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Hepatitis C, like many other chronic diseases,
is associated with major expenditures for
healthcare services and results in significant

morbidity and mortality in the United States.1-4 Yet,
for many of these chronic diseases, including
hepatitis C, we have limited or conflicting informa-
tion about the epidemiology, natural history of the

disease, and the clinical care provided at the com-
munity or entire health systems level.2,5-12 Most lon-
gitudinal data are from national surveys and do not
include data on clinical care. Disease- or condition-
specific registries are an accepted tool to identify
population-based groups of subjects whose clinical,
personal, and healthcare utilization data can be col-
lected in a uniform manner. Information from the
disease registry may then be used to study the
course, treatment, and outcomes of those diseases
and conditions, as well as to develop practice tools to
improve care.13-20 Such registries could supplement
the existing data for hepatitis C. This would be par-
ticularly helpful in the United States, where hepati-
tis C data are often collected from specialized
subgroups (transplant populations or those in hepa-
tology clinics) or in cross-sectional studies of nation-
ally representative populations, in contrast to the
longitudinal community-based data available from
some other countries.2,5,6,9,10,21-24

A national register of persons with hepatitis C
virus infection with a known date of acquisition is
being developed in the United Kingdom.25 (This is an
extension of the UK transfusion look-back study.24,26)
The registry will have the advantage of including
dates of exposure to the hepatitis C virus, as well as
identifying and defining a common set of informa-
tion to be collected. However, the registry will not be
designed to include people who acquired hepatitis C
by exposures other than transfusion, and will depend
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on the volunteer efforts of physicians to submit
yearly data.25 Although this will be a valuable
resource, transfusion-acquired hepatitis C will rep-
resent a declining segment of the incident UK popu-
lation either infected or diagnosed with hepatitis C.

A population- or health system-based cohort
identified by physician diagnosis, rather than
through mass screening, provides additional infor-
mation about the physicians’ care of these subjects.
Data will be available concerning issues such as
whom physicians test for hepatitis C, who they
treat, and how they follow or monitor the disease,
and whether they attend to secondary prevention
measures. Such a population- or health system-
based registry could provide information on patients
outside clinical trials and could serve as the basis for
practice-improvement programs and evaluation of
disease course. 

This paper describes the design, implementation,
and data collection for such a hepatitis C registry.
Attention is given to the definition of the data ele-
ments, data sources, and confidentiality concerns of
persons whose data are included in this registry. It is
hoped that this work will facilitate discussion of data
elements essential for larger regional or national
registries.

. . .  METHODS . . .

This study describes the development and imple-
mentation of a hepatitis C research registry in a geo-
graphically defined, population-based cohort. The
registry population includes all persons living in
Olmsted County, Minnesota, who have received a
physician or laboratory diagnosis of hepatitis C from
January 1, 1990, through December 31, 1999.

Setting 
Olmsted County, Minnesota, is a metropolitan

statistical area that includes the city of Rochester,
Minnesota. The county is medically isolated, being
surrounded by rural agricultural land, and is 90
miles south of the metropolitan areas of Minneapolis
and St. Paul, Minnesota. Olmsted County is primar-
ily served by 2 medical facilities, the Olmsted
Medical Center and the Mayo Clinic, which provide
primary through tertiary care locally. Olmsted
County has 1 primary care and 2 large tertiary care
hospitals.

Registry Subject Identification Criteria
The purposes of this registry are 2-fold: (1) To

study the disease course of known hepatitis C, and

(2) to study the interaction of people with known
hepatitis C and the healthcare system. Therefore,
we chose to use medical records as the confirmato-
ry resource for subject identification. Using medical
contact as the entry criteria allows inclusion of peo-
ple who interact with the healthcare system and
have been diagnosed in the context of their medical
care. Registries for other purposes may need to
select different subject inclusion or identification
criteria.

Residence 
To assure that the registry is community-popula-

tion-based and subjects receive care in Olmsted
County, only residents of Olmsted County for at
least 1 year prior to the diagnosis of hepatitis C are
included. In addition to a liver transplant service at
the Mayo Clinic, Olmsted County has several inpa-
tient and outpatient chemical-dependency treat-
ment programs and “halfway houses” that may bring
patients with hepatitis C to the community to live
for short periods of time. Inclusion of these people
would skew the community-based focus of the reg-
istry and the subsequent population-based epidemi-
ologic data. Prisoners incarcerated in local facilities
were also excluded. Our inclusion criteria are simi-
lar to requiring at least 1 year of enrollment in a
health system.

Data Sources
In Olmsted County, all visits to physicians’

offices, emergency departments (EDs), and hospitals
are recorded in the database of the Rochester
Epidemiology Project (REP).27,28 The information
contained in the REP database includes the person’s
name, county of residence, birth date, site-specific
medical record numbers, and for each encounter,
the date, site of visit, and up to 4 diagnoses. The vis-
its to individual clinics are linked by subject name
and birth date and address, if necessary. Linking is
done by fussy matches for names that are confirmed
by birth dates. More than 88% of matches are done
electronically, with the rest completed manually.
Further matching to avoid duplicate registry entries
for the same person is possible when the medical
records are reviewed. This diagnostic database is
available from 1920 through the current year. All
medical offices in the community, with the excep-
tions of 1 small psychiatry and psychology group
and the regional mental health center, participate in
the REP, allowing complete capture of medical (if
not psychological) data on more than 98% of the res-
idents of Olmsted County.28
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To assure the broadest possible ascertainment of
physician-diagnosed hepatitis C, all persons with
diagnoses of hepatitis C and non-A/non-B hepatitis
[International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9 CM) codes
070.51, 070.41, V20.62, 070.54, 070.44, 070.9,
155.00, 573.1, 571.00, and 571.49]29 coded from
January 1, 1990, through December 31, 1999, were
included for review. These codes were selected after
a pilot study using 1992 and 1993 data demonstrat-
ed that all of the selected codes added at least 5
cases in either year, without identifying more than 1
false positive for each case identified. 

To increase ascertainment, the database of the
Mayo Medical Laboratories was searched to identify
any Olmsted County residents who had any positive
tests for hepatitis C. All hepatitis screening and diag-
nostic tests for patients of both the Mayo Clinic and
the Olmsted Medical Center are processed in this
Mayo Clinic laboratory. Any subject who had a labo-
ratory record of positive polymerase chain reaction
(PCR) or positive or indeterminate recombinant
immunoblot assay (RIBA) tests, but whose name did
not appear in the list obtained from the diagnostic
database (REP), was added to the group whose med-
ical records were reviewed.

Second Source. Final determination of who was
included in the registry was based on the review of
the medical records as a second data source.
Specifically, the medical records were used to con-
firm that the diagnostic criteria were met, and to
assure that the person was an Olmsted County resi-
dent for at least 1 year prior to the first hepatitis C
diagnosis. If the initial diagnosis was made within
less than 1 year of moving into Olmsted County or
prior to moving to Olmsted County, the person was
included in the registry only if they were not living
in a halfway house, incarcerated, or on the liver
transplant waiting list. State and national death
tapes were used to affirm subjects’ vital statistics if
no visits were recorded in the medical record after
December 31, 1999, or if the patient was not other-
wise known to be dead.

Definition of Hepatitis C Infection 
The criteria used to determine who was actually

included in the registry were intended to have the
greatest sensitivity possible, while maintaining ade-
quate specificity. The following criteria were used to
define people to be included: 

• A positive PCR test, or 
• No PCR test but a positive RIBA test, or 

• An indeterminate RIBA test plus 1 or more risk
factors. 

People with only a positive anti-hepatitis C serol-
ogy and negative results for all other hepatitis C tests
were considered false-positive subjects and were not
included in the registry. This allowed inclusion of
people with both acute and chronic hepatitis C.

Data Form
In addition to demographic data, the data collected

were used to describe the initial diagnostic process,
the liver disease-related conditions of the person at
diagnosis, and the follow-up care and liver disease
progression in the years after the initial diagnosis.

The initial diagnostic data included the date of
first hepatitis C diagnosis; information on the tests
used to screen and confirm the diagnosis of hepatitis
C; tests, signs, and symptoms used to assess liver
function at the time of diagnosis; documented
hepatitis C risk factors and dates of those risk fac-
tors; and specialty of the physician who initially
screened for hepatitis C.

Information on risk factors was obtained from the
medical records using data documented specifically
as “hepatitis C risk factors” at or within 3 months of
the time of diagnosis or at the time of evaluation for
treatment. The later information was used because it
was almost always carefully recorded prior to con-
sideration of treatment. Such risk factors as tattoos,
intranasal cocaine use, or occupational exposure
(eg, phlebotomist) were recorded in the documented
risk factor report only if they were recorded by the
physician as a risk factor. Information was collected
regarding the national origin of people, with atten-
tion to those coming from hepatitis C-endemic
areas, such as Africa and Southeast Asia. Risk factor
information is important in determining the need for
secondary prevention measures, such as hepatitis B
immunization and HIV screening and preventive
education. Additional data were also collected that
recorded other potential risk factors, such as needle
stick, which were not documented as risk factors at
the time of diagnosis.

Follow-up care and disease progression data
included the dates of all visits in which hepatitis C
or any liver abnormalities or signs of liver decom-
pensation were mentioned, and the most abnormal
liver function test during each 6-month period after
the diagnosis. Liver abnormalities included cirrho-
sis, chronic active hepatitis, and hepatocellular car-
cinoma. Liver decompensation was defined as the
presence of ascites, jaundice, encephalopathy, or
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bleeding esophageal varices. Hepatitis C treatment
medications and dates of treatment, including par-
ticipation in all clinical trials, were recorded. Liver
transplant and death were also recorded.

In addition, information was collected on impor-
tant coinfections (hepatitis B and HIV) and potential
hepatitis C-accelerating factors, such as continued
drug abuse, diabetes mellitus, and heavy alcohol
use. These data are important in assessing rates of
progression of liver disease, rates of hepatocellular
carcinoma, and deaths related to hepatitis C. In
addition, they may be useful to studies of clinic
treatment and secondary prevention in people with
known hepatitis C. 

Information from the medical records was sup-
plemented by death certificate data from the
Minnesota Department of Health and the National
Center for Health Statistics whenever a patient was
not known to be deceased and had no visits docu-
mented after the end of the data collection period
(December 31, 1999).

Data Entry and Monitoring 
Data were entered directly onto a laptop comput-

er and into a relational database (Paradox) that is
easy to master, allows immediate feedback on data
entry errors, and can readily be exported to other
programs that might be useful to the clinician
(Excel) and the researcher (SAS, S-Plus, and SPSS). 

Data are updated every 6 months. A single data
abstractor is currently reviewing the medical records
and entering both initial and updated information on
all subjects. As electronic database systems are
refined, plans include collecting laboratory data elec-
tronically on a monthly basis and merging that data
into the registry files.20 It is unlikely that it will be pos-
sible to electronically collect data from the medical
records in the near future because full text search
options are not currently available, and relying on
only the final diagnostic codes has been shown to be
inadequate to reflect the hepatitis C-related care given
(unpublished data validation studies for this registry).

Ethical Approval and Patient Confidentiality 
Hepatitis C can be acquired from risky behaviors

similar to those associated with HIV infections.
Therefore, additional care was used in designing the
registry confidentiality system and the procedures
for user access. Approval was obtained by the
Institutional Review Boards (IRBs) of the 2 local
medical institutions that have IRBs. Additional
patient privacy protection laws in Minnesota require
signed authorization for use of medical records in

research studies. Only people who have not refused
to sign general research authorization forms are
included in the registry. From the REP, it is possible
to determine how many people with a diagnostic
summary or laboratory diagnosis of hepatitis C
refused this authorization. Future work on the reg-
istry may require information directly from sub-
jects. Prior to any contact with subjects, it will be
necessary to obtain IRB permission specifically for
patient contact. 

Currently, patient confidentiality is assured by
the standard methods employed for any research
database. Only researchers with IRB-approved stud-
ies are allowed access to the registry files, and no
patient contact based on the registry data is permis-
sible. Prior to any clinical use of the registry, it will
be necessary to obtain the patient’s permission for
sharing of data across sites. Linking data into a
regional or national registry will need to await
national data privacy rules. These concerns are less
expansive when the registry is maintained within a
single healthcare system.

Funding 
Due to the initial research-related purpose of this

registry, development and early maintenance fund-
ing was provided by an unrestricted grant from a
pharmaceutical company having an interest in
hepatitis C therapy. The funder’s interest in the reg-
istry was in the identification of the percentage of
patients who received hepatitis C therapy and the
average length of time from diagnosis to treatment.
Continued funding will come from patient safety
and quality improvement project monies.

. . .  RESULTS . . .

There were 382 Olmsted county residents who
were anti-Hepatitis C virus-positive or had a physi-
cian diagnosis of hepatitis C. Of these, 27 were con-
sidered to be false positives, including 13 individuals
with negative RIBA, 13 with indeterminate RIBA,
and 1 in whom RIBA was not performed. None of the
27 individuals had any documented risk factors for
hepatitis C and all had normal liver function tests
and the absence of other abnormal liver findings at
the time of hepatitis C screening.

Almost twice as many men as women were
identified for the registry. The subjects’ demo-
graphic data, including hepatitis C risk factors as
documented in the medical record, are displayed
in the Table.

. . .  RESEARCH METHODS . . .
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Both the REP data and the laboratory summary
data were important in the identification of subjects
for the registry. Using the specific hepatitis C codes
listed in the “Methods” section identified 309 (87%)
of the 355 subjects. The inclusion of codes for non-
specific hepatitis and viral hepatitis not otherwise
specified (155.0) was not helpful. The addition of the
nonspecific code more than tripled the number of
people identified as potential cases, without adding
any whom were not identified by the more specific
hepatitis C codes. Of the 46 (13%) subjects identified
only by laboratory data, two thirds (31) were
patients who had their first screening and diagnosis
during a hospitalization or ED visit for another
non–liver-related problem. The rest (15) were diag-
nosed within the 9 months prior to the latest med-
ical records abstraction, and physician diagnostic
codes did not yet appear in the REP diagnostic data-
base. For those diagnosed in the hospital without a
hepatitis C diagnostic code recorded on the hospital
discharge summary, the
diagnosis of hepatitis C
was usually made and con-
firmed by a consulting
hepatologist in a patient
with other serious med-
ical problems. Laboratory
information data is avail-
able within 24 hours of
completion of the blood
testing. Death tapes from
the Minnesota Department
of Health and the National
Center for Health Statistics
were the only data sources
to identify 2 of the 10
deaths.

The number of new
diagnoses of hepatitis C
each year varied little after
1992 (Figure 1). The year-
ly rate of new diagnoses
decreased slightly over
that time period because
the denominator (the coun-
ty population) increased
slightly, from about
127,000 to 130,000 over
the 10 years from 1990 to
2000.

Data on comorbidities
such as HIV status, active
injecting drug use (IDU),

and other chemical dependency, such as alcoholism,
were available in many charts. Of the 177 persons
with documented IDU, 43 had been tested for HIV
and 5 were positive. In total, 58 (17%) of the 355
subjects (including 10 without a history of IDU) were
screened for HIV. In addition, 331 (95%) had screen-
ing tests for hepatitis B, of which 2 had tests sugges-
tive of active or chronic active hepatitis B disease.
Overall, 57% (n = 202) of the population had a diag-
nostic visit code or medical record notation consis-
tent with active and ongoing chemical abuse. Of
these, 43 had specific notation of alcohol abuse that
affected treatment decisions and 5 participated in
some type of chemical-dependency treatment dur-
ing the observation period.

Laboratory evaluation of liver function status was
easy to identify in the medical records, as were visits
to hepatology specialists, applications for liver trans-
plantation, and deaths. However, visit or billing diag-
nostic codes did not identify all visits in which primary
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Table. Demographic and Natural History Data (n = 355)

Sex N (%)

Male 219 (62%)

Female 136 (38%)

Risk factors recorded at diagnostic visit 
or within 3 months of diagnosis

History of intravenous drug use 177 (50%)

Sexual exposure 128 (36%)

Immigrant 47 (13%)

Tattoos 60 (17%)

History of blood transfusion 107 (30%)

Occupational risks 44 (22%)

Actual needle sticks 4 (1%)

Age at diagnosis
Mean 42.3 y
Standard deviation 14.6 y
Range 2 d to 86 y

3 y before or at time After
Complications of diagnosis diagnosis Total

Jaundice 9 7 16

Cirrhosis 23 15 38

Ascites 13 10 23

Gastrointestinal bleeding 5 8 13

Enchephalopathy 1 7 8

Hepatocellular carcinoma 2 6 8



care hepatitis C follow-up care was given. Notes for
primary care visits for other reasons, such as preven-
tive care or acute illnesses, often contained informa-
tion regarding hepatitis C care, but the visit diagnostic
and billing codes failed to mention hepatitis C.

About half of the subjects (n = 174, 49%) had data
available from the date of diagnosis through the last
date of data abstraction (January 2001). The aver-
age number of years of follow-up data was 3.1 years,
and 20% of the subjects were lost to follow-up before
December 31, 2000. Thirty-five patients (10%) died
during the follow-up period. Survival data is dis-
played in Figure 2.

. . .  DISCUSSION . . .

Although a unique community-population-based
database (the REP database) made this registry pos-
sible, the process identifies important considerations
for the development of registries using other combi-
nations of community provider or health systems
information resources. The use of laboratory data
increased the capture rate of cases identified from the
medical diagnostic summary (REP) and should be
included as an important identification tool in any
registry based on medical information. Laboratory
data were more quickly available than data from the
administrative database but did not identify those

people with testing outside the county, or in the
blood bank. Vital statistics data or death tapes iden-
tified 2 deaths not reported in the medical records.
The definition of a hepatitis C case had to be tai-
lored to clinical practice. Clinical trial definitions
that require PCR testing or liver biopsy were con-
sidered too rigid and did not reflect recent expert
opinion or guidelines for diagnosis of hepatitis C.
Despite the potentially sensitive nature of informa-
tion in these subjects’ medical records, less than 3%
refused research access to their data. The percent-
age that would refuse inclusion in a nonresearch
registry is unknown.

About 15 % of the cases in this registry were iden-
tified through laboratory data, not from the diagnos-
tic summary. The missing data were based on a time
lag for residency and diagnostic verification done
before transferring data from billing tapes into the
REP, and on diagnoses missing from hospitalization
and ED visit records. Hospital discharge codes are
based on the billing summary codes. These codes
are selected to maximize the reimbursement for the
hospitalization and may include only codes that add
complexity to the care of the primary diagnosis.
Several of the subjects whose hepatitis C was found
only on laboratory records had hepatitis C evalua-
tions during hospitalization for other major medical
problems unrelated to the hepatic system. The

hepatitis C test results were
reported in a progress note or
consultation but hepatitis C was
not included among the final
diagnoses at the time of hospital
discharge. 

The second gap in the adminis-
trative data was seen in the ED.
Sometimes, hepatitis C screening
tests were ordered as part of a
battery of tests during an ED visit
and were to be addressed in fol-
low-up visits that never occurred.
The hepatitis C tests were
reviewed and the diagnosis was
made in the medical record but
the patient failed to return for the
follow-up appointment. Therefore,
the diagnosis of hepatitis C was
not attached to a visit and was not
included in the diagnostic sum-
mary or administrative billing
database. 

This registry was also designed
to allow longitudinal study of
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Figure 1. Number of New Diagnoses per Year*
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hepatitis C follow-up care and the course of disease
in diagnosed hepatitis C. Visit summary diagnoses
from administrative databases can identify visits but
often fail to reflect all of the medical problems or
concerns addressed at each visit.30 Therefore, accu-
rate reporting of all documented discussion and test-
ing related to hepatitis C required review of the
medical record. Only review of the medical record
provided information on physician’s choices not to
offer or recommend hepatitis C treatment. We could
not determine whether other methods, such as
patient surveys or periodic physician sum-
maries,24,25 can be substituted for the medical record
review.

Disease registries are a potential source of con-
cern regarding patient confidentiality. The high-risk
personal behaviors association with acquiring
hepatitis C might make a registry of people with
hepatitis C a source for increased concern. The rate
of patient refusal of general research authorization
(2.6%) in this group of subjects with hepatitis C is no

higher than the rate of research authorization
refusal for the total Olmsted County population.31,32

This apparent lack of additional concern by people
with hepatitis C and documented risk factors, such
as IDU, provides some assurance that hepatitis C
registries are possible and can provide healthcare
utilization data on most people with physician-diag-
nosed hepatitis C. However, general research autho-
rization allowing subjects to be included in this
research registry does not assure that the same sub-
jects would be willing to be included in a more tra-
ditional disease registry that involved patient
contact or reporting to health authorities. 

Selection of the data elements included in this reg-
istry was based on the purposes of the registry and
the data sources available. Data such as liver func-
tion test results, signs of liver decompensation, risk
factors directly related to hepatitis C natural history,
and complications are obvious choices. In addition,
the course of hepatitis C and its progression are
believed to be affected by factors such as alcohol
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Figure 2. Survival from Date of Diagnosis of Hepatitis C 
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consumption,33-36 making it important to collect this
type of exposure data. Registries for other condi-
tions—sports injuries, using game and practice expo-
sure data in paticular15—provide useful examples. In
some cases, there were no documented diagnoses of
alcoholism; however, several medical records had
repeated documentation of alcohol intake ≥ 6 drinks
per day or ≥ 3 recorded visits to the ED for alcohol-
related injuries during a single 12-month period,
which are compatible with a diagnosis of alcohol
abuse. Extension of the definition of data elements
(alcoholism) to include documented behaviors
(heavy drinking or repeated injuries related to intox-
ication) can facilitate incorporation of this vital infor-
mation into the registry.

The type of registry data described here has
many potential uses beyond the traditional delin-
eation of the disease course of hepatitis C. Unlike
clinical trial data, this community practice data can
provide effectiveness, as opposed to efficacy, infor-
mation on hepatitis C treatment. Published esti-
mates or projections of future healthcare costs,37

utilization, or treatment outcomes should be vali-
dated against such “real-world” effectiveness data.
Information from this type of community-based reg-
istry could also be used for clinical purposes, such as
evaluating physicians’ practices or supporting a
quality improvement (QI) process. The New
Hampshire Mammography Network registry has
been used to identify practice variations and devel-
op systems to address the variations.17 Variations in
disease monitoring or use of secondary prevention
strategies (Hepatitis B virus immunization or alco-
holism identification and referral for treatment)
could be addressed in QI programs designed and
implemented across providers, rather than those tra-
ditionally limited to a single hepatology clinic or
provider. The registry could also be used to identify
potential subjects for clinical trials.

The appropriate common set of core variables
must be determined for optimal use of hepatitis C
registries. For example, the definition of whom is
included as a case of hepatitis C must be standard-
ized. Clinical trials often require a subject to have a
positive PCR or liver biopsy.38 Clinical review arti-
cles suggest that a PCR may not be necessary in the
case of a positive or indeterminate RIBA in a person
with risk factors and normal liver function tests.39-41

Until national standards for essential data elements
and data definitions are developed, linking regional
registries or developing a national registry will be
difficult. The ability to follow subjects across reg-
istries will require careful consideration of how to

collect and code subject identification data. Articles
regarding immunization registries may help inform
these attempts.13

Future uses of the registry database can only be
hypothesized. We know that the genotype of the virus
is important in determining response to therapy and
possibly progression.2,38 In the future, we may be able
to determine the role of the subject’s genotype in the
progression or regression of hepatitis C.14,42

Our registry study has limitations. Using health-
care encounter data for subject identification will
not identify everyone in the community with hepati-
tis C and therefore cannot provide public health
estimates of disease prevalence. However, the reg-
istry can provide information to estimate the pro-
portion of existing cases that are recognized. For
example, estimates of the prevalence of hepatitis C
in the US population varies from 3 to 10 million
cases, or 1.8% to 3.8% of all Americans, depending
on the source of data used.1-3 The estimated preva-
lence of the Midwestern white population is 1.8%,4

compared to the 1998 Olmsted County, physician-
diagnosed prevalence of approximately 270/100,000
(0.27%). This comparison suggests new avenues of
research, including methods to enhance case identi-
fication and physicians’ hepatitis C screening strate-
gies. Conversely, the ability to review and record all
of the hepatitis C care allows unique opportunities
for studies of current medical practice. The relative-
ly modest sample size will require long-term obser-
vation to allow study of rare outcomes. 

In conclusion, this community-based hepatitis C
registry highlights some of the benefits and short-
comings common to any chronic disease registry.
We confirm the ability to include clinical practice
data that facilitate new uses of registry data. 
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