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Executive summary

Executive summary: A decision support tool for management of patients with abnormal liver function tests (ALFIE)

Background

Liver function tests (LFTs) are routinely performed 
in primary care, and are often the gateway to 
further invasive and/or expensive investigations. 
Little is known of the consequences in people with 
an initial abnormal liver function test (ALFT) in 
primary care and with no obvious liver disease. 
Further investigations may be dangerous for the 
patient and expensive for the health service but, on 
the other hand, could lead to earlier diagnosis and 
intervention with benefits to the patient.

Objectives

The aims of this study were to determine the 
natural history of abnormalities in LFTs before 
overt liver disease presents in the population, 
derive predictive algorithms for liver disease and 
identify the most cost-effective strategies for further 
investigation with the potential for reduction in 
National Health Service (NHS) costs.

Methods

A population-based retrospective cohort study, 
Abnormal Liver Function Investigations Evaluation 
(ALFIE), followed up all those who had had 
an incident batch of LFTs in primary care to 
subsequent liver disease or mortality over a 
maximum period of 15 years (approximately 2.3 
million tests in 95,000 people). The study was set 
in primary care in the region of Tayside, Scotland 
(population approximately 429,000) between 1989 
and 2003. The target population consisted of 
patients with no obvious signs of liver disease and 
registered with a general practitioner (GP). The 
health technologies being assessed are primary care 
LFTs [transaminases, gamma-glutamyltransferase 
(GGT), albumin, alkaline phosphatase, bilirubin 
below level of jaundice], viral and autoantibody 
tests, ultrasound and liver biopsy.

The study utilised the epidemiology of liver 
disease in Tayside (ELDIT) database to determine 
the outcomes of liver disease. The database links 

hospital admission data [Scottish Morbidity Record 
1 (SMR1)], dispensed medication records, death 
certificates, biochemistry, virology, immunology 
and examination of medical records from Tayside 
hospitals, and diagnosis is obtained by means of 
diagnostic algorithms.

Time-to-event modelling was used to explore 
factors which predicted the outcomes of liver 
disease, liver mortality and all cause mortality. 
The main predictors were the results of the LFTs; 
alanine transaminase/aspartate aminotransferase 
(ALT/AST) (transaminases), alkaline phosphatase, 
GGT, albumin and bilirubin. As well as the results 
of the tests, other potential predictors were 
comorbidities such as cancer and cardiovascular 
disease, as well as social deprivation, age, gender, 
alcohol and methadone dependence. The Tayside 
prescription database also allowed assessment of 
recent community-prescribed medications such as 
antibiotics and non-steroidal inflammatory drugs 
(NSAIDs). Predictive algorithms were derived 
using the Weibull survival model after assessment 
of proportional hazards. Terms in the model were 
assessed using Akaike’s information criterion, 
which penalises large models. Model performance 
was assessed by calculating discriminative ability 
(c-statistic) and calibration.

Decision analyses from an NHS perspective 
were used to model the decision in primary care 
following an ALFT. Probabilities of outcomes of 
liver disease or not were obtained mainly from 
the population cohort or estimated from clinical 
judgement. A sample of patients (n = 99) with 
recent initial ALFTs or invitation to biopsy (n = 45) 
completed questionnaires to obtain quality of 
life data and anxiety measures in those awaiting 
a diagnosis. Some utilities were also obtained 
from a systematic review of the literature. Costs 
were obtained from UK sources on health service 
costs. Cost–utility analyses were performed from 
health service perspectives using standard NHS 
costs over a time horizon of 1 year. One-way and 
two-way sensitivity analyses were also carried out 
to assess the results over a range of values for the 
parameters.
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Results

A total of 95,977 patients in primary care with 
no obvious liver disease had 364,194 incident 
initial LFTs from 1989 to 2003. This cohort had a 
median follow-up of 3.7 years. Of these, 21.7% had 
at least one ALFT and 1090 (1.14%) developed 
liver disease. Elevated transaminases were strongly 
associated with diagnosed liver disease, with hazard 
ratios (HRs) of 4.23 [95% CI (confidence interval) 
3.55–5.04] for mild levels and 12.67 (95% CI 
9.74–16.47) for severe levels versus normal. For 
GGT, these HRs were 2.54 (95% CI 2.17–2.96) and 
13.44 (10.71–16.87) respectively. Low albumin was 
strongly associated with all cause mortality, with 
ratios of 2.65 (95% CI 2.47–2.85) for mild levels 
and 4.99 (95% CI 4.26–5.84) for severe levels. 
Sensitivity for predicting events over 5 years was 
low and specificity was high.

As a consequence of non-proportional hazards, 
follow-up time was split into baseline to 3 months, 
3 months to 1 year and over 1 year. Predictive 
algorithms were developed for the three time 
periods for liver disease diagnosis, liver mortality 
and all cause mortality using the Weibull regression 
model. All LFTs were predictive of liver disease, 
and high probability of liver disease was associated 
with being female, methadone use, alcohol 
dependency and deprivation.

The shorter-term models had overall c-statistics 
of 0.85 and 0.72 for outcome of liver disease 
at 3 months and 1 year respectively, and 0.88 
and 0.82 for all cause mortality at 3 months 
and 1 year respectively. This means that the 
probability that the model allocates a high risk 
to those who actually develop liver disease in 3 
months compared with those who do not is 0.85. 
Calibration was also good for models predicting 
liver disease. Discrimination was generally low for 
models predicting events at over 1 year (≈ 0.5), 
which is no better than chance.

The systematic review identified utility estimates 
from the literature, and a valuable liver disease-
based utility resource was created in which 
researchers and policy-makers can easily view 
utility estimates. We have also estimated health-
state utilities for major states of hepatitis C. In 
addition, a patient survey estimated that utility 
had a mean (SE) of 0.79 (0.02) for patients with an 
ALFT awaiting diagnosis and 0.73 (0.04)  for those 
awaiting biopsy. Anxiety tended to be reduced 
after seeing a consultant for both groups and was 

consistently higher for those awaiting biopsy both 
before and after seeing the hospital consultant.

A decision tree was developed over a time horizon 
of 1 year to model the decision in primary care 
after a patient had an ALFT but otherwise no 
obvious liver disease.

Probabilities for each pathway were estimated from 
the population cohort and predictive algorithms. 
In cost–utility analyses, for all patients with ALFTs 
and no obvious liver disease, retesting dominated 
referral as an option. However, using the predictive 
algorithms to identify the top percentile at high 
risk of liver disease, retesting had an incremental 
cost–utility ratio of £7588 relative to referral. 
Therefore, retesting depends on the willingness to 
pay (WTP) of the NHS.

Our study suggests that:

•	 GGT should be included in the batch of LFTs 
in primary care.

•	 If the patient in primary care has no obvious 
liver disease and a low or moderate risk of liver 
disease, retesting in primary care is the most 
cost-effective option.

•	 If the patient with ALFTs in primary care has 
a high risk of liver disease, retesting depends 
on the WTP of the NHS. At a WTP of £7000, 
retesting is still the most cost-effective option.

•	 Cut-offs are arbitrary and in developing 
decision aids it is important to treat the LFT 
results as continuous.

Conclusions

Using the data-linkage capabilities in Tayside, 
Scotland, a large database of LFTs in primary care 
(n = 95,977) linked with outcomes of liver disease 
diagnosis as well as mortality was created. From this 
resource a number of predictive algorithms have 
been developed.

Recommendations for further research include:

1. development of user-friendly computerised 
decision support systems (CDSSs) for GPs

2. exploration of further varying the cut-off point 
for determining high risk and subsequent 
recommendation of referral

3. investigation into whether, having developed 
a usable CDSS, such a system for the 
management of ALFTs would improve decision 
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making and whether it would be more cost-
effective in the long run, thus making the 
development of a cluster randomised trial 
appropriate

4. the possibility of analysing this extensive data 
set with other non-liver disease end points, 
such as coronary heart disease and cancer, for 
example, as abnormal liver tests are often a 
sign of general illness and not necessarily of 
liver disease.

The results of this study will be widely 
disseminated to primary care, as well as to hospital 
gastrointestinal specialists, through publications 
and presentations at local and national meetings. 

This will facilitate optimal decision making for the 
benefit of both the patient and the NHS.
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