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ABSTRACT
Objective We aimed to determine (1) the temporal trends 
of liver enzyme testing in UK general practice and (2) how 
these vary among different subgroups at risk of chronic 
liver disease (CLD).
Design Retrospective cohort study.
Setting UK primary care database (Clinical Practice 
Research Datalink (CPRD)), 2004–2016.
Participants Patients aged 18 years or over, registered in 
the CPRD from 1 January 2004 to 31 December 2016.
Outcome measures The frequency of testing recorded 
within the study period in general practice was 
calculated for: alanine aminotransferase (ALT); aspartate 
aminotransferase (AST); gamma glutamyl transferase 
(GGT); alkaline phosphatase (ALP); bilirubin and platelets. 
Analyses were conducted in subgroups of patients at high 
risk of developing liver disease.
Results The study cohort included 2 912 066 individuals 
with median follow- up of 3.2 years. The proportion of 
patients with at least one measurement for ALT, ALP, 
bilirubin or platelet test gradually increased over the 
course of the study period and fell for AST and GGT. By 
2016, the proportion of the population receiving one of 
more tests in that year was: platelet count 28.0%, ALP 
26.2%, bilirubin 25.6%, ALT 23.7%, GGT 5.1% and AST 
2.2%. Those patients with risk factors for CLD had higher 
proportions receiving liver marker assessments than those 
without risk factors.
Conclusions The striking finding that AST is now only 
measured in a fraction of the population has significant 
implications for routine guidance which frequently expects 
it. A more nuanced approach where non- invasive markers 
are targeted towards individuals with risk factors for CLD 
may be a solution.

INTRODUCTION
In the UK, liver disease is a significant and 
growing burden on the National Health 
Service (NHS) and is the UK’s third most 
common cause of premature mortality1; 
between 2015 and 2017 it caused 26 265 
premature deaths in England alone.2 It is also 
a significant source of healthcare inequity, 
with the median age of death differing by 9 
years between the most and least deprived 
quintiles.3 There has been a 400% increase in 
liver disease mortality in the population as a 

whole since 1970 and nearly 500% increases 
in mortality observed in working age popula-
tions over in this period.4

Three independent reports since 2014 have 
highlighted the need for the early detection 
of chronic liver disease (CLD) including the 
Chief Medical Officer report (2012),5 the 
All- Party Parliamentary Hepatology Group 
Inquiry6 and the Lancet commission,4 in 
order to allow intervention and change the 
course of the disease. A number of organi-
sations have now developed guidance advo-
cating the use of non- invasive fibrosis markers 
in risk stratification.7–9 Despite this, many 
existing community diagnostic pathways for 
detection and onward referral of suspected 
CLD are based on traditional liver enzyme 
tests which lack accuracy and result in delays 
to diagnosis.10

The optimal non- invasive fibrosis marker 
is yet to be determined, however, there are 
simple algorithms involving easily accessible 
measures such as aspartate aminotransferase 
(AST) and platelets that can be conducted 
in primary care, for example, aspartate to 

Strengths and limitations of this study

 ⇒ Sampling frame: a significant strength is the use of a 
large national dataset (>15 mill people).

 ⇒ Data quality: the dataset used (Clinical Practice 
Research Datalink) known to be representative of 
the UK population in terms of age, gender and geo-
graphical location with robust quality controls.

 ⇒ Data validity: previously validated code lists were 
used for the identification of subgroups.

 ⇒ A key limitation is the lack of information on the 
indication for testing or the resultant actions which 
limits interpretation to some degree.

 ⇒ Since this study only includes people who attend 
general practice, and some of the individuals at 
highest risk of chronic liver disease will not be at-
tending. Therefore, we underestimate the propor-
tions potentially identified in systematic testing was 
employed.
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platelet ratio index,11 Fibrosis- 4 score (FIB- 4)12 and 
CIRRhosis Using Standard tests (CIRRUS).13 However, 
there is little understanding about how liver blood tests 
are currently used in UK general practice in order to 
support the implementation of changing practice and 
policy.

Given the rising prevalence of lifestyle related CLD and 
growing knowledge of non- invasive fibrosis measures, 
one could hypothesise that there should have been a 
shift away from traditional liver blood testing over time 
(shifting to non- invasive assessment). The aim of this 
study was to determine (1) the temporal trends of liver 
blood testing in UK general practice and (2) how these 
vary among different subgroups at risk of CLD.

MATERIALS AND METHODS
Data source
A population- based cohort study was conducted using the 
Clinical Practice Research Datalink (CPRD). The CPRD 
contains primary care data on 15.5 million people from 734 
practices in the UK and is considered representative of the 
UK population.14 Data are anonymised at patient and prac-
tice level and contain information on patient demographics, 
consultations, diagnoses, referrals and prescriptions. Clinical 
information is entered using READ codes which was a stan-
dard clinical terminology system used in the UK. For a subset 
of English practices (58% of UK CPRD practices), primary 
care data can be linked with the Hospital Episode Statis-
tics (HES) dataset containing information for all hospital 
admissions.15 16 The population for this study consists only 
of patients from these practices eligible for linkage with the 
HES dataset. This was a fully anonymised databased study 
not requiring ethical approval. This use of the data for this 
study was approved by the Independent Scientific Advi-
sory Committee for CPRD and the Medicines and Health-
care products Regulatory Agency and assigned reference 
Protocol 19_256.

Study population
Patients aged 18 years or over, registered in the CPRD from 
1 January 2004 to 31 December 2016, and having at least 1 
day of registration with a practice eligible for linkage with 
the HES dataset were eligible for inclusion in the study. 
Patients with a diagnosis of CLD before the start of their 
follow- up period were excluded from the population. 
Patients were followed up starting at the latest of either the 
day after the date of current registration with their general 
practitioner (GP) practice, the start of the study period 
or the date the GP practice was labelled ‘up to standard’. 
Follow- up ended at the earliest of either the date of death, 
date the patient transferred out of the GP practice, last date 
of data collection for the GP practice the patient is regis-
tered with, the end of the study period or the date of diag-
nosis with CLD in primary care (see online supplemental 
table S1).

Outcomes
The frequency of testing recorded within the study period 
in general practice for the following liver blood tests was 
calculated: alanine aminotransferase (ALT); AST; gamma 
glutamyl transferase (GGT); alkaline phosphatase (ALP); 
bilirubin and platelet count. These markers were selected 
as being routinely used in UK primary care for the assess-
ment of liver function. Abnormal results for each test were 
defined as: ALT result >50 (IU/L); AST result >40 (IU/L); 
ALP result >130 (IU/L); GGT result >50 (IU/L); bilirubin 
result >21 (IU/L); platelet result <150 (platelets/mcl).

Subgroups
Analyses were conducted in the following subgroups of 
patients at high risk of developing CLD: presence of type 
2 diabetes mellitus (T2DM) defined using READ codes 
(see online supplemental table S1); obesity defined 
as a body mass index >30 calculated using height and 
weight measures; use of alcohol defined as excessive use 
of alcohol using READ codes (see online supplemental 
table 1) or recorded >14 units per week alcohol consump-
tion. For all subgroups, follow- up for an individual patient 
started at the date of diagnosis in primary care. Patients 
who were diagnosed with CLD within their follow- up 
period had their follow- up shortened to end 3 months 
before their date of diagnosis with CLD. An analysis of the 
subgroup of patients not included in any of these high- 
risk subgroups was also performed.

Statistical analysis
Characteristics of the population were compared using 
χ2 or Student’s t- test as appropriate to the data distribu-
tion. The frequency of liver blood testing was presented 
as the proportion of patients with one or more tests out 
of the total eligible population over the study period. The 
frequency of abnormal test results was calculated and 
presented as the proportion of non- missing test results 
with an abnormal value. The number of tests performed 
per year on an individual was calculated by dividing the 
number of tests performed in the individual’s follow- up 
period divided by the total length of their follow- up period. 
The proportion of patients with an AST test within 6 weeks 
following an abnormal ALT test result was calculated.

All analyses were conducted overall and stratified by 
sex, age group (18–29, 30–39, 40–49, 50–59, 60–69, 70–79, 
80+ years) and calendar year. Analyses were performed 
on the whole study population and in the risk subgroups.

Analyses were performed using SAS V.9.4.

Patient and public involvement
This study involved members of the Nottingham Digestive 
Diseases Biomedical Research Unit Patient Advisory Group 
at the following stages: research design and funding applica-
tion, lay dissemination and discussion of results.

RESULTS
Characteristics
The study cohort included 2 912 066 individuals with 
follow- up during the years 2004–2016 (median follow- up 
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3.2 years, IQR 1.3–6.9). Of these, the predefined risk 
factor subgroups contained: 550 185 (19%) with obesity, 
384 011 (13%) with excess alcohol use, 120 305 (4%) with 
T2DM and 2 235 938 (77%) with none of the three risk 
factors. One thousand four hundred and eighty individ-
uals had all three risk factors.

The most frequently measured blood marker was 
platelet count, with 49% of patients having at least one 
platelet count measured during their follow- up period. 
The least commonly measured was the AST level with 
only 12% of patients having at least Exeter@123

in their follow- up. For all tests, the prevalence of testing 
increased with increasing age, with the highest proportion 
of patients being tested in the 70–80 year age category. 
Markers were more frequently measured in women and 
this difference was statistically significant for all markers 
(p<0.0001). Full details are given in table 1.

Of those participants having tests the median number 
of tests undertaken each year was 1, however, some indi-
viduals had in excess of 100 of the same test per year. 
Platelet count was most likely to be tested more than once 
in an individual with the other liver markers being similar 
(for additional detail see online supplemental table S2).

Prevalence of marker measurement over time
The proportion of patients in the study population with at 
least one measurement for ALT, ALP, bilirubin or platelet 
test gradually increased over the course of the study 
period (2004–2016) but conversely fell for AST and GGT 
markers (figure 1 and table 2). By 2016, the proportion 
of the population receiving one or more of each test in 
that year was: platelet count 28.0%, ALP 26.2%, bilirubin 
25.6%, ALT 23.7%, GGT 5.1% and AST 2.2%.

Prevalence of abnormal measures
The proportion of all tests being measured as abnormal 
remained generally static over the study period (figure 2). 
Of the 3 922 529 (total number) of ALT test, 343 474 
(8.8%) had an abnormal value. The first abnormal ALT 
test for each patient (n=1 60 191) was paired with an AST 
test measurement within 6 weeks for 13 997 (8.7%). The 
proportion of measurements with abnormal values for 
all other markers was also low: AST (7.5%), ALP (7.9%), 
GGT (24.6%), bilirubin (4.7%), platelets (16.0%) and 
these proportions remained stable over the study period.

Risk factor subgroup analyses
The prevalence of liver marker testing over time by the 
subgroups (no liver risk factors, excess alcohol consump-
tion and/or obesity) showed similar trends to those for 
the whole population and are shown in online supple-
mental figure S1 and online supplemental table S3.

People with T2DM had a notably higher prevalance 
of testing for all markers (eg, in 2016 ALT measured in 
68.8% of those with T2DM vs 15.3% and 21.9% of those 
with alcohol excess and obesity, respectively). However, 
the rates of decline in measurement of AST and GGT 
were also faster in those with diabetes than the other 

groups; for AST falling from 24.3% in 2004 to 6.5% in 
2016 versus 6.5% and 9.8% to 3.0% and 3.4% of those 
with alcohol excess and obesity, respectively; and for GGT 
falling from 28.6% in 2004 to 13.1% in 2016 versus 9.7% 
and 11.8% to 7.3% and 7.7% of those with alcohol excess 
and obesity, respectively.

People with no risk factors for liver disease had the 
lowest prevalence of liver marker testing for all markers, 
however, did still follow the same trends over time—
increasing for ALT, ALP, bilirubin and platelets, and 
falling for AST and GGT.

DISCUSSION
We found that while the majority of liver blood markers 
have shown increased rates of use in general practice over 
the past 10 years there was wide variation by both marker 
and subgroups of the population. Most notably, the use of 
AST has fallen to only 2% per annum among all general 
practice users.

The striking finding that AST is now only measured in 
a fraction of the population has significant implications 
for policy and practice. Major international guidelines, 
including American, European and British7 17 18 all use 
non- invasive markers for investigating liver disease at a 
community level. AST is a critical component of FIB- 4 
which has been suggested as a first line test; to rule out 
significant disease. The absence of AST as a routinely 
collected marker presents a major barrier to the current 
implementation of pathways that attend to the aforemen-
tioned guidelines. This finding is consistent with other 
publications, where for example, in the assessment of liver 
fibrosis in individuals with a diagnosis of non- alcoholic 
fatty liver disease only 11% had the necessary measures to 
allow the assessment of FIB- 4 in the UK (rising to 54% in 
Catalonia, Spain).19 Furthermore, we found that <9% of 
abnormal ALT measurements also had an AST measured 
within a 6- week window.

The decision to prioritise ALT measurement over AST 
may have been driven by a push for efficiency savings20 
with ALT being considered more valuable as it is more 
liver specific. However, AST may be a more sensitive indi-
cator of chronic liver injury21–23 especially when used as 
a ratio with ALT. In some regions an AST is automati-
cally added if the ALT measure is abnormal to facilitate 
the AST/ALT ratio.24 Over the 12- year period exam-
ined nearly 40% of the population had at least one ALT 
measurement. This far exceeds the proportion of the 
known population dying prematurely of liver disease (esti-
mated at 26 265 premature deaths in England in 2015–2 
0125), or the prevalence of recognised hepatic cirrhosis 
(estimated at 76.3 per 100 000 in 2001).26 Though the 
level of CLD in the UK is not known it is unlikely there-
fore that these tests are all done in those who have it or 
even are at high risk, and we therefore have to question 
why they are being performed and the opportunity cost 
it represents. Existing evidence suggests they are more 
often measured as part of routine monitoring than for 
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CLD identification,27 28 and that discontinuation of such 
drugs rarely results.29 If all these abnormalities were to 
be followed up (in accordance with existing guidance) 
there would be significant implications for downstream 
services. This includes the cost of a full liver screen, liver 
ultrasound and onward consultation and investigation 
in secondary care (eg, national tariff for ultrasound scan 
£75.50, new patient consultant led hepatology outpatient 
appointment is £208.56.30 Furthermore, there is growing 
evidence that in advanced liver disease many individuals 
have a normal ALT,10 31 so the growth in use of this marker 
as a trigger for further assessment may still not identify 
liver disease.

A more nuanced approach where non- invasive markers 
are targeted towards individuals with risk factors for CLD 

may be one solution. From a diagnostic perspective it 
increases the pre- test probability of having disease and 
indeed this approach has been shown to be cost effec-
tive regardless of choice of biomarker32 33 and region 
studied.34 Within CPRD those patients with risk factors 
for CLD, as expected, had higher proportions receiving 
liver markers assessment than those without risk factors. 
However, this was still very varied by 2016, with 70% of 
individuals with T2DM having an ALT measure that year, 
more than double those with obesity and nearly three 
times those with alcohol excess—with all three groups 
having similar proportions of abnormal results. While 
AST testing was more frequent among those with risk 
factors than in those without it was still very low (<8% in all 
groups). Therefore, from an implementation perspective 

Figure 1 Prevalence of liver enzyme testing among 
adults over time. ALP, alkaline phosphatase; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; GGT, 
gamma glutamyl transferase.

Table 2 Annual frequency of testing per patient in those with at least one test

ALT AST GGT ALP Bilirubin
Platelet 
count

Median (IQR) maximum number of tests 1 (1–2) 108 1 (1–1) 47 1 (1–1) 45 1 (1–2) 131 1 (1–2) 108 1 (1–2) 92

1 n 1 914 577 436 400 691 189 2 129 817 2 200 429 1 972 278

% 74.2 75.5 75.6 70.2 74.1 60.1

2 n 457 080 99 123 155 168 610 628 528 607 849 020

% 17.7 17.1 17.0 20.1 17.8 25.9

3 n 121 616 24 862 40 197 164 364 139 762 185 136

% 4.7 4.3 4.4 5.4 4.7 5.6

4 n 39 173 8279 13 221 61 498 45 583 153 538

% 1.5 1.4 1.4 2.0 1.5 4.7

5 n 15 569 3336 4960 23 572 18 166 29 952

% 0.6 0.6 0.5 0.8 0.6 0.9

6–10 n 22 702 4909 7084 32 002 26 262 73 577

% 0.9 0.8 0.8 1.1 0.9 2.2

11+ n 9349 1400 2610 11 234 10 248 18 286

% 0.4 0.2 0.3 0.4 0.3 0.6

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase.

Figure 2 Prevalence of abnormal values of liver blood tests 
in adults over time. ALP alkaline phosphatase; ALT alanine 
aminotransferase; AST aspartate aminotransferase; GGT 
gamma glutamyl transferase.
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it would make sense to focus efforts of obtaining AST 
and ALT in these groups, appreciating as step change in 
management is needed.

The strengths of this population approach are driven 
by the use of a dataset known to be broadly representa-
tive of the UK population in terms of age, gender and 
geographical location with robust quality controls14 and 
also the use of validated code lists for subgroup identi-
fication.35 It is therefore reasonable to assume that our 
findings regarding the level of testing overall and in 
subgroups are representative of what is happening in 
the UK. A key limitation is the lack of information on 
the indication for testing or the resultant actions which 
clearly limits interpretation to some degree. Additionally, 
since this study only includes people who attend the GP, 
some of the individuals at highest risk of CLD will not be 
attending, the estimates of the proportion of tests which 
would be abnormal with more systematic testing may be 
less accurate. A further issue is the lack of information to 
allow assessment of different liver blood testing systems, 
for example, which areas ‘package’ different blood tests 
together or where abnormal results automatically trigger 
additional tests.

In conclusion, large numbers of liver blood markers are 
being measured annually in UK primary care. At present, 
they are not suitable for risk stratifying high risk popula-
tions for CLD as the key element (AST) required to calcu-
late non- invasive fibrosis markers is missing. However, the 
highest risk groups are receiving regular blood testing 
(69%% of those with diabetes and 22% of those with 
obesity) so routine or opportunistic risk stratification 
could be feasible with limited additional expense to the 
NHS.
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