
Nonalcoholic Fatty Liver Disease`s all-cause of 
mortality is associated with the metabolic 

syndrome and the severity of liver disease in 
hospital admitted patients using Big Data Analytics

Oranit Cohen-Ezra1,4, Ehud Grossman2,4, Dina 
Vorobeichik3, Miriam Gibli3, Ziv Ben-Ari1,4

1Liver Diseases Center, 2Internal Medicine Department, 
3Center of Innovation, Sheba Medical Center, and 4The 
Sackler School of Medicine, Tel-Aviv University, Israel



Introduction

• Nonalcoholic fatty liver disease (NAFLD) is a common cause of 
chronic liver disease. Its progressive form NASH can lead to 
cirrhosis, liver failure, and the development  of HCC

• NAFLD has become the center of attention within Hepatology 
owing to its high prevalence (20%-30% globally) and growing 
contribution to the burden of end-stage liver disease

• NAFLD is strongly associated with 
insulin resistance and thus represents 
the hepatic expression of the metabolic 
syndrome (MetS). The MetS is associated
as well with cardiac-related morbidity and 
mortality  among patients with NAFLD



Introduction

• The stage of the liver fibrosis is the only predictor of patient’s outcome

• Due to the high prevalence of NAFLD, there is a need to assess the 
fibrosis stage (using a non-invasive marker such as the FIB-4) and the 
associated overall and disease specific mortality

• Identifying patients in an advanced fibrosis stage will allow consultation 
regarding the need of life style modifications and suggesting the 
currently available treatment; might have impact on hospital 
readmissions rate

• As the number of big-cohort studies increases, validation becomes 
increasingly more important

Dulai PS, et al. Hepatology 2017;65
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AIM

• We sought to examine whether NAFLD identified among hospital 
admitted patients is associated with a high risk of 3-,5- and 10-years all-
cause of mortality according to well known risk factors (MetS, obesity, 
age, DM, FIB-4) using Big Data analysis

• Identified NAFLD patients with an advanced fibrosis stage will be invited 
to our clinic for further investigation and consultation



Patients and Methods

• Big-cohort data analytics was used between 2007 to 2019 to 
identify NAFLD among all adults patients admitted to the largest 
University-affiliated tertiary referral Hospital in Israel

• Electronic medical records (EMR) of approximately 7.6 million 
patients in the Sheba Medical Center (2007-2019) were queried and 
a list of 6547  with NAFLD was generated

• The patients were diagnosed with NAFLD using imaging 
(Ultrasound, and/or CT and/or MRI) or when recorded in the ICD 
9th code of NAFLD, and by a thorough Text Mining

• The metabolic syndrome among patients diagnosed with NAFLD 
was defined by the ATP III criteria

• Patient's baseline characteristics, co-morbidities, malignancies, use 
of medications, and the FIB-4 score were calculated and collected

• Data analysis was carried out using R Core Team. All cause of 
mortality at 3- and 5- 10 years were calculated using Kaplan-Meier 
survival curves



The metabolic syndrome was diagnosed
when at least 3 of the following 5 ATP III criteria were met:

1. BMI 30 kg/m2 or waist circumference >102 cm for 
men  and 88 cm for women

2.  Fasting plasma glucose 110 mg/dL
3.  Blood pressure 130/85 mm Hg
4.  Triglycerides 150 mg/mL
5.  HDL <40 mg/dL in men and <50 mg/dL in women



Exclusion criteria & definitions 

• Liver disease of other etiology, such as alcoholic or drug-induced liver 
disease, autoimmune liver disease, viral hepatitis, cholestatic, or genetic 
liver disease 

• Patients with a previous diagnosis of diabetes mellitus or with fasting 
glucose >110 mg/dL were defined as diabetics 

• Hypertension was defined as systolic blood pressure >130/ 85 mmHg or 
requiring treatment

• Cardiovascular disease was defined as previously diagnosed coronary 
heart disease, cerebrovascular disease, or peripheral arterial disease 

• Hypertriglyceridemia was defined as fasting triglyceride >140 mg/dL, and 
hypercholesterolemia was defined as total cholesterol >200 mg/dL



Results



Baseline characteristics- Total Cohort
N= 6547
Age (mean ± SD) 57.1± 15.4

Gender ( Male) (%) 53.1

BMI (kg/m2) (mean ± SD)                                                                                                         31.7 ± 5.9

BMI > 30 (%) 55.8

BMI <25 (%) 11.8

Dyslipidemia  (%) 22.3

DM type2 (%) 17.1

Hypertension (%) 18.1

Hypoglycemic treatment (%) 9.5

Anti-hypertensive treatment (%) 20.6

Lipid-lowering treatment (%) 43.3

Hba1C (%) (median) (5.9,13.7)6.8

Triglycerides (mg/dL)(median) 185 (99, 303)

HDL (mg/dL) (mean ± SD) 41.5 ± 14.3

AST (U/L) (median) 27.6 ± (21,44)

ALT (U/L) (mean ± SD) 41. 2 ± 31.4

GGT (U/L) (mean ± SD) 50.2± 21.2

Albumin (g/dL) (mean ± SD) 4.1 ± 0.7

Bilirubin (mg/dL) (mean ± SD)                                                                                                                          0.3 ±0.7

INR 1.0 ± 0.2

PLT (x 10^9/L) (mean ± SD) 225 ± 63

FIB-4 >2.67 (%) 12.7

Creatinine (mg/dL)(median) 0.85 (0.7,1.04)

Smoking (%) 23.4

Manifest cardiovascular disease* (%) 8.2

Malignancy (%) 3.4

*previously diagnosed coronary heart disease, cerebrovascular, disease or peripheral arterial disease



Baseline characteristics – Metabolic  Syndrome
Metabolic Syndrome

No Yes P Total
N= 864 434 1298

Age (mean ± SD) 59.4 ± 14.2 61.5 ± 14.6 0.046 59.86±14.56

Gender ( Male) (%) 65.1 61.2 NS 64.3

BMI (kg/m2) (mean ± SD)                               29.0 ± 4.9 33.3± 5.1 <0.001 31.0± 5.4

BMI > 30 (%) 29.0 67.5 <0.001 51.2

BMI <25 (%) 17.4 2.1 <0.001 12.5

Dyslipidemia  (%) 3.6 31.4 <0.001 10.3

DM type2 (%) 21.6 60.5 <0.001 47.4

Hypertension  (%) 4.1 25.8 <0.001 11.5

Hypoglycemic treatment (%) 11.5 27.7 <0.001 14.6

Anti-hypertensive treatment (%) 5.5 21.7 0.005 13.1

Lipid-lowering treatment (%) 33.6 36.4 NS 34.1

Hba1C (%) (mean ± SD) ±1.56.0 7.6±1.2 0.005 6.0

Triglycerides (mg/dL)(median) 122 (99, 244) 194 (153.5, 282.0) <0.001 140 (104, 201) 

HDL (mg/dL) (mean ± SD) 43.1 (14.6) 34.8 (10.7) <0.001 41.55 (14.32) 

AST (U/L) (median) 27 (21, 41) 26 (19, 43) NS 27 (21, 43) 

ALT (U/L) (median) 25 (21, 44) 44.2 (21, 86) <0.001 41 (21, 86)

GGT (U/L) (median) 49.0 (28.0, 118.7) 61.0 (34.0, 134.0) 0.049 52 (29, 134)

Albumin (g/dL) (mean ± SD) 4.1 ± 0.7 4.0 ± 0.6 NS 4.04 ± 0.5

Bilirubin (mg/dL) (mean ± SD)                                                                                                                           ±0.7 0.1 0.8± 0.1 NS 0.72±0.1

INR (median) 1.04 (0.96, 1.15) 1.04 (0.97, 1.15) NS 1.04 (0.96, 1.15)

PLT (x 10^9/L) (mean ± SD) 222 (180 ,266) 211.0 (164, 266) 0.09 220 (178, 266) 

FIB-4 >2.67 (%) 11.9 16.4 0.05 13.7

Creatinine (mg/dL)(median) 0.88 (0.74, 1.07) 0.94 (0.76, 1.25) 0.005 0.89 (0.74, 1.10)

Manifest cardiovascular disease* (%) 4.4 12.9 0.001 6.5

Malignancy (%) 1.9 4.8 0.001 2.7

*previously diagnosed coronary heart disease, cerebrovascular, disease or peripheral arterial disease



Baseline characteristics – Lean Vs Obese

BMI
≥25 >25 P

N= 1507 207

Age (mean ± SD) 57.4 ± 14.2 61.8 ± 14.6 0.001

Gender ( Male) (%) 54.2 58.7 NS

Dyslipidemia  (%) 21.3 15.1 0.001

DM type2 (%) 27.4 13.6 0.001

Hypertension (%) 18.7 10.2 0.001

Hypoglycemic treatment (%) 19.6 11.1 0.001

Anti-hypertensive treatment (%) 21.2 10.6 0.001

Lipid-lowering treatment (%) 37.8 21.1 0.001

Hba1C (%) (mean ± SD) ±1.57.0 6.0±1.1 0.048

Triglycerides (mg/dL)(median) 142.0 (102.0 ,208.0) 122 ( (98.5 ,159.5 0.01

HDL (mg/dL) (mean ± SD) 41.1±13.59 45.33±13.6 0.03

AST (U/L) (median) 31.6 (75.00 ,21.00) 29.2 (21,52) NS

ALT (U/L) (mean ± SD) 34. 2 ± 35.4 31±21.2 NS

GGT (U/L) (median) 60.0 (30.0, 211.5) 77.5 (28.0 ,303) NS

FIB-4 >2.67 (%) 15.6 23.6 0.001

Manifest cardiovascular disease* (%) 9.9 11.1 NS

Malignancy (%) 6.6 10.6 0.05

*previously diagnosed coronary heart disease, cerebrovascular, disease or peripheral arterial disease



Baseline characteristics – FIB-4 > 2.67
FIB-4

67 ≤.2 >2.67 P

N= 3455 531

Age (mean ± SD) 1556.5± 67.9±13.8 0.001<

Gender ( Male) (%) 54.9 54.0 NS

BMI m
2
/kg 31.5 ± 5.9 29.4± 5.4 <0.001

BMI >30m
2
/kg 54.8 42.2

Dyslipidemia  (%) 21.3 45.1 <0.001

DM type2 (%) 18.7 26.7 0.047

Hypertension = Yes (%) 10.2 15.8 0.001<

Hypoglycemic treatment (%) 14.7 19.8 <0.004

Anti-hypertensive treatment (%) 6.0 10.1 <0.004

Lipid-lowering treatment (%) 34.7 32.1 NS

Hba1C (%) (median) (5.4 ,6.2)5.95 (5.5,7.7)6.75 0.048

Triglycerides (mg/dL)(median) 144.5 ( (105.0 ,208.7 176.2 (99,320) <0.001

HDL (mg/dL) (mean ± SD) 40.2 (13.3) 36.2 (18.75 ) <0.003

AST (U/L) (median) 26.0 (19.0 ,39.0) 58.0 (30.0, 100.0) <0.001

ALT (U/L) (median) 26.0 (20.0, 38.0) 72.0 (49.0, 264.0) <0.001

GGT (U/L) (median) 47.0 (28.0, 104.0) 154.0 (68.5 ,581.5) <0.001

Albumin (g/dL) (mean ± SD) 4.1 ± 0.7 3.9 ± 0.7 <0.001

Bilirubin (mg/dL) (median)                                                                                                                   0.12 (0.08 ,0.22) 0.54 (0.2 ,1.8) <0.001

INR (median) 1.02 (0.95, 1.12) 1.1 (1.00 ,1.24) <0.001

PLT (x 10^9/L) (mean ± SD) 231.95 ± 83.00 146.00 [95.00, 196.00] <0.001

Manifest cardiovascular disease* (%) 6.2 12.0 0.001

Malignancy (%) 3.8 10.6 0.001

*previously diagnosed coronary heart disease, cerebrovascular, disease or peripheral arterial disease



OUTCOME

6547N=

8.9 (8.5)CVD (%) (increase%)

3.9 (5.7)Malignancy (%)(increase %)

14.4 (13.3)FIB-4 >2.67 (%)(increase %)

7.2Overall Mortality (%)



Survival of NAFLD patients with/without the 
Metabolic Syndrome
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Survival of NAFLD obese Vs lean patients



Survival of NAFLD patients  with FIB-4 > 2.67
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Survival of NAFLD patients  with/wo DM



Conclusions

• Using thorough text mining and Big Data analytics for identifying NAFLD 
among hospital admitted patients we have demonstrated that the MetS, 
the severity of the liver disease , the presence of DM and the BMI in 
NAFLD patients were associated with morbidity and all-cause mortality, 
most probably imposing huge economic burden

• NAFLD patients with advanced fibrosis, are invited to our Liver Diseases 
Clinic for consultation and controlling the risk factors of the MetS

• For cirrhotic patients, screening for esophageal varices and hepatocellular 
carcinoma is performed

• These measures might affect the economic burden of NAFLD and reduce 
the hospital readmissions rate

• Using Big Data appears to be accurate, and supporting the NAFLD studies 
thus far



Meta-analysis on the risk of fatal and non-fatal CVD 
events in patients with NAFLD

NAFLD is associated with an increased risk of fatal and non-fatal CVD events

N= 34,043

Targher G, et al. J Hepatol 2016 ;65:589



• Big data" is a field that treats ways to analyze, systematically extract information from, or otherwise 
deal with data sets that are too large or complex to be dealt with by traditional data-processing 
application software

• Big data analytics has helped healthcare improve by providing personalized medicine and 
prescriptive analytics, clinical risk intervention and predictive analytics, waste and care variability 
reduction, automated external and internal reporting of patient data, standardized medical terms 
and patient registries and fragmented point solutions. Some areas of improvement are more 
aspirational than actually implemented. The level of data generated within healthcare systems is 
not trivial. With the added adoption of mHealth, eHealth and wearable technologies the volume of 
data will continue to increase. This includes electronic health record data, imaging data, patient 
generated data, sensor data, and other forms of difficult to process data. There is now an even 
greater need for such environments to pay greater attention to data and information quality.[83] 
"Big data very often means 'dirty data' and the fraction of data inaccuracies increases with data 
volume growth." Human inspection at the big data scale is impossible and there is a desperate 
need in health service for intelligent tools for accuracy and believability control and handling of 
information missed.[84] While extensive information in healthcare is now electronic, it fits under 
the big data umbrella as most is unstructured and difficult to use.[85] The use of big data in 
healthcare has raised significant ethical challenges ranging from risks for individual rights, privacy 
and autonomy, to transparency and trust


