015). The effect of implementing a comprehensive unit-based safety
program on urinary catheter use. Urologic Nursing, 35(6), 271-279.
doi:10.7257/1053-816X.2015.35.6.271

United States Department of Health and Human Services (DHHS). (2013). Improve
patient safety. Retrieved from http://goals.performance.gov/ goal
_detail/HHS/375

US Census Bureau (2014). States and county census quick facts.
http://quickfacts.census.gov/qfd/states/24000.html

US Department of Health and Human Services (DHHS). (2014). National action plan to

prevent health care-associated infections: road map to elimination. April 2013.



95
Vaishnavi, V. K., & Kuechler, W. (2015). Design science research methods and

patterns: Innovating information and communication technology. Boca Raton,
FL: Auerbach Publications.

Weber, D. J., Sickbert-Bennett, E. E., Gould, C. V., Brown, V. M., Huslage, K., &
Rutala, W. A. (2011). Rate of catheter-associated and non-catheter-associated
urinary tract infections in a healthcare system. Infection Control, 32(08), 822-823.

Weinstein, J. W., Mazon, D., Pantelick, E., Reagan-Cirincione, P., Dembry, L. M., &
Hierholzer, W. J. (1999). A decade of prevalence surveys in a tertiary-care center:
trends in nosocomial infection rates, device utilization, and patient acuity.
Infection Control, 20(08), 543-548.

Yin-Yin, C., Mei-Man, C., Yu-Chih, C., Yu-Jiun, C., Shin-Shang, C., & Fu-Der, W.
(2013). Using a criteria-based reminder to reduce use of indwelling urinary
catheters and decrease urinary tract infections. American Journal of Critical Care,

22(2), 105-114 10p. doi:10.4037/ajcc201346



	Walden University
	ScholarWorks
	2018

	Catheter-Associated Urinary Tract Infection in New York and North Carolina
	Kehinde O. Abiodun

	

