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Abstract
Alcohol-related liver disease is often undetected until irreversible late-stage decompensated 

disease manifests. Consequently, there is an unmet need for effective and economically 

reasonable pathways to screen for advanced alcohol-related fibrosis. We used real-world data 

from a large biopsy-controlled study of excessive drinkers recruited from primary and secondary 

care, to evaluate the cost-effectiveness of four primary care initiated strategies: 1) routine liver 

function tests with follow-up ultrasonography for test-positives, 2) the enhanced liver fibrosis 

(ELF) test, with hospital liver stiffness measurement (LSM) for positives, 3) three-tier strategy 

using Forns Index to control before strategy two, 4) direct referral of all to LSM. We used linked 

decision trees and Markov models to evaluate outcomes short-term (cost-per-accurate-diagnosis) 

and long-term (quality-adjusted life-years, QALYs). For low-prevalence populations, ELF with 

LSM follow-up was most cost-effective, both short-term (accuracy 96%, 196$ per patient), and 

long-term incremental cost-effectiveness ratio (ICER) $5,387-8,430/QALY, depending on whether 

diagnostic testing had lasting or temporary effects on abstinence rates. Adding Forns Index 

decreased costs to $72 per patient and accuracy to 95%. The strategy resulted in less QALY’s 

due to more false negatives, but an ICER of $3,012, making this strategy suited for areas with 

restricted access to ELF and TE, or lower willingness-to-pay. For high-prevalence populations, 

direct referral to LSM was highly cost-effective (accuracy 93%, $297 per patient), with ICERs 

between $490 and $1,037/QALY. Conclusion: Non-invasive screening for advanced, alcohol-

related fibrosis is a cost-effective intervention when different referral pathways are used 

according to the prevalence of advanced fibrosis. Patients in the primary healthcare sector should 

be tested with the ELF test followed by LSM if test-positive, whereas direct referral to LSM is 

highly cost-effective in high-prevalence cohorts.
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Alcohol is the seventh leading risk factor for death globally and the leading cause of mortality in 

adults aged 15-49.(1) Liver related death is a major consequence of excessive alcohol 

consumption, already in moderate drinkers without alcohol addiction disorder.(2) Since alcohol 

related liver mortality is on the rise, this calls for action.(3) There is an unmet need for cost-

effective, clinically applicable referral strategies for diagnosis of early stage alcohol-related liver 

disease (ALD) to enable timely prevention and treatment. If committing to abstinence from 

alcohol, fibrogenesis will be halted.(4) 

Diagnostic investigations in primary care are usually initiated with routine blood tests followed by 

abdominal ultrasonography.(5) While inexpensive, these tests have poor accuracy, and leads to 

unnecessary follow-up testing in hospital liver clinics and inefficient use of resources. Direct 

serum markers of fibrosis, such as the Enhanced Liver Fibrosis (ELF) test, have high 

discriminatory accuracy for advanced fibrosis and could be applied in primary care.(6) However, 

the ELF test is several times more costly than routine blood tests, and it is not known whether 

ELF’s superior accuracy would offset higher testing costs by resulting in fewer unnecessary 

follow-ups. Liver stiffness measurements (LSM) by transient elastography (FibroScan, Echosens, 

France) is the non-invasive state of the art, but for now limited to secondary care (7, 8).

Previous economic evaluations of referral pathways for non-alcoholic fatty liver disease has 

shown favourable cost-effectiveness.(9, 10) However, only one study has evaluated the cost-

effectiveness of similar efforts in ALD patients, but patients were assumed alcohol-dependent and 

testing compared to liver biopsy, which is not suited for primary care.(11) We therefore aimed to 

evaluate whether strategies based on non-invasive tests for advanced fibrosis can cost-effectively 

improve lifetime health outcomes in patients with excessive alcohol intake, using 45-year-old 

males and females in the Danish health care sector as an exemplar and deriving diagnostic test 

performance from a real-world, biopsy-controlled cohort of 241 primary care and 221 secondary 

care patients. Our objective was to calculate costs-per-accurate-diagnosis, lifetime costs and 

quality-adjusted life-years (QALYs) for four referral strategies using an economic decision model, 

with separate analyses for low-prevalence (primary care) and high prevalence (secondary care) 

settings. The four strategies formed a spectrum from low cost and low accuracy to high cost and 

high accuracy, benchmarked against a no testing alternative. 
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Materials and methods
Study design
We developed a cost-effectiveness model with two time perspectives: A short-term perspective to 

calculate which referral strategy would be cost-effective in terms of correctly classified individuals; 

and a long-term perspective to analyse the potential effects of screening on the quality-adjusted 

life-years (QALYs) and lifetime healthcare costs.

For the short-term perspective, we used a decision tree based on observed diagnostic yield and 

test accuracies for advanced fibrosis from a real-world, biopsy-controlled cohort to classify 

patients into four cardinal outcomes: true positives, false positives, true negatives, or false 

negatives (Figure 1). With patients distributed into these four diagnostic test outcomes, we 

proceeded with a Markov state-transition model, to test the long-term cost-effectiveness of the 

referral strategies (Figure 2). 

Screening strategies
We evaluated four testing strategies to screen for advanced fibrosis, and compared them to no 

testing:

(A) Standard-of-care: routine liver function tests applied in parallel with follow-up ultrasonography 

for test-positives. We considered patients test-positive when exceeding the upper limit of normal 

for gamma-glutamyl transpeptidase (GGT), international normalized ratio (INR) or aspartate 

aminotransferase (AST), and lower limit of normal for platelet count. These blood tests are routine 

indicators of alcohol-related liver damage (GGT and AST) and liver function (INR and platelets). 

Patients testing positive were referred to outpatient ultrasonography. We assumed a majority of 

physicians would apply liver function tests in parallel such that a positive on either would warrant 

ultrasonography (see supplementary information). 

(B) The enhanced liver fibrosis (ELF test), with follow-up liver stiffness measurement for positives. 

In this model, general practitioners referred excess drinkers with an ELF test above the 10.5 cut-

off to outpatient, secondary care LSM by transient elastography.(12) An LSM-result 15 ≥ kPa 

gave a diagnosis of advanced fibrosis.(6, 13) 

(C) Three-tier strategy using the indirect fibrosis marker Forns Index to control before strategy B. 

The Forns index is a diagnostic algorithm based on age, GGT, platelet count, and cholesterol 

level.(14) Patients exceeding 6.8 was eligible for the serial ‘ELF followed by LSM’ strategy. The 

aim of this strategy was to reduce the use of the costly ELF-test and LSM, by funnelling only 

patients with a high probability of having advanced fibrosis to these tests. A
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(D) Refer all excessive drinkers to LSM testing directly. This strategy was included to benchmark 

the cost-effectiveness of using any screening in primary care. 

The strategies form a spectrum of the likelihood of referral to LSM in hospital based liver clinics. 

While strategy A improves net sensitivity, it reduces net specificity, yielding a low threshold for 

secondary care referral (see supplementary information). At the opposite side of the spectrum, 

restricting ELF testing to those with elevated Forns index (strategy C) improves specificity and 

results in a high threshold for referral.

Diagnostic test accuracies
We derived diagnostic test accuracies from a cohort of 462 patients with self-reported prior or 

current harmful alcohol consumption, included as part of a biopsy-controlled diagnostic test study 

(ethical ID S-20120071, S-20160021 and S-20170087). All diagnostic test results can be seen in 

the supplementary information. Study methods are described in detail previously.(6, 15) From 

May 2013 to September 2018, we included 241 asymptomatic patients recruited from primary 

care with an 8% prevalence of advanced fibrosis, and 221 patients recruited from secondary care 

with a 34% prevalence of advanced fibrosis. None of the patients had competing liver disease, 

alcohol-related hepatitis or evidence of decompensated cirrhosis. All study investigations were 

performed on the same day and included non-invasive testing with ELF test, Forns index and 

LSM, in addition to routine liver biochemistry and liver-specific B-mode ultrasonography. We used 

the Kleiner score for fibrosis staging.

Linking test outcomes to long term impact on health outcomes
As our target population are not alcohol dependent, a brief motivational intervention is standard 

practice for alcohol-rehabilitation. A 2018 meta-analysis found a reduction in alcohol consumption 

of 20 grams/week following a brief intervention in primary care.(16) This corresponds roughly to 

cutting a day per week of drinking for our target population, which is not effective enough to avoid 

progression. However, a diagnosis itself might also increase the motivation to stop drinking. This 

is to some extent backed-up by evidence, both from other chronic conditions and from non-

invasive screening for ALD.(17-20) However, since knowledge is scarce regarding the short-term 

effects of testing on abstinence, and long-term effects are unknown, we took two scenarios into 

account. In one, we assumed a retained effect of diagnostic testing on abstinence. In the other, 

we assumed only a temporary response, that is after one model cycle the effect of diagnosis on 

abstinence vanishes and excessive drinking is resumed (Figure 3).
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Diagnostic accuracies, transition probabilities and costs
The diagnostic input parameters to the decision model from the low prevalence, primary care 

patients and high prevalence, secondary care patients are shown in the supplementary appendix. 

Table 1 summarises all health state transition probabilities. They were derived from Danish cohort 

studies except the probability of developing compensated cirrhosis from advanced fibrosis if 

drinking, and the effect of diagnosis on abstinence. Table 2 lists health state costs and health 

state utilities. Costs were derived from the Danish health care service. We considered only direct 

medical costs from compensated cirrhosis and decompensated cirrhosis, as alcohol-related 

fibrosis (F0-3) is largely asymptomatic until cirrhosis occurs. We calculated costs for the excess 

morbidity of compensated cirrhosis, as approximately one third of compensated patients are 

hospitalised for other than liver-related events. We similarly assumed that loss of health-related 

quality-of-life happened from the onset of compensated cirrhosis. We used estimates from the 

2004 study by Wells et al (21) where 114 cirrhotic patients were subjected to direct elicitation of 

health state preferences using the time-trade-off approach. 

Analyses
We established short-term cost-effectiveness by assembling costs of administering, interpreting, 

and delivering the tests and their results. The effect was the tests’ accuracy in terms of correctly 

classified patients. We ranked the strategies in ascending costs and calculated the incremental 

cost and effect of each strategy to the next least costly. Dominated strategies (higher costs and 

lower effect) were eliminated and the strategies’ incremental costs and effects recalculated. The 

incremental cost-effectiveness ratios (ICERs) are the incremental costs relative to the incremental 

effects, and the strategy resulting in the highest ICER below a payer’s economic constraint to 

realise one QALY is interpreted as the optimal strategy (22). While we report ICERs for the short 

term, these should be interpreted with caution for intermediate outcomes such as our cost-per-

correct diagnosis because cost-effectiveness thresholds are typically only defined for final 

outcomes such cost-per-QALY.

For lifetime predictions, we considered the per-patient QALYs gained and lifetime health care 

costs as endpoints, calculated ICERs and ranked test strategies as in the short-term analysis. 

However, we added a ‘no testing’ alternative to benchmark against the natural disease 

development and its associated costs and QALYs. 

To show model responsiveness to single-changes in parameter values we used one-way 

sensitivity analysis (supplementary information). We used probabilistic sensitivity analysis to 

show the influence on decision uncertainty arising from the model input parameters. This A
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approach assigns probability distributions to the model parameters based on their variation (beta 

for binomial probabilities, dirichlet for multinomial probabilities, and gamma for costs). From the 

resulting joint distribution of costs and QALYs, we calculated the net monetary benefit of each 

strategy. This gives one measure of the strategies’ costs and QALYs relative to a payer’s 

economic constraint, or cost-effectiveness threshold. The strategy with the highest expected net 

monetary benefit is interpreted as the optimal strategy for a given level of willingness to pay (23). 

To facilitate decision makers with different economic constraints our analysis considered a range 

of willingness to pay per QALY from 0 (only cost-saving new interventions accepted) to $50,000. 
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Results
Short-term cost-effectiveness 
Strategy B, the ELF-test with LSM follow-up, was the most accurate strategy with an accuracy of 

96.0%, at a cost of $194 per patient (Table 3). Strategy B was followed by the Forns/ELF/LSM 

serial strategy (C), which correctly classified 95.1% of patients and was also the least costly, at 

$72 per patient. The standard-of-care strategy (A) was the least accurate, and resulted in $8 

higher testing costs per patient than strategy C because of the high false positive rate requiring 

follow-up ultrasonography. The strategy was therefore ruled out from the set of alternatives. The 

most expensive approach, direct referral to LSM, was also ruled out as it failed to achieve the 

accuracy of the Forns/ELF/LSM serial strategy. The ELF/LSM strategy yielded a 0.9% better 

accuracy than the Forns-initiated counterpart and cost an additional $122 per patient. The short-

term ICER for the ELF/LSM strategy was therefore $12,200. If considering only short-term effects 

the very low additional accuracy of ELF/LSM and substantially lower per-patient cost of the 

Forns/ELF/LSM strategy, stratifying first with the Forns index in a likely low prevalence setting 

could therefore in practice be the best option.

For the secondary care cohort, the LSM directly strategy was most accurate, correctly identifying 

93% of the patients. Furthermore, because a third of the patients in this cohort had advanced 

fibrosis, a larger proportion would require the follow-up tests in the other strategies than in the 

primary care cohort. This resulted in higher testing costs across all strategies with follow-up tests, 

favouring directly using the highly accurate LSM with an additional cost of $30 per patient 

compared to the next most effective ELF/LSM option. Although the per patient cost of LSM 

directly is the same in both cohorts at $297, the incremental cost of $30 for the incremental effect 

of 3% accuracy resulted in an ICER of only $1,154 in the short-term perspective.

Lifetime cost-effectiveness 
The rank of the strategies from the lifetime simulation were the same as in the short term for both 

patient cohorts. Furthermore, the two scenarios for the effect of diagnostic testing on abstinence 

were in agreement, although the predicted lifetime costs were higher and QALYs gained were 

lower across all strategies in the temporary response on abstinence scenario than in the retained 

response on abstinence scenario. In a primary care setting, serial testing with ELF/LSM would be 

cost-effective given a payer’s willingness to pay per QALY gained exceeding $8,430. If patients 

only temporarily stop drinking, QALYs gained are lower, however ICER is also lower compared to 

the next most effective strategy (table 4).
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In a secondary care setting with higher prevalence of advanced alcohol-related liver fibrosis, 

direct testing with the LSM can improve lifetime health outcomes for payers with cost-

effectiveness thresholds even below $500 per QALY gained if testing has lasting effect on 

abstinence, or approximately $1,000 if the effect is only temporary (table 4). 

Figure 4 show the influence of uncertainty in model input parameters on lifetime predictions of 

cost-effectiveness. These results reinforce the base case findings: for both the primary care 

cohort and the secondary care cohort the identified cost-effective strategies are consistently 

optimal strategies above their ICERs. 
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Discussion
From an economic perspective, the expected lifetime healthcare costs associated from 

undetected ALD is between $6,600 - $10,000 depending on prevalence. This gives relatively low 

additional costs to introduce screening efforts. Our cost-effectiveness analysis indicates that the 

optimal short- and long-term strategy to screen for alcohol-related liver fibrosis among primary 

care patients is ELF-testing with referral to liver stiffness measurement at a hospital liver clinic, in 

case of a positive ELF. In secondary care settings, where the prevalence of advanced fibrosis is 

substantially higher, direct LSM in all patients was the superior diagnostic pathway. This strategy 

had the highest accuracy and most QALYs gained, resulting in very low incremental cost 

effectiveness ratios between $490 and $1,037. 

The ELF/LSM strategy is most accurate in the setting of low-prevalence of advanced fibrosis. The 

higher cost of using the ELF rather than a cheaper, non-invasive marker for initial screening is 

offset by more patients being correctly diagnosed which results in more QALYs gained. The 

incremental cost-effectiveness ratio was between $5,387 and $8,430 per quality-adjusted life-

year gained, depending on how screening was modelled to affect drinking behaviour. Adding 

Forns test as a first selection step helped reduce the number of expensive ELF and LSM tests, 

but at the expense of fewer QALYs gained. Using the cheap indirect fibrosis markers to initiate 

screening could therefore be an option in countries with lower cost-effectiveness thresholds or 

limited access to ELF and LSM. 

Evidence, albeit scarce, suggests that screening for liver damage can influence patients to 

change their drinking habits. There seem to be a stronger motivation to sustain abstinence if 

given a positive test result, than if given a negative. Since there is no evidence to suggest 

whether this motivation is sustained or temporary, we modelled both scenarios. Despite the 

standard-of-care strategy having the highest proportion test-positives, it resulted in the fewest 

lifetime QALYs gained, as the pathway also resulted in the second-highest proportion false-

negatives, and lowest true-negatives. The prolonged time to diagnosis for the false negatives 

offset the improved abstinence rates among false positives. This finding underlines the 

importance of implementing new referral strategies with higher sensitivities for detection of 

advanced fibrosis. 

Timely alcohol rehabilitation is essential to improve survival.(24) A strength of our study is that we 

based our model on patients with a heavy, daily alcohol use, but not severe addiction disorder, in 

line with the literature. The non-dependent patients can more easily give up drinking when 

motivated and a brief intervention is effective even when delivered in primary care, outside A
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alcohol rehabilitation clinics. If we had included more intensive alcohol rehabilitation strategies, 

such as acamprosate treatment, the effect of a correct diagnosis may have been even stronger, 

however costs would also increase.

A limitation of our lifetime analysis is that we were unable to identify good quality evidence on 

transition rates between the discrete Kleiner stages, but had to consider F2 and F3 together. 

While advanced fibrosis is a strong predictor of liver-related events in ALD, presence of 

significant fibrosis at baseline predicts later fibrosis progression.(25, 26) Therefore, we are 

confident that ALD patients with both F2 and F3 will be at high risk of progressing to symptomatic 

disease if drinking continues.

We investigated clinically relevant diagnostic cut-offs, but acknowledge that they may not be 

optimal thresholds from a cost-effectiveness and long-term, outcome point of view.(27) However, 

no studies have presented relevant cut-offs for prognostication using ELF, LSM and indirect 

markers. Another unexplored factor is that we restricted our analysis to direct health care costs 

associated to liver disease and excluded other alcohol-associated healthcare cost such as cancer 

and cardiovascular disease. Consequently, our analysis does not include larger societal benefits 

from reduced drinking such as accidents and sick leave. It is possible that by widening the 

perspective, more abstinent individuals in the at-risk population could offset screening costs 

resulting in lower ICERs. 

We benefit from a number of analytical strengths: First, our employed estimates for test 

performance came, except ultrasonography, exclusively from a real-word diagnostic test study 

including patients similar to the model population. This is an advantage, because test 

performance may change dramatically between cohorts with different disease prevalence.(28) 

We thereby avoid spectrum bias. Second, our explicit reporting on model sensitivity to the link 

between test outcomes and lifetime outcomes strengthens the credibility of our predictions. Third, 

we took into account that elastography is the more expensive option due to its availability 

exclusively in secondary care.(29) 

In conclusion, this analysis is the first to show cost-effectiveness of precise, diagnostic strategies 

that improve correct referrals of alcohol over-users to secondary care. This is an area with large 

unexplored potential, as the use of cost-effective diagnostic pathways in primary and secondary 

care may ultimately lead to improvement in quality-adjusted life years for patients with alcohol-

related liver disease.
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Table 1 Annual transition probabilities between health states  

Parameter Expected 

value 

(95% CI) Reference 

Relapse non-invasive test positive* 0.48 (0.34, 0.58) (17-19) 

Relapse non-invasive test negative* 0.79 (0.67, 0.91) (17-19) 

Progression F-0/1 to F-2/3 in drinking state 0.03 (0.00, 0.07) (30) 

Progression F-2/3 to F4 in drinking state 0.20 (0.10, 0.30) (18) 

Progression from F4 to DC 0.14 (0.08, 0.20) (31) 

   of which less severe complications** 0.80 (0.76, 0.85) (31) 

   of which more severe complications** 0.20 (0.15, 0.24) (31) 

Progression from F4, DC to HCC 0.006 (0.00, 0.02) (31) 

F-0/1, F-2/3 to death Life-table based all-cause mortality (32) 

F4 to death 0.16 (0.13, 0.21) (31) 

DC death     

   mild complications*** 0.17 (0.15, 0.20) (31) 

   severe complications***  0.49 (0.44, 0.55) (31) 

HCC to death 0.83 (0.75, 0.89) (33) 

*Assumption based on clinical advice in (18, 19) for biopsied patients in (34). ** Less severe complications: 

ascites or bleeding oesophageal varices, severe complications: hepatic encephalopathy or ascites and bleeding 

oesophageal varices (31).  

*** Mortality rate mild complications: mortality with ascites, mortality severe complications: mortality with hepatic 

encephalopathy. Probability distributions are available in the supplementary information. For the transition 

probabilities to death from cirrhosis and decompensated cirrhosis, we performed enhanced secondary analysis of 

published Kaplan Meier curves in order to recreate the individual patient data.(35) This allowed estimating 

survival with the correct number at risk, and censoring information. We fitted the data using exponential survival 

regression to derive transition probabilities reflecting constant hazard. Comparisons of published and recreated 

survival curves are available in the supplementary information.  

 

Abbreviations: F0-1: no/mild fibrosis. F2-3: moderate/advanced fibrosis. F4: compensated cirrhosis. DC: 

decompensated cirrhosis. HCC: hepatocellular carcinoma. CI: confidence interval.   A
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Table 2 Health state costs and health state utilities 

Parameter Expected 

value 

(95% confidence interval) Reference 

Diagnostic test costs 

   Liver function tests $37.2 (27.9, 46.5)  

   ELF testing $155.3 (116.5, 194.1) *
 

   Forns index testing $35.6 (26.7, 44.5) (36) 

   Ultrasonography $97.2 (72.9, 121.5) (37) 

   LSM $297 (222.8, 371.3) (37) 

Treatment costs** 

   Brief intervention $124 (93, 155) (38) 

   Treatment compensated cirrhosis  $4 883 (3 662, 6 103) (37) 

   Treatment cirrhosis with ascites $5 650 (4 237.5, 7 062.5) (37) 

   Treatment cirrhosis  

     with bleeding oesophageal varices  

 

$9 463 

 

(7 097.3, 11 829) 

 

(37) 

   Treatment for cirrhosis     

     with ascites and bleeding oesophageal varices 

 

$9 463 

 

(7 097.3, 11 829) 

 

(37) 

   Treatment hepatic encephalopathy $6 791 (5 093.3, 8 488.8) (37) 

   Treatment hepatocellular carcinoma $4 438 (3 328.5, 5 547.5) (37) 

Health state utility values 

Health states with severity < F4 1   *** 

Compensated cirrhosis 0.88 (0.85, 0.91) (21) 

Decompensated cirrhosis       

   Less severe complications 0.74 (0.70, 0.78) (21) 

   More severe complications 0.55 (0.51, 0.59) (21) 

Hepatocellular carcinoma 0.30 (0.25, 0.35) (21) 

*Cost for test (2017) at the Department of Clinical Biochemistry, Odense University Hospital Svendborg (personal 

communication). **Treatment costs for decompensated cirrhosis were weighted with probabilities for the specific 

complications (supplementary information). ***We assumed patients would have asymptomatic disease 

progression until cirrhosis occurred. Costs were calculated in Danish kroner (DKK), or Norwegian kroner (NOK) 

where Danish costs could not be obtained, and adjusted to 2018 US dollar (USD) using the yearly average 

exchange rates 7.45 DKK/USD and 8.14 NOK/USD. We calculated the present value of future costs and QALYs 

with an annual discount rate of 4%. Individual treatment costs from the national diagnosis related groups 

database(37), which contains reimbursement tariffs for individual diagnoses and procedure codes, can be seen in 

the supplementary information. Estimation details and probability distributions are provided in the supplementary 

information.  

Abbreviations: ELF: Enhanced Liver Fibrosis test. LSM:  Liver stiffness measurement. F4: compensated 

cirrhosis.  A
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Table 3 Short-term cost-effectiveness: cost per correct diagnosis 

Cohort  Strategy Expected 

per-patient 

costs 

Accuracy Incremental 

costs 

Incremental 

accuracy 

ICER 

Primary care 

(low 

prevalence) 

C $ 72 0.948 - - - 

A $ 80 0.886 $ 8 -0.06 Dom. 

B $ 194 0.958 $ 122 0.01 $ 12 200 

D $ 297 0.932 $ 103 -0.03 Dom. 

Secondary 

care (high 

prevalence) 

A $ 116 0.745 - - - 

C $ 152 0.836 $ 36 0.09 $ 396 

B $ 267 0.902 $ 115 0.07 $ 1 742 

D $ 297 0.928 $ 30 0.03 $ 1 154 

A: Standard-of-care using routine liver function tests applied in parallel with follow-up ultrasonography for test-

positives;  

B: The enhanced liver fibrosis (ELF test), with follow-up liver stiffness measurement for positives;  

C: Three-tier strategy using the indirect fibrosis marker Forns Index to control before strategy B;  

D: Refer all excessive drinkers to LSM testing directly.  

 

Abbreviations: ICER: incremental cost-effectiveness ratio (compared to next least costly non-dominated 

strategy). QALYs: quality-adjusted life-years. ELF: enhanced liver fibrosis test, LSM: liver stiffness measurement. 

Dom: dominated strategy, costlier and less effective than at least one other strategy. Ext. Dom.: extendedly 

dominated, higher ICER than a more effective strategy.  
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Table 4 Lifetime cost-effectiveness predictions 

Simulated 

cohort 

Scenario Strategy Expected 

per-patient 

costs 

Expected 

per-patient 

QALYs 

Incremental 

costs 

Incremental 

QALYs 

ICER 

Primary care 

(low 

prevalence) 

Retained 

benefit 

No testing $6 673 13.69 - - - 

A $6 777 16.23 $104 2.55 $41 

D $8 158 16.79 $1 380 0.56 $2 475 

C $8 429 16.69 $271 -0.10 Dom. 

B $8 882 16.88 $724 0.09 $8 430 

Temporary 

benefit 

No testing $6 673 13.69 - - - 

A $7 396 15.51 $732 1.83 $401 

D $8 871 15.92 $1 475 0.41 Ext. 

Dom. 

C $9 072 15.99 $201 0.07 $3 012 

B $9 587 16.09 $515 0.10 $5 387 

Secondary 

care (high 

prevalence) 

Retained 

benefit 

A $9 567 14.36 - - - 

No testing $10 636 10.09 $1 069 -4.27 Dom. 

D $10 664 16.60 $1 097 2.24 $490 

B $11 704 15.78 $1 040 -0.82 Dom. 

C $11 811 14.73 $107 -1.05 Dom. 

Temporary 

benefit 

A $10 468 12.38 - - - 

No testing $10 636 10.09 $168 -2.30 Dom. 

D $11 817 13.68 $1 349 1.30 $1 037 

C $12 738 12.78 $921 -0.90 Dom. 

B $12 763 13.32 $946 -0.36 Dom. 

A: Standard-of-care using routine liver function tests applied in parallel with follow-up ultrasonography for test-

positives;  

B: The enhanced liver fibrosis (ELF test), with follow-up liver stiffness measurement for positives;  

C: Three-tier strategy using the indirect fibrosis marker Forns Index to control before strategy B;  

D: Refer all excessive drinkers to LSM testing directly.  

 

Abbreviations: ICER: incremental cost-effectiveness ratio (compared to next least costly non-dominated 

strategy). QALYs: quality-adjusted life-years. ELF: enhanced liver fibrosis test, LSM: liver stiffness measurement. 

Dom: dominated strategy, costlier and less effective than at least one other strategy. Ext. Dom.: extendedly 

dominated, higher ICER than a more effective strategy.  
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Figure 1 Decision tree. Used to calculate test outcomes and costs in short term analysis, and to distribute 
patients to initial health states and potential repeat testing in the Markov state transition model for lifetime 
simulation. We based our model on the assumption that patients who tested negative was invited to a re-

test the following year if relapsed or continued drinking. Patients initially testing positive were not re-tested. 
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Figure 2 Markov state transition model for lifetime simulation over discrete health states. The state 
transition model simulated disease history as annual transitions between six discrete health states: 1) 

no/mild fibrosis (F0/1), 2) moderate/advanced fibrosis (F2/3), 3) compensated cirrhosis (F4), 4) 
decompensated cirrhosis, 5) hepatocellular carcinoma, and 6) death. In addition to these states, F0/1 and 

F2/3 had sub-states for either staying abstinent following a brief motivational intervention or continued 
drinking, influencing the likelihood of progressing to more severe fibrosis stages. If relapsed upon their 

annual physician follow-up, testing was repeated. The decompensated cirrhosis health state had two sub-
states indicating which type of cirrhosis complication patients could develop, one with less severe 
complications, and one with more severe complications. We used ascites to exemplify less severe 

complications, and hepatic encephalopathy for more severe complications.(30) Hepatocellular carcinoma 
could develop from both compensated and decompensated cirrhosis, and death could be transitioned to from 
any state. We did not include the option of a liver transplantation, as occurrence of this event is negligible in 

the average ALD population. Patients were followed until death or 100 years of age. 
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Figure 3 The impact of diagnostic testing on drinking pattern. Probability of relapse to excessive drinking 
after diagnostic testing. We assumed that the probability of relapse would be higher in patients with a 

negative test result, than in patients with a positive test result, regardless of whether the test was correct. 
In the retained benefit scenario, we assumed that testing’s effect on abstinence would be lasting, whereas in 

the temporary benefit scenario, we assumed that testing would have a temporary (one cycle) effect on 
abstinence, after which the patient would relapse to excessive drinking. 
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Figure 4 Cost-effectiveness acceptability curves and frontier. The figure show the influence of uncertainty in 
model input parameters on lifetime predictions of cost-effectiveness assessed with probabilistic sensitivity 

analysis. 10,000 net health benefits (QALYs – cost/willingness to pay) of each testing strategy was 
calculated with input parameters varying over their distributions (supplementary information). The cost-
effectiveness acceptability curves show the proportions highest net health benefit for the strategies at 
increasing cost-effectiveness thresholds. The curves with superimposed diamonds show the strategy 

maximising expected net health benefit which is the frontier, interpreted as the optimal strategy.(31) The 
switch points of optimal strategy correspond to the calculated ICERs in the baseline analysis. 
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