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Abstract Non-alcoholic fatty liver disease (NAFLD) in-
creases risk of mortality from liver and cardiovascular disease
(CVD) and is the major cause of hepatocellular carcinoma
(HCC), which may develop without cirrhosis. NAFLD pre-
dicts type 2 diabetes, even independently of obesity. Globally,
the prevalence of NAFLD averages 25% and is as common as
the metabolic syndrome. The majority of patients with type 2
diabetes have NAFLD. The challenge for the diabetologist is
to identify patients at risk of advanced liver disease and HCC.
At a minimum, liver function tests (LFTs), despite being
neither specific nor sensitive, should be performed in all
patients with the metabolic syndrome or type 2 diabetes.
Increases in LFTs, for which the updated reference values
are lower (serum ALT ≈30 U/l in men and ≈20 U/l in women)
than those hitherto used in many laboratories, should prompt
assessment of fibrosis biomarkers and referral of individuals at
risk to a NAFLD/hepatology clinic. Preferably, evaluation of
NAFLD should be based on measurement of steatosis
biomarkers or ultrasound if easily available. A large number
of individuals carry the patatin-like phospholipase domain
containing 3 (PNPLA3) I148M variant (30–50%) or the
transmembrane 6 superfamily member 2 (TM6SF2) E167K
variant (11–15%). These variants increase the risk of
advanced liver disease and HCC but not of diabetes or
CVD. Genotyping of selected patients for these variants is
recommended. Many patients have ‘double trouble’, i.e. carry

both a genetic risk factor and have the metabolic syndrome.
Excess use of alcohol could be a cause of ‘triple trouble’, but
such patients would be classified as having alcoholic fatty
liver disease. This review summarises a presentation given at
the symposium ‘The liver in focus’ at the 2015 annualmeeting
of the EASD. It is accompanied by two other reviews on
topics from this symposium (by Kenneth Cusi, DOI: 10.
1007/s00125-016-3952-1, and by John Jones, DOI: 10.1007/
s00125-016-3940-5) and a commentary by the Session Chair,
Michael Roden (DOI: 10.1007/s00125-016-3911-x).
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TM6SF2 Transmembrane 6 superfamily member 2
US Ultrasound

Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as a
condition in which ≥5–10% of hepatocytes exhibit macro-
scopic steatosis by light microscopy in the absence of other
aetiologies of liver disease (see below) [1, 2]. NAFLD in-
cludes a spectrum of liver disease ranging from simple
steatosis (non-alcoholic fatty liver [NAFL]) to non-alcoholic
steatohepatitis (NASH). NALFD is by far the most common
cause of chronic liver disease. In a recent meta-analysis, the
global prevalence was estimated to be 25% [2], which is very
similar to that of the metabolic syndrome [3]. Prevalence
estimates averaged 32% in the Middle East, 30% in South
America, 27% in Asia, 24% in Europe, 21% in North
America and 13% in Africa in a meta-analysis conducted in
2015 [2]. Such NAFLD associated with features of the meta-
bolic syndrome predisposes individuals to type 2 diabetes and
cardiovascular disease (CVD), as well to NASH, cirrhosis and
hepatocellular carcinoma (HCC) and the need for liver trans-
plantation [4, 5]. NAFLD and the metabolic syndrome share
common pathophysiology, which is why they frequently co-
exist. This is not uniformly true, however, in part because of
the multiple definitions of the metabolic syndrome, and be-
cause of common genetic forms of NAFLD not associated
with insulin resistance. The most recent recommendation al-
lows diagnosis of the metabolic syndrome in ten different
ways. The metabolic syndrome is defined as a condition that
includes any three of the following five conditions: increased
fasting glucose or type 2 diabetes, hypertriacylglycerolaemia,
low HDL-cholesterol, increased waist circumference
(ethnicity-dependent) and hypertension [6].

Common genetic forms of NAFLD, especially those asso-
ciated with variation in the genes PNPLA3 and TM6SF2 are
not associated with insulin resistance, features of the metabol-
ic syndrome or an increased risk of type 2 diabetes or CVD
[5]. However, in these patients, NAFLD predisposes to pro-
gression of NAFL to NASH, cirrhosis and HCC. The ensuing
discussion is focused on the diagnosis of NAFLD from the
perspective of the diabetologist. The challenge for the diabe-
tologist is to identify those at risk for advanced liver disease
amongst those who have incidentally discovered steatosis and
those with no such history.

Definitions

The diagnosis of NAFLD requires that there is evidence of
steatosis either by imaging or histology and that there are no
secondary causes of steatosis, such as increased alcohol

consumption, viral hepatitis, use of steroid medications or
other causes, as listed in Fig. 1 and more extensively in [7].

NAFL Steatosis can be diagnosed either using a liver biopsy
(≥5–10% of hepatocytes exhibit macroscopic steatosis) or by
imaging techniques such as ultrasound (US) (degree of
brightness of liver parenchyma, semi-quantitative) or
proton magnetic resonance spectroscopy (1H-MRS) [8].
Steatosis on US and 1H-MRS does not, however, exclude
NASH, as they merely quantify steatosis. Histologically,
NAFL encompasses any degree of steatosis alone or
steatosis with lobular inflammation but without balloon-
ing [9].

NASH NASH can only be diagnosed by liver biopsy. The pres-
ence of ballooning injury is the key to the diagnosis. Ballooning
degeneration is a form of hepatocyte cell death where the cells
increase in cell size (balloon). It colocalises initially amidst
steatosis in zone 3 near the centrilobular veins. Steatosis and
inflammation can be observed to any degree [9]. Fibrosis is not
required to make the diagnosis of NASH but is often present. It
also begins in zone 3 as delicate strands of collagen [9]. Recently,
a new definition based on the SAF score, which does not sub-
classify patients with NAFLD based on NASH, has been pro-
posed [10]. The SAF score assesses three variables: S=steatosis,
A=activity, F=fibrosis. Steatosis (% of hepatocytes with mac-
roscopic steatosis) is classified on a scale of 0 to 3 (S0: <5%, S1:
5–33%, S2: 34–66%, S3: >67%). Ballooning and lobular in-
flammation are graded from 0 to 2. The grade of activity (from
A0 to A4) is calculated by addition of grades of ballooning and
lobular inflammation [10]. Fibrosis (F) is scored on a scale of 0
to 4 (F0: as none, F1: perisinusoidal or periportal, F2:
perisinusoidal and periportal, F3: bridging or F4: cirrhosis [11].
This scoring system has been shown to decrease intra-observer
variation among pathologists [10]. It is also attractive as it in-
cludes the fibrosis component which is not required for diagnosis
of NASH but is the best predictor of advanced liver disease [12]
and mortality [13].

Why should a diabetologist be interested in NAFLD?

NAFLD is common in type 2 diabetesThe 95th percentile of
normal liver fat in 2,349 participants in the population-based
Dallas Heart Studywas 5.56%whenmeasured using 1H-MRS
[8]. Using this technique and criterion, the prevalence of
NAFLD in type 2 diabetic patients has been reported to be
50% [14] and 60% [15]. A study diagnosing NAFLD byMRI-
estimated proton density fat fraction ≥5% found NAFLD in
65% [16] and studies using ultrasound diagnosed NAFLD in
74% [17], 57% [18] and 70% [19] of patients with type 2
diabetes. Half of patients with type 2 diabetes have NAFLD
despite having normal alanine aminotransferase (ALT) levels
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[14]. Regarding NASH, a population-based study using a
NASH score validated in 296 Finnish and 380 Italian individ-
uals who had undergone a liver biopsy, determined the prev-
alence of NASH to be 17.6% in type 2 diabetic individuals
and 3.7% in non-diabetic individuals [20]. In a biopsy study,
22% of type 2 diabetic patients attending an outpatient clinic
were found to have NASH [17]. Advanced fibrosis, as mea-
sured by magnetic resonance elastography, was found in 7%
of type 2 diabetic patients [16].

NAFLD predicts type 2 diabetes and cardiovascular dis-
ease At least 20 prospective studies have shown that steatosis
diagnosed by US or biopsy predicts NAFLD, even indepen-
dent of obesity [4]. This is reminiscent of the metabolic syn-
drome, which can occur in non-obese people and predicts type
2 diabetes and CVD even independent of obesity [5]. Indeed,
one of the first definitions of the metabolic syndrome,

proposed by Reaven, did not even include obesity [21].
Nevertheless, obesity remains the single most important risk
factor for NAFLD [22]. Insulin resistance in individuals with
the metabolic syndrome is paralleled by an increase in liver fat
content and serum ALTand aspartate aminotransferase (AST)
activities [23, 24]. Insulin resistance is characterised by an
impaired ability of insulin to suppress hepatic glucose produc-
tion. The increase in glucose concentrations increases insulin
secretion, thus resulting in mild hyperglycaemia and
hyperinsulinaemia—hallmarks of insulin resistance and
NAFLD [5]. Other components of the metabolic syndrome
are also closely related. Impaired insulin inhibition of VLDL
production leads to hypertriacylglycerolaemia, which in turn
reduces HDL-cholesterol concentrations [5].

Fibrosis the best predictor of progression A recent longitu-
dinal study reported that the fibrosis stage of all features of

Incidental steatosis
(US/CT/MRI)

Aetiology

Alcohola, drugsb

Hepatitis C and B
ALT, AST, GGT
Glucose, HbA1c
TG/HDLchol/LDLchol
BMI, waist 
Blood pressure NAFLD 

(or rare cause)

Fibrosis testc

PNPLA3 gene testd 

Fibrosis test +
PNPLA3 variant + 

Fibrosis test – 
PNPLA3 variant + 

Fibrosis test – 
PNPLA3 variant – 

ALT yearly
Fibrosis test
every 3 years

Hepatologist

ALT yearly

See Fig. 2

Elastography
Liver biopsy?

AFLD, HCV, HBV 

Test for rare causese

MetS–

MetS+

Fig. 1 Evaluation of incidentally discovered steatosis. Alcohola: for di-
agnosis of NAFLD, alcohol consumption should be less than 20 g/day in
women and less than 30 g/day in men. Drugsb: these include medications
such as corticosteroids, methotrexate, amiodarone and tamoxifen.
Fibrosis testc refers to use of fibrosis biomarkers such as the NAFLD
fibrosis score, Fibrotest, FibroMeter or ELF. PNPLA3 gene testd: genotyp-
ing for the I148M gene variant. PNPLA3 variant +: carrier of the I148M
gene variant. PNPLA3 variant −: non-carrier of the I148M gene variant.
Fibrosis test +: moderate or high risk for fibrosis, biomarker-dependent.
Fibrosis test −: low risk for fibrosis. eTests for rare causes of steatosis and

liver disease in general need to be examined before referral to the specialist
(depends on local practices and clinical judgement) and include tests such
as those for autoimmune, coeliac disease, thyroid disease, Wilson’s dis-
ease, α1-antitrypsin deficiency and measurement of ferritin and transferrin
saturation, and total and conjugated bilirubin and thromboplastin time.
Abbreviations: AFLD, alcoholic fatty liver disease; ALT, alanine amino-
transferase; CT, computerised tomography; HBV, steatosis due to hepatitis
B virus; HCV, steatosis due to hepatitis C virus; HDLchol, HDL choles-
terol; LDLchol, LDL cholesterol; waist, waist circumference; MetS, met-
abolic syndrome; TG, triacylglycerol
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liver histology increased the risk of overall mortality and liver
transplantation in 619NAFLDpatients followed for 12.6 years
[12]. In a smaller study involving 229 Swedish patients with
histologically diagnosed NAFLD followed for 26.4 years, ad-
vanced fibrosis also increased mortality independently of oth-
er histological features [13]. Based on the observed annual
fibrosis progression rate, a meta-analysis estimated that one
stage progression takes 14 years for patients with NAFL and
7 years for patients with NASH [25].

NAFL can progress to NASHMcPherson et al recently con-
cluded ‘Contrary to current dogma… steatosis can progress to
NASH and clinically significant fibrosis’ [26]. In their study,
27 patients from a NAFLD clinic in the UK with baseline
NAFL underwent two biopsies, one at baseline and one after
an average of 6.6 years. Progression to NASH was seen in
44% [26]. Similarly, a French study followed 25 patients with
NAFL for 3.7 years and found that in a substantial proportion
of patients with NAFL (32%) the disease clearly progressed to
NASH [27]. Of 13 patients with NAFL from Hong Kong,
23% developed definite NASH over a 3-year follow-up period
[28].

NAFLD is the most common cause of HCC In a prospec-
tively studied population of more than 900,000 adults in the
USA, of all the cancers, obesity increased the relative risk of
liver cancer the most, especially in men [29]. An association
between obesity and HCC has also been observed in large
epidemiological cohorts in Korea, Sweden, Norway and
Austria, amongst others [30–32]. A study in an Italian cohort
provided evidence that the risk of HCC increases progressive-
ly as a function of the number of components of the metabolic
syndrome [33].

Diabetes increases the risk of HCC by two- to threefold
[34]. In a series of 632 consecutive patients attending a
hepatology clinic, the increase in HCC over 10 years
paralleled the increase in NAFLD, which accounted for 35%
of the HCC cases in 2010 and was the most common cause of
HCC [35]. Worryingly, HCC may occur in NAFLD patients
without cirrhosis [35, 36]. These data are of major concern
and emphasise the need to develop effective screening tools to
enable the early diagnosis of HCC in patients with obesity,
NAFLD, the metabolic syndrome or type 2 diabetes.

Diagnosis of NAFLD in a patient with incidentally
discovered steatosis

The EuropeanAssociations for the Study of the Liver (EASL),
Diabetes (EASD) and Obesity (EASO) have recently worked
together on Clinical Practice Guidelines for the management
of NAFLD [7]. According to these guidelines, all individuals
with incidentally discovered steatosis should be screened for

features of the metabolic syndrome, independently of liver
function tests (LFTs). For diagnosis of NAFLD, other causes
of steatosis should be excluded (see Fig. 1). These include, at a
minimum, alcohol, hepatitis B and C and steatosis-associated
drugs. Components of the metabolic syndrome and diabetes
should be screened for using tools familiar to the diabetologist
(see Fig. 1), and the screening includes assessment of dietary
and lifestyle habits. As regards diet, in addition to total energy
intake, particular emphasis should be paid to consumption of
simple sugars and saturated fats, both of which are important
risk factors for obesity and, independently of obesity for type
2 diabetes, CVD and NAFLD [7, 37]. In addition, LFTs, plate-
lets and albumin should be measured to enable calculation of a
non-invasive score for NAFLD, such as the NAFLD fibrosis
score (based on age, BMI, impaired fasting glucose/diabetes,
AST, ALT, platelets, albumin; calculator found at www.
nafldscore.com). Patients with increased LFTs in addition to
steatosis and those with normal LFTs but a fibrosis biomarker
indicating medium/high risk should be referred to the
hepatologist (Fig. 2). The cost–benefit of this recommenda-
tion needs to be investigated [7].

The hepatologist will usually perform an US examination,
unless this has already been done, and transient elastography
(TE) to exclude severe fibrosis and assess the need for a liver
biopsy. TE is a quick, non-invasive technique for measuring
liver stiffness. A probe with an ultrasonic transducer is placed
above the liver. It generates an elastic shear wave, the velocity
of which is related to liver stiffness and fibrosis [38]. TE is
sensitive and specific in excluding advanced stage 3–4 fibro-
sis but fails in approximately 20%, mainly due to obesity [38].
Diagnosis of NASH still requires a liver biopsy [7]. In patients
with steatosis who initially have normal liver enzymes and
low fibrosis biomarkers, these measurements should be re-
peated every 2 years.

Screening for NAFLD in a patient with the metabolic
syndrome/type 2 diabetes

The EASL–EASD–EASO NAFLD guidelines recommend
screening for NAFLD in all patients with the metabolic syn-
drome or type 2 diabetes using at least LFTs but also steatosis
biomarkers such as the NAFLD liver fat score based on
knowledge of themetabolic syndrome, type 2 diabetes, fasting
serum insulin, AST, AST/ALT (tool to calculate available in
[39]), the Fatty Liver Index (waist, triacylglycerols and γ-
glutamyl transpeptidase [GGT]) or Steatotest® (a commercial-
ly available test, undisclosed formula) [7]. US is recommend-
ed as an alternative tool if easily available, although the cost-
effectiveness of such a recommendation remains to be deter-
mined. Even if not cost-effective, US might help the early
diagnosis of HCC. If liver enzymes are normal in patients with
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the metabolic syndrome/NAFLD, repeat measurements are
recommended every 3–5 years.

In patients who have been found to have NAFLD but have
normal liver enzymes, the recommendation is to assess fibro-
sis tests and proceed as with patients with incidentally discov-
ered steatosis. Lifestyle advice and comprehensive assessment
of risk factors for CVD is essential in all patients with the
metabolic syndrome/type 2 diabetes, or obesity alone.

The EASL–EASD–EASO guidelines recommend that all
patients with elevated LFTs because of NAFLD should be
referred to the hepatologist (Fig. 2), although LFTs are normal
in 50% of patients with NAFLD [40] and type 2 diabetes [14].
Regarding normal values for LFTs, ALT is the most liver-
specific, although ALT activities decrease and the AST:ALT
ratio increases as fibrosis progresses [41, 42]. The increasing
availability of standardised commercial assays is thought to
greatly reduce the dependency of ALT results on the analytical
procedure used and the need for separate reference intervals
[41]. The upper limit of normal for ALT in many laboratories
is around 40 IU/l in men and around 30 IU/l in women [41,
43]. Several of the previous and still currently used reference
ranges for ALT were established in the 1980s before tests for
hepatitis C virus (HCV) were available and before awareness
of NAFLD [41]. More recent studies have established normal
values that exclude all causes of viral hepatitis and individuals

with steatosis and abnormal lipid and glucose levels. Updated
upper limits of normal (95th or 97.5th percentile according to
sex) have been proposed. These include 30 IU/l for men and
19 IU/l for women among Italians, 35 and 26 IU/l among
Koreans, 21 and 17 IU/l among Taiwanese and 35 and
23 IU/l among Chinese, respectively [41].

Heterogeneity of NAFLD: NAFLD but no metabolic
syndrome

An allele in PNPLA3 (rs738409[G], encoding I148M) is
found in 30–50% of all individuals. This gene variant has been
shown, in numerous independent studies and meta-analyses,
to confer an increased risk of steatosis, NASH, fibrosis, cir-
rhosis and HCC. Consistently, however, the gene variant does
not predispose individuals to type 2 diabetes or CVD [5].

Patatin-like phospholipase domain containing 3 (PNPLA3)
has both lipase and acylglycerol O-acyltransferase activities
in vitro [44]. The I148M variant abolishes lipolysis [45] and
increases lysophosphatidic acid acyltransferase activity [46],
i.e. it both impairs breakdown and stimulates synthesis of tri-
acylglycerols in the liver cells. In vivo in the human liver, the
fatty acid composition of triacylglycerols and NEFA of indi-
viduals with the I148M variant is markedly polyunsaturated in

MetS/T2DM

LFTs
Steatosis testa

NAFLD?

Fibrosis testb

ALT yearly 

Hepatologist

Elastography
Liver biopsy?

Tests for rare causesc

ALT every 3 years 

Increased riskLow risk

No

Yes

Fig. 2 Diagnosis of non-alcoholic fatty liver disease (NAFLD) in pa-
tients with the metabolic syndrome (MetS) or type 2 diabetes (T2DM).
Screening for NAFLD by liver function tests (LFTs i.e. alanine amino-
transferase [ALT], aspar ta te aminotransferase [AST], γ -
glutamyltransferase [GGT]) and steatosis testsa such as the NAFLD liver
fat score based on knowledge of the MetS, type 2 diabetes, fasting serum

insulin, AST, AST/ALT (tool to calculate available in [39]), the fatty liver
index (waist, triacylglycerol and GGT) or Steatotest (commercially avail-
able test, undisclosed formula) [7] should be part of routine work-up for
patients with the MetS/T2DM [7]. Explanations for fibrosis testb and tests
for rare causesc as in legend to Fig. 1. Modified with permission from [7]
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contrast to ‘obese/metabolic NAFLD’, where saturated and
monounsaturated triacylglycerols and NEFA predominate
[47]. Insulin resistance inducing ceramides synthesised by
the de novo ceramide synthetic pathway are increased in
‘obese/metabolic NAFLD’ but not in NAFLD associated with
the I148M variant (‘PNPLA3 NAFLD’). Lack of insulin resis-
tance is likely to explain why this type of NAFLD does not
predispose to type 2 diabetes and CVD.

Two independent studies reported the TM6SF2 gene to
influence hepatic triacylglycerol secretion [48, 49]. In carriers
of the transmembrane 6 superfamily member 2 (TM6SF2)
E167K variant (11–15% of all individuals), the risk of
steatosis [48], and fibrosis [50, 51] and HCC [52] are in-
creased while the risk of CVD is even decreased [51].
Serum triacylglycerol and LDL-cholesterol are lower and in-
sulin sensitivity unaltered [48, 51, 53].

Both of the common genetic forms of NAFLD thus in-
crease the risk of liver disease but not of type 2 diabetes and
CVD. This implies that NAFLD is heterogeneous and that the
aetiology of NAFLD has implications for risk of future dis-
ease. The EASL–EASD–EASO recommendation is to geno-
type for the PNPLA3 and TM6SF2 gene variants in selected
patients and clinical studies but not routinely [7]. Such select-
ed patients might include those who have NAFLD but do not
have dyslipidaemia or insulin resistance. Given that both the
gene variants and obesity/metabolic syndrome are common,
many patients of course have ‘double trouble’ [47].

Conclusions

After years of focusing on the metabolic syndrome as the risk
factor to search for without paying much attention to the liver, it
is now clear that themetabolic syndrome andNAFLD frequently
coexist because of a shared pathophysiology and that NASH,
cirrhosis and hepatocellular carcinoma are more frequent in pa-
tients with the metabolic syndrome and type 2 diabetes than in
those without. NAFL could thus be considered an essential part
of the pathogenesis of the metabolic syndrome/type 2 diabetes
and NASH, cirrhosis and even HCC complications of obesity/
the metabolic syndrome/type 2 diabetes. Patients with steatosis
and the metabolic syndrome/type 2 diabetes therefore should be
referred to the hepatologist more often than in the past, although
the cost-effectiveness of referring all patients with elevated LFTs
and the metabolic syndrome/type 2 diabetes still needs to be
examined. The common genetic forms caused by polymor-
phisms in PNPLA3 and TM6SF2 genes predispose to liver dis-
ease but not to the metabolic syndrome/type 2 diabetes and
CVD. This implies that measurement of components of the met-
abolic syndrome remains essential for identifying individuals at
risk for type 2 diabetes and CVD. However, the repertoire of
laboratory tests should includemeasurement of LFTs (ALT,AST
and GGT), albumin and platelets to calculate the NAFLD

fibrosis score or some other non-invasive marker of fibrosis.
Given that NAFLD has become the leading cause of HCC and
that HCC increases at alarming rates, screening of the liver by
US more often than perhaps financially justified might be of
benefit to the individual patient.
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