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SUMMARY

This study analyses a screening programme for hepatitis C virus (HCV) infection among US

veterans in a suburban Veterans Affairs Medical Center, in New York. This is the first study

examining all 11 potential risk factors listed in the 2001 National U.S. Veterans Health

Administration Screening Guidelines. A retrospective study was conducted of 5400 veterans ‘at

risk’ of HCV, identified through a questionnaire in this institution’s primary-care outpatient

departments between 1 October 2001 and 31 December 2003. Multivariate logistic regression

models were built to identify independent predictors of infection. Of 2282 veterans tested for

HCV, 4.6% were confirmed by HCV PCR to be HCV infected. In the multivariate model

developed, injection drug use, blood transfusion before 1992, service during the Vietnam era,

tattoo, and a history of abnormal liver function tests were independent predictors of HCV

infection. Our data support considering a more targeted screening approach that includes five

of the 11 risk factors.

INTRODUCTION

Hepatitis C virus (HCV), a leading cause of chronic

liver disease in the United States, is a recognized

public health issue among US veterans. The preva-

lence of HCV viraemia in published studies among

veterans who use the Veterans Administration (VA)

hospital system ranges from 10.6% to 17.8% [1, 2].

In comparison, a 1.3% prevalence of HCV viraemia

among the general US population was reported in the

Third National Health and Nutrition Examination

Survey (NHANES III) [3]. In 1998, the U.S. Veterans

Health Administration (VHA) implemented National

Guidelines for HCV screening among high-risk vet-

erans [4]. The 2001 updated Guidelines recommend

screening for HCV in the presence of at least one of

11 identified potential risk factors [5].

Several prior studies have examined risk factors for

HCV infection among US veterans [1–2, 6–8]. The

most comprehensive of these were two cross-sectional

studies [1, 2]. The first was conducted at an urban VA

Medical Center in San Francisco [1]. Injection drug

use (IDU), tattooing, blood transfusion before 1992,

incarceration, combat medical work and more than

15 lifetime sexual partners of the opposite sex were

independently associated with HCV infection. The

second, conducted at six VA Medical Centers in the

New York Metropolitan area found that IDU, blood
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exposure in combat, alcohol abuse, and service during

the Vietnam era were independent risk factors for

infection [2].

Gaps in these studies were: (1) the inclusion of only

selected outpatient departments ; (2) the inclusion on

a screening questionnaire of only 8 of 11 risk factors

published in the updated VHA Screening Guidelines ;

and, (3) the use of a non-prospectively applied

screening questionnaire, which can lead to recall bias

because prior knowledge of HCV status may influence

individuals’ recall or reporting of high-risk behaviors

such as IDU [1].

In the general population, parenteral exposures

(e.g. IDU and blood transfusion prior to 1992) are

well recognized risk factors for infection. In contrast,

the importance of sexual contact with an HCV-

infected person or tattooing is less clear [9]. Several

other factors, such as service in the Vietnam era,

blood exposure in combat, and alcohol abuse are

unique and/or highly prevalent among veterans and

also warrant further investigation [2].

To analyse an existing hepatitis C screening

programme and help clarify the relative contri-

bution of various risk factors for HCV infection, we

carried out a 2-year retrospective study among

5400 veterans with risk factors for HCV on a pro-

spectively applied screening questionnaire. This is the

first study to include all primary-care outpatient

departments of a suburban VA Medical Center and

to examine all 11 identified potential risk factors out-

lined in the 2001 updated National VHA Screening

Guidelines [5].

METHODS

Study population and setting

The study population included all 5400 veterans

with one or more risk factors for HCV infection on

a screening questionnaire administered between 1

October 2001 and 31 December 2003 in all primary-

care outpatient departments of the Northport

VA Medical Center (NVAMC). The NVAMC is a

suburban VA hospital located in Suffolk County,

Long Island that provides care to y200 000 veterans

throughout Long Island, NY. A self-administered

risk assessment questionnaire for HCV has been

used at this institution since 1999 to prospectively

identify HCV-infected veterans. Veterans with one or

more risk factors on the questionnaire are offered

serological testing for HCV whereas testing of

veterans without risk factors is not routinely per-

formed.

Screening questionnaire

All 11 identified potential risk factors for HCV listed

in the 2001 updated National VHA Screening

Guidelines [5] were assessed through this institution’s

screening questionnaire. Specifically, veterans were

evaluated for the following potential risk factors:

(1) ‘Vietnam era veteran’ ; (2) ‘ transfusion of blood

products prior to 1992’ ; (3) ‘IDU (past or present) ’ ;

(4) ‘blood exposure in or through skin or mucous

membranes (e.g. medical worker, combat needle

stick injury) ’ ; (5) ‘multiple sexual partners (past or

present) ’ ; (6) ‘haemodialysis ’ ; (7) ‘ tattoo or repeated

body piercing’ ; (8) ‘ intranasal cocaine use (past or

present) ’ ; (9) ‘unexplained liver disease’ ; (10) ‘having

been told that he/she has abnormal liver function tests

(LFTs)’ ; and (11) ‘ intemperate alcohol use (more

than seven alcoholic beverages per week) ’.

Laboratory testing and definition of HCV infection

Anti-HCV serology was performed at this institution

using the second-generation ELISA for antibody

(EIA 2.0). HCV EIA(+) samples were confirmed

at the Bronx VA Medical Center by qualitative

reverse–transcriptase HCV polymerase chain reaction

(RT–PCR) testing (COBAS AMPLICORTM HCV

test, version 2.0; Roche Diagnostics, Indianapolis,

IN, USA). We defined hepatitis C infection as having

a positive PCR test result. For HCV EIA(+), PCR(–)

samples, we ensured that these individuals had not

previously received therapy for HCV by reviewing

their medical charts. Recombinant immunoblot

assay testing (RIBA) was not performed on these

individuals, which were categorized as HCV non-

infected for purposes of analysis.

Data collection

The 5400 veterans with risk factors for HCV infection

were identified through administrative data using

all primary-care outpatient department stop codes.

Risk factors, HCV testing data, and demographic

information (date of birth, ethnicity, gender, marital

status, employment status and Medicaid eligibility)

were collected through this institution’s electronic

and paper medical record system. Age was calculated

by subtracting the veteran’s date of birth from the
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questionnaire date. The study protocol was approved

by the NVAMC Institutional Review Board and

Research and Development Committee.

Statistical methods

Data are reported as frequencies and percentages

unless otherwise noted. Associations between two

categorical variables were studied using the x2 test and

Fisher’s exact test, when applicable. Odds ratios

(ORs) and their 95% confidence intervals (CIs) were

reported.

Data-driven analysis was used to categorize age

into low prevalence (<40 or o55 years) and

high prevalence (40–54 years) groups. Due to the

possibility that the 8.2% missing values for eth-

nicity (among tested individuals) might occur non-

randomly, these missing values were classified

as an ‘unknown’ category and included in the

analysis. American Indian or Alaska Natives, Asians,

Hispanics, Native Hawaiian or Pacific Islanders

constituted only 3.7% of the tested population.

Therefore, they were combined into the ‘unknown’

category.

To study the association between risk factors

and the binary outcome variable of HCV infection

(infected vs. not infected), multiple logistic regression

models were built to determine the independent

contribution of individual risk factors, adjusting

for others. Demographic variables (age, ethnicity,

Medicaid eligibility, employment and marital status)

were adjusted for in all models. Gender was not

included in the model because of the low percent-

age, 3.9%, of female veterans. Haemodialysis was

excluded from the multivariate analysis because only

0.7% of tested veterans reported this risk factor.

Interactive effects between two risk factors and

between a demographic variable and a risk factor

variable were explored by cross-tabulation. Potential

interactions with P<0.1, based on the Breslow–Day

statistic, were considered for entry into logistic

regression models. Multivariate modeling was devel-

oped through a combination of forward and back-

ward selection, using Wald and likelihood ratio test

results. Based on the final model and the interactive

effects observed, adjusted ORs and 95% CIs were

derived for meaningful comparisons between sub-

groups of veterans. Sensitivity analyses (e.g. different

age and ethnicity breakdowns, etc.) were performed

to check on the stability of the final model. A two-

tailed P<0.05 was considered statistically significant.

Statistical analyses were conducted using SPSS 11.0

(SPSS Inc., Chicago, IL, USA) and SAS 8.2 (SAS

Institute, Cary, NC, USA).

RESULTS

Sequence of HCV testing and HCV test results

Of 5400 veterans with one or more potential risk

factors for HCV, 42.3% were tested for HCV (Fig. 1).

Nineteen individuals with positive EIA results in

whom confirmatory PCR testing was not performed

were excluded from analyses of infected vs. non-

infected veterans. The rate of HCV infection was 103

out of 2263, i.e. 4.6%.

5400 veterans with one
or more risk factors for
HCV infection

2275 tested by EIA

153
EIA(+)

19 not 
tested
by PCR

134 tested
by PCR

34 PCR(–)
2160 HCV
Non-infected

3137 unknown
HCV status

103 HCV
Infected 100 PCR(+)

2122
EIA(–)

4 PCR(–)

3 PCR(+)

3118 not
tested (609
declined)

7 tested
by PCR
only

Fig. 1. Flow diagram outlining the testing sequence, test

results and infection status of veterans ‘at risk’ of hepatitis
C virus (HCV) infection. EIA, Enzyme immunoassay; PCR,
polymerase chain reaction. HCV infection was defined as

having a positive PCR. Of seven individuals tested only by
PCR (without prior EIA), four individuals had hepatitis C
by history of whom three had confirmatory positive PCR
results. No reason for initial testing by PCR was established

for the other three individuals, all of whom had negative
PCR results. Nineteen individuals with positive EIA test
results lacked a confirmatory PCR at the time of data

analysis. Of these, 14 individuals were lost to follow-up,
three individuals underwent PCR testing subsequent to data
analysis and were found to be PCR-positive, and two in-

dividuals lacked confirmatory PCR testing for unknown
reasons.
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Demographic characteristics of infected and

non-infected veterans

Table 1 compares infected and non-infected veterans

by demographic characteristics. While only 2.2% of

veterans<40 oro55 years of age were HCV infected,

9.8% of those aged 40–54 years were infected

(P<0.001). Black veterans were more likely than

white veterans to be infected (9.4% vs. 4.2%;

P=0.001). Other demographic variables significantly

associated with infection in univariate analysis were:

Medicaid eligibility ; single or divorced marital status;

and, unemployed or part-time status.

Potential risk factors

Service during the Vietnam era was reported most

commonly, by 50.1% of tested veterans, while only

4.5% reported past or present IDU (Fig. 2). Fifty-

eight per cent of tested veterans had more than one

potential risk factor for HCV infection. The mean

number of reported risk factors per veteran was 3.54

(S.D.=1.8, range 1–8) in the infected group and 2.02

(S.D.=1.2, range 1–8) in the non-infected group

(P<0.001, based on a non-parametric t test) (data not

shown).

Risk factors for HCV infection in univariate analysis

Table 2 compares infected and non-infected veterans

on the presence of potential risk factors. The most

important risk factor for HCV infection was IDU

(crude OR 24.67, 95% CI 15.23–39.96). Other risk

factors significantly associated with HCV infection

were: unexplained liver disease; a history of abnormal

LFTs; intranasal cocaine use; tattoo or repeated body

piercing; and, intemperate alcohol use. Service during

the Vietnam era, blood transfusion prior to 1992,

blood exposure in or through mucous membranes,

haemodialysis, and multiple sexual contacts were not

significantly associated with HCV infection in uni-

variate analysis.

Predictors of HCV infection by multivariate analysis

In the multivariate model developed, IDU, service

during the Vietnam era, blood transfusion prior to

1992, tattoo or repeated body piercing (OR 2.12, 95%

CI 1.28–3.49), and a history of abnormal LFTs (OR

5.36, 95% CI 3.10–9.27) were independent predictors

of HCV infection (Table 3). Two statistically signifi-

cant interactive effects were identified: an interaction

between service during the Vietnam era and IDU

(P=0.003) and, an interaction between blood trans-

fusion prior to 1992 and IDU (P=0.005). Because of

these interactive effects, reporting single ORs for

IDU, service during the Vietnam era or blood trans-

fusion prior to 1992 was not meaningful. Therefore,

estimated ORs were derived in Table 4 for subgroups

of IDU vs. non-IDU veterans; in Figure 3 for sub-

groups of Vietnam era vs. non-Vietnam era veterans;

and, in Figure 4 for subgroups of veterans with a

history of blood transfusion prior to 1992 vs. veterans

without a history of blood transfusion prior to 1992.

The estimated OR for IDU vs. non-IDU individuals

was highest for non-Vietnam era veterans who did not

receive a blood transfusion prior to 1992 (OR 78.79,

95% CI 28.42–218.50; comparison 1, Table 4), fol-

lowed by Vietnam era veterans who were not trans-

fused prior to 1992 (OR 12.61, 95% CI 6.04–26.36;

comparison 2), and non-Vietnam era veterans who

were transfused prior to 1992 (OR 3.00, 95% CI

0.28–32.45; comparison 3). However, the same effect

Table 1. Demographic characteristics of infected and

non-infected veterans

Infected Non-infected

Characteristic (n=103) (n=2160) P*

Age (years)
40–54 69 (67.0) 635 (29.4) <0.001
<40 or o55 34 (33.0) 1525 (70.6) —

Race/ethnicity

White 73 (70.9) 1685 (78.0) —
Black 22 (21.4) 211 (9.7) 0.001
Unknown 8 (7.8) 264 (12.2) 0.345

Gender

Male 99 (96.1) 2075 (96.1) —
Female 4 (3.9) 85 (3.9) 1.000

Marital status
Married or widowed 33 (32.0) 1186 (55.0) —

Single–never married 23 (22.3) 369 (17.1) 0.004
Divorced or separated 47 (45.6) 600 (27.8) <0.001

Employment
Full time 26 (25.2) 656 (30.4) —

Unemployed or part
time

61 (59.2) 822 (38.1) 0.009

Retired 16 (15.5) 679 (31.5) 0.107

Medicaid
Non-eligible 95 (94.1) 2054 (98.9) —

Eligible 6 (5.9) 23 (1.1) 0.002

Data are no. (%). Denominators may change because of
missing data, and percentages may not add up to 100%
because of rounding.

* Statistical analyses were performed using x2 tests and
Fisher’s exact tests, when applicable.
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was not seen for Vietnam era veterans who were

transfused prior to 1992 (OR 0.48, 95% CI 0.05–4.30;

comparison 4). Figure 3 compares the effect of ser-

vice during the Vietnam era as a risk factor for

HCV infection, between non-IDU and IDU veterans.

Service during the Vietnam era was a risk factor for

infection for non-IDU veterans (OR 1.91, 95% CI

1.04–3.50), but not for IDU veterans (OR 0.31, 95%

CI 0.11–0.88). Similarly, Figure 4 compares the effect

of blood transfusion prior to 1992 as a risk factor for

infection, between non-IDU and IDU veterans.

Blood transfusion prior to 1992 was a risk factor for

infection for non-IDU veterans (OR 3.15, 95% CI

1.67–5.93), but not for IDU veterans (OR 0.12, 95%

CI 0.01–1.06).

Application of the multivariate model to the

screening strategy

Results of the multivariate model were used to

examine whether a more selective screening strategy

might be warranted. By screening only for IDU,

40.8% of infected individuals would have been

identified, and 97% fewer individuals would have

required testing. By screening only for the five risk

factors that were significant in the multivariate model,

97% of infected individuals would have been

identified, and 21.5% fewer individuals would have

required testing (data not shown).

DISCUSSION

The 4.6% rate of HCV infection among veterans ‘at

risk’ of HCV at this institution is lower than the

10.6–17.8% prevalence of HCV infection reported

in prior published studies among US veterans [1, 2].

The actual prevalence of infection among veterans at

this institution may in fact approach the prevalence

of HCV infection in the general US population,

assuming a low rate of infection among the large

proportion of veterans without reported risk factors.

Veterans who receive their care through the out-

patient departments of this suburban VA may differ

from veterans seen primarily in urban VA Medical

Centers in terms of their demographic characteristics

and/or their general health status.

In the context of this relatively low HCV preva-

lence, the current strategy of screening for all 11 risk

factors listed in the National VHA Screening

Guidelines may not be necessary or cost-effective,

especially since only five of 11 risk factors were inde-

pendent predictors of HCV infection. Moreover,

screening for these five risk factors only would have

allowed this institution to identify 97% of infected

individuals while testing 21.5% fewer individuals.

In its 2004 published recommendations, the U.S.

Preventive Services Task Force concluded that there

is insufficient evidence to show that the benefits of

testing high-risk individuals for HCV outweigh the

potential costs [10]. However, because it would take

decades to find conclusive evidence that HCV-related

chronic disease rates decrease with early identification

[11], a screening programme targeted to those most

likely to be HCV infected would seem justified.

As prior studies among veterans have found [1–2,

6], IDU was the most important risk factor for HCV

infection. We found an interactive effect between IDU

and service during the Vietnam era and between IDU

Vietnam era veteran

Multiple sexual contacts

Tattoo/body piercing

Intemperate alcohol use

Blood transfusion prior to 1992

Intranasal cocaine use

Blood exposure (mucous membranes)

Abnormal liver function tests

IDU (past or present)

Unexplained liver disease

Haemodialysis

0

0·7

3·2

4·5

9·1

12·4

15·0

17·3

30·6

31·6

33·9

50·1

10 20 30

% Veterans reporting potential risk factor

40 50 60

Fig. 2. Percentages of tested veterans (n=2263) reporting each of the 11 potential risk factors for HCV. Percentages do not
add up to 100% because veterans may have multiple risk factors. The denominator for the per cent calculations excludes 106
individuals because of missing questionnaire data. IDU, injection drug use.
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and blood transfusion prior to 1992. Service during

the Vietnam era and blood transfusion prior to 1992

were found to be risk factors for HCV infection only

among veterans who reported no IDU, past or pres-

ent. Conversely, IDU was strongly associated with

infection in non-Vietnam era veterans who did not

receive a blood transfusion prior 1992.

Blood transfusion prior to 1992, before universal

screening of blood products for HCV, is a well

known risk factor for HCV infection in the general

Table 2. Risk factors for hepatitis C infection among infected and non-infected veterans, by univariate analysis

Infected Non-infected
Risk factor present (n=103) (n=2160) OR# 95% CI

Service during Vietnam era 58 (59.2) 1022 (49.6) 1.47 (0.97–2.22)

Blood transfusion prior to 1992 18 (18.4) 356 (17.3) 1.08 (0.64–1.82)
Injection drug use 40 (40.8) 56 (2.7) 24.67 (15.2–39.96)***
Blood exposure 14 (14.3) 253 (12.3) 1.19 (0.67–2.13)

Multiple sexual partners 35 (35.7) 697 (33.9) 1.09 (0.71–1.65)
Haemodialysis 0 (0.0) 16 (0.8) 0.63 (0.04–10.56)
Tattoo/body piercing 47 (48.0) 634 (30.8) 2.07 (1.38–3.11)***
Intranasal cocaine use 44 (44.9) 280 (13.6) 5.18 (3.41–7.86)***

Unexplained liver disease 16 (16.3) 53 (2.6) 7.39 (4.05–13.47)***
Abnormal liver function tests 35 (35.7) 161 (7.8) 6.55 (4.20–10.20)***
Alcohol abuse 40 (40.8) 621 (30.2) 1.60 (1.06–2.42)*

Data are no. of veterans with potential risk factors. Numbers do not add up to totals of infected and non-infected individuals

because veterans can have multiple risk factors. Missing questionnaires were excluded from the denominator for per cent
calculations.
OR, Odds ratio ; CI, confidence interval.

# Crude OR, calculated by x2 tests and Fisher’s exact tests, when applicable.
* P<0.05, *** P<0.001.

Table 3. Predictors of hepatitis C infection, by multiple logistic regression analysis

Variables Coefficient S.E. OR 95% CI P

Age 40–54 years 0.92 0.27 2.51 (1.47–4.28) 0.001
Black race 0.70 0.33 2.01 (1.05–3.86) 0.036
Other/unknown race x0.36 0.49 0.70 (0.27–1.83) 0.467
Divorced/separated 0.47 0.29 1.61 (0.92–2.81) 0.098

Single–never married 0.47 0.35 1.60 (0.81–3.16) 0.176
Medicaid eligible 1.09 0.64 2.96 (0.85–10.33) 0.089
Unemployed/part time 0.42 0.30 1.52 (0.84–2.76) 0.167

Retired 0.14 0.40 1.14 (0.53–2.49) 0.734
Tattoo/body piercing 0.75 0.26 2.12 (1.28–3.49) <0.001
Abnormal LFTs 1.68 0.28 5.36 (3.10–9.27) <0.001

IDU# 4.37 0.52 — — —
Vietnam era# 0.65 0.31 — — —
Blood transfusion prior

to 1992#

1.15 0.32 — — —

IDUrVietnam era x1.83 0.63 — — 0.003
IDUrtransfusion x3.27 1.16 — — 0.005

S.E., Standard error ; OR, odds ratio ; CI, confidence interval ; LFT, liver function test ; IDU, injection drug use ;
IDUrVietnam era, interactive effect between IDU and service during the Vietnam era ; IDUrtransfusion, interactive effect

between IDU and blood transfusion prior to 1992. Referent group was <40 or o55 years for age, white for ethnicity,
married for marital status, and full-time employed for employment status.
# Due to the interactive effects, estimated ORs were derived in Table 4, Figure 3 and Figure 4 for various subgroups of

veterans.
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population [12]. Also, several studies found that

service during the Vietnam era was an independent

predictor of infection [2, 7], and undisclosed IDU was

proposed as a possible explanation for this associ-

ation [2]. Other candidate explanations related to

military service include blood exposure in combat

[2] or exposure to HCV through jet injectors (i.e.

multi-dose vaccination instruments) [13].

We hypothesize that the timing of IDU among

Vietnam era veterans in relation to the HCV epidemic

may explain why service during the Vietnam era was

not found to be a risk factor for HCV infection in

IDU veterans. According to estimates by the Centers

for Disease Control and Prevention (CDC) in the

United States, the incidence of HCV infection was

low before 1965, increased steadily from the late 1960s

to the 1980s and peaked in the mid-late 1980s [14].

It is possible that IDU among Vietnam era veterans

occurred primarily in the late 1960s-early 1970s pre-

ceding the peak of the HCV epidemic among injecting

drug users in the United States. These individuals may

have injected drugs at a time when the incidence/

prevalence of HCV was low, and, therefore, may not

have become HCV infected. On the other hand, non-

Vietnam era veterans with IDU could represent a

distinct sociological niche of injecting drug users ;

these individuals may have injected drugs closer

to the peak of the HCV epidemic, thus acquiring

HCV infection. The literature seems to support this

hypothesis. While heroin use was common during the

Vietnam War, only a minority of Vietnam era vet-

erans used injected heroin upon their return to the

United States [15]. Also, rapid recovery from heroin

addiction by the great majority of Vietnam era vet-

erans was reported [16]. Similarly confounding, due to

the timing of blood transfusion in relation to the HCV

4·0

3·5

3·0

2·5

2·0

1·5

O
R

 (
95

%
 C

I)

1·0

0·5

0
Non-IDU

1·91
(1·04–3·50)∗

0·31
(0·11–0·88)∗

IDU

Fig. 3. Differential effect of service during the Vietnam era
as a risk factor for HCV infection, for non-injection drug

use (non-IDU) and IDU veterans. Point estimates for
adjusted odds ratios (ORs) (solid squares) and 95% confi-
dence intervals (CIs) (vertical bars) are shown. The multi-

variate model adjusted for all demographic variables,
tattoo, a history of abnormal liver function tests, IDU, ser-
vice during the Vietnam era and blood transfusion prior to
1992 (* P<0.05).

3·15
(1·67–5·93)∗∗∗

Non-IDU IDU

0·12
(0·01–1·06)

7

6

5

4
O

R
 (

95
%

 C
I)

3

2

1

0

Fig. 4. Differential effect of blood transfusion prior to 1992
as a risk factor for HCV infection, for non-injection drug

use (non-IDU) and IDU veterans. Point estimates for
adjusted odds ratios (ORs) (solid squares) and 95% confi-
dence intervals (CIs) (vertical bars) are shown. The multi-

variate model adjusted for all demographic variables,
tattoo, a history of abnormal liver function tests, IDU,
service during the Vietnam era and blood transfusion prior

to 1992 (*** P<0.001).

Table 4. Effect of IDU as a risk factor for HCV infection, for subgroups of veterans stratified by era of service and

history of blood transfusion prior to 1992

Comparisons (IDU vs. no IDU) Adjusted OR (95% CI)

1 IDU Non-VE No TF vs. No IDU Non-VE No TF 78.79 (28.42–218.50)***

2 IDU VE No TF vs. No IDU VE No TF 12.61 (6.04–26.36)***
3 IDU Non-VE TF vs. No IDU Non-VE TF 3.00 (0.28–32.45)
4 IDU VE TF vs. No IDU VE TF 0.48 ( 0.05–4.30)

OR, Odds ratio ; CI, confidence interval ; IDU, injection drug use ; VE, Vietnam era ; TF, blood transfusion prior to 1992. The

multivariate model adjusted for all demographic variables, tattoo, a history of abnormal liver function tests, IDU, service
during the Vietnam era and blood transfusion prior to 1992.
***P<0.001.
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epidemic, could explain why blood transfusion prior

to 1992 was found to be a risk factor for HCV infec-

tion only for non-IDU veterans. Unfortunately, we

cannot provide additional data to support or refute

this hypothesis, because the timing of exposures to

various risk factors was not collected in the ques-

tionnaire.

This study has limitations. The use of a prospec-

tively applied screening questionnaire minimized but

did not completely eliminate recall bias. However,

supporting the validity of our results, the final multi-

variate model did not change qualitatively when we

excluded individuals who were known to be positive

prior to the risk assessment (data not shown). Second,

because RIBA testing on EIA(+), HCV PCR(–)

samples is not routinely performed at this institution,

we were unable to distinguish false-positive samples

from samples indicative of resolved infection. For the

purposes of analysis, these individuals were indis-

criminately categorized as non-infected. A separate

analysis was conducted using antibody status as the

outcome indicator, and no qualitative changes were

found in the results (data not shown).

Selection bias is a potential limitation since over

half of veteran ‘at risk’ of HCV infection at this

institution were not tested. If non-tested veterans dif-

fered significantly from tested veterans in terms of

demography and/or risk factors, our estimation of the

rate of HCV infection among veterans screened at this

institution and the validity of our final multivariate

model could be affected in an unknown direction. The

reasons for not being tested may include both patient-

related factors (e.g. the veteran declined testing) and/

or provider-related reasons (e.g. the provider did not

follow through with the guidelines because a given

risk factor was assumed to be ‘ low risk’). Analyses of

the tested vs. non-tested groups are in progress. If

significant differences are found, certain subgroups

of patients (and/or their providers) may need to be

targeted for more intensive counselling regarding

HCV testing. Although the results of this study may

not be generalizable to veterans as a whole, they may

be of interest to other institutions implementing

similar screening programmes for HCV.

In summary, screening for HCV risk factors may

provide an effective strategy for identification of

infected patients in low-prevalence settings. Five of

11 potential risk factors identified in the National

VHA Screening Guidelines may be independent pre-

dictors of HCV infection, and IDU is by far the most

important risk factor. A cost-effectiveness analysis

could help decide whether a more targeted screening

approach should broadly be recommended.

ACKNOWLEDGEMENTS

We thank Dr Asrat Tesfa for editing and rec-

ommending changes to the study protocol and for

providing guidance with IRB submission. We also

thank Michael Schulman, Gina Maurer and the

medical records team at the Northport VA Medical

Center for their participation in data retrieval.

DECLARATION OF INTEREST

None.

REFERENCES

1. Briggs ME, Baker C, Hall R, et al. Prevalence and risk
factors for HCV virus infection at an urban veterans

administration medical center. Hepatology 2001; 34 :
1200–1205.
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