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Abstract: Background: Although Asian Americans make up 6% of the U.S. population, they account
for 58% of Americans with chronic hepatitis B (CHB). Yet, adherence to monitoring and antiviral
treatment guidelines among Asian American CHB patients remains suboptimal. Methods: The
purpose of this study was to evaluate the efficacy of a multicomponent intervention on adherence to
CHB monitoring among Asian Americans with CHB. The intervention components included virtual
patient education, patient navigation, and mobile health reminders delivered by bilingual community
health educators. Chi-square test and t-test were used to compare demographic characteristics and
two CHB measures: CHB clinical follow-up and CHB laboratory monitoring by the time of the
12-month follow-up assessment. A generalized linear mixed-effects model (GLMM) was fitted to
assess the effectiveness of the intervention. Results: The study sample consisted of 358 Chinese
and Vietnamese Americans living with CHB, including 181 in the intervention group and 177 in
the control group. The intervention group had a significantly higher rate of CHB clinical follow-
up (86.2%) and CHB laboratory monitoring (79.0%) than did the control group (54.2% and 45.2%,
respectively). Results of the GLMM showed significant intervention effects on CHB clinical follow-up
(odds ratio = 7.35, 95% confidence interval = 4.06–13.33) and CHB laboratory monitoring (odds
ratio = 6.60, 95% confidence interval = 3.77–11.56) at the 12-month follow-up assessment. Conclusion:
The multicomponent intervention was effective in improving adherence to CHB monitoring among
Asian Americans. Additional implementation research is needed to better understand and apply
effective interventions to other underserved populations.

Keywords: chronic hepatitis b; Asian Americans; monitoring; treatment; intervention

1. Introduction

Although chronic hepatitis B (CHB) usually remains asymptomatic for decades, it
ultimately can lead to life-threatening complications, including hepatocellular carcinoma
(HCC) [1,2]. Individuals with CHB need regular follow-up and monitoring for disease
progression, treatment adherence, and HCC risk. The current guidelines from the American
Association for the Study of Liver Diseases (AASLD) recommend that individuals with
CHB receive regular monitoring every six months with abdominal ultrasound and blood
tests for liver function, HBV load, and alpha-fetoprotein (AFP) levels [3–6]. The purposes
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of these monitoring activities are to check for liver disease activity and to inform treatment
decisions [3–6]. Cumulating clinical evidence has shown that long-term adherence to
recommended CHB management guidelines can prevent complications associated with
liver cancer treatments or transplants and reduce the risk of premature death [7–10].

Asian Americans are disproportionately affected by CHB. While they make up only
6% of the US population [11], they account for 58% of the 862,000 Americans living with
CHB [12]. Despite the recommendations, adherence to HCC surveillance (12–28%) and
treatment (16–32%) is suboptimal among Asian Americans, especially those with low
socioeconomic status and limited English proficiency [13]. Multiple studies have suggested
that adherence to CHB monitoring and follow-up care among Asian Americans is as low as
40–53% [14–16]. For example, in a study of two community clinics serving predominantly
Asian Americans, researchers found that only 40% of CHB patients eligible for treatment
returned for follow-up care within 12 months of receiving treatment recommendations [15].
Such suboptimal adherence to CHB monitoring and treatment resulted in delayed HCC
diagnosis and increased mortality in many Asian American subgroups [17–25].

Most HBV-related interventional studies have focused primarily on prevention and
screening [21,26]. By comparison, very few evidence-based trials have been developed
to overcome barriers to HBV monitoring and enhance long-term adherence to disease
management in at-risk, underserved Asian American populations. Several studies iden-
tified barriers that prevent access to monitoring and treatment resources among Asian
Americans living with CHB. These barriers existed not just on the individual level (e.g.,
financial strains, lack of health insurance, and lack of awareness), but also on cultural and
community levels (social stigma and cultural norms around CHB management) and on a
systemic level (e.g., lack of translation support in healthcare settings and transportation is-
sues) [27–31]. However, little progress has been made on the development of interventions
that help Asian Americans living with CHB overcome barriers to achieve timely and stable
access to monitoring and treatment resources.

To address the gaps in literature and practical issues, we designed and implemented a
culturally tailored, multicomponent intervention. Through a randomized controlled trial,
we sought to determine whether this intervention would be effective in increasing long-
term adherence to CHB monitoring guidelines in two Asian American groups—Chinese
and Vietnamese—in the greater Philadelphia metropolitan area and New York City area.
In this study, we define Asian Americans as persons having origins in any of the original
peoples of the Far East, Southeast Asia, or the Indian subcontinent, which is the definition
used in the US Census [32]. They could be born in or outside of the US.

2. Materials and Methods

From 2019 to 2021, we conducted a two-arm clustered randomized controlled trial
to test the efficacy of a culturally tailored, multicomponent intervention in the Greater
Philadelphia metropolitan area, which includes Philadelphia and Southern New Jersey. The
goal of the intervention was to increase long-term adherence to monitoring and treatment
among low-income Asian Americans with CHB. We designed multiple components of the
intervention to address several barriers Asian Americans face in accessing CHB monitoring
and treatment.

2.1. Participant Recruitment

The participants of this study were recruited from two main channels. For the first
channel, we recruited from a community-based single-blinded randomized control trial
involving Asian Americans with CHB [33]. Specifically, we implemented an interactive pa-
tient navigator-led mobile phone text messaging intervention (PNMI) to increase adherence
to HBV testing and monitoring among 532 Korean, Chinese, and Vietnamese Americans
with CHB (272 in the intervention group and 260 in the control group). From this existing
cohort, a total of 240 participants were recruited, including 112 from the intervention
group and 128 from the control group. These participants were retained in their respective
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study arms in the current study. The second recruitment channel was community-based
participant recruitment. We conducted outreach to 10 Chinese and Vietnamese American
community-based organizations (CBOs) and 5 healthcare providers serving the target popu-
lations in the Greater Philadelphia metropolitan area. These CBOs and healthcare providers
included those that had already established collaborative relationships with our research
team through previous projects, and others that had little or no previous contact with us.
From this channel, we recruited 142 participants. We assessed individuals for eligibility on
the basis of the following criteria: (1) identify as being of Chinese or Vietnamese descent,
(2) at least 18 years old, (3) accessible by cell phone, (4) had been diagnosed with CHB for
at least 12 months, (5) had not been compliant with CHB monitoring and treatment for
at least 6 months, and (6) not enrolled in other CHB management interventions. These
142 participants were randomly assigned to the two arms. An independent biostatistician
not part of this study performed randomization in Microsoft Excel. A block randomization
with block size 10 was used to ensure balance within each stratum.

Our recruitment efforts through both channels reached a total of 916 Chinese and
Vietnamese American men and women aged 18 or older and residing in the Greater
Philadelphia area. Among them, 610 met the inclusion criteria, of which 382 consented
and completed the baseline assessment. Specifically, 190 were in the intervention group,
while 192 were in the control group. Of the 382 participants who completed the baseline
assessment, 372 participants completed the 12-month follow-up assessment (intervention
group: n = 186; control group: n = 186), while 10 dropped out of the study by the time of
follow-up (4 in the intervention group and 6 in the control group). The study retention
rate was 97.38% among participants who completed baseline, intervention, and 12-month
follow-up (Figure 1). We excluded 14 cases with missing values on key outcome variables
and demographic characteristics, which means the analysis sample of this study consisted
of 358 individuals (181 in the intervention group and 177 in the control group). All
participants received informed consent in the language of their choice, both in writing and
via verbal discussion. The study was approved by Western Institutional Review Board, Inc.
(WIRB) under the protocol number 20190122.
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2.2. Intervention Component

We used the social-ecological perspective [34] and the social cognitive theory [35] as
the conceptual framework to guide the design of our culturally tailored, multicomponent
intervention. We adopted the community based participatory research (CBPR) approach
in the design and implementation of the intervention. Specifically, community leaders,
healthcare providers, patient representatives, and other stakeholders were consulted in
every step of the process. Notably, patient participants played an active role in the design
and delivery of the intervention, including in the virtual patient navigation component of
the intervention. Below we detail the three intervention components (Figure 2) and the
CBPR strategies used in their design and implementation.
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2.2.1. Component 1: Virtual Patient Education (VPE)

We used CBPR-based strategies in the design and implementation of the virtual
patient education (VPE) component. Specifically, patients, physicians, and community
stakeholders were actively engaged in intervention components development through
numerous regular in-person meetings and teleconferences. Stakeholders provided insight
in several key aspects of the study design, including in the identification of potential areas
of patient needs; in the assessment of language and cultural appropriateness of educational
materials; and in the identification of logistical and practical challenges of intervention
delivery, feasibility, and accessibility of data collection tools (survey questionnaires).

Based on the suggestions of engaged patients, physicians, and community stakehold-
ers, the contents and literacy levels of the educational materials were upgraded to meet
the needs of underserved Asian American HBV patients. Information on CHB monitor-
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ing, treatment, and other aspects of management were delivered to the participants in
three different formats: presentation slides, fact sheets on CHB management, and educa-
tional videos. The presentation slides included 6 modules on CHB management, which
covered the importance of managing CHB, monitoring treatment information, managing
CHB-related anxiety, improving liver health, accessing financial resources, and protecting
families from viral hepatitis. The fact sheets contained information on CHB quick facts,
key statistics, and CHB management tips and resources. The educational videos included
stories of two Asian American CHB patients sharing personal details about their fight
against HBV and liver cancer. The patients talked about their own challenges and successes
in managing their CHB.

These educational materials were delivered in two approaches. First, trained bilingual
community educators conducted in-person one-on-one sessions with every participant in
the intervention group, during which the presentation slides were shown to the participants
on an electronic tablet. The slides were provided via email or mail upon participant request.
After the one-on-one session was completed, participants received a unique username and
password to access all VPE materials in an online educational portal (http://cah-hbvtrain
ing.net/Pages/Login.aspx, accessed on 5 August 2022), where they could conduct further
self-directed learning on CHB management through reviewing the presentation slides, fact
sheets, and educational videos. This portal allowed participants to refresh their memories,
capture more details, and explore topics they may have missed during the one-on-one
session. Adjustments made due to the COVID-19 pandemic are detailed later in this article.

2.2.2. Component 2: Virtual Patient Navigation (VPN)

The second component is the virtual patient navigation (VPN). Through providing
personalized VPN, participants in the intervention group received assistance in overcoming
several barriers to accessing and adhering to CHB monitoring care. VPN was implemented
in four steps.

VPN step 1: identifying VPN needs. In the first encounter with a participant, a
bilingual virtual patient navigator assisted the participant in identifying individual needs
for improving HBV monitoring behaviors. The needs identified included but were not
limited to: medication access and adherence support; appointment-making, transportation,
and other logistical support; health insurance support; language support; and additional
support needs identified by participants. The process of building a good rapport and
establishing mutual trust was key in guiding participants in identifying and articulating
their needs.

VPN step 2: personalizing a VPN plan and responding to participant needs. Within
1 week after the initial encounter, the patient navigator would initiate a phone call, during
which the navigator would address the CHB management needs identified in the first
encounter and solicit feedback from participants. Through an interactive process, the navi-
gator and the participant would work together to create a personalized, 6-week action plan
using the SMART (Specific, Measurable, Attainable, Realistic, and Time-bound) framework.
The patient navigator re-iterated the SMART goals to the participant and scheduled a
subsequent follow-up phone call in 6 weeks.

VPN step 3: on-going patient navigation and other assistance via phone calls. The
bilingual patient navigators continued to conduct follow-up phone calls to help participants
achieve the SMART goals set in the personalized action plan. Adjustments to the plans
and supports were constantly made, based on the needs of the participants. Adjustments
included responding to the difficulties in accessing CHB care that was exacerbated by the
COVID-19 pandemic.

VPN step 4: 6-week follow-up phone call. The navigator initiated the 6-month follow-
up phone call to confirm that participants had achieved their SMART goals. If yes, then
the active VPN session would be considered successfully completed. If not, the navigator
would repeat the VPN regimen to help the participants overcome barriers they were facing
in achieving CHB management goals.

http://cah-hbvtraining.net/Pages/Login.aspx
http://cah-hbvtraining.net/Pages/Login.aspx
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2.2.3. Component 3 (Both Study Arms): Mobile Health (mHealth) Text Messages

The first two components were delivered only to the intervention group. The third
component, which centered on text message reminders, was provided to both the inter-
vention group and the control group. In a previous randomized clinical trial conducted
by this research team, text message reminders were found to be effective in helping Asian
Americans with CHB achieve better adherence to treatment [32]. In the present study, a total
of five text messages were developed. The contents of the text messages were designed
based on feedback from patient representatives, healthcare providers, and community
stakeholders in the previous and current studies. The messages contained quick facts on
the importance of CHB management, information on resources, reminders on making an
appointment for a CHB clinic follow-up, and medication adherence tips. One text message
was sent to participants each week. The five-week text messaging routine was repeated
every 6 months and would end with this study. Participants in both study arms received
the same text messages in the same order and schedule.

2.2.4. Responding to the COVID-19 Pandemic

The COVID-19 pandemic exacerbated existing access barriers and created new chal-
lenges among participants. Appointments for clinical follow-ups and laboratory tests were
more difficult—at certain points, almost impossible. The study team quickly responded
to the circumstances by incorporating information on telemedicine services, resources for
chronic disease management during the pandemic, and digital support in our VPE and
VPN components.

2.3. Measures

The outcomes were CHB monitoring measures, including CHB clinical follow-up in
the past 12 months and CHB laboratory monitoring. Chronic HBV infection can lead to
more severe liver disease, such as cirrhosis, liver failure, and liver cancer, without showing
any significant symptoms in many cases [36]. Therefore, it is important for CHB patients to
adhere to physician guidelines to manage CHB. Healthcare providers are recommended to
follow the guidelines published by the Centers for Disease Control and Prevention (CDC)
on management of persons with CHB [37]. CHB clinical follow-up was measured with one
question: “Did you see a doctor to check your hepatitis B infection condition during the past
12 months?” Possible answers were: “No”, “Yes”, and “I do not remember”. With regard to
CHB laboratory monitoring, participants were asked to recall if they had undergone blood
testing (HBV DNA, liver function, and alpha-fetoprotein testing) in the past 12 months,
with the answer options “No”, “Yes”, and “I do not remember”.

Socioeconomic factors, specifically, participants’ age in years, gender, ethnicity, U.S.
residency length, marital status, education level, employment status, annual household
income, health insurance coverage, and English-speaking proficiency were included as
covariates in the regression models on CHB management outcomes.

2.4. Statistical Analysis

We followed three steps in our statistical analysis. First, we compared the intervention
and control groups with regard to sample characteristics, using cross-tabulations and
the chi-square statistic, if the measurement was categorical, or t-test, if the measurement
was continuous. Second, we compared the two CHB outcome measures at the 12-month
follow-up assessment between the intervention and control groups. Third, we fitted the
generalized linear mixed-effects models (GLMMs) to assess the intervention effects on the
two CHB outcome measures, while controlling for sociodemographic and health-related
characteristics. GLMM allowed us to account for sample clustering by recruitment channel
and to generate robust standard efforts for the significance tests. We conducted all statistical
analysis in R [38]. A p value that is smaller than 0.05 was considered statistically significant.
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3. Results

The study sample consisted of 358 Asian American adults with CHB within the
Philadelphia and NYC metro areas, with a mean age of 53. About 76% of participants were
Chinese, with the remaining 24% being Vietnamese. The overall sample had relatively low
socioeconomic standing, with half of the sample reporting an annual household income
lower than USD 20,000. About 99% of participants were born outside of the U.S., with
more than two-thirds of the total sample reporting their English proficiency as “not at
all/not well”. The intervention and control group did not significantly vary on any of the
socio-demographic characteristics presented in Table 1.

Table 1. Sociodemographic and health-related characteristics of the sample, in total and by study arm.

Intervention
(N = 181)

Control
(N = 177)

Total
(N = 358) p Value

n (%) n (%) n (%)

Participant Source 0.14
existing cohort 106 (58.6%) 117 (66.1%) 223 (62.3%)
new participants 75 (41.4%) 60 (33.9%) 135 (37.7%)

Age in years 0.99
mean (SD) 53.18 (12.63) 53.20 (13.93) 53.19 (13.27)

Ethnicity 0.70
Chinese 138 (76.2%) 138 (78.0%) 276 (77.1%)
Vietnamese 43 (23.8%) 39 (22.0%) 82 (22.9%)

Gender 0.66
male 87 (48.1%) 81 (45.8%) 168 (46.9%)
female 94 (51.9%) 96 (54.2%) 190 (53.1%)

Marital Status 0.37
currently married 145 (80.1%) 145 (83.8%) 290 (81.9%)
not married 36 (19.9%) 28 (16.2%) 64 (18.1%)

Education 0.67
≤hs 123 (68.0%) 124 (70.1%) 247 (69.0%)
≥college 58 (32.0%) 53 (29.9%) 111 (31.0%)

Employment 0.24
employed 115 (64.2%) 109 (61.9%) 224 (63.1%)
unemployed 9 (5.0%) 17 (9.7%) 26 (7.3%)
not in labor force 55 (30.7%) 50 (28.4%) 105 (29.6%)

Annual Household Income 0.17
<USD 20 k 85 (47.0%) 96 (54.2%) 181 (50.6%)
≥USD 20 k 96 (53.0%) 81 (45.8%) 177 (49.4%)

Nativity Status 0.17
foreign-born 180 (99.4%) 173 (97.7%) 353 (98.6%)
US-born 1 (0.6%) 4 (2.3%) 5 (1.4%)

Length of U.S. Residency 0.35
<10 yrs 20 (11.5%) 25 (14.9%) 45 (13.2%)
≥10 yrs 154 (88.5%) 143 (85.1%) 297 (86.8%)

Having Health Insurance 0.04
no 20 (11.0%) 33 (18.8%) 53 (14.8%)
yes 161 (89.0%) 143 (81.2%) 304 (85.2%)

Having A Regular Physician 0.16
no 20 (11.6%) 27 (17.0%) 47 (14.2%)
yes 152 (88.4%) 132 (83.0%) 284 (85.8%)

English Proficiency 0.07
not at all/not well 116 (64.1%) 129 (72.9%) 245 (68.4%)
well/very well 65 (35.9%) 48 (27.1%) 113 (31.6%)

To examine the intervention effects, a generalized linear mixed-effect regression was
applied to the two outcome variables, CHB clinic follow-up (Table 2) and CHB labora-
tory monitoring (Table 3), at 12-month follow-up assessment. Odds ratio (OR) and 95%
confidence intervals (CIs) were presented. For each outcome, two models were fitted:
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Model 1, with only the study arm regressed on the outcome, and Model 2, with other
covariates controlled for in the model. The intervention group had a substantially higher
CHB clinic follow-up rate (86.2%) and CHB laboratory monitoring (79.0%) at the 12-month
follow-up assessment than did the control group (54.2% and 45.2%, respectively). The
generalized linear mixed-effect regression results showed that the intervention group
was significantly more likely than the control group to have visited their doctor for CHB
(OR = 7.35; 95% CI = 4.06–13.33; p < 0.001) and to have undergone blood testing (OR = 6.60;
95% CI = 3.77–11.56; p < 0.001).

Table 2. Odds Ratio of CHB Clinical Follow-up at 12 Months of the Intervention Group Against the
Control Group, Results from Descriptive Analysis and Generalized Linear Mixed-Effect Models.

Variable Total Intervention Control

No. participants 358 181 177
CHB clinic follow-up, % 86.2% 54.2%

Model 1, OR (95% CI) 5.21 (3.11–8.74) 1 (Ref)
Model 2, OR (95% CI) 7.35 (4.06–13.33) 1 (Ref)

Note. OR = odds ratio; CI = confidence interval; Model 1 included only the study arm regressed on the outcome;
Model 2 controls for recruitment source (existing cohort vs. new recruits), age, gender, education, marital status,
ethnicity, employment status, annual household income, health insurance access, access to regular physician,
U.S.-Born, English Proficiency.

Table 3. Odds Ratio of CHB Laboratory Monitoring at 12-Month Follow-Up of the Intervention Group
Against the Control Group, Results from Descriptive Analysis and Generalized Linear Mixed-Effect
Models.

Variable Total Intervention Control

No. participants 358 181 177
CHB laboratory monitoring, % 79.0% 45.2%

Model 1, OR (95% CI) 4.53 (0.59–7.22) 1 (Ref)
Model 2, OR (95% CI) 6.60 (3.77–11.56) 1 (Ref)

Note. OR = odds ratio; CI = confidence interval; Model 1 included only the study arm regressed on the outcome;
Model 2 controls for recruitment source (existing cohort vs. new recruits), age, gender, education, marital status,
ethnicity, employment status, annual household income, health insurance access, access to regular physician,
U.S.-Born, English Proficiency.

4. Discussion

The Viral Hepatitis National Strategic Plan for the United States has called for im-
proved implementation of recommended monitoring and care for individuals with CHB to
prevent morbidity and mortality from HCC, end-stage liver disease, and other hepatitis-
related sequelae [39]. Treatment effectiveness diminishes if patients with CHB do not
adhere to long-term monitoring and antiviral treatment guidelines [3,4]. Inadequate moni-
toring and care contribute to poor outcomes and increased CHB-associated healthcare costs,
which are estimated to be as high as USD 1.5 billion per year [7,40]. Therefore, helping
patients overcome the multilevel barriers they face in accessing monitoring and treatment
care over the long term is crucial in reducing liver disease and liver cancer burden.

As demonstrated in this study, a community-based culturally appropriate interven-
tion had significant effects on whether participants underwent CHB clinical follow-up for
their CHB and whether they completed the appropriate CHB laboratory monitoring in
a 12-month period. Our results showed a large intervention effect, similar to a previous
education intervention in a multi-ethnic safety-net population in California [41]. In this
study, researchers found that the HBV educational intervention was associated with signifi-
cantly higher odds of appropriate CHB clinic follow-up (OR = 7.02; 95% CI = 3.64–13.56;
p < 0.001) and appropriate laboratory monitoring (OR = 4.94; 95% CI = 2.64–9.25; p < 0.001).
Our intervention had slightly larger odds ratios on CHB clinic follow-up (OR = 7.37) and
laboratory monitoring (OR = 6.60).
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The multicomponent, language congruent intervention of the present study was im-
plemented with a CBPR approach. Community leaders, stakeholders, health providers,
and patient representatives were engaged in every stage of the project, including inter-
vention design, delivery, and evaluation. They provided critical insight on the cultural
appropriateness of the study design and implementation process and played key roles in
ensuring the success of participant recruitment, participant retention, and intervention
efficacy on long-term CHB monitoring outcomes. This study adds to the growing evidence
of the importance of the CBPR approach in health promotion among racial/ethnic minority
groups [21,42,43].

While the self-reported outcomes were potentially affected by the social desirability
effect, our previous research of similar topics used medical records as validation and found
little discrepancy between clinical follow-up and laboratory monitoring behaviors and
self-reported behaviors among low-income Asian Americans with CHB [33].

The success in increasing CHB monitoring adherence among Asian American patients
may be attributed to the combined effects of increasing community awareness, improved
management of emotional well-being, and raised logistical support via VPN [21,44,45].
Future research should better assess the effects of each individual component and better
delineate the specific psychosocial mechanisms of behavioral changes relevant to improving
long-term CHB monitoring outcomes.

In conclusion, the present study contributes to the field of population-based health
disparities research by providing strong evidence that a culturally appropriate, multicom-
ponent intervention addressing individual- and systemic-level barriers in CHB health-
care access can significantly benefit health behavior among Asian Americans living with
CHB [21,44,45]. Such interventions, with tailoring for cultural relevance, could prove
applicable to other racial/ethnic groups that are disproportionately affected by CHB.

Author Contributions: Conceptualization, G.X.M., L.Z. and Y.T.; Data Curation, L.Z. and E.H.;
Formal analysis, E.H. and L.Z.; Investigation, L.Z., W.L., C.J. and M.T.N.; Methodology, G.X.M., L.Z.
and W.L.; Project administration, W.L. and Y.T.; Resources, G.X.M.; Supervision, G.X.M. and Y.T.;
Validation, G.X.M.; Visualization, L.Z., W.L., G.G. and G.X.M.; Writing—original draft, L.Z., W.L.,
G.G. and C.J.; Writing—review and editing, L.Z., W.L., M.-C.Y. and G.X.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was supported by TUFCCC/HC Regional Comprehensive Cancer Health
Disparity Partnership, Award Number U54 CA221704 (5) from the National Cancer Institute of
National Institutes of Health (NCI/NIH).

Institutional Review Board Statement: The study has been approved by the Western Institutional
Review Board (protocol #: 20190122).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors wanted to acknowledge Sarit Golub and Chibuzo Enemchukwu
from Hunter College in the City University of New York, for their contribution in study design,
intervention and measurement development.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Varbobitis, I.; Papatheodoridis, G.V. The Assessment of Hepatocellular Carcinoma Risk in Patients with Chronic Hepatitis B

under Antiviral Therapy. Clin. Mol. Hepatol. 2016, 22, 319–326. [CrossRef] [PubMed]
2. Papatheodoridis, G.V.; Chan, H.L.-Y.; Hansen, B.E.; Janssen, H.L.A.; Lampertico, P. Risk of Hepatocellular Carcinoma in Chronic

Hepatitis B: Assessment and Modification with Current Antiviral Therapy. J. Hepatol. 2015, 62, 956–967. [CrossRef] [PubMed]
3. Toy, M.; Demirci, U.; So, S. Preventing Hepatocellular Carcinoma: The Crucial Role of Chronic Hepatitis B Monitoring and

Antiviral Treatment. Hepatic Oncol. 2014, 1, 255–257. [CrossRef]

http://doi.org/10.3350/cmh.2016.0045
http://www.ncbi.nlm.nih.gov/pubmed/27729632
http://doi.org/10.1016/j.jhep.2015.01.002
http://www.ncbi.nlm.nih.gov/pubmed/25595883
http://doi.org/10.2217/hep.14.10


Healthcare 2022, 10, 1944 10 of 11

4. Institute of Medicine of the National Academies (IOM). Eliminating the Public Health Problem of Hepatitis B and C in the United
States: Phase One Report. Available online: https://www.nationalacademies.org:443/hmd/Reports/2016/Eliminating-the-Publi
c-Health-Problem-of-Hepatitis-B-and-C-in-the-US.aspx (accessed on 6 January 2017).

5. Terrault, N.A.; Bzowej, N.H.; Chang, K.-M.; Hwang, J.P.; Jonas, M.M.; Murad, M.H. AASLD Guidelines for Treatment of Chronic
Hepatitis B. Hepatology 2016, 63, 261–283. [CrossRef] [PubMed]

6. World Health Organization. WHO Issues Its First Hepatitis B Treatment Guidelines. Available online: http://www.who.int/me
diacentre/news/releases/2015/hepatitis-b-guideline/en/ (accessed on 6 January 2017).

7. Post, S.E.; Sodhi, N.K.; Peng, C.; Wan, K.; Pollack, H.J. A Simulation Shows That Early Treatment of Chronic Hepatitis B Infection
Can Cut Deaths and Be Cost-Effective. Health Aff. 2011, 30, 340–348. [CrossRef]

8. Cohen, C.; Holmberg, S.D.; McMahon, B.J.; Block, J.M.; Brosgart, C.L.; Gish, R.G.; London, W.T.; Block, T.M. Is Chronic Hepatitis
B Being Undertreated in the United States? J. Viral Hepat. 2011, 18, 377–383. [CrossRef]

9. Eckman, M.H.; Kaiser, T.E.; Sherman, K.E. The Cost-Effectiveness of Screening for Chronic Hepatitis B Infection in the United
States. Clin. Infect. Dis. 2011, 52, 1294–1306. [CrossRef]

10. Tong, M.J.; Pan, C.Q.; Hann, H.-W.; Kowdley, K.V.; Han, S.-H.B.; Min, A.D.; Leduc, T.-S. The Management of Chronic Hepatitis B
in Asian Americans. Dig. Dis. Sci. 2011, 56, 3143. [CrossRef]

11. US Census Bureau 2020 Census Illuminates Racial and Ethnic Composition of the Country. Available online: https:
//www.census.gov/library/stories/2021/08/improved-race-ethnicity-measures-reveal-united-states-population-much-mor
e-multiracial.html (accessed on 12 August 2021).

12. Centers for Disease Control and Prevention. People Born Outside of the United States and Viral Hepatitis|CDC. Available online:
https://www.cdc.gov/hepatitis/populations/Born-Outside-United-States.htm (accessed on 16 April 2021).

13. Kim, A.K.; Singal, A.G. Health Disparities in Diagnosis and Treatment of Hepatocellular Carcinoma. Clin. Liver Dis. 2015, 4,
143–145. [CrossRef]

14. Ma, G.X. Patient Navigator Intervention for Improving Health-Related Quality of Life in HBV Infected Patients. Unpublished
Report. 2012.

15. Zhang, S.; Ristau, J.T.; Trinh, H.N.; Garcia, R.T.; Nguyen, H.A.; Nguyen, M.H. Undertreatment of Asian Chronic Hepatitis B
Patients on the Basis of Standard Guidelines: A Community-Based Study. Dig. Dis. Sci. 2012, 57, 1373–1383. [CrossRef]

16. Juday, T.; Tang, H.; Harris, M.; Powers, A.Z.; Kim, E.; Hanna, G.J. Adherence to Chronic Hepatitis B Treatment Guideline
Recommendations for Laboratory Monitoring of Patients Who Are Not Receiving Antiviral Treatment. J. Gen. Intern. Med. 2011,
26, 239–244. [CrossRef] [PubMed]

17. Bastani, R.; Glenn, B.A.; Maxwell, A.E.; Jo, A.M.; Herrmann, A.K.; Crespi, C.M.; Wong, W.K.; Chang, L.C.; Stewart, S.L.; Nguyen,
T.T.; et al. Cluster-Randomized Trial to Increase Hepatitis B Testing among Koreans in Los Angeles. Cancer Epidemiol. Biomarkers
Prev. 2015, 24, 1341–1349. [CrossRef] [PubMed]

18. Hu, D.J.; Xing, J.; Tohme, R.A.; Liao, Y.; Pollack, H.; Ward, J.W.; Holmberg, S.D. Hepatitis B Testing and Access to Care Among
Racial and Ethnic Minorities in Selected Communities Across the United States, 2009–2010. Hepatology 2013, 58, 856–862.
[CrossRef] [PubMed]

19. Hwang, J.P.; Fisch, M.J.; Zhang, H.; Kallen, M.A.; Routbort, M.J.; Lal, L.S.; Vierling, J.M.; Suarez-Almazor, M.E. Low Rates of
Hepatitis B Virus Screening at the Onset of Chemotherapy. J. Oncol. Pract. 2012, 8, e32–e39. [CrossRef]

20. Ma, G.X.; Zhang, G.Y.; Zhai, S.; Ma, X.; Tan, Y.; Shive, S.E.; Wang, M.Q. Hepatitis B Screening among Chinese Americans: A
Structural Equation Modeling Analysis. BMC Infect. Dis. 2015, 15, 120. [CrossRef] [PubMed]

21. Ma, G.X.; Fang, C.Y.; Seals, B.; Feng, Z.; Tan, Y.; Siu, P.; Yeh, M.C.; Golub, S.A.; Nguyen, M.T.; Tran, T.; et al. A Community-Based
Randomized Trial of Hepatitis B Screening Among High-Risk Vietnamese Americans. Am. J. Public Health 2017, 107, 433–440.
[CrossRef]

22. Ma, G.X.; Tan, Y.; Wang, M.Q.; Yuan, Y.; Chae, W.G. Hepatitis B Screening Compliance and Non-Compliance among Chinese,
Koreans, Vietnamese and Cambodians. Clin. Med. Insights Gastroenterol. 2010, 2010, 1–10. [CrossRef]

23. Strong, C.; Lee, S.; Tanaka, M.; Juon, H.-S. Ethnic Differences in Prevalence and Barriers of HBV Screening and Vaccination
Among Asian Americans. J. Community Health 2012, 37, 1071–1080. [CrossRef]

24. Shankar, H.; Blanas, D.; Bichoupan, K.; Ndiaye, D.; Carmody, E.; Martel-Laferriere, V.; Culpepper-Morgan, J.; Dieterich, D.T.;
Branch, A.D.; Bekele, M.; et al. A Novel Collaborative Community-Based Hepatitis B Screening and Linkage to Care Program for
African Immigrants. Clin. Infect. Dis. 2016, 62, S289–S297. [CrossRef]

25. Williams, W.W.; Lu, P.-J.; O’Halloran, A.; Kim, D.K.; Grohskopf, L.A.; Pilishvili, T.; Skoff, T.; Nelson, N.P.; Harpaz, R.; Markowitz,
L.E.; et al. Surveillance of Vaccination Coverage Among Adult Populations—United States, 2014. MMWR Surveill. Summ. 2016,
65, 479. [CrossRef]

26. Chong, S.K.; Ali, S.H.; Ðoàn, L.N.; Yi, S.S.; Trinh-Shevrin, C.; Kwon, S.C. Social Media Use and Misinformation Among Asian
Americans During COVID-19. Front. Public Health 2022, 9, 764681. [CrossRef] [PubMed]

27. Ma, G.X.; Zhu, L.; Lu, W.; Tan, Y.; Truehart, J.; Johnson, C.; Handorf, E.; Nguyen, M.T.; Yeh, M.-C.; Wang, M.Q. Examining
the Influencing Factors of Chronic Hepatitis B Monitoring Behaviors among Asian Americans: Application of the Information-
Motivation-Behavioral Model. Int. J. Environ. Res. Public. Health 2022, 19, 4642. [CrossRef] [PubMed]

28. Ispas, S.; So, S.; Toy, M. Barriers to Disease Monitoring and Liver Cancer Surveillance Among Patients with Chronic Hepatitis B
in the United States. J. Community Health 2019, 44, 610–625. [CrossRef] [PubMed]

https://www.nationalacademies.org:443/hmd/Reports/2016/Eliminating-the-Public-Health-Problem-of-Hepatitis-B-and-C-in-the-US.aspx
https://www.nationalacademies.org:443/hmd/Reports/2016/Eliminating-the-Public-Health-Problem-of-Hepatitis-B-and-C-in-the-US.aspx
http://doi.org/10.1002/hep.28156
http://www.ncbi.nlm.nih.gov/pubmed/26566064
http://www.who.int/mediacentre/news/releases/2015/hepatitis-b-guideline/en/
http://www.who.int/mediacentre/news/releases/2015/hepatitis-b-guideline/en/
http://doi.org/10.1377/hlthaff.2008.0905
http://doi.org/10.1111/j.1365-2893.2010.01401.x
http://doi.org/10.1093/cid/cir199
http://doi.org/10.1007/s10620-011-1841-5
https://www.census.gov/library/stories/2021/08/improved-race-ethnicity-measures-reveal-united-states-population-much-more-multiracial.html
https://www.census.gov/library/stories/2021/08/improved-race-ethnicity-measures-reveal-united-states-population-much-more-multiracial.html
https://www.census.gov/library/stories/2021/08/improved-race-ethnicity-measures-reveal-united-states-population-much-more-multiracial.html
https://www.cdc.gov/hepatitis/populations/Born-Outside-United-States.htm
http://doi.org/10.1002/cld.427
http://doi.org/10.1007/s10620-012-2137-0
http://doi.org/10.1007/s11606-010-1549-9
http://www.ncbi.nlm.nih.gov/pubmed/20978862
http://doi.org/10.1158/1055-9965.EPI-14-1396
http://www.ncbi.nlm.nih.gov/pubmed/26104909
http://doi.org/10.1002/hep.26286
http://www.ncbi.nlm.nih.gov/pubmed/23359276
http://doi.org/10.1200/JOP.2011.000450
http://doi.org/10.1186/s12879-015-0854-7
http://www.ncbi.nlm.nih.gov/pubmed/25880870
http://doi.org/10.2105/AJPH.2016.303600
http://doi.org/10.4137/CGast.S3732
http://doi.org/10.1007/s10900-012-9541-4
http://doi.org/10.1093/cid/ciw090
http://doi.org/10.15585/mmwr.ss6501a1
http://doi.org/10.3389/fpubh.2021.764681
http://www.ncbi.nlm.nih.gov/pubmed/35096736
http://doi.org/10.3390/ijerph19084642
http://www.ncbi.nlm.nih.gov/pubmed/35457509
http://doi.org/10.1007/s10900-018-00604-7
http://www.ncbi.nlm.nih.gov/pubmed/30539329


Healthcare 2022, 10, 1944 11 of 11

29. Burman, B.E.; Mukhtar, N.A.; Toy, B.C.; Nguyen, T.T.; Chen, A.H.; Yu, A.; Berman, P.; Hammer, H.; Chan, D.; McCulloch, C.E.;
et al. Hepatitis B Management in Vulnerable Populations: Gaps in Disease Monitoring and Opportunities for Improved Care.
Dig. Dis. Sci. 2014, 59, 46–56. [CrossRef] [PubMed]

30. Wu, H.; Yim, C.; Chan, A.; Ho, M.; Heathcote, J. Sociocultural Factors That Potentially Affect the Institution of Prevention and
Treatment Strategies for Hepatitis B in Chinese Canadians. Can. J. Gastroenterol. Hepatol. 2009, 23, 31–36. [CrossRef]

31. Bhimla, A.; Zhu, L.; Lu, W.; Golub, S.; Enemchukwu, C.; Handorf, E.; Tan, Y.; Yeh, M.-C.; Nguyen, M.T.; Wang, M.Q.; et al. Factors
Associated with Hepatitis B Medication Adherence and Persistence among Underserved Chinese and Vietnamese Americans. J.
Clin. Med. 2022, 11, 870. [CrossRef]

32. US Census Bureau. About the Topic of Race. Available online: https://www.census.gov/topics/population/race/about.html
(accessed on 2 September 2022).

33. Ma, G.X.; Tan, Y.; Zhu, L.; Wang, M.Q.; Zhai, S.; Yu, J.; Seals, B.; Siu, P.; Ma, X.; Fang, C.Y.; et al. Testing a Program to Help Monitor
Chronic Hepatitis B among Asian-American Patients; Patient-Centered Outcomes Research Institute (PCORI): Washington, DC,
USA, 2020.

34. Krieger, N. Theories for Social Epidemiology in the 21st Century: An Ecosocial Perspective. Int. J. Epidemiol. 2001, 30, 668–677.
[CrossRef]

35. Bandura, A. Social Cognitive Theory: An Agentic Perspective. Annu. Rev. Psychol. 2001, 52, 1–26. [CrossRef]
36. Wright, T.L. Introduction to Chronic Hepatitis B Infection. Off. J. Am. Coll. Gastroenterol. ACG 2006, 101, S1.
37. Weinbaum, C.M.; Williams, I.; Mast, E.E.; Wang, S.A.; Finelli, L.; Wasley, A.; Neitzel, S.M.; Ward, J.W. Recommendations for

Identification and Public Health Management of Persons with Chronic Hepatitis B Virus Infection. MMWR Morb. Mortal. Wkly.
Rep. 2008, 57, 1–12. [CrossRef]

38. R Core Team. R: A Language and Environment for Statistical Computing; R Core Team: Vienna, Austria, 2020.
39. U.S. Department of Health and Human Services. Viral Hepatitis National Strategic Plan for the United States: A Roadmap to Elimination

(2021–2025); U.S. Department of Health and Human Services: Washington, DC, USA, 2020.
40. Sorrell, M.F.; Belongia, E.A.; Costa, J.; Gareen, I.F.; Grem, J.L.; Inadomi, J.M.; Kern, E.R.; McHugh, J.A.; Petersen, G.M.; Rein, M.F.;

et al. National Institutes of Health Consensus Development Conference Statement: Management of Hepatitis B. Hepatology 2009,
49, S4–S12. [CrossRef] [PubMed]

41. Wong, R.J.; Khalili, M. A Patient-Centered Hepatitis B Virus (HBV) Educational Intervention Improves HBV Care Among
Underserved Safety-Net Populations. J. Clin. Gastroenterol. 2020, 54, 642–647. [CrossRef]

42. Stacciarini, J.-M.R.; Shattell, M.M.; Coady, M.; Wiens, B. Review: Community-Based Participatory Research Approach to Address
Mental Health in Minority Populations. Community Ment. Health J. 2011, 47, 489–497. [CrossRef] [PubMed]

43. Julian McFarlane, S.; Occa, A.; Peng, W.; Awonuga, O.; Morgan, S.E. Community-Based Participatory Research (CBPR) to Enhance
Participation of Racial/Ethnic Minorities in Clinical Trials: A 10-Year Systematic Review. Health Commun. 2022, 37, 1075–1092.
[CrossRef] [PubMed]

44. Yoo, G.J.; Fang, T.; Zola, J.; Dariotis, W.M. Destigmatizing Hepatitis B in the Asian American Community: Lessons Learned from
the San Francisco Hep B Free Campaign. J. Cancer Educ. 2011, 27, 138–144. [CrossRef]

45. Hsu, L.; Bowlus, C.L.; Stewart, S.L.; Nguyen, T.T.; Dang, J.; Chan, B.; Chen, M.S., Jr. Electronic Messages Increase Hepatitis B
Screening in At-Risk Asian American Patients: A Randomized, Controlled Trial. Dig. Dis. Sci. 2012, 58, 807–814. [CrossRef]

http://doi.org/10.1007/s10620-013-2870-z
http://www.ncbi.nlm.nih.gov/pubmed/24052195
http://doi.org/10.1155/2009/608352
http://doi.org/10.3390/jcm11030870
https://www.census.gov/topics/population/race/about.html
http://doi.org/10.1093/ije/30.4.668
http://doi.org/10.1146/annurev.psych.52.1.1
http://doi.org/10.1002/hep.22882
http://doi.org/10.1002/hep.22946
http://www.ncbi.nlm.nih.gov/pubmed/19399804
http://doi.org/10.1097/MCG.0000000000001276
http://doi.org/10.1007/s10597-010-9319-z
http://www.ncbi.nlm.nih.gov/pubmed/20464489
http://doi.org/10.1080/10410236.2021.1943978
http://www.ncbi.nlm.nih.gov/pubmed/34420460
http://doi.org/10.1007/s13187-011-0252-9
http://doi.org/10.1007/s10620-012-2396-9

	Introduction 
	Materials and Methods 
	Participant Recruitment 
	Intervention Component 
	Component 1: Virtual Patient Education (VPE) 
	Component 2: Virtual Patient Navigation (VPN) 
	Component 3 (Both Study Arms): Mobile Health (mHealth) Text Messages 
	Responding to the COVID-19 Pandemic 

	Measures 
	Statistical Analysis 

	Results 
	Discussion 
	References

