University of South Florida

Digital Commons @ University of South Florida
Graduate Theses and Dissertations

Graduate School

February 2020

Identifying Barriers and Facilitators to Improve Hepatitis C Virus
Screening
Linh M. Duong
University of South Florida

Follow this and additional works at: https://digitalcommons.usf.edu/etd
Part of the Epidemiology Commons

Scholar Commons Citation
Duong, Linh M., "Identifying Barriers and Facilitators to Improve Hepatitis C Virus Screening" (2020).
Graduate Theses and Dissertations.
https://digitalcommons.usf.edu/etd/8927

This Dissertation is brought to you for free and open access by the Graduate School at Digital Commons @
University of South Florida. It has been accepted for inclusion in Graduate Theses and Dissertations by an
authorized administrator of Digital Commons @ University of South Florida. For more information, please contact
scholarcommons@usf.edu.

Identifying Barriers and Facilitators to Improve Hepatitis C Virus Screening

by

Linh M. Duong

A dissertation submitted in partial fulfillment
of the requirements for the degree of
Doctor of Philosophy in Public Health
with a concentration in Epidemiology
College of Public Health
University of South Florida

Co-Major Professor: Anna R. Giuliano, Ph.D.
Co-Major Professor: Kevin E. Kip, Ph.D.
Henian Chen, Ph.D.
Richard R. Reich, Ph.D.
Susan T. Vadaparampil, Ph.D.

Date of Approval:
March 18, 2020

Keywords: Cancer Screening, Viral Hepatitis, Hepatocellular Carcinoma, Healthcare Utilization,
Clinical Practice Guidelines, Trends, Geographic Information Systems
Copyright © 2020, Linh M. Duong

DEDICATION
To my family, especially my mom, who were staunch supporters in my pursuit of higher
learning. Without your love and unwavering support throughout the years, my journey would
have been much more challenging. You’ve always been there to listen, confide in about life’s
ups and downs, and had the utmost of patience with all my moves to different states and cities as
I began collecting degrees. Thank you also for helping me move and settle into all these states
and cities over the years. Looking forward to the next chapter in life. It’s time to celebrate!

ACKNOWLEDGEMENTS
I would like to thank my co-major professors Drs. Anna Giuliano and Kevin Kip for their
guidance and mentorship throughout this dissertation research process. They provided invaluable
feedback to strengthen my dissertation research. In addition, I would like to express my deepest
appreciation to my dissertation committee: Drs. Henian Chen, Richard Reich, and Susan
Vadaparampil for your subject matter expertise and insightful suggestions to help propel my
dissertation research forward. I would also like to thank Dr. Paula Cairns who graciously
volunteered to chair my dissertation defense. Moreover, I would like to extend my deepest
gratitude to Drs. Monica Kasting, Dr. Shannon Christy, and Adrian Gonzalez Lozano for acting
as reviewers for my systematic literature review. I am extremely grateful to Susan Sharpe,
Moffitt Librarian, who assisted with the controlled vocabulary search and retrieval of articles for
my systematic literature review. Additionally, I would like to extend my sincere thanks to Dr.
Benjamin Jacob for his expertise and input on the geographical information systems’ manuscript.
Furthermore, I would like to acknowledge William Stewart and Natalie Favre who assisted with
the data extraction and management of the electronic health records system. And, last but not
least, I would not have been able to complete my final degree without the moral support and
encouragement from my family and friends who cheered me on every step of the way.

TABLE OF CONTENTS
List of Tables ...................................................................................................................................v
List of Figures ............................................................................................................................... vii
Abstract .......................................................................................................................................... ix
Chapter One: Introduction ...............................................................................................................1
Background and Significance ..............................................................................................1
Global Cancer Statistics on Liver Cancer ................................................................1
US Cancer Statistics on Liver Cancer ......................................................................2
Natural History of Liver Cancer ..............................................................................3
Viral Hepatitis – Overall Burden .................................................................4
Prevention and Management of HCC ..........................................................5
Prevention ........................................................................................5
Management .....................................................................................7
Hepatocellular Carcinoma Screening ..........................................................7
Diagnosis Testing Tools ..................................................................7
Treatment of Liver Cancer and 5-Year Relative Survival Rates .................9
Economic Burden of Hepatocellular carcinoma ..........................................9
Global ...............................................................................................9
United States ..................................................................................10
Risk Factors ...............................................................................................11
Lifestyle Risk Factors ................................................................................12
Obesity ...........................................................................................12
Diabetes..........................................................................................12
Metabolic Syndrome, Non-Alcoholic Fatty Liver Disease, and
Non-Alcoholic Steatohepatitis .......................................................13
Alcohol ...........................................................................................14
Aflatoxin B1 Exposure ..................................................................14
Chronic Hepatitis B Virus (HBV)..................................................16
Chronic Hepatitis C Virus (HCV)..................................................16
US Cancer Statistics on Hepatitis C Virus .............................................................19
Natural History of Hepatitis C Virus .....................................................................19
Hepatitis C Virus Screening...................................................................................20
CDC Hepatitis C Virus Screening Recommendations...............................20
Why Screen Baby Boomers? .....................................................................21
CDC Recommended Hepatitis C Virus Testing Sequence ........................21
i

US Affordable Care Act & Hepatitis C Testing ........................................23
Problem Statement .............................................................................................................23
Hepatitis C Virus in Florida ...................................................................................24
Healthcare and Research Gaps Related to HCV Screening ...................................24
Conceptual Framework ......................................................................................................25
Specific Aims, Objectives, and Hypotheses ......................................................................26
Manuscript One ......................................................................................................26
Manuscript Two .....................................................................................................26
Manuscript Three ...................................................................................................27
Chapter Two: Methodology ...........................................................................................................29
Manuscript One ..................................................................................................................29
Data Sources for Manuscript One ......................................................................................29
Data Analysis Plan for Manuscript One ............................................................................31
Manuscript Two .................................................................................................................31
Data Sources for Manuscript Two and Three ....................................................................31
USF Healthcare System .........................................................................................31
Variable Characteristics .....................................................................................................33
Preliminary Data Analysis .................................................................................................34
Calculating Confidence Interval for a Population Proportion ...........................................34
To Calculate a Confidence Interval Around a 10% HCV Antibody Screening
Estimate..............................................................................................................................35
Data Analysis Plan for Manuscript Two ............................................................................36
Trend Analysis .......................................................................................................36
Cochran-Armitage Test for Trend .........................................................................36
Joinpoint Regression Analysis ...............................................................................37
Manuscript Three ...............................................................................................................38
Data Sources for Manuscript Three ...................................................................................38
Data Analysis Plan for Manuscript Three ..........................................................................39
Statistical Analysis .................................................................................................39
Geographic Information Systems (GIS) Analysis .................................................39
Chapter Three: Hepatitis C Virus Screening among Average-Risk Baby Boomers:
A Systematic Literature Review and Meta-Analysis ...............................................................61
Manuscript One ..................................................................................................................61
Abstract ..............................................................................................................................61
Introduction ........................................................................................................................62
Methods..............................................................................................................................63
Results ................................................................................................................................67
Summary of Key Findings for HCV Screening Studies ........................................67
Risk of Bias Assessment ........................................................................................67
Forest Plots and Meta-Regression Analysis ..........................................................68
Discussion ..........................................................................................................................68

ii

Chapter Four: Hepatitis C Virus Screening: An Evaluation of Temporal Trends
Using Electronic Health Records from a Large Hospital System............................................80
Manuscript Two .................................................................................................................80
Abstract ..............................................................................................................................80
Introduction ........................................................................................................................81
Methods..............................................................................................................................83
Statistical Analysis .................................................................................................84
Cochran-Armitage Test for Trend .........................................................................84
Joinpoint Regression Analysis ...............................................................................85
Results ................................................................................................................................86
HCV Antibody Order Trend Analysis ...................................................................86
HCV Antibody Completion Trend Analysis..........................................................87
Discussion ..........................................................................................................................89
Strengths ................................................................................................................91
Limitations .............................................................................................................92
Future Directions ...................................................................................................92
Chapter Five: Hepatitis C Virus Screening: Geospatial Analysis Using Data from
Electronic Health Records from a Large Hospital System and American Community
Survey ......................................................................................................................................99
Manuscript Three ...............................................................................................................99
Abstract ..............................................................................................................................99
Introduction ......................................................................................................................102
Spatial Autocorrelation Analysis Compared to Hot Spot and Cold Spot
Analysis......................................................................................................................104
Social Determinants of Health and Social Epidemiology..........................................105
Methods............................................................................................................................108
Statistical Analysis ...............................................................................................109
Geographic Information Systems (GIS) Analysis .........................................109
Spatial Autocorrelation ............................................................................109
Hot Spot and Cold Spot Analysis ............................................................110
Results ..................................................................................................................111
Choropleth Maps Showing Areas with Highest and Lowest HCV
Screening Percentages ...................................................................................111
Spatial Autocorrelation ..................................................................................111
Hot Spot and Cold Spot Analysis ..................................................................112
Hot Spots by Zip Code for HCV Order and Completion Percentages ..........112
Comparison of HCV Order Hot Spots and Select Patient Level
Characteristics ................................................................................................113
Comparison of HCV Order Hot Spots and Select Population Level
Characteristics ................................................................................................113
Comparison of HCV Completion Hot Spots and Select Patient Level
Characteristics ................................................................................................113
Comparison of HCV Completion Hot Spots and Select Population Level
Characteristics ................................................................................................114

iii

Discussion ....................................................................................................................................114
Strengths ..............................................................................................................117
Limitations ...........................................................................................................117
Future Directions .................................................................................................118
Chapter Six: Summary, Conclusions, and Recommendations.....................................................127
Summary of Findings .......................................................................................................127
Systematic Literature Review ..............................................................................127
Temporal Trends ..................................................................................................128
Geographic Information Systems (GIS) Analysis ...............................................129
Contribution to the Literature ..........................................................................................130
Strengths ..........................................................................................................................131
Limitations .......................................................................................................................132
Public Health Implications ...............................................................................................134
Research Gaps ..................................................................................................................134
Future Directions .............................................................................................................137
Discussion ........................................................................................................................138
References ....................................................................................................................................140
Appendices ...................................................................................................................................155
Appendix A: IRB Determination that Study Two and Three are Exempted ...................156
Appendix B: Search Strategies ........................................................................................158
MEDLINE OVID.................................................................................................158
Embase .................................................................................................................159
Web of Science ....................................................................................................160
Cochrane Library .................................................................................................161
Appendix C: PICO Question ...........................................................................................162
Appendix D: Inclusion & Exclusion Criteria...................................................................163
Appendix E: Review of Publication Years and Data Collection Years ...........................165
Appendix F: Summary of Cochrane Handbook and GRADE Guidelines
Risk of Bias Assessment as Applied to this Systematic Literature Review ....................172

iv

LIST OF TABLES
Table 1

Modifiable Risk factors for HCC – Secular Trends and Attributable Risks................42

Table 2

Dependent and Independent Variable Characteristics .................................................45

Table 3

Sample Size and Missingness Among Baby Boomers Only (N = 34,238)
Who Had an HCV Antibody Order by Socio-Demographic and
Clinical Characteristics Stratified by Year in USF Healthcare
System Dataset Includes High-Risk During 2015–2019 Period ..................................47

Table 4

Sample Size and Missingness Among Baby Boomers Only (N = 34,238)
Who Completed a HCV Antibody Test Order by Socio-Demographic
and Clinical Characteristics Stratified by Year in USF Healthcare
System Dataset Includes High-Risk During 2015–2019 Period ..................................50

Table 5

Sample Size and Missingness Among Baby Boomers Only (N = 34,238)
Who Had an HCV Antibody Order by Socio-Demographic and Clinical
Characteristics in USF Healthcare System Dataset Includes High-Risk
During Entire 2015–2019 Period ................................................................................53

Table 6

Sample Size and Missingness Among Baby Boomers Only (N = 34,238)
Who Completed a HCV Antibody Test by Socio-Demographic and
Clinical Characteristics in USF Healthcare System Dataset Includes
High-Risk During Entire 2015–2019 Period ...............................................................56

Table 7

Ninety-Five Percent Confidence Interval and Margin of Error Percentage
Calculations for Sample Size of N = 97,880 with varying HCV
Antibody Screening Percentages for All Patients Including High-Risk
in a Large Academic Healthcare System 2015–2019 ..................................................59

Table 8

Table 8. Ninety-Five Percent Confidence Interval and Margin of
Error Percentage Calculations for Sample Size of N = 34,238 with
varying HCV Antibody Screening Percentages for Baby Boomers
Including High-Risk in a Large Academic Healthcare System 2015–2019 ................60

Table 9

Table 9: Systematic Literature Review of Hepatitis C Virus Screening
Prevalence Among Baby Boomersa (N = 8b Studies): .................................................73

v

Table 10 Hot Spot Information Among Average-Risk Baby Boomers Who Received
a HCV Antibody Test Order ......................................................................................123
Table 11 Hot Spots – Select Patient and Population Level Socio-Demographic
Characteristics by Zip Code Using EHR and ACS for HCV Antibody
Test Ordered Among Average-Risk Baby Boomers .................................................124
Table 12 Hot Spot Information Among Average-Risk Baby Boomers Who Completed
a HCV Antibody Test ................................................................................................125
Table 13 Hot Spots – Select Patient and Population Level Socio-Demographic
Characteristics by Zip Code Using EHR and ACS for HCV Antibody
Test Completed Among Average-Risk Baby Boomers .............................................126

vi

LIST OF FIGURES
Figure 1

Conceptual Framework for Hepatitis C Virus (HCV Screening) ................................44

Figure 2

HCV Systematic Literature Review PRISMA Flow Diagram ....................................72

Figure 3

Comparison of Risk of Bias Assessment by Study (N = 8) for Hepatitis C
Virus Screening Systematic Literature Review ...........................................................77

Figure 4a Meta-Analysis and Forest Plot for Hepatitis C Virus Screening Prevalence
Among Baby Boomers (N = 8 Studies) Stratified by Publication Year and
Data Collection Year....................................................................................................78
Figure 4b Sensitivity Analyses for Meta-Analysis and Forest Plot for Hepatitis C
Virus Screening Prevalence Among Baby Boomers (N = 8 Studies)
Stratified by Publication Year and Data Collection Year ............................................79
Figure 5

Percent Hepatitis C Virus (HCV) Antibody Test Ordered Among
Average-Risk Baby Boomers (N = 33,846) During 2015–2019 Period ......................93

Figure 6

Hepatitis C Virus Antibody Ordered Proportions Joinpoint Analysis:
One Joinpoint ...............................................................................................................94

Figure 7

Percent Hepatitis C Virus Antibody Test Completed Among Average
Risk Baby Boomers (N = 33,846) During 2015–2019 Period .....................................95

Figure 8

Hepatitis C Virus Antibody Completion Proportion Joinpoint Analyses:
Zero Joinpoints.............................................................................................................96

Figure 9

Hepatitis C Virus Percent Antibody Completed Among Average Risk
Baby Boomers (N = 4,259/120,645) During 2015–2019 Period .................................97

Figure 10 Hepatitis C Virus Antibody Completion Proportions Joinpoint
Analysis: One Joinpoint ...............................................................................................98
Figure 11 Percentage of Average-Risk Baby Boomers Who Received a Hepatitis C
Virus (HCV) Antibody Test Order by Zip Code in a Large Academic
Healthcare System (N = 4,877)..................................................................................119

vii

Figure 12 Percentage of Average-Risk Baby Boomers Who Completed a Hepatitis C
Virus (HCV) Antibody Test by Zip Code in a Large Academic Healthcare
System (N = 3,496) ....................................................................................................120
Figure 13 Hot Spot and Cold Spot Analysis – Average Risk Baby Boomers (4,877)
Where Hepatitis C Virus (HCV) Antibody Test Was Ordered..................................121
Figure 14 Hot Spot and Cold Spot Analysis – Average Risk Baby Boomers (3,496)
Where Hepatitis C Virus (HCV) Antibody Test Was Completed .............................122

viii

ABSTRACT
Background: Birth cohort hepatitis C Virus (HCV) screening recommendations were issued by
the Centers for Disease Control and Prevention (CDC) and United States Preventive Services
Task Force (USPSTF) in 2012 and 2013, respectively. Despite this, studies have reported low
HCV screening rates. Currently, the prevalence of HCV screening rates nationally is unknown
and there are no in-depth studies that have evaluated the barriers or facilitators of HCV
screening. Our study aimed to fill this gap by 1) conducting a systematic literature review to
assess the national HCV screening prevalence, 2) evaluating temporal trends in HCV screening
using a large academic center, and 3) identifying barriers and facilitators associated with HCV
screening among average-risk baby boomers using geographical information system (GIS)
analyses to assess spatial autocorrelation hot spots and cold spots for HCV screening by
individual and population-based characteristics.
Methods: To accomplish our aims, 1) a systematic literature review was conducted using
controlled vocabulary to ascertain the HCV screening prevalence in the U.S. by limiting our
search to articles published between January 1, 2012 and March 14, 2019 to coincide with 2012
and 2013 CDC and USPSTF guidelines, respectively for one-time universal testing for HCV
among baby boomers (adults born 1945–1965), 2) temporal analyses were conducted covering
August 1, 2015 to July 31, 2019 time period for average-risk baby boomers using CochraneArmitage test for trend analysis and Joinpoint analysis, and 3) geospatial analyses using
geographic information systems’ software were conducted to a) create choropleth maps for HCV
ix

antibody test orders and HCV antibody test completion percentages by zip code, b) to measure
spatial autocorrelation and to conduct hot spot and cold spot analyses using Global Moran’s
Index (GMI) and Getis-Ord GI*, respectively to assess differences in HCV antibody test
ordering and HCV antibody test completion percentages using data from the University of South
Florida (USF) Healthcare System covering the August 1, 2015 to July 31, 2019 time period
among average-risk baby boomers, and c) to evaluate socio-demographic differences between
individual and population-based characteristics within hot spot areas (i.e., zip codes with the
highest HCV antibody test order and HCV antibody test completion percentages). Patient level
data were derived from the USF Healthcare System for the August 1, 2015 to July 31, 2019 time
period while population level data were from the American Community Survey (ACS) from the
U.S. Census Bureau covering the 2013 to 2017 time period.
Results: For Aim 1, after de-duplication, 1,900 articles were identified using four databases (i.e.,
MEDLINE via PubMed, EMBASE, Web of Science, and the Cochrane Library) for the
systematic literature review. After applying inclusion and exclusion criteria, eight articles
remained, of which, five were experimental studies (i.e., two randomized clinical trials and three
non-randomized trials) and three were observational studies. The risk of bias assessment and the
meta-analysis evaluated RCTs and non-randomized trials (i.e., we did not include postintervention HCV screening data) and observational studies together. We found marked
variability in HCV screening estimates among average-risk based baby boomers with a range of
1.4% (95% CI: 1.1%–1.7%) to 12.8% (95% CI: 12.1%–13.5%). The risk of bias assessment
revealed high variability in risk of bias. For Aim 2, temporal trends using electronic health
records from a large academic center revealed that out of 120,645 opportunities to receive a
HCV antibody screening order during 2015–2019, 6,333 HCV antibody orders were placed and
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of those orders, only 4,259 HCV antibody tests were completed by average-risk baby boomers.
The trend by month for HCV ordering percentages of HCV antibody tests during this period of
time and showed that the lowest HCV antibody order rate of 1.0% (95% confidence interval
[CI]: 0.5%–1.4%) occurred in August 2015. In contrast, the highest HCV antibody order rate of
12.7% (95% CI: 11.4%–14.0%) occurred in May 2017. And by the end of the study period, the
HCV antibody order rate was 4.2%. At the start of the period, the HCV screening percentage
(HCV antibody test completion) was 0.6% (95% CI: 0.0%–0.9%) in August 2015, at its peak in
May 2017, the HCV screening percentage reached 8.8% (95% CI: 7.6%–9.9%), and by the end
of the study period, the HCV screening percentage declined to 2.1% (95% CI: 3.1%–2.6%) by
July 2019. For Aim 3, spatial autocorrelation showed statistically significant clustering of HCV
antibody test orders (GMI = 0.541096; p < 0.000001) and HCV antibody test completion (GMI =
0.445374; p < 0.000001). There were 26 hot spots for HCV antibody test orders among averagerisk baby boomers and 22 hot spots were identified for average-risk baby boomers who
completed an HCV antibody test. We found that HCV antibody order rates were variable
(15.0% to 37.2%) among average-risk baby boomers by zip code within hot spot areas and
similarly the HCV screening completion rates also differed ranging between 9.7% to 29.1% by
zip code when evaluating hot spots. In general, it was observed that average-risk baby boomers
who had the highest percentage (hot spots) of HCV antibody test ordered and the highest
percentage (hot spots) of HCV antibody test completed tended to live closer to the healthcare
system. Patient level characteristics associated with areas with the highest percentage (hot spots)
of HCV antibody test ordered included being female (two-thirds were female), having Medicare
insurance (20.1% to 50.0%), having greater than 10+ healthcare visits (15.1% to 41.0%). Similar
results were found for hot spot areas with the highest percentage of HCV antibody test.
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Population-based characteristics associated with the highest (hot spots) HCV antibody test
ordered among those who had low poverty levels (4.0% to 32.8%), had low unemployment rates
for those age 16+ (1.8% to 12.0%), and had low percentages of people who used public
transportation (0.0% to 2.8%), variable percentages of race/ethnicity, and were equally divided
by sex. Similar results were found in hot spots for HCV antibody test completion.
Conclusions: We found low HCV screening estimates (< 13%) among studies assessed in our
systematic literature review in the U.S. Consequently, intervention efforts (e.g. screening and
treatment) targeting baby boomers will be important to improve HCV-related disease outcomes.
Additionally, to reduce hepatocellular carcinoma related to chronic HCV infections in the U.S.,
policies and funding are needed to support HCV screening programs to increase uptake of HCV
screening. Targeted HCV screening may be warranted for baby boomer populations who are
less likely to have an HCV ordered and completed based on patient and population
characteristics by using zip code level data by state. Patient level facilitators to HCV antibody
test order and completion include being female, having healthcare insurance (Medicare) for baby
boomers, having 10+ healthcare visits while population-based characteristics included low
poverty percentages, low unemployment, and low use of public transportation, which may be an
indicator of economic stability. Future HCV screening interventions should identify facilitators
and barriers to HCV screening using a geospatial lens to address HCV screening disparities in
vulnerable populations.
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CHAPTER ONE: INTRODUCTION
Background and Significance
Global Cancer Statistics on Liver Cancer
Globally, the incidence of hepatocellular carcinoma (HCC), which is a major histological
type of primary liver cancer comprising 75-85% of the cases, is on the rise (Bosetti, Turati, & La
Vecchia, 2014; Bray et al., 2018; Mak et al., 2018; World Health Organization, 2017). In 2015,
HCC was responsible for a substantial burden of morbidity and mortality worldwide since it is
the fifth most common cancer and the second most common cause of death (Mak et al., 2018).
The etiology of liver cancer is heterogeneous in nature with wide geographic variation (Bosetti et
al., 2014; World Health Organization, 2017). The highest burden of HCC is found in subSaharan Africa and Eastern Asia (Tinkle & Haas-Kogan, 2012), which has reported the highest
age-adjusted incidence rates of > 20 per 100,000 where hepatitis B is endemic in these countries
(Nordenstedt, White, & El-Serag, 2010). A great majority of the liver cancer cases (83%) are
from low and middle-income countries (de Martel et al., 2012). HCC has a unique age and sexspecific distribution. Globally, HCC age-standardized incidence rates per 100,000 population at
risk show that men experience a disproportionate amount of the burden of this disease compared
to women (Mittal & El-Serag, 2013). Liver cancer mortality closely follows incidence patterns
worldwide (Bosetti et al., 2014).
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US Cancer Statistics on Liver Cancer
Similar to global trends, the US has observed an increase in liver cancer over time
(U.S. Cancer Statistics Working Group, 2019). Specifically, annual counts and rates of new
cancers between 1999 to 2016 have been steadily increasing for liver and intrahepatic bile duct
cancers in the U.S. (U.S. Cancer Statistics Working Group, 2019). In 1999, there were about
13,001 new cancer cases of liver and intrahepatic bile duct cancers in the U.S. with an ageadjusted rate of 4.9 per 100,000 in 1999 but by 2016 that number has risen to 33,482 cases
reported with an age-adjusted rate of 8.3 per 100,000 in 2016 (U.S. Cancer Statistics Working
Group, 2019). In 2016, rates of new cancers for liver and intrahepatic bile duct for all ages, all
races/ethnicities, and sex combined per 100,000 people in the U.S. showed wide variability by
state with Louisiana, Texas, and the District of Columbia having the highest rates between 10.6
to 11.8 per 100,000 compared to Vermont, Maine, and North Dakota with the lowest rates (5.1 to
5.3 per 100,000) (U.S. Cancer Statistics Working Group, 2019). With regard to cancer deaths in
the U.S. of liver and intrahepatic bile duct cancers, wide variability across states is observed with
Oregon, California, New Mexico, Texas, Oklahoma, Louisiana, Mississippi, Alabama,
Tennessee, and Kentucky having the highest rates between 7.0 to 8.6 per 100,000 (U.S. Cancer
Statistics Working Group, 2019).
Data from the Surveillance, Epidemiology, and End Results (SEER) Program of the
National Cancer Institute in the U.S., which surveyed 13 SEER cancer registries showed that
there were age-specific sex differences with an overall male-to-female ratio of 3.55 after agestandardization in incidence of HCC in the U.S. during the 1992 to 2013 period (Liu et al.,
2017). Variability in the male-to-female ratio of incidence of HCC was observed with an HCC
incidence less than 2 from ages less than 25 years and below, however, increased from ages 25 to
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29 years, peaking at ages 50 to 54 years then gradually declining thereafter (Liu et al., 2017).
When all races and ethnicities were combined, the male-to-female ratio showed a decrease in
HCC incidence after ages 45 to 49 years, however, unique racial/ethnic patterns were found (Liu
et al., 2017). Among Hispanic whites, the male-to-female ratio peaked at greater than 8 at ages
40 to 49 years (Liu et al., 2017). Meanwhile, a bimodal age-specific sex ratio curve was
observed with the highest ratios seen at ages 30 to 34 years in blacks (5.68) and Asian and
Pacific Islanders (6.72) (Liu et al., 2017). Age-specific sex ratio curves at ages 25 to 29 years
showed minor peaks in Hispanic and non-Hispanic whites (Liu et al., 2017). Age-adjusted
incidence rate of HCC by race/ethnicity using the SEER registry data from 1975 to 2007 showed
differences by race/ethnicity with Hispanics and African Americans showing the highest
increases (Liu et al., 2017). African Americans had a 2.71 times increase in HCC incidence rate
from 1975 to 1977 to 2005 to 2007 while Hispanics had a 2.00 times increase from 1993 to 1995
to 2005 to 2007 (Liu et al., 2017). However, Asian Americans persistently had the highest
overall HCC incidence rate regardless of the data collection interval (e.g. 1975 to 1977, 1993 to
1995, and 2005 to 2007) with the highest rates seen between 2005 to 2007 at a rate of 10.3 per
100,000 (Liu et al., 2017).
Natural History of Liver Cancer
Previously, it was discovered that non-A and non-B hepatitis were viral hepatitis
types that were transmitted after blood transfusions or injection drug use (Westbrook &
Dusheiko, 2014). In addition, it was observed that infection with non-A and non-B hepatitis
could result in chronic infection, which eventually led to the development of chronic liver
disease, cirrhosis, and HCC (Westbrook & Dusheiko, 2014). In 1989, it was discovered that
HCV was a major cause of non-A and non-B hepatitis by scientists at a California biotechnology
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company called Chiron who were collaborating with investigators at the Centers for Disease
Control and Prevention (National Institutes of Health, 2016) and HCV is now considered a major
risk factor for chronic liver disease in high income countries (e.g. US and Australia etc.) (Global
Burden of Disease Liver Cancer et al., 2017; Westbrook & Dusheiko, 2014). While the natural
history of HCC related to chronic infection by HCV is not clearly understood (Westbrook &
Dusheiko, 2014), what is known is that chronic HCV infection leads to a gradual progression of
liver disease due to chronic inflammation of the liver, which results in cirrhosis of the liver in
about 10-20% of people who are persistently infected with HCV and if left untreated, can
progress to HCC, end-stage-liver disease or death over a span of 20 to 30 years (University of
Washington, 2019; Westbrook & Dusheiko, 2014). Once individuals develop cirrhosis, about 1
to 5% are at risk every year for progression to HCC while 3 to 6% are at risk for decompensation
of the liver (Westbrook & Dusheiko, 2014). After liver decompensation, these individuals are at
further risk of death (about 15% to 20%) in the following year (Westbrook & Dusheiko, 2014).
As a consequence, understanding the global and US HCV burden is vital in targeting at-risk
persons for screening and treatment as there is currently no vaccine available. However, high
curative rates (>95%) are observed with direct-acting anti-viral (DAAs) treatments (World
Health Organization, 2017), but these treatments are most effective at early stages of the disease
(Singal, Pillai, & Tiro, 2014).
Viral Hepatitis – Overall Burden
With regard to the overall burden of HCC related to viral hepatitis, it is substantial.
Specifically, higher incidences of HCC are attributable to viral hepatitis infections, which
account for most of the overall burden of HCC (Clark, Maximin, Meier, Pokharel, & Bhargava,
2015; World Health Organization, 2017). In 2015, it is estimated that 325 million persons were
carriers of HBV or HCV and since these individuals can remain asymptomatic for decades, this
4

population is at risk for the progression of the disease to severe liver disease and death (World
Health Organization, 2017). Combined, HBV and HCV, account for 96% of all hepatitis
mortality (World Health Organization, 2017). Viral hepatitis accounts for 1.34 million deaths,
which is comparable to the number of deaths due to tuberculosis (TB) and greater than those
infected with human immunodeficiency virus (HIV) (World Health Organization, 2017).
However, while both TB and HIV are on the decline, viral hepatitis has been rising over time
(World Health Organization, 2017). In 2015, most viral hepatitis deaths were attributed to
chronic liver disease (720,000 deaths from cirrhosis) and primary liver cancer (470,000 deaths
from HCC) (World Health Organization, 2017).
Prevention and Management of HCC
Prevention
Since HCC has a poor prognosis, preventative measures such as HBV vaccination, HBV
and HCV screening, lifestyle changes, and treatment are needed to reduce the burden of this
disease (Mak et al., 2018). According to the World Health Organization (WHO), strategic
actions to reduce and eliminate HCC globally include targeting five areas: 1) immunization
against HBV, 2) prevention of mother-to-child transmission of HBV, 3) blood and injection
safety, 4) prevention of transmission of HBV and HCV among persons who inject drugs
(PWID), and 5) testing and treatment for HCV (World Health Organization, 2017). In light of
this, specific interventions include: vaccination of newborns against HBV (i.e. early vaccination
of baby against HBV within 24 hours of birth, prevention of mother-to-child transmission of
HBV (i.e. treatment of HBV-infected, pregnant mothers with antivirals), infection control in
hospitals, healthcare injection safety training and harm reduction, and screening programs for
blood donation to prevent HCC (Centers for Disease Control and Prevention, 2018; Mak et al.,
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2018; World Health Organization, 2017). With regard to high risk populations, prevention of
initiation of injection drug use, distribution of sterile needle and syringes to PWID, HBV and
HCV testing in high-risk groups (e.g. HIV infected individuals, HIV co-infected individuals with
HBV and/or HCV), and birth cohort screening in countries where HCV incidence and mortality
is highest (Centers for Disease Control and Prevention, 2019a; Mak et al., 2018; World Health
Organization, 2017). Lastly, testing and treatment should focus on educational training among
healthcare professionals about HBV and HCV screening recommendations, as well as outreach
and education on testing and treatment to patient populations at highest risk for HCC
development, treatment of chronic HBV and HCV infected individuals with antivirals, and use of
drugs such as metformin and statins to reduce the progression to HCC development (Centers for
Disease Control and Prevention, 2018, 2019a; Mak et al., 2018; World Health Organization,
2017). Treatments for patients with chronic HBV and HCV infections include antiviral therapy
or at later stages of HCC development surgical resection and liver transplantation (Lok, 2011;
Pazgan-Simon et al., 2018; Singal et al., 2012). For HBV, the most effective treatment is
vaccination to prevent HBV infection (Lok, 2011; Pazgan-Simon et al., 2018; Singal et al.,
2012). There is no vaccination currently available for HCV, therefore, antiviral therapy are most
effective forms of treatment (Lok, 2011; Pazgan-Simon et al., 2018; Singal et al., 2012). For
both HBV and HCV, surveillance and screening to detect chronic infection at its earliest stages
are most likely to improve survival (Lok, 2011; Pazgan-Simon et al., 2018; Singal et al., 2012).
Other preventative measures should also include lifestyle changes associated with modifiable
risk factors such as preventing the development of diabetes, obesity, and metabolic syndrome
(i.e. eating a nutritious diet and increasing physical activity) and moderating alcohol
consumption (Mak et al., 2018).
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Management
Management of HCC includes early diagnosis via imaging surveillance among high risk
persons to identify those most appropriate for resection and transplantation (Mak et al., 2018).
Moreover, specific recommendations for management of various HCC-related risk factors
include: HCV-infected patients should be linked to liver specialists for further testing and
treatment with antivirals, diet and weight loss and pharmacotherapy as appropriate for NASH
patients, to prevent NASH-related HCC, the American Association for the Study of Liver
Disease (AASLD) recommends that patients with NAFLD or cirrhosis should be screened for
HCC every 6 months (Bruix, Sherman, & American Association for the Study of Liver Diseases,
2011; Mak et al., 2018). In summary, important HCC management strategies include use of
imaging and image-directed therapies and require a multi-disciplinary approach with an
understanding of the epidemiologic trends related to risk factors so that clinical management is
most effective (Clark et al., 2015).
Hepatocellular Carcinoma (HCC) Screening
Diagnostic Testing Tools
Since HCC does not have clear symptomatology, surveillance to detect HCC early is
important to detect disease (Mayo Clinic, 2019a). Diagnostic tools used include blood tests,
imaging tests, liver biopsy, and determining the extent of disease through staging (Mayo Clinic,
2019b).
The continuum of care from early detection to treatment/survivorship and possibly
predicting reoccurrence of HCC could be bolstered by the addition of serum tumor biomarkers
(e.g., gene expression profiling, serum tumor biomarkers such as alpha-fetoprotein mRNA,
insulin-like growth factor II-mRNA etc.) (Chien et al., 2016; Ikeda et al., 2006; Quezada,
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Guzman-Ortiz, Diaz-Sanchez, Valle-Rios, & Aguirre-Hernandez, 2017; Rich & Singal, 2014).
An ideal serum tumor biomarker would be easily available/attainable, non-invasive, costeffective, reproducible, and highly accurate (Rich & Singal, 2014). However, no such serum
tumor marker currently exists for diagnosing HCC (Rich & Singal, 2014). Technological
advances have led to the identification of potential serum tumor markers implicated in the HCC
biological pathway (Quezada et al., 2017; Rich & Singal, 2014; Singal et al., 2013; Thun, Linet,
Cerhan, Haiman, & Schottenfeld, 2018). HCC screening remains the best tool in preventing
severe liver disease and mortality and is recommended for individuals with cirrhosis (Bruix,
Sherman, & American Association for the Study of Liver, 2011; European Association for the
Study of the Liver & the European Organisation for Research and Treatment of Cancer, 2012;
Rich & Singal, 2014; Thun et al., 2018). The use of biomarkers for diagnosis could expedite the
surveillance process in getting patients into the continuum of care sooner to improve treatment
and survival outcomes (Bruix, Sherman, & American Association for the Study of Liver, 2011;
European Association for the Study of the Liver & the European Organisation for Research and
Treatment of Cancer, 2012; Rich & Singal, 2014; Thun et al., 2018). In addition, high-risk
patients could also be identified earlier using HCC prediction models (Bruix, Sherman, &
American Association for the Study of Liver, 2011; Chien et al., 2016; El-Serag, Kanwal,
Davila, Kramer, & Richardson, 2014; European Association for the Study of the Liver & the
European Organisation for Research and Treatment of Cancer, 2012; Ikeda et al., 2006; Quezada
et al., 2017; Rich & Singal, 2014; Singal et al., 2013; Thun et al., 2018). While serum tumor
markers have been incorporated in models to predict risk, progress in using these biomarkers
have been hampered by poor accuracy and lack of external validation (Chien et al., 2016; ElSerag et al., 2014; Ikeda et al., 2006; Rich & Singal, 2014; Singal et al., 2013; Thun et al., 2018;
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Yang et al., 2017). Currently, serologic and radiologic tools exist for HCC screening, but
imaged-based screening is the primary mode of detection (Bruix, Sherman, & American
Association for the Study of Liver, 2011; European Association for the Study of the Liver & the
European Organisation for Research and Treatment of Cancer, 2012; Rich & Singal, 2014; Thun
et al., 2018).
Treatment of Liver Cancer and 5-Year Relative Survival Rates
Treatment for liver cancer varies based on stage of disease, age, overall health etc. and
includes surgery, localized treatment (administered directly to cancer cells), radiation therapy,
targeted drug therapy, and supportive (palliative) care (Mayo Clinic, 2019b). The 5-year relative
survival rates for liver cancer (e.g. patients diagnosed with liver or intrahepatic bile duct cancer)
between 2008 and 2014 were 31% for localized SEER stage and decreased incrementally to a
low of 2% at distant stage (American Cancer Society, 2019b). An 18% 5-year relative survival
rate was observed when all SEER stages were combined (American Cancer Society, 2019b).
Economic Burden of Hepatocellular Carcinoma
Global
A study conducted by the American Cancer Society and LiveStrong evaluated the
economic burden of cancers in different countries and found that liver cancer accounted for the
third most common cause of number of years lost due to illness, disability, and death calculated
as the disability-adjusted life year (DALY) for lower-middle income countries. That is,
researchers found that in lower-middle income countries, the estimated DALYs (‘000) lost in
2008 was 4589.2 for liver cancer (American Cancer Society & LiveStrong, 2010). In another
study sponsored by LiveStrong, the cost associated with cancer in 2009 was estimated
(LiveStrong, 2009). Worldwide, liver cancer accounted for $3,835 million of medical costs (e.g.
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medical procedures and services associated with treatment and care for liver cancer), $1,561
million for non-medical costs (e.g. transportation for care and treatment, costs of complementary
and alternative treatments for liver cancer, and caregiving costs), $4,885 million in lost
productivity (e.g. loss in economic productivity due to treatment or disability), and total costs
were estimated to be $10,280 million dollars (LiveStrong, 2009).
United States
In the United States, the economic impact of HCC treatment is quite burdensome. A
systematic literature review was conducted in 2017 to evaluate the economic costs associated
with HCC in an adult population and estimated from 14 studies that direct costs per patient per
year (PPPY) ranged between $29,355 to $58,530 and this was regardless of the patients’ type of
treatment or stage of disease (Kohn et al., 2019). An estimated median overall cost of up to
$176,456 per patients was also reported (Kohn et al., 2019). Using the Surveillance,
Epidemiology and End Results (SEER)–Medicare database, researchers found variability in costs
by stage and age with the highest costs associated with localized stage ($78,553), followed by
regional stage ($49,492), and lastly distant stage ($34,352) (Kohn et al., 2019). In addition,
another study published in 2012 used the Surveillance, Epidemiology and End Results (SEER)–
Medicare database and evaluated medical care costs associated with elderly patients diagnosed
with primary HCC between 1991 to 2007 and reported a mean per-patient-per-month (PPPM)
costs among cases as $7,863 for cases versus $1,243 for controls (p < 0.001) using 2009 dollars
(White et al., 2012). In addition, the mean PPPM for cases by stage was reported as $7,265 for
localized stage, $8072 for regional stage, and $9585 for distant stage using 2009 dollar amounts
(White et al., 2012). Per year, this amounts to $87,180 for localized stage, $96,864 for regional
stage, and $115,020 for distant stage disease (White et al., 2012). Patients enrolled in this study
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were eligible for Medicare Parts A and B but were not enrolled in a health maintenance
organization (HMO) (White et al., 2012). While the costs associated with treatment are
substantial, targeting modifiable risk factors in addition to screening and treatment may lessen
the burden of HCC over time.
Risk Factors
As previously mentioned above, HCV is a major risk factor for HCC. The following is a
review of HCV and other risk factors associated with HCC that have been identified in the
literature and what is known about these risk factors. There are numerous risk factors that have
been implicated in the rise of HCC incidence including sex, race/ethnicity, chronic HBV and
HCV infection, cirrhosis, non-alcoholic fatty liver disease, primary biliary cirrhosis, inherited
metabolic diseases, heavy alcohol use, obesity, type 2 diabetes, certain rare diseases (e.g.
tyrosinemia, alpha1-antitrypsin deficiency, porphyria cutanea tarda, glycogen storage diseases,
Wilson disease), aflatoxins, vinyl chloride and thorium dioxide (e.g. thorotrast), anabolic
steroids, arsenic, infection with parasites, and tobacco use (American Cancer Society, 2019a;
Baecker, Liu, La Vecchia, & Zhang, 2018; Mak et al., 2018). Table 1 provides more information
on seven modifiable risk factors, secular trends worldwide, and attributable risk in terms of all
cases of HCC. Combined, HBV and HCV account for over 80% of the cases of HCC worldwide
(Baecker et al., 2018; Parkin, 2006; Plummer et al., 2016; Yang & Roberts, 2010). While
secular trends show that HBV infections are decreasing worldwide due to HBV vaccination,
increases in HCV infection have been observed overtime globally (Ott, Horn, Krause, &
Mikolajczyk, 2017; Stanaway et al., 2016).
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The following will describe modifiable risk factors in more detail and their global impact.
Lifestyle Risk Factors
Obesity
Risk factors such as the increasing incidence of obesity and related metabolic effects (i.e.
diabetes) have contributed to the overall HCC burden in Western societies (El-Serag & Kanwal,
2014). It has been postulated that obesity may increase risk of HCC via chronic inflammation
pathways (Sun & Karin, 2012; World Cancer Research Fund/American Institute for Cancer
Research, 2007). The highest prevalence of overweight and obesity (> 20%) associated with
liver cancer can be found in Australasia and North America compared to Asia and Africa, which
contributed the lowest percentage (< 5%) (Baecker et al., 2018). Worldwide, females have a
higher prevalence of obesity, however, obesity-related HCC was higher in men, which in turn
leads to higher population attributable fractions in many geographic regions (Baecker et al.,
2018). Moreover, obesity may interact with other lifestyle factors such as alcohol consumption
(Baecker et al., 2018). Those that are drinkers tend to be obese, however, it is difficult to tease
out the individual effects of each risk factor from their combined effects (Baecker et al., 2018).
Diabetes
Diabetes may also increase the risk of HCC beyond the risk associated with HCV
(Bosetti et al., 2015; Miele L, 2015). It is estimated that 7% of the HCC cases globally may be
attributable to diabetes (Baecker et al., 2018). Geographic regions with the highest attributable
fractions include Oceania, North Africa, Middle East, and Central Asia (Baecker et al., 2018).
Approximately 10% of middle-aged Americans have diabetes (Mak et al., 2018). Type II
diabetes is a part of the metabolic syndrome and is strongly correlated with obesity (Mak et al.,
2018).
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Metabolic Syndrome, Non-Alcoholic Fatty Liver Disease, and Non-Alcoholic Steatohepatitis
Metabolic syndrome (MetS) also contributes to the rise in HCC incidence and
consequently, patients who have this condition, should be screened regularly for HCC (Clark et
al., 2015). MetS occurs within a subgroup of obese patients and is characterized by central
obesity with increased waist circumference, increased fasting glucose, increased blood pressure,
reduced high-density lipoprotein (HDL) cholesterol, and increased triglycerides (Eckel, Alberti,
Grundy, & Zimmet, 2010; Pawlik & Soubrane, 2015). It is estimated that up to 25% of the U.S.
population has MetS (Mak et al., 2018; Massoud & Charlton, 2018). Previously, epidemiologic
studies have found that HCC risk may increase 1.5- to 2.0-fold in persons who have MetS
(Borena et al., 2012; Mak et al., 2018; Welzel et al., 2011). Non-alcoholic fatty liver disease
(NAFLD) is in the biological pathway of metabolic syndrome disease and is an important risk
factor for HCC development (Mak et al., 2018). NAFLD is a spectrum of liver conditions (i.e.
ranging from simple steatosis to severe liver damage) (Kutlu, Kaleli, & Ozer, 2018; Mak et al.,
2018). The aggressive liver damage is associated with the inflammatory process called nonalcoholic steatohepatitis (NASH) and is defined as a phase, which involves inflammation,
hepatocellular injury, and fibrosis (Kutlu et al., 2018; Mak et al., 2018). This phase increases the
risk of HCC and is associated with higher rates of death (Kutlu et al., 2018). Globally, the
incidence of NAFLD is on the rise (Mak et al., 2018). Persons further along in the NAFLD
pathway (i.e. NASH) are more likely to develop HCC and is worsened by metabolic syndrome or
PNPLA3 gene polymorphism (Mak et al., 2018). Globally, on average, the prevalence of
NAFLD is greatest in South America (31%), the Middle East (32%), Asia (27%), United States
(24%), and Europe (23%) and lowest in Africa (14%) (Younossi et al., 2018). It has been
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reported that 25% of patients with NAFLD progress to NASH while 20% of NASH patients have
cirrhosis (Khan, Perumpail, Wong, & Ahmed, 2015).
Alcohol
Risk factors such as alcohol consumption and obesity made up a greater proportion of the
HCC cases in North America, Western, Central, and Eastern Europe (Baecker et al., 2018). The
average population attributable fraction for alcohol consumption was 29.5% in high-income
regions compared to other regions (26.5%) (Baecker et al., 2018). Of the lifestyle risk factors,
alcohol accounts for the greatest percentage (26%) of HCC cases, followed by smoking (14%),
and obesity (9%) worldwide (Baecker et al., 2018). In North America, the fraction of cases
attributed by alcohol to HCC is 32% (Baecker et al., 2018). Globally, excessive alcohol
consumption is responsible for 3 million deaths every year, which represents 5.3% of all deaths
(World Health Organization, 2018). Alcohol is a causal factor in greater than 200 diseases and
injuries-related to excessive alcohol consumption (World Health Organization, 2018). In the
United States, HCC incidence has been increasing for the past 3 decades and this trend is
expected to continue through 2030 (Petrick, Kelly, Altekruse, McGlynn, & Rosenberg, 2016).
The increase in alcohol use in high-income countries such as the U.S. may be one of many
contributors to the rise in HCV incidence in the U.S. (Baecker et al., 2018). Additionally, the
harmful effects of alcohol have devasting social and economic consequences and contributes to
early life death and disability with an estimated 13.5% of total deaths attributed to alcohol among
young adults aged 20–29 years of age worldwide (World Health Organization, 2018).
Aflatoxin B1 Exposure
Aflatoxin B1 is a mycotoxin (i.e. a contaminant of fungi) found in maize and nuts and is
a known liver carcinogen (Liu & Wu, 2010; Yang & Roberts, 2010). Food products most
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susceptible to aflatoxin such as rice, peanuts, cereals, dried fruits, oil seeds, and beer (from
barley) are produced mainly in Southeast Asia and sub-Saharan Africa (Hamid, Tesfamariam,
Zhang, & Zhang, 2013). Most HCC cases can be found in sub-Saharan Africa, Southeast Asia,
and China where the population is at increased risk for HBV and uncontrolled aflatoxin exposure
(Liu & Wu, 2010). Chronic aflatoxin exposure has been studied extensively and is a welldocumented carcinogen associated with HCC development and often occurs in persons who are
also infected with HBV (Wild & Gong, 2010). Aflatoxin B1 exposure is increasing and
contributes to the incidence of HCC. Globally, it is estimated that 25,200 to 155,000 of HCC
cases may be attributed to aflatoxin exposure (Liu & Wu, 2010). A study found that aflatoxin
exposure may contribute 4.6 to 28.2% of the worldwide burden of HCC (Liu & Wu, 2010).
Aflatoxin B1 is synergistic with HBV-related HCC (Yang & Roberts, 2010). Those who are
exposed to both aflatoxin and HBV have a 30 times greater risk of developing liver cancer
compared to those exposed only to aflatoxin (Groopman, Kensler, & Wild, 2008). The
combined risk factors of HBV and aflatoxin affect a majority of low-income nations and often
large differences in HBV and aflatoxin exposure can be found between rural and urban areas,
these two risks factors affect rural populations more strongly (Plymoth A, 2009). Another study
found a dose-response relationship between aflatoxin exposure-related HCC and cirrhosis among
those chronically infected with HBV (Chu et al., 2017). Aflatoxin may also have a synergistic
effect with HCV, although this relationship is not as established as with HBV (Kirk, Bah, &
Montesano, 2006; Kuang et al., 2005; Wild & Montesano, 2009). Prevention of contamination
by aflatoxin includes treating crops susceptible to this toxin, procedures for handling food stuffs
that prevents contamination, and integrated collaborations among government, media, and
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agricultural departments to promote food regulation and reduction of contamination by this toxin
(Hamid et al., 2013).
Chronic Hepatitis B Virus (HBV)
According to the World Health Organization (WHO), it is estimated that 257 million
individuals are infected with HBV (World Health Organization, 2017). In terms of HBV
infection related to regional variation worldwide, higher incidences of HBV related HCC are
found mostly (68%) in the WHO African Region and Western Pacific Region (Clark et al., 2015;
World Health Organization, 2017). HBV is responsible for the bulk of the HCC cases and is due
mainly to infections via perinatal and early horizontal transmission (Mak et al., 2018). However,
universal vaccination of newborns has led to a decrease in HCC incidence when compared to
pre-vaccination period (Mak et al., 2018; World Health Organization, 2017). Other routes of
new infection occur due to contact with other infected young children (World Health
Organization, 2017). Since HBV infection occurs before the age of 5, prevention of this
infection focuses on children under 5 years old (World Health Organization, 2017). Most of the
HBV infected cases are from individuals who were born before the HBV vaccine was widely
available (World Health Organization, 2017). About 2.7 million HIV positive individuals are coinfected with chronic HBV and are considered a unique at-risk group (World Health
Organization, 2017).
In 2015, access to testing and care for HBV were dismally low, only 9% or 22 million of
HBV infected individuals knew of their positive status and once diagnosed, only 8% or 1.7
million of HBV infected persons have been treated (World Health Organization, 2017).
Chronic Hepatitis C Virus (HCV)
It is estimated that 71 million individuals are infected with HCV globally (World Health
Organization, 2017). HCV infection affects all regions worldwide with major differences found
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between and within countries (World Health Organization, 2017). In particular, the WHO
Eastern Mediterranean Region and European Region have the highest HCV prevalence (World
Health Organization, 2017). Wide variation in global HCV infection in the general population is
observed with an estimated 1.75 million new infections in 2015 (World Health Organization,
2017). The highest HCV incidence rates per 100,000 people occur in the Eastern Mediterranean
Region (62.5 per 100,000) and the European Region (61.8 per 100,000) followed by the African
Region (31.0 per 100,000), and the South-East Asia Region (14.8 per 100,000) while the Region
of the Americas accounts for 6.4 per 100,000 people and the Western Pacific Region contributes
6.0 per 100,000 people (World Health Organization, 2017). Among high-income countries (e.g.
US and Australia) in both sexes combined, 40% of liver cancer deaths were due to HCV
infections (Global Burden of Disease Liver Cancer et al., 2017). HCV accounted for
approximately 400,000 number of global HCC deaths (World Health Organization, 2017).
Unsafe health-care practices and injection drug use are the main routes of HCV infection
(World Health Organization, 2017). The most common route of HCV transmission in the WHO
Eastern Mediterranean Region is due to unsafe health-care needle injection practice (World
Health Organization, 2017). In contrast, in the WHO European Region injection drug use is the
main route (World Health Organization, 2017). With regard to co-infection of HIV and HCV,
there are 36.7 million persons infected with HIV globally and among those 2.3 million also have
HCV (World Health Organization, 2017). Since liver diseases contribute to a greater proportion
of morbidity and mortality in this HIV-HCV co-infected population, more emphasis should be
placed on helping HIV-HCV co-infected persons get access to testing and treatment (World
Health Organization, 2017). Anti-viral therapies have been effective in reducing the incidence of
HCC (World Health Organization, 2017). With regard to HCV, effective direct-acting anti-viral
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(DAA) treatments with cure rates greater than 95% have substantially reduced the burden of
HCC-related HCV infections (World Health Organization, 2017). Some of the main barriers to
eliminating HCV is access to diagnostic testing, screening, and treatment once diagnosed (Mak
et al., 2018; World Health Organization, 2017). Regarding HCV testing, HCV RNA testing is
rarely used especially in limited resource countries due to the costs and resources required to
administer this test (Nayagam et al., 2016). In 2015, only 20% or 14 million of HCV infected
persons in the population have been diagnosed; of those only 7.4% were being treated (World
Health Organization, 2017).
Understanding the global impact of HCV infection will help in targeting interventions to
mitigate the spread of liver disease in geographic regions where HCV incidence is on the rise.
WHO endorsed a goal by the Global Health Sector Strategy (GHSS) to eliminate viral hepatitis
as a public health threat by 2030 and aims to reduce new infections by 90% and mortality by
65% (World Health Organization, 2017). Worldwide, about 5% of health-care related injections
are unsafe and have contributed to approximately 1.75 million new HCV infections in 2015
(World Health Organization, 2017). However, most countries have been able to regulate the
blood supply effectively and have improved injection safety in health-care settings to further
reduce the risk of infection by HBV and HCV (World Health Organization, 2017). Access to
affordable testing and care is alarmingly low (World Health Organization, 2017). Consequently,
much work needs to be done to increase testing and treatment for viral hepatitis. In the GHSS
strategy, they aimed to eliminate viral hepatitis related HCC through a multi-pronged approach:
1) increasing immunization against hepatitis, 2) preventing mother-to-child transmission, 3)
improve blood and injection safety, 4) prevent HBV and HCV transmission among injection
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drug users via harm reduction services, and 5) testing and treatment (World Health Organization,
2017).
HBV and HCV both contribute a substantial amount to the attributable risk associated
with HCC (Yang & Roberts, 2010). A review by Yang et al. 2010, revealed that there were
variations in estimated attributable risk fractions of primary HCC by viral hepatitis status and by
countries with differing levels of medical resources (Yang & Roberts, 2010). That is, chronic
HBV infection related to HCC occurred more frequently (60% attributable risk fractions) among
countries with low or intermediate medical resources (Yang & Roberts, 2010). Meanwhile,
chronic HCV infection related to HCC were more common (60% attributable risk fractions)
among countries with high medical resources (Yang & Roberts, 2010).
US Cancer Statistics on Hepatitis C Virus
The estimated prevalence rate of people living with HCV in the U.S. during the 2013
to 2016 period was variable across states (> 1251 per 100,000) for those who live in Oregon,
New Mexico, Oklahoma, Louisiana, Tennessee, and West Virginia (HepVu, 2019a).
Meanwhile, the rates of deaths related to HCV in the U.S. in 2016 were highest in Oregon, New
Mexico, Oklahoma, Louisiana, and Rhode Island (HepVu, 2019b).
Natural History of Hepatitis C Virus
HCV is spread through contaminated blood products (i.e. transmitted via injection
drug use, body piercing and tattooing, engaging in risky unprotected sex and having multiple
partners) (Mayo Clinic, 2019a). Across 42 states in the U.S. in 2016, there were 3,000 reported
cases of acute HCV with an overall incidence of 1 case per 100,000 (Centers for Disease Control
and Prevention, 2018). Symptoms of acute illness are clinically mild and as a result go
undetected (Westbrook & Dusheiko, 2014). Approximately 75%–85% of patients infected with
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hepatitis C virus (HCV) develop a chronic HCV infection (Centers for Disease Control and
Prevention, 2019b). If left untreated, patients with chronic HCV infection are at higher risk of
developing liver disease (Ditah et al., 2014; Liang, Rehermann, Seeff, & Hoofnagle, 2000). The
prevalence of HCV in the U.S. is estimated to be 2.4 million (Hofmeister et al., 2019). In the
Western world, chronic HCV is a major cause of HCC, end-stage, liver disease, and liver relatedcancer deaths and is a “silent” infection with no clear symptomatology (Mayo Clinic, 2019a,
2019b; Westbrook & Dusheiko, 2014). Consequently, surveillance and screening to detect HCV
early is important to detect disease for linkage to treatment (Centers for Disease Control and
Prevention, 2018). In the era of direct-acting antivirals, which are greater than 95% effective
(Welzel et al., 2019; World Health Organization, 2017), chronic HCV is curable if oral
medications are taken every day for two to six months (Mayo Clinic, 2019a; Welzel et al., 2019).
Unfortunately, almost 50% of people with HCV are not aware of their infection status (Mayo
Clinic, 2019a). As a result, it is imperative that at-risk persons for development of chronic HCV
infections are screened so they may be linked to care before progression of disease. Currently,
there is no vaccine for HCV (Westbrook & Dusheiko, 2014) but several vaccines are in
development and in clinical trials (Clinical trials, 2019a, 2019b, 2019c). Consequently,
screening and treatment are the only options available for patients (Westbrook & Dusheiko,
2014).
Hepatitis C Virus Screening
CDC Hepatitis C Virus Screening Recommendations
Age cohort-based screening is a relatively new recommendation strategy. In 2012, the
Centers for Disease Control and Prevention issued a recommendation for one-time screening for
baby boomers (i.e. adults born 1945–1965) in addition to risk-based screening (Centers for
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Disease Control and Prevention, 2019a). Traditional risk-based screening includes screening for
high risk persons such as current injection drug users, ever injection drug users, persons with
certain medical conditions (e.g. HIV, long-term hemodialysis, persistently abnormal ALT levels
also known as alanine aminotransferase etc.), and recipients of blood transfusion or organ
transplant (Centers for Disease Control and Prevention, 2019a).
Why Screen Baby Boomers?
The rationale behind birth cohort screening targeted to baby boomers is because this
population is five times more likely to have HCV compared to other adults and three in four
people with HCV were born from 1945 to 1965 (Centers for Disease Control and Prevention,
2016). However, the reasons for the high rates of HCV among baby boomers are not completely
known (Centers for Disease Control and Prevention, 2016). Most baby boomers are believed to
have been infected in the 1960s to 1980s when HCV transmission was the highest (Centers for
Disease Control and Prevention, 2016). HCV infection could have occurred via medical
equipment or procedures before universal precautions or infection control were implemented or
because the blood supply was not well-regulated and contaminated blood products could have
been introduced during blood transfusion or organ donation (Centers for Disease Control and
Prevention, 2016). After HCV screening was developed, HCV was virtually eliminated from the
blood supply after 1992 (Centers for Disease Control and Prevention, 2016).
CDC Recommended Hepatitis C Virus Testing Sequence
In 2013, the CDC issued recommendations for HCV testing sequence (Centers for
Disease Control and Prevention, 2013). If a healthcare provider receives an electronic health
record (EHR) alert that her/his patient is a baby boomer, the first step in the process is to order an
HCV antibody assay (Centers for Disease Control and Prevention, 2013). If negative, the patient
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does not have HCV antibody present and generally no further testing is needed (Centers for
Disease Control and Prevention, 2013). However, if the HCV antibody assay is positive, the
patient will then need to obtain HCV RNA (ribonucleic acid) testing (Centers for Disease
Control and Prevention, 2013). If negative for HCV RNA, this means that the patient does not
have a current HCV infection, but further testing may be warranted (i.e. to differentiate from
past, resolved HCV infection from a false positive for HCV antibody), and testing with another
HCV antibody can be considered. Alternatively, the healthcare provider has the option of
repeating HCV RNA if the person tested is suspected of being exposed within last 6 months, has
clinical evidence of disease, or there is concern about handling and storage of test specimen)
(Centers for Disease Control and Prevention, 2013). Lastly, if the patient tests positive for HCV
RNA, that means they have a current infection and they will need to be linked to care where they
may undergo further testing (e.g. HCV genotyping) and treatment (Centers for Disease Control
and Prevention, 2013). There is a 1.13% prevalence of HCV RNA positive individuals in the
U.S. with wide variability in distribution among the states (HepVu, 2019c). Oregon, California,
New Mexico, Oklahoma, Louisiana, and Tennessee have the highest rates (1.50 to 2.59 per 100)
(HepVu, 2019c). The estimated prevalence of HCV RNA varied by race in the U.S. in 2010
with the highest prevalence seen among non-Hispanic blacks (2.43%; 95% confidence interval
[CI]: 2.10%–2.90%) compared to non-Hispanic whites (1.05%; 95% CI: 0.90%–1.27%) with
Hispanics/other having the lowest prevalence (0.74%; 95% CI: 0.59%–1.04%) (Hall, Rosenberg,
& Sullivan, 2018). Of these three races/ethnicities evaluated, wide variability in geographic
distribution was also observed by race/ethnicity (Hall et al., 2018).
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US Affordable Care Act & Hepatitis C Testing
With regard to hepatitis testing and the Affordable Care Act, more opportunities are
available for Americans to be insured so that they may prevent viral hepatitis infections and be
diagnosed and treated for chronic viral hepatitis (Affordable Care Act, 2019). Under ACA, those
who have chronic viral hepatitis may now be eligible for health insurance, and insurance
companies are no longer permitted to drop coverage for people who become sick or need to use
their insurance to seek care and treatment (Affordable Care Act, 2019). Additionally, there are
no longer caps on lifetime limits or annual limits that regulate insurance coverage and for states
that opted for Medicaid expansion, low-income individuals are now able to access preventative
viral hepatitis screening and treatment services (Affordable Care Act, 2019). With regard to free
preventative care, HCV testing is provided free without a deductible or co-pay (Affordable Care
Act, 2019). However, while more Americans are insured after the passage of the Affordable
Care Act, there is still a small percentage of the population who lack health insurance in the
United States in 2016 (HepVu, 2019d). Wide variations in health insurance coverage are seen
among states where > 11.1% plus of the population lack health insurance coverage in Idaho,
Wyoming, Nevada, Arizona, New Mexico, Texas, Oklahoma, Louisiana, Mississippi, Georgia,
Florida, North and South Carolina (HepVu, 2019d).
Problem Statement
While the CDC and USPSTF have issued guidelines that recommends birth cohort
screening among baby boomers, uptake rates of screening remain dismally low. A study
evaluating HCV screening rates among baby boomers using the National Health Interview
Survey for study periods 2013 to 2016 found a screening percentage between 11.9% to 14.1%
during this time period (Kasting, Giuliano, Reich, Roetzheim, et al., 2019). Overall Aim: I
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aimed to evaluate HCV screening by 1) conducting a systematic literature review to examine the
current HCV screening rates in the United States, 2) assessing trends in HCV screening in
Florida among baby boomers, and 3) conducting a geographic information system (GIS) analysis
of HCV screening in Florida to evaluate if there are geographic differences in the HCV screening
distribution.
Hepatitis C Virus in Florida
It is estimated that 950 people per 100,000 were living with HCV infection in Florida
between the time periods of 2013 to 2016 (HepVu, 2019e). This rate is slightly lower than the
southern region of the US (1,008.2 per 100,000) but slightly higher when compared to the
national rate (926.5 per 100,000) (HepVu, 2019e). The rate of death from HCV was similar in
Florida (6.0 per 100,000) when compared to the southern region of the US (6.1 per 100,000) but
slightly higher than the national rate (5.6 per 100,000) (HepVu, 2019e). Males (70.3%) in
Florida in 2016 were more likely to have a higher burden of death related to HCV compared to
women (29.7%) (HepVu, 2019e). In Florida in 2016, baby boomers made up 26.4% of the
population (HepVu, 2019e).
Healthcare and Research Gaps Related to HCV Screening
HCC does not have clear symptomatology and consequently many patients do not
know their disease status (Boyd, Duchesne, & Lacombe, 2018; Mayo Clinic, 2019a; McMahon
et al., 2016; Westbrook & Dusheiko, 2014). Therefore, surveillance measures to detect HCC
early are important in the prevention of this disease. With regard to healthcare and research gaps
in interrupting the viral hepatitis (HCV) continuum to HCC disease progression, there are several
barriers to HCV screening. One barrier is that the uptake of current guidelines for HCV antibody
screening have been dismal (Boyd et al., 2018; McMahon et al., 2016). As a result, those at

24

higher risk of infection are not being screened and those that are screened are not screened early
enough for treatment to be efficacious (Boyd et al., 2018; McMahon et al., 2016). Other barriers
are healthcare provider and patient education related to HCV screening (Boyd et al., 2018;
McMahon et al., 2016). My research for this dissertation was focused on describing the HCV
screening gaps in the U.S. as well as identifying barriers and facilitators to HCV screening in
Florida. As a consequence, I aimed to 1) conduct a systematic literature review to evaluate the
national HCV screening prevalence, 2) assess temporal trends in HCV antibody screening in
Florida, and 3) evaluate the geographic distribution of HCV antibody screening rates in Florida,
which may help inform intervention programs aimed to increase HCV screening.
Conceptual Framework
The current conceptual framework depicted in Figure 1 describes the seven domains that
impact HCV screening initiation and HCV screening completion. I used this conceptual
framework to conduct my research, which was based on a modified Health Service and Health
Behavior Frameworks combined from four studies (Andersen, 1995; Andersen & Newman,
1973; Bastani et al., 2011; Cabana et al., 1999). The revised conceptual framework was an
amalgamation of constructs taken from four theoretical models: 1) Andersen Behavioral Model,
2) Andersen-Newman Health Services Utilization Model, 3) Cabana Practical Improvement
Framework, and 4) Bastani Health Behavior Model (Andersen, 1995; Andersen & Newman,
1973; Bastani et al., 2011; Cabana et al., 1999). My study focused on three of these domains
related to individual variables, healthcare provider, and health care system factors, and factors
that are related to individuals navigating the health care system that impact whether patients
receive an HCV antibody order from the healthcare provider and factors that affect if they
complete the HCV antibody screening. Additionally, I used individual level characteristics from
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USF Healthcare System’s EHR covering the 2015–2019 period and used population-based
characteristics from the U.S. Census Bureau’s American Community Survey during the 2013–
2017 period to evaluate differences in HCV antibody order and HCV antibody completion rates
by geographic distribution in Florida using both individual and population-based characteristics
to identify potential factors for public health intervention. Additionally, a trend analysis was
conducted to identify temporal trends in HCV antibody order and HCV antibody completion to
further inform interventions.
Specific Aims, Objectives, and Hypotheses
Manuscript One
Aim 1: Evaluate the U.S. HCV screening prevalence among average-risk baby boomers in the
United States.
Objective 1.1: Conduct a systematic literature review on HCV screening using Covidence for
studies that assesses HCV screening among average-risk baby boomers from 2012 forward (i.e.
publication from 2012 forward and data collected from 2012 forward) and apply inclusion and
exclusion criteria developed a priori to define articles eligible for data extraction.
Hypothesis 1.1: Low HCV screening prevalence will be found among average-risk baby
boomers in the U.S. I am defining low as having a HCV screening prevalence ≤ 11.9% among
baby boomers based on findings from (Kasting, Giuliano, Reich, Roetzheim, et al., 2019), which
evaluated HCV screening order among baby boomers using the National Health Interview
Survey (NHIS) and found that HCV screening rates were dismally low (between 11.9%–14.1%
from 2013 to 2016) among baby boomers.
Manuscript Two
Aim 2: Assess temporal trends in HCV antibody order and HCV antibody completion among
average-risk baby boomers using the University of South Florida (USF) Healthcare System’s
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electronic health records (EHRs) covering the August 1, 2015 to July 31, 2019 time period.
Institutional Review Board approval was obtained by USF (Appendix A).
Objective 2.1: Analyze HCV antibody order and completion rates by month using USF
Healthcare System’s EHRs.
Hypothesis 2.1.1: HCV antibody order among baby boomers will be low (i.e. ≤ 11.9%). See
hypothesis 1.1 for rationale for choosing this threshold. However, it is expected that HCV
antibody order rates will increase overall during the August 1, 2015 to July 31, 2019 time period
due to CDC and USPSTF Recommendations on birth cohort screening in 2012 and 2013,
respectively (Smith et al., 2012; U.S. Preventive Services Task Force, 2013).
Hypothesis 2.1.2: HCV completion among baby boomers will be low (i.e. two thirds of 11.9%).
Based on a HCV antibody completion paper that has been submitted for peer-reviewed
publication (Duong et al., 2020), we found that two-thirds of baby boomers have completed
HCV antibody screening when it is ordered by a physician using EHR from the USF Healthcare
System during the 2015–2017 time period. However, it is expected that HCV antibody
completion rates will remain stable overall based on analyses of 2015 to 2017 data in a HCV
completion paper that has been submitted for peer-reviewed publication (Duong et al., 2020).
Manuscript Three
Aim 3: Conduct Geographic Information Systems (GIS) analyses to investigate geographic
distribution of HCV screening in Florida using databases from University of South Florida
(USF) Healthcare System’s EHRs and the American Community Survey (ACS) from the U.S.
Census Bureau.
Objective 3.1: Analyze the HCV antibody screening order and completion rates by average-risk
baby boomers during the August 1, 2015 to July 31, 2019 period to assess geographic
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distribution of HCV screening in Florida. To conduct these analyses, I aimed to: 1) evaluate if
there are areas of geographic clustering in space (i.e. high or low values of geographic
clustering) of HCV antibody order and completion rates and 2) if I find that there is non-random
geographic clustering of HCV antibody order and completion rates, next hot spot and cold spot
analyses will be conducted to assess if there are geographic differences by socio-demographic
characteristics (i.e. patient characteristics) using USF Healthcare System’s EHRs covering the
August 1, 2015 to July 31, 2019 period and by population level characteristics (i.e. economic and
socio-demographic characteristics) using U.S. Census Bureau data from ACS 2013–2017 (U.S.
Census Bureau, 2019).
Hypothesis 3.1.1: Non-random geographic clustering in HCV antibody order and HCV antibody
completion rates will be observed among average-risk baby boomers by zip code. Specifically,
there will be non-random geographic clustering patterns associated with low (≤ 11.9%) HCV
antibody test order and/or low (two thirds of 11.9%) HCV antibody test completion and high
HCV antibody test completion among average-risk baby boomers in Florida. See Hypothesis 1.1
and Hypothesis 2.1.2 for rationale for choosing these thresholds.
Hypothesis 3.1.2: There will be hot spots and cold spots found among average-risk baby
boomers who received an HCV antibody test order and follow through and complete the HCV
antibody test. These hot spots and cold spots will be associated with differences in sociodemographics at the patient and population level using data from USF Healthcare System
(August 1, 2015 to July 31, 2019) and ACS (2013 to 2017), respectively.
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CHAPTER TWO: METHODOLOGY
The following is an overview of the methods used for each of the three manuscripts.
A more detailed description of the methods employed are described in the manuscripts
themselves. What follows is a description of the data sources and a review of the statistical
techniques that were used for each manuscript.

Manuscript One
Aim One: Systematic Literature Review of HCV Screening Among Average-Risk Baby
Boomers
Data Sources for Manuscript One
A systematic literature review search was conducted between April 2018 and March
2019 using a combination of free text keywords, MeSH, and database-specific controlled
vocabulary to increase the sensitivity and precision of each search within the following
databases: MEDLINE via PubMed, EMBASE, Web of Science, and Cochrane Library
(Appendix B). The search was conducted according to the preferred reporting items for
systematic literature reviews and meta-analysis (PRISMA) guidelines (Moher, Liberati, Tetzlaff,
Altman, & Group, 2009). MEDLINE via PubMed has greater than 30 million citations for
biomedical literature including references from life science journals and online books (National
Center for Biotechnology Information: U.S. National Library of Medicine, 2019). EMBASE is a
multi-purpose biomedical research database that includes international biomedical literature from
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the year 1947 forward and has over 32 million records spanning 8,500 journals from over 95
countries (Elsevier, 2019). Web of Science provides access to multiple databases and includes a
comprehensive collection of 1.7 billion citations from over 159 million records spanning various
academic disciplines (Web of Science, 2020). Cochrane was founded in 1993 and houses the
Cochrane Library, which is composed of a collection of databases that has high-quality,
independent evidence reviews focusing on healthcare research (Cochrane, 2019).
Each search was limited to articles published between January 1, 2012 and March 14,
2019 to coincide with the 2012 and 2013 guidelines from the CDC and USPSTF, respectively for
one-time universal testing for HCV among baby boomers (adults born 1945–1965) (Smith et al.,
2012; U.S. Preventive Services Task Force, 2013). We used Covidence, a systematic literature
review software to conduct the systematic literature review.
The completed search yielded a total of 2,081 articles. After removing duplicate articles
(N = 181), there were 1,900 articles eligible to be screened. A team of two authors screened the
articles by title and abstract against the inclusion and exclusion criteria established by the authors
and represented in Appendix C and Appendix D, respectively, which resulted in 1,802 articles
being excluded. Upon selection for full-text review, the articles were divided into two groups to
be independently screened by two teams of two reviewers (four reviewers in total). In both
groups, conflicts were resolved through seeking consensus with a third reviewer. Upon
completion of the title and abstract review for both groups, results were combined into a single
Covidence review and the full-text screening was completed by an author from each group.
There were 98 articles eligible for full-text review. Appendix E provides information on the 98
full-text studies assessed including information on the year each study was published and data
collection years for each study.
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Eight publications remained after full-text screening, of which, five were experimental
studies (i.e., two randomized clinical trials and three non-randomized trials) and three were
observational studies.
Data Analysis Plan for Manuscript One
Risk of bias (RoB) assessment and the meta-analysis were conducted on these eight
articles and evaluated RCTs and non-randomized trials (i.e., we did not include post-intervention
HCV screening data) and observational studies together. Statistical analyses included computing
the number of articles that fell within high, low, or unclear RoB and summarizing the results for
each RoB category. Data extraction from the eight articles were then analyzed using forest plots
by computing 95% confidence intervals (CI) around a baseline HCV screening percentage
estimate. Forest plots are graphical representations of the systematic literature review and metaanalysis results and depicts the differences between studies by providing an estimate with 95%
CI for each study as well as a pooled overall result (Ahn & Kang, 2018; Booth, Sutton, &
Papioannou, 2016; Lalkhen & McCluskey, 2008). A sensitivity analyses was also conducted.
Manuscript Two
Aim Two: Temporal Trends of HCV Antibody Screening (Order and Completion) of a Large
Academic Healthcare System
Data Source for Manuscript Two and Three
USF Healthcare System
Data from the University of South Florida (USF) Healthcare System’s electronic health
records (EHRs) were collected between August 1st, 2015 and July 31st, 2019. A health
maintenance tab in the EHR captures health screening and alerts physicians when an ageappropriate screening is required for patients including baby boomers (adults born 1945–1965).
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A centralized warehouse houses clinical data for patients seen by healthcare providers at USF
Healthcare System that can be downloaded for health services research. Data were restricted to
primary care provider visits only (e.g. family medicine, general internal medicine), or a relevant
specialist (e.g. gastroenterologist, infectious disease specialist, etc.). Moreover, procedural codes
in the EHR were used to identify HCV antibody test ordering and completion. The population
was limited to average-risk baby boomers (adults born 1945–1965). Average-risk for HCV
infection was defined as patients who were HIV negative, had no history of hepatitis, did not live
with someone with hepatitis, and did not have a history of liver cancer. Meanwhile, high-risk for
HCV infection was defined as patients who were HIV positive, had a history of hepatitis, lived
with someone with hepatitis, and had a history of liver cancer. HCV ordering was defined as
whether a HCV antibody test was ordered by healthcare professional. Meanwhile, HCV
completion was defined as whether a patient received the HCV antibody test ordered by a
healthcare professional. A more detailed description of the study population and inclusion and
exclusion criteria used for USF Healthcare System has been published previously (Kasting,
Giuliano, Reich, Duong, et al., 2019).
The final dataset for USF Healthcare System included 97,880 adults (aged 18 and older)
patients (includes high-risk patients) of which 34,238 were baby boomers. The remaining birth
cohorts had the following sample sizes: born before 1945 (N =11,107), born 1966–1985 (N =
31,882), and born after 1985 (N = 20,653).
For manuscript 2’s temporal trend analysis, I evaluated the number of opportunities to
receive a HCV antibody screening during August 1, 2015 to July 31, 2019 among average-risk
baby boomers (N = 33,846). The final dataset for temporal trends included 120,645
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opportunities among average-risk baby boomers to receive a HCV antibody screening during
August 1, 2015 to July 31, 2019.
For geographical information system (GIS) analysis, I identified facilitators and barriers
to HCV antibody screening (order and completion) by zip code using data from the USF
Healthcare System’s EHR during the August 1, 2015 to July 31, 2019 period and American
Community Survey (ACS) data covering the 2013–2017 period. There was a total of 32,629
average-risk baby boomers who received healthcare services in this healthcare system between
August 1, 2015–July 31, 2019 and had zip code information recorded in the EHR dataset from
the USF Healthcare system. Choropleth maps were created for HCV antibody test order and
HCV antibody test completion percentages. GIS analysis using Global Moran’s I and Getis-Ord
Gi*were conducted for spatial autocorrelation and hot spot and cold spot analysis, respectively.
Variable Characteristics
Table 1 lists the socio-demographic and clinical characteristics available for analysis in
the USF Healthcare System EHR and how each variable was operationalized. HCV antibody
test ordered was defined as a patient who had an HCV antibody test ordered by a healthcare
professional. HCV antibody test completion was defined as a patient who followed through with
the test ordered and received an HCV antibody test result or there was a documented HCV
antibody test result for the patient in the EHR. Socio-demographic variables were examined in
our previous studies (Duong et al., 2020; Kasting, Giuliano, Reich, Duong, et al., 2019) as
potential predictors of HCV antibody test order and HCV antibody test completion included age,
sex, race/ethnicity, language, payor (i.e. health insurance coverage), number of health care visits,
types of health care visits (i.e. primary care only, specialty care physicians only, primary and
specialty care physicians, advanced practice professionals only (e.g. advanced registered nurse
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practitioner [ARNP] and physician assistant [PA]), and unknown, and HCV risk factors (i.e.
HIV, history of hepatitis, lived with someone with hepatitis, and history of liver cancer). Select
variables were used in the GIS analysis based on findings from our previous studies (Duong et
al., 2020; Kasting, Giuliano, Reich, Duong, et al., 2019).
Preliminary Data Analysis
To test the feasibility of the analyses, I evaluated whether I had a large enough sample
size for HCV antibody test order and HCV antibody test completion to answer the research
questions outlined in Chapter 1. As a consequence, HCV antibody test order (Table 3) and HCV
antibody test completion (Table 4) among baby boomers (includes high-risk) by sociodemographic and clinical characteristics stratified by study year were assessed to calculate
sample sizes and missingness. Then, analyses combining all four years were conducted among
baby boomers (includes high-risk) to assess HCV antibody test order (Table 5) and HCV
antibody test completion (Table 6) by socio-demographic and clinical characteristics to evaluate
sample sizes and missingness. In addition, I calculated 95% confidence intervals and margin of
error percentages around the HCV screening estimates for all patients (includes high-risk
patients) (Table 7) and baby boomers (includes high-risk patients).
Calculating Confidence Interval for a Population Proportion
After the sample size was computed for the total population during August 1, 2015 to
July 31, 2019 for all patients (includes high-risk) and baby boomers (includes high-risk), I used
these numbers to calculate the estimated width of the confidence interval for a population
proportion. That is, I assessed the confidence interval for hypothesized population proportions
over a range of estimates.
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To Calculate a Confidence Interval Around a 10% HCV Antibody Screening Estimate
Where z = 1.96 for 95% confidence interval,

̂ = 0.10,

̂(1− ̂ ) = 0.10 * (1−0.10),

= 97,880

(sample size). If 10% of the population were screened for HCV antibody, what is the confidence
interval around that estimate range?

The 95% confidence interval is 9.8 – 10.2 around the 10% HCV antibody screening
estimate. Interpretation: According to this sample data, I can conclude with 95% confidence that
if 10% of the population had a HCV antibody screening, this estimate fall between a 95%
confidence interval range of 9.8 to 10.2% and the margin of error percentage would vary plus or
minus 0.19% when using a sample size of 97,880. The remaining 95% confidence intervals were
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calculated in the same manner for a population with the following screening estimates: 1.0% to
15.0% HCV screening and results are shown in Table 7 for all patients (includes high-risk
patients) and in Table 8 for baby boomers only (includes high-risk patients). Based on these
calculations, which showed tight 95% confidence intervals around the HCV antibody screening
estimates and the low margin of error percentage calculated, it was determined that there was
sufficient sample size to conduct the analyses.
Data Analysis Plan for Manuscript Two
Trend Analysis
Linear trend analyses were conducted on HCV antibody screening (order and
completion) among average-risk baby boomers treated in the USF Healthcare System from
August 1, 2015 to July 31, 2019 using EHRs by month using unweighted and weighted CochranArmitage test for trend statistical analyses. Then, a joinpoint regression analysis was conducted
using Joinpoint Regression Program to estimate the trend analyses for linear trends by computing
monthly percent change (MPC) and average monthly percent change (AMPC) for August 1,
2015 to July 31, 2019.
Cochran-Armitage Test for Trend
The Cochran-Armitage test for trend is used to test for a linear trend when you have a
binary outcome variable (e.g. HCV order or HCV completion) and an ordered categorical
variable (e.g. study month) (Armitage, 1955; Liu, 2007; SAS, 2019). That is, this statistical
analysis is used to evaluate if the association between the predictor and outcome variable follow
a linear trend by comparing the distribution of the binary outcome variable (e.g. HCV antibody
tests ordered) across levels of the ordered categorical variable (e.g. study month) (Armitage,
1955; Liu, 2007; SAS, 2019). This statistical analysis test is used to evaluate trends in the
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binomial proportions across ordinal levels of a covariate. That is, the trend test is based on a
regression coefficient for a weighted linear regression of the binomial proportions using the
scores of a predictor variable’s ordinal levels (SAS, 2019). This test can be used for a two-way
table where the outcome variable has two levels and the other variable is ordinal (SAS, 2019). If
the table has two columns and R rows, the Cochran-Armitage test for trend is computed as (SAS,
2019):

where Ri is the score of the row i,

is the average row score, and

I am setting a p for trend of p < 0.05 as statistically significant for a linear trend. Additionally,
since the data has changing population sizes in each month evaluated, I compared unweighted
and weighted Cochran–Armitage test for trend to compare if differences in the total population
by month would significantly change the results of the trend analysis. Therefore, a weighting
variable was created that accounted for the differences in population sample sizes each month
whereby the largest sample size was divided by each sample size in a given month to arrive at a
weighting factor. This weighting factor was then included in the statistical model for the
weighted Cochran–Armitage test for trend. Then, the statistical significance in the unweighted
and weighted Cochran–Armitage test for trend models were evaluated.
Joinpoint Regression Analysis
A joinpoint regression analysis was then conducted using the weighted least squared
method to evaluate the number of joinpoints during the August 1, 2015 to July 31, 2019 period.
To implement the weighted least square method, I estimated the maximum number of joinpoints
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using the permutation test method. A maximum of six joinpoints were selected. Additionally,
for the weighted least square method, I calculated standard errors for the proportions at each time
period (month) to adjust for heteroscedasticity. By using the HCV antibody tests ordered and
HCV antibody test completion proportions as inputs, this joinpoint regression method identifies
the month(s) when a trend change is produced, it then calculates a MPC in rates between trendchange points and then estimates the AMPC for the entire study period. When there are no
joinpoints, (i.e. no change in trend), MPC is constant and therefore will equal the AMPC.
Otherwise, the entire time period will be segmented by joinpoints reflecting the points where
there is a trend change. As a consequence, the AMPC will then be estimated as a weighted
average of the MPC in each joinpoint segment by using the segment lengths as weights. I then
used the parametric method to calculate the confidence intervals for the monthly percent change
(MPC) and average monthly percent change (AMPC) during the August 1, 2015 to July 31, 2019
study period.
Manuscript Three
Aim Three: Conduct GIS analysis to investigate geographic distribution of HCV antibody
screening (order and completion) in Florida using the databases described in aim 3.
Data Sources for Manuscript Three
Data from two sources were used to conduct the GIS analysis: 1) EHRs from USF
Healthcare System for individual level analyses on HCV antibody screening in Florida and 2)
data from the U.S. Census Bureau’s ACS 2013–2017 for population-based analyses on HCV
antibody screening in Florida. The USF Healthcare dataset from August 1, 2015 to July 31,
2019 time period has been previously discussed in methodology section of manuscript 2. Please
refer to that section for more information. With regard to the ACS, it is an ongoing survey that
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provides a description of the U.S. population including information on social (e.g. education,
marital status, relationships, etc.), economic (e.g. income, employment, occupation, etc.),
housing, (e.g. occupancy and structure, housing value and costs etc.) and demographic data (e.g.
age, sex, race etc.) at the population-based level (U.S. Census Bureau, 2019). The most recently
available ACS data for download covers a 5-year period between 2013 to 2017 (U.S. Census
Bureau, 2019). I used select population characteristics for the GIS analyses.
Data Analysis Plan for Manuscript Three
Statistical Analysis
Geospatial analyses using geographic information system software were conducted to
assess spatial autocorrelation and hot spot and cold spot analysis using Global Moran’s I and
Getis-Ord GI*, respectively to evaluate HCV antibody test ordering and HCV antibody test
completion covering the August 1, 2015 to July 31, 2019 time period among average-risk baby
boomers by zip code. Then, socio-demographic differences between individual and populationbased characteristics within hot spot areas (i.e., zip codes with the highest HCV antibody test
order and HCV antibody test completion rates) were evaluated.
Geographic Information Systems (GIS) Analysis
Choropleth maps were created to show percentages of HCV antibody tests ordered and
HCV antibody tests completed in Florida among average-risk baby boomers during the August 1,
2015 to July 31, 2019 period and were plotted using aggregated data from patients’ zip codes (n
≥ 10 for each zip code) derived from EHRs in the USF Healthcare System. GIS analysis using
Global Moran’s Index (GMI) were then conducted to test non-random distribution of HCV
antibody tests ordered and HCV antibody tests completed among average-risk baby boomers by
zip code using spatial autocorrelation. Then, Getis-Ord Gi* was used to conduct hot spot and
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cold spot analyses by zip code among average-risk baby boomers. GMI is commonly used to
measure spatial associations and generates three different outcomes: GMI values that have
statistically positive values denotes a spatially clustered pattern, whereas a GMI that has a
statistically negative value means a spatially dispersed pattern, and lastly non-statistically
significant values denotes a random pattern (Dekker, Rijnks, Strijker, & Navis, 2017). The
Global Moran’s I statistic is given as:
∑
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is the ith feature of interest attribute; ̅ is the mean of all features;
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weight between feature i and j; n represents the total number of features; S is the aggregate of all
spatial weights.
Hot spots or cold spots occur when cases are clustered together in a spatial distribution
and denote high-risk areas (Saei et al., 2014). Hot spot and cold spot analyses were used to
identify hot spots and cold spots where high and low rates of HCV antibody tests ordered and
HCV antibody tests completed, respectively compared to other geographical areas. I then
calculated three measurements using the Getis-ord Gi* statistic and to generate resultant z-scores
and p-values. Zip codes that have significantly high z-scores were called hot spots, while zip
code areas with significant low z-scores were called cold spots. Getis-Ord Gi* statistic was
defined as:
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The next three chapters will focus on the three manuscripts and provide a detailed
description of these papers, methods and statistical analyses, results, and concluding statements.
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Table 1: Modifiable Risk factors for HCC – Secular Trends and Attributable Risks
Risk Factors

Secular Trends Worldwide

Obesity

Increase worldwide (Saklayen,
2018)

Diabetes

Increase worldwide (G. B. D.
Disease Injury, 2018; NCD Risk
Factor Collaboration (NCD-RisC),
2016)

Attributable Risk (All cases of
HCC)
36.6% of all HCC cases in the U.S.
are attributable to obesity while
16% of all HCC cases in Europe
are attributable to obesity (Mak et
al., 2018)
14.5% of all HCC cases worldwide
were attributable to diabetes
(Pearson-Stuttard et al., 2018)
Of all HCC cases worldwide,
23.3% in men and 27.3% in women
were attributable to diabetes
(Pearson-Stuttard et al., 2018)

Metabolic
syndrome

Increase worldwide (Kelli, Kassas, &
Metabolic syndrome is harder to
Lattouf, 2015)
measure as such there are no global
estimates on attributable risk of
metabolic syndrome related to
HCC (Saklayen, 2018)

Excessive
alcohol intake

Relatively stable worldwide (World
Health Organization, 2011)

3.8% of all deaths worldwide (6.2%
for men and 1.1% for women) were
attributable to alcohol (World
Health Organization, 2011)
4.5% of the global burden of
disease and injury were attributable
to alcohol (7.4% for men and 1.4%
for women) (World Health
Organization, 2011)
In North America, 32% of cases of
HCC are attributable to alcohol
consumption (Baecker 2018)
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Table 1 Cont.
Risk Factors

Secular Trends Worldwide

Aflatoxin B1
exposure

Although, estimates on daily aflatoxin
exposure has been reported by several
studies (Jiang et al., 2005; Liu & Wu,
2010; Park, Kim, & Kim, 2004; Wang et
al., 2001; Wild et al., 1992), no global
trend estimates for chronic exposure to
aflatoxin have not been reported

Chronic
hepatitis B
virus

General decrease worldwide (Ott et al.,
2017)
Eastern Mediterranean region decrease,
Africa some countries saw decrease
while Uganda, Nigeria, Senegal, and
South Africa saw an increase, with some
exceptions South East Asian and Western
Pacific regions had decreases most
prominent in China and Malaysia (Ott et
al., 2017)

Chronic
hepatitis C
virus

Increase worldwide (Stanaway et al.,
2016)

Attributable Risk (All cases of
HCC)
4.6%–28.2% of all global HCC
cases were attributable to
aflatoxin exposure (Liu & Wu,
2010)
Aflatoxin acts synergistically
with HBV in pathogenesis of
HCC (Yang & Roberts, 2010)
Greater than 50% of all HCCs in
the world are attributable to
HBV (Parkin, 2006; Yang &
Roberts, 2010)
Proportion of new cases of HCC
attributable to HBV is 19.2%
(Plummer et al., 2016)
In North America, 6% of cases
of HCC are attributable to HBV
(Baecker 2018).
About 31% of all HCC cases in
the world are attributable to
HCV (Parkin, 2006)
Proportion of new cases of HCC
in the world attributable to HCV
is 7.8% (Plummer et al., 2016)
In North America, 17% of cases
of HCC are attributable to HBV
(Baecker 2018).
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Figure 1: Conceptual Framework* for Hepatitis C Virus (HCV) Screening
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Table 2: Dependent and Independent Variable Characteristics
Variable name

Valid Range

DV/IV

Variable Type

HCV Ordered

DV

1 = Yes, 0 = No

Character,
Categorical

HCV Completion

DV

1 = Yes, 0 = No

Character,
Categorical

Age (Continuous, 5-year increments)

IV

18+

Numeric,
Continuous

Race/Ethnicity

IV

1 = Non-Hispanic White
2 = Non-Hispanic Black
3 = Non-Hispanic Asian
4 = Non-Hispanic Other
5 = Hispanic

Character,
Categorical

Sex

IV

1 = Female, 2 = Male

Character,
Categorical

Language

IV

1 = English
2 = Spanish
3 = Other

Character,
Categorical

HIV Positive Status

IV

1 = Yes, 0 = No

Character,
Categorical

History of Hepatitis

IV

1 = Yes, 0 = No

Character,
Categorical

History of Liver Cancer

IV

1 = Yes, 0 = No

Character,
Categorical

Lived with Someone with Hepatitis

IV

1 = Yes, 0 = No

Character,
Categorical

Payor

IV

1 = Private
2 = Medicaid
3 = Medicare
4 = Medicare
Supplement
5 = Military
6 = Other

Character,
Categorical
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Table 2 Cont.
Variable name

DV/IV

Valid Range

Variable
Type
Numeric,
Continuous
Character,
Categorical

Total Number of Healthcare Visits

IV

1+

Total Number of Healthcare Visits

IV

1 = greater than 10 visits
2 = 6–10 visits
3 = 2–5 visits
4 = 1 visit

Type of Visits During Observation
Period (7/2015-8/2019)

IV

1 = Specialty Care Physicians
Only
2 = Primary Care Physicians Only
3 = Primary & Specialty Care
Physicians
4 = Advanced Practice
Professionals Only
5 = Unknown

Character,
Categorical

Patient Zip Codes

IV

Patient zip codes in the Tampa
Bay area

Character,
Categorical

DV = dependent variable, IV = independent variable
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Table 3. Sample Size and Missingness Among Baby Boomers Only (N = 34,238) Who Had an HCV Antibody Order by SocioDemographic and Clinical Characteristics Stratified by Year in USF Healthcare System Dataset Includes High-Risk During
2015–2019 Period
Sample Size N (%) for Those Who Had an HCV Order
Variable

Missingness N (%) for HCV Order = Yes

Year 1
N = 585
(100.0%)

Year 2
N = 2,073
(100.0%)

Year 3
N = 1,709
(100.0%)

Year 4
N = 1,801
(100.0%)

Year 1

Year 2

Year 3

Year 4

585 (100.0%)

2,073 (100.0%)

1,709 (100.0%)

1,801 (100.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Female

330 (56.4%)

1,207 (58.2%)

1010 (59.1%)

1043 (57.9%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Male
Race/Ethnicity

255 (43.6%)

866 (41.8%)

699 (40.9%)

757 (42.1%)

Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Non-Hispanic Other
Language

49 (8.4%)
397 (67.9%)
65 (11.1%)
13 (2.2%)
61 (10.4%)

158 (7.6%)
1,452 (70.0%)
249 (12.0%)
59 (2.9%)
155 (7.5%)

139 (8.1%)
1,166 (68.2%)
194 (11.4%)
44 (2.6%)
166 (9.7%)

148 (8.2%)
1,182 (65.6%)
190 (10.6%)
38 (2.1%)
243 (13.5%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

562 (97.4%)
9 (1.6%)

2,003 (97.2%)
38 (1.8%)

1,656 (97.7%)
28 (1.7%)

1,755 (98.1%)
23 (1.2%)

6 (1.0%)

19 (1.0%)

11 (0.6%)

11 (0.7%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Age (Years)
Born 1945–1965
Sex

English
Spanish
Other
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Table 3 Cont.
Sample Size N (%) for Those Who Had an HCV
Antibody Order
Variable

Missingness N (%) for HCV Antibody Order =
Yes

Year 1
N = 585
(100.0%)

Year 2
N = 2,073
(100.0%)

Year 3
N = 1,709
(100.0%)

Year 4
N = 1,801
(100.0%)

Year 1

Year 2

Year 3

Year 4

2 (0.3%)
3 (0.5%)
0 (0.0%)
10 (1.7%)

3 (0.1%)
37 (1.8%)
0 (0.0%)
24 (1.2%)

3 (0.2%)
27 (1.6%)
0 (0.0%)
18 (1.1%)

6 (0.3%)
22 (1.2%)
0 (0.0%)
21 (1.2%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

977
(57.2%)
13 (0.8%)
518
(30.2%)
48 (2.8%)
37 (2.2%)
14 (0.8%)

37 (0.3%)

39 (0.3%)

102 (6.0%)

79 (4.4%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

High Risk Population
HIV Positive
History of Hepatitis
History of Liver Cancer
Lived with Someone with Hepatitis
Payor

Medicaid

7 (1.1%)

1,229
(59.2%)
21 (1.0%)

Medicare

166 (28.3%)

705 (34.0%)

12 (2.0%)
16 (2.8%)
4 (0.7%)

64 (3.1%)
36 (1.7%)
14 (0.7%)

Greater than 10 visits

199 (34.0%)

757 (36.5%)

6–10 visits

180 (30.8%)

683 (33.0%)

2–5 visits

153 (26.1%)

557 (26.8%)

53 (9.1%)

76 (3.7%)

Private

Medicare Supplement
Military
Other
Total Number of Healthcare Visits

1 visit

379 (64.8%)

542
(31.7%)
578
(33.8%)
516
(30.2%)
73 (4.3%)

999 (55.5%)
21 (1.2%)
604 (33.5%)
57 (3.2%)
30 (1.7%)
11 (0.5%)

368 (20.4%)
473 (26.3%)
759 (42.1%)
201 (11.2%)
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Table 3 Cont.
Sample Size N (%) for Those Who Had an HCV Antibody
Order

Missingness N (%) for HCV Antibody
Order = Yes

Variable
Year 1
N = 585
(100.0%)

Year 2
N = 2,073
(100.0%)

Year 3
N = 1,709
(100.0%)

Year 4
N = 1,801
(100.0%)

Year 1

Year 2

Year 3

Year 4

Type of Visits During Observation Period (7/2015-8/2019)
71 (12.1%)
95 (4.6%)
72 (4.2%)
132 (7.3%)
337 (57.7%) 1,369 (66.0%) 1,170 (68.5%) 1,105 (61.4%)
0 (0.0%)
0 (0.0%) 0 (0.0%) 0 (0.0%)
Primary & Specialty Care Physicians
154 (26.3%)
512 (24.7%)
401 (23.5%)
389 (21.6%)
Advanced Practice Professionals Only
23 (3.9%)
97 (4.7%)
66 (3.8%)
78 (4.3%)
Unknown
0 (0.0%)
0 (0.0%)
0 (0.0%)
97 (5.4%)
Note: Total population (N = 97,880) including baby boomers (i.e., adults born 1945–1965) and high-risk patients for 2015–2019, HCV Antibody Order (N =
5,513, 16.3%) during the 2015–2019 period at USF Healthcare System. Baby boomer total population by year: Year 1 (N = 14,741), Year 2 (N = 14,540), Year 3
(N = 14,589), and Year 4 (N = 18,114) (All 4 Years include high-risk patients). Year 1 = August 1st, 2015 and July 31st, 2016, Year 2 = August 1st, 2016 and
July 31st, 2017, Year 3 = August 1st, 2017 and July 31st, 2018, and Year 4 = August 1st, 2018 and July 31st, 2019. For the payor variable, other includes selfpay and public. High-risk patients were defined as having at least one of the following characteristics: HIV positive, history of hepatitis, history of liver cancer,
or lived with someone with hepatitis. Patient zip codes (includes high-risk patients) from the USF Healthcare System were missing for 6 patients among the total
population and were missing for 2 patients among baby boomers. There were 3,863 unique patient zip codes for the total population (includes high-risk patients)
of which 382 were unique zip codes that 10 or more people (includes high-risk patients). Among baby boomers (includes high-risk patients), there were 1,762
unique patient zip codes of which there were 263 unique zip codes had 10 or more people (includes high-risk patients).
Specialty Care Physicians Only

Primary Care Physicians Only
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Table 4. Sample Size and Missingness Among Baby Boomers Only (N = 34,238) Who Completed a HCV Antibody Test by
Socio-Demographic and Clinical Characteristics Stratified by Year in USF Healthcare System Dataset Includes High-Risk
During 2015–2019 Period
Sample Size N (%) for Those Who Completed an HCV Antibody
Test

Missingness N (%) for HCV Antibody
Completion = Yes

Variable
Year 1
N = 393
(100.0%)

Year 2
N = 1,463
(100.0%)

Year 3
N = 1,189
(100.0%)

Year 4
N = 1,232
(100.0%)

Year 1

Year 2

Year 3

Year 4

393 (100.0%)

1,463
(100.0%)

1,189 (100.0%)

1,232 (100.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Female

219 (55.7%)

868 (59.3%)

701 (59.0%)

721 (58.6%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Male
Race/Ethnicity

174 (44.3%)

595 (40.7%)

488 (41.0%)

510 (41.4%)

Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Non-Hispanic Other
Language

33 (8.4%)
272 (69.2%)
37 (9.4%)
9 (2.3%)
42 (10.7%)

114 (7.8%)
1,007 (68.8%)
186 (12.7%)
41 (2.8%)
115 (7.9%)

105 (8.8%)
812 (68.3%)
136 (11.5%)
30 (2.5%)
106 (8.9%)

96 (7.7%)
794 (64.5%)
135 (11.0%)
29 (2.3%)
178 (14.5%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

377 (97.2%)
7 (1.8%)

1,409 (97.0%)
27 (1.9%)

4 (1.0%)

16 (1.1%)

1,146 (97.3%)
23 (2.0%)
8 (0.7%)

1,202 (98.0%)
15 (1.3%)
9 (0.7%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Age (Years)
Born 1945–1965
Sex

English
Spanish
Other
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Table 4 Cont.
Sample Size N (%) for Those Who Completed an HCV
Antibody Test
Variable

Missingness N (%) for HCV Antibody
Completion = Yes

Year 1
N = 393
(100.0%)

Year 2
N = 1,463
(100.0%)

Year 3
N = 1,189
(100.0%)

Year 4
N = 1,232
(100.0%)

Year 1

Year 2

Year 3

Year 4

1 (0.3%)
2 (0.5%)
0 (0.0%)

3 (0.2%)
24 (1.6%)
0 (0.0%)

3 (0.3%)
24 (2.0%)
0 (0.0%)

4 (0.3%)
17 (1.4%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)

8 (2.0%)

15 (1.0%)

11 (0.9%)

14 (1.1%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

256 (65.1%)
4 (1.0%)
112 (28.5%)
9 (2.3%)
10 (2.5%)
1 (0.3%)

867 (59.3%)
16 (1.1%)
493 (33.7%)
55 (3.8%)
22 (1.5%)
8 (0.5%)

668 (56.2%)
8 (0.7%)
364 (30.5%)
36 (3.0%)
28 (2.4%)
8 (0.7%)

678 (55.0%)
12 (1.0%)
421 (34.2%)
44 (3.5%)
21 (1.7%)
7 (0.6%)

1 (0.3%)

2 (0.1%)

77 (6.5%)

49 (4.0%)

143 (36.3%)
112 (28.5%)
104 (26.5%)
34 (8.7%)

558 (38.1%)
508 (34.7%)
357 (24.5%)
40 (2.7%)

401 (33.7%)
406 (34.2%)
344 (28.9%)
38 (3.2%)

250 (20.3%)
332 (27.0%)
507 (41.2%)
143 (11.5%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

High Risk Population
HIV Positive
History of Hepatitis
History of Liver Cancer
Lived with Someone with
Hepatitis
Payor
Private
Medicaid
Medicare
Medicare Supplement
Military
Other
Total Number of Healthcare Visits
Greater than 10 visits
6–10 visits
2–5 visits
1 visit
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Table 4 Cont.
Sample Size N (%) for Those Who Completed an HCV
Antibody Test

Missingness N (%) for HCV Antibody
Completion = Yes

Variable
Year 1
N = 393
(100.0%)

Year 2
N = 1,463
(100.0%)

Year 3
N = 1,189
(100.0%)

Year 4
N = 1,232
(100.0%)

Year 1

Year 2

Year 3

Year 4

Type of Visits During Observation Period (7/2015-8/2019)
Specialty Care Physicians Only
44 (11.2%)
68 (4.7%)
52 (4.3%)
95 (7.7%)
Primary Care Physicians Only
232 (59.0%) 953 (65.1%)
794 (66.8%)
746 (60.6%)
0 (0.0%)
0 (0.0%) 0 (0.0%) 0 (0.0%)
Primary & Specialty Care Physicians
100 (25.5%) 377 (25.8%)
302 (25.4%)
274 (22.2%)
Advanced Practice Professionals Only
17 (4.3%)
65 (4.4%)
41 (3.5%)
45 (3.7%)
Unknown
0 (0.0%)
0 (0.0%)
0 (0.0%)
72 (5.8%)
Note: HCV Antibody Order (N = 5,513, 16.3%) and HCV Antibody Completion (N = 4,066, 12.0%) (includes high-risk patients) during the 2015–2019 period
for baby boomers (i.e. adults born 1945–1965). HCV Antibody Order Year 1 (N = 585), Year 2 (N = 2,073), Year 3 (N = 1,709), and Year 4 (N = 1,801) (All 4
Years includes high-risk patients). Year 1 = August 1st, 2015 and July 31st, 2016, Year 2 = August 1st, 2016 and July 31st, 2017, Year 3 = August 1st, 2017 and
July 31st, 2018, and Year 4 = August 1st, 2018 and July 31st, 2019. For the payor variable, other includes self-pay and public. High-risk patients were defined as
having at least one of the following characteristics: HIV positive, history of hepatitis, history of liver cancer, or lived with someone with hepatitis. Patient zip
codes (includes high-risk patients) from the USF Healthcare System were missing for 6 patients among the total population and were missing for 2 patients
among baby boomers. There were 3,863 unique patient zip codes for the total population (includes high-risk patients) of which 382 were unique zip codes that 10
or more people (includes high-risk patients). Among baby boomers (includes high-risk patients), there were 1,762 unique patient zip codes of which there were
263 unique zip codes had 10 or more people (includes high-risk patients).
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Table 5. Sample Size and Missingness Among Baby Boomers Only (N = 34,238) Who Had an HCV Antibody Order by SocioDemographic and Clinical Characteristics in USF Healthcare System Dataset Includes High-Risk During Entire 2015–2019
Period

2015–2019
Variable
Sample Size N (%) for Those Who
Had an HCV Order

Missingness N (%) for
HCV Order = Yes

Age (Years)
Born 1945–1965

5,666 (100.0%)

0 (0.0%)

Sex
Female

3,294 (58.1%)

Male
Race/Ethnicity

2,371 (41.8%)

Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Non-Hispanic Other

460 (8.1%)
3,851 (68.0%)
623 (11.0%)
145 (2.6%)
587 (10.3%)

1 (0.0%)

0 (0.0%)
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Table 5 Cont.

2015–2019
Variable
Sample Size N (%) for Those Who
Completed an HCV Antibody Test

Missingness N (%) for HCV
Antibody Completion = Yes

Language
English
Spanish
Other
High Risk Population
HIV Positive
History of Hepatitis
History of Liver Cancer
Lived with Someone with Hepatitis
Payor
Private
Medicaid
Medicare
Medicare Supplement
Military
Other

5,483 (96.8%)
94 (1.7%)
43 (0.7%)

46 (0.8%)

14 (0.3%)
82 (1.5%)
0 (0.0%)
58 (1.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

3,272 (57.8%)
55 (1.0%)
1,841 (32.5%)
165 (2.8%)
114 (2.0%)
40 (0.7%)

179 (3.2%)
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Table 5 Cont.

2015–2019
Variable
Sample Size N (%) for Those Who
Completed an HCV Antibody Test

Missingness N (%) for HCV
Antibody Completion = Yes

1,663 (29.4%)
1,721 (30.3%)
1,879 (33.2%)
403 (7.1%)

0 (0.0%)

357 (6.3%)
3,654 (64.5%)
1,308 (23.1%)
250 (4.4%)
97 (1.7%)

0 (0.0%)

Total Number of Healthcare Visits
Greater than 10 visits
6–10 visits
2–5 visits
1 visit
Type of Visits During Observation Period (7/2015-8/2019)
Specialty Care Physicians Only
Primary Care Physicians Only
Primary & Specialty Care Physicians
Advanced Practice Professionals Only
Unknown

Note: Total population (N = 97,880) including baby boomers (i.e., adults born 1945–1965) and high-risk patients for 2015–2019, HCV Antibody Order (N =
5,666, 16.6%) during the 2015–2019 period at USF Healthcare System. Year 1 = August 1st, 2015 and July 31st, 2016, Year 2 = August 1st, 2016 and July 31st,
2017, Year 3 = August 1st, 2017 and July 31st, 2018, and Year 4 = August 1st, 2018 and July 31st, 2019. For the payor variable, other includes self-pay and
public. High-risk patients were defined as having at least one of the following characteristics: HIV positive, history of hepatitis, history of liver cancer, or lived
with someone with hepatitis. Patient zip codes (includes high-risk patients) from the USF Healthcare System were missing for 6 patients among the total
population and were missing for 2 patients among baby boomers. There were 3,863 unique patient zip codes for the total population (includes high-risk patients)
of which 382 were unique zip codes that 10 or more people (includes high-risk patients). Among baby boomers (includes high-risk patients), there were 1,762
unique patient zip codes of which there were 263 unique zip codes had 10 or more people (includes high-risk patients).
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Table 6. Sample Size and Missingness Among Baby Boomers Only (N = 34,238) Who Completed a HCV Antibody Test by
Socio-Demographic and Clinical Characteristics in USF Healthcare System Dataset Includes High-Risk During Entire 2015–
2019 Period

2015–2019
Variable

Sample Size N (%) for Those Who
Had an HCV Order

Missingness N (%) for
HCV Order = Yes

4,187 (100.0%)

0 (0.0%)

Age (Years)
Born 1945–1965
Sex
Female

2,455 (58.6%)

Male
Race/Ethnicity

1,731 (41.4%)

Hispanic
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Non-Hispanic Other

340 (8.1%)
2,828 (67.5%)
478 (11.5%)
108 (2.6%)
433 (10.3%)

1 (0.0%)

0 (0.0%)
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Table 6 Cont.

2015–2019
Variable
Sample Size N (%) for Those Who
Had an HCV Antibody Order

Missingness N (%) for HCV
Antibody Order = Yes

Language
English
Spanish
Other
High Risk Population
HIV Positive
History of Hepatitis
History of Liver Cancer
Lived with Someone with Hepatitis
Payor
Private
Medicaid
Medicare
Medicare Supplement
Military
Other

4,048 (96.7%)
70 (1.7)
36 (0.8%)

33 (0.8%)

11 (0.3%)
66 (1.6%)
0 (0.0%)
45 (1.1%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

2,412 (57.6%)
39 (0.9%)
1,364 (32.7%)
139 (3.3%)
80 (1.9%)
24 (0.5%)

129 (3.1%)

57

Table 6 Cont.

2015–2019
Variable
Sample Size N (%) for Those Who
Had an HCV Antibody Order

Missingness N (%) for HCV
Antibody Order = Yes

1,303 (31.1%)
1,328 (31.7%)
1,301 (31.1%)
255 (6.1%)

0 (0.0%)

252 (6.0%)
2,688 (64.2%)
1,012 (24.2%)
163 (3.9%)
72 (1.7%)

0 (0.0%)

Total Number of Healthcare Visits
Greater than 10 visits
6–10 visits
2–5 visits
1 visit
Type of Visits During Observation Period (7/2015-8/2019)
Specialty Care Physicians Only
Primary Care Physicians Only
Primary & Specialty Care Physicians
Advanced Practice Professionals Only
Unknown

Note: HCV Antibody Order (N = 5,666, 16.6%) and HCV Antibody Completion (N = 4,187, 12.2%) (includes high-risk patients) during the 2015–2019 period
for baby boomers (i.e. adults born 1945–1965). Year 1 = August 1st, 2015 and July 31st, 2016, Year 2 = August 1st, 2016 and July 31st, 2017, Year 3 = August
1st, 2017 and July 31st, 2018, and Year 4 = August 1st, 2018 and July 31st, 2019. Patient zip codes from the USF Healthcare System population was missing for
6 patients for 2015–2019. Among baby boomers, patient zip codes were missing for 2 patients. There were 1,494 unique patient zip codes for baby boomers at
USF Healthcare System. There were 225 unique zip codes that had 10 or more people. Payor: Other includes Public and Self-Pay. High-risk patients were
defined as having at least one of the following characteristics: HIV positive, history of hepatitis, history of liver cancer, or lived with someone with hepatitis.
Patient zip codes (includes high-risk patients) from the USF Healthcare System were missing for 6 patients among the total population and were missing for 2
patients among baby boomers. There were 3,863 unique patient zip codes for the total population (includes high-risk patients) of which 382 were unique zip
codes that 10 or more people (includes high-risk patients). Among baby boomers (includes high-risk patients), there were 1,762 unique patient zip codes of
which there were 263 unique zip codes had 10 or more people (includes high-risk patients).
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Table 7. Ninety-Five Percent Confidence Interval and Margin of Error Percentage
Calculations for Sample Size of N = 97,880 with varying HCV Antibody Screening
Percentages for All Patients Including High-Risk in a Large Academic Healthcare System
2015–2019
Sample Size

95% CI

Margin of Error %

97,880

Hypothesized
HCV Antibody Screening
Percent
1.0%

0.9 – 1.1

± 0.06

97,880

2.0%

1.9 – 2.1

± 0.09

97,880

3.0%

2.9 – 3.1

± 0.11

97,880

4.0%

3.9 – 4.1

± 0.12

97,880

5.0%

4.9 – 5.1

± 0.14

97,880

6.0%

5.9 – 6.2

± 0.15

97,880

7.0%

6.8 – 7.2

± 0.16

97,880

8.0%

7.8 – 8.2

± 0.17

97,880

9.0%

8.8 – 9.2

± 0.18

97,880

10.0%

9.8 – 10.2

± 0.19

97,880

11.0%

10.8 – 11.2

± 0.20

97,880

12.0%

11.8 – 12.2

± 0.20

97,880

13.0%

12.8 – 13.2

± 0.21

97,880

14.0%

13.8 – 14.2

± 0.22

97,880

15.0%

14.8 – 15.2

± 0.22

Note: High-risk patients were defined as having at least one of the following characteristics: HIV positive, history of
hepatitis, history of liver cancer, or lived with someone with hepatitis.
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Table 8. Ninety-Five Percent Confidence Interval and Margin of Error Percentage
Calculations for Sample Size of N = 34,238 with varying HCV Antibody Screening
Percentages for Baby Boomers Including High-Risk in a Large Academic Healthcare
System 2015–2019
Sample Size

95% CI

Margin of Error %

34,238

Hypothesized
HCV Antibody Screening
Percent
1.0%

0.9 – 1.1

± 0.11

34,238

2.0%

1.9 – 2.2

± 0.15

34,238

3.0%

2.8 – 3.2

± 0.18

34,238

4.0%

3.8 – 4.2

± 0.21

34,238

5.0%

4.8 – 5.2

± 0.23

34,238

6.0%

5.8 – 6.3

± 0.25

34,238

7.0%

6.7 – 7.3

± 0.27

34,238

8.0%

7.7 – 8.3

± 0.29

34,238

9.0%

8.7 – 9.3

± 0.30

34,238

10.0%

9.7 – 10.3

± 0.32

34,238

11.0%

10.7 – 11.3

± 0.33

34,238

12.0%

11.7 – 12.3

± 0.34

34,238

13.0%

12.6 – 13.4

± 0.36

34,238

14.0%

13.6 – 14.4

± 0.37

34,238

15.0%

14.6 – 15.4

± 0.38

Note: High-risk patients were defined as having at least one of the following characteristics: HIV positive, history of
hepatitis, history of liver cancer, or lived with someone with hepatitis.
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CHAPTER THREE: HEPATITIS C VIRUS SCREENING AMONG AVERAGE-RISK
BABY BOOMERS: A SYSTEMATIC LITERATURE REVIEW AND META-ANALYSIS
Manuscript One
Title: Hepatitis C Virus Screening among Average-Risk Baby Boomers: A Systematic Literature
Review and Meta-Analysis
Linh M. Duong1,2 et al. author order to be determined based on contribution to the paper
1

University of South Florida; 2Moffitt Cancer Center
Abstract:

Background: Chronic hepatitis C virus (HCV) infections are one of the primary causes of
hepatocellular carcinoma. There is a paucity of research estimating HCV screening among
average-risk baby boomers (individuals born 1945–1965) in the United States (U.S.). We
addressed this gap in knowledge by conducting a systematic literature review and meta-analysis
to assess HCV screening prevalence within this population.
Methods: A systematic literature review was conducted between April 2018 and March 2019
using MEDLINE via PubMed, EMBASE, Web of Science, and Cochrane Library. Articles were
identified using relevant keywords and search terms. The search was limited to articles
published between January 1, 2012 and March 14, 2019 to coincide with the 2012 guidelines for
one-time universal testing for HCV among baby boomers. All documentation related to the
literature search and data extraction was formulated using PRISMA guidelines. Meta-analyses
and risk of bias assessment were then completed.
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Results: Once duplicate articles were deleted; 1,900 articles were identified. After applying
inclusion and exclusion criteria, eight articles remained, of which, five were experimental studies
(i.e., two randomized clinical trials [RCTs] and three non-randomized trials) and three were
observational studies. We found marked variability in HCV screening estimates among averagerisk baby boomers with a range of 1.4% (95% CI: 1.1%–1.7%) to 12.8% (95% CI: 12.1%–
13.5%). The risk of bias assessment and the meta-analysis evaluated RCTs and non-randomized
trials (i.e., we did not include post-intervention HCV screening data) and observational studies
together. Results revealed high variability in risk of bias.
Conclusions: The studies revealed low HCV screening estimates (< 13%) among U.S. baby
boomers. Consequently, intervention efforts (e.g., screening, linkage to care, and treatment) and
policy targeting baby boomers will be important to improve HCV-related disease outcomes,
including hepatocellular carcinoma.
Introduction
The number of people who are infected with HCV is unknown in the United States (U.S.)
but is estimated to be at least 4.6 million individuals (the range is between 3.4 million to 6.0
million) (Edlin, Eckhardt, Shu, Holmberg, & Swan, 2015). Of these, it is estimated that at least
3.5 million individuals (the range is between 2.5 million to 4.7 million) are currently infected
with HCV (Edlin et al., 2015). About 75%–85% of infected patients will develop chronic HCV
infection (Centers for Disease Control and Prevention, 2019b). Left untreated, patients with
chronic HCV infection are at higher risk of developing liver disease (Ditah et al., 2014; Liang et
al., 2000). Baby boomers (adults born 1945–1965) are at increased risk of having a chronic
HCV infection, and indeed, experience the highest HCV infection prevalence of all age cohorts
(i.e., nearly 5 times higher HCV prevalence compared to other birth cohorts) of all age cohorts
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(Centers for Disease Control and Prevention, 2016). Consequently, in addition to risk-based
screening recommendations, the Centers for Disease Control and Prevention (CDC) and the U.S.
Preventive Services Task Force (USPSTF) recommend that all baby boomers should be screened
at least one-time for HCV (Smith et al., 2012; U.S. Preventive Services Task Force, 2013). In
March 2020, USPSTF updated its 2013 recommendation for HCV screening and recommended
that all adults aged 18 to 79 years be screened for HCV (U.S. Preventive Services Task Force,
2020). Meanwhile the CDC is in the process of updating their HCV screening guidelines and its
current draft screening guidelines recommends screening for HCV at least once in a lifetime for
all adults 18 years and older, except in settings where the prevalence is less than 0.1% (Centers
for Disease Control and Prevention, 2020). Additional updated recommendations for pregnant
women and high-risk persons are also being drafted by the CDC (Centers for Disease Control
and Prevention, 2020). The current systematic literature review occurred prior to the
recommendation change, and therefore, focuses upon HCV screening among average-risk baby
boomers. To estimate HCV screening uptake among baby boomers following the 2012 CDC and
the 2013 USPSTF recommendations, we conducted a systematic literature review utilizing
studies published in the U.S. between January 1, 2012 (when universal screening for baby
boomers was first recommended) and March 14, 2019.
Methods
A systematic literature review search was conducted between April 2018 and March 2019
using a combination of free text keywords, MeSH, and database-specific controlled vocabulary
to increase the sensitivity and precision of each search within the following databases:
MEDLINE via PubMed, EMBASE, Web of Science, and the Cochrane Library (Appendix B).
The search was conducted according to the preferred reporting items for systematic literature
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reviews and meta-analysis (PRISMA) guidelines (Moher et al., 2009). Each search was limited
to articles published between January 1, 2012 and March 14, 2019 to coincide with the
guidelines for one-time universal testing for HCV among baby boomers (Smith et al., 2012; U.S.
Preventive Services Task Force, 2013). We used Covidence, a systematic literature review
software, to conduct the systematic literature review.
The completed search yielded a total of 2,081 articles. After removing duplicate articles
(N = 181), there were 1,900 articles eligible to be screened. A team of two authors screened the
articles by title and abstract against the inclusion and exclusion criteria established by the authors
(shown in Appendix C and Appendix D, respectively), which resulted in 1,802 articles being
excluded. Upon selection for full-text review, the articles were divided into two groups to be
independently screened by two teams of two reviewers (four reviewers in total). In both groups,
conflicts were resolved through seeking consensus with a third reviewer. Upon completion of
the title and abstract review for both groups, results were combined into a single Covidence
review and the full-text screening was completed by an author from each group. There were 98
articles eligible for full-text review. Appendix E provides information on the 98 full-text studies
assessed including information on the year each study was published and data collection years
for each study.
Eight publications remained after full-text screening (Figure 2 and Table 9), of which,
five were experimental studies and three were observational studies (Cook, Turse, Garcia,
Hardigan, & Amofah, 2016; Federman et al., 2017; Gemelas et al., 2016; Isenhour, Hariri, Hales,
& Vellozzi, 2017; Kasting et al., 2018; Sidlow & Msaouel, 2015; Wong et al., 2017; Yartel et al.,
2018). Of the five experimental studies, all of them reported baseline HCV screening
prevalence; two were randomized controlled trials (RCTs) and three were non-randomized trials
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(i.e., quasi-experimental trials). Two reviewers from each group then conducted data abstraction
and risk of bias (RoB) assessment followed by consensus review. RoB is assessed as a
judgement (high, low, or unclear) for individual elements to evaluate design and execution of
individual studies (Higgins, 2019). Since we only used baseline HCV screening information
from the experimental studies (i.e., we did not include post-intervention HCV screening data),
these five studies were treated as observational studies and grouped together with the three
original observational studies. The amended Cochrane Review of Bias form (Higgins, 2019)
was applied to the combined grouping of eight studies with the following categories removed as
they were not applicable to observational studies: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment, and
incomplete follow-up. Because all studies were treated as observational, the RoB assessment
was performed using a modified Cochrane Review of Bias form following guidelines from the
Cochrane Handbook (Higgins, 2019), which was amended by the study team to include three
additional domains: (1) failure to develop and apply appropriate eligibility criteria [inclusion and
exclusion criteria for a population], (2) flawed measurement of both exposure and outcome, (3)
failure to adequately control confounding from the GRADE guidelines (Guyatt et al., 2011;
Making Grade the Irresistible Choice (MAGIC), 2019). Based on a review on the Cochrane
Handbook and Grade Guidelines, a document was created that was used by each of the two
reviewers to conduct RoB assessment (Appendix F).
These data were subsequently exported to RevMan (Review Manager (RevMan)
[Computer program]. Version 5.3, 2014) for RoB assessment analyses and exported separately
into an Excel comma separated value (CSV) file for forest plot and meta-regression analyses in
R Studio (R software. Version 4.0.0, 2020) using the metafor, meta, and weightr packages.
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Forest plot and the meta-regression analyses were conducted to estimate the pooled summary
proportions (percentages) of HCV screening prevalence among baby boomers compared to
individual study estimates among the studies using a random effects model. Forest plots and
meta-analyses were stratified by publication year and data collection year for the studies that
reported HCV screening estimates. Some studies contributed more than one data point in the
analysis used to calculate the summary prevalence estimates, due to sampling multiple
populations and multiple years. That is, while eight studies were included, three of those eight
studies contributed three data points each (i.e., Yartel et al., 2018, had three data points, Kasting
et al., 2018, had three data points, and Isenhour et al., 2017, had three data points). Thus, there
were a total of fourteen data points. Each of the populations in these three studies, which
contributed three data points each, were considered independently in the analysis and we
assumed that the prevalence estimate was independent of the remaining prevalence estimates. A
sensitivity analysis was conducted afterwards wherein a single data point (i.e., used the most
recent data collection year for HCV screening estimate) from the studies with multiple data
points was selected and analyzed with the other publications, which reported only one data point
to re-calculate the summary prevalence estimate for these eight data points (i.e., one data point
for each study) to evaluate if this would affect the results. That is, we wanted to determine how
much influence the three studies reporting multiple data points had on the results by comparing
the meta-analyses’ summary prevalence estimates using fourteen data points (i.e., all data points
including multiple data points from three studies) to the eight data points wherein a single data
point from each of the three studies contributing multiple data points were selected.
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Results
Summary of Key Findings for HCV Screening Studies
Publication years ranged between 2015 and 2018 (Table 9, Figures 3, 4a, and 4b) and
reported on data collected between 2012 to 2015 (Table 9, Figures 4a and 4b). Baseline HCV
screening prevalence estimates for the studies ranged between 1.4% (95% confidence interval
[CI]: 1.1%–1.7%) to 12.8% (95% CI: 12.1%–13.5%) (Figures 4a and 4b). The RCTs and nonrandomized trials reported HCV screening using data from electronic medical records (EMRs)
from large academic medical centers or electronic health records (EHRs) from primary care
practices (PCPs); sample sizes ranged from 938 to 10,795 (Table 9). In comparison, the
observational studies used data from publicly available databases (i.e., National Health Interview
Survey and Medicare supplemental insurance claim), Community Health Centers’ EHRs, or
private commercial health insurance claims; sample sizes ranged between 9,207 and 10,141,424
(Table 9).
Risk of Bias Assessment
Figure 3 shows the RoB assessment results for the included studies. There was high
variability in RoB. Gemelas et al. (2016) had a high RoB for the majority of the RoB assessment
categories (i.e., selective reporting, failure to develop and apply eligibility criteria, flawed
measurement of both exposure and outcome, and failure to adequately control for confounding).
Kasting et al. (2018) had a high RoB for other sources of funding. Additionally, Sidlow et al.
(2015) had a high RoB for failure to develop and apply eligibility criteria and failure to
adequately control for confounding. Meanwhile, Wong et al. (2017) had a high RoB for failure
to adequately control for confounding. Yartel et al. (2018) had a high RoB for other sources of
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funding and failure to develop and apply eligibility criteria. The remaining studies had a low
RoB for all categories assessed.
Forest Plots and Meta-Regression Analysis
Figure 4a shows the results of the forest plots and meta-regressions by publication year
(PY) and data collection years (DCY) to evaluate the summary proportions of HCV screening
prevalence compared to individual study estimates and to assess heterogeneity between studies.
In Figure 4a, the summary percentage of HCV screening prevalence for all studies (i.e., 14 data
points) was 4.7% (95% CI: 4.0%–5.5%).
Results (Figure 4b) of the sensitivity analyses showed no significant differences between
utilizing all the reported years compared with reducing the data points to eight – one for each
publication included in the final systematic literature review analyses. In Figure 4b, the
summary percentage for the prevalence of HCV screening for all studies (i.e., 8 data points) was
5.5% (95% CI: 3.3%–9.1%).
Discussion
Our main objective for conducting the systematic literature review was to estimate the
HCV screening prevalence among average-risk baby boomers in the U.S. We found low HCV
screening estimates (< 13%) in the U.S. Additionally, we found high variability in the reported
HCV screening estimates among average-risk based baby boomers with a range of 1.4% (95%
CI: 1.1%–1.7%) to 12.8% (95% CI: 12.1%–13.5%). The RoB assessment showed high
variability in RoB among the studies evaluated.
These results indicate that, despite the recommendations for HCV screening among
average-risk baby boomers, HCV screening rates remain low. Because there is not a
prophylactic vaccine for HCV, there are limited options for primary prevention of chronic HCV
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infection. However, there are effective treatments with high curative rates (>95%) using directacting anti-viral (DAAs) (World Health Organization, 2017), but these treatments are most
effective at early stages of liver disease (Singal et al., 2014). As a consequence, understanding
barriers to early detection of chronic HCV infection through screening in the U.S. is vital.
HCV screening and subsequent linkage to care will be an essential component in reducing the
burden of chronic HCV infections and preventing further progression of the disease.
Because our study found low HCV screening rates, future studies could evaluate barriers
and facilitators related to HCV screening and early detection. This in turn would be helpful in
creating targeted interventions to reduce these barriers and strengthen facilitators associated with
HCV screening in order to increase HCV screening rates among baby boomers. Although it was
not one of the outcomes of interest for the systematic literature review, the experimental studies
included in our review showed some promising results. A marked increase in HCV screening
prevalence was seen after interventions were implemented ranging between 20.2% (95% CI:
19.6%–20.9%) to 75.5% (95% CI: 72.4%–78.5%). These studies indicate that effective
interventions and concerted efforts can have a dramatic impact on increasing HCV screening
rates. The four studies by Gemelas et al. (2016), Sidlow & Msaouel (2015), Wong et al. (2017),
and Yartel et al. (2018), which had the greatest magnitude (post-intervention HCV screening
rates ranged from 41% to 75%) in HCV screening improvement between pre- and postintervention phases showed that a multi-pronged approach is required to improve HCV screening
rates. Specifically, it appears that use of EMRs, EHRs, and EHR alerts in combination with
patient and provider education to improve awareness of the importance of HCV screening for
baby boomers are most effective. However, findings from the Federman et al. (2017)
publication, which while successful (i.e., 10 times increase in HCV screening rate from 1.8% to
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20%), it was not as successful in increasing the HCV screening rates compared to the other four
studies (i.e., RCT and non-randomized trials) described showed that sample size of the screening
population and type of intervention methods used may be important considerations for the design
of future HCV screening interventions.
This study has many strengths including that we are the first to conduct a systematic
literature review assessing HCV screening among average-risk baby boomers in the U.S.
Additionally, our review was comprehensive in that we included publications from multiple
databases and it was conducted according to the PRISMA guidelines. Moreover, our search
strategy utilized controlled vocabulary to optimize identifying articles that met our inclusion
criteria. We also used the modified Cochrane Review of Bias and GRADE guidelines to
augment our evaluation of observational studies for RoB assessment. Lastly, we conducted a
meta-analysis to synthesize findings from individual studies.
Limitations to this study should also be acknowledged. For example, some of the
published articles on this topic only provided HCV screening percentages (i.e., did not give raw
numbers). As a result these studies were excluded from our analyses because forest plots and
meta-analyses could not be conducted. Additionally, studies were excluded if they were missing
abstracts, if we could not parse out the data from 2012 to 2019 from data collected prior to 2012,
or if we could not isolate baby boomer-specific data (i.e., in the studies where data from multiple
age cohorts were presented together). Consequently, this substantially reduced the sample size
of studies eligible to be included in our study. Also, there was variability in RoB assessments,
which may limit generalizability related to HCV screening. Lastly, when a study contributed
more than one data point, we assumed that the prevalence estimate was independent of the
remaining prevalence estimates. However, we adjusted for this bias by conducting a sensitivity
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analysis and only used one estimate (most recent estimate) for studies that contributed more than
one data point and re-ran the meta-analysis. We found similar HCV screening rates in both
models, which means that the extra data points from the three studies that contributed them did
not have an undue bias on the final HCV screening rates observed in the study.
Our aim was to estimate HCV screening uptake among baby boomers in the U.S.
following the CDC and USPSTF recommendations. We found low HCV screening rates in the
U.S. These results indicate that prior to intervention development, there is a need to identify
barriers and facilitators to HCV screening in addition to improving policies that target baby
boomers. Ameliorating gaps in the HCV screening process that still exist in relation to
identifying barriers to HCV screening and HCV treatment will be important in improving HCVrelated disease outcomes, including hepatocellular carcinoma. In addition, increasing use of
EHRs best-practice alert systems to notify healthcare personnel when patients are eligible for
HCV screening and education to increase awareness among patients and healthcare professionals
about the importance of HCV screening and costs associated with undiagnosed HCV may be
warranted (Boyd et al., 2018; McMahon et al., 2016). Lastly, to reduce hepatocellular carcinoma
related to chronic HCV infections in the U.S, policies and funding are needed to support HCV
screening programs to increase uptake of HCV screening and subsequent linkage to care.
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Table 9: Systematic Literature Review of Hepatitis C Virus Screening Prevalence Among Baby Boomersa (N = 8b Studies):
Author, Journal,
and Publication
Year

Data
Collection
Years

Yartel et al.

All Centers
Combined
12/2012 –
03/2014

Hepatology
2018

Center 1
Repeated
mailing in
02/2013 –
10/2013

Data Source,
Study Type,
Population, &
Setting
Data from three
large academic
medical centers.
Interventions were
at the primary care
level.
Study type:
Randomized
Controlled Trialsd

Sample Size

HCVc Prevalence
Screening
Estimates

Age
groupings

Baseline HCV
screening:
Center 1
5,999

Baseline HCV
screening:
Center 1: 84/5,999
=1.4%

Birth cohort:
1945 – 1949
1950 – 1954
1955 – 1959
1960 – 1965

Center 2
5,547

Center 2:
197/5,547 = 3.6%

Center 3
4,566

Center 3: 92/4,566
= 2.0%

Outcome
Measure

HCV
screening

Center 2
Best Practice
Alert (BPA)
trial 04/2013
– 03/2014
Center 3
Patient
solicitation
12/2012 –
01/2014
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Table 9 Cont.
Author, Journal,
and Publication
Year

Data
Collection
Years

Federman et al.

04/29/2013 –
03/29/2014

Medical Care
2017

Data Source,
Study Type,
Population, &
Setting
Data from ten
community and
hospital-based
primary care
practices.

Sample Size

HCVc Prevalence
Screening
Estimates

Age
groupings

Outcome
Measure

Baseline
HCV
screening:
10,795

Baseline HCV
screening:
198/10,795 =
1.8%

Birth cohort:
HCV
Baby boomers screening
(1945 – 1965)

Baseline
HCV
screening:
1,023

Baseline HCV
screening:
64/1,023 = 6.3%

Birth cohort:
HCV
Baby boomers screening
1945 – 1965

Baseline
HCV
screening:
938

Baseline HCV
screening:
47/938 = 5%

Birth cohort:
HCV
Baby boomers screening
1945 – 1965

Study type:
Randomized
Controlled Trialsd
Wong et al.

02/01/2015 –
04/30/2015

Journal of
Graduate Medical
Education
2017
Gemelas et al.
Journal of
Primary Care &
Community
Health
2016

09/2012 –
09/2014

Data from three
internal medicine
clinics.
Study type:
Non-randomized
Trials (i.e., quasiexperimental trials)d
Data from
community health
center.
Study type:
Non-randomized
Trials (i.e., quasiexperimental trials)d
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Table 9 Cont.
Author,
Journal, and
Publication
Year
Sidlow et al.

Data
Collection
Years
01/2014 –
08/2014

Journal for
Healthcare
Quality

Cancer
Epidemiology,
Biomarkers &
Prevention

HCVc Prevalence
Screening
Estimates

Baseline HCV
screening:
7,764

Baseline HCV
screening:
851/7,764 = 11%

HCV
Birth cohort:
Baby boomers screening
1945 – 1965

Data from a
nationally
representative
sample of civilian
noninstitutionalized
population in the
U.S.

2013
Denominatore =
9,401

2013
11.9%

Birth cohort: HCV
Baby boomers screening
1945 – 1965

Study type:
Observational
Studies

2015
Denominatore =
9,207

Age
groupings

Outcome
Measure

Study type:
Non-randomized
Trials (i.e., quasiexperimental
trials)d

2015

Kasting et al.

Sample Size

Data Source,
Study Type,
Population, &
Setting
Data from primary
care clinics.

2013 – 2015

2014
Denominatore =
10,117

2018

2014
11.5%
2015
12.8%
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Table 9 Cont.
Author,
Journal, and
Publication
Year
Isenhour et al.
American
Journal of
Preventive
Medicine

Data
Collection
Years

Data Source,
Study Type,
Population, &
Setting
01/01/2005 to Data from
12/31//2014 insurance claims
databases.
Study type:
Observational
Studies

2017

Sample Size

2012
10,141,424
2013
7,627,309
2014
7,847,436

HCVc Prevalence
Screening
Estimates

Age
groupings

2012
202,829/10,141,424
= 2%

Birth cohort:
Baby
boomers
1945 –1965

HCV
screening

Birth cohort:
Baby
boomers
1945 – 1965

HCV
screening

Outcome
Measure

2013
205,937/7,627,309
= 2.7%
2014
258,965/7,847,436
= 3.3%

Cook et al.
Journal of the
American
Osteopathic
Association

01/01/2010 –
12/31/2013

Data from 14
community health
centers.

60,722

5,033/60,722 =
8.3%

Study type:
Observational
Studies

2016
a = Baby Boomers are adults born 1945–1965.
b = There were 8 published studies screened. Shaded in gold are three of the eight papers, which contributed to more than one data point for HCV screening prevalence estimates as more than one
year of HCV screening prevalence data were reported: Yartel et al. 2018 (N = 3 data points for 2012–2014), Kasting et al. 2018 (N = 3 data points for 2013–2015) and Isenhour et al. 2017 (N = 3
data points for 2012–2014). Total of 14 data points.
c = HCV stands for Hepatitis C Virus.
d = For randomized controlled trials and non-randomized trials, while these were interventions, only baseline HCV screening prevalence are reported in this table.
e = These data (i.e., denominator) were not published and were supplied by the study biostatistician.
f = CPT stands for Current Procedural Terminology.
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Figure 3. Comparison of Risk of Bias Assessment by Study (N = 8) for Hepatitis C
Virus Screening Systematic Literature Review
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a = Baby Boomers are adults born 1945–1965.
b = There were 8 published studies included in final data abstraction. Three of the eight papers, which contributed
to more than one data point for HCV screening prevalence estimates as more than one year of HCV screening
prevalence data were reported: Yartel et al. 2018 (N = 3 data points for 2012–2014), Kasting et al. 2018 (N = 3 data
points for 2013–2015) and Isenhour et al. 2017 (N = 3 data points for 2012–2014). Total of 14 data points.
c = The eight published studies included data from randomized controlled trials (RCTs), non-randomized trials (i.e.,
quasi-experimental trials), and observational studies. For RCTs and non-randomized trials, while these were
experimental studies that included an intervention, only baseline HCV screening prevalence are reported in this
figure and as a result were treated as observational studies and combined with the original 3 observational studies
for this analysis.
95% C.I. = 95% confidence interval
HCV = Hepatitis C Virus
PY = Publication Year
DCY = Data Collection Year
I2 is a measure that evaluates the percentage of between-study variation due to differences in effect sizes (e.g.,
differences in HCV screening prevalence in our study) across studies.
τ2 measures the extent of between-study variance in different studies and reflects the variance of the true effect sizes.
χ2 also known as the Q-statistic measures the existence of heterogeneity in effect size.
Note: Yartel Center 2 study represents ≤ 1 year of data collection from 04/2013 to 03/2014.
Yartel Center 3 study represents ≤ 1 year of data collection from 12/2012 to 01/2014.
Federman study represents ≤ 1 year of data collection from 04/2013 to 03/2014.
Due to sampling multiple populations and multiple years, some studies contributed more than one data point in the
analysis used to calculate the summary prevalence estimates. That is, eight studies were included, with fourteen
total data points, and no single study contributed more than three data points. Additionally, when a study
contributed more than one data point, we assumed that the prevalence estimate was independent of the remaining
prevalence estimates. A sensitivity analysis was later conducted wherein a single data point (i.e., most recent data
collection year for HCV screening estimate) from the studies with multiple data points (i.e., total N = 8) was
selected and the summary prevalence estimates were recalculated. Results of the sensitivity analyses showed no
significant differences between the 14 data points and reducing the data points to 8 observations – one for each
article included in the final systematic literature review analyses in the final summary proportions of HCV screening
prevalence.

Figure 4a. Meta-Analysis and Forest Plot for Hepatitis C Virus Screening Prevalence
Among Baby Boomersa (N = 8 Studiesb,c) Stratified by Publication Year and Data
Collection Year
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a = Baby Boomers are adults born between 1945 to 1965.
b = There were 8 published studies included in final data abstraction. Three of the eight papers, which contributed
to more than one data point for HCV screening prevalence estimates as more than one year of HCV screening
prevalence data were reported: Yartel et al. 2018 (N = 3 data points for 2012–2014), Kasting et al. 2018 (N = 3 data
points for 2013–2015) and Isenhour et al. 2017 (N = 3 data points for 2012–2014). Total of 14 data points.
c = The eight published studies included data from randomized controlled trials (RCTs), non-randomized trials (i.e.,
quasi-experimental trials), and observational studies. For RCTs and non-randomized trials, while these were
experimental studies that included an intervention, only baseline HCV screening prevalence are reported in this
figure and as a result were treated as observational studies and combined with the original 3 observational studies
for this analysis.
95% C.I. = 95% confidence interval
HCV = Hepatitis C Virus
PY = Publication Year
DCY = Data Collection Year
I2 is a measure that evaluates the percentage of between-study variation due to differences in effect sizes (e.g.,
differences in HCV screening prevalence in our study) across studies.
τ2 measures the extent of between-study variance in different studies and reflects the variance of the true effect sizes.
χ2 also known as the Q-statistic measures the existence of heterogeneity in effect size.
Note: Yartel Center 2 study represents ≤ 1 year of data collection from 04/2013 to 03/2014.
Yartel Center 3 study represents ≤ 1 year of data collection from 12/2012 to 01/2014.
Federman study represents ≤ 1 year of data collection from 04/2013 to 03/2014.
Due to sampling multiple populations and multiple years, some studies contributed more than one data point in the
analysis used to calculate the summary prevalence estimates. That is, eight studies were included, with fourteen
total data points, and no single study contributed more than three data points. Additionally, when a study
contributed more than one data point, we assumed that the prevalence estimate was independent of the remaining
prevalence estimates. A sensitivity analysis was later conducted wherein a single data point (i.e., most recent data
collection year for HCV screening estimate) from the studies with multiple data points (i.e., total N = 8) was
selected and the summary prevalence estimates were recalculated. Results of the sensitivity analyses showed no
significant differences between the 14 data points and reducing the data points to 8 observations – one for each
article included in the final systematic literature review analyses in the final summary proportions of HCV screening
prevalence.

Figure 4b. Sensitivity Analyses for Meta-Analysis and Forest Plot for Hepatitis C Virus
Screening Prevalence Among Baby Boomersa (N = 8 Studiesb,c) Stratified by Publication
Year and Data Collection Year
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CHAPTER FOUR: HEPATITIS C VIRUS SCREENING: AN EVALUATION OF
TEMPORAL TRENDS USING ELECTRONIC HEALTH RECORDS FROM A LARGE
ACADEMIC HEALTH SYSTEM
Manuscript Two
Title: Hepatitis C Virus Screening: An Evaluation of Temporal Trends Using Electronic Health
Records from a Large Academic Health System
Linh M. Duong1,2 et al. author order to be determined based on contribution to the paper
1

University of South Florida; 2Moffitt Cancer Center

Abstract:
Background: Hepatitis C virus (HCV) is an important risk factor for hepatocellular carcinoma.
Baby boomers (adults born 1945–1965) have higher HCV rates than other groups. We
conducted a temporal trend analysis to assess HCV antibody test screening rates among averagerisk baby boomers.
Methods: Study data (N = 33,846 average-risk baby boomers) were collected over a four-year
period from August 1, 2015 to July 31, 2019 from selected geographic representation from
Florida. Proportions for HCV screening rates (HCV antibody tests ordered by a healthcare
professional and HCV antibody test completion by patients), 95% confidence intervals, and
standard errors were calculated for the study period. Temporal trends were assessed using
unweighted and weighted Cochran–Armitage test for trend. Joinpoint regression analyses were
then conducted.
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Results: Out of 120,645 opportunities to receive a HCV antibody screening order during 2015–
2019, 6,333 HCV antibody orders were placed and of those orders, only 4,259 HCV antibody
tests were completed by average-risk baby boomers. Joinpoint regression analyses revealed one
joinpoint for both HCV test order (range: 1.0%–12.7%) and completion (range: 0.6%–8.8%)
rates in this population during that timeframe. HCV antibody screening increased for the first
half of the study period but then declined in the second half. HCV completion remained constant
(two-thirds) throughout this study period (zero joinpoints). The trend by month for HCV
ordering percentages of HCV antibody tests during this period of time and shows that the lowest
HCV antibody order rate of 1.0% (95% confidence interval [CI]: 0.5%–1.4%) occurred in
August 2015. In contrast, the highest HCV antibody order rate of 12.7% (95% CI: 11.4%–
14.0%) occurred in May 2017. And by the end of the study period, the HCV antibody order rate
was 4.2%. At the start of the period, the HCV screening percentage (HCV antibody test
completion) was 0.6% (95% CI: 0.0%–0.9%) in August 2015, at its peak in May 2017, the HCV
screening percentage reached 8.8% (95% CI: 7.6%–9.9%), and by the end of the study period,
the HCV screening percentage declined to 2.1% (95% CI: 3.1%–2.6%) by July 2019.
Conclusions: Trends in HCV screening rates were low over-time. Consequently, interventions
should be tailored to meet the needs of baby boomers as temporal trends in HCV screening are
unlikely to change over-time without effective, targeted interventions.
Introduction
In the Western world, chronic hepatitis C virus (HCV) is a major cause of hepatocellular
carcinoma (HCC), end-stage liver disease, and liver related-cancer deaths and is a “silent”
infection with no clear symptomatology (Mayo Clinic, 2019a, 2019b; Westbrook & Dusheiko,
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2014). Consequently, surveillance and screening to detect HCV early is important to detect
disease for linkage to treatment (Centers for Disease Control and Prevention, 2018). Age cohortbased screening is a relatively new recommendation strategy.
The rationale behind birth cohort screening targeted to baby boomers is because this
population is five times more likely to have HCV compared to other adults and three in four
people with HCV were born from 1945 to 1965 (Centers for Disease Control and Prevention,
2016). However, the reasons for the high rates of HCV among baby boomers are not completely
known (Centers for Disease Control and Prevention, 2016). Most baby boomers are believed to
have been infected in 1960s to 1980s when HCV transmission was the highest (Centers for
Disease Control and Prevention, 2016). HCV infection could have occurred via medical
equipment or procedures before universal precautions or infection control were implemented or
because the blood supply was not well-regulated and contaminated blood products could have
been introduced during blood transfusion or organ donation (Centers for Disease Control and
Prevention, 2016). After HCV screening was developed, HCV could be virtually eliminated
from the blood supply after 1992 (Centers for Disease Control and Prevention, 2016). Birth
cohort hepatitis C Virus (HCV) screening recommendations for baby boomers (i.e. adults born
1945–1965) were issued by the Centers for Disease Control and Prevention (CDC) and United
States Preventive Services Task Force (USPSTF) in 2012 and 2013, respectively (Smith et al.,
2012; U.S. Preventive Services Task Force, 2013).
However, despite these recommendations, uptake rates of HCV screening remain
dismally low among baby boomers ranging between 1.4%–30% (Al-Hihi, Shankweiler,
Stricklen, Gibson, & Dunn, 2017; Federman et al., 2017; Kasting, Giuliano, Reich, Duong, et al.,
2019). Another study assessing HCV screening rates among baby boomers using the National
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Health Interview Survey for study periods 2013 to 2016 found a screening percentage between
11.9% to 14.1% during this time period (Kasting, Giuliano, Reich, Roetzheim, et al., 2019).
While the above studies have evaluated HCV antibody testing, none have compared temporal
trends among baby boomers in HCV ordering defined as whether a HCV antibody test was
ordered by healthcare professional versus HCV completion rates defined as whether a patient
received the HCV antibody test ordered by a healthcare professional or a test result was
documented in the EHR after the HCV antibody test was ordered. To address this gap, this study
assessed temporal trends in HCV antibody test screening rates comparing HCV order and HCV
completion in Florida among baby boomers using a large academic health system over a four
year period.
Methods
We received institutional review board approval for this study from the University of
South Florida. A detailed description of the methodology is described elsewhere (Kasting,
Giuliano, Reich, Duong, et al., 2019). This current study used data that were collected over a
four-year period from August 1, 2015 to July 31, 2019. Electronic Health Records (EHRs) were
used in this analysis from a large academic healthcare system. We restricted data to patients who
visited primary care providers (e.g. family medicine, general internal medicine), or a relevant
specialist (e.g. gastroenterologist, infectious disease specialist, etc.). Moreover, procedural codes
were used from the EHR to identify HCV antibody test ordering and completion. The population
was limited to average-risk baby boomers (adults born 1945–1965). Our final dataset had a
sample size of 33,846 average-risk baby boomers. Average-risk was defined as patients who
were HIV negative, had no history of hepatitis, had no history of liver cancer, and did not live
with someone with hepatitis. In this study, HCV test ordered was defined as a patient who had
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an HCV antibody test ordered by a healthcare professional. HCV screening completion was
defined as a patient who had an HCV antibody test result recorded in the EHR.
Statistical Analysis
For each month, in the period 2015–2019, the HCV order proportion of the study
population (average-risk baby boomers) was calculated as the number of unique individuals who
had a HCV antibody test ordered by a healthcare professional divided by the total number of
unique individuals who were enrolled during that time period and eligible to have a HCV
antibody test ordered. Similarly, HCV antibody test completion proportions were calculated for
the 2015 to 2019 time period. For each month, the HCV completion proportion of the study
population (average-risk baby boomers) was calculated as the number of unique individuals who
had received a HCV antibody test divided by the total number of unique individuals who were
enrolled and were eligible to receive an HCV antibody test. In the proportion analysis for HCV
order, average-risk baby boomers were included in the denominator of each month until they had
a HCV antibody test ordered by a healthcare professional. Likewise, for HCV completion
proportions, average-risk baby boomers were included in the denominator of each month until
they received a HCV antibody test when it was ordered by a healthcare professional. Ninety-five
percent confidence intervals (CIs) and standard errors were calculated for the HCV order and
HCV completion proportion estimates. Proportions and their 95% confidence intervals for HCV
order and HCV completion were converted to percentages for graphing trends during the August
2015 to July 2019 period for HCV order and HCV completion, respectively.
Cochran–Armitage Test for Trend
A Cochran–Armitage test for trend was conducted using two different methods to assess
potential linear trends in HCV screening proportion changes in HCV antibody testing by month
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for HCV order and HCV completion during the period August 2015 to July 2019. Since our data
had changing population sizes in each month evaluated, we calculated unweighted and weighted
Cochran–Armitage test for trend to compare if differences in the total population by month
would significantly change the results of the trend analysis. Therefore, a weighting variable was
created that accounted for the differences in sample sizes each month, whereby the largest
sample size was divided by each sample size in a given month to arrive at the weighting factor.
This weighting factor was then included in the statistical model for the weighted Cochran–
Armitage test for trend. The statistical significance in the unweighted and weighted Cochran–
Armitage test for trend models were evaluated by assessing whether the p-values had changed
significantly between the two models.
Joinpoint Regression Analysis
A joinpoint regression analysis (Kim, Fay, Feuer, & Midthune, 2000) was conducted
using the weighted least squared method to evaluate the number of joinpoints (i.e. non-linear
trends) during the period August 2015–July 2019. To implement the weighted least square
method, we estimated the maximum number of joinpoints using the permutation test method. A
maximum of six joinpoints were selected. Additionally, for the weighted least square method,
we calculated standard errors for the proportions at each time period (month) to adjust for
heteroscedasticity. By using the HCV antibody order and HCV antibody completion proportions
as inputs, this joinpoint regression method identifies the month(s) when a trend change is
produced, it then calculates a monthly percent change (MPC) in rates between trend-change
points and then estimates the average-monthly percent change (AMPC) for the entire study
period. When there are no joinpoints, (i.e. no change in trend), MPC is constant and therefore
will equal the AMPC. Otherwise, the entire time period will be segmented by joinpoints

85

reflecting the points where there is a trend change. As a consequence, the AMPC will then be
estimated as a weighted average of the MPC in each joinpoint segment by using the segment
lengths as weights. We then used the parametric method to calculate the confidence intervals for
the MPC and AMPC during the period August 2015 to July 2019. The joinpoint regression
model is composed of several continuous linear segments or joinpoints to describe linear changes
in trend data. A joinpoint is a change in the slope of a line. Analyses were conducted using
SAS, Version 9.4 (SAS Institute Inc. Cary NC USA, 2020) for the Cochran–Armitage test for
trend analysis, and joinpoint regression analyses were conducted using Joinpoint Regression
Software, Version 4.7.0.0 (Joinpoint Regression Program, 2019). Tests were considered
significant at p < 0.05 for the Cochran–Armitage test for trend analysis and for the joinpoint
analyses, MPC and AMPC were considered statistically different from zero.
Results
HCV Antibody Order Trend Analysis
There were 6,333 HCV antibody tests ordered by a healthcare professional during the
2015 to 2019 study period out of a total of 120,645 opportunities to receive an HCV antibody
screening order among average-risk baby boomers (N = 33,846) in this large academic
healthcare system. Thus, only 5.2% (95% CI: 5.1%–5.4%) of the average-risk baby boomer
population received a HCV antibody test order by a healthcare professional during that
timeframe. Figure 5 shows the trend by month for HCV ordering percentages of HCV antibody
tests during this time period and shows that the lowest HCV antibody order rate of 1.0% (95%
confidence interval [CI]: 0.5%–1.4%) occurred in August 2015. In contrast, the highest HCV
antibody order rate of 12.7% (95% CI: 11.4%–14.0%) occurred in May 2017. And by the end of
the study period, the HCV antibody order rate was 4.2%. HCV antibody test orders made by
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healthcare professionals gradually increased from August 2015 and peaked in May 2017 (Figure
5). After May 2017, HCV antibody test orders made by healthcare professionals began to
decline and this trend persisted from June 2017 to July 2019, which is the end of our study
period (Figure 5).
The unweighted Cochran–Armitage test for trend analysis revealed that the overall linear
trend for HCV antibody order rate by healthcare professionals was statistically significant (p <
0.0001) during the 2015–2019 period. This statistically significant linear trend (p < 0.0001)
persisted in the weighted Cochran–Armitage test for trend analysis during the 2015–2019
timeframe. Joinpoint analyses showed one joinpoint, which is identified in the twenty-first
month (April 2017) resulting in two different linear trends in the HCV antibody ordering rate by
healthcare professionals (Figure 6). The first linear trend occurred from August 2015 to April
2017 and had a MPC of 11.9% (95% CI: 9.7% to 14.2%) and was statistically different from
zero. The second linear trend occurred between April 2017 to July 2019 and had a MPC of 3.4% (95% CI: -4.1% to -2.6%) and was also statistically different from zero. The AMPC was
2.9% (95% CI: 1.9% to 3.8%) during the entire August 2015 to July 2019 period and was
statistically different from zero.
HCV Antibody Completion Trend Analysis
There were 4,259 average-risk baby boomers who received an HCV antibody test out
of 6,333 HCV antibody tests that were ordered by a healthcare professional during the 2015 to
2019 timeframe. This represents 67.3% (95% CI: 66.1%–68.4%) of HCV antibody tests
completed by average-risk baby boomers when this test was ordered. Out of the 5.2% (95% CI:
5.1%–5.4%) of HCV antibody tests ordered by healthcare professionals, only 3.5% (95% CI:
3.4%–3.6%) or two-thirds of average-risk baby boomers received the HCV antibody test when it
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is ordered by a healthcare professional in this large academic health system. The lowest HCV
antibody test completion percentage was 57.4% (95% CI: 45.0%–69.8%), which occurred in July
2016 and the highest HCV antibody test completion percentage was 75.4% (95% CI: 69.6%–
81.1%), which occurred in March 2017 (Figure 7). HCV antibody test completion percentages
were relatively stable and hovered around the linear trend line denoted by the red dotted line of
67.0% during the entire 2015 to 2019 study period.
The unweighted Cochran–Armitage test for trend analysis revealed that the overall linear
trend for HCV antibody completion rate by healthcare professionals was not statistically
significant (p = 0.12) during the 2015–2019 period. This non-statistically significant linear trend
(p = 0.74) persisted in the weighted Cochran–Armitage test for trend analysis during the 2015–
2019 timeframe. Joinpoint analyses showed zero joinpoints (Figure 8). As a result, the MPC
was constant and therefore equaled the AMPC of -0.1% (95% CI: -0.3% to 0.0%) and was not
statistically different from zero during the August 2015 to July 2019 timeframe.
Mirroring the trend analysis found in Figure 5 for HCV antibody test ordered except with
a lower HCV antibody test screening range between 0.6% to 8.8%, similar trends were observed
for HCV antibody tests completed (Figure 9) among average-risk baby boomers whereby the
lowest HCV antibody order rate of 0.6% (95% confidence interval [CI]: 0.0%–0.9%) occurred in
August 2015 and the highest HCV antibody test completed 8.8% (95% CI: 7.6%–9.9%) occurred
in May 2017. Similar to Figure 5, HCV antibody test orders, Figure 9 shows HCV antibody test
completed among average-risk baby boomer patients gradually increased from August 2015 and
peaked in May 2017. After May 2017, HCV antibody test completed by average-risk baby
boomer patients began to decline and this trend persisted from June 2017 to July 2019, which is
the end of our study period (Figure 9).
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In the unweighted Cochran–Armitage test for trend analysis for HCV antibody
completion revealed similar trends found in Figure 5 HCV antibody test orders whereby the
overall linear trend for HCV antibody completion rate by average-risk baby boomers was
statistically significant (p-value < 0.0001) during the 2015–2019 period. This statistically
significant linear trend (p-value < 0.0001) persisted in the weighted Cochran–Armitage test for
trend analysis during the 2015–2019 timeframe for HCV antibody test completion among
average-risk baby boomers. Joinpoint analyses showed one joinpoint, which is identified in the
twentieth month (March 2017) resulting in two different linear trends in the HCV antibody test
completion rate by average-risk baby boomers (Figure 10). The first linear trend occurred from
August 2015 to March 2017 and had a MPC of 13.6% (95% CI: 10.9% to 16.3%) and was
statistically different from zero. The second linear trend occurred between March 2017 to July
2019 and had a MPC of -3.4% (95% CI: -4.2% to -2.6%) and was statistically different from
zero. The AMPC was 3.1% (95% CI: 2.1% to 4.2%) during the entire August 2015 to July 2019
period and was statistically different from zero.
Discussion
This study was the first to compare temporal trends in HCV antibody test ordering by
healthcare professionals and HCV antibody test completion by average-risk baby boomers after
the test had been ordered. We found low HCV antibody ordering rates by healthcare
professionals of 5.2% (95% CI: 5.1%–5.4%). Furthermore, we showed that of the 5.2% of HCV
antibody tests ordered by healthcare professionals that only 3.5% (95% CI: 3.4%–3.6%) or twothirds of average-risk baby boomers followed through and received the test once it was ordered
by a healthcare professional. That is, only two-thirds of average-risk baby boomers completed
an HCV antibody test after it was ordered by a healthcare professional during the 2015–2019
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period. We found both the overall linear trend for HCV antibody order and completion rate were
statistically significant (p < 0.0001 in the Cochran–Armitage test for trend analysis) during the
2015–2019 period. Joinpoint analyses showed similar results. However, the overall linear trend
for HCV antibody completion ratio to HCV antibody order was not statistically significant (p =
0.12 in unweighted model compared to as a weighted model p = 0.74) during the 2015–2019
timeframe. The trend by month for HCV ordering percentages of HCV antibody tests during this
period of time and shows that the lowest HCV antibody order rate of 1.0% (95% confidence
interval [CI]: 0.5%–1.4%) occurred in August 2015. In contrast, the highest HCV antibody order
rate of 12.7% (95% CI: 11.4%–14.0%) occurred in May 2017. At the start of the period, the
HCV screening percentage (HCV antibody test completion) was 0.6% (95% CI: 0.0%–0.9%) in
August 2015, at its peak in May 2017, the HCV screening percentage reached 8.8% (95% CI:
7.6%–9.9%), and by the end of the study period, the HCV screening percentage declined to 2.1%
(95% CI: 3.1%–2.6%) by July 2019. The increase in the first half of the study period may be due
to early engagement by a healthcare professional at our healthcare system who galvanized
support for improving HCV screening rates, however, during the second half of the study period
HCV screening rates declined, which may indicate that more resources and institutional support
may be needed to reinforce improvements to the HCV screening continuum. Consequently,
identifying barriers and facilitators to increasing HCV screening rates in the U.S. will be
important.
Several studies have assessed temporal trends by year for HCV order (rate < 13%)
(Kasting, Giuliano, Reich, Roetzheim, et al., 2019) and HCV completion (rate 1.7% to 14.1%)
(Canary, Thompson, Kaufman, & Nelson, 2019; Kasting, Giuliano, Reich, Roetzheim, et al.,
2019; Nili, Luo, Feng, Chang, & Tan, 2018). However, none compared HCV order and HCV
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completion rates in a single health system or study. A study by Kasting et al. 2019 assessed
HCV ordering percentages by healthcare professionals between 2015 and 2017 in a large
academic healthcare system and reported a 4.0% (95% CI: 3.7%–4.3%) HCV screening order
rate between 2015–2016 and an increase in HCV ordering rate of 12.9% (95% CI: 12.4%–
13.4%) by healthcare professionals for their baby boomer patients between 2016–2017. Other
studies, which accessed temporal trends in HCV antibody testing among baby boomers found
similar low rates (1.7%–14.1%) in HCV antibody test completion (Canary et al., 2019; Kasting,
Giuliano, Reich, Roetzheim, et al., 2019; Nili et al., 2018). Canary et al. 2019 compared two
commercial laboratories (Quest and LabCorp) to evaluate overall HCV antibody testing among
baby boomers and found that HCV completion rates were low ranging from 1.7% in 2011 to
3.8% in 2017 (Canary et al., 2019). Two studies examined HCV infection screening (yes/no)
using the National Health Interview Survey during the 2013 to 2016 study period (Kasting,
Giuliano, Reich, Roetzheim, et al., 2019; Nili et al., 2018). Kasting et al. 2019 reported that
HCV screening increased from 11.9% to 14.1% during the 2013 to 2016 time period (Kasting,
Giuliano, Reich, Roetzheim, et al., 2019). Comparable HCV infection screening rates (11.5% to
13.9%) were found by Nili et al. 2018 during the 2013 to 2016 timeframe (Nili et al., 2018).
Strengths
This study has several strengths including being the first to conduct temporal trend
analyses comparing HCV antibody test order rates by healthcare professionals and HCV
antibody test completion rates among average-risk baby boomers. Since our study used EHRverified data from a large academic health system this reduces patient recall-bias. Moreover, our
study had a large sample size resulting in greater power to detect statistical differences in HCV
antibody test order rates and HCV antibody test screening completion rates. The larger sample
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size also resulted in a narrower sampling distribution, which reduces the two sampling
distributions when testing the null and alternative hypotheses.
Limitations
Our study has some limitations including that the results of this study may be only
generalizable to other hospital systems and patient populations in similar populations. We also
did not have data on known risk factors for HCC including behavioral risk factors (e.g. obesity,
diabetes, alcohol use, history of injection drug use, aflatoxin B1 exposure status, and chronic
HBV infection etc.) and as a result could not adjust for these confounders in our analyses. If
patients were seen at a different hospital system and had a HCV screening in another lab, this
information was not captured in the EHR. Lastly, HCV screening lab tests ordered outside the
study period were not included and it could be possible that patients were tested for HCV
subsequently.
Future Directions
This study demonstrates that HCV antibody test ordering rates by healthcare
professionals and follow through by average-risk baby boomers in getting the HCV antibody test
completed after it is ordered is incomplete. Consequently, interventions will need to be tailored
to meet the needs of these individuals to improve HCV screening rates as temporal trends show
that low HCV antibody ordering and followed by dismal HCV antibody test completion by these
patients in the baby boomer birth cohort are unlikely to change over-time without effective and
targeted interventions. Opt-out HCV screening could be strategies that should be considered for
future interventions.
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Figure 5. Percent Hepatitis C Virus (HCV) Antibody Test Ordered Among Average-Risk Baby Boomers (N = 33,846) During
2015–2019 Period
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Figure 6. Hepatitis C Virus Antibody Ordered Proportions Joinpoint Analysis: One Joinpoint
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Figure 8 Hepatitis C Virus Antibody Completion Proportion Joinpoint Analyses Zero Joinpoints
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Figure 10: Hepatitis C Virus Antibody Completion Proportions Joinpoint Analysis: One Joinpoint
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Abstract:

Background: In 2012, the Centers for Disease Control and Prevention issued a guidance for
one-time hepatitis C virus (HCV) screening for baby boomers (i.e. adults born 1945–1965) in
addition to risk-based screening, however, HCV screening rates remain exceedingly low. We
aimed to address this gap by conducting geospatial analyses on data associated with average-risk
baby boomers to 1) examine patient level characteristics associated with HCV antibody test
order and HCV antibody test completion by zip code hot spots; and, 2) to determine which
population-based census variables are associated with the highest percentages of HCV antibody
test order and HCV antibody test completion percentages by zip code hot spots.
Methods: Data from the University of South Florida (USF) Healthcare System’s electronic
health records and American Community Survey (ACS) were used. There was a total of 32,629
average-risk baby boomers who received healthcare services in the USF healthcare system
between August 1, 2015–July 31, 2019. Data from the ACS covered the period between 2013–
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2017. Initially, Geographic Information Systems (GIS) analyses were conducted by creating
choropleth maps for the following two outcome variables: 1) HCV antibody test orders and 2)
HCV antibody test completion by mapping the percentages for each outcome variable by zip
code. Subsequently, a geospatial analysis using Global Moran’s Index (GMI) and Getis-Ord
Gi*were performed on these two outcome variables separately to assess spatial autocorrelation
and hot spot and cold spots. Lastly, select patient and population level data were matched to the
HCV antibody test order and HCV antibody test completion percentages’ hot spot zip codes to
evaluate socio-demographic differences in HCV order and HCV completion percentages by hot
spot zip codes.
Results: Spatial statistics revealed statistically significant clustering of HCV antibody test orders
(Moran’s I = 0.541096; p < 0.000001) and HCV antibody test completion (Moran’s I =
0.445374; p < 0.000001). There were 26 hot spots for HCV antibody test orders among averagerisk baby boomers and 22 hot spots were identified for average-risk baby boomers who
completed an HCV antibody test. We found that HCV antibody test order percentages within the
hot spots were variable (15.0%–37.2%) among average-risk baby boomers by zip code, and
similarly, the HCV Antibody test completion percentages within hot spots also differed ranging
between 9.7% to 29.1% by zip code. In general, it was observed that average-risk baby boomers
who had the highest percentage (hot spots) of HCV antibody test ordered and the highest
percentage (hot spots) of HCV antibody test completed tended to live closer to the healthcare
system. When assessing HCV antibody test order hot spots only, the top eight zip codes with the
highest percentage of HCV antibody test ordered had a HCV antibody test order range between
30.2%–37.2% while there were six zip codes, which had the lowest percentage of HCV antibody
test orders ranging between 15.0%–18.8% within these hot spots. In contrast, the top eight zip
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codes with the highest percentage of HCV antibody test completion ranged between 22.6%–
29.1% while there were six zip codes that had the lowest percentage of HCV antibody test
completion ranging between 9.7%–16.2% within these hot spots. When assessing patient level
characteristics, areas with the highest percentage (hot spots) of HCV antibody test ordered had
the following patient level characteristics among average-risk baby boomers: two-thirds were
female, between 20.1% to 50.0% had Medicare insurance, and between 15.1% to 41.0% had
greater than 10+ healthcare visits. Similar results were found for hot spot areas with the highest
percentage of HCV antibody test completed. People living in hot spot zip codes for HCV order
(i.e., those that had the highest HCV antibody test order percentages) had the following
population-level characteristics: between 4.0% to 32.8% reported living below poverty, between
1.8% to 12.0% were unemployed among those age 16+, and between 0.0% to 2.8% reported
using public transportation, variable percentages of race/ethnicity, and were equally divided by
sex. Similar results were found in hot spots for HCV antibody test completion.
Conclusions: Our findings revealed that both HCV antibody test ordering and HCV antibody
test completion are low among average-risk baby boomers in the hot spots identified, ranging
between 15.0% to 37.2% for HCV antibody test ordered and ranging between 9.7% to 29.1% for
HCV antibody test completed. Additionally, differences in patient and population characteristics
were found in hot spot areas for HCV antibody test ordered and HCV antibody test completed.
Future HCV screening interventions should be targeted to identify facilitators and barriers related
to HCV screening associated with patient and population-level characteristics stratified by zip
code to reduce HCV-related disease outcomes.
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Introduction
Geographical epidemiology incorporates clinical data to investigate pathological factors
(e.g., risk factors, causative agents, vectors, hosts, and populations) to study the spatial pattern of
disease associated with environmental factors and have been conducted throughout history
(Cromley, 2003; Maxcy, 1926; Newsom, 2006; Shannon, 1981). More recently, Geographical
information systems (GIS) software have been developed to assist epidemiologist in capturing,
storing, analyzing, managing, and presenting spatial or geographic data to inform public health
interventions (Environmental Systems Research Institute (ESRI), 2020a). As a consequence,
analyses related to the geography of disease have been evolving over-time and are now practiced
on a global scale (Dang, 2017; Daw et al., 2016; Dekker et al., 2017; Donnelly, Franco, Wang, &
Galbraith, 2016; Kauhl et al., 2015; McLuckie et al., 2019; Saei et al., 2014; Stopka et al., 2017;
Trooskin, Hadler, St Louis, & Navarro, 2005) albeit with varying frequencies depending on
resources available for collecting geospatial data and linking to medical data (Cromley, 2003;
Shaw & McGuire, 2017). Geospatial analytics employs data from Global Positioning Systems
(GPS), geolocation sensors, social media, mobile devices, satellite data, drone imagery, and other
remote datasets to build visualizations for understanding signature phenomena and finding trends
in complex relationships between people, places, and time (e.g., maps, graphs, statistics, and
cartograms that show historical changes and current shifts in the data collected) (Environmental
Systems Research Institute (ESRI), 2020a).
In the last two decades, the use of GIS application software has steadily increased and
new emerging fields within GIS have also arisen (Lyseen et al., 2014). A literature review
conducted by Lyseen et al. (2014) investigated conceptual domains related to GIS analyses and
found that geospatial analyses in the health science field were composed of the following four
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domains: 1) spatial analysis of disease, 2) spatial analysis of health service planning, 3) public
health, and 4) health technologies and tools (Lyseen et al., 2014). Additionally, Lyseen et al.
(2014) found that the most commonly analyzed infectious diseases were malaria and
schistosomiasis meanwhile cancer and asthma were the most frequently analyzed non-infectious
diseases (Lyseen et al., 2014). Moreover, across these categories, research studies
predominantly came from North America and with regard to spatial analysis of diseases, an
equal number of studies focused on Asia (Lyseen et al., 2014). The power of GIS lies in its
ability to analyze, store, and display large amounts of spatially referenced data (Environmental
Systems Research Institute (ESRI), 2020a).
As medical care providers and public health agencies are moving toward integrating big
data and health informatics into their research portfolios, a tremendous potential exists to derive
meaningful insights to understanding disease on not only an individual patient level but also a
population-based level employing GIS geospatial cartographic analytical tools (Gamache,
Kharrazi, & Weiner, 2018). Indeed, with the implementation of electronic health records
(EHRs), many hospital systems have the potential to collect large patient population datasets for
clinical research, and in tandem, government agencies (including public health and the U.S.
Census Bureau etc.) have collected population-based level data related to social determinants of
health on a large scale over a longer period of time as well (Gamache et al., 2018; U.S. Census
Bureau, 2019). The recent advances in integrating big data and health informatics into scientific
research in GIS have great potential to benefit society. The medical research applications of GIS
geospatial tools are numerous and include finding disease clusters and their possible causes
(Murray et al., 2009; Srivastava, Nagpal, Joshi, Paliwal, & Dash, 2009), improving deployment
for emergency services (Ong et al., 2009; Peleg & Pliskin, 2004), and determining if an area is
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being served adequately by health services based on sampled data (Cinnamon, Schuurman, &
Crooks, 2009; Schuurman, Bell, Hameed, & Simons, 2008).
The purpose of this paper is to demonstrate, by means of GIS and geospatial statistics,
that it is possible to better deﬁne data associated with average-risk baby boomers to 1) examine
patient level characteristics associated with HCV antibody test ordered and HCV antibody test
completion percentages by zip code hot spots; and, 2) to determine which population-based
census variables are associated with the highest percentages of HCV antibody test order and
HCV antibody test completion percentages by zip code hot spots. To do so, two speciﬁc
techniques were used: hotspot analysis and outlier analysis, which yielded results that show the
existence of homogeneous and heterogeneous groups within the sample datasets based not only
on their spatial proximity but also on their propensity to aggregate in geographic space. We
assumed on the basis of this analysis, hospital regional administration and other collaborative
personnel could devise policies and strategic plans in order to improve the management and
efﬁciency of HCV screening. Our hypothesis was that areas of high HCV antibody test order or
HCV antibody test completion would tend to cluster together non-randomly in a georeferenced
zip code hot spot.
Spatial Autocorrelation Analysis Compared to Hot Spot and Cold Spot Analysis
Spatial autocorrelation is a statistical analysis that evaluates whether the spatial pattern
observed is clustered non-randomly (Environmental Systems Research Institute (ESRI):
ArcMap, 2020c). According to Tobler’s First Law of Geography, “Everything is related to
everything else, but near things are more related than distant things” (Klippel, Hardisty, & Li,
2011). That is, spatial autocorrelation quantifies the extent to which an observed spatial pattern
(i.e., zip codes with high rates of HCV screening clustering together) is significant and if this
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pattern occurs randomly (Environmental Systems Research Institute (ESRI): ArcMap, 2020c).
Meanwhile, hot spot and cold spot analysis using Getis Ord Gi* may be used to evaluate the
degree of clustering (Environmental Systems Research Institute (ESRI): ArcMap, 2020a). That
is, after determining if there is a spatial pattern that clusters non-randomly, the next step would
be to evaluate if the significant non-random spatial clusters occur in hot spots (i.e., georeferenced
zip codes that cluster together have high values of HCV antibody test ordered or HCV antibody
test completion percentages) or cold spots (i.e., zip codes that cluster together have low values of
HCV order or HCV complete on percentages) (Environmental Systems Research Institute
(ESRI): ArcMap, 2020a). Both these statistical analyses are used in this study.
Social Determinants of Health and Social Epidemiology
The growing trend among healthcare systems is the shift towards a “value-based model”,
which entails developing holistic care that galvanizes support for positive health outcomes
(NEJM Catalyst, 2017). As a consequence, healthcare systems are increasingly incorporating
factors related to social determinants of health (SDOH) into these models. SDOH involve social
factors related to healthcare, education, the neighborhood that one lives in (e.g., natural and built
environment), an individual’s economic stability (e.g., poverty level), and includes a social and
community component (Healthy People 2020, 2020; NEJM Catalyst, 2017). All of these factors
work together either as drivers to promote health or to increase poor health outcomes. For
example, where one lives determines the density of health care providers in an individual’s
neighborhood, access to transportation, and access to local food markets etc. (Healthy People
2020, 2020). In addition, one’s level of education will also determine what neighborhood a
person lives in, the type of healthcare that is provided to the individual via employer health
insurance policies, income level, which is associated with an individual’s economic stability and
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health (Healthy People 2020, 2020). Additionally, having social support and a strong
community are important factors, which impact availability of resources for one’s health as well
(Healthy People 2020, 2020). Other social factors, which may affect one’s health include
discrimination and cultural factors (Healthy People 2020, 2020). Social epidemiology is a
relatively new field that focuses on social-structural factors, which may affect a population’s
health (Honjo, 2004). That is, health and disease are caused by the unequal distribution of
social-structural factors that may either be advantageous or disadvantageous to a population
(Honjo, 2004). This field evaluates these social-structural factors to identify mechanisms
associated with disease (Honjo, 2004). In addition, it seeks to understand how health disparities
are related to unequal distribution of social-structural factors (Honjo, 2004). Both epidemiology
and social epidemiology are essential to public health research and practice as they assist in
guiding our understanding of ill health in the population and possible factors associated with
adverse health outcomes. As a result, this study incorporated both patient level and population
level characteristics into the GIS geospatial analysis to understand barriers and facilitators to
HCV screening.
Our study focuses on hepatitis C virus (HCV) screening to prevent hepatocellular
carcinoma (HCC) employing geospatial analysis as a tool to understand facilitators and barriers
to HCV screening at both the individual and population-level using zip code as the area of
analysis.
The overall burden of HCC related to viral hepatitis is substantial. Specifically, higher
incidences of HCC are attributable to viral hepatitis infections, which account for most of the
overall burden of HCC (Clark et al., 2015; World Health Organization, 2017). An estimated 71
million individuals are infected with hepatitis C virus (HCV) globally (World Health
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Organization, 2017). HCV infection affects all regions worldwide with major differences found
between and within countries (World Health Organization, 2017). The estimated prevalence of
people living with HCV in the U.S. during the 2013 to 2016 period was variable across states (>
1251 per 100,000) for those who live in Oregon, New Mexico, Oklahoma, Louisiana, Tennessee,
and West Virginia (HepVu, 2019a). Meanwhile, the rates of deaths related to HCV in the U.S. in
2016 were highest in Oregon, New Mexico, Oklahoma, Louisiana, and Rhode Island (HepVu,
2019b). Age cohort-based screening is a relatively new recommendation strategy. In 2012, the
Centers for Disease Control and Prevention issued guidance for one-time HCV screening for
baby boomers (i.e. adults born 1945–1965) in addition to risk-based screening (Centers for
Disease Control and Prevention, 2019a). Baby boomers are five times more likely to have HCV
compared to other adults and three in four people with HCV were born from 1945 to 1965
(Centers for Disease Control and Prevention, 2016). However, HCV screening remain
exceedingly low among baby boomers with a range between 1.4%–30% (Al-Hihi et al., 2017;
Federman et al., 2017; Kasting, Giuliano, Reich, Duong, et al., 2019).
Currently, there are no studies, to our knowledge, that employ GIS geospatial analytical
techniques to investigate HCV screening at the individual and population-based level. We aimed
to close this gap by conducting geospatial analyses among average-risk baby boomers to 1)
examine patient level characteristics associated with HCV antibody tests ordered and HCV
antibody test completion by zip codes as well as 2) determine which population-based census
variables are associated with HCV antibody test orders and HCV antibody test completion
clustering and hot spots.
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Methods
Our study received institutional review board approval from the University of South
Florida (USF). The methodology for this data source has been described elsewhere (Kasting,
Giuliano, Reich, Duong, et al., 2019). The current study uses data that were collected from
August 1, 2015 to July 31, 2019. We used Electronic Health Records (EHRs) from USF
Healthcare System and restricted data to patient visits to primary care providers, which include
family medicine, general internal medicine or if they were seen by a relevant specialist, which
includes gastroenterologist, infectious disease specialist, etc. We also used procedural codes
from the EHR to identify HCV antibody test ordering and completion. Average-risk baby
boomers (adults born 1945–1965) and the total population consisting of adults (18 and older)
were evaluated. Our final dataset had a sample size of 97,880 for the total population, which
includes high-risk. Baby boomers comprised 34,238 (includes high-risk) of the total population
in this dataset. Average-risk baby boomers made up 32,629 of the total average-risk population.
We defined average-risk as patients who were HIV negative, had no history of hepatitis, had no
history of liver cancer, and did not live with someone with hepatitis. Meanwhile, we defined
high-risk as patients who were HIV positive, had a history of hepatitis, had a history of liver
cancer, or lived with someone with hepatitis. Moreover, for this current study, we defined HCV
test ordered as a patient who had an HCV antibody test ordered by a healthcare provider and
defined HCV screening completion as a patient who received a HCV antibody test ordered and
followed through to obtain an HCV antibody test or there was a documented HCV antibody test
result in the EHR for the patient. Data from the American Community Survey (ACS) derived
from the U.S. Census Bureau covered the period between 2013–2017 and included socio-
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demographic data (e.g., sex, race, ethnicity, and economic indicators etc.) (U.S. Census Bureau,
2019) were used in this analysis.
Statistical Analysis
Choropleth maps were created using ArcMap (Environmental Systems Research Institute
(ESRI), 2020b) to show percentages of HCV antibody test order and HCV antibody test
completion in Florida among average-risk baby boomers during the 2015–2019 period and were
plotted using aggregated data from patients’ zip codes (n ≥ 10 for each zip code) derived from
EHRs in the USF Healthcare System.
Geographic Information Systems (GIS) Analysis
Spatial Autocorrelation
GIS analysis were conducted using Global Moran’s Index (GMI) to test non-random
distribution (spatial autocorrelation) of HCV antibody test ordered and HCV antibody test
completion among different zip codes. GMI is a statistical test that evaluates whether the pattern
observed is clustered, dispersed, or random (Environmental Systems Research Institute (ESRI):
ArcMap, 2018b). The tool computes the mean and variance for the attribute being evaluated
(Environmental Systems Research Institute (ESRI): ArcMap, 2020b; Griffith, 2003). Then, for
each feature value, it subtracts the mean, creating a deviation from the mean (Environmental
Systems Research Institute (ESRI): ArcMap, 2020b; Griffith, 2003). Next, the deviation values
for all neighboring features are multiplied together to create a cross product (Environmental
Systems Research Institute (ESRI): ArcMap, 2020b; Griffith, 2003). Then, the tool computes an
observed index value and an expected index value and compares the results to generate a z-score
and p-value to indicate whether this difference is statistically significant or not. When z-scores
and p-values are statistically significant, a positive GMI indicates clustering whereas a negative
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GMI indicates dispersion. For our analyses, we assessed whether high rates of HCV antibody
test order or HCV antibody test completion differed by zip code. Our hypothesis was that areas
of high HCV antibody tests ordered or HCV antibody test completion will tend to cluster
together non-randomly.
Hot Spot and Cold Spot Analysis
In addition, we used Getis-Ord Gi* to conduct hot and cold spot analysis to determine the
degree of clustering (Environmental Systems Research Institute (ESRI): ArcMap, 2018a) among
different zip codes to assess which areas (i.e., zip codes) had the highest percentage of HCV
antibody tests ordered and HCV antibody test completed (i.e., hot spots) compared to zip codes
which had the lowest percentage of HCV antibody tests ordered and HCV antibody test
completed (i.e., cold spots). Patient level characteristics from the USF Healthcare System’s
EHRs were then compared to population level characteristics by zip codes derived from the
Getis-Ord Gi* hot spot analysis. Our hypothesis was that there will be hot spots and cold spots
found among average-risk baby boomers who received an HCV antibody test ordered and
followed through and completed the HCV antibody test. Furthermore, these hot spots and cold
spots will be associated with differences in socio-demographics at the patient and population
level using data from the USF Healthcare system covering the 2015–2019 time period and ACS
2013 to 2017 time period.
All analyses were conducted using SAS, Version 9.4 (SAS Institute Inc. Cary NC USA,
2020) and spatial analyses used ArcMap, Version 10.7 (Environmental Systems Research
Institute (ESRI), 2020b) for creating choropleth maps and conducting GMI and Getis-Ord Gi*
for clustering and hot spot and cold spot analyses. Tests were considered significant at p < 0.05.
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Results
There were 9,065 HCV antibody tests ordered and 6,699 HCV antibody tests completed
by all patients (includes high-risk) regardless of birth cohort during the 2015–2019 period.
Among average-risk baby boomers, there were 4,877 HCV orders placed by healthcare
professionals working in the USF Healthcare System. Of those 4,877 HCV antibody tests
ordered, 3,496 completed an HCV antibody test during the 2015–2019 period.
Choropleth Maps Showing Areas with Highest and Lowest HCV Screening Percentages
Figures 11 and 12 shows the choropleth maps, which evaluate the association between
percentage of average-risk baby boomers who received an HCV antibody tests ordered or
completed an HCV antibody test. The general trend shows that average-risk baby boomers who
received the highest percentage of HCV antibody tests ordered or had the highest percentage of
HCV antibody tests completed were clustered near the healthcare system (i.e., main zip code of
USF Healthcare System = 33612) compared to average-risk baby boomers who received the
lowest percentage of HCV antibody tests ordered or had the lowest completion percentage of
HCV antibody test; these baby boomers tended to live farther away and were clustered in areas
farthest from the healthcare system (Figures 11–12).
Spatial Autocorrelation
The GMI showed statistically significant clustering for the percentage of average-risk
baby boomers who received an HCV antibody test order (GMI = 0.541096; p < 0.000001) and
similar results for GMI with regard to significant clustering were found for the percentage of
average-risk baby boomers who completed an HCV antibody test (GMI = 0.445374; p <
0.000001).
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Hot Spot and Cold Spot Analysis
Getis-Ord Gi* analysis revealed zip code areas with statistically significant (90%, 95%,
and 99% confidence levels) clustering (i.e., hot spots and cold spots) for HCV antibody tests
ordered and HCV antibody test completed among average-risk baby boomers. Hot spots showed
zip code areas where average-risk baby boomers had the highest percentage of HCV antibody
test ordered (Figure 13) and the zip code areas with the highest percentages of HCV antibody test
completed (Figure 14). Meanwhile, the cold spots showed the zip code areas with the lowest
percentage of HCV antibody tests ordered (Figure 13) and the zip code areas with the lowest
percentage of HCV antibody tests completed (Figure 14) among average-risk baby boomers.
There were 26 hot spot clusters for the highest percentages of HCV antibody tests ordered
among average-risk baby boomers (Figure 13) and 22 hot spot clusters for the highest
percentages of HCV antibody tests completed among average-risk baby boomers (Figure 14).
Hot Spots by Zip Code for HCV Order and Completion Percentages
The areas in which the 26 hot spots tended to cluster were around the USF Healthcare
System zip code (i.e., 33612) and had a HCV antibody test order percentage between 15.0% to
37.2% (Table 10). When assessing HCV antibody test order hot spots only, the top eight zip
codes (increasing order: 33549, 33592, 33612, 33647, 33617, 33576, 33559, and 33637) with the
highest percentage of HCV antibody tests ordered had a HCV antibody test order ranged
between 30.2%–37.2% while there were six zip codes (increasing order: 33614, 33610, 33545,
33558, 33584, and 33625), which had the lowest percentage of HCV antibody tests ordered
ranging between 15.0%–18.8% within these hot spots. In contrast, the top eight zip codes
(increasing order: 33576, 33549, 33647, 33592, 33559, 33612, 33617, and 33637) with the
highest percentage of HCV antibody tests completed ranged between 22.6%–29.1% while there
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were six zip codes (increasing order: 33542, 33624, 33558, 33618, 33541, and 33556) that had
the lowest percentage of HCV antibody tests completed ranging between 9.7%–16.2% within
these hot spots.
Comparison of HCV Order Hot Spots and Select Patient Level Characteristics
When assessing patient level characteristics (Table 11), areas with the highest percentage
(hot spots) of HCV antibody test ordered had the following patient level characteristics among
average-risk baby boomers: two-thirds were female, between 20.1% to 50.0% had Medicare
insurance, and between 15.1% to 41.0% had 10+ healthcare visits. In general, patients with
higher HCV antibody test order percentages tended to reside in zip codes near the USF
healthcare system.
Comparison of HCV Order Hot Spots and Select Population Level Characteristics
People living in hot spot zip codes for HCV order (i.e., those that had the highest HCV
antibody test order percentages) had the following population-based characteristics: between
4.0% to 32.8% reported living below the poverty level, between 1.8% to 12.0% were
unemployed among those age 16+, and between 0.0% to 2.8% reported using public
transportation. There were variable percentages of race/ethnicity reported and sex was almost
equally divided in these hot spot zip codes (i.e., areas with the highest percentages of HCV
antibody test that were ordered).
Comparison of HCV Completion Hot Spots and Select Patient Level Characteristics
For the 22 hot spot areas that had the highest percentage of an HCV antibody test being
completed, these hot spot zip codes tended to cluster around the USF Healthcare System and had
a HCV antibody completion percentage between 9.7% to 29.1% (Table 12). Select patient level
characteristics associated with hot spot zip code clusters (Table 13). When assessing patient
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level characteristics, areas with the highest percentage (hot spots) of HCV antibody test
completion had the following patient level characteristics among average-risk baby boomers:
two-thirds were female, between 17.7% to 51.9% had Medicare insurance, between 17.7% to
43.0% had 10+ healthcare visits, and these individuals tended to reside in hot spot zip codes near
the USF healthcare system where a higher percentage completed an HCV antibody test.
Comparison of HCV Completion Hot Spots and Select Population Level Characteristics
People living in hot spot zip codes for HCV completion (i.e., those that had the highest
HCV antibody test completion percentages) had the following population-based characteristics:
between 4.0% to 30.6% reported living below the poverty level, between 1.8% to 12.0% were
unemployed among those age 16+, and between 0.0% to 6.0% used public transportation. There
were variable percentages of race/ethnicity reported and sex was almost equally divided in these
hot spot zip codes (i.e., areas with the highest percentages of HCV antibody test that were
completed).
Discussion
Our study found that hot spot zip codes for HCV antibody order rates were variable
(between 15.0% to 37.2%) among average-risk baby boomers, and similarly, the hot spot zip
codes for HCV screening completion rates differed ranging between 9.7% to 29.1% among
average-risk baby boomers. Positive spatial autocorrelation was found for both HCV antibody
test orders (GMI = 0.541096; p < 0.000001) and HCV antibody test completion (GMI =
0.445374; p < 0.000001). We found that average-risk baby boomers who lived in hot spots for
HCV order and HCV completion tended to live closer to the healthcare system. Patients who
lived in hot spot zip codes for HCV order and completion tended to be female (~67%), had
Medicare insurance (ranging between 20.1% to 50.0%), and had greater than 10+ healthcare
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visits (ranging between 15.1% to 41.0%). Population-based characteristics showed that people
living in hot spot zip codes for both HCV order and HCV completion had low poverty levels,
had low unemployment rates among those age 16+, and had a lower percentage of people who
used public transportation.
Unfortunately, we were not able to identify articles in the literature that focused on
geospatial analysis related to HCV antibody test ordering and completion among average-risk
baby boomers. However, we did find one article that looked at HCV screening rates in the
context of opioid overdose related to HCV and hepatitis C diagnosis rates (McLuckie et al.,
2019). McLuckie et al. (2019) conducted geospatial analyses to identify rural areas where there
were fewer local health departments and assessed the disease burden (McLuckie et al., 2019).
They found that most rural local health departments (LHD) provided limited opioid-use services,
however, many LHD provided both HIV and HCV testing (McLuckie et al., 2019).
Additionally, authors found that rural counties with limited LHD services with high hepatitis C
diagnosis rates were located in southern Illinois (McLuckie et al., 2019). Our study assessed hot
spots with the highest HCV antibody tests ordered and the highest HCV antibody tests completed
and found that average-risk baby boomers who had an HCV antibody test ordered or followed
through and received an HCV antibody test tended to be clustered near the USF healthcare
system.
Based on this research, there are multiple reasons to measure autocorrelation indices such
as GMI in HCV antibody screening data (order and completion) retrieved from large electronic
health records within an academic health system or from community surveys. First, it would
optimally index the nature and degree to which fundamental statistical assumptions are violated
in these parameter estimator datasets, which in turn, could indicate the extent to which
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conventional statistical inferences generated are compromised when non-zero spatial
autocorrelation (i.e., geographically random phenomena) is overlooked at the zip code level.
Inconspicuous latent autocorrelation in a geospatial analyses of HCV antibody test data may
complicate the statistical analysis by altering the variance of sampled variables, thereby changing
the probabilities that a researcher would use and as a consequence lead to making incorrect
statistical decisions (e.g., positive spatial autocorrelation of population-based census variables in
a polygon zip code hot spot associated with the highest percentages of HCV antibody tests
ordered). This could result in an increased tendency to reject the null hypothesis when it is true
during model construction.
Additionally spatial autocorrelation indices can signify the presence of and quantify the
extent of redundant information in a georeferenced, sampled, HCV antibody screening data
retrieved from large electronic health records within an academic health system or from a
community survey which in turn could affect the information contributed by each observation in
the sample dataset. Accordingly, more spatially autocorrelated than independent, explanatory,
HCV stratified parameter estimator observations and classified population density datasets are
needed from large academic healthcare systems and community surveys so as to ascertain
informative statistics (e.g., geospatially differentiated, Moran’s I, zip code, hot spot, stratified
based on average-risk baby boomers). Finally, the measurement of spatial autocorrelation in
HCV screening data retrieved from electronic health records or from a large academic health
system community survey can describe the overall pattern across a geographic landscape
(gridded zip code), supporting spatial prediction and allowing detection of striking deviations in
the data. Cressie (1991) notes that in many situations spatial prediction is as important as
temporal prediction/forecasting and further notes that explicitly accounting for it tends to
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increase the percentage of variance explained for the dependent variable of a predictive model
and is robust for compensating for unknown variables missing from a model specification
(Cressie, 1991). Griffith and Layne (1997) report that exploiting autocorrelation tends to
increase the R-squared value by about 5%, hence obtaining 5% additional explanatory power in
sample predictors (Griffith & Layne, 1997).
Strengths
Our study’s strengths include being the first to conduct spatial autocorrelation and hot
spot and cold spot analyses comparing HCV antibody test order rates by healthcare professionals
and HCV antibody test completion rates among the average-risk total population and averagerisk baby boomers in a large academic healthcare system. Moreover, our study reduced recallbias by using an EHR-verified data source from a large academic healthcare system.
Additionally, since our study had a large sample size, which means we had greater power to
detect statistical differences in HCV antibody test order rates and HCV antibody test screening
completion rates by zip codes.
Limitations
There were some limitations to our study, which includes that the findings may only be
generalizable to other hospital healthcare systems and patient populations that use EHR to
evaluate HCV screening. Moreover, known risk factors for HCC including behavioral risk
factors (e.g. obesity, diabetes, alcohol use, history of injection drug use, aflatoxin B1 exposure
status, and chronic HBV infection etc.) were missing from our data source and consequently, we
could not evaluate these confounders in our analyses. In particular, obesity, diabetes, alcohol
use, and aflatoxin exposure may be variable across socio-demographics and distributed
unequally among the different zip codes. These risk factors are more likely to be modified with
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intervention. Additionally, patients who were seen at other hospital system and had a HCV
screening in another lab were not captured in our EHR. Lastly, patients who had a HCV
screening ordered outside the study period were not included in this study and it may be possible
that patients were subsequently tested for HCV.
Future Directions
Our findings show there may be numerous barriers to mitigating the HCV screening in
the U.S. that need to be addressed in order to increase HCV screening among baby boomers.
We found variation in HCV screening among average-risk baby boomers in areas with the
highest percentage of HCV antibody tests ordered and HCV antibody tests completed compared
to areas the lowest percentages of HCV antibody tests ordered and HCV antibody tests
completed. HCV antibody tests ordered by a healthcare professional and HCV antibody tests
completed by average-risk baby boomers were associated with differences in socio-demographic
characteristics at the patient and population-based level in non-random geographically clusters
and hot spot analyses. Spatial analysis of EHR and Census data in other areas and across the
entire nation may further improve our understanding of HCV screening rates and the most
effective strategies to improve HCV screening. Public health surveillance activities can be
strengthened through the use of geospatial analysis coupled with healthcare utilization data and
census data to identify vulnerable populations in need of support.
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Figure 11. Percentage of Average-Risk Baby Boomers Who Received a Hepatitis C Virus (HCV) Antibody Test Order by Zip
Code in a Large Academic Healthcare System (N = 4,877)
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Figure 12. Percentage of Average-Risk Baby Boomers Who Completed a Hepatitis C Virus (HCV) Antibody Test by Zip Code
in a Large Academic Healthcare System (N = 3,496)
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Figure 13. Hot Spot and Cold Spot Analysis – Average Risk Baby Boomers (4,877) Where Hepatitis C Virus (HCV) Antibody
Test Was Ordered
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Figure 14 Hot Spot and Cold Spot Analysis – Average Risk Baby Boomers (3,496) Where Hepatitis C Virus (HCV) Antibody
Test Was Completed
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Table 10. Hot Spot Information Among Average-Risk Baby Boomers Who Received a
HCV Antibody Test Order
Hot Spot Zip
Code

Area

33556
33584
33604
33610
33614
33625
33576
33612
33617
33618
33624
33525
33541
33544
33545
33548
33549
33558
33559
33592
33613
33637
33647
34637
34638
34639

Odessa, FL
Seffner, FL
Tampa, FL
Tampa, FL
Tampa, FL
Tampa, FL
San Antonio, FL
Tampa, FL
Tampa, FL/Temple Terrace, FL
Tampa, FL/Carrollwood, FL
Tampa, FL/Northdale, FL
Dade City, FL/Richland, FL
Zephyrhills, FL
Wesley Chapel, FL/ Zephyrhills, FL
Wesley Chapel, FL/ Zephyrhills, FL
Lutz, FL
Lutz, FL
Lutz, FL
Lutz, FL
Thonotosassa, FL
Tampa, FL
Tampa, FL/Temple Terrace, FL
Tampa, FL/Tampa Palms, FL
Land O Lakes, FL
Land O Lakes, FL
Land O Lakes, FL

% HCV
Antibody
Test
Ordered
21.7%
18.8%
25.5%
16.3%
15.0%
18.8%
33.3%
30.4%
32.2%
20.8%
21.5%
25.0%
20.0%
26.6%
17.6%
25.7%
30.2%
18.1%
35.0%
30.3%
25.4%
37.2%
30.7%
27.4%
22.2%
27.3%

Significant level

90% Confidence
90% Confidence
90% Confidence
90% Confidence
90% Confidence
90% Confidence
95% Confidence
95% Confidence
95% Confidence
95% Confidence
95% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence

Note: HCV = hepatitis C virus
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Table 11. Hot Spots – Select Patient and Population Level Socio-Demographic Characteristics by Zip Code Using EHR and
ACS for HCV Antibody Test Ordered Among Average-Risk Baby Boomers
Select Patient Level Characteristics
HSZC

%HCV ATO %Male %Female

Select Population-Based Characteristics

%Medicare %10+ HV

%BPL

%UR

%WUPT %H/L %Asian %Black %White %OtherR %TOMR

3.5

0.0

12.6

24.9

26.0

22.4

8.2

17.8

%Male %Female
48.9

51.1

7.9

0.1

21.2

12.2

50.1

16.5

7.1

13.4

48.5

51.5

33556

21.7%

50.6%

49.4%

24.7%

28.7%

4.0

33584

18.8%

32.6%

67.4%

27.0%

22.5%

14.7

33604

25.5%

32.4%

67.6%

29.3%

26.9%

24.5

9.4

2.7

36.2

4.1

64.9

8.9

5.6

13.4

49.2

50.8

33610

16.3%

30.0%

70.1%

29.7%

25.6%

31.1

10.5

2.8

20.5

4.7

78.2

4.2

4.8

7.7

47.7

52.3

33614

15.0%

28.3%

71.7%

20.4%

26.6%

22.6

6.8

1.8

62.5

10.1

41.2

12.6

24.3

10.3

50.4

49.6

33625

18.8%

33.0%

67.0%

25.0%

22.3%

9.6

5.9

0.8

34.8

15.9

33.3

18.6

21.0

9.6

47.9

52.1

33576

33.3%

48.7%

51.3%

50.0%

41.0%

6.6

8.7

0.0

4.3

9.5

7.2

73.3

2.4

7.6

46.0

54.0

33612

30.4%

32.6%

67.4%

30.0%

31.2%

30.6

11.9

6.0

34.4

3.6

68.2

6.1

14.5

6.2

49.4

50.6

33617

32.2%

35.3%

64.7%

33.5%

30.3%

26.4

10.1

3.6

20.7

8.3

72.7

5.2

6.4

6.6

47.5

52.5

33618

20.8%

38.8%

61.2%

36.0%

31.8%

6.6

2.8

0.2

26.5

16.9

32.4

16.1

20.6

13.8

47.7

52.3

33624

21.5%

37.8%

62.3%

25.4%

27.0%

10.7

6.4

0.4

31.6

18.6

42.5

12.0

16.1

10.0

47.0

53.0

33525

25.0%

43.5%

56.5%

40.5%

32.6%

16.9

6.2

0.3

17.0

4.8

38.3

33.5

11.8

9.3

48.9

51.1

33541

20.0%

33.3%

66.7%

42.1%

30.8%

15.5

7.5

1.1

8.1

25.7

28.1

27.2

4.2

12.0

49.0

51.0

33544

26.6%

40.2%

59.8%

24.8%

33.9%

49.9

33545

17.6%

37.7%

62.3%

26.9%

18.1
13.8

50.1
48.5

51.5

33548

25.7%

46.7%

53.3%

29.1%

33549

30.2%

48.7%

51.3%

29.5%

33558

18.1%

39.8%

60.2%

32.2%

28.4%

4.6

6.3

0.2

21.0

25.5

33559

35.0%

38.1%

61.9%

22.1%

25.4%

11.3

7.0

0.8

19.6

11.9

33592

30.3%

37.5%

62.5%

34.0%

25.0%

19.1

12.0

0.1

7.3

3.9

55.7

33613

25.4%

39.2%

60.8%

27.9%

29.9%

32.8

10.0

5.5

31.4

10.5

33637

37.2%

35.0%

65.0%

24.6%

28.2%

13.1

6.6

0.8

17.6

11.8

33647

30.7%

44.2%

55.8%

27.7%

28.9%

8.6

5.8

0.4

16.9

39.7

36.6

7.0

34637

27.4%

40.0%

60.0%

47.4%

32.5%

5.3

6.5

0.0

11.9

8.3

32.7

37.6

34638

22.2%

44.1%

55.9%

33.3%

27.9%

5.6

3.6

0.0

20.3

26.9

36.5

14.3

7.3

15.1%

6.7
5.9

5.3
6.3

0.2
0.9

22.4
22.9

18.8
14.5

38.4
50.0

16.8
13.4

5.4
6.5

33.3%

5.4

1.8

0.0

12.7

15.8

19.1

46.0

3.5

9.4

49.6

50.4

26.1%

8.3

4.6

0.3

18.6

14.5

37.8

20.4

13.3

12.9

51.0

49.0

25.2

20.4

11.0

15.5

49.6

50.4

49.9

17.4

1.4

16.5

46.7

53.3

26.6

2.2

11.2

50.0

50.0

47.0

9.2

24.0

7.6

48.9

51.1

61.4

11.5

3.8

11.0

47.4

52.6

6.6

9.0

48.9

51.1

4.8

15.9

59.0

41.0

14.5

50.4

49.6

34639
27.3%
42.3%
57.7%
20.1%
46.6
53.4
30.9%
6.0
5.6
0.0
18.1
17.0
32.0
21.6
10.6
15.7
Note: HSZC = hot spot zip code, EHR = electronic health record, ACS = American Community Survey 2013–2017, HCV = hepatitis C virus, ATO = antibody test ordered, 10+ HV = 10+ healthcare
visits, BPL = below poverty level, UR = unemployment rate (Age 16+), WUPT = who use public transportation, H/L = Hispanic or Latino, OtherR = Other race, TOMR = two or more races
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Table 12. Hot Spot Information Among Average-Risk Baby Boomers Who Completed a
HCV Antibody Test
Hot Spot Zip
Code

Area

33542
33556
33612
33617
33618
33624
33576
33637
33541

Zephyrhills, FL
Odessa, FL
Tampa, FL
Tampa, FL/Temple Terrace, FL
Tampa, FL/Carrollwood, FL
Tampa, FL/Northdale, FL
San Antonio, FL
Tampa, FL/Temple Terrace, FL
Zephyrhills, FL

33543
Wesley Chapel, FL/ Zephyrhills, FL
33544
Wesley Chapel, FL/ Zephyrhills, FL
33545
Wesley Chapel, FL/ Zephyrhills, FL
33548
Lutz, FL
33549
Lutz, FL
33558
Lutz, FL
33559
Lutz, FL
33592
Thonotosassa, FL
33613
Tampa, FL
33647
Tampa, FL/Tampa Palms, FL
34637
Land O Lakes, FL
34638
Land O Lakes, FL
34639
Land O Lakes, FL
Note: HCV = hepatitis C virus

%HCV
Antibody
Test
Completed
9.7%
16.2%
24.9%
25.7%
14.5%
14.2%
22.6%
29.1%
15.5%

Significant level

19.4%
17.7%
14.2%
19.9%
22.7%
14.4%
24.7%
24.5%
18.7%
23.4%
19.4%
17.2%
18.9%

99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence
99% Confidence

90% Confidence
90% Confidence
90% Confidence
90% Confidence
90% Confidence
90% Confidence
95% Confidence
95% Confidence
99% Confidence
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Table 13. Hot Spots – Select Patient and Population Level Socio-Demographic Characteristics by Zip Code Using EHR and
ACS for HCV Antibody Test Completed Among Average-Risk Baby Boomers
Select Patient Level Characteristics
HSZC

%HCV ATC

%Male

%Female

33542

9.7%

23.5%

76.5%

17.7%

33556

16.2%

46.8%

53.2%

33612

24.9%

33.0%

33617

25.7%

34.2%

33618

14.5%

33624
33576

Select Population-Based Characteristics

%Medicare %10+ HV

%BPL

%UR

%WUPT

%H/L

17.7%

21.2

10.6

0.3

9.5

%Asian %Black %White %OtherR %TOMR %Male %Female
6.0

33.1

31.9

12.5

15.0

46.0

54.0

26.7%

33.9%

4.0

3.5

0.0

12.6

24.9

26.0

22.4

8.2

17.8

48.9

51.1

67.1%

29.7%

33.2%

30.6

11.9

6.0

34.4

3.6

68.2

6.1

14.5

6.2

49.4

50.6

65.8%

33.7%

32.6%

26.4

10.1

3.6

20.7

8.3

72.7

5.2

6.4

6.6

47.5

52.5

37.6%

62.4%

33.6%

31.6%

6.6

2.8

0.2

26.5

16.9

32.4

16.1

20.6

13.8

47.7

52.3

14.2%

35.5%

64.5%

21.9%

29.1%

10.7

6.4

0.4

31.6

18.6

42.5

12.0

16.1

10.0

47.0

53.0

22.6%

40.0%

60.0%

48.0%

36.0%

6.6

8.7

0.0

4.3

9.5

7.2

73.3

2.4

7.6

46.0

54.0

33637

29.1%

35.9%

64.1%

25.6%

31.1%

13.1

6.6

0.8

17.6

11.8

61.4

11.5

3.8

11.0

47.4

52.6

33541

15.5%

23.3%

76.7%

41.4%

36.7%

15.5

7.5

1.1

8.1

25.7

28.1

27.2

4.2

12.0

49.0

51.0

33543

19.4%

34.0%

66.0%

25.0%

43.0%

7.2

5.8

0.1

20.5

25.6

41.0

12.9

5.6

13.5

47.9

52.1

33544

17.7%

38.5%

61.5%

27.6%

33.3%

35.1%

64.9%

30.6%

21.6%

0.2
0.9

22.4
22.9

18.8
14.5

38.4
50.0

16.8
13.4

5.4
6.5

18.1
13.8

49.9

14.2%

5.3
6.3

50.1

33545

6.7
5.9

48.5

51.5

33548

19.9%

45.7%

54.4%

31.7%

32.6%

5.4

1.8

0.0

12.7

15.8

19.1

46.0

3.5

9.4

49.6

50.4

33549

22.7%

47.9%

52.1%

31.4%

28.5%

8.3

4.6

0.3

18.6

14.5

37.8

20.4

13.3

12.9

51.0

49.0

33558

14.4%

36.8%

63.2%

29.9%

30.9%

4.6

6.3

0.2

21.0

25.5

25.2

20.4

11.0

15.5

49.6

50.4

33559

24.7%

35.4%

64.6%

21.3%

29.2%

11.3

7.0

0.8

19.6

11.9

49.9

17.4

1.4

16.5

46.7

53.3

33592

24.5%

38.8%

61.3%

34.2%

25.0%

19.1

12.0

0.1

7.3

3.9

55.7

26.6

2.2

11.2

50.0

50.0

33613

18.7%

38.4%

61.6%

28.1%

30.6%

32.8

10.0

5.5

31.4

10.5

47.0

9.2

24.0

7.6

48.9

51.1

33647

23.4%

44.7%

55.3%

27.7%

31.3%

8.6

5.8

0.4

16.9

39.7

36.6

7.0

6.6

9.0

48.9

51.1

34637

19.4%

39.3%

60.7%

51.9%

28.6%

5.3

6.5

0.0

11.9

8.3

32.7

37.6

4.8

15.9

59.0

41.0

34638

17.2%

48.1%

51.9%

30.8%

30.8%

5.6

3.6

0.0

20.3

26.9

36.5

14.3

7.3

14.5

50.4

49.6

34639

18.9%

41.4%

58.6%

20.7%

30.6%

6.0

5.6

0.0

18.1

17.0

32.0

21.6

10.6

15.7

46.6

53.4

Note: EHR = electronic health record, ACS = American Community Survey 2013–2017, HCV = hepatitis C virus, ATC = antibody
Note: HSZC = hot spot zip code, EHR = electronic health record, ACS = American Community Survey 2013–2017, HCV = hepatitis C virus, ATO = antibody test ordered, 10+ HV = 10+ healthcare
visits, BPL = below poverty level, UR = unemployment rate (Age 16+), WUPT = who use public transportation, H/L = Hispanic or Latino, OtherR = Other race, TOMR = two or more races
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CHAPTER SIX: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary of Findings
Systematic Literature Review
After de-duplication, a total of 1,900 articles were identified using four databases (i.e.,
MEDLINE via PubMed, EMBASE, Web of Science, and the Cochrane Library) and after
applying inclusion and exclusion criteria, eight articles remained, of which, five were
experimental studies (i.e., two randomized clinical trials and three non-randomized trials) and
three were observational studies that reported HCV screening prevalence in our systematic
literature review.
Publication years ranged between 2015 and 2018 and reported on data collected between
2012 to 2015. Baseline HCV screening prevalence estimates for the studies ranged between
1.4% (95% confidence interval [CI]: 1.1%–1.7%) to 12.8% (95% CI: 12.1%–13.5%). The RCTs
and non-randomized trials reported HCV screening using data from electronic medical records
(EMRs) from large academic medical centers or electronic health records (EHRs) from primary
care practices (PCPs); sample sizes ranged from 938 to 10,795. In comparison, the observational
studies used data from publicly available databases (i.e., National Health Interview Survey and
Medicare supplemental insurance claim), Community Health Centers’ EHRs, or private
commercial health insurance claims; sample sizes ranged between 9,207 and 10,141,424. The
risk of bias (RoB) assessment showed high variability in RoB among the studies evaluated.
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Temporal Trends
This study was the first to compare temporal trends in HCV antibody test ordering by
healthcare professionals and HCV antibody test completion by average-risk baby boomers after
the test had been ordered. Our study found low rates of HCV screening over-time. Our analyses
revealed that there were 6,333 HCV antibody tests ordered by a healthcare professional during
the August 1, 2015 to July 31, 2019 study period out of a total of 120,645 opportunities to
receive an HCV antibody screening order among average-risk baby boomers (N = 33,846) in this
large academic healthcare system. Thus, only 5.2% (95% CI: 5.1%–5.4%) of the average-risk
baby boomer population received a HCV antibody test order by a healthcare professional during
that timeframe. Additionally, out of the 6,333 HCV antibody orders that were placed, of those
orders, only 4,259 HCV antibody tests were completed by average-risk baby boomers. Joinpoint
regression analyses revealed one joinpoint for both HCV test order (range: 1.0%–12.7%) and
completion (range: 0.6%–8.8%) rates in this population during that timeframe. HCV antibody
screening increased for the first half of the study period but then declined in the second half.
HCV completion remained constant (two-thirds) throughout this study period (zero joinpoints).
The trend by month for HCV ordering percentages of HCV antibody tests during this period of
time and shows that the lowest HCV antibody order rate of 1.0% (95% confidence interval [CI]:
0.5%–1.4%) occurred in August 2015. In contrast, the highest HCV antibody order rate of
12.7% (95% CI: 11.4%–14.0%) occurred in May 2017. At the start of the period, the HCV
screening percentage (HCV antibody test completion) was 0.6% (95% CI: 0.0%–0.9%) in
August 2015, at its peak in May 2017, the HCV screening percentage reached 8.8% (95% CI:
7.6%–9.9%), and by the end of the study period, the HCV screening percentage declined to 2.1%
(95% CI: 3.1%–2.6%) by July 2019.
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Geographic Information Systems (GIS) Analysis
Our study found that HCV antibody order rates by zip code were variable (between
15.0% to 37.2%) among average-risk patients and similarly the HCV screening completion rates
by zip code also differed ranging between 9.7% to 29.1%. Spatial autocorrelation showed
statistically significant clustering of HCV antibody test orders (Global Moran’s Index [GMI] =
0.541096; p < 0.000001) and HCV antibody test completion (GMI = 0.445374; p < 0.000001).
There were 26 hot spots for HCV antibody test orders among average-risk baby boomers
and 22 hot spots were identified for average-risk baby boomers who completed an HCV antibody
test. In general, it was observed that average-risk baby boomers who had the highest percentage
of HCV antibody test ordered and the highest percentage of HCV antibody test completed tended
to live closer to the healthcare system. When assessing HCV antibody test order hot spots, the
top eight zip codes (hot spots) with the highest percentage of HCV antibody test order had a
HCV antibody test order range between 30.2%–37.2% while there were six zip codes, which had
the lowest percentage of HCV antibody order ranging between 15.0%–18.8%. In contrast, the
top eight zip codes with the highest percentage of HCV antibody test completion ranged between
22.6%–29.1% while six zip codes had the lowest percentage of HCV antibody test completion
ranging between 9.7%–16.2%.
When assessing patient level characteristics, areas with the highest percentage of HCV
antibody test ordered had two-thirds of the average-risk baby boomers who were female,
Medicare insurance ranged between 20.1% to 50.0%, and those who had greater than 10+
healthcare visits ranged between 15.1% to 41.0%. Similar results were found for hot spot areas
with the highest percentage of HCV antibody test completed. Population-based characteristics
showed that people living in hot spot zip codes with the highest HCV antibody test ordered had
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low poverty levels (range: 4.0% to 32.8%), had low unemployment rates for those age 16+
(range: 1.8% to 12.0%), and had low percentages of people who used public transportation
(range: 0.0% to 2.8%), variable percentages of race/ethnicity, and were equally divided by sex.
Similar results were found in hot spots for HCV antibody test completion.
These collections of studies demonstrate that HCV antibody test ordering rates by
healthcare professionals and follow through by average-risk baby boomers in getting the HCV
antibody test completed after it is ordered is still incomplete. Consequently, interventions will
need to be tailored to meet the needs of these individuals to improve HCV screening rates as
temporal trends show that low HCV antibody ordering and followed by dismal HCV antibody
test completion by these patients in the baby boomer birth cohort are unlikely to change overtime without effective and targeted interventions. Opt-out HCV screening could be a strategy
that should be considered for future interventions.
Contribution to the Literature
Our main objective for conducting the systematic literature review was to estimate the
HCV screening prevalence among average-risk baby boomers in the U.S. to establish a HCV
screening rate and judge the magnitude of need for outreach efforts. Moreover, our temporal
trend analysis aimed to assess HCV screening trends among average-risk baby boomers and to
report on these estimates over-time to evaluate both the HCV antibody test ordering and HCV
antibody test completion rates in a large healthcare system. Lastly, our geographical information
system analyses evaluated individual and population-based socio-demographic characteristics
associated with HCV antibody test ordering by healthcare professionals and HCV antibody test
completion by patients in a large academic healthcare system by conducting spatial
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autocorrelation using Global Moran’s Index and hot spot and cold spot analysis using Getis-Ord
Gi*.
Findings from these studies showed that low HCV screening estimates (< 13%) for preintervention studies in the U.S. were reported. Additionally, low HCV antibody screening (order
and completion) rates in a large healthcare system were observed over-time. Lastly, GIS
analyses revealed HCV screening disparities when evaluating areas of high versus low HCV
antibody test ordering and completion. Additionally, hot spot analyses revealed differences in
patient and population level socio-demographics when assessing zip code areas with the highest
versus lowest HCV antibody test ordering and HCV antibody test completion percentages.
These findings will assist in galvanizing support for targeted intervention studies. Consequently,
intervention efforts (e.g. screening and treatment) targeting baby boomers will be important to
improve HCV-related disease outcomes. Additionally, to reduce hepatocellular carcinoma
related to chronic HCV infections in the U.S, policies and funding are needed to support HCV
screening programs to increase uptake of HCV screening.
Strengths
This collection of studies has many strengths including being the first to conduct a
HCV systematic literature review assessing HCV screening in the nation, the first study to
conduct trend analyses of HCV antibody screening (order and completion) using EHR data from
a large academic healthcare system in Florida, as well as the first study to conduct GIS analyses
of HCV antibody screening in a large academic healthcare system.
Strengths for the systematic literature review include that the review was
comprehensive in that publications were included from multiple databases and the review was
conducted according to the preferred reporting items for systematic literature reviews and meta-
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analysis (PRISMA) guidelines. Moreover, the search strategy utilized controlled vocabulary to
optimize identifying articles that met the inclusion criteria. The modified Cochrane Review of
Bias and GRADE guidelines were also used to augment the evaluation of observational studies
for RoB assessment. Lastly, a meta-analysis was conducted, which is a statistical analysis tool
used to quantify the results of publications in a systematic manner to synthesize findings from
individual studies.
Strengths of the temporal trend analyses include that since the study used EHR-verified
data from a large academic health system this reduces patient recall-bias. Moreover, the study
had a large sample size resulting in greater power to detect statistical differences in HCV
antibody test order rates and HCV antibody test screening completion rates. The larger sample
size also resulted in a narrower sampling distribution, which reduces the two sampling
distributions when testing the null and alternative hypotheses.
Strengths for the GIS analysis include being the first to conduct spatial autocorrelation
and hot spot and cold spot analyses comparing HCV antibody test order rates by healthcare
professionals and HCV antibody test completion rates among the average-risk total population
and average-risk baby boomers in a large academic healthcare system. Moreover, the study
reduced recall-bias by using an EHR-verified data source from a large academic healthcare
system. Additionally, since the study had a large sample size, which means we had greater
power to detect statistical differences in HCV antibody test order rates and HCV antibody test
screening completion rates by zip codes.
Limitations
These studies have some limitations. For the systematic literature review, not all articles
provided the HCV screening proportions but instead only provided HCV screening percentages
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and as a result these studies were excluded from the analyses because forest plots and metaanalyses could not be conducted. Additionally, studies were excluded if they were missing
abstracts, if data from 2012 to 2019 could not be parsed out from data collected prior to 2012, or
data could not be isolated from baby boomer-specific data. Consequently, this substantially
reduced the sample size of studies eligible to be included in this study. Also, there was
variability in RoB assessments, which may limit generalizability related to HCV screening.
Moreover, when a study contributed more than one data point, it was assumed that the
prevalence estimate was independent of the remaining prevalence estimates. To reduce this bias,
this was adjusted for by conducting a sensitivity analysis.
Limitations for temporal trend and GIS analyses included that the results of this study
may only be generalizable to other hospital systems that have implemented EHR in order to
evaluate HCV antibody screening in a similar manner. Also, data on known risk factors for HCC
were not available including behavioral risk factors (e.g. obesity, diabetes, alcohol use, history of
injection drug use, aflatoxin B1 exposure status, and chronic HBV infection etc.) and as a result,
these confounders could not be adjusted for in the analyses. For the GIS analysis, in particular,
obesity, diabetes, alcohol use, and aflatoxin exposure may be variable across socio-demographics
and distributed unequally among the different zip codes. These risk factors are more likely to be
modified with intervention. Also, for both temporal trends and GIS analysis, if patients were
seen at a different hospital system and had a HCV antibody screening in another lab, this
information was not captured in the EHR. Moreover, if HCV antibody screening lab tests were
ordered outside the study period, they were not included and it could be possible that patients
were tested for HCV antibody subsequently.
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Public Health Implications
Our findings show that current HCV screening efforts need to be bolstered by improving
education about HCV screening among healthcare providers and patients. In addition, we
identified geographic areas and individual and population-based level factors that should be
considered when designing an intervention to increase HCV screening – both ordering and
completion rates. Gaps in the HCV screening process still exist in relation to identifying barriers
to HCV screening and HCV treatment, evaluating steps in the HCV care continuum where
interventions could be implemented including follow up for additional testing if screened HCV
positive (i.e. referral to specialist, follow up on HCV RNA and HCV genotyping testing),
increasing use of EHRs best-practice alert systems to notify healthcare personnel when patients
are eligible for HCV screening, and education to increase awareness among patients and
healthcare professionals about the important of HCV screening and costs associated with
undiagnosed HCV (Boyd et al., 2018; McMahon et al., 2016). Moreover, our trend analyses
showed HCV screening rates were low over-time. Consequently, interventions should be
tailored to meet the needs of baby boomers as temporal trends in HCV screening are unlikely to
change over-time without effective and targeted interventions. Additionally, intervention efforts
(e.g. screening and treatment) targeting baby boomers will be important to improving HCVrelated disease outcomes. Likewise, to reduce hepatocellular carcinoma related to chronic HCV
infections in the U.S, policies and funding are needed to support HCV screening programs to
increase uptake of HCV screening.
Research Gaps
HCV infection related to hepatocellular carcinoma (HCC) does not have clear
symptomatology and consequently many patients do not know their disease status (Boyd et al.,
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2018; Mayo Clinic, 2019a; McMahon et al., 2016; Westbrook & Dusheiko, 2014). Therefore,
surveillance measures to detect HCC early are important in the prevention of this disease. With
regards to gaps in interrupting the viral hepatitis (HCV) continuum to HCC disease progression,
there are several barriers to HCV screening. One barrier is that the uptake of current guidelines
for HCV screening have been dismal (Boyd et al., 2018; McMahon et al., 2016). As a result,
those at higher risk of infection are not being screened and those that are screened are not
screened early enough for treatment to be efficacious (Boyd et al., 2018; McMahon et al., 2016).
Other barriers are related to early diagnosis, which is key to reducing the burden of disease.
There remain substantial gaps in early detection, HCV screening, and prevention including
improving provider awareness around risk-based and birth cohort screening, more precise
definitions of at-risk populations, refining screening approaches (e.g. ultrasound, biomarkers
used for detection, risk stratification, and targeted treatments), development of an HCV vaccine,
as well as patient education and awareness about HCV screening (Boyd et al., 2018; McMahon
et al., 2016). Other barriers are related to treatment. Since HCC is heterogeneous, it is unlikely
that use of one treatment regimen will be effective for all populations and therefore improved
treatment approaches that are more targeted are needed (Boyd et al., 2018; McMahon et al.,
2016). There are also gaps in knowledge with regards to the true burden of disease, irrespective
of the geographic location, as HCC is underestimated due to completeness of tumor registries
and miscoding on death certificates of liver-related deaths (Boyd et al., 2018).
We evaluated other articles, which had a spatial analysis component, which identified
the burden of disease by conducting hot spot and cold spot analysis. Spatial analysis of HCV
infection has been previously studied in varying capacities, but all these studies indicate that
geographic location associated with social, behavioral, and demographic characteristics play a
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role in HCV infection (Daw et al., 2016; Donnelly et al., 2016; Kauhl et al., 2015; Stopka et al.,
2017; Trooskin et al., 2005). A systematic literature review, which assessed spatial and temporal
trends in HCV worldwide was conducted by Daw et al. (2016) and researchers found that the
global burden of HCV infections have been increasing alarmingly and that HCV genotypes are
no longer limited to certain countries or regions of the world (Daw et al., 2016). All countries
and their citizens will be impacted especially due to globalization, immigration, and drug
trafficking (Daw et al., 2016). Researchers stated that factors associated with HCV infection are
influenced by population movements, demographic characteristics, clinical practices, behavioral
characteristics, and genetics (Daw et al., 2016). However, the authors stipulated that the global
prevalence of HCV infection are impacted more by social, behavioral, and demographic factors
and less so by genetic pre-disposition (Daw et al., 2016). Trooskin et al. (2005) conducted a
geospatial cluster analysis and reported that the areas of highest HCV infection were attributed to
major metropolitan areas of Connecticut. They found six significant clusters in Connecticut and
four of these six clusters were found in locations associated with urban areas of the state with
dense populations (Trooskin et al., 2005). Injection-drug use was substantially associated with
all but one of these clusters as evidenced by location of five of the sites of syringe exchange
programs located in these clusters. Likewise, a study by Donnelly et al. (2016) conducted a
geospatial analysis using data from an emergency department to identify areas of increased HCV
infection in central Alabama by comparing socioeconomically disadvantaged areas with the
surrounding areas (Donnelly et al., 2016). Researchers identified two high-risk clusters that were
associated with socioeconomically disadvantaged areas (Donnelly et al., 2016). In another HCV
analysis evaluating hot spots associated with HCV infection, Kaul et al. (2015) used data from
the Maastricht University Medical Centre of the Netherlands and found that HCV infection
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prevalence varied geographically and were clustered around urban areas (Kauhl et al., 2015).
Meanwhile, Stopka et al. (2017) conducted a hot spot analysis of HCV virus infection in
Massachusetts and found nine clusters with largest hot spots found in three areas: Boston, New
Bedford/Fall River, Worcester, and Springfield (p < 0.05). These study results indicate that
evaluating the burden of hepatitis C infection in addition to what we found in our geospatial
analyses of HCV order and completion rates are important to do in tandem to improve HCV
surveillance and increase HCV screening rates.
Future Directions
While our study focused on three domains related to individual variables, healthcare
provider, and health care system factors, and factors that are related to individuals navigating the
health care system that impact whether patients receive an HCV antibody order from the
healthcare provider and factors that affect if they complete the HCV antibody screening, there
are other factors that should be assessed. Environmental factors such as the health policy
environment, the built environment, economic environment, use of technology and norms in
implementing EHR, as well as community engagement and capacity building, advocacy, and
social norms around HCV screening. Other avenues of research could include analysis of the
process of care including pre-treatment, treatment, and treatment monitoring as well as patient
outcomes and survival related to healthcare utilization and liver disease progression.
Additionally, using individual level characteristics from EHR in other healthcare systems and
population-based characteristics from the U.S. Census Bureau’s American Community Survey
for comparative analyses could provide further insight into creating effective and targeted HCV
screening intervention programs to help identify potential factors for public health intervention.
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Discussion
With regard to the overall burden of HCC related to viral hepatitis, it is substantial.
Specifically, higher incidences of HCC are attributable to viral hepatitis infections, which
account for most of the overall burden of HCC (Clark et al., 2015; World Health Organization,
2017). Viral hepatitis accounts for 1.34 million deaths, which is comparable to the number of
deaths due to tuberculosis (TB) and greater than those infected with human immunodeficiency
virus (HIV) (World Health Organization, 2017).
It is estimated that 950 people per 100,000 were living with HCV infection in Florida
between the time periods of 2013 to 2016 (HepVu, 2019e). This rate is slightly lower than the
southern region of the US (1,008.2 per 100,000) but slightly higher when compared to the
national rate (926.5 per 100,000) (HepVu, 2019e). The rate of death from HCV was similar in
Florida (6.0 per 100,000) when compared to the southern region of the US (6.1 per 100,000) but
slightly higher than the national rate (5.6 per 100,000) (HepVu, 2019e).
Due to the wide variation in individual and population-based characteristics related to
risk factors associated with HCV infection and limited resources, targeted interventions are
needed to effective screen vulnerable populations for HCV infection for prevent further liver
disease development. In our systematic literature review, low HCV screening prevalence was
observed, nationally. Additionally, we found low rates of HCV antibody test ordering by
healthcare professionals and low rates of HCV antibody test completion among patients during
the 2015–2019 timeframe using EHR data from a large academic healthcare system. Moreover,
individual and population-based differences in HCV antibody test ordering and completions
were found in our GIS analysis. As a consequence, future screening interventions should
consider incorporating geospatial analyses to evaluate the association between HCV infection
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risk and socio-demographic characteristics at the individual and population-based level to
improve HCV screening rates. Further investigation may be warranted to assess effects of the
built environment, health policy reform for opt-out screening, as well as improving community
engagement and capacity building to strengthen the public health infrastructure related to HCV
screening. Moreover, our findings show that a multi-pronged approach to mitigating the HCV
screening in the U.S. is warranted that draws on assistance and cooperation from local, regional,
and national organizations, government, and industry to increase HCV screening among baby
boomers. Spatial analysis of EHR and Census data in other areas and across the entire nation
may further improve our understanding of HCV screening rates and the most effective strategies
to improve HCV screening. Public health surveillance activities can be strengthened through the
use of geospatial analysis coupled with healthcare utilization data and Census data to identify
vulnerable populations in need of support.
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Appendix A: IRB Determination that Study Two and Three are Exempted
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Appendix B: Search Strategies
MEDLINE OVID

Platform: Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations,
Ovid MEDLINE(R) Daily, Ovid MEDLINE and Versions(R) 1946 to March 14, 2019.

Notes: Keywords & syntax arranged for use on OVID MEDLINE. Search last updated March
14, 2019.

Search 1
Search 2
Search 3
Search 4
Search 5

exp Hepatitis C/ or exp Hepatitis C, Chronic/ or Hepatitis C.mp. or
87604
HCV.mp.
screening.mp. or exp Mass Screening/ or testing.mp.
1033342
Aged/ or Middle Aged/ or baby boomer.mp. or Cohort Studies/ or birth
4624409
cohort.mp.
1 and 2 and 3
3284
sort out all 2007* and beyond articles
1897
*later changes to inclusion/exclusion criteria set 2012 as our preferred date
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Embase

Platform: Embase, Embase Classic, MEDLINE

Notes: Keywords & syntax arranged for use on Embase.com. Search last updated March 14,
2019.

Embase Terms:
# of Results:
'baby boomer':ti,ab,kw AND 'hepatitis c':ti,ab,kw AND 'screening': ti,ab, kw
84
Limits: 2012-2019

159

Web of Science

Platform: SCI-EXPANDED, SSCI, 2002 to present

Notes: Keywords & syntax arranged for use on WebofScience.com. Search last updated March
14, 2019.

Search Step:
Search 1
Search 2

Search 3
Search 4

Search 5

Terms:
TI= (baby boomer*) OR TS=
(baby boomer*)
TI=(Hepatitis C OR HCV OR
Hep C) OR TS= (Hepatitis C
OR HCV OR Hep C)
TI= (Screen* OR mass
screen*) OR TS= (Screen*
OR mass screen*)
#3 AND #2 AND #1

# of Results
1557

Refined by: PUBLICATION
YEARS: ( 2019 OR 2016 OR
2014 OR 2012 OR 2018 OR
2015 OR 2013 OR 2017 )

97

120569

597128

98
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Cochrane Library

Notes: Keywords & syntax arranged for use on CochraneLibrary.com using the Advance Search
manager. Search last updated March 14, 2019.

ID
#1
#2
#3
#4
#5

Search
baby-boomers OR "baby boomer"
MeSH descriptor: [Middle Aged] explode all trees
MeSH descriptor: [Hepatitis C] explode all trees
(#1 OR #2)
#4 AND #3

Hits
27
551
2959
577
3
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Appendix C: PICO Question

PICO (P = participants/population, I = Interventions/exposures, C = comparators/controls, and O
= outcomes; primary and secondary outcomes)

P = Baby boomers
I = HCV screening
C = General population
O = Primary outcome: HCV screening prevalence
Secondary outcome: Barriers and Facilitates of HCV Screening
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Appendix D: Inclusion & Exclusion Criteria
Inclusion criteria:
•

Only baby boomers at average risk and asymptomatic

•

Studies that focus on HCV screening

•

Studies that discuss HCV screening prevalence

•

Include titles and abstracts of studies that report HCV screening prevalence in the general
population that includes baby boomers. Exclude if upon full text review cannot
subset/parse out data on baby boomers.

•

Include studies that survey population on HCV screening (e.g. self-report or derived from
medical record; make note of the data source for our tables)

•

Use published, peer-reviewed articles only (no unpublished manuscripts, conference
abstracts)

•

Use only U.S. published studies because baby boomer screening recommendations are
U.S.-specific CDC recommendations

•

Paper available in English

•

Humans only

•

No exclusion on sex

•

Original research only

•

Include articles, which have publication years 2012 forward and data collection years
2012 forward (CDC baby boomer screening recommendations did not come out until
2012).

•

For articles with broad data collection years (e.g. 2003 to 2014), only include article if
able to abstract HCV screening info for 2012 forward.

163

Exclusion criteria:
•

Exclude if hepatitis C is not mentioned in article

•

Exclude if article does not mention screening

•

Excludes review articles

•

Exclude if more than one study has the same data source and pick the study with most
recent data source to use

•

Exclude if studies focuses on HCV infection prevalence but does not mention HCV
screening/prevalence

•

Exclude if study primary purpose was enroll to screen and did not provide an initial
screening percent of population that was screened.

•

If author unknown or no abstract available then exclude

•

For articles with broad data collection years (e.g., 2003 to 2014), exclude articles if
unable to abstract HCV screening info for 2012 forward.
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Appendix E: Review of Publication Years and Data Collection Years
Table A1. Publication Years (N = 98 articles)
Years
2012 forward
2007–2011

Number of articles published
86
12

Table A2. Data Collection Years - Summary
Years
2012 forward
Excluded because no HCV screening data
2007–2011
Overlap between 2007–2011 and 2012 forward

Overlap between 2007–2011, 2012 forward, and outside
range
Overlap range between 2007–2011 and outside this range
Outside 2007 to 2012
No information/unclear on year collected

Data collected in what time
period?
56
2
13
6 (these article also in 56 article
2012 forward count; double
counted)
3 (these article also in 56 article
2012 forward count; double
counted)
12
9
6

Table A3. Data Collection Years
Author

Covidence ID
Number

Lyons
Ma
Nguyen
Strong
Cartwright
Southern
CDC
Sears
Tohme
Kuo

#176
#427
#270
#747
#1505
#563
#1196
#1591
#1567
#601

Publication
Year
2007–2011
2016
2015
2015
2015
2014
2014
2013
2013
2013
2012

Data Collections Year(s)

01/2008 – 12/2009
2010 – 2011
08/2008 – 08/2010
2011
01/01/2011 – 12/31/2011
11/24/2008 – 03/06/2009
2005–2011
10/2010 – 01/2011
2009–2010
Initial HCV study in 1997
Follow-up study in 2005
Study in Taiwan
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Table A3 Cont.
Author

Covidence ID
Number

Data Collections Year(s)

#594

Publication
Year
2007–2011
2012

Litwin

Isenhour (also
in 56 article
count)

#403

2017

2004–2014

Lin (also in 56
article count)

#377

2017

2009–2012

Merchant
(also in 56
article count)

#1011

2014

2010–2012

Moorman
(also in 56
article count)

#364

2017

2007–2012

Takeuchi (also
in 56 article
count)

#743

2015

2010–2013

Coffin
Southern

Backus (also
in 56 article
count)

Baseline: 01/01/2008 – 02/28/2008
Risk-based screener intervention:
11/24/2008 – 03/06/2008
Birth cohort intervention:
03/09/2009 – 06/30/2009
#921
2011
08/2010
#834
2011
Clinic visit occurred between
01/01/2008 – 02/29/2008
Demographic info, lab data, and
ICD-9 diagnosis from 03/01/1997 –
02/29/2008
Overlap between 2007–2011 and 2012 forward
#1517
2014
1999–2012
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Table A3 Cont.
Author

Linas (also in
56 article
count)
Sarkar (also in
56 article
count)
Viner (also in
56 article
count)

Backus
Ditah
Ditah
Kin
Morano
Perumalswami
Roblin
Shire
Smith
Smith
Southern
Spradling
Almario
Kanwal
Hwang
Bornschlegel
Brady
Durante
Groom
Page-Shafer

Trepka

Covidence ID
Publication
Data Collections Year(s)
Number
Year
Overlap between 2007–2011, 2012 forward, and outside range
#1025
2014
2003–2012

#116

2016

2000–2013

#731

2015

2010–2013

Overlap range between 2007–2011 and outside this range
#1207
2013
1999–2011
#481
2015
2001–2010
#1083
2014
2001–2010
#1137
2013
2001–2011
#1101
2013
2003–2011
#1088
2013
2006–2007
#850
2011
2000–2007
#1256
2012
1996–2009
#569
2014
1999–2008
#220
2015
2005–2010
#749
2015
1997 onward and 2008–2009
#1250
2012
1997–2008
Outside 2007 to 2012
#808
2012
2004–2005
#608
2012
2000–2006
#1360
2010
2006
#1653
2009
2003–2004
#1650
2009
2002
#1763
2008
1999–2000
#1752
2008
2000–2001
#1709
2008
Blood donors: 01/2000 – 12/2005
VA patients: 07/1998 – 03/1999
Young IDU: 01/2000 – 09/2006
Older IDU: 1998–2000
#1797
2007
Clients tested and counseled for
HCV: 04/01/2001 – 10/30/2003
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Table A3 Cont.
Author

Batash
Isho
Konerman

Neumeister
Trooskin

Trooskin

Covidence ID
Publication
Data Collections Year(s)
Number
Year
No information/unclear on year collected
#1773
2008
No year stated (3 screening days)
#401
2017
No year stated (recruitment over 2
months
#385
2017
No year stated just stated interested
if patient screened prior to 2009
No information/unclear on year collected
#1818
2007
No year stated
#1796
2007
Unclear; investigators discuss 2005
clinical sites’ patient population but
also have documented information
on blood transfusion prior to 1992.
Also state: “Data were available
dating back to the patients’ first
visit, with a mean of 3.6 years
(standard deviation 4.9 years)” but
do not state directly from what year.
#736
2015
Investigators stated, “they reported
HCV screening results,
confirmatory testing results and
linkage-to-care results for the first
16 months of their program” but do
not provide a starting year.
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Table A4. Fifty-six articles from 2012 forward publication years and data collection years
Author

Covidence ID
Number

Cornett
Kasting
Al-Hihi
Anderson
Brady
Carlucci
Dong
Federman
Fitch
Flanigan

#284
#278
#64
#62
#48
#44
#27
#19
#18
#17

Goel
Grannan
Hossain
Isenhour
Kruger

#11
#10
#407
#403
#384

Lin
Moorman
Wong

#377
#364
#306

Yartel
Allison
Anderson
Bougi
Cook

#297
#702
#696
#680
#662

Coyle

#660

Publication Year

Data Collections Year(s)

2012 forward
2018
06/01/2016 – 12/31/2016
2018
2013–2015
2017
06/2016 – 03/2017
2017
05/01/2014 – 10/31/2014
2017
12/2012 – 03/2014
2017
01/01/2013 – 12/31/2015
2017
2016
2017
04/29/2013 – 03/29/2014
2017
2014 – 2015
2017
Specimen collection: 01/2013 – 12/2013
Medicaid claims data: 01/2012 – 12/2014
Pre-enactment period: 01/2011 – 12/2013
Post-enactment period: 01/2014 –
12/2014
2017
11/01/2013 – 11/30/2015
2017
2014 – 2015
2017
10/2013 – 10/2015
2017
2004–2014
2017
Baseline: 06/2011 – 07/2011
Intervention: 12/2012 – 03/2014
2017
2009–2012
2017
2007–2012
2017
Baseline: 02/01/2015 – 04/30/2015
Intervention at 3 months: 02/01/2016 –
04/30/2016
Intervention at 6 months: 05/01/2016 –
07/31/2016
2017
12/2012 – 03/2014
2016
10/21/2014 – 07/13/2015
2016
07/2014 – 08/2014
2016
07/01/2014 – 06/30/2015
2016
Eligible office visit between 01/01/2013
– 12/31/2013
Documentation of HCV screening
between 01/01/2010 – 12/31/2013
2016a
Dual-routine HCV/HIV testing started on
09/01/2013
Baseline: 12/01/2012 – 08/31/2013
Intervention: 09/01/2013 – 05/31/2014
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Table A4 Cont.
Author

Covidence ID
Number

Coyle
Donnelly

#659
#653

Gauthier
Geboy
Gemelas
Hom

#637
#636
#635
#214

Hsieh
Jonas
Mayer
Mera
Miller
Patel
Sarkar
Sena
Taylor
White
White
(duplicate
article as
Covidence
#84)
White
Younossi
Coyle
Galbraith
Jemal
Laufer

Publication Year

Data Collections Year(s)

2012 forward
2016b
10/01/2012 – 06/30/2014
2016
HCV screening tests included in analyses
between 09/2013 – 02/2015
2016
01/2014 – 09/2015
2016
10/2012 – 09/2013
2016
09/2012 – 09/2014
2016
First positive HCV Ab reported between
01/01/2013 – 12/31/2014

#213
#203
#169
#164
#161
#139
#116
#114
#101
#84
#83

2016
2016
2016
2016
2016
2016
2016
2016
2016
2016a
2016b

#82
#73
#488
#470
#450
#432

2016c
2016
2015
2015
2015
2015

Confirmed cases reported between
01/01/2013 – 05/31/2015
2013
10/01/2014 – 07/31/2015
07/2013
10/2012 – 07/2015
10/2012 – 09/2013
10/01/2012 – 06/28/2014
2000–2013
12/10/2012 – 02/20/2014
First 10 months of 2013–2014
04/2014–03/2015
04/2014 – 03/2015

04/17/2014 – 10/31/2014
2014 – 06/2015
10/2012 – 07/2014
09/2013 – 11/2013
2013
Data quality improvement (QI) project
collected between 01/01/2013 –
04/30/2014
Data for HCV screening (compare before
and after recommendation HCV
screening uptake): 09/01/2011 –
12/31/2012
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Table A4 Cont.
Author

Covidence ID
Number

Publication Year

Sidlow

#222

2012 forward
2015

Takeuchi
Turner
Turner

#743
#734
#733

2015
2015a
2015b

Viner
Backus
Merchant
Morano
Linas

#731
#1517
#1011
#1006
#1025

2015
2014
2014
2014
2014

Data Collections Year(s)

Pre-intervention: 01/2014 – 04/2014
Post-intervention: 05/2014 – 08/2014
2010–2013
12/01/2012 – 08/30/2014
Patients admitted to safety-net hospital
between 12/01/2012 – 01/31/2014
Followed-up until 12/10/2014
01/2010 – 12/2013
1999–2012
2010–2012
03/2012 – 03/2013
2003–2012

Table A5. Excluded articles and reasons why
Author

Covidence ID
Number

Beebe

#515

Anonymous

#1522

Publication Year

Data Collections Year(s) and Reason for
Exclusion
Excluded Articles
2015
Studies in Arkansas 2013 but studies
focuses on age < 30 years of age
09/2014 Arkansas Department of Health
began offering HCV Ab testing to persons
with at least one HCV risk factor including
baby boomer but no data reported
2014
HCV screening began on 03/2013 but no
HCV screening analyses results provided
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Appendix F: Summary of Cochrane Handbook and GRADE Guidelines Risk of Bias
Assessment as Applied to this Systematic Literature Review
Note: Since we only used baseline HCV screening information from the RCTs (i.e., did not use
HCV screening data reported after intervention took place in our analysis), the two RCTs’ were
treated as observational studies and grouped together with the six original observational studies.
The amended Cochrane Review of Bias form (Higgins, 2019) was applied to the combined
grouping of eight studies with the following categories removed as they were not applicable to
observational studies: random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, and incomplete follow-up. Since all
studies were treated as observational, the risk of bias assessment was performed using a modified
Cochrane Review of Bias form following guidelines from the Cochrane Handbook (Higgins,
2019), which was amended by the study team to include three additional domains: (1) failure to
develop and apply appropriate eligibility criteria [inclusion of control population], (2) flawed
measurement of both exposure and outcome, (3) failure to adequately control confounding from
the GRADE guidelines (Guyatt et al., 2011).
Incomplete Outcome Data (Are all data reported for initial screening [what is the number?],
total number in eligible population, number of people screened, number of people not screened),
demographics or other variables collected?
High - outcome data is not clearly defined. Only report screening rates or percentages but do not
report actual numbers eligible for screening, actual numbers screened, actual numbers not
screened, and initial screening (i.e. percentage of screening and actual numbers eligible for
screening and those screened). If authors do not describe the completeness of outcome data for
each main outcome, including attrition and exclusions from the analysis. Nor, do they state
whether attrition and exclusions were reported, the numbers in each intervention group
(compared with total randomized participants), reasons for attrition/exclusions where reported,
and any re-inclusions in analyses performed by the review authors. Or, if authors provide one of
the criteria (inclusion or exclusion) but leave out the other. If they leave out demographic
information.
Low - If outcome data clearly defined (i.e. total number of eligible patients for HCV screening
stated, total number of people screened, total number of people who did not receive screen, and
initial screening including total number of people eligible and total number screened). That is,
they reported numbers and percentages for outcome data, could also include breakdown by
demographics. If authors describe the completeness of outcome data for each main outcome,
including attrition and exclusions from the analysis. Nor, do they state whether attrition and
exclusions were reported, the numbers in each intervention group (compared with total
randomized participants), reasons for attrition/exclusions where reported, and any re-inclusions
in analyses performed by the review authors.
Unclear - If authors do not provide information on how the outcome data was defined.
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Selective Outcome Reporting (Do authors cherry pick results or are all main analyses
reported?)
High - outcome data is not clearly defined. Sub-analyses seemed to be cherry picked for
significant results only.
Low - If outcome data clearly defined. No sub-analyses were reported over the main
outcome. That is, total number of eligible patients for HCV screening stated, total number of
people screened, total number of people who did not receive screen, and initial screening
including total number of people eligible and total number screened). That is, they reported
numbers and percentages for outcome data, could also include breakdown by
demographics. Authors provide results for main outcomes.
Unclear - If authors do not provide enough information about the analyses so it is hard to discern
if the data that is reported is a sub-analyses.
Other Sources of Bias (Are funding sources stated and/or conflicts of interests?)
High - If authors report private sources of funding (e.g. pharmaceutical etc.) or state they have
conflicts of interests.
Low - If authors report that there are no conflict of interests and/or no funding sources. Also, for
funding if the funding source is a government agency (e.g. NIH, CDC etc.) then risk of bias is
low.
Unclear - If conflict of interests and/or funding sources are not mentioned.

Failure to develop and apply appropriate eligibility criteria (inclusion of control
population) (Is inclusion and exclusion criteria detailed?)
High - If inclusion and exclusion criteria are mentioned but clearly defined. Or, if one of the
criteria (i.e. inclusion or exclusion) is mentioned but the other is left out.
Low - If inclusion and exclusion criteria are mentioned and clearly defined.
Unclear - If inclusion and exclusion criteria are not mentioned.
Flawed measurement of both exposure and outcome (Are both the exposure and outcome
defined in detail?)
High - If exposure and outcome measurements are mentioned and are not clearly defined. Or, if
one of the variables (i.e. exposure or outcome) is mentioned but the other is left out.
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Low - If exposure and outcome measurements are mentioned and are clearly defined.
Unclear - If exposure and outcome measurements are not mentioned in the article.
Failure to adequately control confounding (Are confounders (e.g. race/ethnicity, sex, other
risk factors etc. adjusted for?)
High - If confounding is mentioned but it is not clearly defined, and they did not appropriately
adjust for it in the analyses.
Low - If confounding is mentioned, clearly defined, and adjusted for in the analyses.
Unclear - If confounding is not mentioned.
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