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Abstract

Background—The Western Pacific region has the highest level of endemic hepatitis B virus
(HBV) infection in the world, with the Chinese representing nearly one-third of infected persons
globally. HBV carriers are potentially infectious to others and have an increased risk of chronic
active hepatitis, cirrhosis, and hepatocellular carcinoma. Studies from the U.S. and Canada
demonstrate that immigrants, particularly from Asia, are disproportionately affected by liver
cancer.

Purpose—Given the different health care systems in Seattle and VVancouver, two geographically
proximate cities, we examined HBV testing levels and factors associated with testing among
Chinese residents of these cities.

Methods—We surveyed Chinese living in areas of Seattle and VVancouver with relatively high
proportions of Chinese residents. In-person interviews were conducted in Cantonese, Mandarin, or
English. Our bivariate analyses consisted of the chi-square test, with Fisher’s Exact test as
necessary. We then performed unconditional logistic regression, first examining only the city
effect as the sole explanatory variable of the model, then assessing the adjusted city effect in a
final main-effects model that was constructed through backward selection to select statistically
significant variables at alpha = 0.05.

Results—Survey cooperation rates for Seattle and Vancouver were 58% and 59%, respectively.
In Seattle, 48% reported HBV testing, whereas in Vancouver, 55% reported testing. HBV testing
in Seattle was lower than in Vancouver, with a crude odds ratio of 0.73 (95% CI = 0.56, 0.94).
However after adjusting for demographic, health care access, knowledge, and social support
variables, we found no significant differences in HBV testing between the two cities. In our
logistic regression model, the odds of HBV testing were greatest when the doctor recommended
the test, followed by when the employer asked for the test.

"For Correspondence: shinping@u.washington.edu.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tuetal. Page 2

Discussion—Findings from this study support the need for additional research to examine the
effectiveness of clinic-based and workplace interventions to promote HBV testing among
immigrants to North America.
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Introduction

Globally, the World Health Organization has estimated that at least 350 million people are
chronically infected with the hepatitis B virus (HBV). The Western Pacific region has the
highest level of endemic HBV infection, with the Chinese representing nearly one-third of
infected persons globally (Custer et al., 2004; World Health Organization, 2004). Although
North America has a low level of chronic HBV carriage, the prevalence among immigrant
populations differs from that of mainstream United States (U.S.) and Canadian populations.
Among Chinese Americans, HBV infection rates have been estimated at 6-17% (Tong et al.,
1984; London, 1990; Hann, 1998; Walker and Jaranson, 1999; Merican et al., 2000; Chao et
al., 2002; MMWR, 2006; Lin et al., 2007; Tsai et al., 2008). Data from Canada show that
70% of HBV-infected persons are immigrants from foreign countries (Sherman et al., 2004).

HBYV carriers are potentially infectious to others and have an increased risk of chronic active
hepatitis, cirrhosis, and hepatocellular carcinoma (HCC) (Tong and Hwang, 1994; Lok and
McMahon, 2007). Development of HCC is a major risk in patients with chronic HBV
infection, even in the absence of cirrhosis. Tumors are typically aggressive and the
prognosis is poor once clinical symptoms develop (Bruix and Sherman, 2005). Worldwide,
HCC distribution mirrors that of HBV infection, with one-third occurring in China and
another third in the rest of Asia (Schafer and Sorrell, 1999). Studies from the U.S. and
Canada demonstrate that immigrants, particularly from Asia, are disproportionately affected
by liver cancer (Chang et al., 2007; Chen et al., 2008).

Individuals with chronic HBV infection may benefit from an increasing armamentarium of
antiviral therapy and liver cancer surveillance. Administration of the hepatitis B vaccine and
precautions to prevent HBV transmission are key measures to curtail the public health
impact of HBV infection. Remarkably, the national vaccination program in Taiwan, begun
in 1986, is expected to lower the country’s HBV infection rate from over 10%, one of the
highest in the world, to less than 0.1% in future generations (Huang and Lin, 2000; Custer et
al., 2004; World Health Organization, 2004). Moreover, a recent analysis demonstrated the
cost-effectiveness of screening Asian American and Pacific Islander populations to identify
persons with chronic HBV infection requiring treatment and their close contacts requiring
vaccination (Hutton et al., 2007). To implement HBV treatment and prevention measures,
the American Association for the Study of Liver Diseases and the Centers for Disease
Control and Prevention recommend HBV testing of persons born in endemic areas of the
world (Lok and McMahon, 2007; Weinbaum et al., 2008). Similarly, the British Columbia
Health Services Guidelines and Protocol Advisory Committee recommends HBV testing of
immigrants from high endemic areas (British Columbia Guidelines & Protocol Committee,
2005).

Through immigration of Chinese to the U.S. and Canada, the Chinese populations in these
countries have grown rapidly. Census data indicate 3.3 million Chinese residing in the U.S.
and 1.1 million residing in Canada, most of whom are foreign born (Statistics Canada, 2003;
US Census Bureau, 2006). HBV testing rates remain low among Asian Americans, with
reported rates ranging from 7.5% to 68% (Taylor et al., 2004; 2005a;2006; Choe et al.,
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2005; 2006; Ma et al., 2007; Wu et al., 2007). During 2005, as part of a heeds assessment,
our research team conducted a survey in Seattle, Washington, and VVancouver, British
Columbia, to address HBV knowledge, testing levels, and vaccination levels. Given the
different health care systems in these two geographically proximate cities — Canada’s
universal health care system, which reimburses physicians on a fee-for-service basis, and the
U.S. health care system, which is accessed through a combination of private and public
health insurance and self-payment —we examined HBV testing levels and factors associated
with testing among Chinese residents of these cities.

Materials and Methods

Sampling

In each city, our survey sample was drawn from areas with a relatively high proportion of
Chinese residents, including 17 zip codes in Seattle and 10 postal codes in Vancouver. A
previously validated list of Chinese family names was applied to electronic versions of the
Seattle and Vancouver telephone books. We identified 1,902 Chinese households in the
target Seattle zip codes and randomly selected 1,500 households from the VVancouver
telephone book for inclusion in our survey samples.

Survey Procedures

The questionnaire and survey procedures were reviewed and approved by the Institutional
Review Board at the Fred Hutchinson Cancer Research Center in Seattle, Washington, and
the University of British Columbia in VVancouver, British Columbia. Households received an
introductory mailing which included a letter (traditional Chinese, simplified Chinese, and
English versions) as well as a small incentive (a calendar). The letters described the survey
and gave potential participants the opportunity to telephone the project office if they had
questions or did not want to participate in the survey. Each household was approached by a
Chinese interviewer and asked to complete an in-person interview approximately two weeks
after receiving the project letter.

To ensure gender compatibility between interviewers and interviewees, we randomly
assigned households to “male” and “female” groups. Households randomized to the male
group were approached by a male interviewer and households randomized to the female
group were approached by a female interviewer.

Individuals were eligible for our in-person survey if they were of Chinese ethnicity, aged 20
to 64 years, and able to speak Cantonese, Mandarin, or English. When a household included
two or more age-eligible Chinese men or women, we asked to speak to the man or woman
with the most recent birthday. Respondents were offered $20 as a token of appreciation for
their time. Five door-to-door attempts were made to contact each household, including at
least one daytime, one evening, and one weekend attempt. Respondents were given the
option of completing the survey in Cantonese, Mandarin, or English.

Survey Instrument

The questionnaire was developed in English, translated into Chinese (Cantonese and
Mandarin versions), and pre-tested. Participants were read the following statement:
“Hepatitis B is an inflammation of the liver caused by a viral infection. It sometimes makes
the skin and eyes go yellow. People with hepatitis sometimes lose their appetite and
experience nausea as well as vomiting.” They were asked if they had ever had a blood test
for HBV and, if so, where they received it. Respondents were also asked whether they had
been vaccinated against HBV and, if so, where. Participants were then asked if a doctor had
ever told them they were an HBV carrier.
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The survey instrument incorporated findings from 40 qualitative interviews of Chinese men
and women, and included sections addressing beliefs and knowledge about HBV
transmission and potential consequences of infection. Questions included whether
participants thought HBV can be spread during sexual intercourse, during childbirth, by
sharing razors, or by someone who looks healthy; whether HBV is more easily spread than
AIDS; whether HBV can be spread by eating food prepared by an infected person or by
sharing eating utensils; whether people can be infected with HBV for life; and whether HBV
causes cirrhosis or liver cancer. Our survey also included items on communication with
physicians and on social support for HBV testing and vaccination.

Finally, respondents were asked their age, marital status, educational level, place of birth,
English proficiency, years of residence in North America, employment status, home
ownership status (as a proxy measure for economic status), and items on health care.

Associations with HBV testing were explored by bivariate analyses using the x-square test,
and with Fisher’s Exact test where necessary, for the following variables: demographic,
socioeconomic, health care, HBV knowledge, and social support for HBV testing. We
examined the association of these variables with the city (Seattle and Vancouver) as well as
differences in the association of these variables with HBV testing between the two cities.

For our multivariable analyses, we performed unconditional logistic regression, first
examining only the city effect as the sole explanatory variable of the model, then assessing
the adjusted city effect in a final main-effects model that was constructed through backward
selection to select statistically significant variables at a = 0.05. An item on use of obstetric
services in North America was excluded from the potential set of adjustment variables in our
modeling, since this item was answered only by female participants. In the multivariable
analyses, the city effect was not part of the backward selection but was added to the final
main-effects model for its evaluation, controlling for other significant factors.

A priori, we also hypothesized six variables (has regular health care, has regular doctor,
ethnicity of doctor, needs interpreter, had physical exam in the last 12 months, and saw
traditional health practitioner in the last 12 months) as potential effect modifiers of the city
effect and examined them, adding each to the main-effects model.

Our final sample consisted of 430 participants in Seattle and 533 participants in VVancouver.
The survey cooperation rates for the two cities were 58% and 59%, respectively. The
cooperation rate was higher among women in Vancouver. Table 1 provides details of the
samples and refusal rates. Among the participants in Seattle, 209 (48%) reported HBV
testing, whereas in Vancouver, 293 (55%) reported testing. In contrast to Seattle (45%),
significantly more women in Vancouver (60%) reported HBV testing.

Bivariate Analyses of Hepatitis B Testing

Table 2 summarizes the variables associated with HBV testing in Seattle and Vancouver.
Details of the associations with each city have been published (Taylor et al., 2006; Coronado
et al., 2007; Hislop et al., 2007a; 2007b). Compared to Seattle, more participants in
Vancouver were born in Hong Kong, were currently not employed, received regular health
care, had visits to the doctor in the last 12 months, had a regular doctor, and did not need an
interpreter (Table 2). Again, compared to Seattle, the proportion of participants in
Vancouver who did not receive a physical exam in the last 12 months was significantly
higher, as was the proportion of participants who were tested for HBV in North America.
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With respect to HBV knowledge, significantly more participants in VVancouver correctly
responded to three out of four questions than did their Seattle counterparts. However, we
found no differences between the two cities in reported social support for HBV testing.

When we examined differences between the two cities in the association of participant
variables with HBV testing, we found that in VVancouver, a significantly larger proportion of
male participants reported HBV testing. Among women who did not receive obstetrics
services in North America, more participants in Vancouver reported testing. Again, among
men and women who did not know that Chinese are more likely to be infected with HBV
than whites, more participants in Vancouver reported testing. Nevertheless, almost 95% of
participants in Seattle whose employer requested it reported HBV testing.

Logistic Regression Analysis of Hepatitis B Testing

HBYV testing in Seattle was lower than in Vancouver, with a crude odds ratio of 0.73 (95%
Cl =0.56, 0.94). However, after adjusting for demographic, health care access, knowledge,
and social support variables, we found no significant differences in HBV testing between the
two cities (Table 3).

In our logistic regression model, the odds of HBV testing were greatest when a doctor
recommended the test, followed by when an employer asked for the test (Table 3). HBV
testing was more likely among younger participants and those who had resided in North
America for a shorter proportion of their lives. Access to health care (received physical in
the last 12 months and did not need interpreter) was associated with testing, although
interestingly, those who reported no visits to the doctor in the last 12 months did not differ
significantly from those who reported 5 or more visits in the last 12 months.

Given the strong association of HBV testing and doctor recommendation, we performed a
second logistic regression analysis that excluded this variable to determine which other
factors were associated with testing. In this model, again, we found no city effect, with
employer request having the strongest association (OR = 4.67; 95% CI = 2.28, 9.54),
followed by family recommendation (OR = 3.26; 95% CI = 2.07, 5.16). This second model
also included the variable of visiting a traditional health provider in the last 12 months (OR
=1.53;95% CI = 1.11, 2.1), but it excluded the number of doctor visits in the last 12
months. The rest of the variables were similar in both regression models, except that all
three knowledge variables were significantly associated with HBV testing in the second
model.

We found no effect modification with any of the variables hypothesized a priori: has regular
health care (p = 0.65), has regular doctor (p = 0.39), ethnicity of doctor (p = 0.29), needs
interpreter (p = 0.90), had physical exam in the last 12 months (p = 0.38), and saw
traditional health provider in the last 12 months (p = 0.34).

Discussion

In this comparison of HBV testing between two geographically proximate but distinctly
different health care systems, we did not find any differences in HBV testing among Chinese
Americans versus Chinese Canadians. As noted previously by Hislop et al., and otehrs our
analysis found that a shorter proportion of life lived in North America was significantly
associated with HBV testing, most likely reflecting HBV prevention efforts in Asia (Farrell
and Liaw, 2000; Hislop et al., 2007a).

Research has shown that health care providers can influence their patients’ decisions to
undergo cancer screening (Taylor et al., 2002; Tu et al., 2005). As with other cancer
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screening tests, a doctor’s recommendation had the strongest association with HBV testing
among these Chinese immigrants. However, in a survey of academic primary care providers
who knew that Chinese ethnicity was a risk factor, providers underestimated the magnitude
of its association with chronic HBV infection compared to other common risk factors (e.g.,
HIV infection and intravenous drug use) (Lai et al., 2007). Based on these findings, Lai et.
al. recommended education for university-based general medicine providers on HBV risk
assessment and screening guidelines (Lai et al., 2007). We surmise that community-based
general medicine providers may also benefit from the same education (Taylor et al., 2004;
2005b).

Among women who did not receive obstetric care in North America, a significantly higher
percentage of women living in VVancouver reported HBV testing compared to their Seattle
counterparts. Because prenatal screening for HBV is recommended in both the U.S. and
Canada, this was contrary to our expectations (Sherman et al., 2007). One possible
explanation is that participants in VVancouver who reported testing had spent a smaller
proportion of their life in North America than their Seattle counterparts. Our multivariable
analysis supports this explanation (Table 3). We speculate that these women may have
benefited from the HBV awareness and vaccination campaigns in Asia before their
immigration. Taiwan and Singapore, in particular, launched successful universal vaccination
programs in the mid 1980s, coupled with widespread health education and prenatal
screening (Goh, 1997; Huang and Lin, 2000; Hislop et al., 2007b). Beginning in 1992,
Mainland China also implemented a national prevention program (World Health
Organization, 2002), which may have increased public awareness of HBV testing.

Noteworthy among our findings is the strong association of HBV testing with employers’
requests for the test. Our survey did not collect data regarding participants’ occupation, nor
did we inquire into the specific reasons why employers requested HBV testing. Thus it is
unclear whether these requests may have been due to occupational health and safety policies
related to worker protection from exposure to blood-born pathogens (Centers for Disease
Control, 1997). Nevertheless, as the variable with the second strongest association with
HBYV testing, this finding warrants further investigation of employers’ roles in increasing
Chinese immigrants’ testing, as well as the factors that influence this association. Moreover,
in addition to health care providers, workplaces might be another channel for promoting
HBV screening among Chinese immigrants. Because most adults spend a considerable
amount of time at work, the workplace has been considered a priority setting for health
promotion initiatives (Harden et al., 1999; Chu et al., 2000). Health education and worksite
screening are two key elements of workplace health promotion programs defined in Healthy
People 2010. Cancer screening has been one key focus (Linnan et al., 2008), primarily
targeting colorectal, breast, cervical, and prostate cancers (Centers for Disease Control,
1997; Harris et al., 2009). Given the link between chronic HBV infection and liver cancer,
we believe that integrating HBV education and screening with current workplace health
promotion practices is worthy of consideration as a strategy to reach Chinese immigrants in
North America.

Major strengths of this study include our population-based sampling methods and the
administration of the survey in person in the language of choice. However, our results must
be interpreted in light of several potential limitations: respondents were recruited in lower-
income geographic areas, which may not be representative of all Chinese in Seattle and
Vancouver; only households with listed telephone numbers were eligible; individuals of
Chinese descent who spoke a language other than Cantonese, Mandarin, or English were
excluded; and it must be noted that a proportion of households were unreachable or
unwilling to participate. Finally, self-reported HBV testing was not validated with medical
records verification.
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Testing for chronic HBV infection is critical to identifying candidates for antiviral and
immunomodulatory therapy. The goal of therapy is the suppression of viral replication
before progression to cirrhosis and hepatic failure (Keeffe et al., 2006). Currently in the
U.S., seven drugs have been approved for adults, all of which have exhibited some degree of
viral suppression and improvement in liver biomarkers and histology (Sorrell et al., 2009).
In addition, it is important to identify HBV carriers who may receive immunosuppressive
agents (e.g., infliximab and other tumor necrosis factor inhibitors) to treat rheumatologic
conditions and inflammatory bowel disease. Patients treated with these agents are at
significant risk of HBV reactivation and require concurrent prophylactic antiviral treatment
(Lok and McMahon, 2007).

To date, community- and media-based interventions have played an important role in
promoting cancer prevention among underserved populations. However, the high cost of
these interventions, as well as the limited infrastructure for reaching immigrant populations,
may impede their efficacy in achieving the desired public health impact. Findings from the
present study support the need for additional research to examine the effectiveness of clinic-
based and workplace interventions to promote HBV testing among immigrants to North
America.
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Table 3

Backward-selection Logistic Regression Model for Hepatitis B Testing

Variable Crude OR (95% ClI) Adjusted OR(95% ClI)
City

Vancouver 1.00 1.00

Seattle 0.73 (0.56, 0.94) 0.9 (0.64, 1.27)
Age Group

>50 1.00 1.00

35-49 1.55(1.17, 2.05) 1.33(0.96, 1.85)

<35 1.57 (1.08, 2.28) 1.86 (1.20, 2.90)
Proportion of life lived in North America

>50 1.00 1.00

25-49 1.53(1.13, 2.07) 1.64 (1.14,2.34)

<25 1.90 (1.36, 2.64) 2.09 (1.40, 3.13)
Needs Interpreter

No 1.00 1.00

Yes 0.51(0.36, 0.73) 0.45(0.28,0.7)
Received physical in last 12 months

No 1.00 1.00

Yes 1,53 (1.18, 1.97) 1.95 (1.41, 2.7)
Number of MD visits in last 12 months

=25 1.00 1.00

2-4 0.72(0.52, 0.99) 0.66 (0.45, 0.96)

1 0.61 (0.42, 0.88) 0.56 (0.36, 0.88)

0 0.69 (0.46, 1.04) 0.99 (0.58, 1.7)
Believes people with HBV can be infected for life

Incorrect 1.00 1.00

Correct 1.99 (1.54, 2.59) 1.64(1.21,2.23)
Believes HBV can cause liver cancer

Incorrect 1.00 1.00

Correct 2.17 (1.6, 2.95) 1.72 (1.2, 2.48)
Believes Chinese in Canada/US are more likely to be infected with HBV than whites

Incorrect 1.00 1.00

Correct 1.67 (1.28, 2.18) 1.34(0.98, 1.83)
Doctor(s) recommended test

No 1.00 1.00

Yes 10.2 (6.56, 15.9) 9.04 (5.66, 14.4)
Employer asked for test

No 1.00 1.00

Yes 553 (2.86, 10.67) 452 (2.17,9.4)
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