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BACKGROUND: Hepatitis C virus (HCV) infection is a
major public health burden, affecting over 4 million peo-
ple. The Centers for Disease Control and Prevention and
the US Preventive Services Task Force guidelines recom-
mend screening everyone born between 1945 and 1965,
but screening rates remain low.
OBJECTIVE: To determine whether bulk ordering and
electronic messaging to patients improves guideline-
based HCV screening rates.
DESIGN: A non-randomized controlled trial of 1024
adults from November 2016 to March 2017.
PARTICIPANTS: Patients due for HCV screening with at
least one primary care office visit in one of three primary
care clinics and enrolled in the healthcare system’s teth-
ered personal health record (tPHR).
INTERVENTIONS: Control patients received normal care
for HCV screening, consisting of passive HCV reminders
to providers during face-to-face visits and passive HCV
screening notification through the patient’s tPHR. Inter-
vention patients received normal care and also had HCV
antibody tests ordered for themand customizedmessages
sent through their tPHR inviting them to go directly to the
lab for HCV screening over a 12-week period.
MAIN MEASURES: Percentage/number of patients re-
ceivingHCVantibody tests during the intervention period.
Percentage/number of intervention group patients receiv-
ing HCV screening with other blood work.
KEY RESULTS: In the intervention group, 33% (168 of
514) completed HCV testing, compared with 19% (97 of
510) of controls (OR 1.7, 95% CI 1.2–2.1). Bulk lab order-
ing appeared to have a large impact while bulk messaging
appeared to have a less significant role.
CONCLUSIONS: Leveraging population analytics and
bulk ordering in an electronic health record with bulk
messaging to a tPHR directly engages patients in blood
screening tests and can significantly improve completion.
This methodology has a broad range of applications in-
cludingmany recommended screening or disease-specific
testing. This bulk ordering and direct-to-patient messag-
ing approach improves patient screeningwhile decreasing
provider/staff work.
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INTRODUCTION

Hepatitis C virus (HCV) infection represents a major public
health burden in the USA. Based on 2013–2016 NHANES
data, the estimated prevalence of positive anti-HCVantibodies
in the USA is 1.7%, representing approximately 4.1 million
individuals.1 Approximately 80% of these positive antibody
results represent chronic HCV infection, which is a major
source of morbidity and has higher rates of mortality than
HIV.2, 3 The largest proportion of chronically infected individ-
uals are adults born between 1945 and 1965; although only
encompassing 27% of the US population, they account for
roughly three-quarters of all HCV infections.4 Thus, the Cen-
ters for Disease Control and Prevention (CDC) in 2012 and the
United States Preventive Services Task Force (USPSTF) in
2013 have recommended universal one-time HCV antibody
testing for all adults born within this time period, regardless of
other risk factors.5

Despite these guidelines, HCV testing and identification
remain poor. Only 15% of those infected are aware of their
status.6 Among US Veterans, only 51% of patients seen reg-
ularly among the birth cohort born between 1945 and 1965
had received HCV testing.7 Prior studies have investigated
approaches to improve compliance with national screening
guidelines regarding viral infections. Studies typically rely
on trying to improve screening at face-to-face encounters,
either primary care, emergency departments, inpatient set-
tings, or even prisons.8–12 These studies show that HCV
screening can be improved during face-to-face encounters,
but also that these improvements can be difficult to sustain
over time because they require continued staff engagement
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over time and/or significant continued resource investment.
Further, these studies do not address patients that do not
present for face-to-face encounters.
Here, we present a study to evaluate the effectiveness of

advanced electronic health record (EHR) population health
tools, bulk ordering, and active tethered personal health record
(tPHR) messaging among patients due for HCV screening,
based on their birth year. A tPHR is a website or mobile
application that a patient uses to interact with information
and staff in a specific EHR. Common tPHR functions include
reviewing test results, messaging to and from patients, pro-
viders, and other healthcare system staff, paying healthcare
bills, renewing medications, and scheduling appointments.13

METHODS

We selected patients seen for primary care in our
healthcare system (The MetroHealth System, Cleveland
OH) in three large primary care clinics and due for HCV
testing based on their birth year, identified using popula-
tion health data tools embedded within our EHR
(EpicCare Systems, Verona, WI). Inclusion criteria includ-
ed the following: (1) being in the birth cohort for HCV
screening (born between 1945 and 1965), (2) being seen
in the prior 6 months in one of the primary care study sites
(so that they had at least one face-to-face opportunity for
HCV screening was missed), (3) having an activated tPHR
account, (4) not having an HCV antibody test on file in
our healthcare system, and (5) being marked as alive in
our EHR at the time of study enrollment. Exclusion
criteria included the following: (1) any documented
HCV viral load level based on laboratory testing in our
EHR, (2) any encounter within our liver clinic (which
follows the majority of HCV-positive patients), and (3)
any diagnosis of “chronic HCV,” “cirrhosis secondary to
HCV,” or “hepatitis C antibody positive test” based on
ICD codes in the patient’s encounter diagnoses, problem
list, or past medical history diagnoses in our EHR (Fig. 1).
Each clinic had its own control and intervention groups,
with a total of 514 patients in the intervention group and
510 patients in the control group across all three clinics.
Patients were selected to be in the control or intervention
group based on the first letter of the patient’s last name.
No methods changed after study initiation.]–>
Electronic messages through the EHR were sent to all

primary care providers in the three study clinics (about 75
providers) notifying them that some of their patients would be
enrolled in this population health program. Primary care pro-
viders were blinded to which of their patients were in each
group. Control patients received normal care for HCV screen-
ing, consisting of passive HCV screening health maintenance
reminders to providers during face-to-face visits and passive
HCV screening notification through the patient’s tPHR. For
intervention patients, using our EHR’s population health tools,

bulk orders where placed for HCVantibody testing. Addition-
ally, bulk messages were sent through their tPHR inviting
them to go directly to the lab for HCV screening over a 12-
week period, in additional to usual care (Fig. 2). The bulk
messages were customized messages automatically generated
by standard population health tools in our EHR and sent to the
patients’ tPHR (Fig. 3) notifying them that they were due for
HCV testing and providing a brief explanation of HCV and
why HCV testing was being recommended. When the mes-
sage was sent to the tPHR, a “tickler” message to check the
tPHR was sent to the patient’s email address on file. The
message instructed patients to go to the nearest lab facility
within the healthcare system, all of which were listed at the
bottom of the message.Message wording was written at an 8th
grade reading level of comprehension, measured via an online
readability calculator (https://readable.io).]–>]–>
HCV completion data was collected 1 week, 2 weeks, 4

weeks, 8 weeks, and 12 weeks post-intervention (November
2016–March 2017). The automatically generated message
was resent after 4 weeks to all individuals in the intervention
group who had not already received testing to date to deter-
mine if repeat messaging effected the testing rate. Additional
new encounters and/or additional labs were also noted to
determine if HCV labs were drawn separately or in conjunc-
tion with other ordered laboratory tests.
All positive HCV antibody tests automatically had HCV

RNA viral load testing (standard reflex testing within our
laboratory) to determine if the patient had cleared the HCV
spontaneously or if they remained chronically infected. Posi-
tive HCV test results were routed via the EHR to a pre-
specified infectious disease specialist involved in HCV care.
This specialist followed-up with the patient’s primary care
provider and/or the patient themselves (depending on primary
care provider preference) to discuss the implications of the
positive test results and help obtain follow-up evaluation and
treatment, if needed.
The primary outcome included total HCV screenings

documented as completed in our EHR in the control and
intervention groups at the end of the study period across
all three study sites. Secondary outcomes, also assessed at
the end of the study period, included (1) average time for
screening after messaging, (2) HCV testing with and
without concurrent other blood tests, (3) effect of repeat
messaging and age and gender of patient on HCV screen-
ing in the intervention group, and (4) any patient and
provider comments related to HCV messaging. All statis-
tical analysis was performed using medcalc.org statistical
and Excel software. All analyses were developed a priori
with a p value of < 0.05 considered statistically signifi-
cant. Sample size was based on our prior experience of a
25% effectiveness of patient messaging.14 This study was
powered to detect a difference of at least 10% in overall
screening between the control and intervention groups.
This study was approved by the MetroHealth System
Institutional Review Board.
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Figure 1 Cohort and subsamples population diagram. HCV hepatitis C virus.

514 people
intervention group

510 people
control group

Normal Care (4 months)

Health maintenance HCV reminders at face-to-face 
care in the EHR to providers and passive tethered 
personal health record HCV reminders to patients

19% (97) 
completed testing

Normal Care (4 months)

PLUS Bulk Ordering and Bulk Messaging

33% (168) 
completed testing

Figure 2 Schematic of interventions in the control and intervention groups. HCV - hepatitis C virus, EHR - electronic health record.
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RESULTS

Primary Outcomes

A total of 514 patients were selected for the intervention group
and 510 were selected for the control group (Table 1). There
was no difference in gender between the two groups (both
42% male) and patients in the intervention group were on
average 1 year younger (59 versus 60) than the control group.
In the intervention group, 168 (33%) participants completed
testing compared with 97 (19%) in the control group (p value
< 0.0002). This corresponded to an odds ratio of 1.7 (95%
confidence interval (CI) 1.2–2.1). Among the 168 individuals
who completed testing in the intervention group, 130 (75%)
had concurrent lab testing. 27 individuals (16%) had a separate
HCV antibody level drawn without concurrent labs. During
the intervention period, 11 patients were identified that had
HCV testing outside of our healthcare system, based on mes-
sages from the patient sent to us through the tPHR indicating
this. We were sometimes able to validate external test

completion through health information exchange and some-
times not, based on that other healthcare systems not always
being able to exchange data with us electronically. Five pa-
tients declined testing, and their charts were updated to reflect
this. Patient with self-reported or confirmed HCV testing
outside of our healthcare system were counted as having
“completed” testing. Those declining testing were not consid-
ered to have completed testing, although their charts were
updated with this information to indicate a prior HCV screen-
ing attempt.

Secondary Outcomes

Age and gender did not have a statistically significant effect on
test completion (p > 0.05). The average time to complete testing
in the intervention group was 7.3 weeks (SD 4 weeks). Repeat
messaging did not appear to have an impact on test completion.
In terms of patients’ comments, eighteen patients (3.5%) replied
to their tPHR message. Most (9) expressed thanks or acknowl-
edgment at having received the message. Four self-reported
negative HCV tests at another facility, not accessible through
electronic health information exchange. One patient had moved
to another state but still expressed thanks for the reminder. One
patient asked for the HCV antibody order to be sent to a
different lab which would charge their insurance company less.
Two patients contacted their primary care providers to deter-
mine if the lab test had been a mistake, given that the lab was
ordered by an unknown provider. One patient expressed con-
cern and frustration that their insurance might unnecessarily be
charged. Providers provided feedback with EHR messages or
other personal communications with the authors. In one case, a

Dear PATIENT PREFERRED FIRST NAME, 

Based on our records, it looks like you are due for hepatitis C testing. National guidelines 
recommend testing everyone born between 1945 and 1965. Hepatitis C is a virus which 
causes liver disease. Many people do not know they are infected with hepatitis C, so it is 
important to test people at risk. Effective treatment for hepatitis C is now available.  

For more information about hepatitis C visit this link: 
http://www.cdc.gov/hepatitis/hcv/cfaq.htm.  

Please go to the nearest MetroHealth lab to get your blood drawn. See below for hours and 
locations. You do not need an appointment.  If you have other blood work done, this test will 
be automatically done too.  

Thank you.  

Leila Hojat, MD  
MetroHealth Population Health Management  

Walk-In Lab Facilities:  
MetroHealth Medical Center  
2500 MetroHealth Drive  
Cleveland, OH  44109  
Labs: 216-778-5185  
Lab Hours  
Monday - Friday  
7:00 a.m. - 5:45 p.m. 

Figure 3 Sample of tethered personal health record message sent to patients (only one MetroHealth laboratory location listed, although the
actual letter had 6 locations).

Table 1 Study Group Characteristics

Control group
(n = 510)

Intervention group
(n = 514)

p value

Patient total 510 514
1st site 81 83
2nd site 345 346
3rd site 84 85
Average age 59 years 60 years 0.03
Male 42% 42% 1
Completed HCV
testing

19% (97) 33% (168) <
0.0002

HCV hepatitis C virus
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provider indicated the patient’s HCV testing status as declined,
but only after the lab was already ordered. A small number of
providers (< 5) expressed concern about screening notifications
being sent to their patients without their direct involvement.
Another small group of providers (< 5) had concerns about
answering questions regarding an intervention in which they
were not directly involved in.

DISCUSSION

Our strategy resulted in an almost doubling (19 to 33%) of
compliance with preventive care guidelines involving blood
work for HCV screening. Population health programs to im-
prove screening rates are important clinically because for
diseases with long asymptomatic periods, such as HCV, in-
creasing screening can lead to significant decreases in mor-
bidity and mortality. Additionally, as healthcare moves from
fee-for-service to pay-for-performance, compliance with
screening tests are routinely incorporated into these pay-for-
performance programs. Compliance with screening programs
is also important because of their general cost-effectiveness
secondary to earlier disease detection. Our novel approach to
improving screening rates used advanced EHR integrated
population health tools coupled with a tPHR. This integrated
technology driven approach utilized cohort identification, bulk
ordering, and bulk direct messaging to patients outside of face-
to-face visits. Our increase is despite the study population
being routinely followed in our healthcare systemwith passive
EHR health maintenance reminders at face-to-face visits and
passive tPHR reminders.
The OR that we found of 1.7 is consistent with the impact of

other EHR tools to improve adherence to preventive care
measures. A meta-analysis of computer-based reminder sys-
tems performed by Shea and colleagues identified sixteen
randomized, controlled trials showing that specific preventive
care practices including immunizations, cardiovascular care,
cancer screening, and smoking cessation improved with an
adjusted OR of 1.77 for all areas combined.15 Despite these
studies, a 2012 Cochrane analysis only foundmoderate quality
evidence indicating that computer-generated reminders only
moderately (median 7%) improved care processes.16 One of
the primary issues might be that preventive care reminder tools
are typically directed at providers/staff and not the patient
themselves. Although direct-to-patient messaging has the po-
tential to increase duplicative testing, as patients become more
engaged in their care through more robust tPHRs and health
information exchanges improve, actual duplicative testing will
be low. We are not aware of any actual duplicative testing that
occurred through this project. Directing appropriate patient
care reminders to patients themselves, in those cases where
providers/staff do not need to be intermediaries, increases the
reminders’ effectiveness while at the same time increasing
provider/staff efficiency and decreasing provider/staff
workload.

Prior interventions targeting HCV antibody testing have
involved provider/staff training or focus on outreach to high-
risk patients.17 While provider-based interventions improved
testing rates and linkage to care, the resources required to
perform these types of interventions in terms of provider and
staff time are high. Sidlow and Msaouel designed an EHR-
based targeted intervention involving a decision support mod-
ule that triggered an automatic test order for patients who were
eligible at the time of visit.18 This intervention increased
screening rates among patient seen by 254% (from 11 to
49%), but relied on face-to-face visits and providers signing
orders. The 74% increase in screening measured in our inter-
vention group is in addition to normal care reminders. In our
healthcare system and in meta-studies, simple reminders, like
those in our normal care control group, have been shown to
improve screening rates by 7 to 77%.15, 16

We previously employed direct messaging to patients to
improve adolescent immunization rates.14 In that study, the
number needed to message (NNM) (i.e., the number of people
needed to message to have one additional person receive the
intervention) was about four, generally consistent with the
NNM in this study of about six. Our systematic approach to
HCV screening also addresses many of the barriers identified
for viral disease screening including insufficient time, lack of
knowledge or training, lack of patient acceptance, competing
priorities, and inadequate reimbursement.19

Ou r s t udy l i nked two r e l a t ed , y e t s epa r a t e
interventions—bulk ordering and bulk messaging. The HCV
antibody order was bulk ordered such that any time after the
order was signed and the patient presented to one of our
healthcare system labs for any blood work, the HCV testing
would be completed. The bulk messaging to patients in their
tPHR served as an active reminder to them that the HCV
antibody order has been placed (as well as background into
what HCVwas and why screening was important). 75% of the
HCV testing occurred in conjunction with other blood work.
In these patients, the patient may not have realized/understood
that the HCV test was being conducted with the other testing
being done, although all patients received notification in their
tPHR about the HCV antibody order. This potentially brings
up autonomy issues related to patient’s informed consent.
Our enhanced testing (at a cost of ~ $50 per HCV test) lead

to new chronic HCV diagnoses in two asymptomatic patients.
Given the estimated lifetime cost savings of early diagnosis of
an individual with HCV infection to be at $64,490, this trans-
lates to a savings of nearly $130,000.20 With the introduction
of additional direct-acting antiviral regimens, the cost of treat-
ment has decreased, making early diagnosis (prior to symptom
onset) and treatment a cost-effective approach.21 Furthermore,
early diagnosis and treatment reduces symptoms, improves
quality of life, and reduces all-cause mortality; thus, the Amer-
ican Association for the Study of Liver Diseases-Infectious
Disease Society of America current guidelines recommend
treatment of HCV infection for all individuals except those
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with short life expectancies that cannot be expected to improve
with treatment of HCVor transplantation (class 1, level A).22

The implications of our findings are significant, as this type
of strategy could easily be broadened to large populations with
an integrated EHR, imbedded population health tools, and a
tPHR. Additionally, this approach could be applied to other
recommended universal screening tests such as HIVand lipid
testing or disease-specific labs such as renal function tests and
glycosylated hemoglobin in diabetic patients. Keys to this type
of approach include the following: (1) administrative issues
(cost, insurance coverage, and testing capacity), (2) commu-
nication approach with providers (especially primary care
providers) and patients, and (3) follow-up approach for abnor-
mal tests.
Our study has limitations. First of all, it was difficult to

determine the separate effects of bulk ordering versus bulk
messaging. Individuals could have had their HCV antibody
level drawn along with other labs and be unaware that the
HCV antibody level was concurrently being checked. Some
individuals were probably aware that they were due for this
testing (either seeing an alert in their tPHR or reading the
message sent as part of this intervention) but waited to go to
the lab because they were expecting additional lab work in the
near future (e.g., they had an upcoming appointment). Sec-
ondly, related to generalizability, this study was performed
within an integrated health delivery system with a single
instance of an EHRwith fully integrated, advanced population
health and tPHR functionality, all from the same vendor.
However, the functionality presented here (all commercially
available—no additional cost within our EHR) could be im-
plemented in any healthcare system today (~ 1 hour effort for
initial query, bulk ordering, and bulk messaging; ~15 minutes
for subsequent queries, ordering, and messaging). Although
these interventions were limited to patients with an activated
tPHR account, patient messaging through the same bulk or-
dering and bulk messaging tools could be used to print and
mail bulk letters, although typically at an additional cost of ~
$2.50 per letter for printing, stuffing, and mailing a letter.
Finally, this intervention was only conducted in patients born
between 1945 and 1965, so it is unproven if this approach
would be more or less effective in different patient age groups
or for different types of blood tests. However, at least in terms
of different age groups, younger patients are typically thought
to be more technology engaged and so this approach may be
more effective in younger patients.

CONCLUSION

This study describes a novel, generalizable population health
approach for improved screening, leveraging advanced EHR-
based population health tools coupled with tPHRs. These tools
and techniques can be used to automate screening programs
for bloodwork (and other testing) and demonstrates that EHR-
based population health tools can be used to screen for HCV

infection in accordance with national guidelines, independent
of a face-to-face patient-provider encounter. This direct to
patient approach leads to higher screening rates while at the
same time decreasing provider/staff work. EHR-based popu-
lation health tools such as these will be essential for healthcare
systems to adopt as pay-for-performance models of care be-
come increasingly important.
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