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Abstract

Despite promising steps towards the elimination of hepatitis C virus (HCV) in the UK, several
indicators provide a cause for concern for future disease burden. We aimed to improve under-
standing of geographical variation in HCV-related severe liver disease and historic risk factor
prevalence among clinic attendees in England and Scotland. We used metadata from 3829
HCV-positive patients consecutively enrolled into HCV Research UK from 48 hospital centres
in England and Scotland during 2012–2014. Employing mixed-effects statistical modelling,
several independent risk factors were identified: age 46–59 y (ORadj 3.06) and ≥60 y (ORadj

5.64) relative to <46 y, male relative to female sex (ORadj 1.58), high BMI (ORadj 1.73) and
obesity (ORadj 2.81) relative to normal BMI, diabetes relative to no diabetes (ORadj 2.75),
infection with HCV genotype (GT)-3 relative to GT-1 (ORadj 1.75), route of infection through
blood products relative to injecting drug use (ORadj 1.40), and lower odds were associated with
black ethnicity (ORadj 0.31) relative to white ethnicity. A small proportion of unexplained
variation was attributed to differences between hospital centres and local health authorities.
Our study provides a baseline measure of historic risk factor prevalence and potential geo-
graphical variation in healthcare provision, to support ongoing monitoring of HCV-related
disease burden and the design of risk prevention measures.

Introduction

The latter part of the 20th century witnessed an alarming growth in liver disease deaths in the
UK, with an estimated 250% increase between 1971 and 2001 [1]. Viral hepatitis is a major
cause of liver disease and liver transplantation, on a par with excessive alcohol consumption
and obesity [1]. However, despite a rise in hepatitis C-related end-stage liver disease and hepa-
tocellular carcinoma in the early 2000s [2], new direct acting antiviral (DAA) treatments have
reversed this trend in many countries including the UK. The estimated numbers of patients
now living with chronic hepatitis C virus (HCV) infection has diminished in England from
around 129 000 people in 2015 to 81 000 in 2020 [3], and in Scotland from 1814 in 2015
to 1423 in 2018 [4]. Furthermore, recent Scottish estimates of chronic hepatitis C prevalence
among people who inject drugs (PWID) has shown a decrease from 37% in 2015–16 to 19% in
2019–20 [5].

However, most diagnosed cases of HCV infection remain untreated globally [6].
Furthermore, despite promising steps towards the elimination of HCV in the UK, evidence
suggests the incidence of new HCV infections may not be in decline, and the COVID-19
epidemic has impacted significantly on access to treatments and harm prevention services
[3, 7–9] threatening the UKs ability to meet the WHO 2030 target of eliminating viral hepatitis
[10]. Targeted risk prevention interventions therefore remain an important adjunct to early
diagnosis and treatment in controlling the burden of hepatitis C.

The prevalence of hepatitis C, and HCV-related healthcare access and usage, is known to
vary geographically in the UK owing in part to levels of social deprivation and provision of
healthcare [1]. However, geographical variation in HCV-related liver disease and associated
patient correlates are not well understood. Improved knowledge may enable an individualised
approach to risk factor reduction interventions at a local level. Several demographic, behav-
ioural and clinical factors are known to contribute to the risk of progression to severe stages
of liver disease in patients with HCV infection, which may act individually or in tandem with
other major risk factors [11–13]. However the role of some factors, such as HCV-genotype,
remain controversial [12, 14, 15].
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Population-level data are routinely collected in the UK to
inform on geographical patterns in the burden of HCV-associated
end-stage liver disease and mortality. However, data characteris-
ing the wider underlying population living with HCV-associated
cirrhosis are lacking. These data have importance for quantifying
risk factors for cirrhosis as a marker for severe disease, to target
interventions and prevent serious outcomes at a local level.
Here we exploited the breadth of geographical coverage and
patient metadata collated through HCV Research UK
(HCVRUK) between 2012 and 2014 in a cross-sectional study.

Our study focuses on the pre-DAA era, enabling improved
insights into the pathogenesis of severe liver disease (as represented
by cirrhosis) and providing baseline metrics to support the ongoing
monitoring of trends in HCV-related severe liver disease. We
aimed to: (i) assess variation across local health authorities in the
proportion of severe liver disease and risk factor prevalence
among patients attending specialist HCV clinics in England and
Scotland; (ii) identify demographic, social and clinical risk factors
associated with severe liver disease among clinic-attendees and
(iii) investigate how much of the geographical variation in severe
disease may be explained by patient risk factors.

Methods

HCVRUK and study design

HCVRUK was initiated in 2012 to provide the first nationwide
HCV Clinical Database and Biobank [16]. For the study period,
spanning 8th March 2012 to 30th September 2014, 4048 patients
with chronic HCV infection were consecutively enrolled during
routine attendance at 48 HCV specialist hospital centres, or
through provision of secondary care at associated community
clinics, located in England (n = 39) and Scotland (n = 9). During
this period, all patients attending liver services were approached
for recruitment (we note a subsequent phase of HCVRUK
involved enhanced enrolment of cirrhotic patients; these partici-
pants were not included). A small proportion (25.9%; n = 992)
of patients were recruited at one of seven adult liver transplant
services.

Most recruited patients (77%; n = 3129) were clinic
re-attenders. Of the remaining patients, most were new clinic
referrals (21%; n = 855), the majority of whom had not previously
received treatment (98% compared to 64% of re-attenders).
A small number were clinically discharged treated resolvers
(n = 2; 0.05%), and one patient was a clinically discharged spon-
taneous resolver (n = 1; 0.02%). Most patients (88%; n = 3568)
were recruited at the hospital site, whilst a small proportion
(10%; n = 419) were recruited through community clinics provid-
ing secondary care. A small number had incomplete information
around the recruitment process (n = 61; 1.5%).

All study patients had a previous laboratory confirmed diagno-
sis of HCV infection. Data collated at enrolment and historical
clinical information were analysed in a cross-sectional design,
with each patient having a single associated record. Figure 1 sum-
marises patient exclusions; 185 with missing/erroneous postcodes,
and 34 from Wales, Shetland or the Western Isles due to small
patient numbers, leaving 3829 patient records. These exclusions
did not alter the distribution of reasons for clinic attendance or
the proportions treated among these groups. The Scottish HCV
Clinical database (source Public Health Scotland) was inspected
to assess the representation of severe liver disease prevalence by
the study population.

Health outcomes

Stage of liver disease was recorded based on physician-diagnosed
clinical evidence of cirrhosis and Ishak scoring of fibrosis follow-
ing liver biopsy. Fibroscan scores were not recorded. Two groups
were formed: severe liver disease (advanced fibrosis or cirrhosis;
Ishak scores 4–5) and mild liver disease (without advanced fibro-
sis or cirrhosis; Ishak scores 0–3). Patients with cirrhosis diag-
nosed at any stage during the 31-month study period were
assumed to be cirrhotic at enrolment. Those diagnosed with
decompensation, hepatocellular carcinoma, or those undergoing
liver transplantation at any time point from enrolment, were
also deemed as having severe liver disease at enrolment.

Patient risk factors for severe liver disease

Each patient completed a questionnaire with the study nurse cov-
ering demographic and current or historic social and behavioural
factors: age, sex, ethnicity, country of birth, history of injection
drug use (IDU) use, probable route of infection, alcohol con-
sumption and body mass index (BMI). Clinical data was also
accrued from patient health records including information on
diabetes, HCV genotype and HIV-coinfection.

Geographical data

Office for National Statistics (ONS) Postcode Directory data
(November 2018) for the UK [17] were used to assign Local
Health Authority (LHA) areas of residence for each patient
(Regional Health Authority’s for England and NHS Boards for
Scotland).

Statistical analysis

The proportion of study patients with severe liver disease and
associated risk factors were generated for each LHA area. The
Coefficient of Variation (CV) and Coefficient of Quartile
Variation (CQV) were estimated to assess geographical variation
with 95% confidence intervals generated using normal approxi-
mation. An asymptotic test for the equality of CV was conducted
comparing each coefficient with a hypothesised population
assuming an equivalent mean but zero variance. Maps were gen-
erated in QGIS version 3.18.3.

Mixed-effects univariable logistic regression was used to iden-
tify factors associated with severe liver disease: demographic (age,
sex, ethnicity, country of birth), social/behavioural (probable
route of HCV infection, history of heavy alcohol consumption)
and clinical (BMI, diabetes, HCV-genotype and HIV-coinfection).
All variables, including age, were treated as categorical in order to
understand their specific effects. A variable differentiating patient
residence in England or Scotland was included to adjust for
country-level differences in demography and healthcare provision.
Hospital centres and LHAs were fitted as random effects to account
for patient clustering using a crossed design. Patient hospital centres
were not consistently nested within health authority areas of resi-
dence, with some patients enrolled at hospitals out with their
LHA area (Fig. 2). Factors were fitted as binary or categorical (see
Supplementary Tables S1–S3 for details).

Mixed-effects multivariable logistic regression was performed
to investigate (i) the independent association of patient risk fac-
tors with severe liver disease and (ii) how much of the geograph-
ical variation in severe liver disease was attributable to patient
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factors. Statistical interactions were investigated post-hoc among
significant factors in fixed-effect multivariable logistic regression
models. A Bonferroni correction was applied to an initial signifi-
cance threshold of P < 0.05 yielding a corrected threshold of P <
0.0026. An approximate Variation Partition Coefficient (VPC)
was estimated to gauge how much of the total variance in the
odds of severe liver disease was attributable to differences between
hospital centres and LHAs (assuming individual-level residual
variance = π2/3).

Statistical modelling was performed in R using ‘glmer’ (lme4
package[18]) and ‘glm’ for mixed-effect and fixed-effect only
models respectively. Analyses were based on a subset of 2851
patients who had complete information across all variables.
Patient distributions were unchanged following these exclusions
(see Supplementary Material Tables S1–S3).

Results

Patient distributions: demographics, severe liver disease and
patient risk factors

Figure 2 shows the distribution of study patients across England
and Scotland according to residential postcode and enrolling hos-
pital centre. Most of the 3829 patients (75%; n = 2858) were

resident in England. The East Midlands of England represented
the largest LHA, recruiting 12% (n = 477) of study patients.
Most patients (64%; n = 2444) had mild liver disease at enrolment,
with the remaining patients (36%; n = 1385) classified as having
severe liver disease, and most patients were untreated (71%, n =
2730). Of the treated patients (29%; 1099), 26% were previously
treated with a non-DAA, and 1.9% had been treated with a
DAA at the time of enrolment following early access to DAA ther-
apy as part of the Scottish or English Early Access Programmes or
clinical trials. For a small number of patients (a further 0.24%) the
treatment drug was unknown.

The median patient age was 49 years (IQR: 56 y–41 y = 15 y)
and 70% (n = 2696) of patients were male. Most patients (77%;
2935) were of white ethnicity, born in the UK (75%; 2884),
most likely infected via IDU (62%; 2358), and had no self-
reported previous history of heavy alcohol consumption (57%;
2192). The most prevalent BMI group was ‘normal’ (36%; n =
1367), although high BMI was also relatively prevalent (31%; n
= 1195). Most patients were non-diabetic (89%; n = 3415).

HCV-genotype 1 was the most prevalent HCV subtype (52%,
n = 1978), whilst HCV GT-3 was identified in 34% (n = 1300) of
patients. Of the remaining patients with genotyped infection, 4%
(n = 167) were infected with HCV GT-2 and 3% (n = 123) with
HCV GT-4. A small number of HCV GT-5, HCV GT-6, and

Fig. 1. Outline of study profile. †Excluded due to small numbers. ‡Patients with cirrhosis diagnosed at any stage during the 31-month study period were assumed to
be cirrhotic at enrolment.
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mixed infections were also observed. The infecting HCV virus was
not genotyped in 230 (6%) of patients. Most patients were
HIV-negative (90%; n = 3428). See Supplementary Tables S1–S3.

Geographical distribution of severe liver disease and treatment
coverage

Geographical variation in the proportion of the study patient popu-
lation with severe liver disease across LHA was moderate (CV 36%,
95% CI 27%–52%). The highest proportion of severe liver disease of
53% was observed in the South East Coast region, England, com-
pared to a low of 7% in NHS Fife, Scotland (Fig. 3a). Treatment
history was also highly variable across LHA areas (CV 40, 95% CI

31–58) and broadly mirrored disease severity (Fig. 3b). In most
areas (except for NHS Forth Valley and NHS Ayrshire and Arran,
Scotland), more than 50% of patients were untreated. Areas with
high proportions of severe liver disease, for example, the South
East Coast (53%), North West (48%) and East (46%) of England
had moderate levels of treatment coverage (37%, 30% and 37%,
respectively). In contrast, areas with low proportions of severe liver
disease had the lowest levels of treatment, for example NHS
Tayside in Scotland. Exceptions were noted; for example, NHS
Forth Valley had a low proportion with severe liver disease (14%)
but high treatment coverage (52%). See Supplementary Table S4.

Assessing the prevalence of severe liver disease among all
patients attending HCV specialist services in Scotland during

Fig. 2. Location of 3829 HCV-positive study participants recruited in Great Britain by HCVRUK between March 2012 and September 2014. Residential postcodes
coloured according to the recruiting hospital centre. Insert shows the location of each regional health authority area. Patients residing in Wales, NHS Shetland
and NHS Western Isles were excluded due to small numbers. No patients were recruited from NHS Dumfries & Galloway or NHS Orkney.

4 Sema Nickbakhsh et al.

https://doi.org/10.1017/S0950268823000377 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268823000377


the study period (based on the Scottish HCV Clinical database)
showed a similar ranking by location. Clear anomalies were
observed for NHS Borders and NHS Greater Glasgow and
Clyde (Supplementary Table S5).

Geographical distribution of putative risk factors

Geographical variation in putative risk factors among the study
patient population across LHA varied from a low CV of 9.3%
(95% CI 7%–14%) for age group, to a high CV of 146% (95%
CI 113%–216%) for HIV infection status.

Patient age ranged from a median 37 years (IQR = 16 years) in
NHS Tayside, Scotland, to 55 years in South East Coast, England
(IQR = 13.5) and NHS Lanarkshire, Scotland (IQR = 12.5)
(Fig. 4a). Patients were predominantly male in all areas, ranging
from 86% in NHS Fife, Scotland, to 52% in NHS Forth Valley,
Scotland (Fig. 4b). Although white ethnicity dominated, representing
100% of recruited patients in NHS Ayrshire and Arran, NHS Fife,
and NHS Forth Valley in Scotland, other ethnic groups were prom-
inent in some areas of England, with 54% of patients in London and
45% inWest Midlands being non-white (Fig. 4c). The distribution of
place of birth closely mirrored ethnicity (Fig. 4d).

The proportions of study patients with IDU as the most prob-
able route of HCV infection was overall greater in Scotland than
England (75% vs. 58%), with the highest levels in NHS Tayside
(88%) and NHS Borders (85%) (Fig. 4e). However, although
IDU was the most prevalent route in all areas of England, the
blood products route had a higher prevalence in several areas of
Scotland: NHS Ayrshire and Arran (42%), NHS Highland
(38%) and NHS Lanarkshire (55%) (Fig. 4f). A high prevalence
of individuals with unknown route of infection was observed
for London and the West Midlands, England (24% and 33%

respectively), where there was also high representation of patients
born outside of the UK (Fig. 4d).

Fifty per cent or more of patients had a history of heavy alcohol
consumption in three areas of Scotland (Fig. 4g): NHS Borders
(60%), NHS Fife (50%) and NHS Grampian (51%). The highest
prevalence of diabetes was observed in West Midlands, England
(15%) (Fig. 4h) whilst the highest prevalence of obesity was
observed for NHS Lanarkshire, Scotland (30%) (Fig. 4i). Diabetes
and obesity both showed a marked degree of geographical variation
when compared to other patient risk factors (CV 48, 95% CI 37–70
and CV 44, 95% CI 34–65 respectively).

Geographically, HCV GT-1 was the most prevalent genotype
in all areas (except for NHS Tayside, Scotland), with the highest
levels found in several regional health boards of Scotland
(Fig. 4j): NHS Forth Valley (81%), NHS Ayrshire & Arran
(77%) and NHS Fife (71%). In NHS Tayside, Scotland, HCV
GT-3 was more prevalent than HCV GT-1 (58% vs. 38%, respect-
ively) (Fig. 4k). HCV GT-1 and GT-3 were equally prevalent in
the North West (47% vs. 46%, respectively) and West Midlands
(46% vs. 44%, respectively), England. A marked geographical vari-
ation in HIV coinfection was found, when compared to other
patient risk factors (CQV = 56, 95% CI 28–85). Most areas had
a HIV-coinfection prevalence less than 9%; however, a relatively
high HIV-coinfection prevalence was observed in NHS Lothian
(33%) and NHS Borders (28%), Scotland and London, England
(11%) (Fig. 4l). See Supplementary Tables S6-S7.

Investigating patient risk factors and geographical variation in
severe liver disease

Univariable mixed-effects modelling revealed several factors signifi-
cantly associated with the odds of severe liver disease: age, sex,

Fig. 3. Regional variation in (a) the prevalence of cirrhosis and (b) the prevalence of untreated individuals. Among 3829 hepatitis C positive patients recruited by
HCVRUK from across England and Scotland. See also Supplementary Material Table S4.
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ethnicity, probable route of HCV infection, history of heavy alcohol
consumption, BMI, diabetes and HCV-genotype (see Table 1).

Adjusting for all covariates in multivariable mixed-effects
models, several independent risk factors were identified: age

46–59 y (ORadj 3.06) and ≥60 y (ORadj 5.64) relative to <46 y,
male relative to female sex (ORadj 1.58), probable route of infec-
tion via blood products relative to IDU route (ORadj 1.40), history
of heavy alcohol consumption relative to no history (ORadj 1.94),

Fig. 4. Regional variation in potential demographic,
social and health-related correlates of severe liver dis-
ease. Among 3829 hepatitis C positive patients recruited
by HCVRUK from across England and Scotland. See also
Supplementary Material Tables S6–S7.
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Table 1. Factors associated with severe liver disease; mixed-effects logistic regression model results

Factor Level
Number (%) without

severe disease
Number (%) with
severe disease

Unadjusteda OR
(95% CI; P value)

Adjustedb OR
(95% CI; P value)

Age (years) <46 871 (48.15) 205 (19.67) Reference Reference

46–59 742 (41.02) 578 (55.47) 2.88 (2.44–3.41; P < 0.001)* 3.06 (2.48–3.76; P < 0.001)*

≥60 196 (10.83) 259 (24.86) 4.75 (3.82–5.91; P < 0.001)* 5.64 (4.26–7.48; P < 0.001)*

Sex Female 574 (31.73) 247 (23.70) Reference Reference

Male 1235 (68.27) 795 (76.30) 1.45 (1.24–1.69; P < 0.001)* 1.58 (1.29–1.94; P < 0.001)*

Ethnicity White 1396 (77.17) 810 (77.74) Reference Reference

Asian 106 (5.86) 92 (8.83) 1.29 (0.98–1.71; P = 0.071) 1.13 (0.64–1.99; P = 0.684)

Black 39 (2.16) 10 (0.96) 0.49 (0.27–0.89; P = 0.019) 0.31 (0.13–0.73; P = 0.008)

Otherc 268 (14.81) 130 (12.48) 0.68 (0.55–0.84; P < 0.001)* 1.14 (0.71–1.83; P = 0.588)

Country of birth Non-UK 417 (23.05) 247 (23.70) Reference Reference

UK 1392 (76.95) 795 (76.30) 1.25 (1.05–1.49; P = 0.014) 1.1 (0.71–1.71; P = 0.676)

Probable route of infection Injecting drug use 1199 (66.28) 600 (57.58) Reference Reference

Blood/blood products 209 (11.55) 154 (14.78) 1.36 (1.1–1.67; P = 0.005) 1.40 (1.06–1.87; P = 0.019)

Otherd 157 (8.68) 113 (10.84) 1.13 (0.88–1.44; P = 0.339) 1.27 (0.93–1.73; P = 0.137)

Unknown 244 (13.49) 175 (16.79) 1.29 (1.06–1.58; P = 0.013) 1.36 (1–1.85; P = 0.053)†

Heavy alcohol consumptione No 1133 (62.63) 524 (50.29) Reference Reference

Yes 676 (37.37) 518 (49.71) 1.88 (1.63–2.17; P < 0.001)* 1.94 (1.60–2.35; P < 0.001)*

Body Mass Index (BMI) Normal 610 (46.38) 413 (29.37) Reference Reference

Low 55 (3.04) 18 (1.73) 1.01 (0.6–1.7; P = 0.965) 0.87 (0.48–1.59; P = 0.652)

High 839 (33.72) 306 (39.64) 1.79 (1.5–2.13; P < 0.001)* 1.73 (1.41–2.12; P < 0.001)*

Obese 305 (16.83) 305 (29.27) 2.61 (2.14–3.18; P < 0.001)* 2.81 (2.21–3.56; P < 0.001)*

Diabetes No 1712 (94.64) 843 (80.90) Reference Reference

Yes 97 (5.36) 199 (19.10) 3.51 (2.78–4.42; P < 0.001)* 2.75 (2.04–3.69; P < 0.001)*

HCV-genotypef GT-1 1039 (57.44) 537 (51.54) Reference Reference

GT-3 602 (33.28) 431 (41.36) 1.59 (1.36–1.86; P < 0.001)* 1.75 (1.43–2.14; P < 0.001)*

Other 168 (9.29) 74 (7.10) 0.89 (0.68–1.16; P = 0.387) 0.71 (0.5–0.99; P = 0.042)†

HIV coinfection No 1719 (95.02) 995 (95.49) Reference Reference

Yes 90 (4.98) 47 (4.51) 0.81 (0.57–1.16; P = 0.258) 1.31 (0.84–2.03; P = 0.233)

(Continued )
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high BMI (ORadj 1.73) or obese (ORadj 2.81) relative to normal
BMI, diabetic relative to not diabetic (ORadj 2.75) and infection
with HCV GT-3 relative to HCV GT-1 (ORadj 1.75). Patients of
black ethnicity were less likely to have severe liver disease
(ORadj 0.31) relative to patients of white ethnicity. Statistical inter-
actions were examined between (i) BMI and diabetes, (ii) ethni-
city and HCV-genotype, (iii) ethnicity and probable route of
infection and (iv) country of birth and route of infection, and
did not reveal evidence of effect modification at a 5% level of
significance. Treatment history at enrolment was significantly
associated with severe disease (OR = 2.42, 95% CI = 2.07–2.82,
p < 0.001) but was not included as a risk factor, since disease
severity is expected to determine treatment status.

Country of residence (Scotland vs. England) was not associated
with disease severity (ORadj 0.67). Despite a lack of association at
the country-level, significant geographical variation in the odds of
recruited patients having severe liver disease was found across
LHAs and hospital centres (LRT P < 0.001). The random effect
variances were 41.19% for hospital centres and 16.11% for
LHAs. An approximate estimate of the Variant Partition
Coefficients suggested most of the variation in the odds of a
patient having severe disease was attributed to patient risk factors,
with 10.66% and 4.17% of the remaining variation attributed to
unexplained variation between hospital centres and LHAs
respectively. See Table 1 for full details of the statistical modelling
results.

Discussion

Our study exploits the broad geographical coverage and rich
patient metadata collected by HCVRUK to provide insight into
the distribution of HCV-associated severe liver disease (as mea-
sured by cirrhosis) and associated risk factors, among patients
attending specialist hospital clinics in the pre-DAA era across
England and Scotland, UK. Data collated through HCVRUK
were not intended to provide a random sample of the
HCV-infected population or those accessing liver centres.
However, these data provide the only means currently to (i) assess
the geographical distribution of HCV-associated cirrhosis among
patients attending liver centres in the pre-DAA era and (ii) quan-
tify associated risk factors. These data provide baseline metrics to
support the ongoing monitoring of changes in HCV-related
severe disease burden, and have implications for improved under-
standing of disease pathogenesis and the design of targeted pre-
ventative measures.

We identified significant geographical variation in the propor-
tion of patients enrolled into HCVRUK with severe liver disease.
These findings are consistent with estimates of variation in both
risk factors for liver disease and healthcare provision in
England, including hepatitis C-related hospital admissions [1].
The highest proportion of severe liver disease was observed for
South East Coast, England, with the lowest in NHS Fife,
Scotland. Overall, a lower proportion of severe liver disease was
observed for Scotland, in line with high testing rates and an
increased uptake of HCV therapy in recent years among PWID
(see The Needle Exchange Surveillance Initiative [19]).
Reductions in the underlying prevalence of chronic HCV infec-
tions in Scotland were observed in the years prior to COVID-19
[19], likely reflecting the hepatitis C Action Plan’s initiative to
specifically target prevention at the PWID risk group [20].

The geographical coverage of previous treatment in this study
generally mirrored the proportion of severe disease, reflecting aTa
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period during which newline DAA therapies were not in main-
stream use [21]. One notable exception was NHS Forth Valley
in Scotland, which ranked second highest for proportions of
recruited patients who had previously received treatment, whilst
ranking second lowest for proportions with severe disease. Also
of note was NHS Tayside in Scotland, which ranked the lowest
for the proportion treated whilst also ranking low for the propor-
tion with severe disease, most likely reflecting high levels of HCV
screening among PWID (as indicated by the high proportion of
patients with IDU as the probable route of infection) and there-
fore capturing asymptomatic infections. It remains to be seen
how recent progress in reducing overall liver disease burden in
the UK, and the long-term impact of DAA therapy deployment,
will be offset by indirect impacts of the COVID-19 epidemic
such as through a diminished access to harm reduction pro-
grammes [22].

Our study identified several independent risk factors for severe
liver disease. We found an increased risk of severe liver disease
with older age, an unsurprising finding given that older age at
the point of infection is known to enhance speed of disease pro-
gression [11, 12, 23], and older individuals may have been
infected for a longer duration. Male biological sex was also an
independent risk factor, in line with previous studies [12]. Our
study revealed a lower risk of severe disease associated with
black ethnicity relative to white ethnicity, although we note the
small numbers of patients representing this group and the poten-
tial for selection bias if people of black ethnicity with severe dis-
ease are less likely to attend liver centres than people of white
ethnicity. Our finding supports a previous study from the USA
[24], but contrasts with previous reports from the UK of higher
rates of primary and severe liver disease among ethnic minorities,
perhaps reflecting differentials in healthcare access and/or infec-
tion prevalence [25, 26]. The reason for our finding is unclear
and warrants further investigation.

Several social-related factors were independently associated
with severe liver disease. The acquisition of HCV infection
through blood products was associated with a greater risk of
severe disease relative to IDU, as previously reported for a large
study investigating the impact of infection route on cirrhosis
risk in France [27]. Haemophiliac patients infected with HCV
in the 1980s had received regular treatment with factor VIII,
each dose of which had been obtained from several donors. It is
likely that infection through such blood products resulted in a
higher exposure inoculum, multiple exposures to different strains,
as well as being associated with a longer duration of infection,
thus leading to severe liver disease [28]. Patients with an unknown
route of HCV infection were more likely to have severe disease
than those infected through IDU, as reported by others, perhaps
reflecting a lack of awareness of their risk of disease and delayed
diagnosis [27]. Genotype prevalence is known to vary by infection
route, with a higher prevalence of HCV GT-1b among blood
transfusion recipients and those with unknown route [29]. Our
analyses suggest the effect of blood product route on disease
severity was independent of HCV genotype. Our study also sup-
ports the well-recognised role of heavy alcohol consumption in
enhancing the risk of HCV-associated liver cirrhosis [11, 12, 15,
27, 30].

Viral and comorbid risk factors were also identified. With
respect to HCV-genotype, its role in disease severity has been
explored in many studies with conflicting results. Any associa-
tions with disease severity may be confounded by the duration
and route of infection and the likelihood of response to treatment.

Several early studies did not find genotype to be associated with
disease severity [11, 12, 15, 31], whilst others found an association
of HCV GT-1, particularly HCV GT-1b, with advanced fibrosis
and liver-associated death [14, 32]. Our finding of a greater risk
of severity for HCV GT-3 relative to HCV GT-1 is in line with
recent studies reporting a more rapid progression to cirrhosis
and mortality associated with HCV GT-3 compared to HCV
GT-1 [24, 33, 34].

HIV-coinfection is associated with greater rates of fibrosis pro-
gression in HCV patients, especially in those with poorly con-
trolled infection [11, 30, 35]. The role of HIV was not
highlighted by our study, likely owing to low statistical power
but may also have been affected by improved treatment of HIV.
Findings for other comorbidities were as expected; elevated BMI
increased the risk of severe liver disease, likely as a result of
co-existing non-alcoholic fatty liver disease. Both obesity and dia-
betes were independently associated with severe liver disease.

Our study revealed no significant difference in the risk of
severe liver disease between patients enrolled in England or
Scotland, although regional differences were observed at a
finer-scale. The geographical pattern of risk factors suggests
older age, HCV GT-3, male sex and blood product route likely
contributed to the relatively high proportion of severe liver disease
among clinic attendees in South East Coast England. However, the
apparent lack of a Scottish effect is at odds with the highest pre-
valences of heavy alcohol consumption and IDU route observed
among the Scottish study patients. The ‘Scottish effect’ is a phe-
nomenon related to socio-economic and lifestyle factors hypothe-
sised to contribute to unexplained excess mortality [36], and thus
is anticipated to be reflected in the burden of diseases associated
with health inequalities such as hepatitis C. Of note is the low
prevalence of obesity which is recognised to be higher in
Scotland than other UK nations [37]; the study population is
however expected to over-represent individuals exhibiting poor
lifestyle choices, and for example drug-induced suppression of
appetite. Furthermore, a relatively greater risk of severe liver dis-
ease was associated with the blood product route rather than IDU,
and in regions of Scotland with high IDU route, the risk may have
been offset by higher prevalences of HCV GT-1 than HCV GT-3.
It was not possible to measure the extent of any potential biases in
risk factor distributions introduced by the study recruitment
process.

Most of the geographical variation in the proportion of severe
liver disease was explained by patient risk factors, however,
10.66% and 4.17% of the unexplained variation was attributable
to hospital centres and LHA areas respectively. Two of the
seven adult liver transplant units in the UK represented a greater
than average risk, suggesting some of the between-centre variation
may be an artefact of centre type. It should be noted that the study
is not expected to accurately reflect prevalence of severe liver dis-
ease among the underlying HCV-infected population, which may
be biased by regional differences in HCV diagnostic testing prac-
tices, and by healthcare usage and provision, with the predomin-
antly hospital-based recruitment expected to under-represent
some risk groups such as PWID. Regional differences in the pro-
portion of severe liver disease may therefore signify differences in
how well-equipped healthcare services are, the timeliness of HCV
diagnosis and healthcare access. Historically, provision of liver
disease services was recognised to vary geographically, with pre-
mature mortality from liver disease varying 7.7-fold across local
NHS bodies during 2013–15, seemingly for reasons other than
social deprivation [1]. Such geographical variation extended to
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HCV specialist services, where it was associated with inequalities
in treatment access [38]. It was not possible in our study to for-
mally evaluate differences in recruitment practice and success
rates across centres. We note however that rankings of propor-
tions with severe disease by regional location closely mirrored
the prevalence among all patients attending liver services, albeit
with two anomaly regions (as assessed for Scotland).

Our study has several other important limitations. Firstly, the
cross-sectional design does not consider person-time at risk.
Ascribing causation is also limited by unknown sequential tim-
ings of exposures and outcome. Furthermore, reinfections of
HCV are common, and the temporal association of infections
with heterotypic genotypes, the development of severe disease,
and the point of enrolment into the study, are not known.
Secondly, some of the data accrued through patient interviews
may lead to some occurrences of imprecise or subjective informa-
tion, such as those relating to alcohol consumption and the most
likely route of infection. Thirdly, some caution is warranted when
interpreting results based on small patient numbers. Fourthly, our
study does not account for changes in the residential location of
patients over the course of infection and disease stages. Finally,
HCV-negative patients were not captured; these patients may
have been treated, cured and discharged from hospital during
the period of patient enrolment. Therefore, high relative occur-
rences of severe liver disease may coincide with high levels of
HCV diagnostic testing and/or treatment success. On the other
hand, we note that our study also does not account for survival
bias, which may lead to under-estimated occurrence of severe
disease.

Improved understanding of geographical variations in health-
care provision may enable optimal allocation of public health
resources, to ensure continued uptake and coverage of new HCV
antiviral therapies. Analysis at a more geographically granular
level, together with socioeconomic factors, would be optimal for
informing interventions at a more refined local community scale.

Conclusions

Our study found significant geographical variation in the propor-
tion of severe liver disease and associated risk factors among
HCV-infected liver service attendees recruited into the
HCVRUK study population from 48 centres across the UK. Our
study provides further support for older age, male gender,
heavy alcohol consumption, and high-to-obese BMI as predictors
of hepatitis C-related severe liver disease, and unexpectedly
revealed HCV GT-3 and blood product route as independent
risk factors and a relatively lower risk for black ethnicity. Whilst
geographical variation in risk factor prevalence explained a large
proportion of the variation in severe liver disease, 10.66% was
attributable to unexplained differences between hospital centres.
Improved understanding into unexplained geographical variation
in severe liver disease across the UK is needed, and whether this is
attributed to HCV-related healthcare usage and provision, in
order for patient services to appropriately accommodate locally
defined risk groups.
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