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■ O B J E C T I V E To determine the health care fol-
low-up and treatment associated with physician-
diagnosed hepatitis C (HCV) in a community-based
population.
■ S T U D Y  D E S I G N We conducted a retro-
spective medical record review using records from
all providers in Olmsted County, Minnesota.
■ P O P U L A T I O N The study incorporated all
Olmsted County residents with physician-diagnosed
hepatitis C from 1990 through 1999. 
■ O U T C O M E S  M E A S U R E D We assessed
demographic and health status information as well
as health services use in subjects with physician-
diagnosed HCV.
■ R E S U L T S Physicians diagnosed hepatitis C in
355 subjects (219 men [62%], 136 women [38%]),
mean age 43 years, in the 10-year period studied.
About half of diagnoses (45%, n = 159) were con-
firmed with polymerase chain reaction or liver biop-
sies. Identified risk factors included IV drug use (50%),
multiple sex partners (36%), and blood transfusion
(30%). Follow-up assessment with aspartate amino-
transferase/amino  alanine  transferase  (AST/ALT)
tests occurred in about half (49%) of subjects, while
202 subjects (60%) were referred for gastrointestinal
(GI) specialist evaluation and 49 patients (14% of all,
25% of those referred to a GI specialist) had specific
treatment for hepatitis C. Although well over half of
patients (60%) had possible contraindications to HCV
treatment, including heavy alcohol use, few were
referred for chemical dependency therapy.
■ C O N C L U S I O N S In this community, follow-
up and treatment related to HCV were limited.
Attention to prevention of disease-accelerating co-
infections was only modest. Referral or documented
recommendations for treatment of alcoholism or
heavy chronic alcohol ingestion were minimal.
■ K E Y  W O R D S Hepatitis C; population based
[non-MeSH]; primary health care; secondary preven-
tion [non-MeSH]. (J Fam Pract 2002; 51:135-140)

Hepatitis C is reportedly the most common chron-
ic bloodborne infectious disease in the United

States.1-3 Prevalence data based on modeling studies
and extrapolation from studies such as the National
Health and Nutrition Examination Survey (NHANES)
and county surveillance projects3,4 report that 3.9 mil-
lion Americans (1.8%) have been infected with the
hepatitis C virus (HCV) and 2.7 million (1.2%) have
chronic HCV infection.5 While the natural history of
HCV infections is poorly understood, 6-9 researchers
and clinicians agree that most people with chronic
HCV infection remain asymptomatic for many years
while seeking medical care, often primary care, for
problems other than their silent hepatitis C infections.8,9
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● Risk factors associated with acquiring hepatitis C
in this small city are similar to those in urban
areas: intravenous drug use, frequent sexual
exposure, and blood transfusion before 1992.

● No follow-up of liver testing in people with
known hepatitis C occurred in half of cases.

● Less than 15% of prevalent cases received hepa-
titis C–specific treatment; many people appeared
to have contraindications for hepatitis C therapy.

● Preventive care measures appropriate for people
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referral for treatment of known chemical
dependency, and screening for HIV) were not
universal in this population.
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Much of the hepatitis C literature is derived from
studies of subspecialty clinic patient populations or
other special populations such as those with blood
transfusion or RhoGAM-acquired hepatitis C.9-12  The
former data tend to concentrate on the more severe,
symptomatic patients referred to specialty care,
whereas the latter special-exposure groups provide lit-
tle information about a large segment of the popula-
tion with other risk factors and comorbidity. Neither
of these sources provides data on the community
population or community practice.1,9,11 Our study
describes the people that have been diagnosed with
HCV in a geographically defined community, includ-
ing their physician-directed hepatitis C follow-up eval-
uations and HCV treatment. In addition, we report on
testing and vaccination efforts for hepatitis A and B
and on the recognition and treatment of alcoholism
and chronic heavy alcohol ingestion (accelerating
comorbidities). The ability to follow the patient across
all types of care from ambulatory to inpatient and
from primary to tertiary care provides a very broad
overview of these population-based cases.

M E T H O D S
Study  Set t ing  and  Ins t rument

This is a descriptive study of a geographically defined,
population-based cohort of all persons living in
Olmsted County, Minnesota, who received a physi-
cian or laboratory diagnosis of hepatitis C from
January 1, 1990, through December 31, 1999. All
physician diagnoses were captured using a communi-
tywide diagnostic database, the Rochester
Epidemiology Project.13,14 Olmsted County is a metro-
politan statistical area that includes the city of
Rochester and is served primarily by more than 200
primary care physicians employed by 2 medical facil-
ities, the Olmsted Medical Center and the Mayo Clinic.

All patients with a physician diagnosis of hepatitis
C were included, whether the diagnosis had been
confirmed by liver biopsy or polymerase chain reac-
tion (PCR) testing or by either positive recombinant
immunoblast assay (RIBA) testing or indeterminate
RIBA testing and the presence of 1 or more risk fac-
tors. Risk factors included blood transfusion before
July 1,1992, a diagnosis of hemophilia before 1990,
a history of intravenous drug use (IDU), selling sex
or trading sex for drugs, having more than 10 sex
partners, sexual exposure to a person infected with
HCV, intranasal cocaine use, and work in a health
care facility with exposure to blood products (eg,
phlebotomists) or health care workers with a history
of needlesticks. The immigration status of people
from Africa or Southeast Asia, where hepatitis C is
endemic, is reported when the medical record listed

immigration as an HCV risk factor. Patients with acute
hepatitis C, defined as those with acute symptoms at
the time of diagnosis (N = 4), were included.

Only people who were residents of Olmsted
County for at least 1 year before being diagnosed
with hepatitis C are included. This step was neces-
sary to ensure that all subjects were community
members. Besides its large liver transplantation serv-
ice, Olmsted County has several inpatient and out-
patient chemical dependency treatment programs
and halfway houses that may bring patients with
hepatitis C to the community for short periods of
time. Inclusion of these people would have skewed
the community-based focus of the study. Prisoners
incarcerated in local facilities were excluded as well.

Measures

For each subject in the cohort, we reviewed all med-
ical records from the Mayo Clinic and hospitals, the
Olmsted Medical Center and hospital, and all other
care providers in the county. Data collected includ-
ed information on the initial diagnostic process as
well as on HCV-related follow-up; specifically, all
aspartate aminotransferase/amino alanine transferase
(AST/ALT) testing and all HCV treatment given. All
diagnoses of cirrhosis, ascites, gastrointestinal (GI)
bleeding, encephalopathy, jaundice, and hepatocel-
lular carcinoma were recorded. Data on risk factors
as well as on comorbid conditions believed to influ-
ence the progression of HCV-related liver disease
(eg, alcoholism, chronic heavy alcohol ingestion,
hepatitis B, and HIV disease) were noted. 

Data  Ana lys i s

We summarized demographic information and data
on risk factors, comorbid conditions, the pattern of
laboratory test follow-up, and HCV treatment and,
when appropriate, stratified these data by date of
diagnosis. We used logistic regression models to look
for associations among personal, demographic, and
clinical factors associated with continued AST/ALT
follow-up 1 or more years after initial HCV diagnosis.

R E S U L T S
Of the 355 subjects with a diagnosis of hepatitis C
between January 1, 1990, and December 31, 1999, 136
(38%) were women and 219 (62%) were men. The
mean age at diagnosis was 42.6 years (Figure 1). The
rate of new diagnoses of hepatitis C varied only slight-
ly by year (Figure 2). After the period 1990–92, when
HCV testing first became available, the difference in
rates of new diagnoses is not statistically significant.

Complete follow-up data from the date of diagno-
sis until December 31, 1999, or the subject’s death
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were available in 78% of subjects with mean follow-
up of 3.6 years, median 3.0 years, and range 0 to 9.8
years. Other subjects were lost to follow-up after
they moved from the community; however, vital sta-
tus (dead or alive) was obtained in 85% of all sub-
jects as of January 1, 2000.

IDU was documented in 177 cases (50% of sub-
jects) (Table 1) with the mean duration of 9.6 years
(SD 7.9 years, range single use to 34 years). A single
risk factor was recorded for 89 subjects (69 who had
had a blood transfusion before 1992 and 20 health
care workers with possible exposure to blood prod-
ucts or body fluids, including 5 with documented
needlesticks). Sexual exposure and IDU were fre-
quent coexisting risk factors.

All subjects had a positive anti-hepatitis C antibody
test; 304 (86%) had a positive RIBA; 13 (4%) had an
indeterminate RIBA with risk factors; 14 (3.9%) had
PCR tests used in the diagnostic process; and the rest
(n = 24) had only positive serology plus risk factors.
Overall, 202 people (60%) were seen by a GI or
hepatology specialist at least once after the diagnosis
of HCV had been made. Confirmatory liver biopsies
or PCR tests were used at some time in the follow-up
of 157 subjects (44%), usually before the considera-
tion of treatment or after referral to a hepatologist.

Among subjects, 21 (no gender differences) had
hepatic decompensation, defined as cirrhosis with
ascites, encephalopathy, or jaundice, or hepatocellu-
lar carcinoma identified either before or within 1
month of the hepatitis C diagnosis. These findings
suggest that HCV evaluation was based on the pres-
ence of advanced liver disease. Thirty-seven (10%)
of the patients, including 5 who died within days to
weeks of the initial HCV diagnosis, died during the
observation period.

At or around the time (±1 month) of diagnosis,
serum albumin (n = 215, 61%), bilirubin (n = 265,
75%), and ALT or AST (n = 308, 87%) tests were
commonly done. Albumin and bilirubin levels were
normal in almost all cases (99% and 85%, respec-
tively). The majority of the initial serum ALT/AST lev-

els were elevated (262/308, 85%). Although the ele-
vation was often modest, levels of 119 of the 246 ini-
tial tests (48%) were less than 2 times the upper limit
of normal.

Follow-up of initial AST/ALT testing was not uni-
versal. Among subjects, 51% had one or more
rechecks of liver function tests (LFTs) during the first
year after diagnosis; 55%, 1 to 2 years after diagno-
sis; 56%, 2 to 3 years after diagnosis; and 45%, 3 to
4 years after diagnosis, based on the number of sub-
jects not lost to follow-up for 1 to 4 years. Some sub-
jects lost to hepatitis C follow-up had periods of
active alcohol or drug abuse that appeared to disrupt
hepatitis C care. Variations in rates of continued
monitoring of AST/ALT, however, were not associat-
ed with risk factors such as IDU or transfusion nor
with demographic factors such as age. Long-term fol-
low-up (3 to 4 years after diagnosis) was associated
with AST/ALT levels more than 2 times normal at
diagnosis (P = .03) and a diagnosis of cirrhosis (P=
.03). Women were more likely to have a repeat eval-
uation in the first year, but no gender differences
were seen after that.

During the period of observation, which ended
December 31, 1999, 49 subjects (14%) received inter-
feron treatment specifically for their hepatitis C. Half
of subjects (n = 25) received that treatment during
clinical trials. Twenty people (12 in clinical trials)
received ribavirin in addition to interferon; 1 received
interferon and interleukin. 

Many of the other 306 subjects had 1 or more doc-

TA B L E  1

RISK FACTORS NOTED AT DIAGNOSTIC VISIT

No. of Patients (%) 
Risk Factor (N=355)                     

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 (12%)

TA B L E  2

REASONS DOCUMENTED FOR NOT 
RECEIVING TREATMENT

No. of Patients (%) 
Reason (N=306)
No reason stated 81 (26%)

Chemical dependency 53 (17%)

Comorbid condition 28 (9%)

Refused/noncompliant 44 (14%)

Age 13 (4%)

Ineligible 22 (7%)*

Depression 25 (8%)

Psychiatric condition 4 (1%)

Desired pregnancy 5 (2%)

Cirrhosis 6 (2%)

Hepatocellular carcinoma 8 (3%)

HIV treatment 7 (2%)

No insurance 6 (1%)

No trial available 4 (1%)

*Ineligible because of advanced liver disease or other 
terminal illness.
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patients and referred over 80% of people with known
HCV to hepatologists. Self-reported care often over-
estimates the amount of care provided. This differ-
ence in reported and observed care emphasizes the
importance of data on actual practice. 

The community physicians’ lack of a uniform or
aggressive approach to HCV infections may not be
surprising in view of the wide disparity of available
information on chronic HCV infection and its pro-
gression to symptomatic or progressive liver dis-
ease.18  For example, published rates of progression
to “chronic infection” after exposure vary from 85%
of people receiving HCV-infected blood transfusions
to 20% of women given HCV-contaminated
RhoGAM.9 Even rates of progression in people with
persistent viremia (+PCR) vary from 69 % to 88%.19

Unfortunately, progression to chronic HCV infection
cannot be predicted from initial clinical or laborato-
ry factors.20 In addition, the meaning of  “chronic
infection” is unclear.19 Reported rates of progression
from chronic infection to cirrhosis are widely diver-
gent and appear related to the type of group used to
make predictions. Data from meta-analyses of clini-
cal trial patients21 suggest progression rates of up to
69% in 30 years. Yet only 2.4% to 6% of community-
based hepatitis C patients may develop cirrhosis after
17 to 40 years of follow-up.22,23

Wide variations in the progression of cirrhosis to
decompensated cirrhosis have been reported.24

Studies of AST levels in people with known HCV
show fluctuations over time, dispelling the idea that

umented contraindications to HCV therapy (Table
2). The 53 instances of chemical dependency may
underestimate the effect of chronic alcohol ingestion
on decisions not to treat, since among the 355 sub-
jects, documentation of chronic heavy alcohol con-
sumption (>6 drinks/day) was listed in the medical
records of 182 (51%). The total number of subjects
with one or more conditions that might be consid-
ered contraindications to therapy was 225 (63%).
Although only a few of these contraindications were
permanent conditions (eg, vegetative state) (Table
2), no subjects had a repeat reference to treatment
after the documented condition (eg, depression) had
resolved or improved.

Information on potentially accelerating comorbid
conditions was available in many charts (ie, those of
11 subjects with known HIV infection). No HIV test-
ing was documented, however, in 55 people who
had HCV risk factors other than blood transfusion.
Five people had documented chronic HBV infec-
tions (surface antigen positive). HBV screening was
almost universal. Yet 159 subjects were not immune
(including no documented HBV immunizations),
and of these, 108 had HCV risk factors other than
transfusion before 1992 and were therefore eligible
for HBV immunization. Hepatitis A vaccination is
now recommended for all nonimmune HCV
patients,5 but immunization for hepatitis A was doc-
umented for only 25 subjects.

D I S C U S S I O N
Hepatitis C was an uncommon new diagnosis
in Olmsted County and therefore not a fre-
quent occurrence in the practice of any of the
200 primary care physicians in the communi-
ty. Although the overall prevalence of hepati-
tis C was only about 25% of that reported for
the Midwestern United States (1.3%),3,4 the
ratio of men and women diagnosed with HCV
and the distribution of recorded risk factors in
our cohort are similar to those reported from
the NHANES conducted in 1988 to 19944 and
to those in other population-based studies.5,15-17

In this cohort, primary care physicians’
response to known HCV varied from occa-
sional monitoring of AST/ALT tests to referral
for specialty evaluation and HCV treatment. In
a significant group of patients, no visits for
HCV follow-up could be identified. The only
other published data on primary care physi-
cians’ follow-up care of patients with known
HCV was self-report survey data.18 In response
to a survey, primary care physicians reported
they ordered yearly AST/ALT tests in all HCV
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once elevated, AST or ALT will remain elevated or that
AST levels are directly predictive of progression or res-
olution of liver injury or viral loads.25,26 Chronically ele-
vated AST/ALT levels, however, have been shown to
predict progression,27 making monitoring of AST/ALT
important in all subjects.5,28

That HCV treatment was uncommon in this popu-
lation may reflect the limited efficacy of single-agent
therapy before 1998, as well as the large proportion of
subjects with contraindications to therapy, primary
care physician confusion regarding who should be
treated, and current limited knowledge of the long-
term outcomes of treatment.29 Cure rates are unknown
and measures of cure are unclear, since clearing the
virus from the bloodstream (negative PCR) may not
confirm clearing of the virus from the liver.29 All these
data together provide little experimental evidence for
a standard set of recommendations for follow-up, nor
do they support a clear rationale for the use of those
follow-up data in determining HCV progression. The
existing data have been used to develop consensus
(expert opinion–based) guidelines published by NIH
(1997)28 and CDC (1998,30 with an update in the sum-
mer of 2001).  The substance of those consensus state-
ments has changed over time5,28 as experts’ experience
has increased and newer observations have become
available. Recent changes in available treatments31-33

and FDA approval of a pegylated inferferon34,35 are like-
ly to keep recommendations in flux for the near future. 

The limited attention given to the identification,
prevention, or treatment of comorbid accelerating

conditions (HIV, HBV, HAV, and heavy alco-
hol intake)5,19,27,36-38 in this cohort is less under-
standable, since the literature is more consis-
tent on these issues. Documented HIV testing
was not universal even in those with a histo-
ry of IDU or promiscuous sexual exposure.
While testing for HBV was almost universal,
HBV prevention in the form of vaccination
was documented in only about one fourth
(23%) of eligible subjects. Immu-
nization for hepatitis A was documented in
less than one tenth of subjects. Treatment or
documented physician recom-mendations for
treatment of ongoing alcohol abuse or heavy
alccohol ingestion occurred in the minority of
patients. Studies of combined chemical
dependency and HCV therapy might be
appropriate in this population.

The Olmsted County population from
which the subjects were identified is more
than 90% white. Therefore, community-based
prevalence rates of physician diagnoses may
not be representative of other racial or ethnic

groups. The high frequency of drug use and sexual
exposure suggests that our community’s problems
associated with HCV are similar to those identified in
other communities with greater economic, ethnic, and
racial diversity. We did not perform PCR, liver biopsy,
or yearly liver function tests on all subjects. One aim
of our study, however, was to understand communi-
ty practice and the resulting variations in information
and testing completed for each subject. The existence
of a large medical education program and the local
availability of hepatologists may affect the care pro-
vided. Yet even in this setting, additional attention to
follow-up of liver disease and comorbid conditions
appeared indicated.

C O N C L U S I O N S
Primary care physicians make most diagnoses and
perform most initial management of hepatitis C.
However, primary care--directed long-term follow-
up care is inconsistent and management of acceler-
ating comorbidities is incomplete. Family physicians
can offer important additional services to their
patients who have hepatitis C.
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