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Abstract

Background

Aboriginal and Torres Strait Islander Australians living with chronic hepatitis B virus (HBV)

infection have a significant burden of hepatocellular carcinoma (HCC). The prevalence of

comorbidities that increase the risk of HCC in this population is incompletely defined.

Methods

This cross-sectional study was performed in remote tropical Queensland, Australia in Janu-

ary 2021. All individuals living with chronic HBV in the region were identified; the prevalence

of relevant comorbidities was determined by reviewing medical records.

Results

All 236 individuals in the cohort identified as Aboriginal and Torres Strait Islander Austra-

lians; their median (interquartile range (IQR)) age was 48 (40–62) years; 120/236 (50.9%)

were female. Of the 194/236 (82.2%) engaged in HBV care, 61 (31.4%) met criteria for HBV

therapy and 38 (62.2%) were receiving it. However, 142/236 (60.2%) were obese, 73/236

(30.9%) were current smokers and 57/236 (24.2%) were drinking alcohol hazardously; 70/

236 (29.7%) had�2 of these additional risk factors for HCC, only 43/236 (18.2%) had none.

Among the 19 patients with confirmed cirrhosis, 9 (47%) were obese, 8 (42%) were cur-

rently—or had a history of—drinking alcohol hazardously and 5 (26.3%) were current smok-

ers. Patients also had a median (IQR) of 3 (2–4) cardiovascular risk factors (cigarette

smoking, hypertension, impaired glucose tolerance, dyslipidaemia, renal impairment/pro-

teinuria). Only 9/236 (3.8%) did not have one of these 5 comorbidities.
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Conclusions

Aboriginal and Torres Strait Islander Australians living with chronic HBV in this region of

remote Australia have a high engagement with HBV care and the majority of individuals eli-

gible for antiviral therapy are receiving it. However, a significant comorbidity burden

increases their risk of cirrhosis, HCC, and premature death. It is essential to integrate

chronic HBV care with management of these comorbidities—rather than focusing on HBV

alone—to achieve optimal health outcomes.

Introduction

Australia’s burden of chronic hepatitis B (CHB) is disproportionately borne by its first people,

Aboriginal and Torres Strait Islander Australians (hereafter respectfully referred to, collec-

tively, as Indigenous Australians). The national prevalence of CHB in Indigenous Australians

is estimated to be 2.0%, compared to a prevalence of 0.9% in the general population [1]. This

contributes to a 4–6 times higher incidence of hepatocellular carcinoma (HCC) in Indigenous

Australians, with CHB present in 25.3% of Indigenous Australians diagnosed with HCC com-

pared to 9.9% of non-Indigenous Australians with this cancer [2, 3].

The optimal approach to reducing HCC-related mortality among Indigenous Australians

living with CHB remains incompletely defined. The prescription of antiviral therapy, when

indicated, is clearly essential—and highly cost-effective—although HCC can still develop on

therapy [4, 5]. To identify HCC earlier in those both on—and off—antiviral therapy, it is rec-

ommended that all Indigenous Australians�50 years of age receive 6-monthly ultrasound sur-

veillance for HCC, with or without alpha-fetoprotein (AFP) [6, 7]. However, it is challenging

to provide this HCC surveillance for Indigenous Australians living in remote Australia, indeed,

the cost-effectiveness of the strategy has yet to be established [8–11]. Access to imaging is usu-

ally limited in these locations and there are many other health conditions—particularly macro-

vascular disease, diabetes mellitus, chronic lung disease and chronic kidney disease—that

compete for finite resources [9, 12].

These other health conditions, strongly linked to socioeconomic disadvantage, have their

own attributable morbidity and mortality [12–14]. Furthermore, they also make a significant

contribution to the poor outcomes seen in Indigenous Australians diagnosed with HCC.

Indeed, in a large Australian study of patients diagnosed with HCC, a higher comorbidity bur-

den and remote residential address were the strongest predictors of HCC-related mortality;

Indigenous status was not, in fact, independently prognostic [2].

The current prevalence of CHB in some communities in the Torres Strait Islands (TSI) and

Northern Peninsula Area (NPA) in remote tropical Australia is similar to that seen in some

Southeast Asian countries [15, 16]. Other comorbidities that increase cirrhosis and HCC risk

are also common; most importantly obesity and hazardous alcohol consumption [17–19].

There is also a significant burden of other chronic diseases—particularly macrovascular dis-

ease and complications of the metabolic syndrome—that have an even greater heath impact

[13, 20]. This study was performed to determine the burden of these comorbidities in an effort

to inform the delivery of optimal—and holistic—chronic disease care to the people living with

CHB in the region.

Methods

This cross sectional study was performed in January 2021 in the TSI and NPA region of

remote, Far North Queensland (FNQ), Australia (Fig 1). The area covers approximately 48,000
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km2 and has an estimated resident population of approximately 11000, over 90% of whom

identify as an Indigenous Australian [21]. The population is spread across 18 island communi-

ties on the Torres Strait and 5 communities in the NPA (Australian Bureau of Statistics Local

Government Areas 36950, 36960 and 35780). People living with CHB that were resident in the

region were eligible for inclusion in the study.

Hepatitis B is a notifiable disease in Queensland with all notifications reported to the

Queensland Notifiable Conditions System (NOCS) database. This database provides a data

extract for a local database (the FNQ HBV database) that allows local clinicians to identify—

and expedite the care of—people living with CHB in the region. The FNQ HBV database was

used to identify individuals eligible for this study. CHB was defined as�2 documented posi-

tive hepatitis B surface antigen (HBsAg) serology results�6 months apart. Further demo-

graphic, clinical, laboratory and radiology data were collected using electronic medical records

and laboratory and radiology databases.

All individuals receiving care in Queensland’s public health system, are asked whether they

identify as an Aboriginal Australian, a Torres Strait Islander Australian, both or neither; this

Fig 1. The study region of the Torres Strait Islands and Northern Peninsula Area in remote Far North Queensland, Australia. The map was constructed

using mapping software (MapInfo version 15.02, Connecticut, USA) using data provided by the State of Queensland (QSpatial). Queensland Place Names—

State of Queensland (Department of Natural Resources, Mines and Energy) 2019, available under Creative Commons Attribution 4.0 International licence

https://creativecommons.org/licenses/by/4.0/. ‘Coastline and state border–Queensland—State of Queensland (Department of Natural Resources, Mines and

Energy) 2019, available under Creative Commons Attribution 4.0 International licence https://creativecommons.org/licenses/by/4.0/.

https://doi.org/10.1371/journal.pone.0284151.g001
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was recorded. Patients were defined as being engaged in care if they were receiving anti-HBV

therapy (tenofovir disoproxil fumarate (TDF) or entecavir, both are provided to local patients

free-of-charge by the public health system) or had a quantitative HBV viral load requested in

the 2020 calendar year. Patients were said to have cirrhosis if their most recent AST to Platelet

Ratio Index (APRI) score was>2 [22], if they had a transient elastography score of>11.7kPa

[23], if they had a diagnosis of cirrhosis on imaging that had been reported by a specialist radi-

ologist, or if a diagnosis of cirrhosis was documented in the medical record. While some

patients were able to have elastography performed, the machine in use was not able to deter-

mine a controlled attenuation parameter (CAP) score; accordingly fatty liver was said to be

present if it was described in the report of a specialist radiologist.

Patients were staged using the Australasian Society for HIV, Viral Hepatitis and Sexual

Health Medicine (ASHM) guidelines into immune tolerance, immune clearance, immune

control or immune escape phases [24]. Patients who had two negative HBsAg tests� 6 months

apart were said to have cleared the virus. Those without serology or an HBV viral load in 2020

were classified as “unable to be staged”. Patients were deemed to be eligible for treatment if

they were in the immune clearance or immune escape stage with evidence of active hepatitis (a

serum alanine aminotransferase (ALT) >45 IU/L) or had cirrhosis [25]. If patients were

deemed eligible for treatment but were not on therapy, the medical record was reviewed to

determine the reason.

The participants’ medical records were examined for significant comorbidities. A history of

any co-existing liver disease was documented. Obesity was defined as a body mass index

(BMI) >30 kg/m2 (using the most recent recorded height and weight). The World Health

Organization definition of metabolic syndrome was used to define the features of this syn-

drome, although in the absence of a recorded waist measurement in almost all the patients, if a

patient had a BMI of�30 mg/kg2 and two or more of impaired glucose tolerance, hyperten-

sion or dyslipidaemia, they were said to satisfy a modified definition of metabolic syndrome

[26]. Impaired glucose tolerance was defined as a glycosylated haemoglobin (HbA1c)�5.7%

at any time [27]. Hypertension was said to be present if a blood pressure of>140/90 was

recorded on two occasions or the patient was receiving anti-hypertensive therapy [28]. Dyslipi-

daemia was said to be present if a patient had a reduced high-density lipoprotein (�0.9 mmol/

L in males,�1.0 mmol/L in females) or a serum triglyceride level�1.695 mmol/L at any time

[29]. The presence of renal impairment (estimated glomerular filtration rate (eGFR) <60 ml/

minute/1.73m2) and proteinuria (urinary albumin: creatinine excretion ratio�2.5 g/mol in

males or�3.5 g/mol in females in the absence of concurrent illness) was also sought [30].

Participants’ electronic medical records—which are updated at each clinic review—were

reviewed to determine if they were a current, past, or never smoker. They were also reviewed

to determine if there was current—or a history of—hazardous alcohol use (regular consump-

tion of>10 units of alcohol per week or regular binges of greater than 4 units per day) [31].

Cigarette smoking, impaired glucose tolerance, hypertension, dyslipidaemia, and renal

impairment/proteinuria were said to be modifiable cardiac risk factors [32]. A BMI of�30 kg/

m2, current smoking or current hazardous alcohol use were defined as additional risk factors

for HCC [19].

The participants’ medications were reviewed. The use of daily aspirin or statin therapy was

determined for each patient. The number of regular medications (including ingested, inhaled

but not implanted medications) was also recorded. Polypharmacy was defined as the prescrip-

tion of� 5 medications [33].

Data were de-identified, entered into an electronic database (Microsoft Excel) and analysed

using statistical software (Stata version 14.2). Groups were analysed using the Kruskal-Wallis,

chi-squared and Fisher’s exact test, where appropriate. The study was approved by the Far
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North Queensland Human Research Ethics Committee (QCH106-1082). As the data were de-

identified, the committee waived the requirement for informed consent.

Results

Of the 276 individuals identified as potential study participants, 13 (4.7%) had cleared their

HBV, 6 (2.2%) had died and 21 (7.6%) had moved from the area, leaving 236 individuals satis-

fying inclusion criteria for the study; this represented a current local community CHB preva-

lence of 2.2%. All 236 identified as Indigenous Australians: 217 (92.0%) identified as a Torres

Strait Islander, 18 (7.6%) identified as both Torres Strait Islander and Aboriginal and 1 (0.4%)

identified as an Aboriginal Australian; 120/236 (50.9%) were female. The median (interquartile

range (IQR)) age of the cohort was 48 (40–62) years; 24/236 (10.2%) were born after 1985, the

year when vaccination against HBV began in the region.

Engagement in care and eligibility for treatment

Of the 194/236 (82.2%) engaged in HBV care, 61 (31.4%) met criteria for HBV therapy, 38

(62.2%) of whom were receiving it (19 were receiving TDF and 19 were receiving entecavir).

Among the remaining 23, 10 (43.5%) were engaged in case receiving appropriate care (they

had been referred for specialist review or were receiving close monitoring while therapy was

being discussed). There were 13/61 (21.3%) who were engaged in care and eligible for therapy,

but in whom there was no documented plan for therapy; in these patients the opportunity for

consideration of treatment appeared to have been missed (Fig 2).

Ultrasound surveillance

Overall, 128/236 (54.2%) of the patients received a liver ultrasound during the previous 12

months. This included 84/119 (70.6%) of those meeting criteria for HCC screening and 78/104

(75%) of those engaged in care and meeting criteria for HCC screening.

Fig 2. A flow chart demonstrating the proportion of patients living with chronic hepatitis B in the study region

who were engaged in care and who were receiving antiviral therapy (stratified by clinical phenotype).

https://doi.org/10.1371/journal.pone.0284151.g002
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Cirrhosis and HCC

There were 19/236 (8.1%) who met criteria for a diagnosis of cirrhosis; 9/116 (7.8%) males and

10/120 (8.3%) females. Patients with cirrhosis were older than those without cirrhosis (median

(IQR): 61 (52–65) compared with 47 (39–60), p = 0.001). Of the 19 patients with cirrhosis, 18

(94.7%) were engaged in care and 12 (66.7%) were on therapy (Fig 2). The single case with an

active, confirmed HCC was a 48-year-old, male, overweight former smoker with a history of

hazardous alcohol consumption and cirrhosis, who was on anti-HBV therapy. He was diag-

nosed with multifocal HCC when he presented with ascites; a surveillance ultrasound 8

months prior had not revealed a focal lesion. His AFP at diagnosis (2.7 μg/L) was normal. His

case was discussed in a multi-disciplinary team meeting with a transplant centre and as he had

decompensated disease, no locoregional or systemic options were available to treat the HCC

and a palliative approach was recommended.

Other liver disease, hazardous alcohol use and cigarette smoking

Among the 217 non-cirrhotic patients, 115 (53.0%) had another liver disease documented, this

was fatty liver disease in 112 (97.4%). Two patients had hypoechoic lesions on ultrasound con-

sistent with a haemangioma, the other had a focal area of echogenicity consistent with a hae-

mangioma or fatty change. Current hazardous alcohol use was documented in 57/236 (24.2%),

past hazardous use in 28/236 (11.9%). Current tobacco smoking was documented in 73/236

(30.9%), while previous tobacco smoking was recorded in 78/236 (32.6%).

Obesity and its complications

There were 219/236 (92.8%) who had a height and weight that permitted calculation of a BMI;

their median (IQR) BMI was 32.7 (28.7–36.9) kg/m2. There were 198/219 (90.4%) with a BMI

>25 kg/m2, 143/219 (65.3%) with a BMI>30 kg/m2, and 82/219 (37.4%) with a BMI>35 kg/

m2.

There were 170/236 (72.0%) who had laboratory evidence of impaired glucose tolerance,

106/236 (44.9%) with hypertension, and 190/236 (80.5%) with dyslipidaemia. Of the 219

patients with a recorded BMI, 115 (52.5%) satisfied the modified criteria for the presence of

the metabolic syndrome.

Cardiovascular risk factors

All but 9 (3.8%) patients had at least one modifiable cardiovascular risk factor; 195/236

(82.6%) had�2 cardiovascular risk factors (Fig 3). There were 5/236 (2.1%) individuals with a

recorded eGFR <30 mL/min/1.73m2 and 31/236 (13.1%) with an eGFR<60 mL/min/1.73m2.

There were 94/236 (39.8%) with documented proteinuria.

Medication burden

Patients were taking a median (IQR) of 2 (0–5) medications; 74 (31.4%) were taking�5 medi-

cations. There were 76/236 (32.2%) prescribed a statin and 47/236 (19.9%) prescribed regular

aspirin.

Additional risk factors for HCC

In the entire cohort, there were only 43/236 (18.2%) who were not obese, currently smoking or

currently drinking alcohol hazardously, while 70/236 (29.7%) had 2 or more of these risk fac-

tors for HCC (Fig 4). Among the 19 patients with cirrhosis, only 9/19 (47.4%) were not obese,

currently smoking or currently drinking hazardously. Among these 19 patients with cirrhosis,
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9 (47.3%) had a BMI>30 kg/m2, 2 (11.1%) were currently drinking alcohol hazardously, while

6 (31.6%) had a history of past hazardous alcohol consumption. Meanwhile, 5/19 (26.3%) were

current smokers and 5/19 (26.3%) were past smokers.

Discussion

Over 80% of individuals living with CHB in this remote region of Australia were engaged in

care, one of the highest rates of engagement in Australia, and well above Australia’s National

Strategy target for engagement of 50% by 2022 [1]. Meanwhile, over 60% of those eligible for

therapy were currently receiving antiviral therapy, with almost half of the remaining individu-

als eligible for therapy having either been referred for specialist review or having elected, in

shared decision making with their primary care provider, to defer therapy. However, despite

the encouraging rates of engagement and antiviral treatment, over 80% of the individuals in

the cohort were obese or were currently smoking tobacco or drinking alcohol in a hazardous

manner. If unaddressed, these comorbidities would not only increase the risk of cirrhosis and

HCC [34–36], but they would also be expected to have a significant impact on general health

outcomes [37–39]. These data emphasise the importance of a more holistic approach to CHB

care in the region.

Current Australian guidelines for the management of HBV have a strong emphasis on viro-

logical markers of disease, co-infection with other blood borne viruses, indications for antiviral

therapy and screening for hepatic complications, particularly HCC [7, 40]. This virological

emphasis is understandable as it is currently estimated that 27% of people living in Australia

with CHB are undiagnosed, that only 22.6% of are engaged in care, and that only about half of

the 20% who are estimated to require treatment are currently receiving it [1]. However there is

far less emphasis on identifying and aggressively addressing co-morbidities that can have a sig-

nificant impact on liver health and associated risk of HCC development [6, 41, 42].

Fig 3. A histogram showing the number of modifiable risk factors for cardiovascular disease in each of the

patients in the cohort.

https://doi.org/10.1371/journal.pone.0284151.g003
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This is important given the significant impact that these comorbidities—specifically obesity,

the metabolic syndrome and smoking and hazardous alcohol use—have on the incidence of

cirrhosis and HCC [2, 43–47]. In FNQ, obesity, smoking and hazardous alcohol have an even

greater significance given the crucial role that they play in the 5 most common causes of death

in the local Indigenous Australians population: coronary heart disease, diabetes mellitus, lung

cancer, cerebrovascular disease and chronic obstructive pulmonary disease [48]. There is sig-

nificant potential overlap between the lifestyle interventions recommended to prevent the

development of these conditions, their optimal medical management and the care for people

living with CHB [19, 49–53]. An integrated approach which manages CHB and these comor-

bidities concurrently—rather than the siloed approach that is seen too frequently—would be

expected to translate into both better liver and general health outcomes [54, 55]. Although a

single individual was diagnosed with HCC in the region in the 2020 calendar year, 25 individu-

als required aeromedical evacuation from the region for an acute coronary syndrome during

the same time period [56].

Other studies to examine CHB-related HCC in Indigenous Australians have provided very

limited data about the relative contribution of comorbidities to the development of HCC [16,

57]. A large, multi-jurisdictional study that compared the characteristics and outcomes of

HCC in Indigenous and non-Indigenous Australians, identified that comorbidity—quantified

using the Charlson Comorbidity Index—was the strongest risk factor for death in the cohort.

Indeed, in multivariate analysis of this cohort, Indigenous status was not an independent

Fig 4. Venn diagram demonstrating the number of people living with chronic hepatitis B in the region who were

also obese, currently smoking or currently drinking hazardously. a 19 individuals were obese, current smokers and

were currently drinking alcohol in a hazardous manner. b 23 individuals were obese and current smokers. c 13

individuals were current smokers and were currently drinking alcohol in a hazardous manner. d 12 individuals were

obese and were currently drinking alcohol in a hazardous manner.

https://doi.org/10.1371/journal.pone.0284151.g004
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predictor of survival [2]. However, comorbidity in this study was determined retrospectively

using International Classification of Diseases (ICD) coding of hospital separations, during a

period when understanding of fatty liver disease was evolving. The authors acknowledged that

it was therefore unlikely to capture precisely the relative contributions of these comorbidities

to outcomes [58]. This present cross-sectional study—which uses primary care data—is likely

to provide a more accurate assessment of the prevalence of these comorbidities in the commu-

nity, and therefore the potential role that they play in the development of liver disease.

After appropriate antiviral prescription and optimal management of comorbidities, the

incremental value of HCC surveillance in reducing HCC-related mortality in this region is

uncertain. Australian national guidelines recommend biannual screening with ultrasound and

consideration of AFP testing in people living with CHB who are at increased risk of HCC; this

includes all patients with cirrhosis and Indigenous Australians who are older than 50 years [7].

The recommendation for screening in Indigenous Australians is based on a series of 22

HBsAg-positive cases of HCC in the Northern Territory between 2000 and 2011 and an addi-

tional 16 cases that were HBcAb-positive, however, the comorbidities of the cases in this series

were not presented, which is important as the authors’ model suggested that 60% of HCC in

Indigenous Australians was due to HBV [57]. Furthermore, the generalisability of the North-

ern Territory findings to the care of Indigenous Australians living in other parts of remote

Australia has not been defined, particularly the contribution of the HBV genotype to clinical

outcomes [59]. Northern Territory Investigators have produced an impressive body of work

describing the ubiquity and clinical implications of the C4 viral genotype in that jurisdiction

[57, 60, 61], however, different HBV genotypes are prevalent outside the Northern Territory,

which may have less oncogenic potential [59, 62]. Indeed, is notable that there has not been a

single case of HBV-related HCC reported to the Queensland state cancer registry since 2000 in

an Aboriginal individual from FNQ, despite a community HBV prevalence of>2% in some

Aboriginal communities in the region. Instead, all HBV-related HCC in Australian born resi-

dents of FNQ in this period have occurred in Torres Strait Islander Australians [16].

There are other challenges with delivering HCC surveillance to this population. In meta-

analyses, the sensitivity of ultrasound for HCC detection ranges from 60–84%, although this

falls to 47% for early stage disease [63, 64]. The sensitivity of ultrasound falls even further to

21% in obese (BMI�30 kg/m2) patients [65]. Transport of ultrasound equipment around the

48,000 km2 region is also challenging and the costs associated with confirmation or exclusion

of ultrasound findings are significant as the the nearest computed tomography or magnetic

resonance imaging is almost 800km away and accessible only by air. Meanwhile AFP testing

offers no additional benefit to ultrasound [66].

However, although over 70% of the cohort that were eligible for HCC surveillance received

an ultrasound in the prior 12 months, it was notable that despite the high burden of risk factors

for HCC, there was only a single confirmed case of HCC in the cohort. Whilst incomplete

screening raises the possibility of underdiagnosis, screening rates (during a period impacted

significantly by the global COVID-19 pandemic) were not worse than those reported in Aus-

tralian metropolitan settings [67].

Indeed, other cancers—many which require more invasive diagnostic testing than is

required for HCC diagnosis—are diagnosed more frequently in the region. The incidence of

HCC between 2010 and 2018 was 8/100,000/year making it the region’s 9th commonest cancer

(S1 Table) [68]. It is notable that reducing rates of smoking, obesity and hazardous alcohol

consumption would not only tend to reduce the incidence of HCC but would also be expected

to have also have a salutary effect on 7 of the 8 more common cancers (lung, breast, colorectal,

uterine, cervical, oesophageal and stomach cancer). The financial and logistic investment in

attempting to provide biannual ultrasound surveillance may be better directed to
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implementing the cancer screening programmes that are unequivocally cost-effective in Aus-

tralia such as cervix or bowel cancer screening, where specimens—in even remote locations—

can be self-collected [69–71]. Alternatively, public health resources could be redeployed in

augmenting existing public health strategies that address the underlying carcinogens (such as

programmes to assist with smoking cessation, moderating alcohol consumption and reducing

weight).

Of course, the difficulties of delivering comprehensive, culturally appropriate, longitudinal

chronic disease care and executing public health strategies in a region of almost 50000km2 in

remote Australia cannot be ignored [72]. Local CHB management is made more challenging

by limited local laboratory and radiology support; there is no local elastography and specialist

services are based—with the computed tomography—almost 800km away. The management

of other chronic diseases faces similar challenges. Travel between the communities in the

region is by ferry or more commonly plane, which is expensive and, in the wet season in this

tropical region, sometimes impossible. There is significant staff turnover which results in loss

of knowledge and interrupts the delivery of programmatic care. It is therefore notable, that

despite these challenges, engagement in CHB care is one of the highest in Australia and the

proportion of patients on antiviral therapy, who meet criteria for treatment, is also far higher

than is seen in most well-resourced metropolitan centres [1].

This study has several limitations. It is almost certain that some HbsAg-positive individuals

living in the region have not been captured in this cohort, however as hepatitis B is a notifiable

disease in the state of Queensland, and this register was used to identify patients, it is unlikely

that a large number have been missed. Indeed, the prevalence of chronic hepatitis B in the

cohort (2.2%) is actually higher than the current estimated national prevalence in Indigenous

Australians (2.0%) [1], and any missing patients are unlikely to significantly change the con-

clusions of the study. Almost 20% of the cohort were not engaged in CHB care, precluding

determination of their disease stage and requirement for therapy. Only a few of the patients

had received transient elastography, and almost half of the cohort did not receive an ultra-

sound during the study period, potentially leading to an underestimation of the current bur-

den of cirrhosis, however only 13/234 patients in whom an APRI score could be determined

had a score>1.0, suggesting that this is unlikely to be a major issue [22]. Incomplete surveil-

lance—and poor sensitivity of ultrasound testing in obese patients—may have led to an under-

diagnosis of HCC in the cohort, however the single case of HCC is similar to the 19 cases of

HCC in HbsAg-positive Indigenous Australians in the region between 1999 and 2016 [16] and

it is notable that some cancers—including gastric and oesophageal cancer—that require more

invasive testing for diagnosis actually have a higher incidence in the region, suggesting that

underdiagnosis is unlikely to be a major issue. The study did not include a formal health eco-

nomic analysis of the local cost-efficacy of the HCC surveillance strategies recommended in

national guidelines nor community consultation about the perceived value of this care; both

could be examined in future studies. Future research could also examine how best to practi-

cally integrate the management of CHB with the care of patients with complex comorbidity

living in remote socioeconomically disadvantaged communities in the region.

Conclusions

This study is one of the first to systematically examine the burden of comorbidities in Indige-

nous Australians living with CHB and their potential impact on the incidence of HCC. Indeed,

with the success of HBV vaccination rollout in Australia, these comorbidities are likely to

assume more importance in the future [34, 73]. It emphasises that, even in a region where the

engagement in CHB care is amongst the highest reported in Australia, optimal liver outcomes
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will not be possible without simultaneously addressing these comorbidities. Optimising the

management of comorbidities in Indigenous Australians living in the region with CHB would

not only be expected to improve their liver health but also reduce the burden of other chronic

diseases that have, potentially, an even greater effect on their long-term health outcomes.

Supporting information

S1 Table. The annual incidence of the 9 most common cancers in the study region, the

availability of screening programmes and whether tobacco smoking, alcohol use and obe-

sity are risk factors for the disease [68].

(DOCX)

Acknowledgments

The authors would like to acknowledge all the health workers who were involved in the care of

the patients. The authors would also like to acknowledge the Queensland Cancer Control

Analysis Team (QCCAT) who provided data about the incidence of different cancers and the

Statistical Services Branch of Queensland Health who provided data about the most common

causes of death in the region. The authors would also like to thank Mr Peter Horne for his

assistance with the preparation of Fig 1.

Author Contributions

Conceptualization: Josh Hanson.

Data curation: Jordan Riddell, Allison Hempenstall, Yoko Nakata, Sandra Gregson, Richard

Hayes, Sharna Radlof.

Formal analysis: Josh Hanson.

Investigation: Jordan Riddell, Allison Hempenstall, Sharna Radlof, Josh Hanson.

Methodology: Josh Hanson.

Project administration: Allison Hempenstall, Lizzie Charlie, Christine Perrett, Victoria

Newie, Tomi Newie, Sharna Radlof, Josh Hanson.

Supervision: Simon Smith, Josh Hanson.

Validation: Allison Hempenstall, Josh Hanson.

Writing – original draft: Jordan Riddell, Josh Hanson.

Writing – review & editing: Allison Hempenstall, Yoko Nakata, Sandra Gregson, Richard

Hayes, Simon Smith, Marlow Coates, Lizzie Charlie, Christine Perrett, Victoria Newie,

Tomi Newie, Sharna Radlof, Josh Hanson.

References
1. MacLachlan JH, Stewart S, Cowie BC. Viral Hepatitis Mapping Project: National Report 2020. Darlin-

ghurst, NSW, Australia; 2021.

2. Wigg AJ, Narayana SK, Hartel G, Medlin L, Pratt G, Powell EE, et al. Hepatocellular carcinoma amongst

Aboriginal and Torres Strait Islander peoples of Australia. EClinicalMedicine. 2021; 36:100919. https://

doi.org/10.1016/j.eclinm.2021.100919 PMID: 34142069

3. Howell J, Ward JS, Davies J, Clark PJ, Davis JS. Hepatocellular carcinoma in Indigenous Australians: a

call to action. Med J Aust. 2021; 214(5):201–2 e1. https://doi.org/10.5694/mja2.50961 PMID: 33608890

PLOS ONE Comorbidity in Aboriginal and Torres Strait Islander Australians living with chronic hepatitis B

PLOS ONE | https://doi.org/10.1371/journal.pone.0284151 April 6, 2023 11 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0284151.s001
https://doi.org/10.1016/j.eclinm.2021.100919
https://doi.org/10.1016/j.eclinm.2021.100919
http://www.ncbi.nlm.nih.gov/pubmed/34142069
https://doi.org/10.5694/mja2.50961
http://www.ncbi.nlm.nih.gov/pubmed/33608890
https://doi.org/10.1371/journal.pone.0284151


4. Robotin MC, Kansil M, Howard K, George J, Tipper S, Dore GJ, et al. Antiviral therapy for hepatitis B-

related liver cancer prevention is more cost-effective than cancer screening. J Hepatol. 2009; 50

(5):990–8. https://doi.org/10.1016/j.jhep.2008.12.022 PMID: 19303657

5. Shen YC, Hsu C, Cheng CC, Hu FC, Cheng AL. A critical evaluation of the preventive effect of antiviral

therapy on the development of hepatocellular carcinoma in patients with chronic hepatitis C or B: a

novel approach by using meta-regression. Oncology. 2012; 82(5):275–89. https://doi.org/10.1159/

000337293 PMID: 22555181

6. Decision Making in Hepatitis B: Australasian Society for HIV, Viral Hepatitis and Sexual Health Medi-

cine; 2021. Available from: https://www.ashm.org.au/resources/HBV-Resources-list/decision-making-

in-hbv/?gclid=Cj0KCQiA7oyNBhDiARIsADtGRZY3ElXKeTC5UaRytec8wNaE3OD91eBLGh8-

6BDRlddFvQN4hau0txkaAnksEALw_wcB.

7. Hepatitis B Consensus Statement Working Group. Australian consensus recommendations for the

management of hepatitis B infection. Melbourne; 2021.

8. Lederle FA, Pocha C. Screening for liver cancer: the rush to judgment. Ann Intern Med. 2012; 156

(5):387–9. https://doi.org/10.7326/0003-4819-156-5-201203060-00012 PMID: 22393134

9. Fisher D, Huffam S. Management of Chronic Hepatitis B Virus Infection in remote-dwelling Aboriginal

and Torres Strait Islanders: an update for primary healthcare providers. Med J Aust. 2003; 178:82–5.

10. Larcos G. Hepatocellular carcinoma surveillance in Australia: time to improve the diagnosis of cirrhosis

and use liver ultrasound. Med J Aust. 2020; 213(9):431– e1. https://doi.org/10.5694/mja2.50806 PMID:

33030248

11. Jepsen P, West J. We need stronger evidence for (or against) hepatocellular carcinoma surveillance. J

Hepatol. 2021; 74(5):1234–9. https://doi.org/10.1016/j.jhep.2020.12.029 PMID: 33465402

12. Rural and remote health. Canberra: Australian Institue of Health and Welfare, Australian Government;

2019. Contract No.: Cat. no: PHE 255.

13. The Health of Queenslanders. Queensland Health, State of Queensland. Brisbane; 2020.

14. The health and welfare of Australia’s Aboriginal and Torres Strait Islander peoples: 2015. Canberra:

Australian Government; 2015.

15. Polaris Observatory C. Global prevalence, treatment, and prevention of hepatitis B virus infection in

2016: a modelling study. Lancet Gastroenterol Hepatol. 2018; 3(6):383–403. https://doi.org/10.1016/

S2468-1253(18)30056-6 PMID: 29599078

16. Hanson J, Fox M, Anderson A, Fox P, Webster K, Williams C, et al. Chronic hepatitis B in remote, tropi-

cal Australia; successes and challenges. PLoS One. 2020; 15(9):e0238719. https://doi.org/10.1371/

journal.pone.0238719 PMID: 32881958

17. Leonard D, McDermott R, Odea K, Rowley KG, Pensio P, Sambo E, et al. Obesity, diabetes and associ-

ated cardiovascular risk factors among Torres Strait Islander people. Aust N Z J Public Health. 2002; 26

(2):144–9. https://doi.org/10.1111/j.1467-842x.2002.tb00907.x PMID: 12054333

18. Hempenstall AJ, Smith S, Stanton D, Hanson J. Melioidosis in the Torres Strait Islands, Australia:

Exquisite Interplay between Pathogen, Host, and Environment. Am J Trop Med Hyg. 2019; 100(3):517–

21. https://doi.org/10.4269/ajtmh.18-0806 PMID: 30675834

19. Marrero JA, Fontana RJ, Fu S, Conjeevaram HS, Su GL, Lok AS. Alcohol, tobacco and obesity are syn-

ergistic risk factors for hepatocellular carcinoma. J Hepatol. 2005; 42(2):218–24. https://doi.org/10.

1016/j.jhep.2004.10.005 PMID: 15664247

20. Hanson J, Smith S, Brooks J, Groch T, Sivalingam S, Curnow V, et al. The applicability of commonly

used predictive scoring systems in Indigenous Australians with sepsis: An observational study. PLoS

One. 2020; 15(7):e0236339. https://doi.org/10.1371/journal.pone.0236339 PMID: 32697796

21. Estimated resident population Local Government Areas, Queensland. Canberra: Australian Bureau of

Statistics; 2021.

22. WHO Guidelines for the prevention, care and treatment of persons with Chronic Hepatitis B infection.

Geneva: World Health Organization; 2015.

23. Chon YE, Choi EH, Song KJ, Park JY, Kim DY, Han KH, et al. Performance of transient elastography

for the staging of liver fibrosis in patients with chronic hepatitis B: a meta-analysis. PLoS One. 2012; 7

(9):e44930. https://doi.org/10.1371/journal.pone.0044930 PMID: 23049764

24. B Positive—All you wanted to know about Hepatitis B—A Guide for Primary Care Providers. Darlin-

ghurst: Australian Society for HIV Medicine (ASHM); 2014.

25. Criteria for prescription of antiviral therapy Canberra: The Pharmaceutical Benefits Scheme, Australian

Government, Departmnet of Health; 2022. Available from: https://www.pbs.gov.au/medicine/item/

10279B.

PLOS ONE Comorbidity in Aboriginal and Torres Strait Islander Australians living with chronic hepatitis B

PLOS ONE | https://doi.org/10.1371/journal.pone.0284151 April 6, 2023 12 / 15

https://doi.org/10.1016/j.jhep.2008.12.022
http://www.ncbi.nlm.nih.gov/pubmed/19303657
https://doi.org/10.1159/000337293
https://doi.org/10.1159/000337293
http://www.ncbi.nlm.nih.gov/pubmed/22555181
https://www.ashm.org.au/resources/HBV-Resources-list/decision-making-in-hbv/?gclid=Cj0KCQiA7oyNBhDiARIsADtGRZY3ElXKeTC5UaRytec8wNaE3OD91eBLGh8-6BDRlddFvQN4hau0txkaAnksEALw_wcB
https://www.ashm.org.au/resources/HBV-Resources-list/decision-making-in-hbv/?gclid=Cj0KCQiA7oyNBhDiARIsADtGRZY3ElXKeTC5UaRytec8wNaE3OD91eBLGh8-6BDRlddFvQN4hau0txkaAnksEALw_wcB
https://www.ashm.org.au/resources/HBV-Resources-list/decision-making-in-hbv/?gclid=Cj0KCQiA7oyNBhDiARIsADtGRZY3ElXKeTC5UaRytec8wNaE3OD91eBLGh8-6BDRlddFvQN4hau0txkaAnksEALw_wcB
https://doi.org/10.7326/0003-4819-156-5-201203060-00012
http://www.ncbi.nlm.nih.gov/pubmed/22393134
https://doi.org/10.5694/mja2.50806
http://www.ncbi.nlm.nih.gov/pubmed/33030248
https://doi.org/10.1016/j.jhep.2020.12.029
http://www.ncbi.nlm.nih.gov/pubmed/33465402
https://doi.org/10.1016/S2468-1253%2818%2930056-6
https://doi.org/10.1016/S2468-1253%2818%2930056-6
http://www.ncbi.nlm.nih.gov/pubmed/29599078
https://doi.org/10.1371/journal.pone.0238719
https://doi.org/10.1371/journal.pone.0238719
http://www.ncbi.nlm.nih.gov/pubmed/32881958
https://doi.org/10.1111/j.1467-842x.2002.tb00907.x
http://www.ncbi.nlm.nih.gov/pubmed/12054333
https://doi.org/10.4269/ajtmh.18-0806
http://www.ncbi.nlm.nih.gov/pubmed/30675834
https://doi.org/10.1016/j.jhep.2004.10.005
https://doi.org/10.1016/j.jhep.2004.10.005
http://www.ncbi.nlm.nih.gov/pubmed/15664247
https://doi.org/10.1371/journal.pone.0236339
http://www.ncbi.nlm.nih.gov/pubmed/32697796
https://doi.org/10.1371/journal.pone.0044930
http://www.ncbi.nlm.nih.gov/pubmed/23049764
https://www.pbs.gov.au/medicine/item/10279B
https://www.pbs.gov.au/medicine/item/10279B
https://doi.org/10.1371/journal.pone.0284151


26. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus and its complica-

tions. Part 1: diagnosis and classification of diabetes mellitus provisional report of a WHO consultation.

Diabet Med. 1998; 15(7):539–53.

27. Association AD. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2021.

Diabetes Care. 2021; 44(Suppl 1):S15–S33.

28. Gabb GM, Mangoni AA, Arnolda L. Guideline for the diagnosis and management of hypertension in

adults—2016. Med J Aust. 2017; 206(3):141.

29. Harris MF. The metabolic syndrome. Aust Fam Physician. 2013; 42(8):524–7. PMID: 23971058

30. The CARI guidelines—Testing for Proteinuria: Caring for Australians and New Zealanders with Renal

Impairment; 2004. Available from: https://www.cariguidelines.org/guidelines/archived-guidelines/

chronic-kidney-disease-urine-protein-as-diagnostic-test/testing-for-proteinuria/.

31. Australian Guidelines to Reduce Health Risks from Drinking Alcohol. Canberra: National Health and

Medical Research Council; 2020.

32. Jankowski J, Floege J, Fliser D, Bohm M, Marx N. Cardiovascular Disease in Chronic Kidney Disease:

Pathophysiological Insights and Therapeutic Options. Circulation. 2021; 143(11):1157–72. https://doi.

org/10.1161/CIRCULATIONAHA.120.050686 PMID: 33720773

33. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polypharmacy? A systematic review of

definitions. BMC Geriatr. 2017; 17(1):230. https://doi.org/10.1186/s12877-017-0621-2 PMID:

29017448

34. Valery PC, Clark PJ, Pratt G, Bernardes CM, Hartel G, Toombs M, et al. Hospitalisation for cirrhosis in

Australia: disparities in presentation and outcomes for Indigenous Australians. Int J Equity Health.

2020; 19(1):27. https://doi.org/10.1186/s12939-020-1144-6 PMID: 32066438

35. Gupta A, Das A, Majumder K, Arora N, Mayo HG, Singh PP, et al. Obesity is Independently Associated

With Increased Risk of Hepatocellular Cancer-related Mortality: A Systematic Review and Meta-Analy-

sis. Am J Clin Oncol. 2018; 41(9):874–81. https://doi.org/10.1097/COC.0000000000000388 PMID:

28537989

36. Petrick JL, Campbell PT, Koshiol J, Thistle JE, Andreotti G, Beane-Freeman LE, et al. Tobacco, alcohol

use and risk of hepatocellular carcinoma and intrahepatic cholangiocarcinoma: The Liver Cancer Pool-

ing Project. Br J Cancer. 2018; 118(7):1005–12. https://doi.org/10.1038/s41416-018-0007-z PMID:

29520041

37. Wood AM, Kaptoge S, Butterworth AS, Willeit P, Warnakula S, Bolton T, et al. Risk thresholds for alco-

hol consumption: combined analysis of individual-participant data for 599 912 current drinkers in 83 pro-

spective studies. Lancet. 2018; 391(10129):1513–23.

38. Dai H, Alsalhe TA, Chalghaf N, Ricco M, Bragazzi NL, Wu J. The global burden of disease attributable

to high body mass index in 195 countries and territories, 1990–2017: An analysis of the Global Burden

of Disease Study. PLoS Med. 2020; 17(7):e1003198. https://doi.org/10.1371/journal.pmed.1003198

PMID: 32722671

39. Smoking prevalence and attributable disease burden in 195 countries and territories, 1990–2015: a sys-

tematic analysis from the Global Burden of Disease Study 2015. Lancet. 2017; 389(10082):1885–906.

https://doi.org/10.1016/S0140-6736(17)30819-X PMID: 28390697

40. Allard N, Matthews G. B positive. Hepatitis B for Primary Care: Australasian Society for HIV, Viral Hepa-

titis and Sexual Health Medicine; 2018. Available from: https://www.hepatitisb.org.au/.

41. Hepatitis B and Primary Care Providers: Australasian Society for HIV, Viral Hepatitis and Sexual Health

Medicine; 2020. Available from: https://www.ashm.org.au/resources/HBV-Resources-list/hepatitis-b-

and-primary-care-providers/.

42. All you wanted to know about hepatitis B: ASHM; 2018. Available from: https://www.hepatitisb.org.au/.

43. Lee YC, Cohet C, Yang YC, Stayner L, Hashibe M, Straif K. Meta-analysis of epidemiologic studies on

cigarette smoking and liver cancer. Int J Epidemiol. 2009; 38(6):1497–511. https://doi.org/10.1093/ije/

dyp280 PMID: 19720726

44. Donato F, Tagger A, Gelatti U, Parrinello G, Boffetta P, Albertini A, et al. Alcohol and hepatocellular car-

cinoma: the effect of lifetime intake and hepatitis virus infections in men and women. Am J Epidemiol.

2002; 155(4):323–31. https://doi.org/10.1093/aje/155.4.323 PMID: 11836196

45. Larsson SC, Wolk A. Overweight, obesity and risk of liver cancer: a meta-analysis of cohort studies. Br

J Cancer. 2007; 97(7):1005–8. https://doi.org/10.1038/sj.bjc.6603932 PMID: 17700568

46. Younossi Z, Stepanova M, Ong JP, Jacobson IM, Bugianesi E, Duseja A, et al. Nonalcoholic Steatohe-

patitis Is the Fastest Growing Cause of Hepatocellular Carcinoma in Liver Transplant Candidates. Clin

Gastroenterol Hepatol. 2019; 17(4):748–55 e3. https://doi.org/10.1016/j.cgh.2018.05.057 PMID:

29908364

PLOS ONE Comorbidity in Aboriginal and Torres Strait Islander Australians living with chronic hepatitis B

PLOS ONE | https://doi.org/10.1371/journal.pone.0284151 April 6, 2023 13 / 15

http://www.ncbi.nlm.nih.gov/pubmed/23971058
https://www.cariguidelines.org/guidelines/archived-guidelines/chronic-kidney-disease-urine-protein-as-diagnostic-test/testing-for-proteinuria/
https://www.cariguidelines.org/guidelines/archived-guidelines/chronic-kidney-disease-urine-protein-as-diagnostic-test/testing-for-proteinuria/
https://doi.org/10.1161/CIRCULATIONAHA.120.050686
https://doi.org/10.1161/CIRCULATIONAHA.120.050686
http://www.ncbi.nlm.nih.gov/pubmed/33720773
https://doi.org/10.1186/s12877-017-0621-2
http://www.ncbi.nlm.nih.gov/pubmed/29017448
https://doi.org/10.1186/s12939-020-1144-6
http://www.ncbi.nlm.nih.gov/pubmed/32066438
https://doi.org/10.1097/COC.0000000000000388
http://www.ncbi.nlm.nih.gov/pubmed/28537989
https://doi.org/10.1038/s41416-018-0007-z
http://www.ncbi.nlm.nih.gov/pubmed/29520041
https://doi.org/10.1371/journal.pmed.1003198
http://www.ncbi.nlm.nih.gov/pubmed/32722671
https://doi.org/10.1016/S0140-6736%2817%2930819-X
http://www.ncbi.nlm.nih.gov/pubmed/28390697
https://www.hepatitisb.org.au/
https://www.ashm.org.au/resources/HBV-Resources-list/hepatitis-b-and-primary-care-providers/
https://www.ashm.org.au/resources/HBV-Resources-list/hepatitis-b-and-primary-care-providers/
https://www.hepatitisb.org.au/
https://doi.org/10.1093/ije/dyp280
https://doi.org/10.1093/ije/dyp280
http://www.ncbi.nlm.nih.gov/pubmed/19720726
https://doi.org/10.1093/aje/155.4.323
http://www.ncbi.nlm.nih.gov/pubmed/11836196
https://doi.org/10.1038/sj.bjc.6603932
http://www.ncbi.nlm.nih.gov/pubmed/17700568
https://doi.org/10.1016/j.cgh.2018.05.057
http://www.ncbi.nlm.nih.gov/pubmed/29908364
https://doi.org/10.1371/journal.pone.0284151


47. Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, et al. Increased risk of hepatocellular carcinoma in

patients with diabetes mellitus: a systematic review and meta-analysis of cohort studies. Int J Cancer.

2012; 130(7):1639–48. https://doi.org/10.1002/ijc.26165 PMID: 21544812

48. Leading Causes of Death by Indigenous Status Far North Queensland, Cairns and Hinterland HHS,

Torres and Cape HHS 2005 to 2019. 2022.

49. Lee TY, Hsu YC, Tseng HC, Yu SH, Lin JT, Wu MS, et al. Association of Daily Aspirin Therapy With

Risk of Hepatocellular Carcinoma in Patients With Chronic Hepatitis B. JAMA Intern Med. 2019; 179

(5):633–40. https://doi.org/10.1001/jamainternmed.2018.8342 PMID: 30882847

50. Goh MJ, Sinn DH, Kim S, Woo SY, Cho H, Kang W, et al. Statin Use and the Risk of Hepatocellular Car-

cinoma in Patients With Chronic Hepatitis B. Hepatology. 2019.

51. Kim G, Jang SY, Nam CM, Kang ES. Statin use and the risk of hepatocellular carcinoma in patients at

high risk: A nationwide nested case-control study. J Hepatol. 2018; 68(3):476–84. https://doi.org/10.

1016/j.jhep.2017.10.018 PMID: 29107150

52. Luo X, Sui J, Yang W, Sun Q, Ma Y, Simon TG, et al. Type 2 Diabetes Prevention Diet and Hepatocellu-

lar Carcinoma Risk in US Men and Women. Am J Gastroenterol. 2019; 114(12):1870–7. https://doi.org/

10.14309/ajg.0000000000000450 PMID: 31688024

53. Simon TG, Duberg AS, Aleman S, Chung RT, Chan AT, Ludvigsson JF. Association of Aspirin with

Hepatocellular Carcinoma and Liver-Related Mortality. N Engl J Med. 2020; 382(11):1018–28. https://

doi.org/10.1056/NEJMoa1912035 PMID: 32160663

54. Harfield SG, Davy C, McArthur A, Munn Z, Brown A, Brown N. Characteristics of Indigenous primary

health care service delivery models: a systematic scoping review. Global Health. 2018; 14(1):12.

https://doi.org/10.1186/s12992-018-0332-2 PMID: 29368657

55. Wang S, Cohen C, Tang AS, Graham CS. Hepatitis B Virus Elimination in the U.S.: Time to Dismantle

Barriers and Implement Solutions. Current Hepatology Reports. 2021; 20(1):34–42.

56. Coronary angiogram data, Cairns Hospital 2020. Brisbane: Statewide Cardiac Clinical Informatics

Unit; 2021 3 August 2021.

57. Parker C, Tong SY C, Dempsey K, Condon J, Sharma SK, Chen JW C, et al. Hepatocellular carcinoma

in Australia’s Northern Territory: high incidence and poor outcome. The Medical Journal of Australia.

2014; 201(8):470–4. https://doi.org/10.5694/mja13.11117 PMID: 25332035

58. O’Malley KJ, Cook KF, Price MD, Wildes KR, Hurdle JF, Ashton CM. Measuring diagnoses: ICD code

accuracy. Health Serv Res. 2005; 40(5 Pt 2):1620–39. https://doi.org/10.1111/j.1475-6773.2005.

00444.x PMID: 16178999

59. An P, Xu J, Yu Y, Winkler CA. Host and Viral Genetic Variation in HBV-Related Hepatocellular Carci-

noma. Front Genet. 2018; 9:261. https://doi.org/10.3389/fgene.2018.00261 PMID: 30073017

60. Davies J, Li SQ, Tong SY, Baird RW, Beaman M, Higgins G, et al. Establishing contemporary trends in

hepatitis B sero-epidemiology in an Indigenous population. PLoS One. 2017; 12(9):e0184082. https://

doi.org/10.1371/journal.pone.0184082 PMID: 28886050

61. Davies J, Littlejohn M, Locarnini SA, Whiting S, Hajkowicz K, Cowie BC, et al. Molecular epidemiology

of hepatitis B in the Indigenous people of northern Australia. J Gastroenterol Hepatol. 2013; 28

(7):1234–41. https://doi.org/10.1111/jgh.12177 PMID: 23432545

62. Sugauchi F, Mizokami M, Orito E, Ohno T, Kato H, Suzuki S, et al. A novel variant genotype C of hepati-

tis B virus identified in isolates from Australian Aborigines: complete genome sequence and phyloge-

netic relatedness. J Gen Virol. 2001; 82(Pt 4):883–92. https://doi.org/10.1099/0022-1317-82-4-883

PMID: 11257194

63. Tzartzeva K, Obi J, Rich NE, Parikh ND, Marrero JA, Yopp A, et al. Surveillance Imaging and Alpha

Fetoprotein for Early Detection of Hepatocellular Carcinoma in Patients With Cirrhosis: A Meta-analysis.

Gastroenterology. 2018; 154(6):1706–18 e1. https://doi.org/10.1053/j.gastro.2018.01.064 PMID:

29425931

64. Colli A, Fraquelli M, Casazza G, Massironi S, Colucci A, Conte D, et al. Accuracy of ultrasonography,

spiral CT, magnetic resonance, and alpha-fetoprotein in diagnosing hepatocellular carcinoma: a sys-

tematic review. Am J Gastroenterol. 2006; 101(3):513–23. https://doi.org/10.1111/j.1572-0241.2006.

00467.x PMID: 16542288

65. Esfeh JM, Hajifathalian K, Ansari-Gilani K. Sensitivity of ultrasound in detecting hepatocellular carci-

noma in obese patients compared to explant pathology as the gold standard. Clin Mol Hepatol. 2020; 26

(1):54–9. https://doi.org/10.3350/cmh.2019.0039 PMID: 31726817

66. Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers MA, et al. Meta-analysis: surveillance with

ultrasound for early-stage hepatocellular carcinoma in patients with cirrhosis. Aliment Pharmacol Ther.

2009; 30(1):37–47. https://doi.org/10.1111/j.1365-2036.2009.04014.x PMID: 19392863

PLOS ONE Comorbidity in Aboriginal and Torres Strait Islander Australians living with chronic hepatitis B

PLOS ONE | https://doi.org/10.1371/journal.pone.0284151 April 6, 2023 14 / 15

https://doi.org/10.1002/ijc.26165
http://www.ncbi.nlm.nih.gov/pubmed/21544812
https://doi.org/10.1001/jamainternmed.2018.8342
http://www.ncbi.nlm.nih.gov/pubmed/30882847
https://doi.org/10.1016/j.jhep.2017.10.018
https://doi.org/10.1016/j.jhep.2017.10.018
http://www.ncbi.nlm.nih.gov/pubmed/29107150
https://doi.org/10.14309/ajg.0000000000000450
https://doi.org/10.14309/ajg.0000000000000450
http://www.ncbi.nlm.nih.gov/pubmed/31688024
https://doi.org/10.1056/NEJMoa1912035
https://doi.org/10.1056/NEJMoa1912035
http://www.ncbi.nlm.nih.gov/pubmed/32160663
https://doi.org/10.1186/s12992-018-0332-2
http://www.ncbi.nlm.nih.gov/pubmed/29368657
https://doi.org/10.5694/mja13.11117
http://www.ncbi.nlm.nih.gov/pubmed/25332035
https://doi.org/10.1111/j.1475-6773.2005.00444.x
https://doi.org/10.1111/j.1475-6773.2005.00444.x
http://www.ncbi.nlm.nih.gov/pubmed/16178999
https://doi.org/10.3389/fgene.2018.00261
http://www.ncbi.nlm.nih.gov/pubmed/30073017
https://doi.org/10.1371/journal.pone.0184082
https://doi.org/10.1371/journal.pone.0184082
http://www.ncbi.nlm.nih.gov/pubmed/28886050
https://doi.org/10.1111/jgh.12177
http://www.ncbi.nlm.nih.gov/pubmed/23432545
https://doi.org/10.1099/0022-1317-82-4-883
http://www.ncbi.nlm.nih.gov/pubmed/11257194
https://doi.org/10.1053/j.gastro.2018.01.064
http://www.ncbi.nlm.nih.gov/pubmed/29425931
https://doi.org/10.1111/j.1572-0241.2006.00467.x
https://doi.org/10.1111/j.1572-0241.2006.00467.x
http://www.ncbi.nlm.nih.gov/pubmed/16542288
https://doi.org/10.3350/cmh.2019.0039
http://www.ncbi.nlm.nih.gov/pubmed/31726817
https://doi.org/10.1111/j.1365-2036.2009.04014.x
http://www.ncbi.nlm.nih.gov/pubmed/19392863
https://doi.org/10.1371/journal.pone.0284151


67. Allard N, Cabrie T, Wheeler E, Richmond J, MacLachlan J, Emery J, et al. The challenge of liver cancer

surveillance in general practice: Do recall and reminder systems hold the answer? Aust Fam Physician.

2017; 46(11):859–64. PMID: 29101924

68. Oncology Analysis System (OASys): Cancer Alliance Queensland. Brisbane; 2021.

69. Lew JB, Feletto E, Wade S, Caruana M, Kang YJ, Nickson C, et al. Benefits, harms and cost-effective-

ness of cancer screening in Australia: an overview of modelling estimates. Public Health Res Pract.

2019; 29(2). https://doi.org/10.17061/phrp2921913 PMID: 31384886

70. Canfell K, Smith MA, Bateson DJ. Self-collection for HPV screening: a game changer in the elimination

of cervical cancer. Med J Aust. 2021; 215(8):347–8. https://doi.org/10.5694/mja2.51262 PMID:

34499374

71. Pignone MP, Flitcroft KL, Howard K, Trevena LJ, Salkeld GP, St John DJ. Costs and cost-effectiveness

of full implementation of a biennial faecal occult blood test screening program for bowel cancer in Aus-

tralia. Med J Aust. 2011; 194(4):180–5. https://doi.org/10.5694/j.1326-5377.2011.tb03766.x PMID:

21401458

72. Martin P, Sen Gupta T, Bond D, Douyere J, Mills K. Rural competencies in emerging medical practition-

ers: Beyond clinical skills. Aust J Rural Health. 2019; 27(5):427–32. https://doi.org/10.1111/ajr.12531

PMID: 31241239

73. Adams LA, Roberts SK, Strasser SI, Mahady SE, Powell E, Estes C, et al. Nonalcoholic fatty liver dis-

ease burden: Australia, 2019–2030. J Gastroenterol Hepatol. 2020; 35(9):1628–35. https://doi.org/10.

1111/jgh.15009 PMID: 32048317

PLOS ONE Comorbidity in Aboriginal and Torres Strait Islander Australians living with chronic hepatitis B

PLOS ONE | https://doi.org/10.1371/journal.pone.0284151 April 6, 2023 15 / 15

http://www.ncbi.nlm.nih.gov/pubmed/29101924
https://doi.org/10.17061/phrp2921913
http://www.ncbi.nlm.nih.gov/pubmed/31384886
https://doi.org/10.5694/mja2.51262
http://www.ncbi.nlm.nih.gov/pubmed/34499374
https://doi.org/10.5694/j.1326-5377.2011.tb03766.x
http://www.ncbi.nlm.nih.gov/pubmed/21401458
https://doi.org/10.1111/ajr.12531
http://www.ncbi.nlm.nih.gov/pubmed/31241239
https://doi.org/10.1111/jgh.15009
https://doi.org/10.1111/jgh.15009
http://www.ncbi.nlm.nih.gov/pubmed/32048317
https://doi.org/10.1371/journal.pone.0284151

