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Summary

Non-alcoholic fatty liver disease (NAFLD) is the most common
cause of chronic liver disease in Western countries that is pre-
dicted to become also the most frequent indication for liver
transplantation by 2030. Over the last decade, it has been shown
that the clinical burden of NAFLD is not only confined to liver-re-
lated morbidity and mortality, but there is now growing evidence
that NAFLD is a multisystem disease, affecting extra-hepatic
organs and regulatory pathways. For example, NAFLD increases
risk of type 2 diabetes mellitus (T2DM), cardiovascular (CVD)
and cardiac diseases, and chronic kidney disease (CKD).
Although the primary liver pathology in NAFLD affects hepatic
structure and function to cause morbidity and mortality from cir-
rhosis, liver failure and hepatocellular carcinoma, the majority of
deaths among NAFLD patients are attributable to CVD. This nar-
rative review focuses on the rapidly expanding body of clinical
evidence that supports the concept of NAFLD as a multisystem
disease. The review discusses the factors involved in the progres-
sion of liver disease in NAFLD and the factors linking NAFLD with
other extra-hepatic chronic diseases, such as T2DM, CVD, cardiac
diseases and CKD. The review will not discuss NAFLD treatments

as these are discussed elsewhere in this issue of the Journal. For
this review, PubMed was searched for articles using the keywords
‘‘non-alcoholic fatty liver disease’’ or ‘‘fatty liver’’ combined with
‘‘diabetes’’, ‘‘cardiovascular (or cardiac) disease’’, ‘‘cardiovascular
mortality’’ or ‘‘chronic kidney disease’’ between 1990 and 2014.
Articles published in languages other than English were excluded.
! 2014 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Over the last decade, it has been shown that the clinical burden of
non-alcoholic fatty liver disease (NAFLD) is not only confined to
liver-related morbidity and mortality, but there is now growing
evidence that NAFLD is a multisystem disease, affecting several
extra-hepatic organs and regulatory pathways [1]. Since NAFLD
has become the predominant cause of chronic liver disease in
many parts of the world [2], NAFLD is also potentially contribut-
ing to an important burden of extra-hepatic chronic complica-
tions. For reasons that are not completely clear, NAFLD is more
common in men than women and although precise estimates of
incidence rates for NAFLD are uncertain (because of difficulties
with establishing a precise diagnosis during sequential follow-
up), current incidence rates are approximately 20/10,000 person-
years, peaking in the sixth decade of life [3]. Current population-
based prevalence of NAFLD is approximately 30–40% in men and
15–20% in women [4] and is even higher in people with type 2
diabetes mellitus (T2DM), occurring in up to 70% of this group
of patients [5].

A major focus of the NAFLD-related chronic diseases during
the last 10 years has involved chronic liver disease, cardiovascu-
lar disease (CVD) and T2DM; e.g., a recent meta-analysis showed
that NAFLD increased overall mortality by 57% mainly from liver-
related and CVD causes, and increased risk of incident T2DM by
approximately twofold [6]. Additionally, and even more recently,
increasing attention has also focused on NAFLD-related chronic
kidney disease (CKD) and a further recent meta-analysis reported
that NAFLD was associated with an approximate twofold
increased risk of CKD [7]. Although there is also emerging evi-
dence that NAFLD is linked to other chronic diseases, such as
sleep apnea, colorectal cancers, osteoporosis, psoriasis and var-
ious endocrinopathies (e.g., polycystic ovary syndrome) [8],
because of the limitations on space, this review will focus only
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on NAFLD-related extra-hepatic diseases where there is strongest
evidence for a possible causal link between NAFLD and pathology
in extra-hepatic organs (namely T2DM, CVD and CKD).

This narrative review will discuss NAFLD and: a) liver disease
that is relevant to the development of extra-hepatic complica-
tions, b) T2DM, c) CVD and cardiac diseases, and d) CKD. The aeti-
ology and pathogenesis of each of these hepatic and extra-hepatic
chronic complications will also be briefly discussed.

Key Points

• Liver fat accumulation in NAFLD increases risk of type 2
diabetes mellitus approximately twofold  

• Hepatic lipid accumulation (e.g., di-acyl glycerol) in
NAFLD impairs insulin signaling (insulin resistance) that
contributes to abnormal hepatic metabolism

• Increasing evidence suggests more severe forms of
NAFLD further increase risk of type 2 diabetes mellitus

• Both NASH and type 2 diabetes mellitus increase risk of
hepatocellular carcinoma 

• Mechanisms contributing to the pathogenesis of 
hepatocellular carcinoma also occur with obesity and
insulin resistance (i.e., two common risk factors for type
2 diabetes mellitus)

• Increasing evidence indicates that the presence and
severity of NAFLD is associated with an increased
prevalence and incidence of cardiovascular disease,
independently of established cardiovascular risk factors

• Some evidence also indicates that the presence and
severity of NAFLD is associated with an increased
prevalence and incidence of chronic kidney disease,
independently of multiple cardio-renal risk factors

• It is now becoming increasingly evident that NAFLD
is not simply a marker of cardiovascular disease and
chronic kidney disease, but also may play a part 
in the pathogenesis of these extra-hepatic chronic
complications

• The clinical implication for these findings is that NAFLD
patients may benefit from more intensive surveillance
and early treatment interventions to decrease the risk
for cardiovascular and kidney complications

NAFLD: diagnosis, development, and progression of liver
disease

In clinical practice, an initial diagnosis of NAFLD is usually estab-
lished with radiological imaging techniques, by the presence of
P5% hepatic fat accumulation in the absence of other recognized
causes of fatty liver, e.g., alcohol, virus, drugs, autoimmunity.

Because of the limitations of space, this review will not discuss
the use of the various techniques for diagnosing NAFLD. However,
for a detailed recent review of the radiological imaging modalities
available for the assessment of NAFLD see [9]; for more details

regarding the sensitivity and specificity of ultrasonography to
detect liver fat, the reader is referred to the following [10–12];
and for information, regarding the sensitivity and reproducibility
of magnetic resonance techniques to assess liver fat [13,14]. For a
discussion of the utility of histological characterization of the liv-
er, using a designated scoring system, see [11,15].

NAFLD is fast becoming one of the most common causes of
chronic liver disease worldwide, and is now a major cause of liv-
er-related morbidity and mortality [16]. NAFLD begins with liver
lipid accumulation, and marked hepatic fat accumulation is a risk
factor for disease progression. Although the major risk factors for
hepatic fat and hepatic fibrosis development in NAFLD are well
established (e.g., age >50 years, obesity, insulin resistance,
T2DM, increased ferritin levels and the patatin-like phospholi-
pase domain-containing 3 (PNPLA3) I148M polymorphism) [17–
19], the pathological mechanisms by which each of these risk fac-
tors (particularly PNPLA3 genotype) cause NAFLD progression are
less well understood. It has been shown that when associated
with the I148M gene variant, NAFLD has a lower plasma triacyl-
glycerol profile. This supports the notion that the I148M gene
variant inhibits intra-hepatocellular lipolysis rather than stimu-
lates hepatic triacylglycerol synthesis [20]. However, further
work is required to establish the precise function of PNPLA3 in
the pathogenesis of liver disease progression in NAFLD, as it has
also been highlighted in response to this work that a contribution
of PNPLA3 lysophosphatidic acid acyltransferase activity could
also contribute to altered plasma triacylglycerol composition
and concentration [21]. Where there is evidence of advanced
hepatic fibrosis, which is easier to establish with some of the
newer non-invasive imaging modalities [9,22], complications
such as cirrhosis and hepatocellular carcinoma (HCC) are not
uncommon. Development of hepatic fibrosis occurs in 40–50%
of patients with non-alcoholic steatohepatitis (NASH) and current
estimates are that approximately 30–40% of people with NAFLD
develop NASH [23]. From a meta-analysis of 40 studies, it has
been estimated that NASH increases the risk of liver-related mor-
tality by !5–10 fold (mainly depending on the degree of hepatic
fibrosis present) [6]. With regard to this, Ekstedt et al. recently
confirmed that hepatic fibrosis stage was the strongest predictor
for all-cause and disease-specific mortality in patients with histo-
logically confirmed NAFLD, who were followed-up for a mean
period of 26.4 years [24]. In 2009, patients with NASH accounted
for !10% of patients undergoing liver transplantation in the
United States; NASH is the third most common indication for liv-
er transplantation in the United States, and considering the spec-
trum of disease encapsulated within NAFLD, NAFLD is on a
trajectory to become the most common indication for liver trans-
plantation [25].

It has been known for many years that obesity and T2DM
increase the risk of HCC [26] but the biological explanation for
this link remains uncertain. NASH is common in patients with
obesity, insulin resistance and T2DM and NASH increases the risk
of HCC [27]. That said, it is uncertain whether there is a diabetes/
obesity-specific factor that increases risk of HCC or whether there
are common pathological mechanisms that occur both in HCC
and in T2DM/obesity. For HCC, it has been recently shown that
incidence and mortality rates have increased approximately two-
fold in men and women between 1968 and 2008 [28,29].
Although it is less certain whether simple steatosis increases risk
of HCC, it is now becoming clear that NASH is a risk factor for
HCC, even in people without cirrhosis [30–32].
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The underlying mechanisms by which NASH or T2DM
increase risk of developing HCC are not completely understood,
but mechanisms involved in liver inflammation, metabolic stress
and insulin resistance that are shared between NASH and T2DM
may be also involved in HCC development. Activation of certain
metabolic or stress-response pathways, involving one-carbon
metabolism, nuclear factor-kappa B (NF-jB), phosphatase and
tensin homolog (PTEN), and microRNAs occur with HCC [33].
Many of these pathways involved in causing cellular stress also
occur within tissues affected by obesity and insulin resistance
[34], which are commonly linked and important in the patho-
genesis of T2DM. It also has been suggested that chronic activa-
tion of toll-like receptor 4 (TLR-4) (i.e., an upstream activator of
NF-jB signaling [35]) by gut microbiota-derived ligands, such
as lipopolysaccharide may occur. Additionally, gut microbiota-
mediated metabolism of bile acids has recently been implicated
in HCC development [36]. Gut microbiota also metabolize prima-
ry bile acids produced by the liver to secondary bile acids such as
deoxycholic acid. In a mouse model of HCC, when deoxycholic
acid production was blocked by an inhibitor, HCC development
was suppressed [36], implicating the interaction between the
gut microbiota and bile production in the pathogenesis of HCC
(Fig. 1).

Indeed, the possibility that alterations in the gut microbiota
that promote the development of T2DM and NAFLD, and that
induce increased risk of HCC, make the gut microbiota an attrac-
tive and potentially new therapeutic target in NAFLD (and possi-
bly too in T2DM where there is obesity and insulin resistance).
We and others are testing the effects of synbiotic treatment (a
combined pro- and pre-biotic therapeutic agent) in NAFLD
patients (see INvestigation of SYnbiotic TrEatment (INSYTE) in
Non-Alcoholic Fatty Liver Disease (NAFLD), www.clinicaltri-
als.gov Registration number NCT 01680640). It is likely that fur-
ther research over the next few years will clarify whether
therapeutic modification of the gut microbiota is therapeutically
desirable in reducing the development of liver fat and inflamma-
tion in the early stages of NAFLD. However, whether therapeutic
modification of the gut flora decreases complications of NAFLD
such as cirrhosis and HCC will take longer to establish.

NAFLD and diabetes: epidemiology

It has been known for many years that there is a substantial
increased risk of mortality from cirrhosis of any aetiology in
patients with T2DM [26,37], but the explanation for this increase
in risk remains uncertain. Using a large electronic administrative
database, we recently analyzed all information available in death
certificates in an entire region in Italy to investigate the aetiology
of chronic liver disease-associated mortality in people with dia-
betes (n = 167,621 diabetic individuals aged 30–89 years).
Notably, we found that diabetic individuals had an approximately
threefold higher risk of dying of chronic liver diseases, mainly
associated with a non-virus and non-alcohol-related aetiology,
which is largely attributable to NAFLD [38].

Some studies that have examined the relationship between
NAFLD and T2DM have used simple biochemical and anthropo-
metric measures as proxies for NAFLD. Serum levels of alanine
transaminase (ALT) and gamma-glutamyltransferase (GGT) or
the NAFLD fatty liver score and the fatty liver index, which are
generated from anthropometric and biochemical measurements

have been used as markers for NAFLD, and single biochemical
tests are not good markers for assessing NAFLD severity or for
guiding clinical management decisions [39]. With that caveat,
and, as illustrated by recent work from France, studies that have
used biochemical markers as proxies for NAFLD have shown that
NAFLD is associated with incident T2DM, independently of mul-
tiple potential confounding factors [40]. However, because it is
difficult to be certain that abnormal liver function tests are mark-
ers for NAFLD, we have excluded studies that have only used bio-
chemical or anthropometric parameters to diagnose NAFLD from
this review, since it is often not possible to prove that these sub-
jects had NAFLD. For example, evidence is showing that serum
GGT level in particular is a marker of oxidative stress rather than
a specific marker of NAFLD-induced liver disease [41].

Among the studies that have used non-invasive imaging tech-
niques (predominantly ultrasonography) to diagnose NAFLD and
that have assessed the risk of developing T2DM [42–52], nearly
all have shown that NAFLD increases substantially the risk of
incident T2DM. As summarized in Table 1, risk of T2DM among
these studies varied markedly from a 64% increase [50] to a
5.5-fold increase in risk [44]. This wide inter-study variation in
risk might reflect differences in NAFLD severity, since the study
by Park et al. [49] showed that the incidence rate of T2DM
increased progressively according to the ultrasonographic sever-
ity of NAFLD at baseline (normal: 7.0%, mild: 9.8%, moderate-to-
severe: 17.8%, p <0.001). Even after adjusting for multiple con-
founders, the hazard ratios (HRs) for T2DM development were
significantly higher in the mild-NAFLD group (HR 1.09; 95% CI
0.81–1.48) and in the moderate-to-severe NAFLD group (1.73;
1.00–3.01) than in the no-NAFLD group, respectively.
Additionally, the wide inter-study variation in risk of T2DM that
was associated with NAFLD might also reflect differences in the
number and type of covariates that have been adjusted for
(Table 1).

Although there is now convincing evidence that NAFLD
increases risk of T2DM, and there is emerging evidence that this
risk varies according to NAFLD severity, further evidence is
unquestionably needed in non-Asian populations, as all of the
studies summarized in Table 1 are in various Asian populations,
and most of the evidence obtained to date has been obtained in
South Korean people. In addition, since the adjustment for poten-
tial confounders has been often incomplete, further prospective
studies with a larger panel of established diabetes risk factors
will be needed to firmly establish an independent contribution
of NAFLD to the development of T2DM.

Although NAFLD is strongly associated with obesity, insulin
resistance and T2DM, many people with NAFLD are not obese,
and many people with NAFLD do not have T2DM.
Consequently, as also shown in Table 1, we investigated the clus-
tering of NAFLD, insulin resistance and obesity in people who
developed incident T2DM. Specifically, we compared the impact
of obesity, insulin resistance (estimated by homeostasis model
assessment) and fatty liver (as detected by ultrasonography) on
the risk of incident T2DM at 5-year follow-up in a cohort of over
12,000 South Korean individuals [43]. These data showed that
each of these three risk factors was independently associated
with increased T2DM risk, and each risk factor (independently)
was associated with an approximate doubling of the T2DM risk
after adjustment for other recognized risk factors. When all three
risk factors occurred together in the same individual (and this
occurred in !50% of people with incident T2DM at follow-up),
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there was a fourteen-fold increase in risk of T2DM after adjust-
ment for potential confounders. Notably, in the same observa-
tional cohort of Korean people, we further investigated the
effect of resolution of fatty liver on risk of incident T2DM at 5-
year follow-up to try and establish whether NAFLD improve-
ments were associated with a risk reduction in incident T2DM.
Interestingly, these data showed that there was a significant
reduction in risk of incident T2DM in those subjects in whom fat-
ty liver on ultrasound resolved over time. In particular, in those
subjects, risk of incident T2DM decreased to the background risk
of someone who had never had fatty liver [52]. Conversely, the
individuals in whom the severity of fatty liver worsened over
5 years (from mild to moderate/severe) showed a marked
increase in risk of incident T2DM [adjusted-OR 6.13 (95% CI
2.56–14.68) p <0.001 compared with the risk in people with
resolution of fatty liver], supporting the notion that more severe
forms of NAFLD are associated with higher risk of incident T2DM.

Rarely when studying the relationship between NAFLD and risk
of T2DM, has NAFLD been confirmed, or severity assessed, by liver
histology [23]. In a landmark paper from 2006, in a 13.7-year fol-
low-up of 129 patients with biopsy-proven NAFLD, 42 patients
with NASH at baseline returned for follow-up biopsy and of these,
30 patients (71%) had T2DM (diagnosed by either fasting glucose/
2-h glucose level during an oral glucose tolerance test or by a clin-
ical history of diabetes). Of the patients with simple steatosis at

baseline, 21 (46%) had T2DM and this difference was statistically
significant (p = 0.01), suggesting that patients with NASH have a
higher risk of T2DM than those with simple steatosis.

Whether currently available biomarkers for NAFLD severity
are useful for monitoring NAFLD progression (or regression) in
people with T2DM is uncertain. Recently, the investigators of
the Edinburgh Type 2 Diabetes Study investigated five non-inva-
sive biomarkers to detect liver fibrosis and determined the level
of agreement between them in 831 middle-aged patients with
T2DM [53]. Patients underwent ultrasound assessment to diag-
nose the presence or absence of fatty liver. Additionally, mea-
surements of the AST/ALT ratio, aspartate to platelet ratio index
(APRI), Enhanced Liver Fibrosis panel (ELF), Fibrosis-4 score
(FIB4) and liver stiffness measured by Fibroscan were undertak-
en. Based on data from the scientific literature, these investiga-
tors established thresholds for each of the five biomarkers for
identifying liver fibrosis and then determined the level of agree-
ment between the biomarkers to detect liver fibrosis in patients
with T2DM. Agreement between the top 5% of the distribution
for each biomarker pair was poor. APRI and FIB4 had the best
positive agreement at 76.4%, but agreement for all of the other
serum biomarker pairs was between 18% and 34%. Agreement
with the liver stiffness measurement was also poor (9–16%).
Using the top 5% of each biomarker there was good agreement
between the biomarkers to exclude the presence of advanced

Poor nutrition
(e.g., high fat, high
carbohydrate, high
fructose)
Genetic factors
(e.g., PNPLA3
genotype)

Lipid globules/
steatosis

LCFAs/
DAGs
ceramides
Di-P PATAGs

Stellate and Kupffer
cells activation

Lipotoxicity

Inflammation, oxidative
stress, insulin resistance,
increased collagen matrix

Inflammation/fibrosis,
cirrhosis and HCC
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LCFAs, hyperinsulinaemia
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Fig. 1. The influences of visceral ectopic fat accumulation, adipose tissue inflammation, type 2 diabetes, diet and intestinal dysbiosis to promote the development of
progressive liver disease in NAFLD. Visceral ectopic fat accumulation, which often occurs with inflammation and type 2 diabetes, causes resistance to insulin action and
hepatic necro-inflammation (by Kupffer cell activation) with activation of hepatic stellate cells and increased production of collagen matrix and progression of liver disease.
Progression of liver disease over an ill-defined period of time causes advanced liver fibrosis, cirrhosis and, in some cases, hepatocellular carcinoma. Poor diet (particularly
high fat and high fructose intakes) along with genetic factors (e.g., PNPLA3 polymorphisms) may also play a role in NAFLD progression increasing hepatic lipid accumulation
and increasing risk of liver fibrosis. Alternations in the diet may cause dysbiosis of the gut microbiota with hepato-toxic effects from secondary bile acids. Dysbiosis may
alter the production of short-chain fatty acids (from fermentation of dietary carbohydrate), and increase the production of lipopolysaccharide into the portal circulation
(from egress of intestinal bacteria caused by increased intestinal permeability). Such effects create a pro-inflammatory hepatic stimulus that increases risk of progression of
NAFLD. (DAG, di-acylglycerol; HCC, hepatocellular carcinoma; LCFAs, long-chain fatty acids; PNPLA3, patatin-like phospholipase domain-containing 3).
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Table 1. Studies of associations between incident type 2 diabetes mellitus and a) incident fatty liver, b) existing (prevalent) fatty liver, c) increasing severity of fatty liver and d) resolution of fatty liver, diagnosed
by non-invasive imaging only.

Study and year Study design, 
sample size, 
population and 
mean follow up

Diagnosis of 
NAFLD

Diagnosis of diabetes Regression modelling 
adjustments

Risk (HR, RR, OR) 
[95%CIs] for incident 
diabetes with incident 
NAFLD

Risk (HR, RR, OR) 
[95%CIs] for incident 
diabetes with prevalent, 
or existing  NAFLD

Risk (HR, RR, OR) 
[95%CIs] for incident  
diabetes with worsening 
of, or more severe 
NAFLD

Risk (HR, RR, OR) 
[95%CIs] for incident 
of diabetes with 
resolution of NAFLD

Yamada et al. 2010 
[42]

Retrospective
12,375
Japanese
5 years

Ultrasound IFG = fasting glucose 6.1-7.0 
mmol/L 
Diabetes = fasting glucose level 
≥7.0 mmol/L

Adjusted for age, body 
mass index (BMI), 
elevated blood pressure 
or hypertension, alcohol 
drinking,  smoking status

n.a. ORs for impaired fasting 
glucose or diabetes OR 
1.91 [1.56-2.34] men OR 
2.15 [1.53-3.01] women

n.a. n.a.

Sung et al. 2012 
[43]

Retrospective 
12,853
Korean
5 years

Ultrasound Self-report of diabetes, or 
medical history, or fasting 
plasma glucose during follow-up

Adjusted for age and sex, 
alcohol, smoking status, 
exercise, and educational 
status, triglyceride, ALT

n.a. OR 2.73 [1.38-5.41] n.a. n.a.

Shibata et al. 2007 
[44]

Case/control
3189
Japanese
4 years

Ultrasound Adjusted for age and BMI n.a. HR 5.5 [3.6-8.5] n.a. n.a.

Okamoto et al. 2003 
[45]

Prospective 
840
Japanese
10 years

Ultrasound 

Fasting glucose level ≥7.0 mmol/L 
or 2-h post-load plasma glucose 
level ≥11.1 mmol/L on a 75-g oral 
glucose tolerance test 
Fasting glucose ≥6.1 mmol/L or 
hemoglobin A1c (HbA1c) ≥6.5%

Age, sex, fasting glucose, 
HbA1c, BMI change during 
follow up, frequency of 
examinations, alcohol, 
family history diabetes

n.a. OR 1.83 [0.95-3.51] n.a. n.a.

Kim et al. 2008 [46] Retrospective
5372
Korean 
5 years

Ultrasound Fasting glucose level 
≥7.0 mmol/L or treatments for 
diabetes.

Age, sex, family history of 
diabetes, smoking, blood 
pressure, fasting glucose, 
BMI, HDL-C, triglyceride, 
ALT

n.a. RR 1.51 [1.04-2.20] RR 2.29 [1.13-4.63] 
(excluding frequent 
drinkers = >3x/week)

n.a.

Fan et al. 2007 [47] Case/control design
1146
Chinese
7 years

Ultrasound Self reported use of diabetes 
medications and WHO criteria 
(1999) 

Matched for age, sex, 
occupation, duration of 
follow up

n.a. OR 4.63 [3.0-7.0] n.a. n.a.

Bae et al. 2011 [48] Retrospective
7949
Korean 
4 years

Ultrasound Fasting glucose ≥7 mmol/L or 
HbA1C ≥6.5%

Adjusted for age, sex, 
smoking status, blood 
pressure, impaired 
fasting glucose, alcohol 
consumption, physical 
activity, BMI, HDL-C, 
triglycerides

n.a. HR 1.33 [1.07-1.66] n.a. n.a.

Park et al. 2012 [49] Prospective
25,232 
Korean
Men only
5 years

Ultrasound Self-report, or medical history, 
or fasting plasma glucose, or 
HbA1c ≥6.5% during follow-up

Adjusted for baseline age, 
sex, waist circumference, 
insulin and glucose 
(HOMA-IR), triglyceride, 
HDL-C, systolic blood 
pressure, creatinine, 
hsCRP, family history of 
diabetes, exercise, MetS

n.a. Mild fatty liver
HR 1.09 [0.81-1.48]

Moderate to severe fatty 
liver HR 1.73 [1.00-3.01]

n.a.

(continued on next page)
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Table 1 (continued)

Study and year Study design, 
sample size, 
population and 
mean follow up

Diagnosis of 
NAFLD

Diagnosis of diabetes Regression modelling 
adjustments

Risk (HR, RR, OR) 
[95%CIs] for incident 
diabetes with incident 
NAFLD

Risk (HR, RR, OR) 
[95%CIs] for incident 
diabetes with prevalent, 
or existing  NAFLD

Risk (HR, RR, OR) 
[95%CIs] for incident  
diabetes with worsening 
of, or more severe 
NAFLD

Risk (HR, RR, OR) 
[95%CIs] for incident 
of diabetes with 
resolution of NAFLD

Kasturiratne et al. 
2013 [50]

Retrospective 
2984
Sri Lankan 
3 years

Ultrasound Defined as a past history of 
diabetes mellitus or fasting 
glucose level >6.9 mmol/L (125 
mg/dl) at baseline.

Adjusted for age, sex, 
family history of diabetes, 
waist circumference, 
hypertension, 
dyslipidemia, impaired 
fasting glucose, ALT, BMI

n.a. HR 1.64 [1.20-1.23] n.a. n.a.

Chang et al. 2013 
[51]

Retrospective 
38,291
Korean
5 years

Ultrasound  
severity 
of NAFLD 
assessed 
with NAFLD 
fibrosis score.

Self-report, or medical history, 
or fasting glucose level, or 
HbA1c ≥6.5% during follow-up

Adjusted for baseline age, 
sex, waist circumference, 
insulin and glucose 
(HOMA-IR), triglyceride, 
HDL-C, systolic blood 
pressure, hsCRP, 
creatinine, family history of 
diabetes, exercise, MetS

n.a. Mild fatty liver 
HR 2.00 [1.79-2.24]

Intermediate and severe 
fatty liver 
HR 4.74 [3.67-6.13]

n.a.

Sung et al. 2013 
[52]

Retrospective 
13,218
Korean
5 years

Ultrasound Self-report, or medical history, 
or fasting glucose level during 
follow-up

Adjusted for baseline 
age, sex, BMI, glucose, 
insulin, baseline 
triglyceride, HDL-C, 
systolic blood pressure, 
alcohol, smoking, physical 
activity, and change in 
BMI between baseline 
and follow up ALT, AST 
and GGT

OR 2.49 [1.49-4.14] Fatty liver at baseline 
and fatty liver at follow up
OR 2.95 [1.91-4.54]

Fatty liver at baseline and 
worsening in severity at 
follow up OR 7.38 [3.36- 
16.22]

OR 0.95 [0.46-1.96]

n.a., not available.
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fibrosis, but poor agreement to diagnose advanced fibrosis. Thus,
further research is clearly needed to find tools/tests for monitor-
ing disease progression (or resolution) in people with NASH and
T2DM, who are at highest risk of developing serious liver disease
(namely cirrhosis, liver failure and HCC).

Diabetes development in NAFLD: pathophysiology

When imbalance occurs between energy intake and energy
expenditure, or when there is an intrinsic problem with storing
excess energy as lipid (triacylglycerol) in adipose tissue depots,
lipid occurs in other organs throughout the body. When lipid
occurs in tissues or organs not designed to accumulate fat, e.g.,
liver or omentum, the term ‘ectopic fat accumulation’ is often
used to infer that lipid accumulation has occurred in another site
besides adipose tissue [54].

NAFLD is an example of ectopic fat accumulation and this lipid
accumulation is usually associated with increased secretion of
hepatokines [55], increased gluconeogenesis, decreased glycogen
synthesis and inhibition of insulin signaling [56,57]. When excess
hepatic lipid accumulates, it often causes insulin resistance and
chronic inflammation increasing risk of progressive liver disease
with fibrosis, cirrhosis and increased risk of HCC (Fig. 1). Besides
liver lipid metabolism, it is now clear that adipose tissue dysfunc-
tion/inflammation is crucial in NAFLD pathogenesis and increas-
ing evidence is also now suggesting that dysbiosis of the gut
microbiota plays a key role in regulating several intra-hepatic
metabolic and inflammatory pathways that contribute to the
development and progression of NAFLD. This is possibly through
the increased intestinal absorption of multiple bacterial products,
such as short-chain fatty acids (e.g., butyrate, propionate and
acetate), lipopolysaccharide and endotoxins. For detailed reviews
of the role of hepatic lipid accumulation and the gut microbiota
in influencing insulin resistance and inflammation in NAFLD,
see the following reviews [54,58,59]. Because of the constraints
on space, this review will only consider briefly the mechanisms
that are potentially involved in the pathogenesis of insulin resis-
tance and inflammation in NAFLD.

Although obesity is strongly associated with hepatic steatosis,
excess body fat accumulation is not ‘a conditio sine qua non’ for
developing NAFLD. In fact, patients with lipodystrophy have
marked insulin resistance and commonly develop hepatic steato-
sis and T2DM, strongly suggesting that it is not body fat mass per
se that is important, but it is adipose tissue dysfunction that is a
key contributor to the pathogenesis of NAFLD [60]. Specifically,
increased free fatty acid (FFA) fluxes from the adipose tissue pool
increase the availability of long-chain fatty acyl-CoAs for hepatic
lipid accumulation, particularly in physically inactive individuals
[58], and evidence is accumulating that hepatic lipid accumula-
tion is capable of causing hepatic/peripheral insulin resistance
and promoting hepatic inflammation [54,58].

Expansion of peripheral adipose depots provides buffering
capacity that may protect the liver from the excessive FFA fluxes
that promote hepatic lipid accumulation. Within hepatocytes,
long-chain fatty acids (LCFAs) are esterified with glycerol-3-phos-
phate (derived from glycolysis) to form mono-acylglycerols, di-a-
cylglycerols (DAG) and tri-acylglycerols (TAG) (Fig. 2). Lipid
synthesis may increase production of intermediates, such as
DAG, di-palmitoyl phosphatic acid (Di-P PA) and other lipid prod-
ucts, such as ceramides; the increased production of these lipid

products (particularly DAGs) is very important in causing ‘resis-
tance’ within the hepatic insulin signaling pathway [61], promot-
ing hepatic inflammation [62–65] and increasing risk of
progressive liver disease that occurs with NASH. In the liver, pro-
duction of ceramides utilizes LCFAs [66], and ceramides can accu-
mulate into the cells via three main routes: 1) the hydrolysis of the
membrane phospholipid sphingomyelin, which is coordinated by
the enzyme sphingomyelinase; 2) de novo synthesis from LCFAs
such as palmitate and serine; and 3) a ‘salvage’ pathway that uti-
lizes sphingosine and forms ceramide [67,68]. Although in the
past, it was thought that ceramide was simply a structural mole-
cule, there is some evidence that an increase in membrane cera-
mide cause insulin resistance (see review [69] and Fig. 2).

The production of DAG has been implemented as a cause of
hepatic insulin resistance and the conversion from TAG to DAG
is mediated by adipose triglyceride lipase (ATGL). Comparative
Gene Identification-58 (CGI-58) is an activator of ATGL and DAG
activates protein kinase Ce (PKCe) membrane translocation to
inhibit the insulin receptor kinase and decrease insulin signaling
[70] (Fig. 2). Hepatic lipids that are not esterified also induce
endoplasmic reticulum stress, leading to the activation of c-Jun
N-terminal kinases and NF-jB [71], which are two major regula-
tors of inflammatory pathways that also inhibit phosphorylation
of insulin receptor substrate-1 (IRS-1) [72], potentially aggravat-
ing hepatic insulin resistance and increasing intra-hepatic cyto-
kine production (Fig. 2). Synthesis of lipids such as DAGs is
intimately related to inflammatory pathways, and DAGs may also
contribute to hepatic production of inflammatory cytokines [e.g.,
tumour necrosis factor-a (TNF-a), interleukin-6 (IL-6)], and pro-
coagulant factors [e.g., factor VIII, plasminogen activator inhibi-
tor-1 (PAI-1)]. Additionally, intestinal microbiota dysbiosis, per-
haps induced by alterations in the diet (Fig. 1), may affect other
hepatic lipid pathways, such as those involving bile acid metabo-
lism, consequently increasing hepatic inflammation and fibrosis,
and resulting in an increased risk of developing cirrhosis and HCC.

To date, it is unclear whether improvements in NAFLD may
ameliorate risk of T2DM or improve glycaemic control in people
with NAFLD who have developed T2DM, but it is plausible that
resolution of liver fat and improvements in liver lipid metabolism
might modify the risk of T2DM via a liver-specific effect. Such a
liver-specific effect could be mediated by alteration in the secre-
tion of multiple hepatokines [55] or inflammatory cytokines that
influence risk of diabetes. In NAFLD, secretion of diabetogenic
hepatokines, such as retinol binding protein (RBP)-4, fetuin-A,
fibroblast growth factor (FGF)-21; or inflammatory biomarkers
such as C-reactive protein (CRP), TNF-a and IL-6 [73] may directly
affect risk of incident T2DM by adversely affecting hepatic gluco-
neogenesis, glycogen synthesis [56,57] and insulin signaling [74].

NAFLD, CVD and other cardiac diseases: epidemiology

NAFLD and CVD

Patients with NAFLD usually have features of the metabolic syn-
drome (MetS) and also have a myriad of other emerging CVD risk
factors [18,75,76]. This finding has important clinical implica-
tions for the development of future CVD events among these
patients.

A recent comprehensive meta-analysis of 27 cross-sectional
studies reported a strong association between NAFLD detected
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by imaging or biopsy and several markers of subclinical
atherosclerosis, such as increased carotid intima-media thickness
(16 studies), increased coronary artery calcification (7 studies),
impaired flow-mediated vasodilation (7 studies) and arterial
stiffness (6 studies). All of these associations were independent
of classical CVD risk factors and MetS features across a wide
range of patient populations [77]. Recently, in a cohort of 755
consecutive otherwise healthy adult men, Moon et al. also report-
ed a strong and independent association between NAFLD and car-
otid artery inflammation (which may reflect plaque
vulnerability), as evaluated by 18F-fluorodeoxyglucose positron
emission tomography [78].

Several large cross-sectional population and hospital-based
studies, involving both patients without diabetes and those with
diabetes, have consistently shown that the prevalence of clinical
CVD is increased in patients with NAFLD (for more detailed
reviews see [75,76,79]). For example, in a national-based cohort
of over 11,000 United States adults, NAFLD was associated with
an increased prevalence of CVD, independently of multiple CVD
risk factors [80]. Similarly, in a large outpatient-cohort study of
patients with T2DM, the prevalence of coronary, cerebrovascular
and peripheral vascular disease was greater among those with
NAFLD than among those without this disease, independently
of traditional CVD risk factors, medication use and diabetes-relat-
ed variables [81]. Finally, in patients referred for clinical coronary
angiography, NAFLD was independently associated with
increased severity of coronary artery disease [82–84].

To date, there are about 20 retrospective and prospective
studies that have assessed the relationship between NAFLD diag-
nosed on biopsy or imaging and the risk of developing fatal and
nonfatal CVD events [23,24,80,82,85–98]. As summarized in
Table 2, most of these studies support the notion that CVD is a
serious threat to patients with NAFLD. In this table we did not
include the large population-based cohort studies that used
serum liver enzymes (i.e., surrogate markers of NAFLD) to diag-
nose NAFLD and that confirmed that mildly elevated serum liver
enzyme levels were independent, long-term predictors of inci-
dent CVD both in men and in women [75,79].

With regard to biopsy-diagnosed NAFLD (as shown in Table 2)
[23,24,88–90,97,98], some retrospective studies with reasonably
long follow-up have clearly shown that all-cause, CVD and liv-
er-related mortality were significantly higher in NAFLD patients
than in matched control populations. These studies have also
shown that the presence and severity of hepatic fibrosis is the
main determinant of all-cause and cause-specific mortality, and
that CVD is a very common cause of mortality among these
patients. Interestingly, some of these studies also reported that
patients with NASH, but not those with simple steatosis, had
[23,88] an increased risk of all-cause and CVD mortality com-
pared with the reference population. However, it should be noted
that all of these studies were retrospective cohort studies with
relatively small numbers of patients, who were seen at tertiary
care referral centers and full adjustment for potential con-
founders was not possible. Undoubtedly, all these features limit
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Fig. 2. Lipid induced mechanisms contributing to hepatic insulin resistance and inflammation in NAFLD. Synthesis of lipid intermediates from long-chain fatty acids
(LCFAs), e.g., ceramide, lyso-phosphatidic acid, phosphatidic acid (PA), di-acylglycerol (DAG), tri-acylglycerol (TAG) and very-low-density lipoprotein (VLDL) secretion.
Synthesis of various species of DAG in particular may promote hepatic insulin resistance and inflammation. Synthesis of ceramide may also increase resistance to insulin
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Table 2. Principal prospective and retrospective studies of the risk of CVD mortality and morbidity in patients with NAFLD (defined by biopsy or imaging only).

Study and year Study design, sample size, population and mean follow up Diagnosis of 
NAFLD

Main findings

Ekstedt M et al. 2006 [23] Retrospective cohort 
129 Swedish NAFLD patients, 13.7 years

Biopsy* Patients with NASH, but not those with simple steatosis, had higher rates of all-cause (~2-fold), CVD 
(~2-fold) and liver-related (~10-fold) mortality than the general population matched for age and sex

Ekstedt M et al. 2014 [24] Retrospective cohort 
229 Swedish NAFLD patients, 26.4 years 

Biopsy* NAFLD patients had increased risk of death (HR 1.29, 95% CI 1.04-1.59), with a high risk of death 
from CVD (HR 1.55, 95% CI 1.11-2.15) and liver-related disease (HR 3.2, 95% CI 1.05-9.81). 
NAFLD activity score (NAS) was not able to predict all-cause death, whereas fibrosis stage 
predicted all-cause, CVD and liver-related death 

Stepanova M et al. 2012 [80] 
and Lazo M et al. 2011 [91]

National-based cohort 
11,371 US adults from the Third National Health and Nutrition Examination 
Survey 1988-94, 14.5 years

Ultrasound* No significant association between NAFLD and all-cause and cause-specific (CVD, cancer and 
liver) mortality

Wong VW et al. 2011 [82] Prospective cohort
465 Chinese patients with coronary heart disease as diagnosed by 
coronary angiography, 1.8 years

Ultrasound|| NAFLD was independently associated with an increased prevalence of CVD at baseline but there 
was no significant association between NAFLD and risk of incident CVD events

Zhou YJ et al. 2012 [85] Community-based cohort 
3543 Chinese adult individuals, 4 years

Ultrasound* Patients with NAFLD had ~3-fold higher rates of all-cause and CVD mortality than those without NAFLD

Treeprasertsuk S et al. 2012 
[86]

Retrospective community-based cohort 
309 US NAFLD patients, 11.5 years

Ultrasound/
computed 
tomography¶

Framingham risk score accurately predicted the higher 10-year coronary heart disease risk in 
NAFLD patients and was the only variable significantly associated with the risk of developing new-
onset coronary heart disease events in this patient cohort 

Targher G et al. 2007 [87] Prospective cohort 
2103 Italian outpatients with type 2 diabetes without viral hepatitis and CVD 
at baseline, 6.5 years

Ultrasound§ NAFLD was associated with an increased risk of fatal and nonfatal CVD events (HR 1.87, 95% CI 
1.2-2.6), independently of age, sex, body mass index, smoking, diabetes duration, hemoglobin A1c, 
LDL-cholesterol, metabolic syndrome features, medication use

Söderberg C et al. 2010 [88] Retrospective cohort 
118 Swedish NAFLD patients, 24 years

Biopsy* Patients with NASH, but not those with simple steatosis, had higher rates of all-cause (~2-fold), 
CVD (~2-fold) and liver-related mortality than the general population matched for age and sex

Rafiq N et al. 2009 [89] Retrospective cohort
173 US NAFLD patients, 13 years 

Biopsy* CVD, cancer and liver-related complications were the most common causes of mortality in this 
cohort of NAFLD patients

Matteoni CA et al. 1999 [90] Retrospective cohort
132 US NAFLD patients, 18 years

Biopsy* Patients with NASH had higher rates of all-cause and liver-related mortality than those without the 
disease. CVD mortality did not differ between the groups

Kim D et al. 2013 [92] National-based cohort study 
11,154 US adults from the Third National Health and Nutrition Examination 
Survey, 14.5 years

Ultrasound and 
advanced fibrosis 
score systems *

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 a 69% increased risk of all-cause mortality. Increase in mortality was almost entirely 
from CVD causes (for NFS: HR 3.46, 95% CI 1.91-6.25; for APRI: HR 2.53, 95% CI 1.33-4.83; for 

Jepsen P et al. 2003 [93] Retrospective cohort 
1804 Danish hospitalized patients with NAFLD, 6.2 years

FIB-4: HR 2.68, 95% CI 1.44-4.99) 
Ultrasound*  Patients with NAFLD had higher rates of all-cause (2.6-fold), CVD (2.1-fold) and liver-related (19.7-

fold) mortality than the general population
Haring R et al. 2009 [94] Population-based cohort 

4160 German individuals, 7.3 years
Ultrasound* NAFLD was associated with an increased risk of all-cause and CVD (HR 6.22, 95% CI 1.2-31.6) 

mortality in men, independently of age, sex, waist circumference, alcohol consumption, physical 
activity, civil status, equalized income, functional comorbidity index, blood pressure, diabetes status

Hamaguchi M et al. 2007 [95] Community-based cohort 
1637 Japanese individuals, 5 years

Ultrasound‡ NAFLD was associated with an increased risk of nonfatal CVD events (HR 4.10, 95% CI 1.6-10.7), 
independently of age, sex, body mass index, alcohol intake, smoking history, LDL-cholesterol and 
metabolic syndrome features 

Dunn MA et al. 2013 [96] Retrospective cohort 
2343 US type 2 diabetics seen in the primary care and specialty clinics of a 
large integrated delivery network, 5 years

Computed 
tomography§

No significant association was found between NAFLD and risk of all-cause mortality and cause-
specific (CVD, cancer and liver) mortality and morbidity. NAFLD patients (steatosis >30% on 
imaging) averaged 8 years younger than those without NAFLD

Dam-Larsen S et al. 2004 [97] Retrospective cohort
109 Danish NAFLD patients (without NASH at baseline), 16.7 years

Biopsy* No significant difference in mortality rates between patients with simple steatosis and the  
general population

Adams LA et al. 2005 [98] Retrospective cohort
420 US NAFLD patients, 7.6 years

Biopsy/imaging* Patients with NAFLD (especially those with cirrhosis and NASH) had higher rates of all-cause, CVD 
and liver-related mortality than the age and sex-matched general population

⁄Study outcome was all-cause and cause-specific mortality.
!Study outcome was nonfatal coronary heart disease and stroke.
§Study outcome was a combined end point of CVD mortality and nonfatal myocardial infarction, ischemic stroke and coronary revascularization procedures.
||Study outcome was a combined end point of CVD mortality and nonfatal myocardial infarction and coronary revascularization procedures.
–Study outcome was a combined end point of CVD mortality and nonfatal congestive heart failure, angina, myocardial infarction and coronary revascularization procedures.
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the generalizability of the findings to a broader patient
population.

With regard to imaging-diagnosed NAFLD [80,82,85–87,91–
96], several large prospective studies have consistently shown
that NAFLD is associated with an increased risk of fatal and non-
fatal CVD events, independently of established CVD risk factors
both in individuals with, and without T2DM. In contrast, and sur-
prisingly, two recent studies, using data from the Third National
Health and Examination Survey (NHANES-III) database of over
11,000 United States adults, have reported that NAFLD was sig-
nificantly associated with increased CVD prevalence but did not
predict the risk of all-cause and cause-specific mortality over
14 years of follow-up [80,91]. The results of these studies may
have been influenced by the inclusion of individuals with mild
hepatic steatosis within the control arm. Interestingly, however,
the latest analyses of the same NHANES-III database found that
NAFLD with advanced hepatic fibrosis (defined by non-invasive
scoring systems) was independently associated with a !70%
increased risk of all-cause mortality, and that this increase in
mortality was almost entirely due to CVD causes [92]. A meta-
analysis published in 2011 concluded that patients with NAFLD
(diagnosed by imaging or biopsy) had a twofold higher risk of
fatal and non-fatal CVD events (OR 2.05, 95% CI 1.81–2.31) than
the matched control population, but that the severity of NAFLD
histology did not further increase CVD mortality [6]. However,
further larger and longer follow-up studies in patients with biop-
sy-confirmed NAFLD are needed in order to improve understand-
ing and establish whether NAFLD severity affects risk of CVD
events. It is important to note that similar to those studies inves-
tigating the relationship between NAFLD and diabetes, many of
these studies have not been able to adjust for a full range of
potential life-style factors and co-morbidities that would have
varied among studies but may have impacted on the study
results. For example, certain life-style factors may have had a
positive effect on NAFLD (e.g., coffee intake, Mediterranean diet).
Additionally, the management of certain co-morbidities may also
have had a positive effect on NAFLD (e.g., angiotensin converting
enzyme inhibitor or angiotensin II receptor blockers as treat-
ments for hypertension, statins for dyslipidaemia, and gluca-
gon-like peptide-1 agonists for T2DM). In addition, lifetime
smoking and alcohol intake are not usually considered in many
studies that have examined relationships between NAFLD and
extra-hepatic disease outcomes.

NAFLD and abnormalities in myocardial metabolism, cardiac function
and structure

It is now becoming increasingly evident that NAFLD is associated
with abnormalities in myocardial metabolism; for a more
detailed review see [79].

Using cardiac magnetic resonance imaging (MRI), Perseghin
et al. firstly reported that nonobese, nondiabetic, normotensive,
young individuals with NAFLD had impaired myocardial energy
metabolism (i.e., a lower phosphocreatine/adenosine triphos-
phate ratio, as measured by 31P-magnetic resonance spec-
troscopy [MRS]) and excessive fat accumulation in the
epicardial area compared with matched control subjects without
NAFLD. Interestingly, these myocardial metabolic alterations
were detected despite normal left ventricular (LV) morphological
features and systolic and diastolic functions [99]. Lautamaki et al.
[100] and Rijzewijk et al. [101] found that T2DM patients with

higher intra-hepatic fat content on 1H-MRS had increased
myocardial insulin resistance and decreased myocardial perfu-
sion compared with those with lower intra-hepatic fat content;
additionally, myocardial insulin resistance was more severe
among those with higher intra-hepatic fat content even after
adjustment for potential confounders. Again, Rijzewijk et al.
[102] found that those with higher intra-hepatic fat content
had significantly higher myocardial fat content (i.e., cardiac
steatosis). Interestingly, in this study cardiac steatosis was a
strong predictor of LV diastolic dysfunction [102].

To date, there are plentiful data linking NAFLD with abnor-
malities in cardiac structure and function both in adolescents
and in adults with, or without, co-existing MetS features [79].
For instance, in a small case-control study examining cardiac sta-
tus by MRI and 31P-MRS in adults with 1H-MRS-diagnosed
NAFLD, Hallsworth et al. [103] have reported significant changes
in cardiac structure and evidence of early LV diastolic dysfunction
compared with age-, sex- and body mass index-matched controls,
in the absence of cardiac metabolic changes or overt cardiac dis-
ease. In a study of T2DM adults without history of CVD and
known hepatic diseases, Bonapace et al. [104] found that early
features of LV diastolic dysfunction could be detected by tissue
doppler imaging in those with NAFLD, even if the LV morphology
and systolic function were preserved. In addition, there was a
positive, graded relationship between the ultrasonographic
severity of NAFLD and diastolic dysfunction, independently of
hypertension, glycaemic control and other co-existing CVD risk
factors [104]. Furthermore, in a community-based cohort of
1886 Korean adults, Kim et al. found that ultrasound-diagnosed
NAFLD was associated with LV diastolic dysfunction, indepen-
dently of MetS features and other established CVD risk factors
[105].

Interestingly, and most importantly, similar findings have
been confirmed also in pediatric NAFLD. Indeed, a number of
case-control studies reported that overweight or obese children
with NAFLD had echocardiographic features of early LV dysfunc-
tion compared with their counterparts without NAFLD [106–
110]. These myocardial functional abnormalities were indepen-
dent of multiple CVD risk factors. Notably, in the study by
Pacifico et al. [110] when the group of obese children was divided
according to the presence of NASH, it was evident that some
functional cardiac differences were more pronounced in those
with NASH. These observations are intriguing and need to be fur-
ther investigated. It is important to understand, for example,
whether hepatic necro-inflammation or fibrosis per se might have
a stronger association with the cardiac phenotype than any other
hepatic alterations. This is important because it is remarkable
that these myocardial changes occur long before the onset of cir-
rhosis and portal hypertension, suggesting that the cardiac alter-
ations may not be the consequence of the changes in intra-
hepatic haemodynamic conditions.

Overall, therefore, from the above-mentioned published stud-
ies it is plausible to assume that patients with NAFLD have early
changes in myocardial substrate metabolism (e.g., impaired high-
energy phosphate metabolism, insulin resistance), producing car-
diac functional and structural consequences (e.g., LV dysfunction
and hypertrophy) that are potentially linked to an increased risk
of congestive heart failure (HF) in this group of patients. With
regards to this, two large population-based cohort studies that
used elevated serum liver enzymes for diagnosing NAFLD have
recently shown that this disease is independently associated with
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an increased incidence of HF [111,112]. However, further follow-
up studies in well-characterized cohorts of NAFLD patients are
needed to better examine the individual contribution of NAFLD
to the increased incidence of HF.

NAFLD, cardiac arrhythmias and aortic valve sclerosis

Recently, mildly elevated liver transaminases have been shown
to be independently associated with increased incidence of atrial
fibrillation (AF) in the Framingham Heart Study cohort [113]. A
similar link between elevated serum liver enzymes (mainly
serum GGT level) and AF risk was shown in a larger prospective
community-based study of 9333 subjects with a mean follow-
up of 12 years [114]. More direct evidence of increased risk of
AF associated with NAFLD has been recently reported by our
group [115,116]. In a case-control study, we found that ultra-
sound-diagnosed NAFLD was associated with an increased preva-
lence of AF in hospitalized patients with T2DM and this
association was independent of several clinical AF risk factors
[115]. In a prospective study, we found that T2DM patients with
NAFLD were more likely to develop incident AF over 10 years of
follow-up than their counterparts without NAFLD, and that ultra-
sound-diagnosed NAFLD was associated with a fivefold increased
risk of incident AF, independently of MetS features and other
common AF risk factors [116].

Interestingly, recent data [117] have shown that NAFLD is also
independently linked with prolonged QTc interval, i.e., a powerful
predictor of ventricular arrhythmias and sudden cardiac death
[118,119], which might explain in part the increased CVD mor-
tality associated with NAFLD. Additionally, in a small study of
people without diabetes with histologically proven, non-cirrhotic
NAFLD, and an age-, sex- and body mass index-matched control
group, there was evidence of cardiac autonomic dysfunction, pre-
senting as orthostatic hypotension, vasovagal syncope or a rela-
tive nocturnal hypotension [120].

Finally, the presence of aortic valve sclerosis, i.e., a progressive
disease that shares multiple pathogenic risk factors with CVD and
is associated with an increased risk of CVD mortality [121,122],
has also been linked with NAFLD, independently of established
CVD risk factors, in both diabetic and nondiabetic individuals
[123,124].

Collectively, as discussed below, although not all data are
methodologically solid and most of the studies lack an histo-
logical diagnosis of NAFLD, the concept of NAFLD as being an
independent contributor to the development of atherosclerosis
and other structural and functional cardiac alterations, which
subsequently lead to clinical CVD, seems sufficiently substantiat-
ed by the current evidence to integrate it in the clinical approach
of both the patient with NAFLD and the patient with CVD.

NAFLD and chronic kidney disease: epidemiology

The possible link between NAFLD and CKD has recently attracted
considerable scientific interest [1,125,126].

Several large cross-sectional population and hospital-based
studies, involving both adults without diabetes and patients with
diabetes, have shown that the prevalence of CKD (defined as
either decreased estimated glomerular filtration rate [GFR] and/or
overt proteinuria) is increased in people with NAFLD [127–136].

These studies have used either ultrasonography or biopsy to diag-
nose NAFLD and have excluded patients with end-stage renal dis-
ease, cirrhosis and those with known causes of chronic liver
disease (alcohol abuse, viral hepatitis and use of hepato-toxic
drugs in all studies and also hemochromatosis and autoimmune
hepatitis in some studies). In these studies, the prevalence of
CKD in patients with NAFLD ranged from approximately 20–55%
compared to 5–35% in patients without NAFLD. Importantly, most
of these studies, including those that used liver biopsy to diagnose
NAFLD, reported that the presence and severity of NAFLD was
associated with CKD stages, independently of established car-
dio-renal risk factors [133–136]. These data have been extensively
reviewed by our group elsewhere [125,126].

To date, there is a paucity of published data regarding the risk
of developing CKD in patients with NAFLD. As summarized in
Table 3, four observational studies with reasonably long follow-
up have assessed the relationship between NAFLD and the risk
of incident CKD [137–140]. In all studies, patients with overt cir-
rhosis or secondary causes of chronic liver diseases were exclud-
ed. In addition, in the two studies published by our group, no
participants had ultrasonographic findings suggestive of cirrhosis
[137,140].

It is important to note that in all these studies, NAFLD was
diagnosed by ultrasonography and the investigators have used
a creatinine-based GFR estimating equation instead of a direct
GFR measurement to define CKD. The use of direct measurements
of GFR should be encouraged as the creatinine-based equations
are not accurate in estimating GFR, especially for patients with
severe obesity or cirrhosis [141]. As shown in Table 3, it is also
important to note that the investigators have used varying
degrees of baseline adjustments for potential confounders.
None of these published studies have specifically assessed
whether a change in NAFLD status (either development of new
fatty liver, progression to cirrhosis, or resolution of existing fatty
liver) during the follow-up period modified the risk of incident
CKD. Finally, no detailed information is available in these studies
about specific renal pathology/morphology associated with
NAFLD. Notwithstanding these limitations, the published
prospective studies [137–140] have consistently reported an
independent association between NAFLD and increased risk of
incident CKD with HRs for CKD that ranged from approximately
1.3–1.9.

Very recently, in a well-conducted systematic review and
meta-analysis (63,902 participants, 20 cross-sectional and 13
longitudinal studies included), Musso et al. [7], confirmed that
NAFLD as diagnosed by histology, imaging or liver enzyme eleva-
tion was significantly associated with an increased risk of preva-
lent (OR 2.12, 95% CI 1.69–2.66) and incident CKD (HR 1.79, 95%
CI 1.65–1.95). Additionally, NASH was associated with a higher
prevalence (OR 2.53, 95% CI 1.58–4.05) and incidence (HR 2.12,
95% CI 1.42–3.17) of CKD than simple steatosis [7].

However, further longer prospective studies in larger cohorts
of patients with biopsy-proven NAFLD are needed to confirm the-
se findings, and to determine whether improvement in NAFLD
(or future treatments for NAFLD) ultimately will prevent or delay
the development and progression of CKD. Moreover, because
CKD has many potential causes, it also will be of great interest
to characterize the renal injury manifestations associated with
NAFLD and clarify, in the future, whether NAFLD may selectively
contribute to the pathogenesis of different types of kidney
disease.
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NAFLD, cardiovascular/cardiac diseases and CKD:
pathophysiology

It is beyond the scope of this brief review to discuss in detail the
pathophysiological links between NAFLD, cardiovascular/cardiac
complications as well as the links between NAFLD and CKD.
Detailed discussions of this topic have been published elsewhere
[75,76,79,125,126,142]. To date, there is uncertainty as to
whether NAFLD is simply a marker or a mediator (pathogenic fac-
tor) of cardiovascular/cardiac diseases and CKD. Moreover, uncer-
tainty also exists about the prognostic value of NAFLD in risk
stratification for CVD and CKD.

However, although larger, long-term prospective studies are
needed, we consider that increasing evidence supports the asser-
tion that NAFLD is not simply a marker but also a pathogenic fac-
tor (and probably both) of vascular/cardiac and kidney damage.
From the data available in the literature, the association of
NAFLD with CKD and especially that with CVD seems to have
strength, consistency, specificity, temporality and biological plau-
sibility, satisfying many of the established criteria for a causal
relationship.

In respect to mechanisms how NAFLD impacts on cardiovas-
cular/cardiac diseases and CKD, it is important to underline that
a clear understanding of the pathophysiological pathways that
link NAFLD to the development and progression of these extra-
hepatic complications remains lacking because of the intricate
biological interactions between NAFLD, visceral obesity and insu-
lin resistance. NAFLD, cardiovascular/cardiac diseases and CKD
share many metabolic features and risk factors, leading to the
concept that they belong to a complex multisystem disease with
several organ manifestations and a complex interplay between
the different diseases, with multiple bidirectional cause-effect
relationships. The specific contribution of one disease to the
others is therefore difficult to discern, and there might be sub-
stantial inter-individual variability.

It is likely that there is a pathogenic ‘‘cross-talk’’ between the
liver and the expanded and ‘dysfunctional’ (inflamed) adipose tis-
sue [1,18,58,72,75]. As schematically shown in Fig. 3, the putative
underlying mechanisms that link NAFLD, CKD, CVD and other
cardiac diseases probably have their origin in expanded and
inflamed visceral adipose tissue. This adipose tissue secretes mul-
tiple factors that are potentially involved both in the

Table 3. Principal prospective and retrospective studies of the risk of developing CKD in patients with NAFLD (defined by imaging only).

Study and year Study design, sample size, population and 
follow up

Diagnosis of 
NAFLD

Main findings

Targher G et 
al. 2008 [137]

Prospective cohort 
1760 Italian outpatients with type 2 diabetes 
with preserved kidney function (mean 
baseline eGFR 94 ± 10 ml/min/1.73 m2) and 
not proteinuria, who did not have baseline 
CVD, cirrhosis or viral hepatitis 
6.5 years

Ultrasound* 547 subjects developed incident CKD. Cumulative 
incidence of CKD was significantly higher in those with 
NAFLD than in those without NAFLD (48% vs. 29%). 
NAFLD was associated with increased risk of incident of 
CKD (HR 1.49, 95% CI 1.1-2.2) independently of sex, age, 
body mass index, waist circumference, blood pressure, 
smoking status, diabetes duration, hemoglobin A1c, 
triglycerides, HDL-cholesterol, LDL-cholesterol, baseline 
eGFR, and use of medications

Chang Y et al. 
2008 [138]

Community-based cohort 8329 non-
diabetic and non-hypertensive Korean 
men with normal kidney function (median 
baseline eGFR 79 ml/min/1.73 m2) and not 
proteinuria at baseline
3.2 years

Ultrasound* 324 subjects developed incident CKD during follow-up. 
NAFLD was associated with increased risk of incident 
of CKD (HR 1.60, 95% CI 1.3-2.0), independently of 
age, body mass index, alcohol consumption, blood 
pressure, smoking status, fasting glucose, baseline 
eGFR, triglycerides, HDL-cholesterol, LDL-cholesterol, 
insulin resistance, C-reactive protein, and incident cases 
of hypertension and diabetes. Consistent results were 
observed in all subgroups analysed

Arase Y et al. 
2011 [139]

Retrospective cohort 5561 Japanese 
patients with NAFLD and no CKD at 
baseline (mean eGFR 75 ± 12 ml/min/1.73 
m2 and not overt proteinuria)
5.5 years

Ultrasound* 263 subjects developed incident CKD during follow-
up. Among patients with NAFLD, elevated serum 
gamma-glutamyltransferase level was associated with 
increased risk of incident of CKD (HR 1.35, 95% CI 
1.02-1.8), independently of age, sex, hypertension, 
diabetes, total cholesterol, triglycerides, HDL-cholesterol, 
aminotransferases, gamma-glutamyltransferase, 
hemoglobin, white blood cells, platelets, baseline eGFR

Targher G et 
al. 2014 [140]

Prospective cohort 261 Italian adult 
outpatients with type 1 diabetes with 
preserved kidney function (mean baseline 
eGFR 92 ± 23 ml/min/1.73 m2) and not 
macroalbuminuria, who did not have 
baseline CVD, cirrhosis or viral hepatitis 
5.2 years

Ultrasound* 61 subjects developed incident CKD during follow-up. 
Cumulative incidence of CKD was significantly higher 
in those with NAFLD than in those without NAFLD 
(35% vs. 11%). NAFLD was associated with increased 
risk of incident of CKD (HR 1.85, 95% CI 1.03-3.3), 
independently of age, sex, diabetes duration, hemoglobin 
A1c, hypertension, baseline eGFR, microalbuminuria. 
Addition of NAFLD to traditional cardio-renal risk factors 
improved the discriminatory capability of the regression 
models for predicting incident CKD

⁄Study outcome was new-onset CKD defined as occurrence of estimated glomerular filtration rate (eGFR) <60 ml/min/1.73 m2 [eGFR was estimated by using the MDRD
(Modification of Diet in Renal Disease) Study equation] and/or overt proteinuria.
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atherogenesis and in the development of insulin resistance and
NAFLD [54,58,71,72,75,143–145]. As briefly discussed above
when considering the link between NAFLD and T2DM, emerging
evidence also suggests that altered gut microbiota can influence
the development and progression of NAFLD, possibly through
the increased intestinal absorption of multiple bacterial products
[59]. In this complex situation, the liver may function both as the
target organ of the resulting systemic abnormalities and the
source of several pathogenic mediators that may amplify

vascular/cardiac and kidney damage. Indeed, NAFLD, especially
its necro-inflammatory variant (NASH), may exacerbate hepatic/
peripheral insulin resistance, cause atherogenic dyslipidemia,
and release a myriad of pro-inflammatory molecules and vasoac-
tive and thrombogenic molecules that play important roles in the
pathophysiology of cardiovascular/cardiac diseases and CKD
[1,18,75,125,126,143–146]. In this dangerous scenario (as also
depicted in Fig. 3), emerging evidence also suggests that the
coexistence of obesity-related increases in fat accumulation in

↑ Free fatty acids
↑ Inflammatory cytokines
↓ Adiponectin
↑ Insulin resistance

Expanded and dysfunctional
adipose tissue

NAFLD

Myocardial steatosis and
increased pericardial fat

Fatty kidney and increased
renal sinus fat

↑ Inflammatory cytokines
↑ Insulin resistance

↑ Inflammatory cytokines
↑ Insulin resistance

Insulin resistance
Dysglycemia
↑ Insulin resistance
↑ Glucose production
↑ FGF-21
↑ Fetuin-A

Atherogenic 
dyslipidemia
↑ Triglycerides 
↓ HDL-cholesterol
↑ Small, dense LDL-C
↑ Post-prandial lipemia

Inflammation
Oxidative stress
↑ CRP
↑ IL-6
↑ TNF-α
↑ Reactive oxigen species

Hypercoagulability
Hypofibrinolysis 
↑ Fibrinogen 
↑ Factor VIII
↑ Tissue factor
↑ PAI-1

Arterial
hypertension
↑ Angiotensinogen 
↑ Endothelin-1
↑ TGF-β

Cardiac autonomic
dysfunction

Structural electrical
remodeling

Cardiovascular disease 
Aortic valve sclerosis

Cardiac dysfunction 
Cardiac hypertrophy 

Congestive heart failure

Cardiac
arrhythmias

Chronic kidney
disease

Expanded and dysfunctional
adipose tissue

Fig. 3. Schematic representation of the putative mechanisms underlying the contribution of NAFLD to the increased risk of cardiovascular disease (CVD), chronic
kidney disease (CKD) and other structural and arrhythmic cardiac complications. The complex and intertwined interactions among NAFLD, abdominal obesity and
insulin resistance make it extremely difficult to dissect out the specific role of the liver and the underlying mechanisms responsible for the association between NAFLD and
the risk of developing CVD, CKD and other structural cardiac complications (i.e., aortic valve sclerosis, cardiac dysfunction/hypertrophy, congestive heart failure and atrial
fibrillation). NAFLD might be associated with such complications either as a consequence of shared cardio-metabolic risk factors and co-morbidities or as a marker of
ectopic fat accumulation in other organs. For instance, myocardial steatosis and increased pericardial fat volume as well as fatty kidney and increased renal sinus fat volume
may exert local adverse effects that result in structural and functional derangements of the myocardium and kidneys. However, in this dangerous and intricate scenario,
growing evidence indicates that NAFLD is not only a simple marker of vascular/cardiac and kidney damage but also may play a part in the pathophysiology of CVD, CKD and
other cardiac complications. Indeed, NAFLD may directly contribute to the development and progression of these vascular/cardiac complications through the hepatic
production of lipids, atherogenic lipoproteins, the induction of hepatic/peripheral insulin resistance and dysglycaemia (i.e., increased hepatic glucose production), and the
systemic release of numerous potentially pathogenic mediators (i.e., pro-inflammatory biomarkers, pro-oxidant molecules, and pro-coagulant and pro-fibrogenic factors).
(CRP, C-reactive protein; FGF-21, fibroblast growth factor-21; HDL, high-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; PAI-1, plasminogen activator
inhibitor-1; TNF, tumour necrosis factor).
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the myocardium/pericardium and kidney may additionally exert
local adverse effects that result in structural and functional
derangements in the myocardium, kidney and vasculature.

Conclusions

The last decade has been an exciting one for investigators and
clinicians interested in understanding the broader consequences
of NAFLD for chronic liver disease, HCC and for extra-hepatic dis-
eases, such as type 2 diabetes, CVD and cardiac disease and CKD.
More frequently do patients with NAFLD die from extra-hepatic
complications of NAFLD (mainly from CVD causes) than liver dis-
ease per se and clearly with the epidemic of obesity and T2DM the
prevalence of NAFLD is likely to markedly increase. Table 4 sug-
gests putative targeted screening measures in high-risk indi-
viduals for the assessment of global CVD risk among patients
with diagnosed NAFLD [147].

There is now firm evidence that NAFLD is an important risk
factor for T2DM and there is increasing evidence that NAFLD
not only contributes to the development and progression of

CVD but also to cardiac diseases (e.g., LV dysfunction and hyper-
trophy, AF and heart valve calcification) and CKD. Further
research is needed to understand the biological mechanisms by
which NAFLD influences risk of HCC and these extra-hepatic dis-
eases not least to establish whether there are key ‘common
threads’ (e.g., insulin resistance and activation of inflammatory
pathways) that link NAFLD to the development of extra-hepatic
diseases.

An improved knowledge of the pathophysiological links
between NAFLD and these extra-hepatic complications will not
only help develop new pharmacological treatments for this liver
disease per se, but may also help decrease the global burden of
these very common non-communicable diseases that we now
know share a ‘common soil’ with NAFLD.
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Table 4. Putative targeted screening measures in high-risk individuals for the assessment of cardiovascular disease (CVD) risk among patients with diagnosed
NAFLD.

Assessment of the coexisting risk factors Physical examination Laboratory tests
A Prior history of myocardial infarction, angina, 

heart failure, stroke or other clinical CVD 
manifestations (i.e., patients in secondary 
prevention for CVD)

Body weight

Height

Body mass index

Waist circumference

Blood pressure

Arterial bruits and pulse examination 
(including ankle brachial pressure index)

Total cholesterol

Triglycerides

HDL cholesterol

LDL cholesterol

Fasting glucose

Hemoglobin A1c (HbA1c)

Estimated glomerular filtration rate 
(serum creatinine)

Urinalysis

Albuminuria

Fasting insulin (for calculating HOMA-
estimated insulin resistance, principally 
in non diabetics) 75-g oral glucose 
tolerance test (in patients with impaired 
fasting glycaemia and/or obesity)

CVD risk estimation (by using risk cal-
culators, e.g., Framingham risk score 
or QRISK2)

Carotid artery ultrasonography (in most 
cases) or high resolution computed    
tomography coronary artery calcium 
score

B Family history for premature ischemic heart 
disease (i.e., age of onset <55 years for men 
and <65 years for women in first-degree  
relatives) or type 2 diabetes 

C Cigarette smoking 
D Diabetes mellitus (i.e., fasting glucose level 

≥7 mmol/L or HbA1c ≥6.5% or 
2-h glucose level ≥11.1 mmol/L during a 
75-g OGTT or a “random” glucose level 
≥11.1 mmol/L in presence of hyperglycaemic 
symptoms)

E Hyperlipidemia (principally hypercholeste-
rolemia or atherogenic dyslipidemia; if LDL 
cholesterol >4.9 mmol/L exclude presence 
of familial hypercholesterolemia)  

F    Hypertension (i.e., blood pressure ≥140/90 
mmHg or on treatment)

G   Obesity (i.e., for Europeans: BMI ≥30 kg/m2 
and/or waist circumference ≥102 cm in men 
and ≥88 cm in women)

H Metabolic syndrome (i.e., based on the 2009 
definition proposed by the International 
Diabetes Federation and the American Heart 
Association/National Heart, Lung, and Blood 
Institute)

I Chronic kidney disease (i.e., eGFR <60 ml/
min/1.73 m2 and/or abnormal albuminuria)

All patients with NAFLD should be screened for CVD risk, and the assessments should be periodically repeated (every 1 to 2 years), depending on the clustering of CVD risk
factors. Most of these clinical and laboratory data along with sex and age can be useful in clinical practice for the estimation of the global (total) CVD risk by using risk
assessment systems based on either the Framingham risk score or other available risk score calculators such as QRISK2. However, the use of these CVD risk score calculators
needs to be validated by future studies in larger cohorts of NAFLD patients of various ethnic backgrounds in order to substantiate their clinical relevance as a foundation for
the primary prevention of CVD in this group of patients. In general, current management of the CVD risk among NAFLD patients widely overlaps with the guidelines for the
treatment of CVD risk factors, which are adopted for the general adult population.

Review

S60 Journal of Hepatology 2015 vol. 62 j S47–S64



in part by grants from the University School of Medicine of
Verona.

Conflict of interest

Both authors have no relationships with industry that give rise to
a conflict of interest. CDB is Principal Investigator of the
WELCOME (Wessex Evaluation of fatty Liver and Cardiovascular
markers in NAFLD with OMacor thErapy) study funded by the
National Institute for Health Research and Diabetes UK. The
WELCOME study has tested the effects of high dose (4 grams dai-
ly) Omacor (Lovaza) (Abbott) in people with NAFLD
(www.clinicaltrials.gov registration number NCT00760513).
CDB is Principal Investigator of the ‘INvestigation of SYnbiotic
TreatmEnt in NAFLD’ (INSYTE) study www.clinicaltrials.gov reg-
istration number NCT01680640 funded by the National
Institute for Health Research. The INSYTE study is testing the
effects of a synbiotic (Chr Hansen Denmark) on liver fat, disease
biomarkers and intestinal microbiota in NAFLD.

References

[1] Armstrong MJ, Adams LA, Canbay A, Syn WK. Extrahepatic complications of
nonalcoholic fatty liver disease. Hepatology 2014;59:1174–1197.

[2] Masuoka HC, Chalasani N. Nonalcoholic fatty liver disease: an emerging
threat to obese and diabetic individuals. Ann N Y Acad Sci
2013;1281:106–122.

[3] Tsuneto A, Hida A, Sera N, Imaizumi M, Ichimaru S, Nakashima E, et al. Fatty
liver incidence and predictive variables. Hypertens Res 2010;33:638–643.

[4] Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton JD, Cohen JC.
Prevalence of hepatic steatosis in an urban population in the United States:
impact of ethnicity. Hepatology 2004;40:1387–1395.

[5] Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC, Roudot-Thoraval F. The
burden of liver disease in Europe: a review of available epidemiological
data. J Hepatol 2013;58:593–608.

[6] Musso G, Gambino R, Cassader M, Pagano G. Meta-analysis: natural history
of non-alcoholic fatty liver disease (NAFLD) and diagnostic accuracy of non-
invasive tests for liver disease severity. Ann Med 2011;43:617–649.

[7] Musso G, Gambino R, Tabibian JH, Ekstedt M, Kechagias S, Hamaguchi M,
et al. Association of non-alcoholic fatty liver disease with chronic kidney
disease: a systematic review and meta-analysis. PLoS Med
2014;11:e1001680.

[8] Musso G, Cassader M, Olivetti C, Rosina F, Carbone G, Gambino R.
Association of obstructive sleep apnoea with the presence and severity of
non-alcoholic fatty liver disease. A systematic review and meta-analysis.
Obes Rev 2013;14:417–431.

[9] Lee SS, Park SH. Radiologic evaluation of nonalcoholic fatty liver disease.
World J Gastroenterol 2014;20:7392–7402.

[10] Holt HB, Wild SH, Wood PJ, Zhang J, Darekar AA, Dewbury K, et al. Non-
esterified fatty acid concentrations are independently associated with
hepatic steatosis in obese subjects. Diabetologia 2006;49:141–148.

[11] Sumida Y, Nakajima A, Itoh Y. Limitations of liver biopsy and non-invasive
diagnostic tests for the diagnosis of nonalcoholic fatty liver disease/
nonalcoholic steatohepatitis. World J Gastroenterol 2014;20:475–485.

[12] Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL, Guallar E, et al.
Diagnostic accuracy and reliability of ultrasonography for the detection of
fatty liver: a meta-analysis. Hepatology 2011;54:1082–1090.

[13] Reeder SB, Cruite I, Hamilton G, Sirlin CB. Quantitative assessment of liver
fat with magnetic resonance imaging and spectroscopy. J Magn Reson
Imaging 2011;34:729–749.

[14] Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold JS, Grundy
S, et al. Magnetic resonance spectroscopy to measure hepatic triglyceride
content: prevalence of hepatic steatosis in the general population. Am J
Physiol Endocrinol Metab 2005;288:E462–E468.

[15] Kleiner DE, Brunt EM, Van NM, Behling C, Contos MJ, Cummings OW, et al.
Design and validation of a histological scoring system for nonalcoholic fatty
liver disease. Hepatology 2005;41:1313–1321.

[16] Whalley S, Puvanachandra P, Desai A, Kennedy H. Hepatology outpatient
service provision in secondary care: a study of liver disease incidence and
resource costs. Clin Med 2007;7:119–124.

[17] Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio LA, et al.
Genetic variation in PNPLA3 confers susceptibility to nonalcoholic fatty
liver disease. Nat Genet 2008;40:1461–1465.

[18] Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus,
cardiovascular disease or cirrhosis. Nat Rev Gastroenterol Hepatol
2013;10:330–344.

[19] Hyysalo J, Mannisto VT, Zhou Y, Arola J, Karja V, Leivonen M, et al. A
population-based study on the prevalence of NASH using scores validated
against liver histology. J Hepatol 2013;60:839–846.

[20] Hyysalo J, Gopalacharyulu P, Bian H, Hyotylainen T, Leivonen M, Jaser N,
et al. Circulating triacylglycerol signatures in nonalcoholic fatty liver
disease associated with the I148M variant in PNPLA3 and with obesity.
Diabetes 2014;63:312–322.

[21] Mashek DG, Greenberg AS. Serum TAG analysis differentiates between
genetic and obesity-associated NAFLD. Diabetes 2014;63:42–44.

[22] Yoon JH, Lee JM, Joo I, Lee ES, Sohn JY, Jang SK, et al. Hepatic fibrosis:
prospective comparison of MR elastography and US shear wave elastog-
raphy for evaluation. Radiology 2014;7:132000.

[23] Ekstedt M, Franzen LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G,
et al. Long-term follow-up of patients with NAFLD and elevated liver
enzymes. Hepatology 2006;44:865–873.

[24] Ekstedt M, Hagstrom H, Nasr P, Fredrikson M, Stal P, Kechagias S, et al.
Fibrosis stage is the strongest predictor for disease-specific mortality in
NAFLD after up to 33 years of follow-up. Hepatology 2014. http://
dx.doi.org/10.1002/hep.27368, [Epub ahead of print].

[25] Charlton MR, Burns JM, Pedersen RA, Watt KD, Heimbach JK, Dierkhising
RA. Frequency and outcomes of liver transplantation for nonalcoholic
steatohepatitis in the United States. Gastroenterology
2011;141:1249–1253.

[26] de Marco R, Locatelli F, Zoppini G, Verlato G, Bonora E, Muggeo M. Cause-
specific mortality in type 2 diabetes. The Verona Diabetes Study. Diabetes
Care 1999;22:756–761.

[27] Brunt EM. Nonalcoholic steatohepatitis. Semin Liver Dis 2004;24:3–20.
[28] Ladep NG, Khan SA, Crossey MM, Thillainayagam AV, Taylor-Robinson SD,

Toledano MB. Incidence and mortality of primary liver cancer in England
and Wales: changing patterns and ethnic variations. World J Gastroenterol
2014;20:1544–1553.

[29] Konfortion J, Coupland VH, Kocher HM, Allum W, Grocock MJ, Jack RH. Time
and deprivation trends in incidence of primary liver cancer subtypes in
England. J Eval Clin Pract 2014;20:498–504.

[30] Ertle J, Dechene A, Sowa JP, Penndorf V, Herzer K, Kaiser G, et al. Non-
alcoholic fatty liver disease progresses to hepatocellular carcinoma in the
absence of apparent cirrhosis. Int J Cancer 2011;128:2436–2443.

[31] Stickel F, Hellerbrand C. Non-alcoholic fatty liver disease as a risk factor for
hepatocellular carcinoma: mechanisms and implications. Gut
2010;59:1303–1307.

[32] Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver disease and
hepatocellular carcinoma: a weighty connection. Hepatology
2010;51:1820–1832.

[33] Michelotti GA, Machado MV, Diehl AM. NAFLD, NASH and liver cancer. Nat
Rev Gastroenterol Hepatol 2013;10:656–665.

[34] Lee BC, Lee J. Cellular and molecular players in adipose tissue inflammation
in the development of obesity-induced insulin resistance. Biochim Biophys
Acta 2014;1842:446–462.

[35] Beutler BA. TLRs and innate immunity. Blood 2009;113:1399–1407.
[36] Yoshimoto S, Loo TM, Atarashi K, Kanda H, Sato S, Oyadomari S, et al.

Obesity-induced gut microbial metabolite promotes liver cancer through
senescence secretome. Nature 2013;499:97–101.

[37] Campbell PT, Newton CC, Patel AV, Jacobs EJ, Gapstur SM. Diabetes and
cause-specific mortality in a prospective cohort of one million U.S. adults.
Diabetes Care 2012;35:1835–1844.

[38] Zoppini G, Fedeli U, Gennaro N, Saugo M, Targher G, Bonora E. Mortality
from chronic liver diseases in diabetes. Am J Gastroenterol
2014;109:1020–1025.

[39] Maximos M, Bril F, Portillo SP, Lomonaco R, Orsak B, Biernacki D, et al. The
role of liver fat and insulin resistance as determinants of plasma amino-
transferase elevation in nonalcoholic fatty liver disease. Hepatology
2014;61:153–160.

[40] Balkau B, Lange C, Vol S, Fumeron F, Bonnet F. Nine-year incident diabetes
is predicted by fatty liver indices: the French D.E.S.I.R. study. BMC
Gastroenterol 2010;10:56.

JOURNAL OF HEPATOLOGY

Journal of Hepatology 2015 vol. 62 j S47–S64 S61

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0010
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0010
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0015
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0015
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0015
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0020
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0020
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0025
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0025
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0025
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0030
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0030
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0030
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0035
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0035
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0035
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0040
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0040
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0040
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0040
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0045
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0045
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0045
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0045
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0050
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0050
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0055
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0055
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0055
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0060
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0060
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0060
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0065
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0065
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0065
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0070
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0070
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0070
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0075
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0075
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0075
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0075
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0080
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0080
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0080
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0085
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0085
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0085
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0090
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0090
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0090
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0095
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0095
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0095
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0745
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0745
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0745
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0105
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0105
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0105
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0105
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0110
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0110
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0115
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0115
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0115
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0120
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0120
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0120
http://dx.doi.org/10.1002/hep.27368
http://dx.doi.org/10.1002/hep.27368
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0130
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0130
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0130
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0130
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0135
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0135
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0135
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0140
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0145
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0145
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0145
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0145
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0150
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0150
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0150
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0155
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0155
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0155
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0160
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0160
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0160
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0165
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0165
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0165
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0170
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0170
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0175
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0175
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0175
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0180
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0185
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0185
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0185
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0190
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0190
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0190
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0195
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0195
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0195
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0200
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0200
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0200
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0200
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0205
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0205
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0205


[41] Lee DH, Blomhoff R, Jacobs Jr DR. Is serum gamma glutamyltransferase a
marker of oxidative stress? Free Radic Res 2004;38:535–539.

[42] Yamada T, Fukatsu M, Suzuki S, Wada T, Yoshida T, Joh T. Fatty liver
predicts impaired fasting glucose and type 2 diabetes mellitus in Japanese
undergoing a health checkup. J Gastroenterol Hepatol 2010;25:352–356.

[43] Sung KC, Jeong WS, Wild SH, Byrne CD. Combined influence of insulin
resistance, overweight/obesity, and fatty liver as risk factors for type 2
diabetes. Diabetes Care 2012;35:717–722.

[44] Shibata M, Kihara Y, Taguchi M, Tashiro M, Otsuki M. Nonalcoholic fatty
liver disease is a risk factor for type 2 diabetes in middle-aged Japanese
men. Diabetes Care 2007;30:2940–2944.

[45] Okamoto M, Takeda Y, Yoda Y, Kobayashi K, Fujino MA, Yamagata Z. The
association of fatty liver and diabetes risk. J Epidemiol 2003;13:15–21.

[46] Kim CH, Park JY, Lee KU, Kim JH, Kim HK. Fatty liver is an independent risk
factor for the development of Type 2 diabetes in Korean adults. Diabet Med
2008;25:476–481.

[47] Fan JG, Li F, Cai XB, Peng YD, Ao QH, Gao Y. Effects of nonalcoholic fatty liver
disease on the development of metabolic disorders. J Gastroenterol Hepatol
2007;22:1086–1091.

[48] Bae JC, Rhee EJ, Lee WY, Park SE, Park CY, Oh KW, et al. Combined effect of
nonalcoholic fatty liver disease and impaired fasting glucose on the
development of type 2 diabetes: a 4-year retrospective longitudinal study.
Diabetes Care 2011;34:727–729.

[49] Park SK, Seo MH, Shin HC, Ryoo JH. The clinical availability of non-alcoholic
fatty liver disease as an early predictor of type 2 diabetes mellitus in korean
men: 5-years’ prospective cohort study. Hepatology 2012;57:1378–1383.

[50] Kasturiratne A, Weerasinghe S, Dassanayake AS, Rajindrajith S, de Silva AP,
Kato N, et al. Influence of non-alcoholic fatty liver disease on the
development of diabetes mellitus. J Gastroenterol Hepatol
2013;28:142–147.

[51] Chang Y, Jung HS, Yun KE, Cho J, Cho YK, Ryu S. Cohort study of non-
alcoholic fatty liver disease, NAFLD fibrosis score, and the risk of incident
diabetes in a Korean population. Am J Gastroenterol 2013;108:1861–1868.

[52] Sung KC, Wild SH, Byrne CD. Resolution of fatty liver and risk of incident
diabetes. J Clin Endocrinol Metab 2013;98:3637–3643.

[53] Morling JR, Fallowfield JA, Guha IN, Nee LD, Glancy S, Williamson RM, et al.
Using non-invasive biomarkers to identify hepatic fibrosis in people with
type 2 diabetes mellitus: the Edinburgh type 2 diabetes study. J Hepatol
2014;60:384–391.

[54] Byrne CD. Ectopic fat, insulin resistance and non-alcoholic fatty liver
disease. Proc Nutr Soc 2013;72:412–419.

[55] Kantartzis K, Machann J, Schick F, Fritsche A, Haring HU, Stefan N. The
impact of liver fat vs. visceral fat in determining categories of prediabetes.
Diabetologia 2010;53:882–889.

[56] Gao Z, Zhang J, Kheterpal I, Kennedy N, Davis RJ, Ye J. Sirtuin 1 (SIRT1)
protein degradation in response to persistent c-Jun N-terminal kinase 1
(JNK1) activation contributes to hepatic steatosis in obesity. J Biol Chem
2011;24:22227–22234.

[57] Samuel VT, Liu ZX, Qu X, Elder BD, Bilz S, Befroy D, et al. Mechanism of
hepatic insulin resistance in non-alcoholic fatty liver disease. J Biol Chem
2004;30:32345–32353.

[58] Byrne CD. Dorothy Hodgkin Lecture 2012: non-alcoholic fatty liver disease,
insulin resistance and ectopic fat: a new problem in diabetes management.
Diabet Med 2012;29:1098–1107.

[59] Mehal WZ. The Gordian Knot of dysbiosis, obesity and NAFLD. Nat Rev
Gastroenterol Hepatol 2013;10:637–644.

[60] Jornayvaz FR, Shulman GI. Diacylglycerol activation of protein kinase
Cepsilon and hepatic insulin resistance. Cell Metab 2012;15:574–584.

[61] Samuel VT, Shulman GI. Mechanisms for insulin resistance: common
threads and missing links. Cell 2012;148:852–871.

[62] Yamaguchi K, Yang L, McCall S, Huang J, Yu XX, Pandey SK, et al. Inhibiting
triglyceride synthesis improves hepatic steatosis but exacerbates liver
damage and fibrosis in obese mice with nonalcoholic steatohepatitis.
Hepatology 2007;45:1366–1374.

[63] Schenk S, Saberi M, Olefsky JM. Insulin sensitivity: modulation by nutrients
and inflammation. J Clin Invest 2008;118:2992–3002.

[64] Leroux A, Ferrere G, Godie V, Cailleux F, Renoud ML, Gaudin F, et al. Toxic
lipids stored by Kupffer cells correlates with their pro-inflammatory
phenotype at an early stage of steatohepatitis. J Hepatol 2012;57:141–149.

[65] Perry RJ, Samuel VT, Petersen KF, Shulman GI. The role of hepatic lipids in
hepatic insulin resistance and type 2 diabetes. Nature 2014;510:84–91.

[66] Watt MJ, Barnett AC, Bruce CR, Schenk S, Horowitz JF, Hoy AJ. Regulation of
plasma ceramide levels with fatty acid oversupply: evidence that the liver
detects and secretes de novo synthesised ceramide. Diabetologia
2012;55:2741–2746.

[67] Yang G, Badeanlou L, Bielawski J, Roberts AJ, Hannun YA, Samad F. Central
role of ceramide biosynthesis in body weight regulation, energy metabo-
lism, and the metabolic syndrome. Am J Physiol Endocrinol Metab
2009;297:E211–E224.

[68] Kolesnick RN, Kronke M. Regulation of ceramide production and apoptosis.
Annu Rev Physiol 1998;60:643–665.

[69] Lipina C, Hundal H. Sphingolipids: agents provocateurs in the pathogenesis
of insulin resistance. Diabetologia 2011;1:1596–1607.

[70] Cantley JL, Yoshimura T, Camporez JP, Zhang D, Jornayvaz FR, Kumashiro N,
et al. CGI-58 knockdown sequesters diacylglycerols in lipid droplets/ER-
preventing diacylglycerol-mediated hepatic insulin resistance. Proc Natl
Acad Sci U S A 2013;110:1869–1874.

[71] Hotamisligil GS. Endoplasmic reticulum stress and the inflammatory basis
of metabolic disease. Cell 2010;140:900–917.

[72] Tilg H, Moschen AR. Insulin resistance, inflammation, and non-alcoholic
fatty liver disease. Trends Endocrinol Metab 2008;19:371–379.

[73] Targher G, Byrne CD. Nonalcoholic fatty liver disease: a novel car-
diometabolic risk factor for type 2 diabetes and its complications. J Clin
Endocrinol Metab 2013;98:483–495.

[74] Ix JH, Sharma K. Mechanisms linking obesity, chronic kidney disease, and
fatty liver disease: the roles of fetuin-A, adiponectin, and AMPK. J Am Soc
Nephrol 2010;21:406–412.

[75] Targher G, Day CP, Bonora E. Risk of cardiovascular disease in patients with
nonalcoholic fatty liver disease. N Engl J Med 2010;363:1341–1350.

[76] Bhatia LS, Curzen NP, Calder PC, Byrne CD. Non-alcoholic fatty liver disease:
a new and important cardiovascular risk factor? Eur Heart J
2012;33:1190–1200.

[77] Oni ET, Agatston AS, Blaha MJ, Fialkow J, Cury R, Sposito A, et al. A
systematic review: burden and severity of subclinical cardiovascular
disease among those with nonalcoholic fatty liver; should we care?
Atherosclerosis 2013;230:258–267.

[78] Moon SH, Noh TS, Cho YS, Hong SP, Hyun SH, Choi JY, et al. Association
between nonalcoholic fatty liver disease and carotid artery inflammation
evaluated by 18F-fluorodeoxyglucose positron emission tomography.
Angiology 2014, [Epub ahead of print].

[79] Ballestri S, Lonardo A, Bonapace S, Byrne CD, Loria P, Targher G. Risk of
cardiovascular, cardiac and arrhythmic complications in patients with non-
alcoholic fatty liver disease. World J Gastroenterol 2014;20:1724–1745.

[80] Stepanova M, Younossi ZM. Independent association between nonalcoholic
fatty liver disease and cardiovascular disease in the US population. Clin
Gastroenterol Hepatol 2012;10:646–650.

[81] Targher G, Bertolini L, Padovani R, Rodella S, Tessari R, Zenari L, et al.
Prevalence of nonalcoholic fatty liver disease and its association with
cardiovascular disease among type 2 diabetic patients. Diabetes Care
2007;30:1212–1218.

[82] Wong VW, Wong GL, Yip GW, Lo AO, Limquiaco J, Chu WC, et al. Coronary
artery disease and cardiovascular outcomes in patients with non-alcoholic
fatty liver disease. Gut 2011;60:1721–1727.

[83] Mirbagheri SA, Rashidi A, Abdi S, Saedi D, Abouzari M. Liver: an alarm for
the heart? Liver Int 2007;27:891–894.

[84] Arslan U, Turkoglu S, Balcioglu S, Tavil Y, Karakan T, Cengel A. Association
between nonalcoholic fatty liver disease and coronary artery disease. Coron
Artery Dis 2007;18:433–436.

[85] Zhou YJ, Li YY, Nie YQ, Huang CM, Cao CY. Natural course of nonalcoholic
fatty liver disease in southern China: a prospective cohort study. J Dig Dis
2012;13:153–160.

[86] Treeprasertsuk S, Leverage S, Adams LA, Lindor KD, St SJ, Angulo P. The
Framingham risk score and heart disease in nonalcoholic fatty liver disease.
Liver Int 2012;32:945–950.

[87] Targher G, Bertolini L, Rodella S, Tessari R, Zenari L, Lippi G, et al.
Nonalcoholic fatty liver disease is independently associated with an
increased incidence of cardiovascular events in type 2 diabetic patients.
Diabetes Care 2007;30:2119–2121.

[88] Soderberg C, Stal P, Askling J, Glaumann H, Lindberg G, Marmur J, et al.
Decreased survival of subjects with elevated liver function tests during a
28-year follow-up. Hepatology 2010;51:595–602.

[89] Rafiq N, Bai C, Fang Y, Srishord M, McCullough A, Gramlich T, et al. Long-
term follow-up of patients with nonalcoholic fatty liver. Clin Gastroenterol
Hepatol 2009;7:234–238.

[90] Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC, McCullough AJ.
Nonalcoholic fatty liver disease: a spectrum of clinical and pathological
severity. Gastroenterology 1999;116:1413–1419.

[91] Lazo M, Hernaez R, Bonekamp S, Kamel IR, Brancati FL, Guallar E, et al. Non-
alcoholic fatty liver disease and mortality among US adults: prospective
cohort study. BMJ 2011;343:d6891.

Review

S62 Journal of Hepatology 2015 vol. 62 j S47–S64

http://refhub.elsevier.com/S0168-8278(14)00933-7/h0210
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0210
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0215
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0215
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0215
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0220
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0220
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0220
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0225
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0225
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0225
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0230
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0230
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0235
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0235
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0235
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0240
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0240
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0240
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0245
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0245
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0245
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0245
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0250
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0250
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0250
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0255
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0255
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0255
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0255
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0260
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0260
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0260
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0265
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0265
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0270
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0270
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0270
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0270
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0275
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0275
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0280
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0280
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0280
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0285
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0285
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0285
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0285
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0290
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0290
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0290
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0295
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0295
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0295
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0300
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0300
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0305
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0305
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0310
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0310
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0315
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0315
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0315
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0315
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0320
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0320
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0325
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0325
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0325
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0330
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0330
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0335
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0335
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0335
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0335
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0340
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0340
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0340
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0340
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0345
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0345
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0350
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0350
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0355
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0355
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0355
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0355
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0360
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0360
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0365
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0365
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0370
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0370
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0370
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0375
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0375
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0375
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0380
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0380
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0385
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0385
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0385
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0390
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0390
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0390
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0390
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0395
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0395
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0395
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0395
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0400
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0400
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0400
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0405
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0405
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0405
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0410
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0410
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0410
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0410
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0415
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0415
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0415
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0420
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0420
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0425
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0425
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0425
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0430
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0430
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0430
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0435
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0435
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0435
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0440
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0440
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0440
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0440
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0445
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0445
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0445
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0450
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0450
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0450
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0455
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0455
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0455
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0460
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0460
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0460


[92] Kim D, Kim WR, Kim HJ, Therneau TM. Association between noninvasive
fibrosis markers and mortality among adults with nonalcoholic fatty liver
disease in the United States. Hepatology 2013;57:1357–1365.

[93] Jepsen P, Vilstrup H, Mellemkjaer L, Thulstrup AM, Olsen JH, Baron JA, et al.
Prognosis of patients with a diagnosis of fatty liver–a registry-based cohort
study. Hepatogastroenterology 2003;50:2101–2104.

[94] Haring R, Wallaschofski H, Nauck M, Dorr M, Baumeister SE, Volzke H.
Ultrasonographic hepatic steatosis increases prediction of mortality risk
from elevated serum gamma-glutamyl transpeptidase levels. Hepatology
2009;50:1403–1411.

[95] Hamaguchi M, Kojima T, Takeda N, Nagata C, Takeda J, Sarui H, et al.
Nonalcoholic fatty liver disease is a novel predictor of cardiovascular
disease. World J Gastroenterol 2007;13:1579–1584.

[96] Dunn MA, Behari J, Rogal SS, O’Connell MR, Furlan A, Aghayev A, et al.
Hepatic steatosis in diabetic patients does not predict adverse liver-related
or cardiovascular outcomes. Liver Int 2013;33:1575–1582.

[97] Dam-Larsen S, Franzmann M, Andersen IB, Christoffersen P, Jensen LB,
Sorensen TI, et al. Long term prognosis of fatty liver: risk of chronic liver
disease and death. Gut 2004;53:750–755.

[98] Adams LA, Lymp JF, St SJ, Sanderson SO, Lindor KD, Feldstein A, et al. The
natural history of nonalcoholic fatty liver disease: a population-based
cohort study. Gastroenterology 2005;129:113–121.

[99] Perseghin G, Lattuada G, De CF, Esposito A, Belloni E, Ntali G, et al. Increased
mediastinal fat and impaired left ventricular energy metabolism in young
men with newly found fatty liver. Hepatology 2008;47:51–58.

[100] Lautamaki R, Borra R, Iozzo P, Komu M, Lehtimaki T, Salmi M, et al. Liver
steatosis coexists with myocardial insulin resistance and coronary dys-
function in patients with type 2 diabetes. Am J Physiol Endocrinol Metab
2006;291:E282–E290.

[101] Rijzewijk LJ, Jonker JT, van der Meer RW, Lubberink M, de Jong HW, Romijn
JA, et al. Effects of hepatic triglyceride content on myocardial metabolism
in type 2 diabetes. J Am Coll Cardiol 2010;56:225–233.

[102] Rijzewijk LJ, van der Meer RW, Smit JW, Diamant M, Bax JJ, Hammer S, et al.
Myocardial steatosis is an independent predictor of diastolic dysfunction in
type 2 diabetes mellitus. J Am Coll Cardiol 2008;52:1793–1799.

[103] Hallsworth K, Hollingsworth KG, Thoma C, Jakovljevic D, Macgowan GA,
Anstee QM, et al. Cardiac structure and function are altered in adults with
non-alcoholic fatty liver disease. J Hepatol 2013;58:757–762.

[104] Bonapace S, Perseghin G, Molon G, Canali G, Bertolini L, Zoppini G, et al.
Nonalcoholic fatty liver disease is associated with left ventricular diastolic
dysfunction in patients with type 2 diabetes. Diabetes Care
2012;35:389–395.

[105] Kim NH, Park J, Kim SH, Kim YH, Kim DH, Cho GY, et al. Non-alcoholic fatty
liver disease, metabolic syndrome and subclinical cardiovascular changes
in the general population. Heart 2014;100:938–943.

[106] Alp H, Karaarslan S, Selver EB, Atabek ME, Altin H, Baysal T. Association
between nonalcoholic fatty liver disease and cardiovascular risk in obese
children and adolescents. Can J Cardiol 2013;29:1118–1125.

[107] Singh GK, Vitola BE, Holland MR, Sekarski T, Patterson BW, Magkos F, et al.
Alterations in ventricular structure and function in obese adolescents with
nonalcoholic fatty liver disease. J Pediatr 2013;162:1160–1168, 1168.

[108] Sert A, Aypar E, Pirgon O, Yilmaz H, Odabas D, Tolu I. Left ventricular
function by echocardiography, tissue Doppler imaging, and carotid intima-
media thickness in obese adolescents with nonalcoholic fatty liver disease.
Am J Cardiol 2013;112:436–443.

[109] Fintini D, Chinali M, Cafiero G, Esposito C, Giordano U, Turchetta A, et al.
Early left ventricular abnormality/dysfunction in obese children affected by
NAFLD. Nutr Metab Cardiovasc Dis 2014;24:72–74.

[110] Pacifico L, Di MM, De MA, Bezzi M, Osborn JF, Catalano C, et al. Left
ventricular dysfunction in obese children and adolescents with nonalco-
holic fatty liver disease. Hepatology 2014;59:461–470.

[111] Dhingra R, Gona P, Wang TJ, Fox CS, D’Agostino Sr RB, Vasan RS. Serum
gamma-glutamyl transferase and risk of heart failure in the community.
Arterioscler Thromb Vasc Biol 2010;30:1855–1860.

[112] Wannamethee SG, Whincup PH, Shaper AG, Lennon L, Sattar N. Gamma-
glutamyltransferase, hepatic enzymes, and risk of incident heart failure in
older men. Arterioscler Thromb Vasc Biol 2012;32:830–835.

[113] Sinner MF, Wang N, Fox CS, Fontes JD, Rienstra M, Magnani JW, et al.
Relation of circulating liver transaminase concentrations to risk of new-
onset atrial fibrillation. Am J Cardiol 2013;111:219–224.

[114] Alonso A, Misialek JR, Amiin MA, Hoogeveen RC, Chen LY, Agarwal SK, et al.
Circulating levels of liver enzymes and incidence of atrial fibrillation: the
Atherosclerosis Risk in Communities cohort. Heart 2014;100:1151–1156.

[115] Targher G, Mantovani A, Pichiri I, Rigolon R, Dauriz M, Zoppini G, et al. Non-
alcoholic fatty liver disease is associated with an increased prevalence of

atrial fibrillation in hospitalized patients with type 2 diabetes. Clin Sci
(Lond) 2013;125:301–309.

[116] Targher G, Valbusa F, Bonapace S, Bertolini L, Zenari L, Rodella S, et al. Non-
alcoholic Fatty liver disease is associated with an increased incidence of
atrial fibrillation in patients with type 2 diabetes. PLoS One 2013;8:e57183.

[117] Targher G, Valbusa F, Bonapace S, Bertolini L, Zenari L, Pichiri I, et al.
Association of nonalcoholic fatty liver disease with QTc interval in patients
with type 2 diabetes. Nutr Metab Cardiovasc Dis 2014;24:663–669.

[118] Algra A, Tijssen JG, Roelandt JR, Pool J, Lubsen J. QTc prolongation measured
by standard 12-lead electrocardiography is an independent risk factor for
sudden death due to cardiac arrest. Circulation 1991;83:1888–1894.

[119] Robbins J, Nelson JC, Rautaharju PM, Gottdiener JS. The association
between the length of the QT interval and mortality in the
Cardiovascular Health Study. Am J Med 2003;115:689–694.

[120] Newton JL, Pairman J, Wilton K, Jones DE, Day C. Fatigue and autonomic
dysfunction in non-alcoholic fatty liver disease. Clin Auton Res
2009;19:319–326.

[121] Otto CM, Prendergast B. Aortic-valve stenosis–from patients at risk to
severe valve obstruction. N Engl J Med 2014;371:744–756.

[122] Rossi A, Targher G, Zoppini G, Cicoira M, Bonapace S, Negri C, et al. Aortic
and mitral annular calcifications are predictive of all-cause and cardiovas-
cular mortality in patients with type 2 diabetes. Diabetes Care
2012;35:1781–1786.

[123] Markus MR, Baumeister SE, Stritzke J, Dorr M, Wallaschofski H, Volzke H,
et al. Hepatic steatosis is associated with aortic valve sclerosis in the
general population: the Study of Health in Pomerania (SHIP). Arterioscler
Thromb Vasc Biol 2013;33:1690–1695.

[124] Bonapace S, Valbusa F, Bertolini L, Pichiri I, Mantovani A, Rossi A, et al.
Nonalcoholic fatty liver disease is associated with aortic valve sclerosis in
patients with type 2 diabetes mellitus. PLoS One 2014;9:e88371.

[125] Targher G, Chonchol M, Zoppini G, Abaterusso C, Bonora E. Risk of chronic
kidney disease in patients with non-alcoholic fatty liver disease: is there a
link? J Hepatol 2011;54:1020–1029.

[126] Targher G, Chonchol MB, Byrne CD. CKD and nonalcoholic fatty liver
disease. Am J Kidney Dis 2014;64:638–652.

[127] Targher G, Bertolini L, Rodella S, Zoppini G, Lippi G, Day C, et al. Non-
alcoholic fatty liver disease is independently associated with an increased
prevalence of chronic kidney disease and proliferative/laser-treated
retinopathy in type 2 diabetic patients. Diabetologia 2008;51:444–450.

[128] Targher G, Bertolini L, Chonchol M, Rodella S, Zoppini G, Lippi G, et al. Non-
alcoholic fatty liver disease is independently associated with an increased
prevalence of chronic kidney disease and retinopathy in type 1 diabetic
patients. Diabetologia 2010;53:1341–1348.

[129] Hwang ST, Cho YK, Yun JW, Park JH, Kim HJ, Park DI, et al. Impact of non-
alcoholic fatty liver disease on microalbuminuria in patients with pre-
diabetes and diabetes. Intern Med J 2010;40:437–442.

[130] Targher G, Pichiri I, Zoppini G, Trombetta M, Bonora E. Increased prevalence
of chronic kidney disease in patients with Type 1 diabetes and non-
alcoholic fatty liver. Diabet Med 2012;29:220–226.

[131] Li G, Shi W, Hug H, Chen Y, Liu L, Yin D. Nonalcoholic fatty liver disease
associated with impairment of kidney function in nondiabetes population.
Biochem Med (Zagreb) 2012;22:92–99.

[132] Ahn AL, Choi JK, Kim MN, Kim SA, Oh EJ, Kweon HJ, et al. Non-alcoholic
fatty liver disease and chronic kidney disease in Koreans aged 50 years or
older. Korean J Fam Med 2013;34:199–205.

[133] Targher G, Bertolini L, Rodella S, Lippi G, Zoppini G, Chonchol M.
Relationship between kidney function and liver histology in subjects
with nonalcoholic steatohepatitis. Clin J Am Soc Nephrol 2010;5:
2166–2171.

[134] Yilmaz Y, Alahdab YO, Yonal O, Kurt R, Kedrah AE, Celikel CA, et al.
Microalbuminuria in nondiabetic patients with nonalcoholic fatty liver
disease: association with liver fibrosis. Metabolism 2010;59:
1327–1330.

[135] Yasui K, Sumida Y, Mori Y, Mitsuyoshi H, Minami M, Itoh Y, et al.
Nonalcoholic steatohepatitis and increased risk of chronic kidney disease.
Metabolism 2011;60:735–739.

[136] Machado MV, Goncalves S, Carepa F, Coutinho J, Costa A, Cortez-Pinto H.
Impaired renal function in morbid obese patients with nonalcoholic fatty
liver disease. Liver Int 2012;32:241–248.

[137] Targher G, Chonchol M, Bertolini L, Rodella S, Zenari L, Lippi G, et al.
Increased risk of CKD among type 2 diabetics with nonalcoholic fatty liver
disease. J Am Soc Nephrol 2008;19:1564–1570.

[138] Chang Y, Ryu S, Sung E, Woo HY, Oh E, Cha K, et al. Nonalcoholic fatty liver
disease predicts chronic kidney disease in nonhypertensive and nondiabet-
ic Korean men. Metabolism 2008;57:569–576.

JOURNAL OF HEPATOLOGY

Journal of Hepatology 2015 vol. 62 j S47–S64 S63

http://refhub.elsevier.com/S0168-8278(14)00933-7/h0465
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0465
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0465
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0470
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0470
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0470
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0475
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0475
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0475
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0475
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0480
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0480
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0480
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0485
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0485
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0485
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0490
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0490
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0490
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0495
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0495
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0495
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0500
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0500
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0500
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0505
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0505
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0505
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0505
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0510
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0510
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0510
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0515
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0515
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0515
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0520
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0520
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0520
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0525
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0525
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0525
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0525
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0530
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0530
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0530
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0535
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0535
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0535
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0540
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0540
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0540
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0545
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0545
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0545
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0545
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0550
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0550
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0550
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0555
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0555
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0555
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0560
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0560
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0560
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0565
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0565
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0565
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0570
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0570
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0570
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0575
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0575
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0575
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0580
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0580
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0580
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0580
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0585
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0585
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0585
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0590
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0590
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0590
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0595
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0595
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0595
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0600
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0600
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0600
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0605
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0605
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0605
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0610
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0610
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0615
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0615
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0615
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0615
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0620
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0620
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0620
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0620
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0625
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0625
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0625
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0630
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0630
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0630
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0635
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0635
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0640
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0640
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0640
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0640
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0645
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0645
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0645
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0645
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0650
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0650
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0650
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0655
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0655
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0655
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0660
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0660
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0660
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0665
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0665
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0665
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0665
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0670
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0670
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0670
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0670
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0675
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0675
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0675
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0675
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0680
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0680
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0680
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0685
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0685
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0685
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0690
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0690
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0690
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0695
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0695
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0695


[139] Arase Y, Suzuki F, Kobayashi M, Suzuki Y, Kawamura Y, Matsumoto N, et al.
The development of chronic kidney disease in Japanese patients with non-
alcoholic fatty liver disease. Intern Med 2011;50:1081–1087.

[140] Targher G, Mantovani A, Pichiri I, Mingolla L, Cavalieri V, Mantovani W,
et al. Nonalcoholic fatty liver disease is independently associated with an
increased incidence of chronic kidney disease in patients with type 1
diabetes. Diabetes Care 2014;37:1729–1736.

[141] Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney function–
measured and estimated glomerular filtration rate. N Engl J Med
2006;354:2473–2483.

[142] Bonora E, Targher G. Increased risk of cardiovascular disease and
chronic kidney disease in NAFLD. Nat Rev Gastroenterol Hepatol
2012;9:372–381.

[143] Shoelson SE, Herrero L, Naaz A. Obesity, inflammation, and insulin
resistance. Gastroenterology 2007;132:2169–2180.

[144] Stefan N, Haring HU. The role of hepatokines in metabolism. Nat Rev
Endocrinol 2013;9:144–152.

[145] Byrne CD, Targher G. Ectopic fat, insulin resistance, and nonalcoholic fatty
liver disease: implications for cardiovascular disease. Arterioscler Thromb
Vasc Biol 2014;34:1155–1161.

[146] Targher G, Byrne CD. Diagnosis and management of nonalcoholic Fatty liver
disease and its hemostatic/thrombotic and vascular complications. Semin
Thromb Hemost 2013;39:214–228.

[147] Lonardo A, Ballestri S, Targher G, Loria P. Diagnosis and management of
cardiovascular risk in nonalcoholic fatty liver disease. Expert Rev
Gastroenterol Hepatol 2014;20:1–22.

Review

S64 Journal of Hepatology 2015 vol. 62 j S47–S64

http://refhub.elsevier.com/S0168-8278(14)00933-7/h0700
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0700
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0700
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0705
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0705
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0705
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0705
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0710
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0710
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0710
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0715
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0715
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0715
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0720
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0720
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0725
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0725
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0730
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0730
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0730
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0735
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0735
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0735
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0740
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0740
http://refhub.elsevier.com/S0168-8278(14)00933-7/h0740

	NAFLD: A multisystem disease
	Introduction
	NAFLD: diagnosis, development, and progression of liver disease
	NAFLD and diabetes: epidemiology
	Diabetes development in NAFLD: pathophysiology
	NAFLD, CVD and other cardiac diseases: epidemiology
	NAFLD and CVD
	NAFLD and abnormalities in myocardial metabolism, cardiac function and structure

	NAFLD, cardiac arrhythmias and aortic valve sclerosis
	NAFLD and chronic kidney disease: epidemiology
	NAFLD, cardiovascular/cardiac diseases and CKD: pathophysiology
	Conclusions
	Financial support
	Conflict of interest
	References


