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ABSTRACT  

Background&Aims: Severely obese patients are a growing population at risk of non-alcoholic fatty 

liver disease (NAFLD). Considering the increasing burden, a predictive tool of NAFLD progression 

would be of interest. Our objective is to provide a tool allowing general practitioners to identify and 

refer the patients most at risk , and specialists to estimate disease progression and adapt the 

therapeutic strategy. 

Methods: This predictive tool is based on a Markov model simulating steatosis, fibrosis and non-

alcoholic steatohepatitis (NASH) evolution. This model was developped from data of 1,801 severely 

obese, bariatric surgery candidates, with histological assessment, integrating duration of exposure to 

risk factors. It is then able to predict current disease severity in the absence of assessment, and 

future cirrhosis risk based on current stage. 

Results: The model quantifies the impact of sex, body-mass index at 20, diabetes, age of overweight 

onset, on progression. For example, for 40-year-old severely obese patients seen by the general 

practitioners: (A) non-diabetic woman overweight at 20, and (B) diabetic man overweight at 10, 

without disease assessment, the model predicts their current risk to have NASH or F3-F4: for (A) 

5.7% and 0.6%, for (B) 16.1% and 10.0%, respectively. If those patients have been diagnosed F2 by 

the specialist, the model predicts the 5-year cirrhosis risk: 1.8% in the absence of NASH and 6.0% in 

its presence for (A), 10.3% and 26.7%, respectively, for (B).  

Conclusions: This model provides a decision-making tool to predict the risk of liver disease that 

could help manage severely obese patients. 
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LAY SUMMARY 

 

A predictive tool would be of great interest to manage the burden of non-alcoholic fatty liver disease 

(NAFLD) and in particular to identify and refer patients at the highest risk as well as estimate disease 

progression and adapt therapeutic strategies. We have developed this predictive tool for severely 

obese patients based on the history of candidates for bariatric surgery, including data on the history of 

overweight, obesity and diabetes.The model describes the NAFLD progression from the overweight 

onset and is able to predict the current disease stages, with or without information from histological or 

non-invasive tests, as well as progression at 5 years.   
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INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD), which is associated with an increased risk of liver-related 

morbidity and mortality,1-3 is a growing public health issue and has become one of the main etiologies 

in adults waiting for liver transplantation.4,5 The disease burden increased along with the prevalence 

of obesity and metabolic syndrome, its two main causes.6,7 

The histopathological spectrum of NAFLD includes isolated steatosis, non-alcoholic steatohepatitis 

(NASH) and the different stages of fibrosis.1,8,9 Natural history studies have shown that NAFLD 

patients with NASH disclose significantly higher risk of fibrosis progression than those with isolated 

steatosis.10-13 Although fibrosis progression is slower in patients without NASH, development of 

cirrhosis occurs in patients with simple steatosis.12,14 Indeed, in NAFLD F3-F4 patients, simple 

steatosis is observed in around 20% and NASH in 80% of cases.12,14 Many cofactors are also 

associated with disease progression: genetic variants, metabolic syndrome, diabetes, sex and age.15-

18 However, despite improved understanding of the natural history of NAFLD, data are still lacking on 

the role of the duration of exposure, an important component in chronic disease. In particular, how 

does the duration of exposure to overweight, obesity and/or diabetes impacts the severity of NAFLD 

and its evolution. 

Severely obese candidates for bariatric surgery are a population of interest to analyse the impact of 

obesity and diabetes history on NAFLD.14 Indeed, these patients present a wide heterogeneity in 

NAFLD severity, history of obesity, diabetes, and metabolic syndrome. The policy of our centre 

consists in performing systematic liver biopsy at surgery, and the use of questionnaires on the past 

history of obesity and diabetes, two crucial factors in the setting of NAFLD. Such data collection is an 

opportunity to provide more insights into NAFLD progression by exploring the relationship between 

histological features, clinical characteristics and duration of exposure to obesity and/or diabetes. An 

indicator of liver risk that integrates all of this relevant information is an attractive approach to identify 

patients at high risk of disease progression. 

Bariatric surgery induces sustained weight-loss, improves metabolic comorbidities, frequently 

resolves NASH (80% of cases) and improves fibrosis (60% of cases).19 When considering the number 

of severely obese with NAFLD, there is a need to prioritize those who would benefit most from 
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surgery. Such approach requires to optimize patients’ path from general practitioners to specialized 

centres, and improve the decision-making process for patients already addressed in the centre. For 

the general practitioners, the availability of a user-friendly tool identifying those with high risk of 

advanced fibrosis or rapid disease progression is attractive. In specialized centres, baseline 

assessment of fibrosis is more and more performed by non-invasive methods such as dosage of 

biomarkers or measurement of liver stiffness.20 A tool integrating this partial information to predict the 

disease progression would have added value. Mathematical modelling is a method of choice for the 

development of such a tool.21,22  

The aims of our study were to quantify the progression to steatosis, fibrosis and NASH, identify and 

evaluate the impact of independent disease progression cofactors and provide a tool predicting 

disease progression based on a modelling approach. 
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MATERIALS AND METHODS 

We developed a Markov model to describe NAFLD progression among severely obese, using 

preoperative histological and clinical data from 1,801 candidates for bariatric surgery from the “Lille 

Bariatric Cohort”.23 The model considered disease progression from the initial stage of the normal 

liver through cirrhosis. It assessed the transition probabilities from one stage to another as well as the 

effects of covariates on these transitions, estimated from the observed data. The resulting model 

predicts the current disease stage of an individual, as well as its progression in the future, taking into 

account the duration of being overweight, obese and individual characteristics. A web-based tool is 

available for both the evaluation of disease severity, and the prediction of disease progression at 

https://lille-model.shinyapps.io/deployedapp/. 

 

Markov model  

The progression of NAFLD to compensated cirrhosis was modelled according to the severity of 

fibrosis and the development of NASH through the 10 following stages of liver disease (Figure 1): 

normal liver (NL), simple steatosis with F0 to F3 fibrosis, NASH with F0 to F3 fibrosis, and 

cirrhosis.12,14 The progression of steatosis, fibrosis or NASH are estimated as the result of the 

combination of progression and regression, as in other modelling studies of NAFLD.24 For more 

details, please refer to the Supporting Information. 

We assumed that all patients had a NL when they initially became overweight, and then were at-risk 

of NAFLD. We assessed this risk from one available biopsy from each patient, which represented the 

stage of progression over the exposure time. 

 

Study population and histological analysis 

The “Lille Bariatric Cohort” consists of 2,735 severely or morbidly obese patients referred for bariatric 

surgery between 1994 and 2018 and prospectively included, as described in Lassailly et al (details in 

Supporting Information, section “Inclusion criteria”).19 Moreover, 12 (0.4%) patients were candidates 

for bariatric surgery and had a liver biopsy, but didn’t undergo surgery because of serious conditions. 

https://lille-model.shinyapps.io/deployedapp/
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They were added to the cohort to be closer to a real-life distribution of disease severity. All patients 

were invited to follow a nutrition program before surgery. 

A standardized questionnaire was prospectively presented to each patient in the cohort at inclusion to 

specifically assess the history of overweight and obesity, recording the following information: period 

when weight gain occurred, age of onset of obesity and body mass index (BMI) at a 20 years old. 

Patients were asked about their overweight history by reporting the period when weight gain occurred 

as: “before the age of 7” referring to kindergarten/preschool (“école maternelle”) which corresponds to 

children up to 6 years old; “between age 7 and puberty” referring to primary school (“école primaire”) 

which corresponds to children aged 7 to 11; “during puberty” which refers to secondary school 

(“collège”) and corresponds to adolescents aged 12 to 15, and “post puberty”, i.e. after secondary 

school “collège”. We used these data to infer the age of overweight onset; for more details, please 

refer to the Supporting Information, section “Exposure time”. The presence of diabetes was defined by 

ADA criteria.25 Diabetic patients were asked the age of diagnosis of diabetes. Liver biopsies were 

systematically planned during the surgical procedure. Diagnosis of NASH was performed by the 

presence of hepatocellular steatosis, ballooning/clarification and inflammation, the well-recognized 

histological features of NASH.26 Severity of the necroinflammatory activity was assessed using the 

NAS score.27 Fibrosis was characterized by both the Metavir and Kleiner scores.27,28 In the baseline 

analysis, we used the Metavir score for developing the model. An alternative analysis using the 

Kleiner score is presented in the Supporting Information section “Sensitivity analysis”.  

Four hundred and seventy-three patients were excluded due to past history of alcohol, age under 18, 

histological data lacking or because they were referred from other medical centre. Four hundred 

seventy-three of the remaining 2,274 patients (20.8%) were excluded because essential clinical data 

were missing for the glycaemia assessment or the onset of weight gain (flow-chart in Figure 2). 

Finally, 411 of the 1,801 remaining patients (22.8%) couldn’t recall their weight at 20 (309/1,801) 

and/or the age at the diagnosis of diabetes (148/600 patients with diabetes). To include these patients 

in the model, the missing BMI at 20 years old and/or age at the onset of diabetes were imputed based 

on the following variables: sex, period of onset of overweight, age, BMI and the presence of diabetes 

at the biopsy. We used the widely used,29 predictive mean matching method.30,31 
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Informed written consent was obtained for all patients and the study was performed in accordance 

with the Declaration of Helsinki. The ethics committee approved the cohort and the study was 

supported by grants from the government and the French Ministry of Health (PHRC). After legal 

revision, new approval was obtained in 2006 (no. CP06/49, NCT01129297) 

 

Covariates and exposure time 

The effects of independent covariates were evaluated to take into account the heterogeneity of 

disease progression: sex, period of onset of overweight, BMI category at 20 years old and the 

presence of diabetes. We used data on period of onset of overweight to infer the age of overweight 

onset. Exposure time is the duration of exposure to overweight/obese (BMI ≥ 25), when the patient is 

at-risk of developing NAFLD. It was calculated as the difference between the age at biopsy and the 

age of overweight onset (details in Supporting Information, section “Exposure time”). 

 

Procedure 

The parameters of progression are estimated by the maximum likelihood estimates method,32 using 

the biopsy data from the “Lille Bariatric Cohort”. The underlying methodology has been previously 

validated,22,33-35 and is described in the Supporting Information, section “Estimation of the 

parameters”. 

To assess the internal validity of the model, the total cohort was randomly divided into a training 

cohort (n=1,207; 67%) and a testing cohort (n=594; 33%). The training cohort was used to estimate 

the parameters. The testing cohort was used to evaluate the internal validity of the model, by 

calculating the global error score, i.e. the weighted mean of the relative differences between the 

number of individuals at each stage observed at the date of biopsy and the number predicted by the 

model throughout the period of exposure (see details in Supporting Information, section “Model 

evaluation”). For further validation, we used k-fold cross-validation (k=10) described in the Supporting 

Information. 



  10 

Once the parameters are estimated, the model can predict the current state of the liver state for any 

hypothetical patient, by simulating the disease progression from the age s/he became overweight. 

Moreover, it can also able predict the 5-year risk of disease progression, based on the current 

assessment of fibrosis. We chose to present the 5-year risk of the development of cirrhosis in two 

contexts: 1) with partial information provided by non-invasive methods, i.e. only the stage of fibrosis 

without information on NASH status (in this case, NASH status had to be estimated by the model); 

and 2) with complete information provided by biopsy i.e. NASH status and stage of fibrosis.  

The technical aspects of model building, testing and use are further detailed in the Supporting 

Information section “Methodological appendix”. To gauge model uncertainty all of these results were 

provided with a plausible interval obtained from a probabilistic sensitivity analysis.36 

All analyses were performed by PB with the R-software (https://www.R-project.org/) version 3.3.3 and 

the msm package, under the supervision of SDB and PM.37 
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RESULTS 

Patient characteristics 

The characteristics of the population are summarized in Table 1, separately for the study cohort 

(n=1,801) and the two randomly selected subsets (training cohort, n=1,207 and testing cohort, 

n=594). In the study cohort, at biopsy 74.5% were women, severely or morbidly obese (mean BMI ± 

SD of 47.6 ± 8 kg/m²), with mean age of 41.2 ± 11 years old. Histological NASH was diagnosed in 

183/1,801 (10.2%) cases, and cirrhosis in 27 (1.5%) patients. 

 

Adequacy with data 

The error scores for each histological stage (presented in Supporting Table 1) show that the model 

adequately reproduces disease progression in all the stages of NAFLD. Good accuracy is confirmed 

by a global error score of 4.5% in the training cohort and 8.8% in the testing cohort. If we consider 

error rates >15%, the model overestimates the number of patients with F2-steatosis (11 predicted 

versus 7 observed), with F3-steatosis (5 predicted versus 4 observed) and with F3-NASH (9 predicted 

versus 6 observed), while it underestimates the number of patients with F2-NASH (8 predicted, 

versus 11 observed). It accurately predicts the number of patients with cirrhosis (9 predicted vs 9 

observed). 

 

Transition rates 

Table 2 summarizes the ten baseline transition rates and adjusted hazard ratios (HR) of the 

covariates estimated from the training cohort. Baseline transition rates correspond to a patient profile 

with the following characteristics: women who became overweight after puberty, with a BMI of 25 

kg/m² at 20 years old and without diabetes. For example, with the above characteristics, the baseline 

transition rate and 95% confidence interval (CI) from NL to F0-steatosis is 7.72% (6.85% - 8.56%), 

meaning that around 8 out of 100 of these patients with NL develop steatosis per year. The Markov 

model provides transition rates specific to each patient's profile from baseline rates and adjusted HR. 
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For example, patients with the above characteristics, starting overweight at 5 years old have reduced 

yearly transition rates toward steatosis (5.25%, 95% CI = 4.53% - 6.07%) than patients with onset of 

overweight at 15, i.e. during puberty (6.39%, 95% CI = 5.55% - 7.36%). However, as expected, the 

former have a greater probability of steatosis at 20 (48.32%) than the latter (26.13%), due to the fact 

that their duration of exposure is longer (15 years versus 5 years).  

The patients with the fastest disease progression are diabetic men, who became overweight during 

the post-puberty period, and who are class II or III obese (BMI > 30) at 20. These patients have an 

annual progression rate from steatosis to NASH of 2.17% (95% CI: 1.68% - 2.77%), compared to 

0.61% (95% CI: 0.52% - 0.73%) in standard patients (women, non-diabetic, who became overweight 

during the post-puberty period and who have a BMI at age 20 indicating that they are overweight). 

Those results are relatively unchanged among the different sensitivity analysis (details in Supporting 

Information, section”Sensitivity analysis”, and Supporting Tables 2-7). 

 

Evaluation of disease severity 

By simulating disease progression from its starting point, this model evaluates the probability of being 

in a disease stage based on individual characteristics. Figure 3 shows the model-predicted risks 

according to three patient profiles. First, 40-year-old non-diabetic women who became overweight at 

20 (i.e., during the post-puberty period, with a BMI at age 20 indicating that they are overweight and 

with 20 years of exposure to the disease) have a probability of 21.4% (plausible interval: 17.8% - 

24.9%) to still have a NL, 72.8% (68.8% - 76.8%) to have steatosis, 5.7% (4.5% - 7.1%) to have 

NASH and 0.1% (0.1% - 0.2%) to have cirrhosis (Figure 3A). Furthermore, there is a 0.6% (0.4% - 

1.1%) probability of F3-F4 fibrosis (0.2% steatosis-F3-F4, 0.4% NASH-F3-F4).  

Second, patients with the above characteristics who have been diabetic since the age of 35, have a 

13.3% (11.2% - 17.5%) probability of having a NL, 78.0% (74.0% - 80.3%) of having steatosis, 8.4% 

(6.9% - 9.7%) NASH and 0.3% (0.2% - 0.5%) cirrhosis (Figure 3B). There is a 1.7% (1.2% - 2.1%) 

probability of having F3-F4 fibrosis (0.6% steatosis-F3-F4, 1.1% NASH-F3-F4) in these patients. 
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Finally, 40-year-old men who have been overweight at 10, obese class II at 20 and diabetic at 35 

have a probability of 2.7% (1.8% - 4.6%) of having a NL, 77.6% (72.8% - 81.0%) of having steatosis, 

16.1% (13.3% - 19.8%) NASH and 3.6% (2.4% - 5.5%) cirrhosis (Figure 3C). These patients have a 

10.0% (7.1% - 13.4%) probability of having F3-F4 fibrosis (3.3% steatosis-F3-F4, 6.7% NASH-F3-F4). 

 

Prediction of 5-year disease progression 

The present model predicts the cumulative risk of cirrhosis at 5 years based on non-invasive 

assessment of baseline fibrosis, or biopsy. Figure 4 shows this risk according to different severities of 

fibrosis evaluated by non-invasive methods in 40-year-old non-diabetic women who became 

overweight at 20 years old. The five-year risk of cirrhosis in these patients with baseline NL or <F2 

fibrosis is 0.02% (plausible interval: 0.02% - 0.04%), ranging from 0.006% (0.003% - 0.02%) in the 

absence of NASH to 0.3% (0.2% - 0.6%) in those with NASH at baseline (Figure 4A). The five-year 

risk in the same patients with baseline ≥F2 fibrosis is 12.0% (10.2% - 16.6%), ranging from 7.2% 

(4.8% - 13.5%) in the absence of NASH to 17.8% (15.1% - 21.2%) in the presence of NASH (Figure 

4B). 

When the disease stage is assessed by liver biopsy, providing a precise stage of fibrosis and the 

presence or absence of NASH, the model also predicts the probability of reaching each disease stage 

according to this baseline histological information. For example, previous patients with F2-steatosis 

have a 5-year risk of cirrhosis of 1.8% (0.7% - 5.2%), compared to 6.0% (3.9% - 9.1%) in F2-NASH 

patients and 21.5% (17.3% - 26.5%) in F3-NASH patients (Figure 5). In more severe profiles (men 

who become overweight at 10, obese class II at 20 and diabetic at 35), F2 patients without NASH 

have a 5-year risk of cirrhosis of 10.3% (4.3% - 25.5%), compared to 26.7% (20.0% - 34.2%) in the 

presence of NASH, and 47.0% (40.4% - 53.8%) in F3-NASH patients (not shown).  
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DISCUSSION 

Our model provides a robust tool for predicting the course of disease in severely obese patients. The 

novelty of our work is that all the model parameters are estimated from preoperative liver biopsies and 

individual characteristics from the Lille Bariatric Cohort. Moreover, the model takes into account the 

global overweight history, including the age of overweight onset and BMI at 20, to assess the 

relationship between the progression of NAFLD and the duration of exposure to being overweight, 

obese and with diabetes. We modelled the patient’s average disease history, by considering that, as 

stated elsewhere, candidates for bariatric surgery could not achieve long-term weight loss,38 while 

taking into account that they could achieve temporary regression of steatosis, fibrosis or NASH. 

Another key aspect is that the resulting predictions can be obtained in the absence of information 

about the current stage of fibrosis or after integrating disease stage determined by either liver biopsy 

or non-invasive methods. Our work shows that patients with similar baseline characteristics may have 

marked differences in their risk of progression due to diverse past histories of obesity and diabetes.  

As previously reported,39,40 the model shows that NASH accelerates disease progression with 

variations according to stage of fibrosis. The model also weights the relative impact of different 

independent cofactors such as diabetes, male sex, BMI at 20 years old and the age category of 

overweight onset. As examples, our study confirm the impact of diabetes and male sex, as previously 

reported,41,42 leading to an increase of the progression rate by 202% in a diabetic woman compared to 

a non-diabetic woman, and 291% between a diabetic man and a non-diabetic woman, other factors 

being equal. An interesting insight is that age of overweight onset appears as an important predictive 

factor: in two patients with the same histological diagnosis at the same age, the patient who became 

overweight later is identified with faster disease progression, all other factors being equal. 

Our model is available as a web-based tool (https://lille-model.shinyapps.io/deployedapp/). It can be 

used to improve the care pathway of severely obese patients, and to support the decision for bariatric 

surgery according to the risk of the progression of liver disease. However, it is important to note that 

the model does not consider other important metabolic comorbidities. It is now possible to identify 

which severely obese patients should be referred to specialists during the clinical evaluation based on 

the prediction of the stage of liver disease. Specialists working in the bariatric surgery unit can now 
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select patients with rapid disease progression whatever their baseline fibrosis, in whom delaying 

bariatric surgery would be deleterious to the liver. Specialists working in the bariatric surgery unit can 

now select patients with rapid disease progression whatever their baseline fibrosis, in whom delaying 

bariatric surgery would be deleterious to the liver. For example, 50-year-old non-diabetic women, who 

became overweight at 20, diagnosed with a F3-NASH have a lower 5-year risk of cirrhosis (21.5%) 

than 50-year-old diabetic men, who become overweight at 15 years old, obese class I at 20 and 

diabetic at 35, and diagnosed with F2-NASH (25.8%). However, this approach opens up the unsolved 

issue of what is the appropriate cut-off risk of disease progression to undergo bariatric surgery. Such 

cut-off should be proposed by experts and would need to be estimated in a second step in 

prospective studies.  

The present study has certain limitations. First, the model may be subject to selection bias, because 

the training is based on data from severely obese patients. Thus, it should only be used in these 

patients. Moreover, external validation was not available. Although the model was internally validated 

using a split into the training-testing cohorts, as well as a cross-validation procedure described in the 

Supporting Information, future validation is required to strengthen these conclusions. This shows the 

importance of recording the patients’ history of obesity, which is often lacking in bariatric surgery 

cohorts. Second, our approach may have resulted in an undersampling of cirrhosis, as this event is 

often a contraindication for bariatric surgery. However, we decided to include patients with cirrhosis 

who were candidates but who were not selected for surgery, to limit this bias. As a result, the 

prevalence of compensated cirrhosis was 1.8% in NAFLD patients, which is coherent with the 

prevalence observed in other, non-bariatric cohorts of NAFLD patients with different demographics.43 

Patients with decompensated cirrhosis were not referred for bariatric surgery in the first place, but this 

group is outside the scope of this study. Third, because of the absence of prospective, repeated liver 

biopsies, the model was based on one biopsy from living patients at the time of surgery, and 

assuming that patients had a normal liver when they became overweight. The only way to obtain an 

unbiased evaluation of the natural history of disease would be sequential biopsies from unselected 

patients and in the absence of treatment, which to our knowledge are not available, due to ethical 

reasons. In order to test the potential immortal time bias, as all patients had to survive to inform the 

model, a model incorporating background mortality from the literature was also tested in sensitivity 

analysis and have led to similar results.38 Fourth, our study could be limited by a memory bias. 



  16 

Indeed, even if the data on the history of obesity was collected during specific face-to-face interviews, 

we cannot rule out errors in the patients’ memories of their history of overweight/obesity, especially if 

it occurred during childhood. As the age of onset is a key variable, we decided to exclude patients 

with this missing information. Moreover, a sensitivity analysis was performed to test the impact of the 

recall bias using a simplified age of onset of overweight and, again, similar results were obtained. 

Fifth, we imputed the missing covariates “BMI at 20 years old” and “age of diagnosis of diabetes” in 

411 cases. We used the predictive mean matching method which is the recommended approach and 

produced the least biased estimates.44,45 Such imputation seems to not affect the resulting model, as 

the results were relatively unchanged after exclusion of the patients with imputed data, as described 

in the Supporting Information.   

In conclusion, our model can simulate and predict the progression of NAFLD from its onset to 

cirrhosis in severely obese patients. It shows that taking into account the duration of exposure to key 

risk factors is essential. This model could help in the management of NAFLD in severely obese 

patients, by providing a decision-making tool to help refer and select patients for bariatric surgery 

based on predicted liver status. 
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Table 1 - Clinical, biological, and histological characteristics of patients at biopsy and before 

 
All 

(n=1801) 

Training 

cohort 

(n=1207) 

Testing 

cohort 

(n=594) 

P-value* 

Female sex, n (%) 1341 (74.5) 898 (74.4) 443 (74.6) 0.98 

At biopsy :     

    Age, mean ± SD 41.2 (±11) 41.3 (±12) 41.0 (±11) 0.52 

    BMI (kg/m²), mean ± SD 47.6 (±8) 47.3 (±8)  48.2 (±8)  0.03 

    Diabetes, n (%) 600 (33.3) 411 (34.1) 189 (31.8) 0.37 

    Steatosis, n (%) 1527 (84.8) 1021 (84.6) 506 (85.2) 0.99 

    NASH, n (%) 183 (10.2) 121 (10.0) 62 (10.4) 0.85 

    Fibrosis (Metavir), n (%)     

       F0 1359 (75.5) 902 (74.7) 457 (76.9) 0.33 

       F1 321 (17.8) 221 (18.3) 100 (16.8) 0.48 

       F2 58 (3.2) 40 (3.3) 18 (3.0) 0.86 

       F3 36 (2.0) 26 (2.2) 10 (1.7) 0.62 

       F4 27 (1.5) 18 (1.5) 9 (1.5) 0.99 

History of overweight/obesity :     

    Onset of overweight, n (%)     

       Before 7 years old 395 (21.9) 265 (22.0) 130 (21.9) 0.99 
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       Between 7 years old and 

puberty 
332 (18.4) 225 (18.6) 107 (18.0) 0.80 

       At puberty 368 (20.4) 230 (19.1) 138 (23.2) 0.05 

       Post puberty 706 (39.2) 487 (40.3) 219 (36.9) 0.17 

    Age at the onset of obesity, mean 

± SD 
22.1 (±9) 22.1 (±9) 20.9 (±9) 0.32 

    Age at the onset of diabetes 

among patients with diabetes, mean 

± SD 

41.0 (±9) 41.2 (±9) 39.9 (±9) 0.10 

    BMI at 20 years old, n (%)     

       Normal weight (BMI < 25 kg/m²) 459 (25.5%) 324 (26.8%) 135 (22.7%) 0.07 

       Overweight (25 ≤ BMI < 30 

kg/m²) 
468 (26.0%) 326 (27.0%) 142 (23.9%) 0.18 

       Obese class I (30 ≤ BMI < 35 

kg/m²) 
392 (21.8%) 245 (20.3%) 147 (24.7%) 0.04 

       Obese class II & III (BMI ≥ 35 

kg/m²) 
482 (26.8%) 312 (25.8%) 170 (28.6%) 0.23 

* as the test of difference between training and testing cohorts, using Pearson's Chi-squared test for 

categorical data, and Welch T-test for continuous data. 
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Table 2 – Estimated baseline yearly transition rates for a standard patient, and adjusted hazard 

ratios of the covariates, impacting these transition rates. A standard patient is a woman 

without diabetes, who became overweight during the post-puberty period and have a BMI at 

age 20 indicating that they are overweight . 

 Parameters 95% confidence intervals 

Baseline transition rates   

Normal liver  F0 with steatosis 7.72% 6.85%-8.56% 

F0  F1, with steatosis 1.50% 1.30%-1.74% 

F1  F2, with steatosis 1.35% 0.96%-1.83% 

F2  F3, with steatosis 4.93% 2.87%-8.41% 

F3 with steatosis  cirrhosis 3.25% 1.20%-8.68% 

Steatosis  NASH, regardless of fibrosis 0.61% 0.52%-0.73% 

F0  F1, with NASH 7.35% 5.19%-10.10% 

F1  F2, with NASH 8.37% 5.77%-12.34% 

F2  F3, with NASH 13.35% 10.36%-17.15% 

F3 with NASH  cirrhosis 4.84% 3.77%-6.2% 

Hazard ratios   

Male sex 1.44 1.35-1.55 

Age at onset overweight   

      Before 7 years old 0.68 0.59-0.78 



  26 

      Between age 7 and puberty 0.74 0.65-0.86 

      During puberty 0.83 0.72-0.96 

      Post puberty 1 (ref) 

BMI at 20 years old   

       Normal weight 1 (ref) 

       Overweight 1.06 0.95-1.19  

       Obese class I 1.12 0.98-1.29 

       Obese class II & III 1.28 1.09-1.51 

Presence of type 2 diabetes 2.02 1.74-2.35 
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LEGEND OF FIGURES 

Figure 1 – Markov model of compensated non-alcoholic fatty liver disease. 

Figure 2 – Flow-chart.  

Figure 3 – Expected risk of being in one of the stages of the disease, based on individual 

characteristics, for A) 40-year-old women patients who became overweight at 20, and without 

diabetes, B) 40 year-old women patients who became overweight at 20 and with diabetes since 

age 35, and C) 40 year-old men patients who became overweight at 10, obese class II at 20 and 

with diabetes since age 35.   

Figure 4 – Cumulated risk of cirrhosis at 5 years, for 40 year-old women patients who became 

overweight at 20 and without diabetes, according to current stage assessed by a non-invasive 

test: (A) patients with NL or <F2 fibrosis, (B) patients with ≥F2 fibrosis. The dashed line 

provides a weighted risk estimated without information on NASH status, taking into account 

the likelihood of having NASH at current evaluation or within 5 years, evaluated by the model.  

Figure 5 – Cumulated risk of cirrhosis at 5 years, for 40 year-old women patients who became 

overweight of 20 and without diabetes, according to current stage assessed by liver biopsy: 

normal liver, F2-steatosis, F2-NASH, F3-steatosis, F3-NASH. 


