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DISCLAIMER
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Schematic summary of NAFLD pathogenesis

Recent Insights into the Pathogenesis of Nonalcoholic Fatty Liver Disease ; Annu. Rev. Pathol. Mech. Dis. 2018. 13:321–50



Natural history of NAFLD



Histological Changes in 

Hepatic Steatosis With and 

Without Inflammation (From 

Rinella ME: Nonalcoholic Fatty 

Liver Disease:

A systematic Review. JAMA. 

2015;313(22):2263-2273)16



Diagnostic criteria for different NAFLD stages, diagnostic methods/biomarkers and their limitations



The dynamic natural history of NAFLD.

Current thinking based on longitudinal cohort studies and dual-biopsy cohorts is that the natural history of NAFLD is highly dynamic. The 
degree of steatohepatitis and therefore transition between NAFL and NASH is characterized by periods of waxing and waning.

Similarly, fibrosis may progress or regress, and while most patients exhibit only slow progression, up to 20% of patients may be more rapid 
progressors. Risk of morbidity and mortality increases with fibrosis stage.

Mary E. Rinella, Frank Tacke, Arun J. Sanyal, Quentin M.Anstee; Report on the AASLD/EASL joint workshop on clinical trial 
endpoints in NAFLD; Journal of Hepatology 2019 vol. 71 j 823–833



Causes of NAFLD in non-obese individuals.Causes of Hepatic Steatosis



Reported extrahepatic manifestations of NAFLD

Adams LA, et al. Gut. 2017;66(6):1138-1153



Proportion of NAFLD subjects with one, two, or three
MCs (DM, HTN, or dyslipidemia) present at the time of 

diagnosis. 
The proportion of subjects with multiple comorbidities 

atNAFLD diagnosis has increased since 1997

Impact of NAFLD on incident MCs and mortality in 
reference to age- and sex-matched controls

Compared to controls, NAFLD subjects have a higher risk to 
develop incident dysmetabolic comorbidities (top row, 
horizontal arrows). The impact of NAFLD on mortality 

decreases as the number of dysmetabolic conditions increases 
(bottom row, vertical arrows).



A schematic of the putative mechanisms 
for the development of extrahepatic 

disease in patients with NAFLD

HEPATOLOGY, March 2014



Complex interplay of NAFLD and cardiovascular disease. The liver is centrally positioned in the metabolic 
syndrome, where NAFLD can be considered as the consequence of mechanism driven by the other 
components of the metabolic syndrome. However, reciprocal crosstalk exists, wherein the liver may 
actually drive diabetes mellitus or cardiovascular disease. These synergetic effects become more complex 
and create a vicious circle. 

Journal of Hepatology 2016 vol. 65 j 425–443



Summary of potential pathophysiological mechanism responsible for increased CVD in NAFLD.

NAFLD drives multiple mechanisms that 
ultimately lead to cardiovascular disease. These 
mechanisms are summarised in this figure. 
Genetic background, adipose tissue and the gut 
all contribute, in part via the liver (direct effects 
also exists but are not within the scope of this 
review). The details about these mechanisms 
are described in the text. Structural alterations 
of the cardiovascular system are marked in red. 
ANGPTL, angiopoietin like proteins; FetA, fetuin-
A; FGF21, fibroblast growth factor 21; GIP, 
gastric inhibitory peptide; GLP-1, glucagon-like 
peptide 1; HDL, high-density lipoproteins; 
HMGB-1, high mobility group box 1; hsCRP, high 
sensitivity C-reactive protein; IL-1b, interleukin 
1b; IL-6, interleukin 6; M1/M2, macrophage 
phenotype 1/2 ratio; OxLDL, oxidized low-
density lipoprotein; PAI-1, plasminogen 
activator inhibitor 1; PNPLA3, patatin-like 
phospholipase domain containing protein 3; 
sdLDL, small dense low-density lipoproteins; 
SeP, selenoprotein P; SNP, single nucleotide 
polymorphism; TG, triglycerides; TM6SF2, 
transmembrane 6 superfamily member 2; TMA, 
trimethylamine; TMAO, trimethylamine-N-
Oxide; TNF-a, tumor necrosis factor a; VEGF, 
vascular endothelial growth factor; VLDL, very 
low-density lipoproteins



Potential pathophysiological mechanism responsible for increased CVD in NAFLD



Epidemiology: January 2011 - Volume 22 - Issue 1 - p 129-130

Risk of Stroke Associated With Biochemical Markers of
Inflammatory Nonalcoholic Fatty Liver Disease

https://journals.lww.com/epidem/toc/2011/01000


Diabetes and Family History of Diabetes on Histological Traits and Interaction Between Personal and Family History of Diabetes

Significant P values are shown in bold.
Abbreviations: 
PH diabetes, personal history of diabetes; 
FH diabetes, family history of diabetes.
*N gives the number of patients with 
outcome and diabetes status.
†ORs and P values corresponding to PH 
diabetes, FH diabetes, and PH and FH
diabetes were obtained from three 
separate logistic regression models 
adjusted for age at enrollment, gender, 
and BMI for each outcome. The control 
group for each model was individuals with 
no personal history or family history of 
diabetes.
‡P values corresponding to interaction 
between PH and FH diabetes were
obtained using Wald’s test

HEPATOLOGY, Vol. 56, No. 3, 2012



Risk factors in patients with NAFLD and CKD

Journal of Hepatology 2020 vol. 72 j 785–801



Renal function parameters in patients with NASH and controls

Journal of Hepatology 2020 vol. 72 j 785–801



Potential mechanisms and factors linking intestinal dysbiosis, visceral adipose tissue dysfunction, NAFLD and CKD.

Journal of Hepatology 2020 vol. 72 j 785–801



Key Extrahepatic Manifestations of NAFLD

Li AA, et al: Extrahepatic Manifestations of Nonalcoholic Fatty Liver Disease



Key concepts of extra-hepatic manifestations of nonalcoholic fatty liver disease (NAFLD).

Int. J. Environ. Res.
Public Health 2019, 16, 3415



Putative mechanisms linking NAFLD and extra-hepatic cancers

Int. J. Mol. Sci. 2016, 17, 717





➢ A positive energy balance due to calorie 
excess or reduction in expenditure increases 
fat depot in the adipose and hepatic tissue. 

➢ The fat in the adipose results in obesity, insulin 
resistance, T2D, hypertension and low-grade 
inflammation directly increasing the risk of 
cardiovascular events.

➢ The fat in the liver results in NAFLD, with 
consequent increased triglyceride-rich 
lipoproteins secretion causing dyslipidemia 
and increased risk of cardiovascular disease.

➢ NAFLD results also in changes in secretion of 
hepatic specific proteins including 
hepatokines, proprotein convertase 
subtilisin/kexin type 9 (PCSK9), coagulation 
factors inducing additional independent risk 
factors of cardiovascular disease.

LP-lipoproteins (VLDL); ASCVD-atherosclerotic 
cardiovascular disease; NAFLD-non-alcoholic fatty liver 
disease.

Mechanisms of cardiovascular disease susceptibility due to excess of calorie intake



Summary of controversies of NAFLD as an independent cause of atherosclerotic cardiovascular disease

Genetic variants that predispose to NAFLD development have 
not been associated with atherosclerotic CVD development in 
the absence of overall obesity and the metabolic syndrome.

Atherosclerosis 282 (2019) 110–120



Monika Gjorgjieva, Cyril 
Sobolewski, Dobrochna Dolicka, Marta 
Correia de Sousa, miRNAs and NAFLD: from 
pathophysiology to therapy
http://orcid.org/0000-0001-7199-4135

http://orcid.org/0000-0001-7199-4135


Summary of findings from network-based studies 
to elucidate NAFLD progression, mechanisms, 
comorbidities, sex differences, biomarkers and 
druggable targets



Venn diagram illustrating the spectrum of fatty liver 
diseases and the overlap and distinction of the 2 main 
entities, namely, metabolic dysfunction predominant 
and alcohol predominant fatty liver. An updated and 
more appropriate nomenclature and classification 
system is required to reflect the nuances of disease 
etiology within the spectrum of fatty liver disease. The 
abbreviations are used to merely illustrate the various 
subgroups: MPFL: metabolic dysfunction predominant 
fatty liver; APFL, alcohol predominant fatty liver; 
MPFL/A and MPFL/N: metabolic dysfunction 
predominant fatty liver with, and without alcohol 
intake that is anything more than ceremonial; and 
APFL/M and APFL/N: alcoholic predominant fatty liver 
with metabolic dysfunction or with no metabolic 
dysfunction.

COMMENTARIES; MOHAMMED ESLAM, ARUN J. SANYAL, JACOB GEORGE; Toward More Accurate Nomenclature for Fatty Liver Diseases; 
Gastroenterology 2019;157:590–593

CONCLUSION
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