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ABSTRACT 

BACKGROUND: There is an unmet need for non-invasive biomarkers for the diagnosis of nonalcoholic steatohepatitis (NASH) in non-specialized settings. We 

aimed to develop and validate a non-invasive test for diagnosing NASH in individuals with biopsy-proven nonalcoholic fatty liver disease (NAFLD). 

METHODS: We developed a non-invasive test named the acNASH index that combines serum creatinine and aspartate aminotransferase levels in a derivation 

cohort of 390 Chinese NAFLD patients and subsequently validated in five external cohorts of different ethnicities of patients with biopsy-confirmed NAFLD 

(pooled n=1,089).  

FINDINGS: The performance of the acNASH index for identifying NASH (defined as NAFLD activity score ≥5 with score of ≥1 for each steatosis, lobular 

inflammation and ballooning) was good in the derivation cohort with an area under receiver operating characteristics (AUROC) of 0·818 (95%CI 0·777-0·860). 

A cutoff of acNASH index <4·15 gave a Se of 91%, a Sp of 48% and a negative predictive value (NPV) of 83% for ruling-out NASH, conversely, a cutoff of 

acNASH >7·73 gave a specificity (Sp) of 91%, sensitivity (Se) of 53% and a positive predictive value (PPV) of 85% for ruling-in NASH. In the pooled 

validation cohort (n=1,089), the diagnostic performance of the index was also good with AUROC=0·805 (95%CI 0·780-0·830), NPV of 93% for ruling-out 

NASH and PPV of 73% ruling-in NASH. Subgroup analyses showed similar performance in patients with diabetes or subjects with normal serum transaminase 

levels. 

INTERPRETATION: The acNASH index shows promising utility as a simple non-invasive biomarker for diagnosing NASH among adults with biopsy-proven 

NAFLD of different ethnicities from different countries. 

FUNDING: The National Natural Science Foundation of China, High Level Creative Talents from Department of Public Health in Zhejiang Province and 

Project of New Century 551 Talent Nurturing in Wenzhou. 
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Introduction 

Non-alcoholic fatty liver disease (NAFLD) affects more than a quarter of the world’s adult population, paralleling the escalating incidence of obesity around the 

global world.1 Within the spectrum of liver disease in NAFLD, non-alcoholic steatohepatitis (NASH), which is associated with an accelerated fibrosis progression, 

heralds the liver condition that greatly increases mortality.2 The mortality rate has been estimated to be 25.6 per 1,000 person-years, doubling the mortality rate of 

overall NAFLD population where it is 11.77 per 1,000 person-years. NAFLD has become the second-leading indication for liver transplantation in the USA and 

Europe, although continues to cause considerable health, social and economic burdens in the next few years globally.1,3  
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The global prevalence of NASH is as high as 37% amongst patients with type 2 diabetes mellitus (T2DM).4 However, a diagnosis of NASH is often not 

considered even when patients have increased serum alanine aminotransferase (ALT) levels.5 Also, identifying patients with NASH in primary care or in 

non-specialist clinics is uncommon in many parts of the world. Even more worrying is the fact that 90% of all individuals with NAFLD have fairly normal serum 

ALT levels, as shown in the US-National Health and Nutrition Examination Survey III database.6 Thus, it is crucial to determine what proportion of subjects with 

normal serum ALT levels or with type 2 diabetes mellitus has NASH, to screen who may at greatest risk of clinical progression and benefit from treatment with the 

emerging range of new pharmacotherapies, in primary care centers to referral. 

 

Liver biopsy is currently the ‘gold standard’ for diagnosing NASH, however, its low acceptance and unwanted acute complications are well documented. 7 

Consequently, there is an urgent need for an accurate and non-invasive test for identifying patients with NASH that could be used in non-specialist settings. Thus, 

the aim of this study was to develop and validate a simple and reliable non-invasive test to identify patients with NASH in a derivation cohort, then validate the 

test in five different cohorts of patients of different ethnicities across the globe.  

 

Methods 

Study design 

The development and validation of the new non-invasive test was reported following the transparent reporting of a multivariable prediction model for individual 

prognosis or diagnosis (TRIPOD) as detailed in Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis TRIPOD 

checklist. 

 

Derivation cohort 

Study and participants 

Participants were recruited from the well-characterized Prospective Epidemic Research Specifically Of NASH (PERSONS) cohort.9 All these participants were 

admitted to the hepatology center of the First Affiliated Hospital of Wenzhou Medical University because of abnormal liver imaging, abnormal liver function test, 

and/or abnormal fibrosis tests between December 2016 to September 2019. Individuals interested in participating will be provided an explanation of the study by 

a hepatologist until they have completely understood the risks and benefits. The protocol of the study was approved by the internal review board for ethics at the 

First Affiliated Hospital of Wenzhou Medical University (2016-246, 1 December 2016) and the same protocol was registered in the Chinese Clinical Trial 

Registry (ChiCTR-EOC-17013562). All participants signed a written informed consent to participate in this study. 
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A total of 790 potentially eligible participants who had undergone liver biopsy were consecutively recruited from December 2016 to January 2019 at the First 

Affiliated Hospital of Wenzhou Medical University. As shown in Figure 1, from the initial cohort of participants with suspected NAFLD (based on imaging 

methods and/or persistently elevated serum liver enzymes) we excluded 400 patients with: (1) kidney dysfunction (i.e. those with a previous history of kidney 

disease such as other known causes of chronic or acute kidney diseases, as well as presence of urinary tract infection, overt proteinuria, estimated glomerular 

filtration rate (e-GFR) <60 ml/min/1.73 m2 or serum creatinine (SCr) levels >133 μmol/L); (2) liver diseases other than NAFLD, such as chronic viral hepatitis B 

[HBV] or C [HCV] (i.e. defined as positivity for HBV surface antigen, HBV DNA, anti-HCV antibodies and HCV RNA), and autoimmune hepatitis (based on 

serum autoantibodies or histology); (3) use of potentially hepatotoxic drugs; (4) significant alcohol intake (defined as more than 20 grams of alcohol per day for 

both sexes); (5) congestive heart failure or significant valvular diseases; (6) active cancers; (7) liver steatosis <5% on liver biopsy; and (8) missing data of 

relevant clinical variables. 

Patient characteristics 

The following variables were recorded for each patient: age, sex, height, weight, body mass index (BMI), waist circumference, hip circumference, body 

composition analysis (including skeletal muscle, muscle weight and fat free weight), presence of diabetes and hypertension. For each participant, an 8-hour 

fasting blood sample was taken and then transported within 1-hour to our central laboratory for assessment.  

 

Liver biopsy examination 

All the eligible patients underwent ultrasound-guided percutaneous biopsy (16-gauge Hepafix needle). Liver specimens were embedded in paraffin and 

underwent H&E and Masson’s trichrome staining. An experienced liver pathologist (X.D. Wang), who was blinded to participants’ clinical data, reviewed all 

liver histology specimens. Histological parameters, such as steatosis, ballooning and lobular inflammation, were scored according to the NAFLD Activity Score 

(NAS) system according to Kleiner et al. 10 NAFLD was diagnosed by observing steatosis grade >5% without other causes of fatty liver, and definite NASH was 

considered as NAS ≥5 with score of ≥1 for each steatosis, lobular inflammation and ballooning, using the NASH Clinical Research Network (CRN) scoring 

system.  

 

Outcome 

The main outcome was to develop and validate an index combining serum creatinine and aspartate aminotransferase for the diagnostic of definite NASH. 
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External validation cohorts 

We included patients with biopsy-proven NAFLD from five international cohorts: France (Department of Hepato-Gastroenterology, Angers University Hospital, 

Angers), Turkey (Liver Research Unit, Institute of Gastroenterology, Marmara University, Istanbul), Malaysia (Gastroenterology and Hepatology Unit, 

Gastrointestinal Endoscopy Unit, Department of Medicine, University of Malaya, Kuala Lumpur), Egypt (Department of Endemic Medicine, Faculty of 

Medicine, Helwan University, Cairo) and Spain (Hospital Universitario Virgen del Rocío de Sevilla, Instituto de Biomedicina de Sevilla, Biomedical Research 

Networking Center in Hepatic and Digestive Diseases, Sevilla). The data from these five tertiary Gastroenterology centers were collected to perform the external 

validation cohort of the acNASH index.  

 

All data from the external validation cohorts were gathered within the framework of clinical studies approved by the local ethics committees and in accordance 

with the declaration of Helsinki. Patients who participated in the study from each country all gave written consent. Date of enrollment and description for each 

study are provided in Supplementary Table 1. All liver biopsies were analyzed by experienced liver pathologists, who were blinded to patients’ clinical details. 

Histological grading for patients from each study were assessed according to the NASH-CRN scoring system. 10 For the external validation cohorts we imposed 

the same inclusion criteria as for the derivation cohort, as specified above. Potential risks of bias in each external validation cohort were evaluated in 

Supplementary Table 2. 

 

Statistical analysis 

Statistical analyses were performed using SPSS (version R23.0.0.0) and MedCalc (version 18.2.1, MedCalc software bvba). Continuous variables were expressed 

as mean ± SD and compared using the Student’s t-test. Categorical variables were expressed as frequency (%) and compared using the chi-square test or the 

Fisher’s exact test, as appropriate. Correlation was evaluated by the Spearman’s rank correlation coefficients. To explore potential biomarkers for the prediction 

model, univariable regression analysis assessing forty-two variables was performed in the derivation cohort. All continuous variables were calculated to assess 

the linear relationship with logit p (a probability of NASH occurrence), otherwise, logarithmic transformation for independent variables, was undertaken for 

logistic multivariable regression analyses. Continuous variables that were not normally distributed, and that it was not possible to normalize by logarithmic 

transformation, also was not satisfactory using logarithm transformation were eliminated from further analyses. Significant variables from the univariable 

regression analysis combined with clinical results were then subjected to multivariable regression analysis by forward logistic regression to identify independent 

factors associated with definite NASH on liver histology (as defined above in the Methods section). A 2-sided P-values <0·05 were considered statistically 

significant. 
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A formula that could best predict the presence of NASH was constructed and developed into a risk score. The risk score was then simplified into a prediction 

index termed the acNASH index. ROC curves were used to assess the diagnostic performance of the acNASH index and compared with other established 

non-invasive models for predicting NASH. Cut-off values giving the best balance of Se and Sp were identified using the Youden’s index (i.e. Se and Sp ≥0·91) in 

the derivation cohort and applied to the external cohorts. When appraising performance at a given cut-off, Se, Sp, PPV and NPV were analysed. External 

validation of the acNASH index was performed on each external cohort.  

 

Role of the funding source 

The study sponsor had no role in the design, data collection, or implementation of the study, or the analysis or reporting of the results. Ming-Hua Zheng had full 

access to all the data in the study and accept responsibility to submit for publication. 

 

Results  

A total of 390 patients with biopsy-proven NAFLD were enrolled in the derivation cohort for constructing the acNASH index, and 1,089 patients with 

biopsy-proven NAFLD from five independent Gastroenterology centers were enrolled in the external validation cohort. The main clinical, biochemical and liver 

histology characteristics of patients in the derivation cohort are summarized in Table 3. 

 

Variables associated with definite NASH were first calculated using univariable regression analysis. All continuous variables were calculated to assess the linear 

relationship with logit p, otherwise, logarithmic transformation was undertaken for multivariable analyses. Age, sex, BMI, AST, ALT, ALT/AST ratio, creatinine, 

eGFR, total cholesterol, uric acid, P3NP, type IV collagen were statistically significant, but sex had no clinical significance while HOMA-IR had clinical 

significance. Subsequent multivariable regression analysis including 9 variables showed that younger age, higher serum AST and lower serum Cr levels were 

independent predictors of NASH (Supplementary Table 3). The best regression formula determined by the multivariable regression analysis for predicting 

definite NASH was constructed as follows: risk score = -0·031 * age – 2·352 * Ln SCr (μmol/L) + 1·988 * Ln AST (U/L).  

 

Since age, serum AST and SCr levels were the most important predictors of NASH, further analyses were performed (Figure 2). These analyses showed that 

there was no significant association between age and NAS score, while an increase in NAS score was significantly associated with a gradual increase in serum 

AST levels (r =0·598, P <0·001) and a decrease in SCr levels (r =-0·173, P =0·001). Since serum AST was increased and serum creatinine was decreased in 

patients with NASH, we derived a simple formula with serum AST as the numerator and serum creatinine as the denominator to further increase the separation 
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between patients with NASH and those with simple steatosis using this derived measurement. We refer to this measurement as the AST to creatinine ratio index 

(acNASH), which was calculated as follows: acNASH = AST (U/L)/SCr (μmol/L) * 10.  

 

As shown in Figure 2C, there was a significant association between acNASH and the NAS score. The correlation coefficient was higher than that of serum AST 

or SCr levels alone (r =0·639, P <0·001). The AUROC for AST alone, ALT alone, and AST/ALT ratio, which were included in univariable and 

multivariable regression analyses in the derivation cohort were 0·782, 0·767 and 0·370 (not shown), respectively. All of these AUROCs were lower than 

the acNASH index. Comparisons of ROC curves between acNASH, AST, ALT and AST/ALT ratio of subgroups in the derivation cohort of Chinese patients 

with NAFLD were shown in Supplementary Table 12. The AUROC of AST was 0·704 and the AUROC of acNASH was 0·829 in subgroups of patients with 

normal ALT. The cut-off values of AST for a Se and Sp of ≥0·91 were 26·5 and 52 (not shown), respectively. Using a dual cut-off approach, PPV and NPV in 

the derivation cohort of AST were 0·83 and 0·82 (not shown). With this, 47% of the patients fell into the indeterminate range or the “grey zone” between the 

two cut-offs, comparing with the AST, 7% (n=25) (not shown) of the patients were predicted better when using the acNASH. 

 

The acNASH index showed better performance compared to other existing non-invasive prediction models (see Supplementary Methods) for identifying definite 

NASH (Figure 3A). In the derivation cohort the AUROCs for the acNASH, HAIR, ION and NICE models were 0·818, 0·621, 0·720 and 0·776, respectively 

(Supplementary Table 4).  

 

Patients in the derivation and validation cohorts differed significantly in demographics, adiposity measures, laboratory parameters and liver histology 

characteristics (Table 1). Nonetheless, with the exception of the Spanish cohort, the acNASH index showed good discriminatory ability for identifying definite 

NASH in all external validation cohorts, the best performance was observed in the Malaysia cohort with an AUROC of 0·852 (95% CI 0·805-0·898). 

 

In the derivation cohort, the cut-off values for a Se and Sp of ≥0·91 were 4·15 and 7·73, respectively (Table 2). Using a dual cut-off approach, PPV and NPV in 

the derivation cohort were 0·83 and 0·85. With this, 40% of the patients fell into the indeterminate range or the “grey zone” between the two cut-offs. When 

applying these cut-offs in the external validation cohorts, the Turkish cohort had the highest PPV of 0·92, whereas the French, Malaysian, Egyptian and Spanish 

cohorts had a PPV of 0·69, 0·79, 0·82, and 0·45, respectively. The NPV remained high (0·93) in the pooled external validation cohort, in which the Turkish 

cohort had the lowest NPV (0·75). 
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The calibration curves are shown in Figures 4 for both the derivation and validation cohorts, and curves show good agreement. To evaluate clinical utility, 

decision curve analysis (DCA) was also undertaken. The plots of DCA for the derivation and validation cohorts are shown in Figure 5, indicating the positive net 

benefit of the established models. 

 

In addition, we tested the diagnostic performance of the acNASH index in patients with either T2DM or normal ALT levels both in derivation cohort and in external 

cohorts, and performance was not materially different in these important subgroups. Pairwise comparisons of AUROC between the acNASH index and other 

existing prediction models for NASH in patients with either T2DM or normal ALT levels of the derivation cohort are shown in Supplementary Tables 5 and 7, 

respectively. The ROC curves of T2DM patients with normal ALT levels were plotted in Figure 3B and 3C, respectively. The diagnostic ability of acNASH for 

identifying NASH was superior to other established non-invasive methods in both patient subgroups. In the external validation cohorts, similar performances of 

the acNASH index in terms of AUROC were observed among patients with T2DM and those with normal ALT levels (Supplementary Tables 6 and 8).  

 

Discussion 

In this study, we have shown that age, serum AST and SCr levels were the strongest predictors of NASH confirmed by liver histology. To further improve the 

predictive utility of these variables for identifying patients with NASH, we developed a simple score that we refer to as the acNASH index. The acNASH index 

comprised dividing the AST level by the serum SCr concentration since AST levels were higher and serum SCr levels were lower in patients with NASH than in 

patients with simple steatosis. Addition of age to these two variables did not improve the diagnostic performance of the acNASH index and, therefore, age was 

excluded. The diagnostic performance of the acNASH index was tested in a derivation cohort and, subsequently, validated in five external cohorts. 

 

Many biomarkers have been investigated for predicting NASH, i.e. the more rapidly progressive form of NAFLD. These biomarkers range from clinical parameters, 

biochemical variables, metabolic factors and plasma lipids that can reflect the complex molecular mechanisms underlying the pathogenesis and progression of 

NASH.11 Other investigators have proposed various non-invasive approaches to predict NASH, including novel serum markers, algorithms or imaging 

techniques.12-18 However, the large majority of these non-invasive methods lack the potential for widespread implementation in primary care settings, across 

different ethnic groups and geographical locations. Furthermore, these prediction models do not meet the need for a simple, inexpensive, and accurate method for 

screening NASH in routine clinical care. 
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It is well known that AST is a mitochondrial enzyme that is released during hepatocyte damage in patients with chronic liver diseases. Therefore, an increase in 

serum AST levels may represent mitochondrial damage in NASH, although the exact mechanism of increased AST levels in the pathogenesis of NASH is 

unclear.19 However, and consistent with data reported by both Zhou et al17 and Feldstein et al12, who have used targeted mass spectrometry-based methods to 

construct a model for NASH, in our study higher serum AST levels were also found to be a strong risk factor for predicting NASH. 

 

Though some studies have reported the utility of SCr levels as a surrogate marker of the body's skeletal muscle mass in patients with NAFLD,20,21 we found no 

significant differences in skeletal muscle mass between patients with NASH and non-NASH in our derivation cohort. A potentially more complicated mechanism 

explaining the changes in SCr levels may involve creatine synthesis. The formation of Cr is a passive process by two steps, involving the conversion of arginine 

to guanidine-acetic acid (GAA) by L-arginine-glycine amidinotransferase, which is affected by urea cycle,22 and subsequently Cr conversion from GAA by 

guanidinoacetate N-methyltransferase, which occurs in the liver and is affected by remethylation cycle via S-adenosylmethionine.23 NAFLD may affect both the 

urea cycle and remethylation, which may, at least in part, explain why SCr levels are lower in patients with NASH.  

  

Moreover, we explored the utility of kidney function parameters in predicting the presence of NASH, because people with NAFLD are known to have 

extra-hepatic manifestations, including CKD.24,25 Calculation of e-GFR by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) study equation26 

was also included into our regression models for assessing the diagnostic performance for NASH, as well as to dispel the underlying influence by ethnicity and sex 

(Supplementary Table 11). The results show that the regression model using serum AST and SCr levels was simpler and had greater accuracy, compared to that 

using serum levels of AST and eGFR (as estimated by the CKD-EPI equation) in predicting the presence of NASH. 

 

NASH is commonly asymptomatic and with a prevalence of 59·1% in the biopsied NAFLD patients, patients at high risk of NASH should be referred for 

consideration of liver biopsy, but there are no accepted well-defined screening recommendations.3,27 To improve the long-term clinical outcomes of patients with 

NASH, early diagnosis, timely referral, and effective clinical interventions are necessary especially in the setting of primary care and general non-hepatology 

practices. Compared with other screening tests, the non-invasive model - acNASH index appears to show more effective discriminatory ability and possesses a 

satisfactory clinical potential.  

 

In our study, the overall diagnostic performance of the acNASH index was satisfactory, though it varied from country to country. The diagnostic performance of 

the acNASH index in the Chinese, Malaysian, Turkish and Egyptian cohorts of NAFLD patients was (slightly) better than in French and Spanish cohorts, so 

highlighting the existence of ethnic differences in the patient characteristics.  
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The acNASH index had similar diagnostic performance for identifying NASH in patients with established T2DM or patients with normal ALT levels as 

compared to that in the pooled validation cohorts. Therefore, the acNASH index may be used in non-hepatology settings (e.g. diabetology clinics) and aid 

clinicians stratify patients with NAFLD for their risk of NASH prior to referral to specialized centers for more specific testing or treatment, especially when more 

advanced diagnostic methods are not available, and could potentially decrease the cost for healthcare systems.28 Screening for NASH in the primary setting 

emerges to be an important unmet need, and the acNASH index provides a clinically useful tool that can be applied directly in clinical practice using routinely 

available and inexpensive biochemical parameters. 

 

Our study has several important strengths. Firstly, the major advantage of the acNASH index is its simplicity and its very low cost. Secondly, the diagnostic 

performance of the acNASH index for identifying NASH is good both in the derivation cohort and in most of the external validation cohorts in which AUROCs 

ranged from 0·785 to 0·852, with PPVs 0·45-0·92 and NPVs of 0·75-0·99, using a dual cut-off approach that was derived from the derivation cohort. Thirdly, we 

have recruited patients with NAFLD who met eligibility criteria in six Gastroenterology centers across the globe. Ethnic diversity within our study further 

supports the clinical utility of the acNASH index in patients in primary care across various regions of the world.  

 

That said, we acknowledge that there are also some important limitations to our study. Firstly, SCr levels may be influenced by several conditions, such as 

skeletal muscle mass, dietary protein intake, kidney diseases, long-term use of medications for hypertension, T2DM or dyslipidemia. This suggests that the 

aforementioned influencing factors should be always considered prior to the application of the acNASH index. It is also worth highlighting that SCr level is 

unreliable in severe chronic liver diseases (e.g. decompensated cirrhosis or liver failure), although it should be noted that none of our NAFLD patients were in 

these categories. Several medications for diabetes and dyslipidemia may affect results based on changes in serum creatinine, in AST/ALT ratio and even in 

NAFLD/NASH (e.g., GLP-1 agonists and pioglitazone). Information of medication use was not included, though the prevalence of T2DM was similar between 

patients with non-NASH and those with definite NASH in the derivation cohort, and may be potential confounding factors. The prevalence of established T2DM 

in the NASH group was very similar to that observed in the non-NASH group. This finding contradicts previous studies showing that patients with T2DM are at 

higher risk of NASH and more advanced disease and it is possible that there was some undetected selection bias. However, in our cohort, the percentage of 

patients with less advanced liver disease was high and 75.1% of patients had fibrosis stages 0 – 1. HOMA-IR is not such a good proxy for insulin resistance in 

patients with long standing T2DM where beta cell function has deteriorated and decreased insulin secretory capacity has resulted in low fasting insulin 

concentrations. Since approximately 25-30% of our cohort had T2DM, it is plausible that the HOMA-IR is not a good proxy for insulin resistance in our cohort. 

Due to the variability in ultrasound readings, diagnosis of fatty liver may be subject to error. However, we have excluded from the analysis those who did not 
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have steatosis diagnosed by liver biopsy in order to avoid bias. Finally, our study was based on liver pathology results, which may be subject to potential 

sampling errors, as well as intra- and inter-observer variability that may complicate the association between liver histology data and blood biomarkers.7 
 

In conclusion, our newly proposed and validated acNASH index is a simple and inexpensive test that shows promising utility for identifying patients with 

biopsy-confirmed NASH across different countries and in subjects with varying ethnicities. We consider that acNASH index could be used for identifying those 

patients in primary care, who merit consideration for referral to liver specialists for more detailed investigation. 
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Figure legends 

Figure 1. Flow diagram for the Chinese derivation study. 

 



 15 

Figure 2. Box plot of serum AST level (A), SCr level (B), and AST-to-SCr ratio index (C) values in relation to the histological NAS. The box represents the 

interquartile range. The whiskers indicate the highest and lowest values, and the asterisks represent outliers. The line across the box indicates the median value.  

 

Figure 3. ROC curves of the acNASH (the blue lines), HAIR (the green lines), ION (the solid orange lines) and NICE models (the green dotted line) for the 

prediction of definite NASH on liver histology in the derivation cohort (on the left of the figure) as well as ROC curves in the external validation cohorts (on the 

right of the figure) (A). ROC curves in patients with T2DM of the derivation cohort as well as ROC curves of the external validation cohorts (B). ROC curves in 

patients with normal serum ALT levels of the derivation cohort, as well as ROC curves of the external validation cohorts (C).  

 

Figure 4. Calibration curves. The x-axis designates the predicted probability of definite NASH on liver histology in the derivation cohort based on the acNASH 

index, and the y-axis indicates the actual diagnose of definite NASH. Calibration curves of the acNASH for the prediction of definite NASH on histology in the 

derivation cohort (on the left of the figure), as well as calibration curves in the external validation cohorts (on the right of the figure) (A). Calibration curves in 

patients with T2DM of the derivation cohort, as well as calibration curves of the external validation cohorts (B). Calibration curves in patients with normal serum 

ALT levels of the derivation cohort as well as Calibration curves of the external validation cohorts (C). The solid line represents equality between the predicted 

and actual values. 
 

Figure 5. Decision curve analysis (DCA) curves of the acNASH (the red lines), ION (the green lines) and NICE models (the blue line) for the prediction of 

definite NASH on liver histology in the derivation cohort (on the left of the figure) as well as DCA curves in the external validation cohorts (on the right of the 

figure) (A). DCA curves in patients with T2DM of the derivation cohort, as well as DCA curves of the external validation cohorts (B). DCA curves in patients 

with normal serum ALT levels of the derivation cohort, as well as DCA curves of the external validation cohorts (C). 
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