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Abstract

Background: Implementation of screening recommendations for chronic hepatitis B (CHB) 

among foreign-born persons at risk has been sub-optimal. The use of alerts and reminders in the 

electronic health record (EHR) has led to increased screening for other common conditions. The 

aim of our study was to measure the effectiveness of an EHR alert on the implementation of 

hepatitis B surface antigen (HBsAg) screening of foreign-born Asian and Pacific Islander (API) 

patients.

Methods: We used a novel technique to identify API patients by self-identified ethnicity, 

surname, country of origin, and language preference, and who had no record of CHB screening 

with HBsAg within the EHR. Patients with Medicare and/or Medicaid insurance were excluded 

due to lack of coverage for routine HBsAg screening at the time of this study. At-risk API patients 

were randomized to alert activation in their EHR or not (control).

Results: A total of 2,987 patients met inclusion criteria and were randomized to the alert (n = 

1,484) or control group (n = 1,503). In the alert group, 119 patients were tested for HBsAg, 

compared to 48 in the control group (odds ratio [OR] = 2.64 [95% CI = 1.88–3.73]; P< .001). In 

the alert group, 4 of 119 (3.4%) tested HBsAg-positive compared to 5 of 48 (10.4%) in the control 

group (P = .12).

Conclusions: An EHR alert significantly increased HBsAg testing among foreign-born APIs.
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Impact: Utilization of EHR alerts has the potential to improve implementation of hepatitis B 

screening guidelines.
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INTRODUCTION

One in four patients with chronic hepatitis B (CHB) will die prematurely from liver 

cirrhosis, hepatocellular carcinoma (HCC), or decompensated liver failure if left untreated. 

(1) In the United States in 2012, there were approximately 847,000 persons infected with 

hepatitis B virus (HBV), and there are approximately 14,000 CHB-associated annual deaths. 

(2,3) Foreign-born persons have the highest CHB prevalence in the United States, between 

4.5–10.3%, (4) and the majority of foreign-born persons with CHB living in the United 

States originated from Asia. (4) As a result of the high prevalence of CHB, Asian and Pacific 

Islanders (APIs) have the highest incidence rates of HCC and HCC-related mortality. (5)

Despite a high burden of disease, CHB screening among foreign-born persons in the United 

States has been sub-optimal. (6,7) Current guidelines from the Centers for Disease Control 

and Prevention, United States Preventive Services Task Force, and the American Association 

for the Study of Liver Diseases, recommend screening patients born in countries with 

intermediate-high CHB endemicity (>2%).(8–10) Less than one-third of API persons in the 

United States have been screened for CHB. (11) It is likely that deficiencies in patient and 

physician knowledge are contributing to these low screening rates. (12–14)

Utilization of health information technology provides an opportunity to overcome these 

gaps. The modern electronic health record (EHR) has previously been used to increase the 

likelihood of CHB screening via message prompts to providers 24 hours prior to 

appointments involving at-risk patients. (15) However, CHB screening gaps remain and 

more automated approaches may work better. The majority of patients at risk for CHB are 

foreign-born; however, country of origin is not systematically captured in the EHR. In a 

previous project we addressed this challenge by applying a technique focused on selecting 

surnames associated with various Asian ethnicities and demonstrated statistically significant 

increased ordering of HBsAg tests. (15) Leveraging these findings, the aim of this study was 

to demonstrate the effectiveness of an automated, randomized EHR alert on CHB screening 

within an integrated, academic health system using a novel method to identify at-risk 

patients.

MATERIALS AND METHODS

Study population.

Patients aged 18 years and older with an established primary care provider within the UC 

Davis health system as of September 17, 2015 with either a self-identified API race or 

ethnicity or an imputed API race or ethnicity based upon surname, language preference, or 

country of origin (Supplementary Materials) were enrolled. Patients meeting any of these 
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criteria for API ethnicity had their electronic medical charts tagged to receive the EHR alert. 

Surname lists used to identify persons of Asian ethnicities have previously been validated. 

(16–18) Patients with any private insurance were included, but patients with only Medicare 

and/or Medicaid coverage were excluded because the Centers for Medicare and Medicaid 

Services (CMS) had not made a determination for coverage for CHB screening based upon 

nativity during the study period. The decision for CMS to cover screening for CHB was 

made September 2016, approximately 8 months after our study began. (19) Other exclusion 

criteria included prior testing for hepatitis B surface antigen (HBsAg) or an ICD-9 code for 

chronic hepatitis B (070.2–070.3). The study was approved by the University of California 

Davis Institutional Review Board to proceed without informed consent. The need for 

informed consent was waived because the study was deemed minimal risk and consenting 

patients would break the blinding of our intervention.

EHR Alert.

The EHR alert was deployed through the health system’s electronic record (Epic Systems, 

Verona, WI) under the “Health Maintenance” functionality, which provides reminders for 

periodic health screenings and preventive care, between January 28, 2016 and January 27, 

2017. A completed HBsAg test automatically changed the alert status from “Due” to 

“Done.” The status could have been manually changed if a patient reported having the test 

done in another health care system or if a patient refused testing to “previously done” or 

“patient declined,” respectively. A computer-generated randomized method was used to 

assign each eligible patient in a 1:1 fashion to either have the HBsAg alert activated or not 

activated (control). If the alert was not activated, the “HBV screening” icon did not appear in 

the “Health Maintenance” section of the patient’s electronic medical chart. Patients and 

providers were blinded and no new interventions to increase CHB testing were implemented 

during the study period. The primary outcome of the study was HBsAg test completion 

within our health system during the study period. Secondary outcomes included the 

difference in HBsAg positivity between the alert and control groups.

Statistical Analysis.

Proportions between the EHR alert and control groups were compared using Fisher’s exact 

test. The Wilcoxon rank-sum test was used to compare numerical variables between the 

EHR alert group and control group. Multivariable logistic regression was used to study the 

association between receiving the HBsAg test, as a binary outcome variable, and the binary 

predictor, alert (EHR alert vs. control), in order to adjust for confounders, including number 

of office visits, age, sex, and language. A P-value < .05 was considered statistically 

significant. Statistical analyses were performed with SAS v 9.4 (SAS Institute Inc., Cary, 

NC, USA).

RESULTS

The total number of patients within the health system at study initiation was 321,721. Of 

these, 2,640 had documentation that they had been previously tested (353 HBsAg positive 

and 2,287 HBsAg negative) and 306,663 were not considered to be at risk for CHB due to 

their ethnicity as determined by information available in the EHR. Thus, 12,418 at-risk 
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patients had no documentation of having been tested. After 9,431 Medicare and/or Medicaid 

patients were excluded, a study population of 2,987 patients were randomized (Figure 1). Of 

these 2,987 patients, 2045 (68.5%) were identified as API based on self-identification, 

language preference, or country of origin as recorded in the EHR. Therefore, 942 patients 

(31.5%) were identified as API based on imputed ethnicity or race from the surname list.

There were 1,484 patients randomized to the alert group and 1,503 patients randomized to 

the control group; there were no significant differences between baseline characteristics in 

the alert and control groups (Table 1).

HBsAg testing was completed in 119 patients in the alert group compared to 48 in the 

control group (8.0% vs. 3.2%; P<.001) (Table 2). There was an increased odds of HBsAg 

testing in the alert group (odds ratio [OR] = 2.64, 95% CI = 1.88–3.73). There was a lower 

proportion of HBsAg positivity in the alert group compared to the control group, but this 

was not statistically significant (3.4% vs. 10.4%; P=.12) (Table 2).

The multivariable logistic regression analysis showed increased HBsAg testing in the alert 

group (adjusted odds ratio [aOR] = 3.13 [95% CI = 2.18– 4.48]; P<.001) and an increased 

number of office visits attended during the study period (aOR = 1.16 [95% CI = 1.12–1.20]; 

P<.001). Age, sex, and language preference were not found to significantly affect the rate of 

HBsAg screening (Table 3). The 2,987 evaluable patients (1484 and 1503 patients in the 

alert and control (i.e., no alert) group, respectively) provide a power of 80% to detect a ratio 

of 1.53 of the odds of HBsAg testing given the alert group to that given the control group 

controlling for office visit, age, sex, and language at a significance level of 5%. The power 

analysis was performed with SAS PROC POWER.

HBsAg screening indications for the EMR alert and control groups are compared in Table 4. 

There were significantly more asymptomatic patients screened in the alert group compared 

to the control group (83.2% vs. 58.3%; P=.005). Patients who received HBsAg testing for 

the indication of “Known CHB” were tested to confirm a self-report diagnosis of CHB. 

Fisher’s exact test was used to compare the distributions of the different HBsAg screening 

indications between the alert and control groups so only one P-value is reported. The 

number of tests ordered in the alert and control groups over the study period is shown in 

Figure 2.

DISCUSSION

The purpose of this study was to measure the effect of an EHR alert on screening for chronic 

hepatitis B. Utilization of EHR alerts has the potential to improve implementation of 

hepatitis B screening guidelines. Our study demonstrated a more than 2-fold increase in 

HBsAg testing among APIs who were assigned to the alert group and found a 3.6% 

prevalence of CHB in the alert group overall (Table 2). While it is challenging to identify 

screening indications with the EHR, we applied a novel method to identify at-risk persons 

based on surname, ethnicity or race, language preference, and country of origin.

CHB differs from other conditions, such as chronic hepatitis C, colon cancer, breast cancer, 

and prostate cancer, in which screening guidelines are based upon age/date of birth and sex, 

Chak et al. Page 4

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



which are generally accessible in every medical record. In contrast, HBsAg testing is 

recommended for patients based on country of birth and other risk factors such as history of 

intravenous drugs use and being a man who has sex with men. Data on country of birth, 

race, and ethnicity is frequently incomplete or inaccurately recorded in the EHR. Thus, a 

novel method to find at risk patients was needed. Our EHR alert was deployed in Epic 

Systems, which is a commonly used EHR in the American healthcare system. Therefore, we 

suggest the utilization of clinical decision support tools, such as this EHR alert, to identify 

patients that may benefit from HBV testing.

CHB remains an important health disparity in the API population, which may be addressed 

by increased screening and linkage of those identified with CHB to appropriate care and 

treatment. Anti-viral therapy has been shown to suppress viral replication, prevent 

decompensation in liver cirrhosis, and reduce the risk of hepatocellular cancer among those 

with advanced fibrosis. (20–22) In addition, increasing evidence supports the impact of anti-

viral therapy on reducing hepatocellular cancer even in those without cirrhosis. (23)

There remains an unmet need for screening those at greatest risk of CHB. One reason may 

be gaps in hepatitis B knowledge among the API community and healthcare providers. In 

surveys administered to at-risk Asian Americans prior to educational interventions, many 

had incorrect beliefs regarding modes of HBV transmission (e.g., through contaminated 

food) and sub-optimal numbers reported having received the HBV vaccine series. (12,13) 

Similarly, in a questionnaire administered to interns, residents, and attending physicians at 

an academic medical center, only 24% correctly identified the lab tests used to screen for 

CHB. (14) In a survey of primary care providers, only 33% reported universal screening of 

API patients and 47% reported screening patients based on country of origin. (24) Thus, 

both patient and physician knowledge gaps may contribute to a lack of awareness of CHB 

leading to sub-optimal screening. The EHR alert can be deployed to properly identify API at 

risk for CHB so that these patients may know their status, and those who test positive can be 

linked to appropriate HBV-directed care.

Utilization of the EMR has been used in a variety of settings to improve implementation of 

clinical guidelines. Automated electronic alerts have been used to reduce drug interactions, 

(25,26) increase rates of deep vein thrombosis prophylaxis, (27) and increase rates of 

preventive measures such as routine vaccinations (28). More recently, EHR “Best Practices” 

alerts have been shown to increase screening for chronic hepatitis C (29,30) when different 

clinical sites were cluster randomized to receive these alerts. Using a 1:1 randomized, 

double-blind, alert mechanism, we demonstrate how EHR can be used to improve hepatitis 

B testing, adding scientific rigor to our results.

Electronic alert fatigue has been reported as an unintended side effect of automated clinical 

decision support. (31,32) When providers are inundated by electronic messages and alerts, it 

is easy to imagine that some of these will be ignored. Based on the number of HBsAg tests 

ordered over the course of the 12-month study period (Figure 2), the number of tests did not 

decrease over time suggesting that physicians did not experience electronic alert fatigue and 

that the effect of the alert would last beyond the study period.
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While the EHR alert did increase the rate of HBsAg tests completed, it did not lead to a 

statistically significant increase in HBsAg positive cases identified compared to the control 

group. There was a trend towards more HBsAg positive results in the control group although 

this result was not statistically significant (Table 2). The most likely reason for this disparity 

is the exclusion of Medicare and Medicaid patients from our study, which could have 

lowered the prevalence of CHB in our study population. Medicare patients are older (and 

therefore less likely to have been vaccinated against HBV). Medicaid patients are 

underinsured and may be at increased risk for CHB given their lower socioeconomic status 

and decreased access to routine medical care such as vaccination. The control group patients 

were more likely to have had an HBsAg test completed due to symptoms or abnormal 

laboratory findings (Table 4). Thus, patients in the control group would have had a higher 

pre-test probability for being HBsAg-positive than those in the alert group, which may 

partially explain the trend of more HBsAg positives in the control group.

While the EHR alert more than doubled an at-risk patient’s chance of completing a HBsAg 

test, the overall rate of test completion was low (8%). This likely occurred because patients 

would have to have been seen in person by their primary care physician (PCP) who would 

then see the alert and order the HBsAg test. If a patient did not present to their PCP during 

the study period, the alert would not be seen, and the HBsAg test would not have been 

ordered. Future screening efforts may consider using an EHR alert in addition to a more 

active outreach component (such as electronic messages, telephone calls, or letters to at-risk 

patients) encouraging at-risk patients to present to their PCPs to receive testing.

Our study was subject to at least four limitations. First, Medicare and Medicaid patients 

were excluded due to screening coverage concerns and this decreased our overall sample 

size. Exclusion of Medicare and Medicaid patients also skewed our study towards a younger 

patient population, which was more likely to have been vaccinated against HBV. Now that 

CMS is covering screening for CHB we have a follow-up study among Medicare and 

Medicaid patients on-going to measure the effectiveness of EHR alerts on HBsAg screening 

within this population. We suspect that more HBsAg positive results will be found as these 

patients are presumably at higher risk for CHB. Second, our method to identify API may 

have missed screening eligible patients. We used a surname list in part to impute API 

ethnicity in cases that otherwise would not have been identified. However, surnames that are 

associated with non-API ethnic groups, for example “Lee,” were excluded. Adopted APIs, 

APIs that have taken on a non-API married surname, or non-APIs that have taken on API 

surnames may also have been misclassified. Third, we did not screen other risk groups such 

as African born, persons who inject drugs, and men who have sex with men. Lastly, our 

EHR alert was unable to screen patients outside of our health system.

In conclusion, an automated EHR alert directed towards screening for CHB effectively 

increased the number of HBsAg tests completed. This study offers empirical evidence for 

the efficacy of employing EHR alerts for CHB testing for at-risk APIs in a clinical setting 

and lends itself to the reduction of HBV-induced health disparities. Future research should 

include identifying other barriers providers face when ordering CHB tests, linking those 

with CHB to care, and expanding these interventions to include other at-risk patient groups.
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Figure 1: 
CONSORT Diagram for Patients in the Chronic Hepatitis B (CHB) Screening Alert Study. 

shows that our method identified 12,418 at-risk patients who had not yet been screened for 

CHB. After excluding patients with Medicare and/or Medicaid, 2,987 patients were 

randomized to either receive the alert or not.
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Figure 2: 
Hepatitis B Surface Antigen Testing among Asian Pacific Islander Americans in the alert 

group and control groups, January 2016–2017. shows the cumulative frequency of hepatitis 

B surface antigen tests ordered in the alert and control groups over the study period. The 

number of tests did not decrease over time suggesting that electronic alert fatigue did not 

occur.

Chak et al. Page 11

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chak et al. Page 12

Table 1:

Baseline Characteristics of Randomized Electronic Health Record Alert and Control Groups Among Asian 

and Pacific Islander Patients in UC Davis Health System, January 2016–January 2017

Characteristic Alert
N=1484 (%)

Control
N=1503 (%)

P-value

Male 717 (48.3%) 697 (46.4%) .30

English Language (Primary) 1150 (77.5%) 1170 (77.8%) .94

Age (years) ± SD 38.5 ± 14.7 39 ± 14.9 .39

Private Insurance 1459 (98.3%) 1473 (98.0%) .59

Number of Office Visits (Mean) 1.5 ± 2.8 1.8 ± 3.5 .39

SD: Standard Deviation
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Table 2:

Effect of the Electronic Health Record Alert on HBsAg Testing and HBsAg Positivity among Asian and 

Pacific Islander Patients in UC Davis Health System, January 2016–January 2017

HBsAg Testing Status Alert
N=1484 (%)

Control
N=1503 (%)

OR (95% CI) P-value

HBsAg test completed 119 (8.0%) 48 (3.2%) 2.64 (1.88–3.73) <.001

HBsAg-positive 4/119 (3.4%) 5/48 (10.4%) 0.30 (0.08–1.17) .12

HBsAg: Hepatitis B surface antigen

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chak et al. Page 14

Table 3:

Multivariate Analysis of Characteristics Associated with Receiving an HBsAg Test Among Asian and Pacific 

Islander Patients in UC Davis Health System, January 2016–January 2017

Characteristic aOR (95% CI)* P-value

Alert (EMR alert vs. Control) 3.13 (2.18–4.48) <.001

Number of Office Visits 1.16 (1.12–1.20) <.001

Age 1.01 (1.00–1.02) .06

Sex (Male vs. Female) 0.76 (0.55–1.06) .11

Language

English vs. Non-English 1.31 (0.82–2.10) .26

Unknown vs. Non-English 0.50 (0.10–2.39) .38

HBsAg: Hepatitis B surface antigen

*
Adjusted odds ratio (aOR): model controls for office visit, age, sex, and language
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Table 4:

HBsAg Screening Indications for Asian and Pacific Islanders in UC Davis Health System, January 2016–

January 2017

HBsAg EMR Alert Control P-value

HBsAg ordered N=119 (%) N=48 (%) .005

Asymptomatic 99 (83.2%) 28 (58.3%)

Abnormal Liver Test 7(5.9%) 9 (18.8%)

Prenatal Screening 11 (9.2%) 9 (18.8%)

Known CHB infection 2 (1.7%) 2 (4.2%)

HBsAg: Hepatitis B surface antigen

CHB: Chronic hepatitis B
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