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Chronic Hepatitis B (CHB) contributes to a high public health burden in Australia from

chronic liver disease and hepatocellular carcinoma. Health literacy impacts on multiple

aspects of long term management, including surveillance and long term follow up. We

designed and implemented a multilingual educational iPad application for outpatients

to use while in the clinic waiting room. The application employed an interactive and

multimodal approach to education. It utilized graphics, audio and text to convey practical

information regarding transmission of disease, long term complications, treatment and

surveillance. Participants were recruited from a tertiary liver clinic and assigned to either

standard treatment (routine clinical consult only) or the iPad group (clinical consult and

additional education with the iPad app). There were 54 participants (control n = 29, iPad

n = 25). Knowledge was assessed at baseline, secondly after the clinician appointment

and finally at 6 months. Median follow up time was 6.1 months (range 0–18 months)

and 87% of participants completed the final survey. At baseline, there was no difference

in age, gender, proportion of newly referred patients, or use of antivirals. Baseline

knowledge was similar in the two groups (61.4 vs. 55.1%, p = 0.33). The iPad group

scored significantly higher after the first consult (79.5 vs. 61.5%, p = 0.0005). This

improvement remained significant by the end of follow up (72.6 vs. 61.0%, p = 0.0472).

To conclude, interactive education with iPads may be an effective way to improve

patient knowledge.
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INTRODUCTION

Chronic Hepatitis B (CHB) contributes to an increasing public health burden in Australia due to its
complications of chronic liver disease (CLD) and hepatocellular carcinoma (HCC). In Australia, it
is estimated that there are 230,000 people with CHB, with a disproportionately high prevalence in
patients from Indigenous, Asian-Pacific and African backgrounds as well as those who inject drugs
or men who have sex with men (1). In our catchment area in eastern Melbourne, there is a large
presence of CHB patients from Vietnam, China, Cambodia, Sudan and Afghanistan.

Poor health literacy has been observed in patients with CHB in a number of different studies
(2–4). This likely contributes to the high rates of non-adherence to antiviral medications and the
suboptimal outpatient clinic retention rates that have been observed in other studies (5–7). Patient
barriers that may contribute to these lower health literacy and poor health outcomes are low levels
of English proficiency, stigma and perceptions of CHB, attitudes and level of education. Anecdotally
in our tertiary clinic, a significant barrier to further health education from healthcare providers
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has been time constraints and high patient loads, with follow
up consultations focusing mainly on antiviral therapies. We find
that patient education of CHB relies heavily on patients’ primary
care physician. New methods of delivering health education are
required to further improve patient understanding of CHB by
overcoming these barriers.

From previous research we have undertaken at our liver clinic,
many patients with CHB had indicated that they wanted further
information on CHB via either the internet, pamphlets or in
video format (6).

Tablet based education modules have been deployed in several
clinical settings in recent years with variable results. Short term
studies in Dermatology, Endocrinology and Oncology have been
performed suggesting that this medium of education is well-
received and feasible, however long term outcomes were not
assessed (8–10). Interestingly, age was not a significant barrier
to iPad application adoption, and there is data to suggest that
clinical outcomes following tablet based education are non-
inferior in the medium term (9, 11, 12).

METHOD

The aim of this pilot study was to design, develop and trial a novel
approach using a multilingual and audio-visual iPad application
in the outpatient waiting room to supplement patient education.
We aimed to assess its effectiveness as an adjunct in improving
patient knowledge over a short and medium follow up period.

We designed an educational iPad application in five languages
(English, Khmer, Dari, Vietnamese and Mandarin) that educated
patients about different aspects of CHB. Health knowledge
regarding the transmission, prevention, complications,
surveillance, and management of CHB were addressed
sequentially in the application. Patients were able to revisit
previous sequences as often as required. Voice-over narration
and captions were available in the chosen language, as well as
cartoon animations to maximize knowledge retention (Figure 1).

FIGURE 1 | Screenshot of a chapter on Hepatitis B Transmission in our

educational iPad application.

The iPad application was available for use for 20min prior to
attending their scheduled clinic review.

Participants were identified from a tertiary liver clinic and
invited to participate in this study. Inclusion criteria were
patients who had CHB and fluency in at least one of the five
languages available in the application. We identified two groups
of patients—those who had been newly referred to the clinic
by their GP for management of CHB, and those who were
already seeing the liver clinic for CHB. Written consent to
participate in this study was obtained with the aid of interpreters
as required.

Participants were then randomized to either a control
or an intervention group. Throughout the follow up
period, participants knowledge of CHB was assessed three
times (baseline, post-consultation, and follow up) using a
questionnaire. All patients underwent a baseline questionnaire
assessing knowledge of CHB prior to their first clinical contact.
Following this questionnaire, the iPad group were given iPads
to review the educational CHB material while control patients
continued to wait in the waiting room. Both groups then
proceeded to see their respective hepatologist, who were not
informed of which patients had used the iPad app. Following
this consultation, participants completed the post-consultation
questionnaire prior to leaving the clinic. The long-term
questionnaire was completed at the conclusion of the follow
up period (∼6 months) either in person, on the telephone
or online.

Results were analyzed using STATA (13). Baseline
characteristics between control and intervention groups
were compared using t-test and chi-square tests. There were 19
questions assessing CHB knowledge in total: vaccination (n= 2),
vertical transmission (n = 3), horizontal transmission (n = 8),
liver related complications (n= 2), social stigma (n= 1) and need
for follow up (n = 3) (Appendix 1 in Supplementary Material).
Individual questions from the survey were weighted to a score
of 1–3 based on their clinical significance, with the total score
being presented as a percentage out of 40. We assigned greater
weight to knowledge that would have a more impact on patient
management and quality of life.

Questions that assessed the importance of long term follow up
and complications of CHB were assigned 3 points, as we believed
this to be a large barrier to long term follow-up. Questions that
assessed the horizontal transmission risks were graded between 1
and 3 points based on the daily exposure to this risk and the effect
on quality of life. For example, we scored the question assessing
knowledge that sharing food and drink to be safe as 3 points, and
the risk of sharing earrings as 1 point.

This study was approved by the local governing
ethics committee.

RESULTS

There was a total of 54 participants included this study (control
n = 29, iPad n = 25). At baseline, there was no difference in age,
gender, newly referred patients, use of antivirals or proportion
who chose English as their first preference (Table 1).
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Ninety-three percentage of patients (n = 50) completed
the post-consultation questionnaire, and 87% (n = 47)
completed the long term questionnaire. Median follow
up time was 6.1 months (range 0–18), and patients
attended a median of 2 clinic appointments during
this time.

Baseline Results
At baseline, there was no difference in knowledge between the
iPad and control groups with overall scores (61.4 vs. 55.2% p =

0.32). Patients who used the English version the questionnaire or
the English iPad application (n = 31) scored higher than those
who used non-English versions (Khmer n = 6, Mandarin n =

11, Vietnamese n = 6) (63.7 vs. 50.3%, p = 0.04). There was
no difference in overall knowledge in patients newly referred
to the clinic compared to existing patients (56.0 vs. 60.5%,
p= 0.47).

Participants scored highest in identifying the complications of
CHB, and lowest in questions regarding vaccinations (Table 2).
Forty-three percentage of participants were unsure about or
believed that sharing food and drink could spread the hepatitis
b virus, and 35% thought the same of coughing/sneezing. Sixty-
five percentage and 67% of all participants were not aware of
the risk of transmission when sharing nail clippers and earrings,
respectively. Eighty-five percentage of patients believed that CHB
requires long term surveillance and follow up, and 55% of
patients understood that having a diagnosis of CHB would not
be grounds for losing their employment.

TABLE 1 | Baseline characteristics.

Control (n = 29) Ipad (n = 25)

Age (years) 46.5 ± 11.2 44.0 ± 12.5 p > 0.05

Male (%) 48.3 56.0 p > 0.05

New referrals (%) 44.8 48.0 p > 0.05

On Antiviral therapy (%) 17.2 32.0 p > 0.05

Diagnosis of HBV > 5

years prior (%)

75.9 84.0 p > 0.05

English as 1st preference

(%)

58.6 56.0 p > 0.05

Post-consultation Results
The iPad group demonstrated higher overall knowledge
compared with the control group in the post first consultation
questionnaire (79.5 vs. 61.5%, p < 0.0005; Figure 2).

Patients who used the non-English version of the
iPad application had more substantial improvements
in knowledge following the clinician consult compared
with both those who used the English version (absolute
increase of +27.2% vs. +11.3%, p = 0.045) and those non-
English speaking in the control group (+27.2% vs. 5.9%,
p= 0.007).

Long Term Outcomes
At the end of follow up, the iPad group scored higher
than the control group in overall CHB knowledge (72.6 vs.
61.0%, p = 0.047; Figure 2), and this was significant in
areas concerning complications associated with CHB (88.6
vs. 66.0%, p = 0.026) and management (75.0 vs. 60.0%,
p= 0.04).

Non-English speaking patients who used the iPad application
showed no difference in knowledge compared with non-English
speaking patients in control group (63.2 vs. 61.7%).

Newly referred patients who used the iPads had improvements
in their overall knowledge by the end of follow up compared
to their own baseline (80.3 vs. 64.8%, p = 0.020). Newly
referred patients in the control group trended toward a
significant improvement in knowledge scores by the completion
of the study compared to their baseline (80.3 vs. 68%,
p= 0.079).

There was no difference in test scores at the end of follow up
in those who complete the questionnaire on or before 6 months,
and those after 6 months.

DISCUSSION AND CONCLUSION

Discussion
Poor Baseline Health Knowledge

Poor health literacy remains a barrier to the long-term
management of patients with CHB. This has been shown
in multiple populations, and our baseline questionnaire
demonstrates similar findings.

TABLE 2 | Mean weighted scores achieved by participants throughout the study.

Baseline Post 1st consult Long term follow up

Control

n = 29 (%)

iPad

n = 25 (%)

Control

n = 27 (%)

iPad

n = 23 (%)

Control

n = 25 (%)

iPad

n = 22 (%)

Vaccination 44.8 50.1 49.4 58.7 57.3 50.0

Horizontal transmission 51.8 64.0 57.9 82.6 63.3 75.3

Vertical transmission 47.2 54.0 58.0 72.5 51.3 58.3

Complications 75.9 74.0 83.3 91.3 66.0 88.6

Management 57.3 56.0 59.7 76.6 60.0 75.0

Stigma 48.3 64.0 48.0 79.6 72.0 68.2

Total 55.2 61.4 61.5 79.5 61.0 72.6

Frontiers in Public Health | www.frontiersin.org 3 December 2019 | Volume 7 | Article 372

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Ha et al. Educational iPad Application in CHB

FIGURE 2 | Comparison of total scores on knowledge questionnaires

throughout follow up.

At baseline, only 56% of patients were aware that a vaccine
for CHB existed. Of these patients, 57% were aware that
this vaccination is subsidized by the Australian Government.
Interestingly, there was high expectation of needing antiviral
therapy at baseline. Only 34% of patients who were not on
antiviral therapy correctly believed that they did not need
antiviral therapy; the majority were not sure or believed that
medications would be beneficial.

We were not surprised to find that patients who completed
non-English versions of the questionnaire scored lower than
their counterparts who chose English as their first preference.
Language barriers, level of education and different cultural
attitudes toward chronic disease likely contributed to this
difference. This is consistent with the experience of other
Australian centers (2–4).

There was no significant difference in knowledge between
those who were newly referred to the clinic and those who
were already managed by a hepatologist at the clinic, which
suggests that further interventions such as additional educational
resources may be valuable in improving health literacy in patients
with CHB.

Development of the Application

Initially, the application was designed in English and we aimed
to address topics that would be clinically relevant to patients. We
focussed on the explanation of the prevention and transmission
of HBV, indications for antiviral therapy, long term surveillance
and potential complications of the virus. Once the English
narration and subtitles were completed, we translated the app
into four different languages—Khmer, Dari, Vietnamese, and
Mandarin. Epidemiological information specific to Australia and
to each country was included in the application (for example, if
a patient chose the Vietnamese language option, epidemiological
data from Vietnam and Australia was displayed). We believe that
presenting health information in a multilingual audio, visual and

text format is ideal to optimize knowledge retention, especially in
a population of patients who have lower literacy rates.

Another goal of the app was to introduce patients to
the multidisciplinary nature of CHB management, thus also
reinforcing the importance of regular appointment with
phlebotomy and sonography services.

Issues With Implementation

Using the iPad application in our clinics was well-received by
patients. In our study, we used a separate room adjacent to the
waiting room to allow patients to complete the questionnaire
and use the iPads alone. Implementation of similar apps in open
waiting rooms will need address this issue. If side-rooms are not
readily available, we believe that using headphones and physical
tablet privacy screen filters may be a reasonable option.

Although we did not formally assess the participants’ technical
or digital skill, we found that the iPads were able to be used
without difficulty by most participants.

Improvements in Knowledge

Our data suggests that using the iPad app resulted in significant
improvements in knowledge regarding CHB. We designed
the questionnaire to test for practical knowledge regarding
the management of CHB from a patient perspective, and
therefore improvements in scores are encouraging. Knowledge
regarding how the virus is and is not transmitted could
have a large impact on some patient’s families and lifestyles,
while from a management perspective, better understanding of
the complications of CHB could perhaps improve clinic and
medication retention rates.

There was a marked improvement in knowledge immediately
after using the iPad application, however this improvement
reduced over time. This decay is not unexpected, and
perhaps regular education is required for optimal levels of
knowledge retention.

Patients who preferred non-English versions of the
application benefitted most in terms of knowledge gained
as demonstrated by significant greater improvements in post-
questionnaire scores, therefore highlighting the effectiveness of
the education app in patients more likely to have lower literacy.
However, knowledge scores were similar between the control
and iPad non-English speaking groups at the end of follow up.
We also see that patients who were newly referred to the clinic
demonstrated sustained improvements in knowledge across the
follow up period. Again, this is not a surprising finding given
that the newly referred patients will perhaps be more eager to
learn about their disease, are younger than those who are already
known to the clinic (41.5 years vs. 48.7, p= 0.029).

Future Direction

Smart devices are now widely accepted and used by people
of all ages. From a health education perspective, these offer
great opportunities in improving patient knowledge and allowing
for more holistic care. We believe that applications can be
used in the waiting room as an adjunct to traditional means
of health education. Furthermore, there is great potential
for using these applications to directly influence specialist
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consultations. Clinician access to questionnaire data would
allow immediate identification of knowledge deficiencies and
patient misconceptions about their disease, thus enabling a more
targeted consult and personalized approach to patient care.
Future studies will explore the repeated administration of apps to
facilitate sustained learning, while also exploring the long-term
adherence and outcomes for patients with CHB.

Practical Implications

The use of iPad assisted patient education in the waiting
room presents great potential. It can be implemented easily
in a busy tertiary clinic with minimal interruption to patient
flow. This could be a cost effective way of improving patient
knowledge, and potentially reducing long term issues in this
chronic disease.

Limitations

The findings of our study are limited for a number of reasons.
Firstly, we followed a small study sample over the study
period. Subgroup analyses performed within these samples are
of small numbers, and the data must be interpreted cautiously.
There was a variable follow up time, often due to difficulty
contacting patients. This did, however, mean that we acquired
even longer term results for some patients. We did not assess
the reading literacy of participants in this study. This may
impact on outcomes, however we aimed to minimize the
reliance on reading literacy by implementing audio and visual
educational content.

Although our study demonstrated modest improvements in
patient knowledge of hepatitis B, it was not powered to directly
assess changes in transmission rates, adherence to medications
and follow up. Larger studies are required to directly determine
the efficacy of this application in improving these important
health outcomes in patients with CHB.

CONCLUSION

We have developed and successfully implemented a
supplementary iPad based health education application for
patients with chronic Hepatitis B attending a tertiary liver clinic.
A single episode of the iPad application use was associated with

sustained improvement in disease specific knowledge over our
study period.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Monash Health Human Research
Ethics Committee. The patients/participants provided
their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

PH, RH, PT, AC, and UT were involved in the planning of this
project and collection of data. PH analyzed this data and wrote
the manuscript. AD was involved in planning this project and
supervised its progress.

FUNDING

The development of this iPad application was supported by
Bristol-Meyers Squibb. The funder was not involved in the study
design, collection, analysis, interpretation of data, the writing of
this article or the decision to submit it for publication.

ACKNOWLEDGMENTS

We acknowledge Effishency for their contribution in creating the
iPad application.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2019.00372/full#supplementary-material

REFERENCES

1. McGregor S, McManus H, Gray R. Annual Surveillance Report of HIV,

Viral Hepatitis, STIs 2016. (2016). The Kirby Institute, UNSW Sydney.

Retrieved from: https://kirby.unsw.edu.au/sites/default/files/kirby/report/

SERP_Annual-Surveillance-Report-2016_UPD170627.pdf (accessed April

22, 2019).

2. Dahl TFM, Cowie BC, Biggs BA, Leder K, MacLachlan JH, Marshall C. Health

literacy in patients with chronic hepatitis B attending a tertiary hospital in

Melbourne: a questionnaire based survey. BMC Infect Dis. (2014) 14:537.

doi: 10.1186/1471-2334-14-537

3. Hajarizadeh B, Wallace J, Richmond J, Ngo N, Enright C. Hepatitis B

knowledge and associated factors among people with chronic hepatitis B.Aust

N Z J Public Health. (2015) 39:563–8. doi: 10.1111/1753-6405.12378

4. Vu LH, Gu Z, Walton J, Peet A, Dean J, Dunne MP, et al. Hepatitis

B knowledge, testing, and vaccination among Chinese and Vietnamese

adults in Australia. Asia Pac J Public Health. (2012) 24:374–84.

doi: 10.1177/1010539510390205

5. Allard N, Dev A, Dwyer J, Srivatsa G, Thompson A, Cowie B. Factors

associated with poor adherence to antiviral treatment for hepatitis B. J Viral

Hepat. (2017) 24:53–8. doi: 10.1111/jvh.12582

6. Ha P, Bull V, Tan N, Spring S, Sahhar LJ, Le ST, et al. Patients lost to follow

up: the experience of an Australian hepatitis B clinic. Hepatology. (2014)

60, 986A−7A. doi: 10.1002/hep.27528

7. Polis S, Zablotska-Manos I, Zekry A, Maher L. Adherence to hepatitis B

antiviral therapy: a qualitative study. Gastroenterol Nurs. (2017) 40:239–46.

doi: 10.1097/SGA.0000000000000161

8. Clifton DC, Benjamin RW, Brown AR, Ostrovsky DA, Narayan AP. A

tablet-based educational tool: toward more comprehensive pediatric patient

education. Clin Pediatr. (2018) 57:1176–82. doi: 10.1177/0009922818766621

9. Morgan ER, Laing K, McCarthy J, McCrate F, Seal MD. Using tablet-based

technology in patient education about systemic therapy options for early-stage

Frontiers in Public Health | www.frontiersin.org 5 December 2019 | Volume 7 | Article 372

https://www.frontiersin.org/articles/10.3389/fpubh.2019.00372/full#supplementary-material
https://kirby.unsw.edu.au/sites/default/files/kirby/report/SERP_Annual-Surveillance-Report-2016_UPD170627.pdf
https://kirby.unsw.edu.au/sites/default/files/kirby/report/SERP_Annual-Surveillance-Report-2016_UPD170627.pdf
https://doi.org/10.1186/1471-2334-14-537
https://doi.org/10.1111/1753-6405.12378
https://doi.org/10.1177/1010539510390205
https://doi.org/10.1111/jvh.12582
https://doi.org/10.1002/hep.27528
https://doi.org/10.1097/SGA.0000000000000161
https://doi.org/10.1177/0009922818766621
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Ha et al. Educational iPad Application in CHB

breast cancer: a pilot study. Curr Oncol (Toronto Ont). (2015) 22:e364–9.

doi: 10.3747/co.22.2476

10. Thomas CL, Kennedy AK, Choi-Lombardi S, Sgarioto M, Peñas PF.

Self-directed tablet education session improves safety knowledge among

patients undergoing phototherapy. Br J Dermatol. (2017) 176:1382–4.

doi: 10.1111/bjd.14991

11. Cook DJ, Moradkhani A, Douglas KSV, Prinsen SK, Fischer EN, Schroeder

DR. Patient education self-management during surgical recovery: combining

mobile (iPad) and a content management system. Telemed J E Health. (2014)

20:312–7. doi: 10.1089/tmj.203.0219

12. Suhling H, Rademacher J, Zinowsky I, Fuge J, Greer M, Warnecke G, et al.

Conventional vs. Tablet computer-based patient education following lung

transplantation—A randomized controlled trial. PLoS ONE. (2014) 9:e90828.

doi: 10.1371/journal.pone.0090828

13. Stata Statistical Software: Release 15 (Version 15.1). (2017). College Station,

TX: StataCorp LLC: StataCorp.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Ha, Hean, Tang, Choy, Thakur and Dev. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 6 December 2019 | Volume 7 | Article 372

https://doi.org/10.3747/co.22.2476
https://doi.org/10.1111/bjd.14991
https://doi.org/10.1089/tmj.2013.0219
https://doi.org/10.1371/journal.pone.0090828
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Implementation of an Educational iPad Application for Patients With Chronic Hepatitis B
	Introduction
	Method
	Results
	Baseline Results
	Post-consultation Results
	Long Term Outcomes

	Discussion And Conclusion
	Discussion
	Poor Baseline Health Knowledge
	Development of the Application
	Issues With Implementation
	Improvements in Knowledge
	Future Direction
	Practical Implications
	Limitations


	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


