
1Oztumer CA, et al. BMJ Open Gastro 2020;7:e000524. doi:10.1136/bmjgast-2020-000524

Association between behavioural risk 
factors for chronic liver disease and 
transient elastography measurements 
across the UK: a cross-sectional study

Ceyhun Aksel Oztumer  ‍ ‍ ,1,2 Rayhan Mehmood Chaudhry  ‍ ‍ ,3 Laith Alrubaiy  ‍ ‍ 3

To cite: Oztumer CA, 
Chaudhry RM, Alrubaiy L. 
Association between 
behavioural risk factors 
for chronic liver disease 
and transient elastography 
measurements across 
the UK: a cross-sectional 
study. BMJ Open Gastro 
2020;7:e000524. doi:10.1136/
bmjgast-2020-000524

►► Additional material is 
published online only. To view, 
please visit the journal online 
(http://​dx.​doi.​org/​10.​1136/​
bmjgast-​2020-​000524).

Received 22 August 2020
Revised 13 October 2020
Accepted 27 October 2020

1Department of 
Gastroenterology and 
Hepatology, Imperial College 
London, London, UK
2Department of Medicine, 
Brighton and Sussex Medical 
School, Brighton, UK
3Department of 
Gastroenterology, St Mark's 
Hospital and Academic Institute, 
London, UK

Correspondence to
Dr Laith Alrubaiy;  
​Laith.​al-​rubaiy@​nhs.​net

Hepatology

© Author(s) (or their 
employer(s)) 2020. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective  Chronic liver disease (CLD) is a largely 
preventable condition with increasing burden on National 
Health Service resources. We aimed to determine the 
prevalence of behavioural risk factors for CLD and their 
association with liver stiffness and socioeconomic status 
in the UK.
Design  In this cross-sectional study, adults aged ≥18 
years were invited to complete a liver health screener and 
have a liver stiffness measurement (LSM) by transient 
elastography (TA) to screen for alcohol intake, obesity and 
viral hepatitis risk across different areas in the UK. Index of 
Multiple Deprivation (IMD) scores were used as a measure 
of socioeconomic status. We performed binary logistic 
regression, adjusting for age, gender, alcohol consumption, 
body mass index, diet and viral hepatitis risk to determine 
the factors associated with LSM and IMD.
Results  We analysed the data from 2150 individuals 
across 25 UK areas. Of those, 24.1% had high-risk alcohol 
consumption, 29.6% had high-risk diets, 24.7% were 
obese and 32.7% had risk factors for viral hepatitis. LSMs 
were available for 1043 participants, of which 16.2% were 
≥7 kPa. Independent predictors of an LSM≥7 kPa were an 
age≥40 years (OR, 1.986; 95% CI, 1.280 to 3.081), male 
gender (OR, 1.599; 95% CI, 1.128 to 2.266), obesity (OR, 
2.526; 95% CI, 1.383 to 4.614) and high-risk diet (OR, 
2.197; 95% CI, 1.000 to 4.826). Five-unit increases in 
IMD score were an independent predictor of obesity (OR, 
1.110; 95% CI, 1.028 to 1.200), but not high-risk alcohol 
consumption (p=0.88) or viral hepatitis risk (p=0.05).
Conclusions  We identified a high prevalence of risk 
factors for CLD, most of which are addressable through 
raising public awareness to inculcate healthy habits. More 
studies are needed to assess longitudinal outcomes of 
liver screening using TA, accounting for societal factors 
and comorbidities, to help inform resource allocation and 
policy-making in the future.

INTRODUCTION
Chronic liver disease (CLD) is thought to be a 
largely preventable condition, with the three 
major risk factors of alcohol, obesity and viral 
hepatitis accounting for more than 90% of 
all cases.1 The Lancet Liver Commission2 
identified the late diagnosis of liver disease 
as the most important clinical issue, with 

an estimated 75% of people with cirrhosis 
unaware of their condition until presenting 
as an emergency with acute-on-chronic liver 
failure when there are limited treatment 
options available.

The UK has seen a 400% increase in liver 
disease mortality since 1970. The oppo-
site is true for other European countries, 
such as France and Italy, where liver disease 

Summary box

What is already known about this subject?
►► The UK has seen a 400% increase in liver disease 
mortality since 1970.

►► Over 90% of all chronic liver disease (CLD) cases 
are caused by three modifiable risk factors: alcohol, 
obesity and viral hepatitis.

►► Despite the well-described association between 
liver disease and socioeconomic status, there are 
limited population-based data that have examined 
the relationship between behavioural risk factors for 
CLD, transient elastography measurements and so-
cioeconomic deprivation.

What are the new findings?
►► A large proportion of the screened UK population 
have at least one high-risk factor for CLD.

►► There is great variability in risk behaviours between 
different areas of the UK.

►► Age, gender, diet and body mass index are signifi-
cant independent predictors of a high liver stiffness 
measurement (≥7 kPa).

►► People in areas of higher deprivation are more likely 
to have unhealthy diets and be obese.

How might it impact on clinical practice in the 
foreseeable future?

►► Understanding the risk patterns of the UK popula-
tion in terms of alcohol, diet and viral hepatitis risk 
will help to inform resource allocation and policy-
making in the future in an attempt to reduce the 
burden of CLD on healthcare resources.

►► Increasing awareness regarding these three major 
modifiable risk factors can help to educate the pub-
lic about early recognition and diagnosis of CLD.
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mortality has declined over this period, mainly due to 
effective policy and population-level measures.3 The rise 
in number of liver-related hospital admissions by 50% in 
England over the past decade has led to an increasing 
burden on the National Health Service resources.4 
Understanding the UK risk patterns of alcohol consump-
tion, diet and viral hepatitis needs to be considered in an 
attempt to reduce this burden.

The prognosis and management of CLDs are largely 
influenced by the severity of hepatic fibrosis,5 with meta-
analyses finding increased liver stiffness to be correlated 
with liver-related events and all-cause mortality.6 7 Tran-
sient elastography (TE) is a novel, non-invasive method 
for assessment of liver stiffness, which is a surrogate 
marker of fibrosis. With its ease of use as a bedside tool 
that provides immediate results,8 TE can be used by 
healthcare professionals with minimal training to stage 
fibrosis and assess its progression over time.9

To our knowledge, previous studies have not assessed 
the prevalence and geographical variation of alcohol, diet 
and viral hepatitis risk at a wide scale across the UK and 
their effects on liver stiffness. Moreover, the association 
between socioeconomic deprivation and CLD risk has not 
been clearly identified. While people in the UK’s most 
deprived areas may have higher liver-related mortality 
than those in the least deprived areas,10 it is unclear 
whether this is due to increased high-risk behaviours or 
other factors such as poor access to healthcare.

This study aimed to collect and analyse data from the 
UK population to identify the prevalence and geograph-
ical variation of the three biggest modifiable risk factors 
for CLD; alcohol, diet and viral hepatitis. We also aimed 
to identify the factors associated with increased liver stiff-
ness. We hypothesised that people from areas of higher 
deprivation have more risk factors for CLD compared 
with those from less-deprived areas. Moreover, we 
predicted that excess alcohol consumption, unhealthy 
diets and viral hepatitis risk would be determinants of an 
increased liver stiffness.

METHODS
Study design and population
We conducted a population-based study between 21 
April 2018 and 22 May 2019 based on a self-reported 
health questionnaire in the UK. As part of the ‘Love 
Your Liver’ campaign by the British Liver Trust (BLT), 
we visited different areas in England, Northern Ireland 
and Scotland in a mobile liver unit over the study period. 
Members of the public aged 18 years old and above were 
invited from the town centres to complete a liver health 
screener and have an onsite measurement of their liver 
stiffness.

Liver health screener
Participants completed a liver health screener11 at private 
computer terminals in the mobile liver unit. The liver 
health screener, comprised of five main sections, was 

developed by the BLT after extensive consultations with 
hepatologists and patients. The first section collected 
general demographic data, including age, gender and 
region of birth. The second section obtained information 
regarding diabetes, hypertension and whether partici-
pants were concerned about liver damage. The third, 
fourth and fifth sections focused on alcohol consump-
tion, diet and viral hepatitis risk.

Participants were stratified according to a three-category 
ordinal variable, separating low-risk drinkers (≤14 units/
week), medium-risk drinkers (14.1–29.9 units/week) and 
high-risk drinkers (≥30 units/week). Likewise, we sepa-
rated those with high-risk diets (diet score ≥4), medium-
risk diets (score 2–3) and low-risk diets (score ≤1). Viral 
hepatitis risk was assessed as a two-category ordinal vari-
able of either low (no viral risk factors) or cautious (viral 
score ≥1). The full criteria can be found in online supple-
mental table 1. Height and weight measurements were 
taken to calculate body mass index (BMI).

Assessment of socioeconomic status
Socioeconomic status for participants in England was 
determined using the Index of Multiple Deprivation 
(IMD).12 We obtained the 2019 IMD average scores for 
the Local Authority District from which each participant 
completed the liver health screener. For Scotland, we used 
the 2020 Scottish IMD,13 which highlights the percentage 
of data zones within each area that are among the most 
deprived 20% of the country. Similarly, the 2017 Multiple 
Deprivation Measure for Northern Ireland14 was used to 
indicate the percentage of data zones within each area 
that are among the most deprived 100 in the country.

Liver stiffness measurement (LSM)
After completing the liver health screener, participants 
were offered an LSM by TE (FibroScan, Echosens, Paris, 
France). From 24 March 2019, we linked participants’ 
LSMs to their liver health screener. Examinations were 
performed by trained healthcare professionals using the 
standard M or XL probes, in line with the manufactur-
er’s instructions.15 We used an LSM≥7 kPa to signify an 
abnormal LSM for the purposes of this study.16 Partici-
pants who had previously received a liver transplant, and 
those previously informed of having a liver condition, 
were not offered an LSM.

Statistical analysis
All continuous variables were deemed to have non-
normal distribution, with averages expressed as median 
(IQR). Categorical variables were compared using χ2 
tests and continuous variables were compared using a 
Mann-Whitney U or Kruskal-Wallis test.

Univariable logistic regression models were used to 
predict factors associated with liver damage, abnormal 
LSMs and socioeconomic status. Results are expressed 
as an OR with a corresponding 95% CI. IMD scores were 
divided by 5 to calculate ORs for each 5-unit increase in 
IMD score. Multivariable logistic regression was used to 
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calculate adjusted ORs while accounting for confounders 
with a significance of p<0.20. All significance tests were 
two tailed, with p<0.05 considered significant. All anal-
yses were performed using SPSS V.26.

Role of the BLT
The BLT was responsible for creation of the liver health 
screener and data collection over the study period. They 
had no role in data analysis, data interpretation or writing 
of the report.

RESULTS
Between 21 April 2018 and 22 May 2019, 2642 partici-
pants completed the liver screener across 25 UK areas. 
We excluded 492 participant responses due to incom-
plete demographics or risk factor data, so a total of 2150 
participants’ data were included for analysis. Characteris-
tics of all 2150 participants are shown in table 1.

Participants were equally split between males (50.8%) 
and females (49.2%), with most being 40–59 years old 
(39.9%). The majority of participants were screened in 
England (70.3%). Overall, 24.1% had high-risk alcohol 
consumption, 29.9% had high-risk diets and 32.7% had 
risk factors for viral hepatitis. Only 7.4% were low risk for 
liver disease across all three risk categories.

A combined 65.3% of participants were either over-
weight (40.6%) or obese (24.7%). Of those with a low-
risk diet, no participants were obese. In contrast, 68.6% 
of individuals with a high-risk diet were obese, and the 
majority of participants with a medium-risk diet (61.5%) 
were overweight.

Geographical variation of risk factors
Countries
Table  2 displays the risk factors of participants from 
different regions in the UK. There were significant 
differences in risk between the countries for alcohol 
(p<0.001), diet (p=0.008) and viral hepatitis (p<0.001), 
with Scotland having the lowest prevalence across all 
three categories (35.8%, 74.1% and 25.9%, respectively) 
(figure  1). The proportion of participants with viral 
hepatitis risk factors was greatest in England (35.5%). 
Northern Ireland had the highest prevalence of both 
high-risk alcohol consumption and high-risk diets (35.5% 
and 31.4%, respectively). Full data for each region and its 
areas can be found in online supplemental table 2.

England
Overall, 1511 individuals were screened over 19 areas 
in England. Of those, 24.2% were high-risk alcohol 
consumers, 29.3% had high-risk diets and 35.5% had risk 
factors for viral-induced liver disease. Only 6.4% were low 
risk across all three risk categories. Within England, the 
North West had the highest prevalence of both alcohol 
and diet risk factors (41.4% and 83.4%, respectively). 
The prevalence of viral hepatitis risk factors was signifi-
cantly different across the different regions in England 
(p<0.001). London had the highest risk of viral hepatitis 

(45.7%), with Harrow and Brixton being the areas with 
the highest prevalence overall (69.8% and 58.8%, respec-
tively). Out of all 25 areas screened, Brixton also had the 
highest prevalence of a high-risk diet (52.9%) and the 
second-highest prevalence of high-risk alcohol consump-
tion (32.4%).

Scotland
Of the 2150 individuals screened, 15.1% were from Scot-
land. Of those, 16.7% were at high risk of alcohol-related 
liver disease (ALD), 29.6% had high-risk diets and 25.9% 
had risk factors for viral hepatitis. Only 11.4% of indi-
viduals were low risk across all three categories. The 
percentage of participants with either high-risk alcohol, 
diet or viral hepatitis risk factors increased alongside the 
local share of deprived areas.

Table 1  Characteristics of participants who completed the 
liver health screener

Characteristic n (%) or median (IQR)

Age category—n (%)

 � 18–24 years 90 (4.2)

 � 25–39 years 427 (19.9)

 � 40–59 years 857 (39.9)

 � 60+ years 776 (36.1)

Gender—n (%)

 � Male 1092 (50.8)

 � Female 1058 (49.2)

Country—n (%)

 � England 1511 (70.3)

 � Northern Ireland 315 (14.7)

 � Scotland 324 (15.1)

Median BMI* (IQR)—kg/m2 26.0 (23.0–29.0)

BMI category—n (%)

 � Underweight (<18 kg/m2) 20 (0.9)

 � Normal weight (18 to <25 kg/m2) 725 (33.7)

 � Overweight (25 to <30 kg/m2) 873 (40.6)

 � Obese (≥30 kg/m2) 532 (24.7)

Alcohol risk—n (%)

 � Low 1272 (59.2)

 � Medium 360 (16.7)

 � High 518 (24.1)

Diet risk—n (%)

 � Low 429 (20.0)

 � Medium 1084 (50.4)

 � High 637 (29.6)

Viral hepatitis risk—n (%)

 � Low 1447 (67.3)

 � Cautious 703 (32.7)

Median LSM* (IQR)—kPa 4.9 (4.0–6.2)

*BMI and LSM were only available as continuous variables for 1043 
(48.5%) individuals.
BMI, body mass index; LSM, liver stiffness measurement.

https://dx.doi.org/10.1136/bmjgast-2020-000524
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Northern Ireland
A total of 315 individuals completed the questionnaire 
in Belfast and Derry City combined. Overall, 31.1% 
had high-risk alcohol consumption, 31.4% had high-
risk diets and 26.3% had risk factors for viral hepatitis. 
Only 7.9% of individuals identified as low risk across all 
three categories. Out of all UK areas screened, Belfast 
had the highest prevalence of high-risk alcohol consump-
tion (33.8%) and second highest prevalence of obesity 
(33.3%). Compared with Derry City, Belfast has a higher 
proportion of its data zones in the most deprived 100 
areas on the country (29% vs 27%).

Attitudes regarding liver damage
We analysed a subgroup of 976 participants for whom 
we had responses to the question, ‘Are you worried 
that your liver could be damaged?’ The frequency of 
responses was approximately equal across the options, 
with 32.8% being concerned, 32.2% not concerned and 
35.0% unsure of whether their liver could be damaged. 
After adjusting for confounding variables, factors such 

as age, alcohol consumption, diet and viral hepatitis risk 
were significantly associated with whether participants 
were concerned about liver damage. Those with high-
risk alcohol consumption were six times more likely to 
be concerned about their liver being damaged compared 
with those with low-risk consumption (OR, 5.992; 95% CI, 
4.116 to 8.722; p<0.001). Likewise, those with high-risk 
diets were over three times more likely to be concerned 
(OR, 3.321; 95% CI, 1.858 to 5.935; p<0.001). Neither 
hypertension nor diabetes was significant in determining 
participants’ concern (table 3).

Factors associated with a high LSM
LSMs were available for 1043 participants (48.5%) across 
11 areas (median, 4.9 kPa; IQR, 4.0–6.2 kPa). LSMs were 
not available for the remaining 1107 participants because 
we began recording the measurements and linking them 
to participants’ liver health screeners from 24 March 
2019, which is after the study commenced in 21 April 
2018.

There were significant differences in LSMs between 
genders, BMI categories and diet risk groups (p<0.001 
for all). There were no significant differences in LSMs 
between the different alcohol groups (p=0.62) or the 
viral hepatitis groups (p=0.81). Overall, 16.2% had an 
LSM≥7 kPa and 8.1% had an LSM≥9.1 kPa.

On univariable analysis, age≥40 years, male gender, 
BMI and diet risk were significantly associated with an 
LSM≥7 kPa. Alcohol consumption, viral hepatitis risk 
factors and IMD were not significantly associated with 
an abnormal LSM (figure  2A). A multivariable logistic 
regression model was developed to adjust for age, 
gender, BMI and diet (figure  2B). Age≥40 years (OR, 
1.986; 95% CI, 1.280 to 3.081; p=0.002), male gender 
(OR, 1.599; 95% CI, 1.128 to 2.266; p=0.008) and obesity 

Table 2  Prevalence of behavioural risk factors for CLD 
across different regions in the UK

Region

Medium risk High risk Total at risk*

Number of participants (% of region)

Scotland 2018 (n=324)

 � Alcohol 62 (19.1) 54 (16.7) 116 (35.8)

 � Diet 144 (44.4) 96 (29.6) 240 (74.1)

 � Viral hepatitis 84 (25.9)

England 2018 (n=783)

 � Alcohol 115 (14.7) 182 (23.2) 297 (37.9)

 � Diet 390 (49.8) 231 (29.5) 621 (79.3)

 � Viral hepatitis 249 (31.8)

London 2019 (n=269)

 � Alcohol 45 (16.7) 65 (24.2) 110 (40.9)

 � Diet 142 (52.8) 73 (27.1) 215 (79.9)

 � Viral hepatitis 123 (45.7)

Northern Ireland 2019 (n=315)

 � Alcohol 67 (21.3) 98 (31.1) 165 (52.4)

 � Diet 163 (51.7) 99 (31.4) 262 (83.2)

 � Viral hepatitis 83 (26.3)

North West England 2019 (n=459)

 � Alcohol 71 (15.5) 119 (25.9) 190 (41.4)

 � Diet 245 (53.4) 138 (30.1) 383 (83.4)

 � Viral hepatitis 164 (35.7)

England combined† (n=1511)

 � Alcohol 231 (15.3) 366 (24.2) 597 (39.5)

 � Diet 777 (51.4) 442 (29.3) 1219 (80.7)

 � Viral hepatitis 536 (35.5)

*Participants with viral hepatitis risk factors are displayed in the ‘Total 
at risk’ column.
†England combined includes England 2018, London 2019 and North 
West England 2019.

Figure 1  Prevalence and geographical variation of chronic 
liver disease risk factors across the UK. A χ2 test was 
used to show that the proportion of participants displaying 
risk behaviours for alcohol, diet and viral hepatitis were 
significantly different across England, Northern Ireland and 
Scotland.
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(OR, 2.526; 95% CI, 1.383 to 4.614; p=0.003) maintained 
significance as independent predictors of an abnormal 
LSM. Compared with low-risk diet, participants with a 
medium-risk and high-risk diet were more likely to have 
an abnormal LSM (OR, 2.063; 95% CI, 1.070 to 3.975; 
p=0.031 and OR, 2.197; 95% CI, 1.000 to 4.826; p=0.049, 
respectively). When BMI was used as a continuous vari-
able, each 1 kg/m2 increase in BMI remained a signifi-
cant predictor of an abnormal LSM in both univariable 
(OR, 1.141; 95% CI, 1.104 to 1.180; p<0.001) and multi-
variable logistic regression analysis (OR, 1.139; 95% CI, 
1.082 to 1.198; p<0.001) after adjusting for age, gender 
and diet.

Socioeconomic status and CLD risk factors
Across the 19 locations in England, Harrow had the 
lowest IMD score (15.0) and Blackpool had the highest 

IMD score (45.0). The median IMD score was 29.6 (IQR, 
20.3–34.5). In univariable analysis, each 5-unit increase 
in IMD score had a significant association with obesity 
(OR, 1.110; 95% CI, 1.028 to 1.200; p=0.008) and high-
risk diet (OR, 1.088; 95% CI, 1.012 to 1.170; p=0.023), 
but not with high-risk alcohol consumption (OR, 1.006; 
95% CI, 0.931 to 1.086; p=0.88) or viral hepatitis risk (OR, 
0.933; 95% CI, 0.871 to 1.000; p=0.05). After adjusting for 
age, gender and diet, each 5-unit increase in IMD score 
remained an independent predictor of obesity (OR, 
1.116; 95% CI, 1.004 to 1.240; p=0.042).

DISCUSSION
Risk factors for CLD
This is the first population-based study analysing the 
prevalence of the three major risk factors for CLD in the 

Table 3  Participants’ concern regarding liver damage

Concerned—
n (%) Unadjusted OR (95% CI) P value

Adjusted OR
(95% CI) P value

Gender

 � Female 142 (29.6) Reference – Reference –

 � Male 178 (35.9) 1.332 (1.019 to 1.743) 0.036 0.887 (0.653 to 1.205) 0.44

Age category—years

 � 60+ 95 (23.6) Reference – Reference –

 � 40–59 139 (38.5) 2.030 (1.485 to 2.775) <0.001 1.649 (1.151 to 2.363) 0.006

 � 25–49 74 (45.7) 2.726 (1.855 to 4.008) <0.001 2.399 (1.513 to 3.804) <0.001

 � 18–24 12 (24) 1.024 (0.514 to 2.038) 0.95 0.907 (0.423 to 1.947) 0.80

BMI category

 � Normal 99 (29.6) Reference – Reference –

 � Overweight 114 (29.5) 0.991 (0.719 to 1.366) 0.96 0.752 (0.507 to 1.117) 0.16

 � Obese 103 (41.9) 1.710 (1.210 to 2.415) 0.002 0.825 (0.500 to 1.361) 0.45

Alcohol risk

 � Low 151 (24.0) Reference – Reference –

 � Medium 48 (32.4) 1.516 (1.027 to 2.239) 0.036 1.788 (1.183 to 2.703) 0.006

 � High 121 (60.5) 4.838 (3.453 to 6.780) <0.001 5.992 (4.116 to 8.722) <0.001

Diet risk

 � Low 15 (20.8) Reference – Reference –

 � Medium 140 (29.9) 1.480 (1.015 to 2.158) 0.041 1.853 (1.149 to 2.989) 0.011

 � High 165 (37.9) 2.870 (1.933 to 4.261) <0.001 3.321 (1.858 to 5.935) <0.001

Viral hepatitis risk

 � Low 201 (29.1) Reference – Reference –

 � Cautious 119 (41.6) 1.734 (1.301 to 2.309) <0.001 1.663 (1.200 to 2.304) 0.002

Hypertension

 � No 242 (31.4) Reference – Reference –

 � Yes 78 (37.9) 1.330 (0.965 to 1.831) 0.08 1.393 (0.945 to 2.055) 0.09

Diabetes

 � No 298 (32.6) Reference –

 � Yes 22 (36.1) 1.168 (0.680 to 2.005) 0.57

Logistic regression models were used to identify the factors associated with participants’ concern of possible liver damage. All variables with a 
significance level of p<0.20 in univariable analysis were included in the multivariable regression model. Variables were adjusted for gender, age, BMI, 
alcohol risk, diet risk, viral hepatitis risk and hypertension.
BMI, body mass index.
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UK, as well as identifying the factors associated with LSMs 
and socioeconomic status in England. A unique strength 
of our study was the large sample size across a wide range 
of areas in the UK.

We found that there were great variations in risk factors 
between the different areas. Overall, 65.7% of the study 
population had at least one high-risk factor for CLD, 
while only 7.4% were low risk across all three risk catego-
ries. This finding could explain the increasing numbers 
of people with liver disease across the UK.

While participants with higher alcohol, diet and viral 
hepatitis risk were more likely to be concerned regarding 
liver damage compared with those at low risk, diabetics 
were not more likely to be concerned compared with 
non-diabetics. This highlights a lack of awareness of the 
association between diabetes and liver disease, empha-
sising the need for routine screening and counselling 
regarding lifestyle choices for these high-risk individuals 
and those with metabolic syndrome and diabetes.

We suggest a tailored approach to addressing this 
public health problem. By distributing these results and 
continuing our work with the BLT, we aim to raise public 
awareness of the importance of liver health, particularly 
targeting the areas identified to be most at risk. We have 
already worked with some of the local councils and hospi-
tals to provide lifestyle workshops, gym memberships and 
diet advice, but we plan to continue to do so on a larger 
scale across the UK.

Liver stiffness
The proportion of participants with possible fibrosis using 
cut-offs of 7 kPa (16.2%) and 9.1 kPa (8.1%) was greater 
than that reported by previous studies with similar cut-
offs,16 17 possibly due to self-selection bias. This may also 
be explained by the high proportion of participants aged 
60+ (39.1%), since increasing age is a major risk factor 
for CLD18 and development of fibrosis.19

Figure 2  Forest plots of the (A) univariable and (B) multivariable logistic regression models used to identify the variables 
associated with a liver stiffness measurement (LSM)≥7 kPa. Variables with a significance level of p<0.20 in univariable analysis 
were included in the multivariable regression model. Variables were adjusted for age, gender, body mass index (BMI) and diet. 
Index of Multiple Deprivation (IMD) scores are shown per 5-unit increase. ORs are presented on a logarithmic scale.
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The main determinant of a high LSM was obesity. 
Lallukka et al20 found liver fat content and waist circum-
ference to be independent predictors of non-alcoholic 
fatty liver disease (NAFLD) and increased liver stiffness. 
Additionally, the severity of steatosis directly influences 
LSMs in NAFLD.21 Furthermore, males were significantly 
more likely to have a higher LSM than females. These 
results support those from a recent population-based 
study in Europe,22 which could be explained by the 
protective effect of female sex hormones on the progres-
sion of hepatic fibrosis.23

After adjusting for BMI and other confounding vari-
ables, the association between diet risk and high LSMs 
was borderline significant. Although BMI and diet passed 
our collinearity checks, there was a high pairwise correla-
tion between these two variables which may have caused 
this finding. While the mechanism by which unhealthy 
diets cause increased LSMs is likely to be through obesity, 
previous studies have found BMI-adjusted associa-
tions between NAFLD and lower-density lipoproteins,24 
increased processed meat consumption25 and decreased 
dietary fibre consumption.26

Increased alcohol consumption was not associated with 
higher LSMs in this study. This is surprising given that 
ALD is a major cause of cirrhosis and one of the most 
common indications for liver transplantation.27 This 
finding is likely to be an anomaly due to the low sample 
size of participants with both high-risk alcohol consump-
tion and an LSM≥7 kPa. This could also be explained by 
the low cut-off for high-risk alcohol use. Also, the self-
reported and subjective nature of the questions related 
to alcohol use could have resulted in under-reporting of 
alcohol consumption.

Although TE is useful in diagnosing fibrosis in partic-
ipants with ALD,28 the effect of increased alcohol 
consumption on LSMs of healthy individuals remains 
unclear. In patients without ALD, Wong et al29 found 
that increased alcohol consumption was not associated 
with higher LSMs. A recent UK-based population study 
by Abeysekera et al30 also found no difference in odds of 
having fibrosis between patients with self-reported low or 
hazardous alcohol consumption. A significantly greater 
risk was, however, observed when participants were diag-
nosed with alcohol use disorder using the Diagnostic 
and Statistical Manual of Mental Disorders-5 criteria. 
This may suggest that more objective measurements and 
higher cut-offs are required to correctly classify these 
high-risk patients if we wish to assess their risk of devel-
oping fibrosis using TE.

Ultimately, this raises questions regarding the use of 
TE as a screening tool for fibrosis in individuals without 
established liver disease. Not only are there various cut-
offs for different aetiologies, there is also variation in cut-
offs proposed by different studies for the same aetiology.8 
These cut-offs are derived from studies which are biopsy 
controlled and based on a population either at high 
risk or already diagnosed with CLD. Extrapolating these 
results to the general UK population would, therefore, 

lead to spectrum bias. Where the actual prevalence of 
fibrosis is likely to be smaller than that observed in this 
study, the positive predictive value of TE would be very 
low.

Several meta-analyses have confirmed that TE has much 
higher accuracy for diagnosis of cirrhosis compared with 
fibrosis.31–33 Additionally, it is better at ruling out than 
ruling in cirrhosis, with negative and positive predic-
tive values of 96% and 74%, respectively.34 A high LSM 
suggesting fibrosis may, therefore, be insufficient to 
inform clinical decision-making, so a histological sample 
by liver biopsy will still be required to confirm a diagnosis 
in these patients.

More studies are required to validate the use of non-
invasive markers and TE by assessing longitudinal 
outcomes to determine whether these tools can be used 
in the clinical decision-making process without the need 
for invasive histological confirmation. Additionally, cost-
effectiveness studies are required to assess whether these 
screening tools are feasible and worthwhile on a large 
scale.

Socioeconomic status
IMD score was an independent predictor of obesity. 
Studies have found an association between depriva-
tion and obesity in paediatric populations,35 36 though 
none have clearly explored this concept in adults. The 
trend we identified between deprivation and obesity is 
supported by results from the Health Survey for England 
2018.37 This may be explained by better education to 
increase physical activity levels, or being able to afford 
gym memberships to aid weight loss.

We found no association between deprivation and 
alcohol consumption or viral hepatitis risk. Despite 
participants from more deprived areas having similar 
levels of alcohol consumption, they may be subject to 
disproportionate alcohol-related harm compared with 
those from less-deprived areas.38 This may be explained 
by the pattern of drinking whereby people with lower 
socioeconomic status may be more likely to binge, despite 
consuming a similar number of units of alcohol.39 40 Addi-
tionally, lack of psychosocial support and poorer access to 
healthcare may play a role.41

Limitations
The biggest limitation of our study was with regards to 
missing confounding variables. Although we obtained 
information regarding ethnicity, diabetes and hyperten-
sion, these variables were lost during data exportation 
and were, therefore, missing for our main analysis. Addi-
tionally, we had data from only four areas in Scotland, 
two areas in Northern Ireland and we did not have any 
data for Wales. Lastly, each country uses a different depri-
vation scoring system, so it was not possible to directly 
compare them.

CONCLUSIONS
UK towns displayed noteworthy disparity in the preva-
lence of CLD risk factors, which was not fully explained 
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by levels of deprivation. Further studies are required to 
explain this disparity, accounting for societal factors and 
comorbidities, to inform resource allocation and policy-
making. Overall, a large proportion of the screened 
population had risk factors for liver disease. New policies 
are required to address this, with the hope of reversing 
the increasing burden of CLD in the UK.

There is a continued need for large-scale population 
studies to assess the accuracy of TE and non-invasive 
markers as a screening tool for liver disease in general 
population settings. Additionally, cost-effectiveness anal-
yses are required to assess whether these are feasible 
and worthwhile options for large-scale screening in the 
future.
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