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Abstract

This case control investigation of hepatitis C risk factors
in Hawaii showed that IV drug use, blood transfusion,
lattoos, incarceration, acupuncture, prior dental or oral
surgery, and HIV infection were associated with HCV
Future public health efforts in Hawail should focus
on developing effective and appropriate community
interventions targeting those with well-established
risk factors for HCV,

Introduction

Hepatitis C is the most common chronic blood-borne
infection in the United States (U.S.).! Approximately
tour million (1.8%) Americans are currently infected
with hepatitis C virus (HCV) and an estimated 35,000
new infections occur each year.> More than half of
HCYV infections progress to chronic hepatitis; chronic
hepatitis is the tenth leading cause of death for adults
in the U.S** Between 10,000 and 12,000 people in
the U.S. die each year from HCV related chronic liver
disease.” Reported rates of infection in other parts of
the world vary from 0.3% to 14.5%.°

Direct exposure to blood is the most efficient
method of transmitting HCV. Priorto July 1992, when
widespread HCV blood screening was introduced,
transfusion of blood and blood products was a major
route of exposure for HCV infection in the United
States.” Since 1992, injection drug-use is believed
to account for most new HCV infections. There is
currently no recognized source of infection for about
10% of reported HCV cases.

Mandatory reporting of acute and chronic hepatitis
C infections was initiated in Hawaii in October 1997
HCV infections are reported to the Hawaii Depart-
ment of Health (HDOH) from clinical laboratories
and health care providers.

The composition of Hawaii’s population of 1.2
milhon differs from that of the U.S. mainland in that
there is no ethnic or racial majority. Approximately
one guarter of Hawaii's residents describe themselves
as white (24%) or black (2%) The remainder self-
identify as Asian, Pacific Islander. or mixed race.’ In
addition, the 2000 Census indicates that Hawaii holds
the fourth highest proportion of foreign-bornresidents
(18%) in the country.” Because of these population

characteristics, the State of Hawaii Department of
Health (HDOH) conducted an ivestigation to assess
whether locally distinctive factors, such as the high
prevalence of traditional tattooing or immigration from
areas with elevated rates of HCV, might be important
in understanding risk factors for HCV infection in
Hawaii. Here we present our findings comparing
HCV cases to controls, in terms of demographic
characteristics. exposures and behaviors.

Methods

Case Definition

Eligible cases were residents of Hawaii, 18 years of
age or older, with a working telephone number re-
corded on a laboratory report or clinical record who
had either: 1) two or more positive enyzme linked
tmmuno-absorbent assays (ELISA)and a confirmatory
recombinant immunoblot assay (RIBA) or 2) >500
HCYV genome pairs/ml in the polymerase chain reac-
tion (PCR) assay reported to HDOH between January
I, 1998 and November 5, 1999.

Patients reported to HDOH who met these criteria
were telephoned and briefly interviewed to confirm
their age, address. and knowledge of their HCV sta-
tus. Prospective participants were informed about
the study and asked for their consent to receive the
study questionnaire by mail: 529 sequential telephone
contacts were made to enroll the target number of
500 HCV cases.

Control Selection

Controls were selected from telephone numbers ob-
tained with the InfoTYME CD telephone directory
produced by Polk Directories, Livonia, ML, The
first five numbers of a telephone number in Hawaii
define a geographic “trunk”. Using the trunk derived
from the telephone number of each HCV case, a list
of 50 telephone numbers and their accompanying
addresses was generated with Epi Info v. 6.04c, then
five telephone numbers were randomly selected from
the list. Because some numbers on these lists were
vacant or belonged to businesses. typically three to
four residential controls were obtained in this fashion
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for each case. In total. questionnaires were mailed to
the residences of 1749 potential controls. Because
telephone numbers with the same trunk are geographi-
cally proximal, this methodology served to match
cases and controls in terms of residential location,
and indirectly, socio-economic status.

Self-Administered Questionnaire/Confidentiality/
Response Rate

All prospective study participants were sent a letter
explaining the study and participant rights, a mail-in
questionnaire, and a self-addressed stamped envelope.
The study packet for controls also included an incen-
tive coupon redeemable for $10 of skin-care products.
Voluntary completion and return of the questionnaire
was interpreted as participation with informed consent.
Questionnaires were returned by 222 (449 ) of the 500
casesand 712 (41%) of the 1749 potential study controls
selected for the study. Thirteen (1.8%) of the potential
controls that reported a history of a positive HCV test
were excluded from the study. leaving 699 controls.
In order to blind investigators to the geographic origin
of the anonymous questionnairres, mailing envelopes
were immediately destroyed upon receipt at HDOH.

Statistical Analyses

Epi Info 6.04c and SPSS were used for descriptive
statistics and multivariate analyses. respectively.
All variables were dichotomized, except for age,
race., education, place of birth, county of residence,
and number of lifetime sexual partners, which were
categorized based upon data distribution. Univariate
analyses were used to compare HCV cases and con-
trols for demographic, behavioral and occupational,
drug use. and sexual behavior variables. Odds ratios
(OR). 95% confidence intervals (95% CI). and p-
values (p) were calculated to measure the strength of
association between cases and controls in terms of
each risk factor.

In order to control for confounding and to determine
which exposures were important in predicting HCV
infection, multivariate models were created contain-
ing exposures shown to have a statistically significant
association (p < 0.05) in the univariate analyses. The
“inclusive” iteration of the model included all factors
significantly associated with HCV infection in the
univariate analyses with four exceptions: sex with
an IV drug user. sex with a HCV-infected partner,
the number of lifetime sexual partners. and having
had surgery before 1992, each of which had missing
values for 30% (276) or more of the respondents. In
aggregate. the “inclusive” multivariate model simul-
taneously examined 23 variables using 721 (78%) of
the 921 records in the analysis.

A “restricted” multivariate model was created to
examine whether there were additional behavioral
risk factors associated with HCV infection that were

being eliminated due to the exclusion of 200 records
with missing values from the “inclusive™ analysis.
In the “‘restricted” multivariate model. all drug use
behaviors were represented in the model by IV drug
use. Furthermore, birthplace. age. race, and educa-
tion were excluded because these are non-modifiable
socio-demographic characteristics.  Ultimately, the
final “restricted” model simultaneously examined 12
variables using 781 (85%) of the 921 records in the
analysis.

In both the “inclusive™ and “restricted” models,
variables with p-values < (.05 were considered to be
significantly associated with HCV infection.

Results

Demographics (Table 1)

A higher proportion of persons with HCV infection
reported being male (58.3%) than female, but gender
was not significantly associated with HCV (OR=1.1,
95% C1=0.8-1.5).

Race was significantly associated with hepatitis
C infection. Cases were more likely than controls
to be white (OR=7.3, 95% CI=4.2-12.5) or African
American / Hispanic (OR=13.4, 95% Cl = 6.1-29.6)
than Japanese or another Asian race.

Age was also significantly associated with HCV
infection. Cases were more likely than controls to
be between 41 and 50 years of age (OR=2.2, 95%Cl
= 1.4-3.5) and less likely to be over 60 years of age
(OR=0.2,95% CI =0.1-0.4).

Place of birth was significantly associated with
HCV infection. Cases were less likely than controls
to be born in Hawaii or Asia than on the US mainland
(OR=2.6. 95% CI = 1.4-4.7) or somewhere bhesides
the US or Asia (OR=2.6,95% Cl = 1.1-5.9).

Finally, educational level was found to be signifi-
cantly associated with HCV infection. Persons who
had some college education, but who had not gradu-
ated, and those with a high school education or less
were over-represented among HCV cases (OR=2.7,
93% Cl=1.7-4.3 and OR=1.9, 95% Cl=1.2-2.9, re-
spectively).

Medical, Occupational and Other Percutaneous
Exposures (Table 2)

Univariate analyses revealed significant associations
between HCV and risk factors involving exposure (o
blood. Cases were more likely than controls to report
having had a blood transtusion (OR=3.4, 95% Cl =
2.3-5.0), hemophiliaorablood disorder (OR=5.0.95%
Cl=2.4-10.3), dental or oral surgery (OR=2.0.95% Cl
= 1.2-3.4), or a major surgery before 1992 (OR=2.4,
95% C1 = 1.3-4.5). Hepatitis C was also significantly
associated with a history of working in a healthcare
setting (OR=1.8, 95% CI = 1.2-2.6} and having had
acupuncture (OR=2.9.95% Cl = 2.0-4.1).
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Table 1.— Demographic risk factors. Univariate analysis. Yates corrected chi-square, Odds Ratios, 95% Cl and P-values

Gender =0.5 0473
Female 90 (4173 311 (44.7) reference
tale 126 (58.3) 384 (55.3) 1.1{0.8-15) 0426
Race % =806 0.000
White 13 (60.1) 2301{33.8) 73(4.2-12.5) 0.000
Japanese 17{9.0 252 (37.0) reference
Other Asian 39 (20.7) 178 (28.1) 321859 0.000
Alrican American/Hispanic 19(10.1) 21 (3.1 13.4{8.1-29.8) 0.000
Age (years) ¥ =938 0.000
<40 32(14.8) 100 (14.7) reference
41-50 107 (49.5) 1583 (22.4) 22(1.4-35) 0.001
51-60 56 (25.9) 142 {20.8) 1.2{0.7-2.0) 0417
>80 21{9.7) 287 (42.1) 0.2(0.1-0.4) 0.000
Place of Birth %7 =548 0.000
Hawaii 74 (33.8) 411(59.1 0.8(0.4-1.4) 0.428
Mainland 114 (52.1) 193 (27.7) 26(1.447) 0.002
Asia 15(6.8) 85 (9.3 reference
Other 16(7.3) 27(3.9) 26(1.1-59) 0.027
Education ¥¢ =298 0.000
High school or less 72 (375} 218 (32.1) 1.9(1.2-2.9) 0.006
Some College 70 (36.5) 147 (21.6} 27(1.7-4.3) 0.000
College Graduate 34 (17.7) 193 (28.4) reference
Graduate Degree 16 (8.3) 121{17.8) 0.8(0.4-1.4) 0.377

Drug Use Risk Factors (Table 3)

Univariate analyses showed that drug use was a significant risk
factor for HCV infection. Using IV drugs, heroin, cocaine, crack
cocaine, methamphetamines, amphetamines and simultaneous use
of cocaine and heroin (speedball), were reported more frequently
among persons with HCV infection than among controls (ORs >>1,
p=0.000). Use of steroids was not significantly associated with
HCV infection (OR=2.1.95% C1=0.8-5.8). Never having used any
of the drugs queried was found to be a protective factor (OR=0.1,
95% Cl = 0.06-0.14).

Sexual Behavior Risk Factors (Table 4)

Univariate analyses of sexual practices and sexually transmitted
infections are shown in table 4. Having had sex with someone
known to have HCV infection and having had sex with an IV drug
user were reported more frequently by cases (OR=25.0,93% Cl =
11.5-54.9 and OR=52.9, 95% CI = 28.0-101.2, respectively). A
history of gonorrhea, HIV, or syphilis was significantly associated
with HCV (OR=4.6,95% Cl=2.8-7.6; OR=9.7,95% Cl=1.7-70.8;
and OR=19.4, 95% CI =2.3-437.0, respectively), but a history of
chlamydia, genital herpes, and genital warts was not. The reported
number of lifetime sexual partners was significantly associated with
HCV infection. Cases were more likely than controls to report having
6 or more lifetime partners (6-15 partners: OR =6.4, 95% Cl=2.8-
14.5 and >15 partners: OR =20.9, 95% C1=9.0-48.4).

Other Exposures (Table 2)

Having received a tattoo by a professional, a tattoo done at home
by a friend, and body piercing were each significantly associated
with HCV infection (OR=4.4, 8.9, and 3.0, respectively, 95% Cl =
3.0-6.7.4.4-18.4, 1.3-6.9, respectively). Having been in prison was
also more frequently reported for cases than controls (incarceration
for less than 6 months: OR=10.6, 95% CI = 5.5-20.7: for 6 months
or longer: OR=37.7, 95% Cl = 10.8-157.9).

Multivariate Analysis (Table 5)

Among the 23 variables examined simultaneously in the “inclu-
sive” multivariate model, only a history of using intravenous drugs
(OR=5.3,95% Cl=1.4-19.3) and having had a blood transfusion in
the past (OR=5.6, 95% Cl = 2.5-12.6) were significantly associated
with HCV infection.

In the “restricted” multivariate model having had a blood transfu-
sion (OR=4.4,95% Cl1=2.6-7.4), ahistory of IV drug use (OR=32.1,
95% Cl = 15.9-65.0), prior dental or oral surgery (OR=2.3,95% (1
= 1.0-5.3), acupuncture (OR=1.7,95% Cl = 1.0-3.0), having a tattoo
(OR=2.0,95% Cl = 1.1-3.7), having spent time in prison (OR=4.8,
95% Cl=1.9-12.3),and having HIV(OR=12.7.95% Cl=1.5-111.8)
were each significantly associated with HCV infection.




Table 2— Medical, Occupational, Percutaneous and Other Exposures. Univariate analysis. Odds ratios. 95%

Cases (n=222)

Controls (n=699)

Cl and P-values

Varigbles Number (%) Number (%) OR (95% Cl} P-value

Blood Transfusion
Yes £9(35.9) 95 (14.2) 34{2350) 0.000
No 123 (64.1) 572 (85.8)

Hemophilia or Blood Disorder
Yes 22 (10.3) 15{2.3) 5.0124-10.3) 0.000
No 192 (89.7) 849 (97.7)

Dental or Oral Surgery
Yes 187 (90.8) 574 (83.3) 20{12:34 0.012
No 19(9.2) 115(16.7)

Surgery before 1992
Yes 113(87.8) 257 (74.5) 241(1345) 0.003
No 16 {12.4) 88 (25.5)

Acupuncture
Yes 85 (38.8} 121(18.0) 29(2.0-4.1) 0.000
No 134 (61.2) 553 (82.0}

Tattoo by a Pro
Yes 67 {30.2) 62 (8.9 44 (3.0-6.7) 0.000
No 155 (69.8) 637 (91.1)

Tattoo at Home
Yes 32 (144 13(1.9) 8.9(4.4-18.4) 0.000
No 190 (85.6) 686 (98.1)

Body Piercing
Yes 13(68.0) 1429 3001369 0.007
No 205 {94.0 658 (97.9)

Healthcare Workplace
Yes 125 (18.6) 1.8(1.2-28) 0.001
No 548 (81.4;

Prison < § months
Yes 42 (18.9) 1521 10655207 0.000
No 180 (81.1) £84 (97.9)

Prison 6 months +
Yes 310140 304 7.7 110.8-157.9) 0.000
No 191 (86.0) 596 {99.6)
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Table 3.— Drug use risk factors. Univariate analysis. Odds ratios, 95% Cl. and P-values.

S Cases {n=222) Confrols (n=699) cor (R g
Variahles Number (%) Number (%) OR (95% Cl} P-value
IV drugs

Yes 107 (56.0} 17 (2.8) 48.0 (26.4-88.0} 0.000

No 84 (44.0) 840 (97 4}

Cocaine
Yes 135 (60.8) 94 (13.4) 10.0{6.9-14.4) 0.000
No 87 (33.2) 505 (86.5}

Speedball (Cocaine/Heroin)
Yes 53 (23.9) 6(9) 36.2 {14.5-96.1) 0.000
No 169 (76.1) 693 (89.1)

Heroin
Yes 110 (49.5) 1927 35.2(20.1-62.1) 0.000
No 112 (50.5) 680 (97.3)

Crack Cocaine
Yas 61(27.5) 16{2.3) 16.2 (8.8-30.2) 0.000
No 161 (72.5) 683 (97.7)

Methamphetamines
Yes 80 (36.0) 27 (3.9 14.0 (8.5-23.3} 0.000
No 142 (84.0) 672 (96.1)

Amphetamines
Yes 91 {41.0) 56 (8.0) 8.0(5.3-12.0) 0.000
No 131 (59.0) 543 (92.0)

Steroids
VYes 8(3.6; 12017 2.1{0.8-5.8; 0.157
No 214 {96.4) 887 (98.3)

None of the Above
Yes 50 (22.5) 527 (754 0.1(0.08-0.14 0.000
No 172(77.5) 172{24.8)

Discussion

mainland sugg

estthatrace is notindependently associated with HCV

Overall, behaviors and exposures associated with HCV infection
in Hawaii’s multi-racial, multi-cultural environment are consistent
with those identified among the general U.S. population.™ Blood
transfusions prior to 1992 and a history of intravenous drug use
have been shown to be major risk factors for HCV in many studies
on the mainland and elsewhere. 29

In this study a majority (60%) of the HCV cases identified them-
selves as white, while a majority (63%) of the controls identified
themselves as Japanese or other Asian ancestry. Studies on the US

¥
when the analyses control for socioeconomic status and behaviors.
12 Therefore, it seems more likely that the over-representation of
whites among HCV cases reflects confounding by other exposures,
possibly a history of prior intravenous drug use or transfusions.
Persons in the center of the age spectrum were over-represented
among HCV cases. Persons aged 41-60 years at the time of this
study were young adults during the late 1960s and early 1970’s - a

time of increased drug use.” It is worth noting that a majority of
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Table 4 — Sexual behavior risk factors. Univariate analysis. Odds ratios, 95% Cl. Yates corrected chi-square and P-values.

' Cases (n=222} Controls (n=699) o A . sl
Variables Number (%) Number (%) OR (95% Cl) or Chi-Square P-value
Had sex with someone with
hepatitis C
Yes 27 148.2) 170386 25.0 {11.5-54.9) 0.000
No 29 (51.8) 457 (96.4)

Had sex with an IV drug user
Yes 90 (64.3) 17 (3.3) 52.9(28.0-101.2) 0.000
No 50(35.7) 500 (96.7)

Gonorrhea
Yes 43{19.4) 35(5.0) 46(2878) 0.000
No 179 (80.6) 664 (95.0)

HIV
Yes 6(2.7) 2(0.3) 9.7 (1.7-70.8) 0.003
No 216 {97.3) 697 {99.7)

Syphilis
Yes 6(2.7) 1{0.1) 19.4 (2.3-437.0) 0.001
No 216 (97.3) 698 (99.9)

Chlamydia
Yes 4(1.8) 28 (4.0 0.4(0.1-1.4) 0.176
No 218 (98.2) 671(96.0)

Genital Herpes
Yes 141(6.3) 33(4.7) 140727 0.447
No 208 {93.7) 666 {95.3)

Genital Warts
Yes 17(7.7) 42 (6.0 13(0.7-24) 0.382
No 205 (92.3) 657 (94.0}

Number of Lifetime Sexual X2=845 0.000

Partners
0-1 8(8.1) 151 (33.6) reference
25 18{18.2) 168 (37.3} 200948 0.109
6-15 321323 94 {20.9) 5428145 0.000
»15 41 {(41.4) 3718.2) 20.9(9.0-48.4) 0.000

HCV cases in this study reported a history of prior IV drug use, in a healthcare setting were all significantly associated with HCV.
suggesting that the age distribution observed among cases may  However, when confounding was controlled for in the “restricted”
be a result, at least in part, to historical drug use behaviors in this  multivariate model, major surgery before 1992 was no longer sta-
cohort. People aged 60 and over were over-represented among the  tistically associated, although blood transfusion, prior dental or oral
surgery, and a history of working in a healthcare setting remained
significant risk factors.

controls.
In univariate analyses, having a blood transfusion, major surgery
before 1992, prior dental or oral surgery, and a history of working
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Table 5.— Restricted Multivariate Model Analysis. Including Twelve
Potential Risk Factors for HCV Infection

Variables OR (95% C) P-value
IV drug use 32.1(15.9-65.0) 0.000
HIV Infection 12.7 (1.5-111.8) 0.022
Prior Prison Stay 43 (1.9-12.3) 0.001
Prior Blood Transfusion 4(2.6-74) 0.000
Dental or Oral Surgery 3(1.0-5.3) 0.041
Tattoo 0(1.1-3.7) 0.020
Acupuncture 7{1.0-3.0) 0.042
History of syphilis 2.8 (0.2-49.8) 0.485
Hemophilfa 25(0.87.2) 0.099
History of gonorrhea 1.6 (0.7-3.6) 0.266
Health care work 1.6{1.0-2.8) 0.072
Body piercings 1.5(0.4-5.8) 0.505

In univariate analyses, having a tattoo was associated with HCV
and the strength of this association appeared to double if the tattoo was
administered in a setting outside a professional tattoo establishment,
e.g. by a friend at home (OR=4.4 and 8.9, respectively). Tattoo-
ing was also significantly associated with HCV in the “restricted”
multivariate analyses. Tattooing originated in the Pacific islands
and the practice is a strong cultural tradition in Hawaii that dates
back to the early 1800’s. " Because of these deep cultural roots and
the ceremonial nature of the traditional tattooing process, tattoos in
Hawaii and other Pacific nations may be more likely to be done at
home by a friend. This practice is certainly not limited to the Pacific
islands, however, as a study in Canada also found that having a non-
professional tattoo was a risk factor for HCV." Tattooing could be
arisk for HCV transmission if the tattooing instruments were used
on more than one person and not sterilized between uses. Because
of their cultural popularity, the issue of tattooing (both professional
and non-professional) as a risk exposure for HCV warrants further
investigation.

Another practice common in Hawaii, acupuncture, was reported

by 39% of cases and 18% of controls. Acupuncture was statistically
associated with HCV in the univariate and “restricted” multivariate
analyses. However. as a medical treatment, acupuncture might have
been more common among cases because of HCV-related symp-
toms, and not because it is a risk factor for infection. Additional
HCV studies in Hawaii might further explore whether percutaneous
acupuncture practices pose any risk for HCV acquisition.
Perhaps reflective of high rates of drug use, more than a third of all
HCV cases in this study had spent time in prison, compared to less
than 3% of the controls. While likely a surrogate for other HCV-
associated exposures, prison time remained a significant predictor of
HCYV status in the “restricted” multivanate model and may warrant
further assessment.'®

With regard to sexually transmitted diseases. univariate analyses
revealed that the most prevalent infections on a population-based
level - chlamydia, gemtal herpes, and genital warts - were not
significantly associated with HCV: however. infection with HIV,
syphilis or gonorrhea were. It is possible that the latter infections

are markers for sexual or other risk factors, as none of them were
independently associated with HCV in the multivariate analyses.
Although based on justeightinfections among 921 respondents. HIV
was associated with HCV in the “restricted” multivariate analysis.
From our data it is not possible to discern whether this association
resulted because: 1) HIV infection is a risk factor for HCV, or vice
versa; 2) persons with HIV are simply more likely to be evaluated
for HCV than non-HIV infected persons, or vice versa; or 3) HCV
and HIV share common routes of transmission.

This study has several limitations. First, the overall response rate
for the seif-administered questionnaire was just over 40%. The
response rate was almost identical for cases and controls, however,
and not unexpectedly low given the sensitive nature of some of the
questions asked. Also, some groups were over-represented in the
control group. including those with college or graduate degrees
(46.2% vs. 369 for cases) and those aged 60 and over (42.1% vs.
9.7% for cases). For this reason, the associations found between 1)
HCV and educational level and 2) HCV and age may be mislead-
ing. Another limitation was the unacceptably low response rate to
specific questions, namely, having had sex with a HC V-infected
person or with an 1V drug user, number of lifetime sexual partners,
and surgery before 1992. We excluded these variables from consid-
eration in the multivariate analysis because all data from respondents
with a missing value in any of these four fields would necessarily
be excluded. A third limitation is the case-control methodology.
Case-control studies can introduce recall bias, as cases may be more
apt to remember certain exposures, such as transfusions, or omit
reporting others, especially those of a sensitive nature such as drug
use and sexual behavior. Finally, we excluded homeless people
and others without telephones because they could not be contacted
or sent a questionnaire; how this might have affected the results is
unknown.

Future public health efforts in Hawaii should focus on develop-
ing etfective and appropriate interventions targeting those with
established risk factors for HCV, specifically IV drug users and
persons who received blood products prior to 1992. Community
interventions should include educational prevention programs and
readily accessible HCV screening. Expanding substance abuse
treatment programs should help to decrease the number of people
who use IV drugs and are at risk of acquiring HCV. Educational
programs for persons already infected with HCV should focus on
safe sex and the need to use sterile needles for those who continue
to use 1V drugs. In addition, needle exchange programs should be
promoted among IV drug users."” Finally, current treatment options,
including vaccination against hepatitis A and B and cessation of
alcohol consumption, should be discussed with HCV cases so that
they have an opportunity to mitigate the progression from hepatitis
C to liver damage and maintain their quality of life. Additional
research may be needed to better assess the potential role, if any.
of tattooing and acupuncture in HCV transmission.
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