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Screening for metabolic dysfunction-associated steatotic liver disease (MASLD) across the entire 
general population is not currently a recommended strategy. However, it is not uncommon to receive 
a medical check-up or health check-up for a various of reasons. We tried to investigate whether 
advanced fibrosis screening in MASLD patients is cost-effective for adults aged 40–49 years during 
medical or health check-up. The target group for analysis was adults who received medical check-ups 
for various reasons in the United States. We constructed a hybrid model of the decision tree model and 
Markov model to compare expected costs and quality-adjusted life-years (QALYs) between ‘screening’ 
and ‘no screening’ groups from healthcare system perspectives. Patients diagnosed MASLD with 
advanced fibrosis by FIB4 and VCTE were given intensive lifestyle intervention (ILI). The incremental 
cost-effectiveness ratio (ICER) was calculated for a 30-year horizon. Assuming effect of ILI is limited 
to regression of liver fibrosis, ICER of the FIB-4-based two steps algorithm was $103,405 per QALY in 
adults aged 40–49 years, which was slightly above the threshold value ($100,000/QALY). And in those 
in adults aged 50–59 and 60–69 years, the ICER was $137,593 and $197,901 per QALY, respectively. 
If we assume the effect of ILI can improve liver fibrosis as well as cardiovascular disease events, ICERs 
of screening in aged 40–49 and 50–59 years were $74,596, and $95,974 per QALY, respectively. In an 
analysis that included additional positive effect on extrahepatic cancer by ILI, estimated ICERs were 
below the threshold in those in aged 40–49 and 50–59 years. Advanced fibrosis screening in MASLD 
patients using the FIB-4-based two-step algorithm and ILI was cost-effective for adults aged 40–49 
years, taking into account both liver fibrosis and cardiovascular disease.
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MRE	� Magnetic resonance elastography
NHANES	� National health and nutrition examination survey
NIT	� Non-invasive test
QALYs	� Quality-adjusted life-years
TN	� True negative
TP	� True positive
VCTE	� Vibration-controlled transient elastography
WTP	� Willingness-to-pay

Metabolic dysfunction-associated steatotic liver disease (MASLD) leading to advanced hepatic fibrosis is 
a common and growing public health problem worldwide1 Recent study based on the National Health and 
Nutrition Examination Survey (NHANES) data set from 2017 to 2020 in United States shows prevalence of 
MASLD reaches 32.4% in the general population2,3 With the obesity epidemic, steatosis liver disease (SLD) is 
the major cause of chronic liver disease or hepatic fibrosis in the general population in the world4 The prevalence 
of suspected fibrosis in the US general population was 13.8%5 and advanced fibrosis in the general population 
of Western and Asian countries is significant at 2.2 ~ 5.5%,6–8 raising concerns for future incidence of cirrhosis 
and its complications. Advanced fibrosis is associated with increased risk of morbidity and mortality, making it 
crucial to identify subjects with hepatic fibrosis9,10.

Currently, most guidelines recommend targeted screening for advanced fibrosis in ‘at risk groups’ with type 2 
diabetes mellitus (T2DM), metabolic syndrome, or elevated liver enzyme level in MASLD patients, emphasizing 
that this approach is cost-effective11. Early recognition of such at-risk group facilitates timely interventions, 
potentially preventing future hepatic complications12 Recently, Crossan et al. suggested that it is cost-effective 
with sequentially use of FIB4 followed by vibration-controlled transient elastography (VCTE), FibroTest, or 
enhanced liver fibrosis (ELF) in screening patients with NAFLD at primary care centers13.

Although the prevalence of MASLD is high, the proportion of advanced hepatic fibrosis is low in the general 
population, so routine MASLD-associated fibrosis screening in the entire general population is not currently 
recommended. However, the number of people receiving medical check-ups for various reasons or health check-
ups without any symptoms has been increasing14. In general, during a health or medical check-up, liver enzyme 
and platelet count tests for fibrosis-4 (FIB-4) calculation are usually performed15. More active MASLD screening 
strategy is needed for people who undergo medical check-up or health check-up. Early intervention facilitated 
by appropriate screening tests in groups with a high disease prevalence has the potential to mitigate the social 
burden associated with the disease.

As MASLD-associated fibrosis tend to be progress over time without treatment, it is important to identify 
such patients early. It is well known that prevalence of hepatic fibrosis increased with age4,6. The prevalence 
of advanced hepatic fibrosis is particularly high in the elderly population, reaching 7.7%4. Advanced hepatic 
fibrosis is a problem in itself, the pathophysiological effects of MASLD extend beyond the liver, demonstrating 
that MASLD is independently associated with cardiovascular disease (CVD) and extrahepatic malignancies16,17 
Although a new drug for MASLD was approved by the FDA, the gold standard for SLD treatment is still intensive 
lifestyle intervention (ILI). ILI, including dietary changes, increased physical activity, and gradual weight loss, 
is consistently emphasized as the primary treatment for MASLD18. ILI appears to have beneficial effects beyond 
reducing hepatic fibrosis, including the potential to decrease cardiovascular disease and extrahepatic cancers. 
More active MASLD screening followed by ILI is needed in communities aged 40 years and above to reduce 
disease and socioeconomic costs.

Therefore, the aim of this study is to evaluate the cost-effectiveness of a screening MASLD utilizing a 
sequential combination of FIB-4 and VCTE during medical check-ups or health check-ups for adults aged 40–49 
years, considering hepatic fibrosis, CVD and extrahepatic malignancies.

Materials and methods
Study population
The target group for analysis was adults who received a medical check-ups or health check-ups for various 
reasons in the US. Subjects with a clear risk for liver diseases such as viral hepatitis or significant alcohol 
consumption were excluded. All subjects had their FIB-4 calculated, and if it was higher than 1.3, VCTE test was 
sequentially performed. If the liver stiffness value was higher than 8.8kpa, and there was no evidence of chronic 
viral hepatitis, and there was no history of significant alcohol consumption (intake greater than 210 g for male 
and 140 g for female), the ILI applied to all subjects.

To identify the burden of fibrosis in the US population, we estimated the prevalence of advanced hepatic 
fibrosis from data of VCTE of the US National Health and Nutrition Examination Survey (NHANES) from 
2017-March 2020. According to previous study, the liver stiffness cut off based on VCTE results of 6.2  kPa, 
7.6 kPa, 8.8 kPa and 11.8 kPa were used for F0, F1, F2, F3 and F4, respectively19,20,21. Stratifying by age groups 
ranging from the 30–39 years to the 60–69 years, the prevalence of advanced fibrosis was 6.3–10.7% (Table 1).

Construction of a decision analytic model
A cost-utility analysis was conducted to evaluate the cost-effectiveness of advanced fibrosis screening for long-
term clinical outcomes. We constructed a hybrid decision tree and Markov model using Excel 2019 (Microsoft 
Corp) to assess the difference in quality-adjusted life-year (QALY) and expected cost between the’ screening’ 
and ‘no screening’ groups.
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Decision tree model: screening strategy
The decision tree represents the detailed structure of the events and outcomes associated with the two 
comparison strategies (Fig. 1A). Those with a high FIB-4 (> 1.3) were referred to a referral center and VCTE 
testing. The sensitivity and specificity of FIB-4 was obtained from previous studies22. In the aged 40–49 years, 
FIB-4 sensitivity and specificity were 56.6% and 86.2%, respectively22 For the performance of VCTE, sensitivity 
was 80.0%, specificity was 74.0%, respectively23 After screening, patients diagnosed with advanced fibrosis (both 
true positive (TP) and false positive (FP) cases) participated in an intensive lifestyle intervention (ILI) program. 
On the other hand, in the case of the no screening strategy, the simulation cohort with the same risk as the 
screening group did not receive ILI.

Markov model
The population classified according to the diagnostic results was subdivided from F0 to F4 according to the 
distribution of fibrosis. We assumed half of the F0 population as healthy population (H0) who do not have the 
risk of fibrosis. And then the classified population entered into the Markov model to estimate long-term cost and 
obtain life-year (LY) and QALY (Fig. 1B). The model included H0 (healthy population), fibrosis stages; F0 to F4 
(and each pair condition undergoing ILI), cardiovascular disease (CVD) complications (and each pair condition 
undergoing ILI), decompensated cirrhosis (DC), and hepatocellular carcinoma (HCC), extrahepatic malignancy 
and death. The CVD status was subdivided into three stages (CVD with F0-F2/F3/F4) according to the stage of 
fibrosis. HCC can occur in F3, F4 and DC. The disease-specific mortality (F0-F4, CVD, HCC, and extrahepatic 
malignancies) and age-specific all-cause mortality were applied for all health conditions. Details of parameters 
related on disease progression risk and mortalities applied to the model are described in Supplementary Table 

Fig. 1.  Overview of decision analytic model (A) decision tree model, (B) Markov model. CVD, cardiovascular 
disease; DC, decompensated cirrhosis; FN, false negative; FP, false positive; HCC, hepatocellular carcinoma; 
ILI, intensive lifestyle intervention; MRE, magnetic resonance elastography; NIT, non-invasive test; TN, true 
negative; TP, true positive; VCTE, vibration controlled transient elastography.
 * It represents three states of CVD in H0, F0-F2, F3, and F4.

 

Variable Value

Distribution of fibrosis stage by age group (years) 30–39 40–49 50–59 60–69

 Fibrosis stage (cut-off, kPa)

  F0 (< 6.2)* 80.4% 76.1% 71.2% 70.2%

  F1 (6.2 ~ 7.6) 9.9% 11.8% 12.9% 14.4%

  F2 (7.6 ~ 8.8) 3.4% 3.6% 5.2% 5.3%

  F3 (8.8 ~ 11.8) 3.4% 4.6% 4.6% 4.3%

  F4 (≥ 11.8) 2.9% 3.9% 6.1% 5.8%

  Advanced fibrosis (≥ 8.8) 6.3% 8.5% 10.7% 10.1%

 Performance of FIB-4 by age group (years) 30–39 40–49 50–59 60–69

  Sensitivity 24.5% 56.6% 81.6% 91.4%

  Specificity 93.6% 86.2% 69.4% 48.3%

 Performance of VCTE

  Sensitivity 80.0%

  Specificity 74.0%

Table 1.  Input parameters: fibrosis distribution and diagnostic performance. FIB-4, fibrosis-4; VCTE, 
vibration controlled transient elastography. *Half of the F0 regarded as a healthy population (H0) who do not 
have fibrosis risk (e.g. in their 40s, H0:F0 = 38.05%:38.05%).
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1, Supplementary Tables 2, and Supplementary Methods. The cycle length of the model was 1 year, and the time 
horizon was set to 30 years.

Assumption
The following assumptions were applied to this analytical model. (i) The population classified by screening 
results was subdivided into H0 and F0-F4 according to the ratio of fibrosis stage. Patients with H0 (healthy 
population who do not have the risk of fibrosis) maintain a healthy state that does not progress to fibrosis, but 
they have a risk of CVD and incurred all-cause mortality. (ii) In the H0 and F0-F4, all-cause mortality in the 
general population was applied; mortality due to liver disease was not additively applied. There was no HCC risk 
in the H0 and F0-F2 population. (iii) All patients diagnosed with advanced fibrosis received the ILI program. 
While receiving ILI, patients were monitored for advanced fibrosis regardless of TP or FP. (iv) The effect of ILI 
was reflected in the newly development of CVD and extrahepatic malignancies, and hepatic fibrosis regression. 
The regression rate of hepatic fibrosis (F1-F3) due to ILI was applied at 17.0%, and it was assumed that hepatic 
fibrosis regression would occur at 7.4% even in the control group24. The difference of hepatic fibrosis regression 
rate between in the ILI group and control group was 9.6%12,25,26 (v). The gap in regression rate by ILI between 
‘screening’ and ‘no-screening’ groups lasted only for 10 years, the duration of receiving ILI. And after stopping 
the ILI program, the population of screening group had the same risk as no-screening group.

Cost and quality of life
We performed the analysis from the healthcare system perspective, and all the cost parameters were adjusted 
to the 2022 US dollars. An annual discount rate of 3% was applied to all costs and outcomes. Detailed cost 
parameters and utility weights of health states to calculate QALY were described in Supplementary Tables 3 and 
Supplementary Methods section.

Analysis
The primary outcome was the incremental cost effectiveness ratio (ICER) between each strategy, which was 
calculated by dividing the incremental cost by the incremental QALY (or LY) between comparison strategies. 
We simulated our model by applying different screening ages between 30 and 39, 40–49, 50–59 and 60–69 
years. According to their age group, distribution of fibrosis and performance of FIB-4 were applied differently 
(Table 1). The results were interpreted as cost-effective when the expected ICER was less than $100,000/QALY, 
which was implicitly accepted as the willingness-to-pay (WTP) threshold in the US27.

Deterministic and probabilistic sensitivity analyzes (PSA) were performed to explore the impact of 
uncertainty in parameter estimates and assumptions applied to the analytic model. One-way sensitivity analyses 
were conducted by varying values over clinically relevant ranges (Supplementary Tables 1 and Supplementary 
Table 3). We also performed a two-way sensitivity analysis to investigate the impact of simultaneous variation 
by the ILI effect (regression rate) and duration on cost-effectiveness. And PSA using second-order Monte Carlo 
simulations was performed to evaluate the overall impact of uncertainty. Beta distributions were applied for 
transition probabilities and utility weights, and gamma distributions for costs.

Results
Cost-effective analysis of MASLD screening according to age group in aspect of liver disease 
of ILI
ICERs calculated according to age group. Assuming that the effect of ILI is limited to regression of liver fibrosis, 
the ICER of the FIB-4-based two steps algorithm was $103,405 per QALY in people in aged 40–49 years 
(Table 2; Fig. 2A), which was slightly exceeded the willingness-to-pay threshold value ($100,000). However, in 
those in aged 50–59 and 60–69 years, the ICER was $147,914 and $214,821 per QALY, respectively, which were 
considerable higher than the threshold, indicating that screening strategy was not cost-effective (Supplementary 
Table 4).

Strategy

Total Incremental ICER

Cost ($) QALYs LYs Cost ($) QALYs LYs ($/QALY) ($/LY)

Liver disease only

 Screening 13,061 15.7087 18.6143 2001 0.0193 0.0172 103,405 116,400

 No screening 11,060 15.6894 18.5971

Liver disease and CVD

 Screening 26,950 15.0982 17.9308 1878 0.0252 0.0245 74,596 76,771

 No screening 25,072 15.073 17.9063

Liver disease, CVD and extrahepatic malignancy

 Screening 36,210 14.7949 17.7989 1727 0.0257 0.0243 67,135 70,912

 No screening 34,483 14.7691 17.7746

Table 2.  Base-case analysis in adults aged 40–49 years. CVD, cardiovascular disease; ICER, incremental cost-
effectiveness ratio; LY, life-year; QALY, quality-adjusted life-year.
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Cost-effective analysis of MASLD screening and ILI according to age group in aspect of liver 
disease and cardiovascular disease
If we assume the effect of ILI can improve liver fibrosis as well as decrease CVD events, ICERs of screening for 
MASLD using FIB-4 based two-step algorithm in health check-up population aged 40–49 years (base-case) was 
$74,596 per QALY, and aged 50–59 years was $95,974 per QALY, respectively (Table 2; Fig. 2B). Both age groups 
were cost-effective. However, the estimated ICER for aged 30–39 and 60–69 years were $117,859 and $118,166, 
which still exceeded the threshold. We also showed clinical outcomes through simulating our model. It showed 
that clinical events related the liver diseases and CVD were reduced in the screening group compared to the no 
screening group (Supplementary Table 5).

Cost-effective analysis in aspect of including beneficial effects of ILI on extrahepatic 
malignancy
Additionally, considering the positive effects on extrahepatic cancer of ILI, similar to the analysis in the aspect of 
liver disease and CVD above, the screening was cost-effective in those in aged 40–49 and 50–59 years, however 
the ICER was estimated 0.9 times lower ($67,135 and $84,951/QALY, respectively). And in aged 30–39 and 
60–69 years, the estimated ICERs were slightly exceeded the willingness-to-pay threshold value ($104,513 and 
$103,081/QALY, respectively, Table 2; Fig. 2C and Supplementary Table 4).

Sensitivity analysis
One-way sensitivity analyses are presented in Table  3 and Fig.  3. The most influential parameters on cost-
effectiveness were the regression rate of hepatic fibrosis after ILI, screening age, and duration of ILI. If the ILI 
regression rate of hepatic fibrosis dropped to 15% (regression rate of hepatic fibrosis in control group is fixed as 
7.4%: net difference between two groups is 7.6%), the ICER increased to $94,782.

Shortening the ILI duration led to a decrease in the effect of preventing the occurrence of important clinical 
outcomes such as CVD or HCC, resulting in an increase in ICER and exceeding the threshold. The change of 
other variables showed a small impact on ICER. Supplementary Table 6 presents a two-way sensitivity analysis 
for two parameters that significantly impact ICER estimation: the regression rate and duration of ILI. If an 
ILI duration was shortened to 6 years, the regression rate from ILI had to be at least 17.5% for screening to be 
cost-effective. The ILI impact required a minimum of 16% and 15% regression rates at 8 and 10 years of ILI 
duration, respectively, for screening to be deemed cost-effective. When ILI duration was extended beyond 12 
years, screening was cost-effective, even though the regression rate decreased to 14% (net difference between the 
two groups, 6.6%).

The results of a PSA simulated 1,000 times are illustrated in the cost-effectiveness acceptability curve 
(Supplementary Fig.  1). The curve shows the probabilities of being cost-effective associated with different 
levels of willingness-to-pay thresholds. Screening was a cost-effective option compared to no screening if the 
willingness-to-pay threshold was higher than $70,000, and the probability based on the threshold of $100,000 
was 70.9%.

Fig. 2.  ICERs according to including/excluding extrahepatic benefits and screening age. CVD, cardiovascular 
disease; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.
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Discussion
Our data revealed that more active screening for MASLD and ILI during health check-up examinations in 
patients aged 40–49 years remained below the accepted threshold, regardless of the effects of ILI on extrahepatic 
cancer, given the decrease in CVD events. If the beneficial effects of ILI extend to CVD and extrahepatic 
malignancy, ICERs decrease more in those aged 40–49 and 50–59 years. The strengths of our study encompass 
not only the evaluation of the impact of ILI induced reduction of liver fibrosis following screening in the general 
population but also the comprehensive analysis of ILI’s broader effects on extrahepatic outcomes, specifically 

Scenario ICER ($/QALY)

Base-case (40–49 years) 74,596

 Regression rate in F1-F3, 17.0%

  14.0% 107,802

  15.0% 94,782

  16.0% 83,917

  18.0% 66,820

  19.0% 59,972

  20.0% 53,976

 Screening age, 40–49 years

  30–39 years 117,859

  50–59 years 95,974

  60–69 years 118,166

 ILI cost (one-time service fee), $630

  1.2 times ($756) 78,459

  1.5 times ($945) 84,254

 ILI duration, 10 years

  6 years 105,788

  8 years 85,380

  10 years 68,499

  12 years 65,019

 Impact by extrahepatic benefit, Liver disease & CVD

  Addition of impact by extrahepatic cancer 67,135

  Removal of impact by CVD 103,405

Performance of diagnostic tools

 Sensitivity of FIB-4, 56.6%

   40.0% 82,417

  70.0% 70,590

 Specificity of FIB-4, 86.2%

  80.0% 79,347

  90.0% 71,295

 Sensitivity of VCTE, 80.0%

  70.0% 77,521

  85.0% 73,348

 Specificity of VCTE, 74.0%

  65.0% 77,658

  80.0% 72,339

 MRE (instead of VCTE)

  Sensitivity 88.0%, Specificity 90.0% 75,339

 Cutoff for FIB-4 in older patients (over 65 years), 1.3

  2.0 87,065

 Time horizon expansion, 30 years

  40 years 56,454

 Discount rate, 3%

  0% 52,271

  5% 93,958

Table 3.  Sensitivity analyses. FIB-4, fibrosis-4; ILI, intensive lifestyle intervention; ICER, incremental cost-
effectiveness ratio; MRE, magnetic resonance elastography; QALY, quality-adjusted life-year; VCTE, vibration 
controlled transient elastography.
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CVD and extrahepatic-related events. Interestingly, the target population of our analysis has much lower risk for 
MASLD compare to previous ‘at risk’ population with type 2 diabetes mellitus (T2DM), metabolic syndrome, 
or elevated liver enzyme level28,29 And we also considered the effect of ILI on reducing cardiovascular events 
and extrahepatic malignancy in addition to hepatic fibrosis regression. However, the results of this study do 
not mean that MASLD screening is effective for the entire general population. The analysis target of this study 
is limited to situations in which FIB-4 calculation is possible, such as health or medical check-up, for various 
reasons. The clinical significance of this study is that MASLD screening and ILI through FIB-4 calculation and 
following VCTE is cost-effective when health check-up is performed for various reasons in the primary care 
setting.

Recently, a new drug for MASLD was approved by the FDA. But ILI is still considered the gold standard of 
treatment30 ILI, including dietary changes, increased physical activity, and gradual weight loss, is consistently 
emphasized as the primary and initial treatment approach for MASLD18. Previous literature demonstrated the 
impact of ILI on the progression of liver fibrosis, as evidenced by significant improvements in serial VCTE values 
within the intervention groups compared to the control groups31. ILI has been shown to not only reduce hepatic 
fibrosis and reverse steatohepatitis but also have positive effects on CVD associated with SLD32 However, cost-
effectiveness studies have been underestimated the extrahepatic effects of ILI28,29 Studies have demonstrated 
that weight loss achieved through ILI can decrease the risk of CVD by 45% and reduce CVD-related mortality 
by 59%.33,34 It is worth noting that these cardiovascular outcomes become more prevalent and significant as 
individuals enter middle age. Sanyal et al. also suggests that advanced hepatic fibrosis associated with increasing 
extrahepatic malignancy and cardiovascular events, and surpassed liver related events. Specifically, the annual 
incidence of hepatocellular carcinoma in NAFLD with bridging fibrosis was reported to be 0.34%. In contrast, 
patients with advanced hepatic fibrosis exhibit a higher annual CVD events of 1.39%, and the annual incidence 
rate of extrahepatic malignancy is 1.03%.35 In our Markov model, during our simulation of major clinical events 
over a 30-year period in the general population in aged 40–49 years, CVD-related events was also estimated at 
0.88% per year, surpassing the annual incidence of hepatocellular carcinoma, 0.11% (Supplementary Table 5).

ILI is still a cornerstone of treatment in the SLD26 However, there are concerns regarding the limited effects 
of ILI, as well as the short duration of its effectiveness. There is a scarcity of studies investigating the impact of 
ILI, specifically in SLD. A study by Vilar-Gomez et al., ILI conducted for 52 months showed that rate of fibrosis 
regression was 19%, and resolution of steatohepatitis was 25%.26 The sensitivity analysis of our study showed 
that regression rate of the ILI as the primary factor influencing ICER. In a previous study reported weight 
loss achieved through ILI in 30% of individuals26 In our study, we assume the hepatic effectiveness of ILI was 
considered as fibrosis regression rate, which was 17.0%. When the regression rate of ILI was 19% or higher, ICER 
was deemed cost-effective for all age groups, however, when it decreased under 14.6%, ICER rose (exceeded the 
threshold), resulting that screening & ILI strategy may not be cost-effective for all individuals.

There are several limitations in this study. First, the effectiveness and duration of ILI may be over-estimated. 
However, a study by Liu et al., found that patients who achieved significant weight loss by ILI, and it was 
maintained for more than 4 years34 It is challenging to maintain ILI in the long term, and studies had found 
many patients with initial weight loss regain weight within 2 years36. Second, the diagnosis and distribution of 
advanced fibrosis was not performed through liver biopsy. However, it is not ethically possible to perform the 
liver biopsy, therefore VCTE was used which is the most widely validated noninvasive method for diagnosing 
advanced liver fibrosis.

In conclusion, due to the prevalence of advanced hepatic fibrosis and the diagnostic performance of FIB-
4, age is a very important factor to decide the cost-effectiveness of screening for advanced hepatic fibrosis in 
the general population. Prevalence of advanced hepatic fibrosis was low in aged 30–39 yeas and diagnostic 
performance of FIB-4 was low in aged 60–69 years in health check-up. Our study provides compelling evidence 
supporting the more active screening strategy for individuals aged 40–49 years during health check-up system.

Data availability
The generated datasets are available by request to the corresponding author.

Fig. 3.  Tornado diagram for one-way sensitivity analysis. CVD, cardiovascular disease; EHM, extrahepatic 
malignancy; FIB-4, fibrosis-4; ICER, incremental cost-effectiveness ratio; ILI, intensive lifestyle intervention; 
MRE, magnetic resonance elastography; QALY, quality-adjusted life-year; VCTE, vibration controlled transient 
elastography.
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