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Abstract Objectives We undertook this study to deter-

mine if treatment candidacy and outcomes were similar

between elderly and non-elderly patients. Methods This

was a prospective cohort study that screened 4,025 patients

with chronic hepatitis C for HCV antiviral treatment at 24

Veterans Affairs Medical Centers throughout the country.

We used multivariable logistic regression to determine

whether there was an independent association between

being elderly (age > 60 vs. � 60) and (1) being consid-

ered a treatment candidate by clinician, and (2) achieving

sustained virologic response if treated. Results 364 of the

4,025 patients (9%) were over the age of 60. Only 25% of

patients over the age of 60 were considered to be treatment

candidates by the evaluating clinician, and only 10% were

started on treatment. After adjustment for potential con-

founders, older age remained associated with a lower

likelihood of being considered a treatment candidate

(adjusted OR = 0.43; 95% CI: 0.30–0.61). Although based

on a small sample of elderly treated patients (n = 35),

being elderly did not appear to be associated with a lower

likelihood of achieving SVR (adjusted OR = 1.54; 95% CI:

0.46–5.15). Conclusion Among veterans over the age of 60

with chronic hepatitis C who are referred for treatment,

relatively few are considered treatment candidates and an

even smaller number are ultimately treated. After adjusting

for co-morbidities, age remains a strong predictor of not

being a treatment candidate. In contrast, older age does not

seem to adversely affect treatment outcomes and side

effects.
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Introduction

According to national surveys, approximately 1% of

Americans currently over the age of 60 years old have

evidence of being infected with hepatitis C virus (HCV)

[1]. Although the overall incidence of HCV continues to

decrease among young persons, the most prevalent group

(4.3%) of infected persons are now in the 40–49 age range

and are fast approaching their fifth and sixth decades of

life. Little attention, however, has been paid to the man-

agement of older patients with chronic hepatitis C and

current guidelines do not specifically refer to how age

should impact the evaluation and treatment of HCV [2, 3].

Given the slow rate of fibrosis associated with HCV [4, 5],

treatment for HCV with interferon/ribavirin may not be

indicated for many older adults in whom life expectancy is

limited. However, research suggests that the rate of liver

fibrosis depends on numerous factors, including duration of

infection and age at infection [4–6], so older adults may

also be at risk for accelerated complications. Evidence that

HCV is increasingly becoming an issue for older adults is

seen by the increase in complications from HCV in that age
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group. The average age for liver transplant has been stea-

dily increasing such that currently at least 20% of liver

transplant recipients are older than 60 years of age [7].

Likewise, the incidence of hepatocellular cancer has been

increasing steadily, with the peak incidence observed

among adults 75–79 years of age [8]. Therefore, for some

elderly patients without substantial co-morbidities, chronic

HCV may still be an important health issue. This purpose

of this study was to determine if being elderly impacts

treatment candidacy and outcomes among patients referred

to specialty clinics for management of their chronic hep-

atitis C.

Methods

Study population and design

This prospective cohort study followed patients who were

recruited from gastroenterology, hepatology, and infectious

disease clinics at 24 Veterans Affairs (VA) Medical Cen-

ters throughout the United States between December 1999

and December 2000. Details on study sample and data

collection have been described in full previously [9, 10].

Briefly, patients were eligible for this study if they were a

US veteran receiving care at one of the participating study

sites, were greater than 18 years of age, had a positive

HCV antibody test (Ortho HCV ELISA version 3.0; Ortho-

Clinical Diagnostics, Inc., Raritan, NJ), and were under

consideration for HCV treatment with interferon alpha-2b

and ribavirin. Patients were excluded if they had unde-

tectable HCV RNA by polymerase-chain-reaction testing

(COBAS Amplicor HCV Monitor Test, Roche Diagnostics,

Branchburg, NJ). All persons provided written informed

consent to participate, and the study was approved by the

local institutional review board at each medical center.

Study variables

The main outcomes of interest were treatment candidacy

and treatment outcomes. Treatment candidacy by clinician

was determined by asking the treating clinician at each

medical center ‘‘Based on your judgment, is the patient an

interferon and ribavirin treatment candidate?’’. Treatment

candidacy criteria were based on the VA’s HCV treatment

recommendations at the time of the study [11]. These did

not specifically include a threshold for withholding treat-

ment based on age. The main treatment outcome of interest

was sustained virologic response (SVR), or absence of

detectable HCV RNA (<100 copies/ml) measured at six

months after HCV antiviral therapy (interferon alpha-2b

and ribavirin) completion. Secondary analyses included the

evaluation of treatment acceptance, initiation, side effects

and discontinuation. Our main predictor of interest was

elderly status, which we defined as age greater than

60 years. Additional covariates that were used for the

descriptive and multivariate analysis were: sex, race/ethnic

group (non-Hispanic white, non-Hispanic black, Hispanic/

Latino, and other), education (high school education or

less), income (less than $10,000/year), prior history of

injection drug use (IDU), current substance abuse, drinking

habits (none/<3/3–6/>6 drinks per day), psychiatric dis-

ease, HIV status, cardiac disease, medical co-morbidities in

general, inability to remain compliant (in the judgement of

the clinician), body mass index (BMI), HCV RNA geno-

type and viral load, ALT level, platelet count, and liver

biopsy results.

Statistical analysis

Descriptive analysis of elderly and non-elderly patients

was performed, using the chi-square test to compare pro-

portions of categorical variables. Univariate analysis

evaluating the proportion of treatment candidacy and out-

comes in elderly and non-elderly patients was also

conducted using chi-square testing. We used logistic

regression in order to assess the effects of being elderly on

1) being considered a treatment candidate by clinician and

2) likelihood of attaining SVR. Odds ratios and 95% con-

fidence intervals were calculated for the adjusted and

unadjusted association between being elderly and each

outcome. The variables which we chose to adjust for in

multivariable models were determined in advance based on

an a priori hypothesis that they could act as confounders

(both positive and negative), and results from our univar-

iate analysis (i.e., P-value < 0.05). For the logistic model

for treatment candidacy, we adjusted for sex, race/ethnic-

ity, education, income, HIV status, abnormal ALT, history

of injection drug use, current substance abuse, alcohol use,

psychiatric co-morbidities, medical co-morbidities, cardiac

disease and non-compliance. For the model with SVR as

outcome, we adjusted for sex, race, genotype (1 vs. non-1),

high viral load (>1 million copies/ml), BMI and stage of

fibrosis. All analyses were conducted using SAS software

(SAS Institute, Cary, NC) and a two-tailed P-value of

<0.05 was considered significant for all hypothesis testing.

Results

Of the study cohort of 4,025 patients who were referred for

hepatitis C treatment, 364 (9%) were older than 60 years of

age. Elderly patients with chronic HCV had less education;

however, there was no significant difference in income,
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race/ethnic groups and sex between elderly and non-

elderly patients (Table 1). Elderly patients were less

likely to have a history of injection drug use, and were

less likely to have recently used illicit drugs. They were

less likely to drink heavily (>6 drinks a day); however,

there was no significant difference in the proportion

reporting recent abstinence at baseline, which was low in

both groups (14 vs. 16%). Elderly patients with HCV

were less likely to have psychiatric co-morbidities, but

were more likely to have medical co-morbidities (with the

exception of HIV). Elderly patients were less likely to

have abnormal ALT, but there was no significant differ-

ence in the proportion with low platelet counts. Although

only a subset of patients received genotype and viral load

testing, there did not appear to be any significant differ-

ences between elderly and non-elderly patients: 68 vs.

67% (chi-square P-value = 0.86) were genotype 1, and 48

vs. 60% (chi-square P-value = 0.19) had a high viral load

(>1 million copies/ml). Although elderly patients were

less likely to have received liver biopsies, the prevalence

with advanced liver disease (greater than stage 2 fibrosis)

was nearly identical among elderly and non-elderly

patients (68.4 vs. 67.4%).

Elderly patients were significantly less likely to be

considered a treatment candidate by the evaluating pro-

vider, compared to non-elderly patients (25 vs. 42%)

(Table 2). Likewise, according to guidelines, elderly

patients were also less likely to qualify for treatment (16%

vs. 26%). However, like the non-elderly, elderly patients

were more often considered treatment candidates by the

clinician than guidelines would indicate. Using logistic

regression, we observed that elderly patients who were

evaluated for their chronic HCV were significantly less

likely to be considered a treatment candidate (aOR 0.43;

95% CI: 0.30–0.61), even after adjusting for sex, race,

education, income, HIV status, abnormal ALT, substance

abuse, alcohol use, psychiatric co-morbidities, medical co-

morbidities, cardiac disease and non-compliance (Table 3).

Fewer elderly patients who were considered treatment

candidates agreed to be treated compared to non-elderly

(63% vs. 77%). Only 10% of elderly patients who were

referred for evaluation for treatment for chronic hepatitis C

initiated treatment compared to 20% of non-elderly

patients. There was no significant difference in the rate of

side-effect and early discontinuation of treatment between

elderly and non-elderly patients (Table 4): up to a quarter

Table 1 Characteristics of elderly and non-elderly Patients with HCV

Non-elderly n = 3661b number (%) Elderly n = 364b P-valuea

Male 3493 (97%) 352 (98%) 0.23

Race/ethnicity Non-Hispanic white 2088 (57%) 210 (59%)

Non-Hispanic black 1037 (29%) 102 (29%)

Hispanic/Latino 359 (10%) 31 (9%)

Other 152 (4%) 15 (4%) 0.9

Education HS or less 1632 (45%) 213 (59%) <0.01

Income < $10,000 1428 (39%) 142 (40%) 0.91

History of injection drug use 2303 (63%) 92 (25%) <0.01

Recent substance abuse 759 (21%) 32 (9%) <0.01

Daily alcohol use None 559 (16%) 100 (30%)

<3 drinks/day 232 (7%) 46 (14%)

3–6 drinks/day 484 (14%) 58 (17%)

>6 drinks/day 2126 (63%) 133 (40%) <0.01

HIV antibody positive 252 (7%) 10 (3%) <0.01

Psychiatric disease 696 (20%) 26 (7%) <0.01

Medical co-morbidities 638 (18%) 137 (38%) <0.01

Cardiac disease 120 (3%) 52 (15%) <0.01

Inability to remain compliant 157 (4%) 14 (4%) 0.19

Abnormal ALT 2644 (74%) 226 (63%) <0.01

Platelets <85 K 193 (5.4%) 25 (7.0%) 0.21

Received liver biopsy 1080 (30.5%) 69 (19.4%) <0.01

>Stage 2 fibrosis on biopsy 620 (67.4%) 39 (68.4%) 0.87

a Chi-square test P-value
b N in each strata may be slightly lower due to missing data
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of patients experienced side-effects and approximately a

third discontinued treatment early. Using univariate anal-

ysis of the patients treated, there was no difference in the

rate of EOTR and SVR between elderly and non-elderly

patients (34% vs. 29% and 20% vs. 18%, respectively).

This was also confirmed by logistic regression, which

showed that elderly patients did not appear to be less likely

to achieve SVR compared to non-elderly patients (aOR

1.54; 95% CI: 0.46–5.15), even after adjustment for sex,

race, HCV genotype, viral load, BMI, and stage of fibrosis

(Table 3).

Discussion

In this national prospective study of patients referred for

treatment of chronic hepatitis C at VA Medical Centers, we

found that nearly 10% of referred patients were elderly

(age > 60 years). The elderly patients who were referred

did not appear to have indices to suggest more severe liver

disease (platelets, ALT levels, fibrosis on liver biopsy).

However, we found that elderly patients had different

exclusionary criteria for treatment compared to younger

patients: older patients were less likely to have the typical

barriers such as substance abuse and psychiatric disorders;

however, they were more likely to have medical co-mor-

bidities, such as heart disease. Still, adjusting for these

factors and others, we found that older age was indepen-

dently associated with a lower likelihood of being

considered a treatment candidate. In contrast, it appeared

that being elderly was not associated with an increased

likelihood of experiencing treatment side-effects or expe-

riencing treatment failure.

This is the first study of which we are aware of to look at

specific factors associated with treatment candidacy and

clinician impressions of treatment candidacy among

elderly patients with chronic hepatitis C. Although treat-

ment guidelines do not specifically advise clinicians to

withhold treatment for older adults, it is perhaps not sur-

prising that older age was independently associated with a

lower likelihood of being considered a treatment candidate

and patient acceptance of treatment. Because chronic HCV

Table 2 Treatment candidacy, preference and initiation rates by elderly status

Non-elderly n = 3,661b Elderly n = 364b P-valuea

Treatment candidate per clinician 1,470 (42%) 85 (25%) <0.01

Treatment candidate per guidelines 934 (26%) 58 (16%) <0.01

Patient acceptance of treatmentc 1,097 (77%) 52 (63%) <0.01

Treatment initiation 719 (20%) 35 (10%) <0.01

a P-value for Chi-square test
b N in each strata may be slightly lower due to missing data
c Reflects percentage of patients who agreed to be treated out of total number of patients

who were deemed treatment candidate by the evaluating physician

Table 3 Unadjusted and adjusted relative odds of being considered a treatment candidate and treatment success associated with being elderly

status

Unadjusted OR (95% CI) Adjusted OR (95% CI)

Treatment candidacy (by clinician) 0.44 (0.34–0.57) 0.43 (0.30–0.61)a

Treatment success (SVR) 1.12 (0.48–2.62) 1.54 (0.46–5.16)b

a Adjusted for sex, race, education, income, HIV status, abnormal ALT, substance abuse, alcohol use

psychiatric co-morbidities, medical co-morbidities, cardiac disease, and non-compliance
b Adjusted for sex, race, HCV genotype, viral load, BMI, stage fibrosis

Table 4 Treatment outcomes

by elderly status

a P-value for Chi-square test

Non-elderly n = 719 Elderly n = 35 P-valuea

Experienced side effects 126 (18%) 9 (25%) 0.22

Early discontinuation 219 (31%) 11 (31%) 0.9

End of treatment viral response 206 (29%) 12 (34%) 0.47

Sustained viral response 131 (18%) 7 (20%) 0.79
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is believed to induce liver fibrosis at a slow rate, a life

expectancy of at least one or two decades should be a

prerequisite for treatment in order for the benefits to be

realized. However, since many patients in their 60s and 70s

who are in good health can reasonably expect to live

20 years or more, treatment for chronic HCV may still be

beneficial for certain patients. It is worth noting that even

after adjusting for medical co-morbidities (which should

help predict life-expectancy), age was still a predictor of

not being considered a treatment candidate in this study.

Our finding that older age was not associated with a

lower likelihood of treatment success is similar to what has

been observed in prior research. Prior small observational

studies conducted in Japan and the United States suggested

that treatment with interferon may be equally effective in

older compared to younger adults [12–14]. The largest

study to date from France observed that SVR was achieved

in 45% of the 170 patients 65 years of age or older who

were treated with pegylated interferon and ribavirin for

their chronic HCV [15]. Despite reports of more frequent

cytopenias [16] and early discontinuation [13] reported in

the literature, older patients in this study did not appear

more likely to suffer side effects or need to discontinue

treatment early due to side effects.

This study has important implication for clinical care. In

the U.S., the majority of individuals infected with HCV

will be entering their 60s within the next few decades [1].

Because patients with chronic hepatitis C are largely

asymptomatic, many patients may not become aware of

their condition until they interface with the medical system

as an older adult. Therefore, the evaluation of elderly

patients with HCV for treatment may become a more

common scenario in the future. This study demonstrates

that clinicians are less likely to treat older patients for

HCV. However, it is unclear whether this disparity reflects

clinicians’ accurate assessments of the life-expectancies of

their patients or if physicians may unconsciously have an

age bias. Furthermore, data on long-term outcomes asso-

ciated with treatment are needed for all patients, including

older patients. Clinicians who treat patients with HCV may

benefit from a clinical framework for evaluating the need

for HCV treatment in older adults, similar to what has been

developed for cancer screening in older adults [17].

The strengths of this study include the large overall

sample size, the inclusion of patients from multiple dif-

ferent medical centers throughout the United States, and its

prospective design for data collection. Although an

important finding of the paper, the relatively small per-

centage of elderly patients who ultimately received

treatment for HCV (and the use of non-pegylated inter-

ferons) resulted in low rates of treatment success, and thus

provided limited power for our treatment outcomes anal-

yses. An additional limitation is the fact that this study

enrolled patients who had already been referred to specialty

clinics for evaluation for treatment. Therefore, the char-

acteristics of older patients in our sample may not reflect

the more general population of elderly patients with HCV

who may have even higher rates of co-morbidities. How-

ever, since all patients came from this referral population,

comparisons between older and younger patients should

remain valid. Older patients who were treated may have

been more aggressively screened for other health issues,

which may have resulted in better treatment outcomes in

that group. Finally, because this study was conducted

among recipients of healthcare within the VA healthcare

system, results may lack generalizeability.

In summary, this study of users of the VA healthcare

found that only 10% of patients over the age of 60 years

who were referred for management of HCV were treated.

Older age was independently associated with not being

considered a treatment candidate, even after adjustment for

co-morbidities. Although only a small number of elderly

patients were treated, results suggest that side effects, early

discontinuation and, most importantly, treatment outcomes

are similar between elderly and non-elderly patients. Fur-

ther research is needed to determine how clinicians are

using age to factor into their decisions on treatment

candidacy.
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