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Progression of NAFLD according to liver biopsy
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Progression of fibrosis in a population-based study
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worsening of noninvasive fibrosis markers based on 
FIB-4 and NFS. Finally, in analysis using stabilized 
inverse probability weights, moderate drinkers had 
significantly increased risk for progression from 
low to intermediate or high fibrosis scores based on 
FIB-4 and NFS (Supporting Table S5).

Discussion
In this large cohort of 58,927 young and mid-

dle-aged Korean men and women with NAFLD, 
nonheavy alcohol consumption, especially moderate 

alcohol consumption, was significantly associated with 
increased risk for progression from low to intermedi-
ate or high fibrosis scores. This association remained 
significant after adjusting for potential confound-
ers and was observed even when changes in alcohol 
consumption and confounders during follow-up were 
treated as time-varying covariates. Our study findings 
suggest that alcohol consumption adversely affects 
fibrosis progression in NAFLD even with moderate 
alcohol intake.

While some studies reported positive effects of 
moderate drinking on liver histology in NAFLD, 
other studies reported negative outcomes. Dunn et al. 

TABLE 3. Hazard Ratios* (95% CI) for Worsening of Noninvasive Fibrosis Markers by Alcohol Intake Category in Clinically 
Relevant Subgroups

Subgroup

Type of drinkers

P for trend P for interactionNondrinkers Light drinkers Moderate drinkers

Age 0.075
<50 years (n = 54,646) reference 0.91 (0.83-1.00) 1.20 (1.09-1.32) <0.001
≥50 years (n = 4,281) reference 1.12 (0.96-1.31) 1.32 (1.11-1.56) 0.067

Sex 0.987
Woman (n = 10,582) reference 1.06 (0.89-1.26) 1.32 (0.92-1.90) 0.942
Man (n = 48,345) reference 1.06 (0.97-1.17) 1.29 (1.17-1.41) <0.001

BMI 0.514
<25 kg/m2 (n = 23,324) reference 1.07 (0.95-1.21) 1.35 (1.19-1.53) <0.001
≥25 kg/m2 (n = 35,600) reference 1.06 (0.95-1.18) 1.25 (1.12-1.39) 0.001

Current smoker 0.756
No (n= 3 7,954) reference 1.04 (0.94-1.14) 1.28 (1.15-1.42) <0.001
Yes (n = 18,948) reference 1.12 (0.94-1.32) 1.35 (1.15-1.58) <0.001

Regular exercise 0.989
< 3 times/week (n = 51,370) reference 1.06 (0.96-1.16) 1.28 (1.17-1.41) <0.001
≥ 3 times/week (n = 7,185) reference 1.06 (0.87-1.30) 1.30 (1.07-1.58) 0.435

HsCRP 0.098
<1.0 mg/L (n = 34,490) reference 1.01 (0.91-1.13) 1.30 (1.17-1.44) <0.001
≥1.0 mg/L (n = 22,970) reference 1.16 (1.02-1.32) 1.28 (1.12-1.45) 0.054

HOMA-IR 0.301
<2.5 (n = 38,482) reference 1.13 (1.02-1.25) 1.35 (1.22-1.50) <0.001
≥2.5 (n = 19,419) reference 0.99 (0.85-1.14) 1.26 (1.09-1.44) 0.004

Diabetes 0.440
No (n = 56,344) reference 1.07 (0.98-1.16) 1.30 (1.19-1.42) <0.001
Yes (n = 2,583) reference 1.03 (0.77-1.39) 1.08 (0.81-1.45) 0.953

Menopause† 0.157
No (n = 6,816) reference 0.86 (0.68-1.09) 1.19 (0.76-1.87) 0.906
Yes (n = 1,895) reference 1.14 (0.91-1.44) 0.90 (0.48-1.70) 0.944

*Estimated from parametric proportional hazard models adjusted for age, sex, center, year of screening exam, BMI, smoking status, 
regular exercise, education level, history of diabetes, medication for diabetes, history of hypertension, medication for diabetes and 
medication for dyslipidemia.
†Among 8,711 female participants with information on menopause, which was defined as having no menstruation for 12 months or 
longer.
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  Ref. Study characteristics Years of 
follow-up

NAFLD 
diagnosis 

Study outcomes Main findings

  Fraser et al[47], 
  2007 

Meta-analysis of 10 population-
based cohort studies

     7.3 Liver 
enzymes 

Fatal and non-
fatal CVD 

events

Elevated serum GGT level was associated with 
increased incidence of CVD events, independently 
of alcohol intake and traditional CVD risk factors

  Schindhelm et al[48],   
  2007

Population-based cohort, n = 1439 
subjects (Hoorn Study)

   10.0 Liver 
enzymes

Fatal and non-
fatal CHD 

events

Elevated serum ALT level was associated with CHD 
events, independently of the MetS and traditional 

CVD risk factors 
  Goessling et al[49], 
  2008

Community-based cohort, n = 
2812 (Framingham Offspring 

Heart Study) 

   20.0 Liver 
enzymes

Fatal and non-
fatal CVD 

events

Elevated serum ALT level was not associated with 
CVD events at multivariate analyses 

  Dunn et al[50], 
  2008

Population-based cohort, n = 7574 
(NHANES-Ⅲ)

    8.7  Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased all-cause and CVD mortality rates 
in NAFLD but only in 45-54 year age group, 

independently of conventional CVD risk factors and 
C-reactive protein 

  Ong et al[51], 
  2008

Population-based cohort, n = 
11285 subjects (NHANES-Ⅲ)

    8.7 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD. Liver disease was the third 

leading cause of death among persons with NAFLD 
after CVD and cancer-related mortality

  Ruhl et al[52], 
  2009

Population-based cohort, n = 
14950 (NHANES-Ⅲ)

    8.8 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Elevated serum GGT level was associated with 
mortality from all causes, liver disease but not from 
CVD causes. Serum ALT level was associated only 

with liver disease mortality 
  Yun et al[53], 
  2009

Community-based cohort, n = 
37085 (Health Promotion Center)

     5.0 Liver 
enzymes

CVD or 
diabetes-related 

mortality

Elevated serum ALT level was independently 
associated with increased CVD or diabetes-related 

mortality 
  Calori et al[54], 
  2011

Community based-cohort, n = 
2074 (Cremona study)

   15.0 FLI index All-cause and 
cause- specific 

mortality

FLI was independently associated with all-cause, 
hepatic, cancer and CVD mortality. When HOMA-

insulin resistance was included in multivariate 
analyses, FLI retained its statistical association with 

hepatic-related mortality but not with all-cause, 
CVD and cancer-related mortality

  Lerchbaum et al[55], 
  2013

Consecutive sample of patients, n 
= 3270 subjects routinely referred 

to coronary angiography

     7.7 FLI index All-cause and 
cause- specific 

mortality

High FLI was independently associated with 
increased all-cause, CVD, non-cardiovascular and 

cancer mortality
  Jepsen et al[56], 
  2003

Population-based cohort, n = 
1804 with hospital diagnosis of 

NAFLD (Danish national registry 
of patients) 

   16.0 US All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD, independently of sex, diabetes, 

and cirrhosis at baseline

  Targher et al[57], 
  2007 

Outpatient cohort, n = 2103 type 
2 diabetic subjects (Valpolicella 

Heart Diabetes Study)

     6.5 US Fatal and non-
fatal CVD

Increased rates of fatal and non-fatal CVD events 
in NAFLD, independently of age, sex, body mass 

index, smoking, diabetes duration, hemoglobin A1c, 
LDL-cholesterol, MetS features, medication use

  Soler Rodriguez et al[58], 
  2007 

Community-based cohort, n = 
1637 healthy Japanese 

     5.0 US Non-fatal CVD 
events

Increased rates of non-fatal CVD events in NAFLD, 
independently of age, sex, body mass index, alcohol 

intake, smoking, LDL-cholesterol, MetS features
  Lazo et al[59], 
  2011

Population-based cohort, n = 
11371 (NHANES-Ⅲ)

   14.5 US All-cause and 
cause-specific 

mortality

NAFLD was not associated with increased all-cause 
and cause-specific (CVD, cancer and liver) mortality 

  Stepanova et al[60], 
  2012 

Population-based cohort, n = 
11613 (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause-specific 

mortality

NAFLD was associated with increased prevalence 
of CVD, after adjusting for established CVD risk 

factors, but not with increased CVD mortality
  Zhou et al[61], 2012 Community-based cohort study, 

n = 3543 adult men and women 
     4.0 US All-cause and 

CVD mortality
Increased rates of all-cause and CVD mortality in 

NAFLD 
  Younossi et al[62], 
  2013

Population-based cohort, n = 1448 
with NAFLD (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause- specific 

mortality

NAFLD was independently associated with 
increased all-cause, CVD and liver-related mortality 

only among NAFLD patients with the MetS
  Haring et al[63], 
  2009

Population-based cohort, n = 4160 
German subjects (Study of Health 

in Pomerania)

     7.2 US and liver 
enzymes

All-cause and 
CVD mortality

Elevated serum GGT level was independently 
associated with increased all-cause and CVD 

mortality in men
  Kim et al[64], 
  2013

Population-based cohort, n = 1154 
(NHANES-Ⅲ)

   14.5 US and 
advanced 

fibrosis score 
systems

All-cause and 
cause- specific 

mortality

NAFLD was not associated with increased all-cause 
mortality. However, NAFLD with advanced hepatic 

fibrosis (defined by NAFLD fibrosis score, APRI 
index or Fib-4) was independently associated with 
risk of all-cause mortality, of which the majority of 

deaths were due to CVD

Table 2  Main prospective studies relating non-alcoholic fatty liver disease to increased risk of incident coronary heart disease or 
cardiovascular events, ordered by methodology used for the diagnosis of non-alcoholic fatty liver disease

Ballestri S et al . Cardiac and arrhythmic complications in NAFLD

1728 February 21, 2014|Volume 20|Issue 7|WJG|www.wjgnet.com

  Ref. Study characteristics Years of 
follow-up

NAFLD 
diagnosis 

Study outcomes Main findings

  Fraser et al[47], 
  2007 

Meta-analysis of 10 population-
based cohort studies

     7.3 Liver 
enzymes 

Fatal and non-
fatal CVD 

events

Elevated serum GGT level was associated with 
increased incidence of CVD events, independently 
of alcohol intake and traditional CVD risk factors

  Schindhelm et al[48],   
  2007

Population-based cohort, n = 1439 
subjects (Hoorn Study)

   10.0 Liver 
enzymes

Fatal and non-
fatal CHD 

events

Elevated serum ALT level was associated with CHD 
events, independently of the MetS and traditional 

CVD risk factors 
  Goessling et al[49], 
  2008

Community-based cohort, n = 
2812 (Framingham Offspring 

Heart Study) 

   20.0 Liver 
enzymes

Fatal and non-
fatal CVD 

events

Elevated serum ALT level was not associated with 
CVD events at multivariate analyses 

  Dunn et al[50], 
  2008

Population-based cohort, n = 7574 
(NHANES-Ⅲ)

    8.7  Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased all-cause and CVD mortality rates 
in NAFLD but only in 45-54 year age group, 

independently of conventional CVD risk factors and 
C-reactive protein 

  Ong et al[51], 
  2008

Population-based cohort, n = 
11285 subjects (NHANES-Ⅲ)

    8.7 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD. Liver disease was the third 

leading cause of death among persons with NAFLD 
after CVD and cancer-related mortality

  Ruhl et al[52], 
  2009

Population-based cohort, n = 
14950 (NHANES-Ⅲ)

    8.8 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Elevated serum GGT level was associated with 
mortality from all causes, liver disease but not from 
CVD causes. Serum ALT level was associated only 

with liver disease mortality 
  Yun et al[53], 
  2009

Community-based cohort, n = 
37085 (Health Promotion Center)

     5.0 Liver 
enzymes

CVD or 
diabetes-related 

mortality

Elevated serum ALT level was independently 
associated with increased CVD or diabetes-related 

mortality 
  Calori et al[54], 
  2011

Community based-cohort, n = 
2074 (Cremona study)

   15.0 FLI index All-cause and 
cause- specific 

mortality

FLI was independently associated with all-cause, 
hepatic, cancer and CVD mortality. When HOMA-

insulin resistance was included in multivariate 
analyses, FLI retained its statistical association with 

hepatic-related mortality but not with all-cause, 
CVD and cancer-related mortality

  Lerchbaum et al[55], 
  2013

Consecutive sample of patients, n 
= 3270 subjects routinely referred 

to coronary angiography

     7.7 FLI index All-cause and 
cause- specific 

mortality

High FLI was independently associated with 
increased all-cause, CVD, non-cardiovascular and 

cancer mortality
  Jepsen et al[56], 
  2003

Population-based cohort, n = 
1804 with hospital diagnosis of 

NAFLD (Danish national registry 
of patients) 

   16.0 US All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD, independently of sex, diabetes, 

and cirrhosis at baseline

  Targher et al[57], 
  2007 

Outpatient cohort, n = 2103 type 
2 diabetic subjects (Valpolicella 

Heart Diabetes Study)

     6.5 US Fatal and non-
fatal CVD

Increased rates of fatal and non-fatal CVD events 
in NAFLD, independently of age, sex, body mass 

index, smoking, diabetes duration, hemoglobin A1c, 
LDL-cholesterol, MetS features, medication use

  Soler Rodriguez et al[58], 
  2007 

Community-based cohort, n = 
1637 healthy Japanese 

     5.0 US Non-fatal CVD 
events

Increased rates of non-fatal CVD events in NAFLD, 
independently of age, sex, body mass index, alcohol 

intake, smoking, LDL-cholesterol, MetS features
  Lazo et al[59], 
  2011

Population-based cohort, n = 
11371 (NHANES-Ⅲ)

   14.5 US All-cause and 
cause-specific 

mortality

NAFLD was not associated with increased all-cause 
and cause-specific (CVD, cancer and liver) mortality 

  Stepanova et al[60], 
  2012 

Population-based cohort, n = 
11613 (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause-specific 

mortality

NAFLD was associated with increased prevalence 
of CVD, after adjusting for established CVD risk 

factors, but not with increased CVD mortality
  Zhou et al[61], 2012 Community-based cohort study, 

n = 3543 adult men and women 
     4.0 US All-cause and 

CVD mortality
Increased rates of all-cause and CVD mortality in 

NAFLD 
  Younossi et al[62], 
  2013

Population-based cohort, n = 1448 
with NAFLD (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause- specific 

mortality

NAFLD was independently associated with 
increased all-cause, CVD and liver-related mortality 

only among NAFLD patients with the MetS
  Haring et al[63], 
  2009

Population-based cohort, n = 4160 
German subjects (Study of Health 

in Pomerania)

     7.2 US and liver 
enzymes

All-cause and 
CVD mortality

Elevated serum GGT level was independently 
associated with increased all-cause and CVD 

mortality in men
  Kim et al[64], 
  2013

Population-based cohort, n = 1154 
(NHANES-Ⅲ)

   14.5 US and 
advanced 

fibrosis score 
systems

All-cause and 
cause- specific 

mortality

NAFLD was not associated with increased all-cause 
mortality. However, NAFLD with advanced hepatic 

fibrosis (defined by NAFLD fibrosis score, APRI 
index or Fib-4) was independently associated with 
risk of all-cause mortality, of which the majority of 

deaths were due to CVD

Table 2  Main prospective studies relating non-alcoholic fatty liver disease to increased risk of incident coronary heart disease or 
cardiovascular events, ordered by methodology used for the diagnosis of non-alcoholic fatty liver disease

Ballestri S et al . Cardiac and arrhythmic complications in NAFLD

1728 February 21, 2014|Volume 20|Issue 7|WJG|www.wjgnet.com

  Ref. Study characteristics Years of 
follow-up

NAFLD 
diagnosis 

Study outcomes Main findings

  Fraser et al[47], 
  2007 

Meta-analysis of 10 population-
based cohort studies

     7.3 Liver 
enzymes 

Fatal and non-
fatal CVD 

events

Elevated serum GGT level was associated with 
increased incidence of CVD events, independently 
of alcohol intake and traditional CVD risk factors

  Schindhelm et al[48],   
  2007

Population-based cohort, n = 1439 
subjects (Hoorn Study)

   10.0 Liver 
enzymes

Fatal and non-
fatal CHD 

events

Elevated serum ALT level was associated with CHD 
events, independently of the MetS and traditional 

CVD risk factors 
  Goessling et al[49], 
  2008

Community-based cohort, n = 
2812 (Framingham Offspring 

Heart Study) 

   20.0 Liver 
enzymes

Fatal and non-
fatal CVD 

events

Elevated serum ALT level was not associated with 
CVD events at multivariate analyses 

  Dunn et al[50], 
  2008

Population-based cohort, n = 7574 
(NHANES-Ⅲ)

    8.7  Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased all-cause and CVD mortality rates 
in NAFLD but only in 45-54 year age group, 

independently of conventional CVD risk factors and 
C-reactive protein 

  Ong et al[51], 
  2008

Population-based cohort, n = 
11285 subjects (NHANES-Ⅲ)

    8.7 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD. Liver disease was the third 

leading cause of death among persons with NAFLD 
after CVD and cancer-related mortality

  Ruhl et al[52], 
  2009

Population-based cohort, n = 
14950 (NHANES-Ⅲ)

    8.8 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Elevated serum GGT level was associated with 
mortality from all causes, liver disease but not from 
CVD causes. Serum ALT level was associated only 

with liver disease mortality 
  Yun et al[53], 
  2009

Community-based cohort, n = 
37085 (Health Promotion Center)

     5.0 Liver 
enzymes

CVD or 
diabetes-related 

mortality

Elevated serum ALT level was independently 
associated with increased CVD or diabetes-related 

mortality 
  Calori et al[54], 
  2011

Community based-cohort, n = 
2074 (Cremona study)

   15.0 FLI index All-cause and 
cause- specific 

mortality

FLI was independently associated with all-cause, 
hepatic, cancer and CVD mortality. When HOMA-

insulin resistance was included in multivariate 
analyses, FLI retained its statistical association with 

hepatic-related mortality but not with all-cause, 
CVD and cancer-related mortality

  Lerchbaum et al[55], 
  2013

Consecutive sample of patients, n 
= 3270 subjects routinely referred 

to coronary angiography

     7.7 FLI index All-cause and 
cause- specific 

mortality

High FLI was independently associated with 
increased all-cause, CVD, non-cardiovascular and 

cancer mortality
  Jepsen et al[56], 
  2003

Population-based cohort, n = 
1804 with hospital diagnosis of 

NAFLD (Danish national registry 
of patients) 

   16.0 US All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD, independently of sex, diabetes, 

and cirrhosis at baseline

  Targher et al[57], 
  2007 

Outpatient cohort, n = 2103 type 
2 diabetic subjects (Valpolicella 

Heart Diabetes Study)

     6.5 US Fatal and non-
fatal CVD

Increased rates of fatal and non-fatal CVD events 
in NAFLD, independently of age, sex, body mass 

index, smoking, diabetes duration, hemoglobin A1c, 
LDL-cholesterol, MetS features, medication use

  Soler Rodriguez et al[58], 
  2007 

Community-based cohort, n = 
1637 healthy Japanese 

     5.0 US Non-fatal CVD 
events

Increased rates of non-fatal CVD events in NAFLD, 
independently of age, sex, body mass index, alcohol 

intake, smoking, LDL-cholesterol, MetS features
  Lazo et al[59], 
  2011

Population-based cohort, n = 
11371 (NHANES-Ⅲ)

   14.5 US All-cause and 
cause-specific 

mortality

NAFLD was not associated with increased all-cause 
and cause-specific (CVD, cancer and liver) mortality 

  Stepanova et al[60], 
  2012 

Population-based cohort, n = 
11613 (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause-specific 

mortality

NAFLD was associated with increased prevalence 
of CVD, after adjusting for established CVD risk 

factors, but not with increased CVD mortality
  Zhou et al[61], 2012 Community-based cohort study, 

n = 3543 adult men and women 
     4.0 US All-cause and 

CVD mortality
Increased rates of all-cause and CVD mortality in 

NAFLD 
  Younossi et al[62], 
  2013

Population-based cohort, n = 1448 
with NAFLD (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause- specific 

mortality

NAFLD was independently associated with 
increased all-cause, CVD and liver-related mortality 

only among NAFLD patients with the MetS
  Haring et al[63], 
  2009

Population-based cohort, n = 4160 
German subjects (Study of Health 

in Pomerania)

     7.2 US and liver 
enzymes

All-cause and 
CVD mortality

Elevated serum GGT level was independently 
associated with increased all-cause and CVD 

mortality in men
  Kim et al[64], 
  2013

Population-based cohort, n = 1154 
(NHANES-Ⅲ)

   14.5 US and 
advanced 

fibrosis score 
systems

All-cause and 
cause- specific 

mortality

NAFLD was not associated with increased all-cause 
mortality. However, NAFLD with advanced hepatic 

fibrosis (defined by NAFLD fibrosis score, APRI 
index or Fib-4) was independently associated with 
risk of all-cause mortality, of which the majority of 

deaths were due to CVD

Table 2  Main prospective studies relating non-alcoholic fatty liver disease to increased risk of incident coronary heart disease or 
cardiovascular events, ordered by methodology used for the diagnosis of non-alcoholic fatty liver disease

Ballestri S et al . Cardiac and arrhythmic complications in NAFLD
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  Ref. Study characteristics Years of 
follow-up

NAFLD 
diagnosis 

Study outcomes Main findings

  Fraser et al[47], 
  2007 

Meta-analysis of 10 population-
based cohort studies

     7.3 Liver 
enzymes 

Fatal and non-
fatal CVD 

events

Elevated serum GGT level was associated with 
increased incidence of CVD events, independently 
of alcohol intake and traditional CVD risk factors

  Schindhelm et al[48],   
  2007

Population-based cohort, n = 1439 
subjects (Hoorn Study)

   10.0 Liver 
enzymes

Fatal and non-
fatal CHD 

events

Elevated serum ALT level was associated with CHD 
events, independently of the MetS and traditional 

CVD risk factors 
  Goessling et al[49], 
  2008

Community-based cohort, n = 
2812 (Framingham Offspring 

Heart Study) 

   20.0 Liver 
enzymes

Fatal and non-
fatal CVD 

events

Elevated serum ALT level was not associated with 
CVD events at multivariate analyses 

  Dunn et al[50], 
  2008

Population-based cohort, n = 7574 
(NHANES-Ⅲ)

    8.7  Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased all-cause and CVD mortality rates 
in NAFLD but only in 45-54 year age group, 

independently of conventional CVD risk factors and 
C-reactive protein 

  Ong et al[51], 
  2008

Population-based cohort, n = 
11285 subjects (NHANES-Ⅲ)

    8.7 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD. Liver disease was the third 

leading cause of death among persons with NAFLD 
after CVD and cancer-related mortality

  Ruhl et al[52], 
  2009

Population-based cohort, n = 
14950 (NHANES-Ⅲ)

    8.8 Liver 
enzymes

All-cause and 
cause- specific 

mortality

Elevated serum GGT level was associated with 
mortality from all causes, liver disease but not from 
CVD causes. Serum ALT level was associated only 

with liver disease mortality 
  Yun et al[53], 
  2009

Community-based cohort, n = 
37085 (Health Promotion Center)

     5.0 Liver 
enzymes

CVD or 
diabetes-related 

mortality

Elevated serum ALT level was independently 
associated with increased CVD or diabetes-related 

mortality 
  Calori et al[54], 
  2011

Community based-cohort, n = 
2074 (Cremona study)

   15.0 FLI index All-cause and 
cause- specific 

mortality

FLI was independently associated with all-cause, 
hepatic, cancer and CVD mortality. When HOMA-

insulin resistance was included in multivariate 
analyses, FLI retained its statistical association with 

hepatic-related mortality but not with all-cause, 
CVD and cancer-related mortality

  Lerchbaum et al[55], 
  2013

Consecutive sample of patients, n 
= 3270 subjects routinely referred 

to coronary angiography

     7.7 FLI index All-cause and 
cause- specific 

mortality

High FLI was independently associated with 
increased all-cause, CVD, non-cardiovascular and 

cancer mortality
  Jepsen et al[56], 
  2003

Population-based cohort, n = 
1804 with hospital diagnosis of 

NAFLD (Danish national registry 
of patients) 

   16.0 US All-cause and 
cause- specific 

mortality

Increased rates of all-cause, CVD and liver-related 
mortality in NAFLD, independently of sex, diabetes, 

and cirrhosis at baseline

  Targher et al[57], 
  2007 

Outpatient cohort, n = 2103 type 
2 diabetic subjects (Valpolicella 

Heart Diabetes Study)

     6.5 US Fatal and non-
fatal CVD

Increased rates of fatal and non-fatal CVD events 
in NAFLD, independently of age, sex, body mass 

index, smoking, diabetes duration, hemoglobin A1c, 
LDL-cholesterol, MetS features, medication use

  Soler Rodriguez et al[58], 
  2007 

Community-based cohort, n = 
1637 healthy Japanese 

     5.0 US Non-fatal CVD 
events

Increased rates of non-fatal CVD events in NAFLD, 
independently of age, sex, body mass index, alcohol 

intake, smoking, LDL-cholesterol, MetS features
  Lazo et al[59], 
  2011

Population-based cohort, n = 
11371 (NHANES-Ⅲ)

   14.5 US All-cause and 
cause-specific 

mortality

NAFLD was not associated with increased all-cause 
and cause-specific (CVD, cancer and liver) mortality 

  Stepanova et al[60], 
  2012 

Population-based cohort, n = 
11613 (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause-specific 

mortality

NAFLD was associated with increased prevalence 
of CVD, after adjusting for established CVD risk 

factors, but not with increased CVD mortality
  Zhou et al[61], 2012 Community-based cohort study, 

n = 3543 adult men and women 
     4.0 US All-cause and 

CVD mortality
Increased rates of all-cause and CVD mortality in 

NAFLD 
  Younossi et al[62], 
  2013

Population-based cohort, n = 1448 
with NAFLD (NHANES-Ⅲ) 

   14.2 US All-cause and 
cause- specific 

mortality

NAFLD was independently associated with 
increased all-cause, CVD and liver-related mortality 

only among NAFLD patients with the MetS
  Haring et al[63], 
  2009

Population-based cohort, n = 4160 
German subjects (Study of Health 

in Pomerania)

     7.2 US and liver 
enzymes

All-cause and 
CVD mortality

Elevated serum GGT level was independently 
associated with increased all-cause and CVD 

mortality in men
  Kim et al[64], 
  2013

Population-based cohort, n = 1154 
(NHANES-Ⅲ)

   14.5 US and 
advanced 

fibrosis score 
systems

All-cause and 
cause- specific 

mortality

NAFLD was not associated with increased all-cause 
mortality. However, NAFLD with advanced hepatic 

fibrosis (defined by NAFLD fibrosis score, APRI 
index or Fib-4) was independently associated with 
risk of all-cause mortality, of which the majority of 

deaths were due to CVD

Table 2  Main prospective studies relating non-alcoholic fatty liver disease to increased risk of incident coronary heart disease or 
cardiovascular events, ordered by methodology used for the diagnosis of non-alcoholic fatty liver disease
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  Ref. Study characteristics Years of follow-
up

Diagnosis of 
NAFLD

Study outcomes Main findings

  Ekstedt et al[30] (2015) Retrospective cohort study
n = 229 Swedish patients 

with NAFLD and elevated 
liver enzymes (49% 

NASH); mean age 49 yr, 
66% men 

26.4 (mean) Histology n = 96 total deaths, 41 CVD 
related deaths

Increased rates of all-cause, liver-
related and CVD mortality with 
NAFLD compared with general 

control population. Fibrosis 
stage on histology significantly 
predicted the risk of all-cause, 

liver-related and CVD mortality
  Ekstedt et al[31] (2006) Cohort study

129 consecutively enrolled 
patients diagnosed with 
biopsy-proven NAFLD 

were reevaluated. Survival 
and causes of death were 
compared with a matched 

reference population. 
Living NAFLD patients 
were offered repeat liver 
biopsy and clinical and 

biochemical investigation

13.7 (mean) Histology Mortality was not increased in 
patients with steatosis. Survival 

of patients with nonalcoholic 
steatohepatitis (NASH) was 

reduced. These subjects more 
often died from cardiovascular 

and liver-related causes. At 
follow-up, 69 of 88 patients 
had diabetes or impaired 

glucose tolerance. Progression 
of liver fibrosis occurred in 

41%. These subjects more often 
had a weight gain exceeding 
5 kg, they were more insulin 
resistant, and they exhibited 

more pronounced hepatic fatty 
infiltration at follow-up

Increased total mortality which 
was primarily CV related (only 

in NASH patients but not in 
simple steatosis) compared with 

matched reference population

  Soderberg et al[11] (2010) Retrospective cohort study
256 subjects (61% men, 
mean age of 45 ± 12 yr) 

This study was 
undertaken to determine 
the frequency of NAFLD 

in a cohort of subjects who 
underwent liver biopsy 

from 1980 to 1984 because 
of elevated liver enzymes, 

and to assess mortality 
among subjects with 

NAFLD in comparison 
with the general Swedish 

population. 
Liver biopsies were 

blindly scored for NAFLD 
and NASH

24 yr (mean) Histology During the follow-up 
period, 113 (44%) of the total 
population and 47 (40%) of 
the 118 subjects diagnosed 
with NAFLD died. Of the 

113 deaths, 37 were of 
cardiovascular disease and 
16 of liver diseases. NAFLD 
exhibited a 69% increased 

mortality, subjects with bland 
steatosis, a 55% increase, and 

subjects with NASH, 86%

Increased total mortality in 
NAFLD was predominantly CV 
related, compared with matched 

reference population

  Pickhardt et al[32] (2014) Retrospective cohort study
United States adults 

undergoing abdominal 
CT selected among 

4412 consecutive adults 
scanned with CT for 

clinical reasons over a 
12-mo period: 282 NAFLD 

patients and 786 non-
steatotic controls after 
exclusion of those with 

known liver diseases or < 
1 yr of follow-up; mean 

51 yr, 46% men

7.5 (mean) Unenhanced CT Non-fatal CVD events 
(myocardial infarction, stroke, 

TIA or coronary bypass or 
stent); n = 73 CVD events

NAFLD was not independently 
associated with non-fatal CVD 

events

  Zeb et al[12] (2016) Prospective cohort study
n = 4119 United States 

participants aged 
45-84 yr 

(mean 62 yr, 45% men) 
who were free of CVD 

and known liver diseases 
at baseline

7.6 (mean) Unenhanced CT All-cause mortality and no-
fatal CVD events (myocardial 
infarction, resuscitated cardiac 

arrest, angina, or coronary 
revascularization procedures), 

n = 253 deaths and 209 non-
fatal CVD events

NAFLD was independently 
associated with a composite 

endpoint inclusive of all-cause 
death and non-fatal CVD events

Table 1  Recent epidemiological studies evaluating cardiovascular risk in non-alcoholic fatty liver disease

Patil R et al . NAFLD and cardiovascular risk



All cause mortality is related to fibrosis stage in biopsy-
proven NAFLD patients: metaanalysis

mortality and morbidity in NAFLD (with a 5–12 fold in-
crease in RR of death and liver-related events, including
liver failure, transplantation, and liver cancer). Beyond the
increased risk associated with fibrosis, the available data do

not provide evidence for additional differential risk between
the reported subgroups of patients with NAFLD with NAFL
or NASH. There was, however, limited and contradictory
evidence of the impact of stage of fibrosis on the HRQoL,

Table 3.Meta-analysis: Pooled Unadjusted Relative Risk by Fibrosis Stage (Relative to Stage 0) for All Patients With NAFLD

Number of studies

Stage 0 vs
1 RR (95% CI),

P value n/N vs n/N,
I2 statistic

Stage 0 vs
2 RR (95% CI),

P value n/N vs n/N,
I2 statistic

Stage 0 vs
3 RR (95% CI),

P value n/N vs n/N,
I2 statistic

Stage 0 vs
4 RR (95% CI),

P value n/N vs n/N,
I2 statistic

All-cause mortality
8 1.12 (0.91–1.38)

135/843 vs 136/896, 0%
1.50 (1.20–1.86)

135/843 vs 103/425, 0%
2.13 (1.70–2.67)

135/843 vs 86/301, 0%
3.42 (2.63–4.46)

135/843 vs 61/169, 27%
Liver-related mortality
7 1.05 (0.35–3.16)

3/521 vs 7/755, 0%
2.53 (0.88–7.27)

3/521 vs 10/340, 0%
6.65 (1.99–22.25)

3/521 vs 12/248, 0%
11.13 (4.15–29.84), 0%

3/521 vs 22/151
Liver transplantation
6 0.40 (0.02–7.50)

0/466 vs 2/691, 0%
1.98 (0.24–16.10)

0/466 vs 3/314, 0%
RR not calculable
0/466 vs 0/205, 0%

5.42 (1.05–27.89)
0/466 vs 6/129, 0%

All liver events
7 1.02 (0.58–1.89)

18/787 vs 25/823, 0%
2.67 (1.58–4.51)

19/787 vs 39/399, 0%
5.24 (3.97–8.98)

19/787 vs 39/256, 0%
12.78 (6.85–23.85)

19/787 vs 52/156, 0%

NOTE. All meta-analyses were fixed effect.

Figure 2.Meta-analysis: unadjusted RR of all-cause mortality by fibrosis stage (vs stage 0) in all patients with NAFLD.

1620 Taylor et al Gastroenterology Vol. 158, No. 6
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Fibrosis markers are predictive of mortality in 
NAFLD population-based studies

one another in the study design, disparate conclusions
were reached. One study found that ALT elevation was
associated with an 8-fold increase in liver-related mor-
tality, but not with overall mortality,24 whereas another
reported that increase in mortality was restricted to
certain age groups only.25 Serum ALT is a suboptimal
indicator for NAFLD because it is neither sensitive
nor specific for NAFLD. For example, a well-publi-
cized population-based study observed that as many as
79% of subjects with hepatic steatosis, determined by
magnetic resonance spectroscopy (MRS), had serum
ALT within normal limits.27 Obviously, serum ALT is
entirely nonspecific for NAFLD and the accuracy of
ALT in the detection of NAFLD depends on the
degree to which other etiologies of liver disease can be
confidently excluded. Furthermore, because serum ALT
often decreases as fibrosis progresses in NAFLD
patients, an important subgroup of NAFLD patients,
namely, those with advanced fibrosis, may be systemi-
cally under-represented if ALT alone is used for detec-
tion of NAFLD.
To the extent that abdominal USG is widely used in

clinical practice, detection of steatosis is one of the
most commonly encountered scenarios in which
NAFLD is suspected and diagnosed. Although USG
may not be as accurate as MRS, its utility in the diag-
nosis of hepatic steatosis is quite high, as shown in a
recent systemic review.11 The main limitation of USG

in the evaluation of patients with NAFLD is that it is
unable to distinguish between NAFLD with and with-
out advanced fibrosis, unless there are gross morpho-
logical changes consistent with cirrhosis. Because the
USG description of hepatic steatosis has been released
for the NHANES participants, a recent analysis of the
NHANES data attempted to better define NASH by
the combination of USG and serum ALT activities.28

Using those definitions, the investigators found that
neither NAFLD nor NASH had any effect on subse-
quent mortality. The main limitation of the study was
the use of serum ALT in defining NASH, which, as
discussed above, is a suboptimal surrogate.
Using the same data set, but employing a more-spe-

cific diagnostic marker for fibrosis, namely, the NFS,
APRI, and FIB-4, we came to a slightly different con-
clusion—that is, NAFLD associated with evidence of
fibrosis has a significant effect on subsequent mortality.
It is noteworthy that most of the increase in mortality
was the result of cardiovascular causes, even when typi-
cal risk factors for atherosclerotic disease, such as
hypertension, diabetes, tobacco smoking, history of
CVD, and lipid disorders, were already taken into
account. This observation is consistent with previous
data that NAFLD is an independent predictor of car-
diovascular morbidity.29-31

With regard to mortality from liver disease, the lack
of significant association between NAFLD with or

Table 5. Association Between APRI and FIB-4 Score and Overall and Cause-Specific Mortality Among Subjects With NAFLD

APRI* FIB-4*

HR (95% CI) P Value HR (95% CI) P Value

Mortality from all causes
Low score Reference Reference
Intermediate score 1.32 (0.78-2.23) 0.294 1.46 (1.16-1.82) 0.002
High score 1.85 (1.02-3.37) 0.044 1.66 (0.98-2.82) 0.060

CVD
Low score Reference Reference
Intermediate score 0.97 (0.40-2.34) 0.937 1.75 (1.26-2.43) 0.001
High score 2.53 (1.33-4.83) 0.006 2.68 (1.44-4.99) 0.003

Liver disease
Low score Reference Reference
Intermediate score 6.08 (0.77-48.21) 0.086 0.68 (0.11-4.05) 0.667
High score 3.01 (0.20-45.62) 0.420 1.32 (0.12-14.80) 0.821

Malignancy
Low score Reference Reference
Intermediate score 2.33 (0.91-5.96) 0.076 0.89 (0.49-1.63) 0.705
High score 2.31 (0.35-15.10) 0.374 0.96 (0.19-4.82) 0.962

Diabetes
Low score Reference Reference
Intermediate score 0.41 (0.12-1.46) 0.166 0.98 (0.57-1.68) 0.945
High score 29.36 (10.05-85.74) <0.001 2.89 (0.33-25.35) 0.330

Because of smaller numbers of deaths, education, income, and history of CVD, lipid-lowering medication and C-reactive protein were excluded from model for
liver disease.
*Models adjusted for age, sex, race or ethnicity, education, income, diabetes, hypertension, history of CVD, lipid-lowering medication, smoking status, waist

circumference, alcohol consumption, caffeine consumption, total cholesterol, high-density lipoprotein cholesterol, transferrin saturation, and C-reactive protein.

HEPATOLOGY, Vol. 57, No. 4, 2013 KIM ET AL. 1363
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Questions
• The risk of clinical outcomes and death in real life 

NAFLD subjects according to the large CONSTANCES 
cohort.

• The incidence rates of outcomes in real life vs liver-
biopsed NAFLD patients according to the stage of 
fibrosis : 

CONSTANCES vs NASH CRN
n=137,206 n=1773 

Nabi O et al. Gastroenterology 2020 Sanyal A et al; NEJM 2021



The Constances cohort
CONSTANCES was designed as a sample representative for age, gender and socioeconomic 
status of French adult population aged 18-69. Restricted to salaried workers (85% of French 
population, 50 M people).

invited every 5 years for a new health examination in a
HSC. Maximizing their personal participation rate is

essential. Accordingly, regular contact with participants

includes a CONSTANCES Cohort Journal, which will
present results, nested projects, etc., and is sent regularly to

participants. A website was also created (www.constances.

fr). The subjects included in CONSTANCES are also fol-
lowed up ‘‘passively’’ (so-called because this follow-up

does not require the subjects’ participation) by annual

linkage with three national social and health data
databases.

The National Retirement Insurance Fund administered

by CNAV ensures the retirement pension for every indi-
vidual in France who had health insurance from CNAMTS

at least once during his or her life. CNAV has therefore set

up a system that allows it to collect social and occupational
data from different organisms and schemes that manage

various forms of insurance and other social protection. The

CNAV regularly receives for its databases employers’
annual reports (occupation, salary), and information about

periods of employment and unemployment from social

welfare organizations (e.g., sick leave, maternity leave,
unemployment, and diverse social benefits) [33].

The National Health Insurance Fund administered by

CNAMTS manages the SNIIRAM database which covers
the entire French population [34]. The SNIIRAM contains

exhaustive individual medical detailed data from different
sources: reimbursement data (doctors and other health

professionals visits, prescribed drugs, medical devices); so-

called ‘‘long-term diseases’’ (serious chronic diseases
exempt from co-payments and user fees); hospital dis-

charge records, including for each hospitalization principal

and associated diagnoses, medical and technical proce-
dures. Table 2 shows the main data extracted from the

SNIIRAM database.

Finally, vital status and causes of death are obtained
from the National Death Registry-CepiDc [30].

Principal data collected from different sources

Here we summarize the main data to be collected from

different sources (questionnaires, medical examination,
national health and social databases), at each stage of the

study; the detailed English version of the inclusion and

follow-up data catalog can be downloaded from CON-
STANCES’ website [35, 36].

Social and demographic characteristics

Social position, educational and income level, employment

and marital status, household composition, socioeconomic
status of parents and spouse, material living conditions

Fig. 1 Geographical location of
CONSTANCES recruitment
centers in France

1320 M. Zins, M. Goldberg

123

22 health centers 
in 19 departments

Health questionnaire
Clinical

Biological

Linkage 
with 

SNDS

More than 200,000 subjects were included since 2012

Follow-up
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95% CI 1.03– 1.12 per year), CKD (interaction HR 1.16, 95% CI 1.07– 
1.25 per year), but not extrahepatic malignancies (Table 3).

The risk of liver- related events, extrahepatic malignancies, CKD, 
and overall mortality remained significantly associated with the 
presence of NAFLD compared to those with MAFLD. (Figures S3– S5 
and Tables S8– S11).

3.2  |  NAFLD- related fibrosis burden on clinical 
outcomes and overall mortality

To estimate the burden of liver fibrosis on the incidence of mor-
bidities and mortality in NAFLD patients, we split the NAFLD study 
population into three groups: 13326 NAFLD with mild fibrosis (FLI 
≥60 and FI <4.2), 10 638 NAFLD with intermediate fibrosis (FLI ≥60 
and FI 4.2– 6.9) and 535 NAFLD with advanced fibrosis (FLI ≥60 and 
FI >6.9). Liver- related and extrahepatic clinical outcomes as well as 
overall mortality according to NAFLD- related fibrosis degree and 
compared to non- NAFLD are shown in Figure 3 (and Figures S6 and 
S7). Raw and IPTW- weighted analyses of the risk of clinical outcomes 
and overall mortality according to the fibrosis degree are shown in 

Table 4 (and Tables S12 and S13). Compared to non- NAFLD, there 
was a dose- dependent effect of the severity of fibrosis on the liver- 
related and extrahepatic clinical outcomes as well as overall mor-
tality excepted to extrahepatic cancers, i.e., mild, intermediate and 
advanced, in NAFLD subjects for the risk of hepatic events (HR 6.67, 
95% CI 3.46– 12.85, p < .001, HR 8.26, 95% CI 5.92– 11.53, p < .001, 
HR 56.72, 95% CI 12.31– 261.39, p < .001 respectively), CVD (HR 
1.15, 95% CI 1.02– 1.47, p = .007, HR 1.22, 95% CI 10.9– 1.65, p = .022, 
HR 5.22, 95% CI 2.49– 10.92, p < .001 respectively), CKD (HR 2.46, 
95% CI 1.18– 5.11, p = .016, HR 3.07, 95% CI 1.80, 6.86, p = .031, HR 
3.77, 95% CI 2.31– 6.13, p < .001 respectively) and all- cause mortal-
ity (HR 1.92, 95% CI 1.37– 2.26, p = .048, HR 3.49, 95% CI 2.55– 4.77, 
p < .001, HR 3.87, 95% CI 2.11– 7.12, p < .001 respectively). These re-
sults remained unchanged in the sensitivity analysis after adjustment 
for the confounding factors deemed clinically relevant (Table S14).

4  |  DISCUSSION

To our knowledge, this study is the first European survey to prospec-
tively evaluate the burden of NAFLD in terms of clinical outcomes 

F I G U R E  1  Flow chart.
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NAFLD patients
(n=16273)

General characteristics of NAFLD subjects6  |    NABI et al.

and mortality in a community setting. The scores for non- invasive 
markers, such as the Fatty Liver Index and Forns index have been 
validated in several studies as surrogates markers of NAFLD and fi-
brosis in the general population and have been shown to accurately 
detect fatty liver and advanced fibrosis.5,23,24,25,26 Compared to 
non- NAFLD subjects, those with NAFLD were older, mostly males, 
and had more metabolic disorders and liver injuries, such as ALT 
above the normal threshold and liver fibrosis. Our study showed 
that: (1) NAFLD, regardless of the severity of the disease, was as-
sociated with high risk of liver- related events, extrahepatic clinical 
outcomes, and overall mortality; (2) there was an exposure- response 
relationship between the grade of liver fibrosis and the occurrence 
of cardiovascular events and extra- hepatic malignancies; (3) NAFLD 
showed a growing increasing cause trend of overall mortality, liver- 
related morbidity, and leading and the most common cause of extra-
hepatic morbidities, such as CVD and CKD.

Findings from community- based studies are conflicting and 
continue to fuel controversy. Several prospective Asian community- 
based studies have shown conflicting results. Indeed, contrary to 
Lee et al. who demonstrated from a Korean population- based cohort 

that NAFLD was associated with a higher risk of digestive and oe-
sophageal malignancies,27 Zhou et al. reported from a Chinese co-
hort that patients with NAFLD had a benign prognosis.28 Lazo et al. 
found no association between NAFLD or non- alcoholic steatohep-
atitis and all- cause mortality, CVD, cancer, or liver disease in the US 
general population.29 In a recent meta- analysis, Mantovani et al. 
showed that NAFLD is associated with increased long- term risk of 
fatal or non- fatal CVD events but a moderately increased long- term 
risk of developing extrahepatic cancers.30,31 Our results showed a 
strong association of clinical outcomes such as liver- related com-
plications or extrahepatic clinical outcomes (CVD, CKD) and all- 
cause mortality. As in previous studies in biopsy- proven NAFLD 
patients,3,27,32,33,34 we found a dose– response relationship between 
the grade of fibrosis and the incidence of clinical outcomes or all- 
cause mortality. Our results support that NAFLD is associated with 
an increased risk of hepatic and extrahepatic clinical outcomes and 
worse long- term prognosis.

Our results are particularly relevant for patient management and 
the improvement of monitoring. HCV and heavy alcohol consump-
tion were once considered the first and second cause of chronic liver 

Overall sample 
N = 137 206

Non- NAFLD (FLI 
<60) N = 111 453

NAFLD (FLI ≥60) 
N = 25 753

Age (years), mean [SD] 46.8 [13.3] 45.6 [13.2] 52.4 [11.8]

Male sex, n (%) 62 223 (45.4) 46 895 (41.4) 15 328 (66.9)

Obesity (BMI ≥30 kg/m2), 
n (%)

16 628 (12.1) 3341 (3.0) 13 287 (58.0)

HBP, n (%) 14 485 (10.6) 8370 (7.6) 6115 (27.3)

Waist circumference (cm), 
mean [SD]

84.7 [12.9] 80.8 [9.5] 103.9 [9.5]

Diabetes, n (%) 6419 (5.3) 2473 (2.2) 3946 (15.6)

Hypercholesterolemia, n (%) 10 094 (11.5) 5991 (5.4) 4103 (18.5)

ALT > N, n (%) 15 410 (11.3) 7404 (6.5) 8006 (35.0)

GGT > N, n (%) 13 790 (10.1) 6232 (5.5) 7558 (33.0)

FI >6.9, n (%) – – 517 (2.7)

Geographic origin, n (%)

European 126 590 (93.9) 105 612 (94.2) 20 978 (92.7)

Overseas France 1206 (.9) 978 (.9) 228 (1.0)

Asian 961 (.7) 844 (.8) 117 (.5)

Sub- Saharan African 1382 (1.0) 1119 (1.0) 263 (1.2)

North African 3318 (2.5) 2490 (2.2) 828 (3.7)

Other 1306 (1.0) 1087 (1.0) 219 (1.0)

Education level (years), n (%)

≤8 4142 (3.0) 2788 (2.5) 1354 (5.9)

9– 15 87 961 (64.7) 70 863 (62.6) 17 098 (74.6)

≥16 43 949 (32.3) 39 491 (34.9) 4458 (19.5)

Tobacco >10 pack/year, n (%) 48 389 (36.3) 38 870 (34.4) 9519 (41.5)

Soft drink ≥1/d, n (%) 8306 (4.0) 4012 (3.6) 4294 (18.7)

Exercise ≥2 h/w, n (%) 34 585 (25.9) 27 529 (24,7) 7056 (27.4)

Coffee ≥1 cup/d, n (%) 39 618 (28.9) 31 764 (28.5) 7854 (30.5)

TA B L E  1  General characteristics of 
study sample and according to chronic 
liver diseases.
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Outcomes: ICD-10, median FU 3.62 yrs

NAFLD subjects 
n=25753

Hepatic event
HCC
Liver transplantation

682
122
18

Cardiovascular event 2050
Chronic kidney disease 471
Extra hepatic malignancy 1954
Death 1166
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Clinical outcomes according to NAFLD
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Incidence rate and risk of clinical outcomes

*Adjusted for age, sex, geographic origin, level of education, diabetes, metabolic syndrome, alcohol consumption, smoking, soda intake, coffee 
intake, and sports practice, cholesterol and ALT
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Clinical outcomes according to fibrosis in NAFLD subjects 
(Forns Index)
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Incidence rate and risk of clinical outcomes 
according to fibrosis in NAFLD subjects

*Adjusted for sex, geographic origin, level of education, diabetes, metabolic syndrome, waist circumference, alcohol consumption, smoking, 
soda intake, coffee intake, and sports practice, TGs and ALT
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2.2

Incidence rates (per 100 person-yr) according to 
fibrosis in NAFLD subjects

Nabi O et al. Liver Intern 2022

7.2

8.5

3.8

2.8

2.2

0.4 0.3

2.2 0.9

6.6 1.5

0.6 0.4

0.7 0.3

100 person-yr



Clinical outcomes and death in biopsy proven NAFLD subjects
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Table 2. Fibrosis Stage, Mortality, and New-Onset Nonfatal Outcomes in Patients with Biopsy-Confirmed NAFLD, According to Fibrosis Stage at Enrollment.*

Variable Total Stage F4, Cirrhosis Stage F3, Bridging Fibrosis
Stage F0 to F2, No, Mild, 

or Moderate Fibrosis Hazard Ratio (95% CI)

Stage F4 vs. F0–F2 Stage F3 vs. F0–F2

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

Death from any cause 0.57 47/1773 1.76 13/167 0.89 16/369 0.32 18/1237 3.9 (1.8–8.4) 1.9 (0.9–3.7)

Liver-related death 0.15 12/1773 0.68 5/167 0.28 5/369 0.04 2/1237 12.7 (1.8–88.6) 5.8 (0.9–38.4)

Liver-related events

Variceal bleeding 0.07 6/1757 0.70 5/163 0.06 1/362 0.00 0/1232 NC NC

Ascites 0.24 19/1747 1.20 8/155 0.52 9/363 0.04 2/1229 29.4 (4.5–190.7) 18.9 (3.2–112.6)

Encephalopathy 0.37 30/1757 2.39 16/161 0.75 13/364 0.02 1/1232 109.1 (18.5–926.0) 40.8 (4.7–350.6)

Any hepatic decompen-
sation event†

0.46 37/1745 2.69 17/153 0.99 17/362 0.05 3/1230 36.1 (8.9–146.3) 18.7 (4.8–73.1)

MELD score≥ 15‡ 0.79 63/1744 2.33 16/161 0.87 15/362 0.57 32/1221 3.7 (1.8–7.3) 1.2 (0.6–2.3)

Hepatocellular carcinoma 0.11 9/1761 0.14 1/165 0.34 6/364 0.04 2/1232 4.9 (0.4–63.2) 9.3 (1.4–61.8)

Cardiac and vascular events§

Cardiovascular disease 0.83 63/1667 0.81 5/144 0.93 15/340 0.80 43/1183 0.7 (0.2–2.0) 0.8 (0.5–1.5)

Cerebrovascular disease 0.40 32/1745 0.99 7/163 0.46 8/363 0.30 17/1219 2.3 (0.9–5.9) 1.0 (0.4–2.6)

Hypertension 7.76 202/695 14.49 18/45 12.17 49/122 6.50 135/528 1.5 (0.9–2.5) 1.4 (1.0–2.1)

Renal function

eGFR <60 ml/min/ 
1.73 m2

2.53 185/1660 4.49 27/153 2.97 46/337 2.17 112/1170 1.4 (0.9–2.2) 1.0 (0.7–1.4)

Decrease in eGFR of 
>40%

1.21 97/1761 2.98 20/164 1.31 23/368 0.97 54/1229 1.9 (1.1–3.4) 0.9 (0.6–1.6)

Other new coexisting events

Nonhepatic cancer 0.82 58/1582 1.00 6/141 1.03 15/313 0.73 37/1128 1.2 (0.5–2.9) 1.4 (0.8–2.7)

Diabetes 4.84 206/1026 7.53 14/48 6.24 38/155 4.45 154/823 1.7 (1.0–3.0) 1.3 (0.9–2.0)

*  Cox regression was used to estimate the hazard ratio and 95% confidence interval (CI) for the outcome of death from any cause; for all nonfatal outcomes, the Fine–Gray extension of 
Cox regression was used to account for death from any cause as competing risk. The incidence of individual decompensation events is based on patients who did not have that event 
at or before enrollment. The smaller denominators for nonfatal outcomes reflect patients who had a history of the outcome at or before enrollment. All models were stratified according 
to age, race, sex, and length of biopsy specimen, and all models except that for the diabetes outcome were stratified according to diabetes status at enrollment. Since the widths of the 
confidence intervals have not been adjusted for the multiplicity of outcomes, conclusions that subgroup differences are important should not be inferred simply because a confidence 
interval does not include a hazard ratio equal to 1. eGFR denotes estimated glomerular filtration rate and NC could not be calculated.

†  Any clinical hepatic decompensation event includes any of the following: ascites, encephalopathy, or variceal hemorrhage. The first occurrence of any of these events was used to define 
this outcome. There was one extra patient included in the denominator (1230) of the Stage F0 to F2 analysis who had both variceal bleeding and encephalopathy assessments but was 
missing the ascites assessment.

‡  Model for End-stage Liver Disease (MELD) scores range from 6 to 40, with higher scores indicating a higher risk of death at 3 months.
§  Diagnoses of coronary artery disease and cerebrovascular disease were determined by patient interview and review of medical records.
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Table 2. Fibrosis Stage, Mortality, and New-Onset Nonfatal Outcomes in Patients with Biopsy-Confirmed NAFLD, According to Fibrosis Stage at Enrollment.*

Variable Total Stage F4, Cirrhosis Stage F3, Bridging Fibrosis
Stage F0 to F2, No, Mild, 

or Moderate Fibrosis Hazard Ratio (95% CI)

Stage F4 vs. F0–F2 Stage F3 vs. F0–F2

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

Death from any cause 0.57 47/1773 1.76 13/167 0.89 16/369 0.32 18/1237 3.9 (1.8–8.4) 1.9 (0.9–3.7)

Liver-related death 0.15 12/1773 0.68 5/167 0.28 5/369 0.04 2/1237 12.7 (1.8–88.6) 5.8 (0.9–38.4)

Liver-related events

Variceal bleeding 0.07 6/1757 0.70 5/163 0.06 1/362 0.00 0/1232 NC NC

Ascites 0.24 19/1747 1.20 8/155 0.52 9/363 0.04 2/1229 29.4 (4.5–190.7) 18.9 (3.2–112.6)

Encephalopathy 0.37 30/1757 2.39 16/161 0.75 13/364 0.02 1/1232 109.1 (18.5–926.0) 40.8 (4.7–350.6)

Any hepatic decompen-
sation event†

0.46 37/1745 2.69 17/153 0.99 17/362 0.05 3/1230 36.1 (8.9–146.3) 18.7 (4.8–73.1)

MELD score≥ 15‡ 0.79 63/1744 2.33 16/161 0.87 15/362 0.57 32/1221 3.7 (1.8–7.3) 1.2 (0.6–2.3)

Hepatocellular carcinoma 0.11 9/1761 0.14 1/165 0.34 6/364 0.04 2/1232 4.9 (0.4–63.2) 9.3 (1.4–61.8)

Cardiac and vascular events§

Cardiovascular disease 0.83 63/1667 0.81 5/144 0.93 15/340 0.80 43/1183 0.7 (0.2–2.0) 0.8 (0.5–1.5)

Cerebrovascular disease 0.40 32/1745 0.99 7/163 0.46 8/363 0.30 17/1219 2.3 (0.9–5.9) 1.0 (0.4–2.6)

Hypertension 7.76 202/695 14.49 18/45 12.17 49/122 6.50 135/528 1.5 (0.9–2.5) 1.4 (1.0–2.1)

Renal function

eGFR <60 ml/min/ 
1.73 m2

2.53 185/1660 4.49 27/153 2.97 46/337 2.17 112/1170 1.4 (0.9–2.2) 1.0 (0.7–1.4)

Decrease in eGFR of 
>40%

1.21 97/1761 2.98 20/164 1.31 23/368 0.97 54/1229 1.9 (1.1–3.4) 0.9 (0.6–1.6)

Other new coexisting events

Nonhepatic cancer 0.82 58/1582 1.00 6/141 1.03 15/313 0.73 37/1128 1.2 (0.5–2.9) 1.4 (0.8–2.7)

Diabetes 4.84 206/1026 7.53 14/48 6.24 38/155 4.45 154/823 1.7 (1.0–3.0) 1.3 (0.9–2.0)

*  Cox regression was used to estimate the hazard ratio and 95% confidence interval (CI) for the outcome of death from any cause; for all nonfatal outcomes, the Fine–Gray extension of 
Cox regression was used to account for death from any cause as competing risk. The incidence of individual decompensation events is based on patients who did not have that event 
at or before enrollment. The smaller denominators for nonfatal outcomes reflect patients who had a history of the outcome at or before enrollment. All models were stratified according 
to age, race, sex, and length of biopsy specimen, and all models except that for the diabetes outcome were stratified according to diabetes status at enrollment. Since the widths of the 
confidence intervals have not been adjusted for the multiplicity of outcomes, conclusions that subgroup differences are important should not be inferred simply because a confidence 
interval does not include a hazard ratio equal to 1. eGFR denotes estimated glomerular filtration rate and NC could not be calculated.

†  Any clinical hepatic decompensation event includes any of the following: ascites, encephalopathy, or variceal hemorrhage. The first occurrence of any of these events was used to define 
this outcome. There was one extra patient included in the denominator (1230) of the Stage F0 to F2 analysis who had both variceal bleeding and encephalopathy assessments but was 
missing the ascites assessment.

‡  Model for End-stage Liver Disease (MELD) scores range from 6 to 40, with higher scores indicating a higher risk of death at 3 months.
§  Diagnoses of coronary artery disease and cerebrovascular disease were determined by patient interview and review of medical records.
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Table 2. Fibrosis Stage, Mortality, and New-Onset Nonfatal Outcomes in Patients with Biopsy-Confirmed NAFLD, According to Fibrosis Stage at Enrollment.*

Variable Total Stage F4, Cirrhosis Stage F3, Bridging Fibrosis
Stage F0 to F2, No, Mild, 

or Moderate Fibrosis Hazard Ratio (95% CI)

Stage F4 vs. F0–F2 Stage F3 vs. F0–F2

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

Death from any cause 0.57 47/1773 1.76 13/167 0.89 16/369 0.32 18/1237 3.9 (1.8–8.4) 1.9 (0.9–3.7)

Liver-related death 0.15 12/1773 0.68 5/167 0.28 5/369 0.04 2/1237 12.7 (1.8–88.6) 5.8 (0.9–38.4)

Liver-related events

Variceal bleeding 0.07 6/1757 0.70 5/163 0.06 1/362 0.00 0/1232 NC NC

Ascites 0.24 19/1747 1.20 8/155 0.52 9/363 0.04 2/1229 29.4 (4.5–190.7) 18.9 (3.2–112.6)

Encephalopathy 0.37 30/1757 2.39 16/161 0.75 13/364 0.02 1/1232 109.1 (18.5–926.0) 40.8 (4.7–350.6)

Any hepatic decompen-
sation event†

0.46 37/1745 2.69 17/153 0.99 17/362 0.05 3/1230 36.1 (8.9–146.3) 18.7 (4.8–73.1)

MELD score≥ 15‡ 0.79 63/1744 2.33 16/161 0.87 15/362 0.57 32/1221 3.7 (1.8–7.3) 1.2 (0.6–2.3)

Hepatocellular carcinoma 0.11 9/1761 0.14 1/165 0.34 6/364 0.04 2/1232 4.9 (0.4–63.2) 9.3 (1.4–61.8)

Cardiac and vascular events§

Cardiovascular disease 0.83 63/1667 0.81 5/144 0.93 15/340 0.80 43/1183 0.7 (0.2–2.0) 0.8 (0.5–1.5)

Cerebrovascular disease 0.40 32/1745 0.99 7/163 0.46 8/363 0.30 17/1219 2.3 (0.9–5.9) 1.0 (0.4–2.6)

Hypertension 7.76 202/695 14.49 18/45 12.17 49/122 6.50 135/528 1.5 (0.9–2.5) 1.4 (1.0–2.1)

Renal function

eGFR <60 ml/min/ 
1.73 m2

2.53 185/1660 4.49 27/153 2.97 46/337 2.17 112/1170 1.4 (0.9–2.2) 1.0 (0.7–1.4)

Decrease in eGFR of 
>40%

1.21 97/1761 2.98 20/164 1.31 23/368 0.97 54/1229 1.9 (1.1–3.4) 0.9 (0.6–1.6)

Other new coexisting events

Nonhepatic cancer 0.82 58/1582 1.00 6/141 1.03 15/313 0.73 37/1128 1.2 (0.5–2.9) 1.4 (0.8–2.7)

Diabetes 4.84 206/1026 7.53 14/48 6.24 38/155 4.45 154/823 1.7 (1.0–3.0) 1.3 (0.9–2.0)

*  Cox regression was used to estimate the hazard ratio and 95% confidence interval (CI) for the outcome of death from any cause; for all nonfatal outcomes, the Fine–Gray extension of 
Cox regression was used to account for death from any cause as competing risk. The incidence of individual decompensation events is based on patients who did not have that event 
at or before enrollment. The smaller denominators for nonfatal outcomes reflect patients who had a history of the outcome at or before enrollment. All models were stratified according 
to age, race, sex, and length of biopsy specimen, and all models except that for the diabetes outcome were stratified according to diabetes status at enrollment. Since the widths of the 
confidence intervals have not been adjusted for the multiplicity of outcomes, conclusions that subgroup differences are important should not be inferred simply because a confidence 
interval does not include a hazard ratio equal to 1. eGFR denotes estimated glomerular filtration rate and NC could not be calculated.

†  Any clinical hepatic decompensation event includes any of the following: ascites, encephalopathy, or variceal hemorrhage. The first occurrence of any of these events was used to define 
this outcome. There was one extra patient included in the denominator (1230) of the Stage F0 to F2 analysis who had both variceal bleeding and encephalopathy assessments but was 
missing the ascites assessment.

‡  Model for End-stage Liver Disease (MELD) scores range from 6 to 40, with higher scores indicating a higher risk of death at 3 months.
§  Diagnoses of coronary artery disease and cerebrovascular disease were determined by patient interview and review of medical records.
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Table 2. Fibrosis Stage, Mortality, and New-Onset Nonfatal Outcomes in Patients with Biopsy-Confirmed NAFLD, According to Fibrosis Stage at Enrollment.*

Variable Total Stage F4, Cirrhosis Stage F3, Bridging Fibrosis
Stage F0 to F2, No, Mild, 

or Moderate Fibrosis Hazard Ratio (95% CI)

Stage F4 vs. F0–F2 Stage F3 vs. F0–F2

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

Death from any cause 0.57 47/1773 1.76 13/167 0.89 16/369 0.32 18/1237 3.9 (1.8–8.4) 1.9 (0.9–3.7)

Liver-related death 0.15 12/1773 0.68 5/167 0.28 5/369 0.04 2/1237 12.7 (1.8–88.6) 5.8 (0.9–38.4)

Liver-related events

Variceal bleeding 0.07 6/1757 0.70 5/163 0.06 1/362 0.00 0/1232 NC NC

Ascites 0.24 19/1747 1.20 8/155 0.52 9/363 0.04 2/1229 29.4 (4.5–190.7) 18.9 (3.2–112.6)

Encephalopathy 0.37 30/1757 2.39 16/161 0.75 13/364 0.02 1/1232 109.1 (18.5–926.0) 40.8 (4.7–350.6)

Any hepatic decompen-
sation event†

0.46 37/1745 2.69 17/153 0.99 17/362 0.05 3/1230 36.1 (8.9–146.3) 18.7 (4.8–73.1)

MELD score≥ 15‡ 0.79 63/1744 2.33 16/161 0.87 15/362 0.57 32/1221 3.7 (1.8–7.3) 1.2 (0.6–2.3)

Hepatocellular carcinoma 0.11 9/1761 0.14 1/165 0.34 6/364 0.04 2/1232 4.9 (0.4–63.2) 9.3 (1.4–61.8)

Cardiac and vascular events§

Cardiovascular disease 0.83 63/1667 0.81 5/144 0.93 15/340 0.80 43/1183 0.7 (0.2–2.0) 0.8 (0.5–1.5)

Cerebrovascular disease 0.40 32/1745 0.99 7/163 0.46 8/363 0.30 17/1219 2.3 (0.9–5.9) 1.0 (0.4–2.6)

Hypertension 7.76 202/695 14.49 18/45 12.17 49/122 6.50 135/528 1.5 (0.9–2.5) 1.4 (1.0–2.1)

Renal function

eGFR <60 ml/min/ 
1.73 m2

2.53 185/1660 4.49 27/153 2.97 46/337 2.17 112/1170 1.4 (0.9–2.2) 1.0 (0.7–1.4)

Decrease in eGFR of 
>40%

1.21 97/1761 2.98 20/164 1.31 23/368 0.97 54/1229 1.9 (1.1–3.4) 0.9 (0.6–1.6)

Other new coexisting events

Nonhepatic cancer 0.82 58/1582 1.00 6/141 1.03 15/313 0.73 37/1128 1.2 (0.5–2.9) 1.4 (0.8–2.7)

Diabetes 4.84 206/1026 7.53 14/48 6.24 38/155 4.45 154/823 1.7 (1.0–3.0) 1.3 (0.9–2.0)

*  Cox regression was used to estimate the hazard ratio and 95% confidence interval (CI) for the outcome of death from any cause; for all nonfatal outcomes, the Fine–Gray extension of 
Cox regression was used to account for death from any cause as competing risk. The incidence of individual decompensation events is based on patients who did not have that event 
at or before enrollment. The smaller denominators for nonfatal outcomes reflect patients who had a history of the outcome at or before enrollment. All models were stratified according 
to age, race, sex, and length of biopsy specimen, and all models except that for the diabetes outcome were stratified according to diabetes status at enrollment. Since the widths of the 
confidence intervals have not been adjusted for the multiplicity of outcomes, conclusions that subgroup differences are important should not be inferred simply because a confidence 
interval does not include a hazard ratio equal to 1. eGFR denotes estimated glomerular filtration rate and NC could not be calculated.

†  Any clinical hepatic decompensation event includes any of the following: ascites, encephalopathy, or variceal hemorrhage. The first occurrence of any of these events was used to define 
this outcome. There was one extra patient included in the denominator (1230) of the Stage F0 to F2 analysis who had both variceal bleeding and encephalopathy assessments but was 
missing the ascites assessment.

‡  Model for End-stage Liver Disease (MELD) scores range from 6 to 40, with higher scores indicating a higher risk of death at 3 months.
§  Diagnoses of coronary artery disease and cerebrovascular disease were determined by patient interview and review of medical records.
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Table 2. Fibrosis Stage, Mortality, and New-Onset Nonfatal Outcomes in Patients with Biopsy-Confirmed NAFLD, According to Fibrosis Stage at Enrollment.*

Variable Total Stage F4, Cirrhosis Stage F3, Bridging Fibrosis
Stage F0 to F2, No, Mild, 

or Moderate Fibrosis Hazard Ratio (95% CI)

Stage F4 vs. F0–F2 Stage F3 vs. F0–F2

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

Death from any cause 0.57 47/1773 1.76 13/167 0.89 16/369 0.32 18/1237 3.9 (1.8–8.4) 1.9 (0.9–3.7)

Liver-related death 0.15 12/1773 0.68 5/167 0.28 5/369 0.04 2/1237 12.7 (1.8–88.6) 5.8 (0.9–38.4)

Liver-related events

Variceal bleeding 0.07 6/1757 0.70 5/163 0.06 1/362 0.00 0/1232 NC NC

Ascites 0.24 19/1747 1.20 8/155 0.52 9/363 0.04 2/1229 29.4 (4.5–190.7) 18.9 (3.2–112.6)

Encephalopathy 0.37 30/1757 2.39 16/161 0.75 13/364 0.02 1/1232 109.1 (18.5–926.0) 40.8 (4.7–350.6)

Any hepatic decompen-
sation event†

0.46 37/1745 2.69 17/153 0.99 17/362 0.05 3/1230 36.1 (8.9–146.3) 18.7 (4.8–73.1)

MELD score≥ 15‡ 0.79 63/1744 2.33 16/161 0.87 15/362 0.57 32/1221 3.7 (1.8–7.3) 1.2 (0.6–2.3)

Hepatocellular carcinoma 0.11 9/1761 0.14 1/165 0.34 6/364 0.04 2/1232 4.9 (0.4–63.2) 9.3 (1.4–61.8)

Cardiac and vascular events§

Cardiovascular disease 0.83 63/1667 0.81 5/144 0.93 15/340 0.80 43/1183 0.7 (0.2–2.0) 0.8 (0.5–1.5)

Cerebrovascular disease 0.40 32/1745 0.99 7/163 0.46 8/363 0.30 17/1219 2.3 (0.9–5.9) 1.0 (0.4–2.6)

Hypertension 7.76 202/695 14.49 18/45 12.17 49/122 6.50 135/528 1.5 (0.9–2.5) 1.4 (1.0–2.1)

Renal function

eGFR <60 ml/min/ 
1.73 m2

2.53 185/1660 4.49 27/153 2.97 46/337 2.17 112/1170 1.4 (0.9–2.2) 1.0 (0.7–1.4)

Decrease in eGFR of 
>40%

1.21 97/1761 2.98 20/164 1.31 23/368 0.97 54/1229 1.9 (1.1–3.4) 0.9 (0.6–1.6)

Other new coexisting events

Nonhepatic cancer 0.82 58/1582 1.00 6/141 1.03 15/313 0.73 37/1128 1.2 (0.5–2.9) 1.4 (0.8–2.7)

Diabetes 4.84 206/1026 7.53 14/48 6.24 38/155 4.45 154/823 1.7 (1.0–3.0) 1.3 (0.9–2.0)

*  Cox regression was used to estimate the hazard ratio and 95% confidence interval (CI) for the outcome of death from any cause; for all nonfatal outcomes, the Fine–Gray extension of 
Cox regression was used to account for death from any cause as competing risk. The incidence of individual decompensation events is based on patients who did not have that event 
at or before enrollment. The smaller denominators for nonfatal outcomes reflect patients who had a history of the outcome at or before enrollment. All models were stratified according 
to age, race, sex, and length of biopsy specimen, and all models except that for the diabetes outcome were stratified according to diabetes status at enrollment. Since the widths of the 
confidence intervals have not been adjusted for the multiplicity of outcomes, conclusions that subgroup differences are important should not be inferred simply because a confidence 
interval does not include a hazard ratio equal to 1. eGFR denotes estimated glomerular filtration rate and NC could not be calculated.

†  Any clinical hepatic decompensation event includes any of the following: ascites, encephalopathy, or variceal hemorrhage. The first occurrence of any of these events was used to define 
this outcome. There was one extra patient included in the denominator (1230) of the Stage F0 to F2 analysis who had both variceal bleeding and encephalopathy assessments but was 
missing the ascites assessment.

‡  Model for End-stage Liver Disease (MELD) scores range from 6 to 40, with higher scores indicating a higher risk of death at 3 months.
§  Diagnoses of coronary artery disease and cerebrovascular disease were determined by patient interview and review of medical records.
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Table 2. Fibrosis Stage, Mortality, and New-Onset Nonfatal Outcomes in Patients with Biopsy-Confirmed NAFLD, According to Fibrosis Stage at Enrollment.*

Variable Total Stage F4, Cirrhosis Stage F3, Bridging Fibrosis
Stage F0 to F2, No, Mild, 

or Moderate Fibrosis Hazard Ratio (95% CI)

Stage F4 vs. F0–F2 Stage F3 vs. F0–F2

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

rate per 100 
person-yr

no. of events/ 
no. at risk

Death from any cause 0.57 47/1773 1.76 13/167 0.89 16/369 0.32 18/1237 3.9 (1.8–8.4) 1.9 (0.9–3.7)

Liver-related death 0.15 12/1773 0.68 5/167 0.28 5/369 0.04 2/1237 12.7 (1.8–88.6) 5.8 (0.9–38.4)

Liver-related events

Variceal bleeding 0.07 6/1757 0.70 5/163 0.06 1/362 0.00 0/1232 NC NC

Ascites 0.24 19/1747 1.20 8/155 0.52 9/363 0.04 2/1229 29.4 (4.5–190.7) 18.9 (3.2–112.6)

Encephalopathy 0.37 30/1757 2.39 16/161 0.75 13/364 0.02 1/1232 109.1 (18.5–926.0) 40.8 (4.7–350.6)

Any hepatic decompen-
sation event†

0.46 37/1745 2.69 17/153 0.99 17/362 0.05 3/1230 36.1 (8.9–146.3) 18.7 (4.8–73.1)

MELD score≥ 15‡ 0.79 63/1744 2.33 16/161 0.87 15/362 0.57 32/1221 3.7 (1.8–7.3) 1.2 (0.6–2.3)

Hepatocellular carcinoma 0.11 9/1761 0.14 1/165 0.34 6/364 0.04 2/1232 4.9 (0.4–63.2) 9.3 (1.4–61.8)

Cardiac and vascular events§

Cardiovascular disease 0.83 63/1667 0.81 5/144 0.93 15/340 0.80 43/1183 0.7 (0.2–2.0) 0.8 (0.5–1.5)

Cerebrovascular disease 0.40 32/1745 0.99 7/163 0.46 8/363 0.30 17/1219 2.3 (0.9–5.9) 1.0 (0.4–2.6)

Hypertension 7.76 202/695 14.49 18/45 12.17 49/122 6.50 135/528 1.5 (0.9–2.5) 1.4 (1.0–2.1)

Renal function

eGFR <60 ml/min/ 
1.73 m2

2.53 185/1660 4.49 27/153 2.97 46/337 2.17 112/1170 1.4 (0.9–2.2) 1.0 (0.7–1.4)

Decrease in eGFR of 
>40%

1.21 97/1761 2.98 20/164 1.31 23/368 0.97 54/1229 1.9 (1.1–3.4) 0.9 (0.6–1.6)

Other new coexisting events

Nonhepatic cancer 0.82 58/1582 1.00 6/141 1.03 15/313 0.73 37/1128 1.2 (0.5–2.9) 1.4 (0.8–2.7)

Diabetes 4.84 206/1026 7.53 14/48 6.24 38/155 4.45 154/823 1.7 (1.0–3.0) 1.3 (0.9–2.0)

*  Cox regression was used to estimate the hazard ratio and 95% confidence interval (CI) for the outcome of death from any cause; for all nonfatal outcomes, the Fine–Gray extension of 
Cox regression was used to account for death from any cause as competing risk. The incidence of individual decompensation events is based on patients who did not have that event 
at or before enrollment. The smaller denominators for nonfatal outcomes reflect patients who had a history of the outcome at or before enrollment. All models were stratified according 
to age, race, sex, and length of biopsy specimen, and all models except that for the diabetes outcome were stratified according to diabetes status at enrollment. Since the widths of the 
confidence intervals have not been adjusted for the multiplicity of outcomes, conclusions that subgroup differences are important should not be inferred simply because a confidence 
interval does not include a hazard ratio equal to 1. eGFR denotes estimated glomerular filtration rate and NC could not be calculated.

†  Any clinical hepatic decompensation event includes any of the following: ascites, encephalopathy, or variceal hemorrhage. The first occurrence of any of these events was used to define 
this outcome. There was one extra patient included in the denominator (1230) of the Stage F0 to F2 analysis who had both variceal bleeding and encephalopathy assessments but was 
missing the ascites assessment.

‡  Model for End-stage Liver Disease (MELD) scores range from 6 to 40, with higher scores indicating a higher risk of death at 3 months.
§  Diagnoses of coronary artery disease and cerebrovascular disease were determined by patient interview and review of medical records.
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Conclusions
Ø In the real world CONSTANCES cohort, rates of liver 

complications, cardiovascular disease, chronic kidney 
disease and all-cause death are increased in NAFLD 
subjects, independent of usual risk factors.     

Ø At constant baseline fibrosis grade, rates of clinical 
outcomes and death are similar between real world and 
liver-biopsed NAFLD patients.

Ø CONSTANCES may provide data that could be used to 
estimate clinical and economic burden of NAFLD in 
France and to define target populations for screening.


