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ABSTRACT
Nucleos/tide analogue (NA) drugs are used for long-term treatment of chronic hepatitis B virus (HBV) infection, with treatment 
eligibility criteria changing rapidly amidst globally evolving clinical guidelines. We aimed to quantify the prescription of NA 
drugs to date, and to undertake a preliminary assessment of the impact of relaxing treatment eligibility thresholds, leveraging 
a unique large real-world secondary care dataset. We assimilated longitudinal clinical data, collected between February 1997 
and April 2023 from adults with chronic HBV infection from six centres in England through the UK NIHR Health Informatics 
Collaborative (HIC) Viral Hepatitis and Liver Disease theme. We describe factors currently associated with the receipt of NA 
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treatment and determine the proportion of the population who would become treatment eligible as thresholds change. Across 
7558 adults with a mean follow-up of 4.0 years (SD 3.9), NA treatment was prescribed in 2014/7558 (26.6%), and as expected ac-
cording to guidelines at the time, was associated with HBV e-antigen (HBeAg) positivity and alanine transferase (ALT) above 
the upper limit of normal (> ULN). Treatment was more likely in males, older adults, in Asian and Other ethnicities (compared 
to White), and less likely in socioeconomically deprived individuals. The proportion of treatment-eligible individuals was 32.3% 
based on 2 records of ALT > ULN over 6–12 months, 41.7% based on ALT > ULN and viral load (VL) > 2000 IU/mL, and 95.1% 
based on detectable VL and either ALT > ULN or age > 30 years. Evolving clinical guidelines will lead to substantial increases in 
the proportion of individuals living with HBV who are eligible for treatment, underlining the need for services to adapt rapidly 
to the changing clinical environment.

1   |   Introduction

Chronic Hepatitis B (CHB) infection is a leading cause of mor-
bidity from liver cancer and cirrhosis worldwide [1, 2], ranking 
as the first and third leading causes of death from these con-
ditions, respectively [3, 4]. The World Health Organization's 
Global Health Sector Strategy (GHSS) on viral hepatitis identi-
fied key targets for the elimination of HBV as a public health 
threat by 2030. These include reducing incidence, morbidity, 
and mortality, and expanding antiviral coverage to individuals 
eligible for treatment [5]. GHSS targets include treatment for at 
least 80% of those who are eligible.

The mainstay of antiviral treatment is the administration of 
a nucleos/tide analogue (NA) agent, which suppresses HBV 
replication through reversible inhibition of the viral reverse 
transcriptase enzyme [6]. This reduces the long-term risks of 
cirrhosis and HCC. NA treatment typically comprises a once-
daily oral dose of tenofovir disoproxil fumarate (TDF) or ente-
cavir (ETV). However, NA agents are not curative and must be 
taken long-term in most cases.

In 2022, the prevalence of HBV in England was estimated at 
0.6% of the population, with regional variability (e.g., 1.5% in 
London) [7]. Screening is offered through a variety of services, 
including routine antenatal testing, opt-out screening in se-
lected Emergency Departments, and populations at high risk 
for exposure (including—but not limited to—people accessing 
sexual health services, people in prison or care facilities, people 
presenting with liver disease, migrants from medium/high en-
demicity countries, and those with other blood-borne virus in-
fections). However, there are recognised gaps in screening, and 
current estimates suggest that more than half of the population 
living with HBV have yet to be diagnosed.

In the UK (and most European countries), CHB is typically man-
aged in specialist secondary or tertiary care clinics (led by hepa-
tology, gastroenterology, infectious diseases, or sexual health 
services) [6, 8]. Laboratory investigations include HBV e-antigen 
(HBeAg) status, HBV DNA viral load (VL) quantification, co-
infection status (HIV/HCV/HDV), and hepatic transaminases 
(such as alanine transferase, ALT) [6]. In some centres, HBV 
surface antigen (HBsAg) quantification is also now being ad-
opted. Liver fibrosis can be assessed by transient elastography, 
ultrasound, and/or by calculation of laboratory-based fibrosis 
scores. Therapy is currently reserved for those deemed at the 
highest risk of complications, based on algorithms that account 
for these variables, alongside age, sex, and family history. On 

this basis, a minority of people living with HBV have met crite-
ria for antiviral treatment to date [6, 9, 10], but for any individ-
ual, disease markers and treatment eligibility may change over 
time, so regular surveillance is required.

In 2024, the WHO published a high-profile report highlighting 
that the global public health response for HBV is not on track 
[11], and in parallel released new global guidelines, relaxing 
HBV treatment criteria with the intent of simplifying treatment 
roll-out, reducing costs, and making treatment access more eq-
uitable, particularly for resource-limited settings [12]. Likewise, 
some countries updated their national recommendations for 
HBV, moving in the same direction towards wider treatment, 
exemplified by China [13] and Brazil [14, 15]. Guidelines pro-
duced by the European Association for the Study of the Liver 
(EASL) followed in 2025 [16], and the American Association for 
the Study of Liver Disease (AASLD) is currently rewriting clini-
cal practice guidelines.

This study used electronic health record (EHR) data within the 
dataset of the NIHR Health Informatics Collaborative (HIC) for 
Viral Hepatitis and Liver Disease theme [17], which collects de-
mographic and longitudinal clinical data held by secondary and 
tertiary care centres. Our objectives were to assess the propor-
tion of individuals in active care for HBV who have already been 
prescribed NA agents, to describe characteristics of this treated 
population and individual characteristics associated with an-
tiviral treatment, and to determine the impact of changes in 
guidelines on the population who meet eligibility criteria for 
treatment.

2   |   Methods

2.1   |   NIHR Health Informatics Collaborative 
(HIC)

The HIC collects individual-level anonymised longitudinal EHR 
data collected by the National Health Service (NHS), as previ-
ously described [17, 18]. Data elements are defined according to 
the standardised NHS Data Dictionary [19]. Data classes include 
demographics, laboratory tests, elastography scores, imaging, 
potential risk factors for liver disease, and information regard-
ing antiviral treatment. Socioeconomic data were available for a 
subset of five NHS Trusts; deprivation was ascertained according 
to the Index of Multiple Deprivation (IMD) deciles, which were 
collapsed into quintiles for this analysis. The IMD is a multi-
factorial area-level measure of deprivation incorporating crime, 
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education, employment, income, and the living environment 
[20]. Definitions for ethnicity and sex/gender have been taken 
from the standardised NHS Data Dictionary (https://​www.​
datad​ictio​nary.​nhs.​uk/​), with ethnicity being self-reported 
based on a standard NHS approach to data collection and de-
fined according to census categories which are transferred into 
HIC coding. Duration of follow-up varies by individual and by 
respective NHS site (due to variable clinical review and data col-
lection processes).

Data storage and entry processes are unique to individual 
NHS sites, with different sites using a range of EHR interfaces 
(e.g.,  Cerner Millennium and Epic). Data collection processes 
have been detailed previously [17]. In brief, the HIC Viral 
Hepatitis and Liver Disease theme provides an informatics in-
frastructure via which data from all sites are harmonised and 
held on a central server, hosted by Oxford University Hospitals 
(OUH) NHS Foundation Trust. A comprehensive data gover-
nance framework has been developed to oversee data collection 
across the sites that use heterogeneous EHR processes and en-
vironments. Approved researchers access anonymised data re-
motely via a secure Trusted Research Environment.

Data from six centres was included in analyses for this study, 
based on availability of antiviral HBV treatment data at the time 
of the study. These were Cambridge University Hospitals NHS 
Foundation Trust [CUH], Imperial College Healthcare NHS 
Trust [ICHT], Liverpool University Hospitals NHS Foundation 
Trust [LUH], OUH; University College London Hospitals 
NHS Foundation Trust [UCLH], and University Hospital 
Southampton NHS Foundation Trust [UHS].

2.2   |   Ethics

The NIHR HIC Viral Hepatitis and Liver Disease theme data-
base was approved by South Central—Oxford C Research Ethics 
Committee (REF Number: 21/SC/0060). The requirement for 
written informed consent is waived because data are anony-
mised before transmission to the central data repository, but 
individuals can choose not to have their data included via the 
National Data Opt-out [21]. This specific project was approved 
by written submission to the theme scientific steering commit-
tee, which represents all participating centres.

2.3   |   Study Design and Follow-Up

We retrospectively identified individuals with CHB, who were 
aged ≥ 18 years at the time of the earliest record of HBV diag-
nosis within the cohort dataset. Typically, CHB is defined as a 
persistence of HBsAg and/or HBV DNA for at least 6 months. 
However, as per terms agreed by the HIC viral hepatitis steer-
ing group, we used relaxed eligibility criteria, requiring only one 
positive HBsAg or DNA VL measurement, to avoid unnecessary 
exclusions. Data analysed here were collected between February 
1997 and April 2023.

Treatment decisions are taken by clinicians in the centre lead-
ing care, and will typically be based on guidance issued by the 
National Institute for Health and Care Excellence (NICE) [6] or 

EASL recommendations. As these data are retrospective, indi-
viduals represented in this analysis will have initiated treatment 
prior to the change in WHO guidelines in 2024 and updated 
EASL guidelines in 2025 [10]. Prescribing decisions are also in-
fluenced by individual clinical judgement and patient choice. We 
could not reliably explore time to treatment initiation as the time 
of first prescription is not robustly recorded, and a proportion of 
individuals are already receiving treatment at cohort baseline if 
NA therapy was initiated prior to their data being represented 
in HIC.

2.4   |   Primary Aims

Our primary outcome of interest was antiviral treatment status 
(defined as a binary parameter; 0 = no treatment record at any 
point during the period of observation; 1 = treatment recorded at 
any time point throughout the period of observation). We inves-
tigated how demographics and laboratory measurements were 
associated with antiviral treatment, and evaluated the impact 
of different treatment criteria on the proportion of the whole 
CHB population becoming eligible for NA therapy under new 
thresholds.

2.5   |   Variable and Outcome Ascertainment

We considered different treatment scenarios, starting with the 
real-world observation of those already prescribed NA ther-
apy, and calculating the proportion of individuals with a re-
cord of treatment to date, using this as a baseline estimate of 
eligibility. We next applied revised treatment criteria based on 
new and emerging clinical guidelines (Table 1) to determine 
how these would increase the proportion of those eligible for 
treatment.

The widest treatment eligibility considered by the WHO pro-
vides flexibility for offering treatment to anyone who is con-
firmed to be HBsAg-positive (in the absence of access to other 
laboratory testing and risk stratification) [12]. New EASL guide-
lines make similarly wide provision, although they anticipate 
that VL assessment should be accessible, stipulating that ‘in 
principle, all HBsAg-positive individuals with detectable HBV 
DNA are candidates for antiviral therapy’ [16]. However, both 
WHO and EASL guidelines recognise that, in many cases, ad-
ditional assessment tools and clinical assessment will guide a 
final treatment decision, and that personalised approaches are 
appropriate. Guidelines therefore recognise that while there are 
potential gains of adopting a ‘treat all’ approach, HBV infection 
is heterogeneous (including subgroups of individuals at very low 
risk of complications or transmission, who may not benefit from 
treatment), and that risks, feasibility, and costs of wider treat-
ment need to be considered as part of decision-making.

Treatment categories are based on thresholds included in WHO 
and/or EASL guidelines and others [12–14, 16], pending new 
guidelines from the other major liver societies (e.g., AASLD). 
ALT above the upper limit of normal (ULN) was defined as 
≥ 30 U/L in males and ≥ 19 U/L in females as per WHO guide-
lines [12]. Aspartate transaminase (AST) ULN was defined as 
40 U/L. A low platelet count was defined here as less than the 
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TABLE 1    |    Thresholds applied to determine treatment eligibility in people living with chronic HBV (CHB) infection.

Assessment 
applied Criteria for treatment Criteria applied to analysis of HIC dataset

Routine 
clinical 
assessment 
(UK setting)

•	 Real world clinical evaluation in secondary care 
in England (clinicians apply NICE or EASL 
guidelines).

•	 Observation of real world HBV cohort (Scenario (i))

WHO 
guidelines, 
2024 [12]

•	 In the absence of access to HBV DNA 
measurement, persistently abnormal ALT levels 
(defined as two ALT values > ULNb during a 6–12-
month period), regardless of APRI score.

•	 Two ALT values > ULNb during a 6–12-month 
period, regardless of other markers (Scenario (iii))

Evidence of ‘significant fibrosis’ or cirrhosis 
(regardless of HBV DNA or ALT levels), based on
•	 APRIa > 0.5
•	 or transient elastography value of > 7 kPa
•	 or evidence of cirrhosis based on clinical criteria

•	 APRIa > 0.5, regardless of other markers (Scenario 
(iv))

•	 Insufficient data for analysis of transient 
elastography or cirrhosis in this study.

•	 HBV DNA > 2000 IU/mL and ALT> ULNb

•	 In adolescents ALT should be measured at least 
twice in a 6–12-month period.

•	 HBV DNA > 2000 IU/mL and ALT> ULNb 
(Scenario (v))

•	 Adolescents not evaluated in this study.

Comorbidity, based on any of the following, 
(regardless of APRI, HBV DNA or ALT levels)
•	 Presence of coinfection (HIV, HCV and/or HDV)
•	 Family history of HCC or cirrhosis;
•	 Immune suppression;
•	 Extrahepatic manifestations of HBV infection.

•	 APRIa > 0.5 or coinfection with HIV/HCV/HDV 
(Scenario (vi))

•	 Family history and other clinical history not 
available in this dataset.

Detectable HBV DNA and either
•	 ALT> ULN
•	 or age > 30

Detectable HBV DNA and either
•	 ALT> ULN
•	 or age > 30
(Scenario (ix))

‘Treat all’ •	 HBsAg+ or HBV DNA detectable (Scenario (xi))

EASL 
guidelines, 
2025 [16]

‘Persistently’ elevated ALT (even if HBV DNA 
< 2000 IU/mL)

•	 Equivalent to WHO criteria (Scenario (iii))

HBV DNA > 2000 IU/mL and any of the following
•	 ALT> ULN
•	 Transient elastography > 7 kPa
•	 Risk factors for HCC
•	 Low platelets
•	 Extra-hepatic complications
•	 Immunosuppression
•	 Transmission risk

•	 HBV DNA and ALT criteria equivalent to Scenario 
(v)

•	 Separately, evaluated low plateletsd as an alternative 
to ALT > ULN (Scenario (vii))

Treat all, excluding the lowest risk group (those who 
do NOT need treatment, defined as HBeAg-negative, 
persistent HBV DNA < 2000 IU/mL, persistently 
normal ALT, no signs of liver fibrosis) (i.e., fibroscan 
< 7 kPa)

•	 DNA > 2000 iU/mL (at any timepoint)
•	 or ALT > ULN (at any timepoint)
•	 or HBeAg+ (at any timepoint)
(Scenario (viii))

‘Advanced fibrosis or cirrhosis’ defined as fibroscan 
> 8 kPa OR APRI > 0.5, with any level of detectable 
HBV DNA.

•	 APRI > 0.5 and any positive HBV DNA

All HBsAg-positive individuals with detectable HBV 
DNA

•	 HBV DNA positive at any time point

(Continues)
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lower limit of normal (150 × 109/L). AST to Platelet Ratio Index 
(APRI) was calculated using the formula (AST Level (U/L)/AST 
ULN (U/L))/platelet count (×109/L) ×100.

In each case, we assume the originally treated population con-
tinues established therapy, while others become newly eligible 
and are therefore added to the population treated at baseline. 
For untreated patients with multiple visits and clinical/labo-
ratory measurements during follow-up, all data points across 
the study period were evaluated against respective treatment 
eligibility criteria. On this basis, an individual meeting treat-
ment criteria at any timepoint (based on the peak/nadir values 
during the whole period of follow-up) was considered treat-
ment eligible.

2.6   |   Statistical Analysis

We carried out analyses using R (version 4.1.0). Baseline charac-
teristics were summarised for the whole study population using 
descriptive statistics. Means and standard deviations (SDs) or 
medians and interquartile ranges (IQRs) were presented for 
continuous measures. Patient counts and percentages were pre-
sented for categorical and binary variables.

We used univariable and multivariable logistic regression mod-
els to investigate factors associated with antiviral treatment. 

Odds ratios (ORs) and 95% confidence intervals (95% CIs) were 
reported for outputs. HBV VL and ALT were modelled as binary 
measures according to relevant thresholds (> 2000 IU/mL and 
> ULN, respectively). Factors were chosen for inclusion in the 
multivariable model by consideration of both the significance 
of univariable associations (where p < 0.1) together with biolog-
ical/clinical relevance and previous literature. Logistic regres-
sion was used to investigate factors associated with antiviral 
treatment, without assuming a temporal association whereby 
factors would have been ascertained before treatment status 
was assigned. This was intentional, as the number of visits and 
therefore covariate measurements differs between individuals. 
Therefore, we could not make any temporality assumptions (as-
certainment of time to either treatment initiation or censoring 
was not possible).

2.7   |   Patient and Public Involvement

Our clinical and research teams work in collaboration with pa-
tient representatives, who have been involved in ongoing and 
planning prospective HIC studies. We have met with patients 
and carers with lived experience of CHB from diverse back-
grounds across various UK locations, including representation 
of those who take daily medication, and clinical monitoring. 
They are involved in discussing research priorities, methods, 
and design.

Assessment 
applied Criteria for treatment Criteria applied to analysis of HIC dataset

Chinese 
guidelines, 
[13]

HBV DNA detected and any of the following
•	 ALT > ULNb

•	 Age > 30 years
•	 Family history of HBV-related cirrhosis or HCC
•	 Histological or imaging assessment showing 

fibrosis
•	 Extra-hepatic manifestations

HBV DNA detected and any of the following
•	 ALT > ULNb

•	 Or age > 30 years

Brazilian 
guidelines 
[14, 15]

Compensated cirrhosis and HBsAg positive and 
detectable HBV DNA (regardless of other markers)
Decompensated cirrhosis and HBsAg positive 
(regardless of other markers)

Not assessed because cirrhosis not clearly defined in 
this HIC dataset.

For individuals in HBV ‘immunotolerant phase’c, if
•	 > 30 years
•	 Or family history of HCC/cirrhosis
•	 Or extrahepatic manifestations of HBV

Not assessed because no biopsy data, and no record of 
family history/cirrhosis/extrahepatic manifestations 
in this HIC dataset.

In ‘chronic hepatitis’ phase, if
•	 ALT > ULN
•	 And HBV DNA > 2000–20,000 IU/mL
Irrespective of HBeAg status

Corresponds to WHO guidelines (Scenario (v))

Note: Each criterion is mapped to a scenario, numbered from (i), which represents the population treated before guidelines were changed, through to (xi), being treat 
all. Scenarios are numbered in ranked order reflecting the impact on the proportion of the population eligible for treatment (presented in order in main text, Figure 2, 
Table S1).
Abbreviations: ALT, alanine transferase; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HIC, Health Informatics Collaborative; ULN, upper limit of normal; 
WHO, World Health Organization.
aAPRI—aspartate aminotransferase to platelet ratio index = [(AST/upper limit of normal) × 100/platelet count], with AST ULN = 40 U/L.
bULN for ALT defined by WHO guidelines as 30 U/L for males and 19 U/L for females.
cDefinition of immunotolerant infection from Brazilian guidelines: ‘HBeAg positivity, high HBV DNA (generally > 106 or 107 IU/mL), alanine aminotransferase (ALT) 
within ULN, and minimal or absent inflammation and fibrosis upon histopathology’.
dLow platelets here defined as < 150 × 109/L.

TABLE 1    |    (Continued)
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3   |   Results

3.1   |   Cohort Characteristics at Baseline

In total, 7558 adults living with CHB in England were eligi-
ble for inclusion in this analysis (baseline characteristics in 
Table 2). Mean follow-up was 4.0 years (SD 3.9). Just under half 

the population was of self-reported White ethnicity (n = 3414, 
45.2%), compared to 12.1% (n = 917) Asian, 17.8% (n = 1342) 
Black, 2.6% (n = 197) mixed, and 22.3% ‘other’ ethnicities 
(n = 1688). IMD was available for 6891 (91.2%) of our study 
population, among whom over half belonged to the two most 
deprived UK population quintiles (most deprived IMD quin-
tile [n = 1759, 25.5%] and second most deprived IMD quintile 

TABLE 2    |    Baseline characteristics of individuals included in the HIC analysis investigating factors associated with antiviral (NA) treatment in 
adults living with chronic HBV infection.

Characteristic Total population Untreated population Treated population

N (% of total) 7558 (100) 5544 (73.4) 2014 (26.6)

Follow-up time (years), mean (SD) 4.0 (3.9) 4.3 (4.1) 3.1 (3.12)

Age group, n (%)

< 25 years 436 (5.8) 344 (6.2) 92 (4.6)

25–34 years 2119 (28.0) 1680 (30.3) 439 (21.8)

35–44 years 2206 (29.2) 1678 (30.3) 528 (26.2)

45–54 years 1398 (18.5) 931 (16.8) 467 (23.2)

55–64 years 855 (11.3) 542 (9.8) 313 (15.5)

≥ 65 years 543 (7.2) 368 (6.6) 175 (8.7)

Index of multiple deprivation (IMD) quintile, n (%)

First quintile (most deprived) 1759 (25.5) 1348 (26.1) 411 (23.9)

Second quintile 1711 (24.8) 1304 (25.2) 407 (23.7)

Third quintile 1416 (20.5) 1043 (20.2) 373 (21.7)

Fourth quintile 1167 (16.9) 863 (16.7) 304 (17.7)

Fifth quintile (least deprived) 838 (12.2) 613 (11.9) 225 (13.1)

Missing 667 (8.8) 373 (6.7) 294 (14.6)

Sex, n (%)

Female 3419 (45.2) 2689 (48.5) 730 (36.2)

Male 4137 (54.7) 2853 (51.5) 1284 (63.8)

Missing < 5 < 5 0

Ethnicity (self-reported), n (%)

White 3414 (45.2) 2639 (47.6) 775 (38.5)

Asian 917 (12.1) 615 (11.1) 302 (15.0)

Black 1342 (17.8) 1019 (18.4) 323 (16.0)

Mixed 197 (2.6) 144 (2.6) 53 (2.6)

Other 1688 (22.3) 1127 (20.3) 561 (27.9)

Other clinical and laboratory parameters

HIV coinfection, n (%) 91 (1.2) 51 (0.9) 40 (2.0)

HCV coinfection, n (%) 79 (1.0) 51 (0.9) 28 (1.4)

HDV coinfection, n (%) 75 (1.0) 46 (0.8) 29 (1.4)

ALT > ULN 4534 (60.0) 3188 (57.5) 1346 (66.8)

HBV VL > 2000 IU/mL 1597 (21.1) 1141 (20.6) 456 (22.6)

Note: Percentages are expressed out of the column total, as stated in the first row.
Abbreviations: ALT > ULN, upper limit of normal (≥ 30 IU/ML in males and ≥ 19 IU/ML in females); ALT, alanine aminotransferase; HBeAg, hepatitis B virus 
E antigen; HBsAg, hepatitis B virus surface antigen; HBV VL, hepatitis B virus viral load; HCV, hepatitis C virus; HDV, hepatitis Delta virus; HIV, human 
immunodeficiency virus; IQR, interquartile range.
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[1711, 24.8%]). A minority of individuals had documented 
coinfection with HIV (1.2%, n = 91), HCV (1.0%, n = 79), or 
HDV (1.0%, n = 75).

3.2   |   Factors Associated With Receipt of Antiviral 
Treatment

A minority of the population had a record of NA treatment during 
the period of follow-up (n = 2014/7558, 26.6%; Table 2). In the mul-
tivariable model, HBeAg positivity (OR 3.62, 95% CI 3.01–4.36) 
and ALT> ULN (OR 2.34, 95% CI 1.71–3.25) were associated 
with NA prescription (Table  3, Figure  1), in line with clinical 
indications for starting treatment [6]. Male sex (OR 1.67, 95% CI 
1.44–1.96) and increasing age at first record of CHB status (ORs 
for ages 45–54 years, 55–64 years, and ≥ 65 years age 1.77 (95% CI 
1.43–2.20), 2.71 (95% CI 2.10–3.50) and 2.07 (95% CI 1.49–2.86), 
respectively) were also statistically associated with treatment 
(Table 3, Figure 1). Individuals belonging to Asian and ‘Other’ eth-
nicities were more likely to be treated (ORs 1.76 [95% CI 1.40–2.20] 
and 1.71 [95% CI 1.42–2.04], respectively), compared to individuals 
of White ethnicity (Table 3, Figure 1). Belonging to the first IMD 
quintile (most deprived) was associated with a 24% reduction in 
the odds of NA treatment (OR 0.76, 95% CI 0.62–0.94) as compared 
to the third quintile.

3.3   |   Influence of Changing Guidelines on 
Proportion of Population Reaching Treatment 
Eligibility Criteria

Having calculated the proportion of our clinical population 
with a record of antiviral treatment to date, we expanded this 
to reflect potential relaxation of treatment criteria (Figure  2, 
Table S1).

	 i.	 Observing the real-world cohort (in which therapy has 
been previously informed by UK or EASL guidelines [6, 
10] alongside patient and prescriber preference), 26.7% 
(2014/7558) of individuals had a record of NA treatment; 
this is the baseline real-world population on treatment.

	 ii.	 Considering treatment for those testing HBV DNA positive 
and with recorded APRI > 0.5 would expand the pool of-
fered treatment by 406 individuals (to a total of 2420/7558); 
thus overall 32.0% would be offered treatment based on this 
EASL recommendation.

	 iii.	 Applying the WHO treatment criterion of two ALT mea-
surements > ULN during any 6–12-month period, (regard-
less of other markers) an additional 726 individuals would 
have met treatment criteria during the period observed; 
thus overall 32.3% (2740/7558) of the observed population 
would be offered treatment.

	 iv.	 Based on an APRI score > 0.5 as a treatment indicator in 
line with new WHO guidance [12], irrespective of other 
markers, an additional 1123 individuals would have been 
considered treatment eligible, such that 41.5% (3137/7558) 
of the observed population would be offered treatment.

	 v.	 Applying laboratory thresholds of HBV VL > 2000 IU/mL 
and ALT > ULN, in accordance with new WHO guidance 

[12] (and also concordant with Brazilian national guidance 
[14, 15]), an additional 1138 individuals would meet crite-
ria, such that 41.7% (3152/7558) of the population would be 
offered treatment.

	 vi.	 If accounting for APRI > 0.5 or the additional indication 
of HIV/HCV/HDV coinfection, an additional 111 individ-
uals become eligible, taking the total treated population to 
43.0% (3248/7558).

	vii.	 By combining HBV VL > 2000 IU/mL with either 
ALT> ULN or a low platelet count, 3908/7558 individuals 
would become treatment eligible, with 51.7% of the popula-
tion then being offered treatment.

	viii.	 Based on expanded EASL criteria, to treat if any of the fol-
lowing (at any timepoint) HBV VL > 2000 or ALT> ULN 
or HBeAg+, we identified an additional 5002 who would 
become treatment eligible, taking the total on treatment to 
92.8% (7016/7558).

	 ix.	 By applying recent Chinese treatment recommendations [13], 
which suggest offering treatment to all those with a detect-
able HBV VL with either ALT > ULN or age > 30 years, 95.1% 
(n = 7187/7887) of individuals would potentially be treated;

	 x.	 Using the most relaxed EASL criterion, any positive test 
for HBV DNA at any time point, the number to be offered 
treatment would increase to 96.9% (7325/7558);

	 xi.	 To provide context for the ‘treat all’ paradigm, we also con-
sider application of the most relaxed threshold, namely of-
fering treatment to those with any marker of HBV infection 
(HBsAg and/or HBV DNA positivity), irrespective of quan-
tification of other markers. By definition, this would make 
100% of the population eligible for treatment.

4   |   Discussion

4.1   |   Antiviral Treatment in CHB—Current 
and Future Eligibility

The HIC database is the largest secondary care data source con-
taining longitudinal laboratory parameters for viral hepatitis in 
the UK and representing real-world clinical data collected from 
individuals who are accessing health services at multiple NHS 
Trusts across the country, with increasing potential for general-
isation as the database expands. In this preliminary descriptive 
analysis of adults with CHB accessing specialist secondary/
tertiary care services across six centres in England, as expected, 
< 30% had a record of NA treatment, reflecting recommendations 
in both UK/European [6, 10] and global guidelines prior to 2024 
[9]. This treated proportion is comparable to that reported from 
other cohorts elsewhere in the world [22–24]. As treatment cri-
teria are progressively relaxed, it is recognised that an increasing 
proportion of the population living with HBV will become treat-
ment eligible, but the expanded population eligible for treatment 
has not yet been carefully enumerated in different settings.

This analysis of selected sites in England suggests that ~30%–
50% will meet the new laboratory thresholds that are likely to 
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be proposed in most settings (scenarios (ii)-(vi) in results), with 
the potential for expansion to 80%–100% (scenarios (vii)-(xi)) if 
the most relaxed criteria are applied. This projection provides 

preliminary estimates that are relevant to planning service de-
livery and resource allocation. Future analysis is warranted to 
investigate potential differences in data collection timeframes, 

TABLE 3    |    Logistic regression models investigating factors which are associated with antiviral treatment in adults with CHB.

Characteristic Univariable OR (95% CI) Multivariable OR (95% CI)

Age group

< 25 years 1.02 (0.79–1.31) 0.71 (0.50–0.99)*

25–34 years 1.00 (ref) 1.00 (ref)

35–44 years 1.20 (1.04–1.39)* 1.24 (1.02–1.50)*

45–54 years 1.92 (1.65–2.24)*** 1.77 (1.43–2.20)***

55–64 years 2.21 (1.86–2.63)*** 2.71 (2.10–3.50)***

≥ 65 years 1.82 (1.48–2.24)*** 2.07 (1.49–2.86)***

Ethnicity (self-reported)

White 1.00 (ref) 1.00 (ref)

Asian 1.67 (1.42–1.96)*** 1.76 (1.40–2.20)***

Black 1.08 (0.93–1.25) 1.05 (0.84–1.30)

Mixed 1.25 (0.9–1.72) 1.59 (1.02–2.46)*

Other 1.70 (1.49–1.93)*** 1.71 (1.42–2.04)***

Sex

Female 1.00 (ref) 1.00 (ref)

Male 1.66 (1.49–1.84)*** 1.67 (1.44–1.96)***

Index of multiple deprivation (IMD) quintile

First quintile (most deprived) 0.85 (0.73–1.00) 0.76 (0.62–0.94)*

Second quintile 0.87 (0.74–1.03) 0.85 (0.69–1.06)

Third quintile 1.00 (ref) 1.00 (ref)

Fourth quintile 0.99 (0.83–1.17) 0.96 (0.75–1.21)

Fifth quintile (least deprived) 1.03 (0.85–1.24) 0.96 (0.73–1.24)

Coinfection status

No HIV infection 1.00 (ref) 1.00 (ref)

HIV coinfection 2.18 (1.43−3.31)*** 1.36 (0.71–2.57)

No HCV infection 1.00 (ref) 1.00 (ref)

HCV coinfection 1.52 (0.94–2.40) 1.05 (0.52–2.07)

No HDV infection 1.00 (ref) 1.00 (ref)

HDV coinfection 1.75 (1.08–2.77)* 1.76 (0.88–3.40)

Laboratory markers

ALT > ULNa,b 2.03 (1.65–2.52)*** 2.34 (1.71–3.25)***

HBV VL > 2000 IU/mLb 1.37 (1.22–1.53)*** 1.11 (0.96–1.30)

HBeAg positiveb 2.80 (2.43–3.22)*** 3.62 (3.01–4.36)***

Abbreviations: ALT, alanine aminotransferase; CT, computed tomography; HBeAg, hepatitis B virus E antigen; HBV VL, hepatitis B virus viral load; HCV, hepatitis C 
virus; HDV, hepatitis Delta virus; HIV, human immunodeficiency virus.
*p < 0.05. 
***p < 0.001.
aALT ULN (upper limit of normal) ≥ 30 U/L in males and ≥ 19 U/L in females.
bMixed-effects logistic regression model, with unique individual identifier fitted as a random effect.
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FIGURE 1    |    Forest plot showing factors associated with NA antiviral treatment in adults living with chronic Hepatitis B (CHB) in the UK. Main 
multivariable logistic regression model from analysis undertaken in the Health Informatics Collaborative secondary care electronic health record 
database (n = 7558). *ALT > ULN defined as ≥ 30 U/L in males and ≥ 19 U/L in females as per WHO guidelines [12]. † First IMD quintile denotes most 
deprived quintile, fifth quintile denotes least deprived. †† Measured at any point throughout entire study duration. OR, odds ratio; IMD, index of 
multiple deprivation; HIV, human immunodeficiency virus; HCV, hepatitis C virus; HDV, hepatitis Delta virus.
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sample sizes, and treatment patterns, and individual patient/
prescriber preference across sites. While these factors are out-
side of the scope of the present analysis, further investigation 
is planned to quantify possible variations. Potential differences 
across English sites may indicate associations of NHS Trust- 
and/or regional-level factors with clinical practice and imple-
mentation of clinical guidelines, which are diluted when data 
from all sites are pooled.

4.2   |   Benefits and Risks of Expanding Therapy

Previous global HBV recommendations have been influenced 
by the availability and affordability of drug therapy, potentially 
reflecting a need to ration resources in some settings. However, 
as safety, accessibility, and affordability have improved (largely 
due to the widespread availability of generic NA preparations) 
[6], eligibility criteria are being expanded to improve outcomes 
and reduce health inequities. Older guidelines, which inform 
prescribing practice to date, are based on large historical co-
horts, often observing specific populations in which param-
eters at baseline were used to estimate the longer-term risk of 
liver-related events (with a lack of high-quality longitudinal off-
treatment data).

Expansion of treatment coverage would benefit individuals 
through the reduction of the risk of progression to end-stage 
disease, and bring public health benefits through reducing 
transmission and offering overall cost benefits [25, 26]. Thus, 
treatment expansion supports progression towards global 2030 

elimination targets [5, 27]. However, the specific risks and ben-
efits of treatment expansion vary between settings, and careful 
evaluation is required to assess optimum interventions in differ-
ent populations.

4.3   |   Advances Towards Global Elimination 
Targets

The UK Health Security Agency (UKHSA) has highlighted 
areas in which enhanced efforts are required to attain elimi-
nation targets, which include enhanced interventions and re-
sources to provide treatment, as well as the need for improved 
data collection. A hepatitis B ‘dashboard’ is proposed to visual-
ize and assess testing uptake, diagnostic results, and treatment, 
incorporating characteristics groups such as age, sex, ethnicity, 
country of birth, and deprivation, and therefore to identify gaps, 
risk groups, and opportunities for intervention (https://​www.​
gov.​uk/​gover​nment/​​publi​catio​ns/​hepat​itis-​b-​in-​engla​nd/​hepat​
itis-​b-​in-​engla​nd-​2024). Our approach makes advances in this 
direction, albeit only for the limited population represented in 
the HIC dataset.

4.4   |   HBV Treatment and Health Inequity

Belonging to the first IMD quintile (most deprived) was associ-
ated with a significant reduction in the odds of antiviral treat-
ment, even in this study which by definition only includes those 
already linked to care and under follow-up. The true equity gap 

FIGURE 2    |    Visualisation of the impact of relaxing treatment criteria on the proportion of adults with CHB eligible for antiviral treatment with 
NA agents. We first calculated the proportion of the current population under treatment and then considered extended treatment scenarios, calcu-
lating the total currently on treatment plus those additionally meeting the relaxed treatment criteria. These data are also presented in tabulated form 
in Table S1. APRI—aspartate aminotransferase to platelet ratio index = [(AST/upper limit of normal) × 100/platelet count], with AST ULN = 40 IU/L. 
ALT (alanine transaminase) ULN = upper limit of normal, defined by WHO guidelines as 30 U/L for males and 19 U/L for females. HIV, human im-
munodeficiency virus; HCV, hepatitis C virus, HDV, hepatitis D virus. HBsAg, hepatitis B surface antigen. HBV DNA indicates viral load (VL) in IU/
mL. Platelet count (Plt) x109/L.
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is therefore likely to be higher than estimated here. This result 
highlights a need for strategies to reduce health inequity and 
to ensure that vulnerable and marginalised groups are offered 
treatment, provided with education, and are supported to access 
therapy when it is indicated. People living with HBV infection 
who are not engaged in long-term follow-up and treatment may 
have further specific vulnerabilities [28] and potentially worse 
outcomes. For example, vulnerable migrants and refugees suf-
fer specific challenges (high mobility, language barriers, stigma, 
competing health and psychosocial challenges) which are known 
to be barriers to access and affordability of healthcare [28, 29].

4.5   |   Factors Associated With Treatment Eligibility

Although we found a relationship between treatment and HBeAg 
status and ALT > ULN, there was not a statistical relationship 
between HBV VL and receipt of treatment. This lack of associa-
tion can be explained, as those who entered the cohort already on 
treatment will typically have suppressed VL throughout. We con-
sidered additional analysis to determine the relationship between 
VL at baseline and at treatment start date, but retrospective data 
(especially dates of starting treatment) are not reliably captured 
in electronic datasets, and the majority of individuals with a re-
cord of treatment are already virologically suppressed at their first 
timepoint recorded (60% in a recent analysis of the same popula-
tion [30]). Uncertainty around treatment start dates also precludes 
detailed analysis of transition from untreated to treated status.

We expected to find an association between HIV status and 
receipt of treatment, since all those living with HIV should be 
treated, and regimens overlap with HBV therapy. However, the 
number in this group is small and we recognize some treatment 
data are missing for the HIV/HBV coinfection group in the HIC 
dataset, as a result of differences in the way HIV care is deliv-
ered: when antiviral prescriptions are issued through Sexual 
Health services, anonymization of clinical records prevents 
complete data linkage (accounting for an underestimate in the 
proportion of the HIV/HBV population prescribed treatment).

The association between ethnicity and antiviral treatment ini-
tiation is likely to be influenced by unmeasured host and viral 
characteristics, including viral genotypes which cluster in dif-
ferent populations according to country of birth. Although 
genotype is not determined in routine clinical practice, it can 
nevertheless influence the phenotype of infection—for exam-
ple, influencing VL and/or HBeAg status and therefore influ-
encing treatment eligibility. The CHB population in the United 
Kingdom is disproportionately socioeconomically deprived [31], 
and it is likely that IMD quintile associates with diverse other 
factors that influence treatment access and eligibility. Further 
characterisation of the social and economic characteristics of 
the UK CHB population is warranted, with a need for special 
scrutiny of groups who are under-represented as a result of sys-
tematic barriers to care.

4.6   |   Stopping Therapy

In any of the scenarios we evaluated, not all individuals offered 
antiviral therapy would wish to take it, and a small proportion 

may clear HBsAg (either in the context of acute or chronic infec-
tion), allowing therapy to be stopped [32]. Treatment may also 
be stopped if prophylactic NA therapy is administered for a de-
fined period peri-partum to prevent vertical transmission [33]. 
Although this small minority may stop therapy, this does not 
influence the overall research question addressed here, and for 
the purpose of this analysis, we assumed that adults who started 
NA treatment in the time period observed will have continued 
long-term.

4.7   |   Caveats and Limitations

The data presented here represent only six large, urban centres 
in England; trends may differ across settings and additional 
data will be required to determine the extent to which our ob-
servations apply in other regions of the United Kingdom, in 
other high-income settings, and in low/middle-income econo-
mies [28, 29]. Our analysis is biased by only capturing data for 
individuals who are diagnosed, linked to care, and attending 
follow-up in specified centres. Quantifying the impact of this 
bias is difficult, but missing diagnoses and linkage in vulner-
able groups may mean that we underestimate overall treatment 
eligibility.

The nature of the electronic records we have accessed makes 
a record of a treatment prescription being issued by a health-
care provider, which does not always correlate with the collec-
tion of medication, or subsequent adherence to daily therapy. 
Continuity and treatment breaks are not areas that have been 
well assessed and require further research.

The HIC framework collects a subset of data, but does not sys-
tematically record other parameters that may influence treat-
ment prescription such as comorbidity (e.g., metabolic liver 
disease, diabetes, immunosuppression), extrahepatic compli-
cations (e.g., glomerulonephritis, vasculitis) or family history 
(Table S2). Most of these groups should be incorporated in those 
already on treatment at baseline (in keeping with older guide-
lines), but these important unmeasured factors may bias the ob-
served associations and could lead to an underestimation of the 
total population eligible for treatment.

As elastography scores have not been consistently recorded 
in different EPR systems, there is a high level of missingness 
(Table S3) and we were not able to investigate the association be-
tween elastography scores and treatment eligibility in this study. 
While an alternative measure of liver fibrosis can be ascertained 
by using an APRI score, this approach is also limited by miss-
ingness (Table S4), as AST is often not measured as part of the 
routine panel of liver biochemistry. We elected not to impute fi-
brosis scores given the high percentage of missingness. Due to 
these missing parameters, our dataset underestimates treatment 
based on liver fibrosis; however, many of these individuals may 
either already be on treatment or meet an alternative eligibility 
criterion (e.g., based on VL or ALT).

We did not analyse any quantitative HBsAg data because this 
was not measured consistently between sites (some laboratories 
only report a categorical measurement, while others under-
take semi-quantitative or fully quantitative measurements) and 
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clinical practice varies (in some individuals it would be mea-
sured only at baseline, while others repeat the measurement at 
varying time intervals).

Although we have the advantage of a diverse cohort represent-
ing a range of ethnicities (and therefore viral genotypes), the 
proportions of individuals who are treatment eligible will vary 
between settings, and further data are needed to represent other 
populations. Ethnicity is broadly captured in EHR, but country 
of birth is not typically recorded (the latter may be more relevant 
as it is more likely to reflect the risk, route and age of HBV acqui-
sition, and HBV genotype). The relationship between treatment 
eligibility and people reported as being in ‘other’ ethnic groups 
needs further scrutiny to understand the characteristics of in-
dividuals represented in this broad and non-specific category. 
While we are not able to fully explore the reasons for different 
rates of treatment according to ethnicity, we speculate that there 
may be biological differences that are unmeasured in this data-
set (e.g., host genetics and viral genotype) that influence the 
chance of meeting treatment eligibility criteria. There are also 
a wide number of other socio-demographic, environmental and 
clinical parameters that could influence the likelihood of meet-
ing treatment criteria or being offered or accepting treatment, 
which are not captured in this study.

4.8   |   Future Aspirations

Prospectively, the HIC is setting out to focus more analysis on 
clinically important endpoints, such as fibrosis, cirrhosis and 
hepatocellular carcinoma (HCC), which will allow us to eval-
uate (i) these outcome markers as determinants of treatment 
eligibility (patients in these groups should already be offered 
treatment) and (ii) how changes in prescribing practice influ-
ence the evolution of these outcomes. An updated dictionary 
for data collection now includes ICD-10 coding for endpoints, 
which will allow us to better capture pathology including cir-
rhosis, HCC, and non-hepatic comorbidities, together with 
approaches for collecting data from free-text imaging reports 
using Natural Language Processing and AI techniques. At 
the time of this analysis, fibroscan data were not reliably re-
corded and ICD-10 codes were not available for participating 
sites, although proof-of-principle has been established [34]. 
Quantification of HBsAg is an additional variable that can po-
tentially influence treatment eligibility and should be added to 
future analyses as it becomes more consistently measured in 
routine clinical practice in the UK.

4.9   |   Global Landscape for Treatment Expansion

It is likely that further national and international guidelines will 
broadly follow the precedents set by the WHO, EASL, Brazil 
and China, based on consensus across expert bodies [35, 36]. 
However, the specific recommendations, thresholds and nuance 
of guidelines will undoubtedly remain—to some extent—set-
ting dependent. For example, the ‘conditional’ recommenda-
tions for wide treatment of all who test HBsAg-positive set out 
by the WHO may be crucial for the roll-out of equitable treat-
ment in settings where resources are limited, but are unlikely 
to be relevant in most high-income countries, especially with 

state-funded healthcare provision, where there is reliable access 
to tools for risk stratification (VL, liver enzymes, elastography).

While TDF and ETV are broadly efficacious, cheap, and well 
tolerated with minimal toxicity [6], prescription of these agents 
nevertheless requires access to diagnostics, laboratory testing, 
imaging, and a secure supply of affordable drugs. In regions 
where access to health infrastructure and laboratory stratifi-
cation is challenging, the simplest assessments are required, 
including the option to offer treatment to any adult who tests 
HBsAg-positive. While HBV DNA assessment is widely avail-
able across the UK (and there are no additional costs to the 
patient to access this test), we have nevertheless applied WHO 
guidelines that account for situations in which this is not avail-
able in order to inform understanding of the potential impact of 
this simplified criterion.

Evaluation of demands on health service infrastructure is key to 
ensuring that treatment expansion can be implemented in the 
real world. In different settings, change in guidelines may ac-
celerate decentralisation of HBV management to primary care, 
integration of HBV care with other services, and investment in 
triple elimination programmes that tackle HBV together with 
HIV and syphilis. Cost-effectiveness analysis of different mod-
els will be needed, supported by close partnerships between pol-
icymakers, clinical services and the pharmaceutical industry to 
support access to HBV therapy.

WHO guidelines now include treatment for adolescents (with 
those aged ≥ 12 years being treatment-eligible under the same 
criteria as adults). This group is outside the scope of this paper as 
HIC data only include adults, but representation of younger peo-
ple in research and clinical data will be crucial to understand 
implications for the delivery of treatment.

Our analysis highlights that health inequity represents a bar-
rier to HBV treatment, and implementation strategies need to 
focus on the provision of accessible, acceptable, and affordable 
pathways to clinical services, which recognize and redress so-
cial, economic, cultural and linguistic barriers and challenges, 
and offer equitable testing and treatment. Future scale-up of 
successful long-term treatment will rely not only on the simpli-
fication of treatment eligibility criteria but also on a wide range 
of service improvements including better access to culturally 
relevant information, education of healthcare providers, decen-
tralization of care, provision of HBV services linked to other 
clinical programs (liver health, mental health, family services) 
and provision of peer support.

4.10   |   Patient Representation

Patient voice and involvement of the community as stakehold-
ers has increasingly been recognised as an important driver of 
guidance, recognising that individual preference is a fundamen-
tal component of therapeutic decision making [37, 38], and with 
civil society organisations recognised as essential contributors to 
clinical guidelines. In many instances, those outside strict treat-
ment criteria may express a wish to receive treatment, while in 
other cases those who do meet clinical thresholds for treatment 
may choose not to embark on what is currently life-long therapy.
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5   |   Conclusions

We have quantified treatment coverage across a large popula-
tion of adults with CHB, demonstrating that a minority of indi-
viduals currently receive antiviral treatment but predicting the 
pattern of increasing eligibility in line with changing eligibil-
ity criteria. Further analyses incorporating larger datasets and 
tackling data missingness will be possible as the HIC dataset 
expands. Such data are crucial to provide evidence to inform 
the resourcing, infrastructure, and implementation of treatment 
programmes, and to tackle health inequities, thus supporting 
progress towards elimination targets.
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Additional supporting information can be found online in the 
Supporting Information section. Table S1: Table to show the impact of 
relaxing antiviral treatment initiation criteria on the number and pro-
portion of individuals eligible for antiviral treatment. Table S2: Clinical 
and sociodemographic criteria recommended to inform for HBV treat-
ment by EASL guidelines, which are not captured in laboratory or imag-
ing data. Table S3: Types of hepatic imaging performed in individuals 
included in analysis of Health Informatics Collaborative data, investi-
gating factors associated with antiviral treatment initiation in chronic 
HBV infection. Table S4: Frequency of missing laboratory parameters/
scores in HIC dataset evaluated for HBV treatment eligibility. 
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