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Abstract
Evidence suggests a close relationship between nonalcoholic fatty liver disease (NAFLD) and type two diabetes (T2D). 
On the grounds of prevalence of disease, both conditions account for a significant financial cost for health care systems 
and individuals. Aim of this review article is to explore the epidemiological basis and the putative molecular mechanisms 
underlying the association of NAFLD with T2D. Epidemiological studies have shown that NAFLD is associated to the 
development of incident T2D and either reversal or improvement of NAFLD will result into decreased risk of developing 
incident T2D. On the other side of the coin data have shown that T2D will worsen the course of NAFLD doubling the risk 
of disease progression (i.e. evolution from simple steatosis to advanced fibrosis, cirrhosis, hepatocellular carcinoma, liver 
transplant and death). Conversely, NAFLD will contribute to metabolic decompensation of T2D. The pathogenesis of T2D 
in NAFLD patients may be mediated by several hepatokines impairing metabolic control. Among these, Fetuin-B, which 
causes glucose intolerance and is increased in patients with T2D and NAFLD with fibrosis is one of the most promising. T2D 
may affect the progression of NAFLD by acting at different levels of the pathogenic cascade involving gut microbiota and 
expanded, inflamed, dysfunctional adipose tissue. In conclusion, T2D and NAFLD are mutually, closely and bi-directionally 
associated. An improved understanding of molecular pathogenesis underlying this bi-directional association may allow us 
to be able to prevent the development of T2D by halting the progression of NAFLD.
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Background

Nonalcoholic fatty liver disease (NAFLD) which defines 
simple steatosis, nonalcoholic steatohepatitis (NASH), 
NAFLD-cirrhosis and NAFLD-HCC has a global diffu-
sion accounting for a heavy financial burden [1, 2]. By 
definition, diagnosis and staging of NAFLD remain based 
on liver biopsy [3]. However, an invasive approach is not 
invariably necessary and, in most patients as well for epi-
demiological studies, non-invasive diagnostic techniques, 
such as ultrasonography, are available to this end [1, 3]. 
To non-invasively predict presence or absence of advanced 
fibrosis a scoring system with 6 routinely available demo-
graphic, clinical, and laboratory variables: age, hypergly-
cemia, body mass index, platelet count, albumin, and AST/
ALT ratio is available [4].

Compared to NAFLD, the diagnosis of type 2 diabetes 
(T2D) is much more straightforward [5]. However, similar 
to NAFLD, diabetes represents an expanding worldwide 
pandemic: 415 million adults globally have diabetes and 
642 million adults are projected to be affected by 2040; 
up to 95% with T2D [6, 7]. Diabetes is a major cause of 
end-stage renal failure, adult-onset blindness, and non-
traumatic amputations and significantly contributes to 
cardiovascular morbidity and mortality [7]. Although a 
narrow glycemic control will minimize microvascular 
complications, macrovascular complications and cardio-
vascular mortality remain difficult to prevent despite inten-
sive glucose control [8, 9]. Given its prevalence and bur-
den of complications, T2D [7], similar to NAFLD, poses 
a significant financial cost both for individuals and health 
care systems.

On this background, the present review article aims to 
explore the epidemiological basis and the putative molecu-
lar mechanisms underlying the association of NAFLD with 
T2D. The method we followed was to interrogate the Pub-
Med database, between October 2013 and October 2018, 
using pertinent key-words and relative combinations: TD2, 
NAFLD, NASH, NAFLD-cirrhosis, NAFLD HCC. Given 
the restricted number of references based on Journal’s edi-
torial policy, we selected the most relevant, recent original 
articles, reviews and the appropriate cross-references, lim-
ited to those published in peer-reviewed journals. Of all 
the retrieved material, only those references which were 
unanimously held relevant were retained. We excluded 
articles published in languages other than English.

From NAFLD to diabetes

The classical view (i.e. “hepatogenous diabetes”) main-
tained that diabetes was a complication of advanced liver 
disease, i.e. liver cirrhosis chiefly of viral etiology. How-
ever, the advent of NAFLD as a leading cause of chronic 
liver disease in many areas of the world has revolutionized 
this paradigm by showing that non-cirrhotic, pre-fibrotic 
NAFLD may predispose to the development of incident 
T2D suggesting that the dysmetabolic milieu in which 
NAFLD thrives may be, per se, associated with incident 
diabetes before the development of an advanced stage of 
liver fibrosis. Bringing this notion further, a meta-ana-
lytic study identified NAFLD as a factor which almost 
doubles the risk of incident T2D over a 5-year follow-up 
and that this occurs irrespective of the technique used to 
diagnose NAFLD, namely either otherwise unexplained 
raised liver enzymes or the more direct ultrasonographic 
evidence [10].

Indices of overall and visceral adiposity such as body 
mass index (BMI) and waist circumference (WC) are 
among the most important drivers of the development of 
T2D [11, 12]. However, two studies have shown, NAFLD 
may supersede BMI and WC in predicting incident T2D 
both in non-obese and in obese individuals. Kim et al. 
retrospectively selected 2920 participants who attended 
a health check-up center in 2000 and followed them 
through to December 2010. Interestingly, in the regression 
tree model predicting incident T2D, NAFLD was placed 
upstream to WC suggesting that, in non-obese individuals, 
visceral obesity is probably a less important diabetogenic 
risk factor than NAFLD [13]. Sung et al. reached the same 
conclusions though using a completely different paradigm. 
These Authors, by evaluating 29,836 obese [Asian-specific 
BMI threshold ≥ 25 kg/m2] non-diabetic subjects partici-
pating in a Korean health screening program found that, 
compared to the reference groups, those individuals who 
were free of fatty liver (together with other components of 
the Mets) were protected from developing incident T2D 
[14]. Collectively, the findings from these two studies [13, 
14] are reminiscent of two different examples of virus-
associated fatty liver disease, i.e. the infections with HCV 
and HIV, both of which are identified as diabetogenic risk 
factors and support the notion that, irrespective of their 
etiology, fatty liver will often associate with the risk of 
incident T2D over time [15].

The independent predictors of incident T2D in the gen-
eral population include for both sexes: age, BMI, HDL 
cholesterol and parental history of diabetes; for women: 
serum uric acid, inactivity during leisure time; for men: 
systolic pressure, smoking and alcohol intake [16]. Are 
there any strong specifically liver-related predictors of 
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incident T2D in NAFLD? A cross-sectional study from 
our group identified HOMA-IR as being strongly associ-
ated with ballooning, the histological hallmark of NASH 
[17] such as to suggest that NASH might predict T2D. 
However, this was a cross-sectional study and the out-
come was HOMA-IR rather than T2D. Two subsequent 
studies overcame these methodological limitations and 
confirmed that NASH predicts incident T2D. Mantovani 
et al., by conducting a meta-analysis on 4 Asian studies 
were able to show that the most severe forms of NAFLD 
(presumably NASH) assessed with either ultrasonography 
or the NAFLD fibrosis score (NFS) were associated with 
an increased risk of incident T2D [18]. Enooku et al. sub-
mitted to liver biopsy 146 patients with NAFLD and fol-
lowed them for a median follow-up of 2.33 years. In their 
series, at multivariate analysis, ballooning was the only 
significant risk factor for incident T2D [19].

The paradigm associating NAFLD/NASH with the devel-
opment of incident T2D postulates that either reversal or 
improvement of NAFLD/NASH will translate into either a 
protection or a decreased risk of developing incident T2D. 
This postulate has indeed been confirmed by four epide-
miological studies shown in Table 1 [20–23]. Interestingly, 
one of such studies found that even a transient remission of 
NAFLD will reduce the risk of incident diabetes [22]. This 
finding is of major clinical significance owing to the difficul-
ties in obtaining a definite remission of NAFLD.

From diabetes to NAFLD

The coexistence of T2D and NAFLD in the same individuals 
exerts profound effects on several features of epidemiology 
and course of NAFLD. For example, NAFLD is a sexually 
dimorphic disease and male sex is more prone than fertile 
women to developing NAFLD [24]. However, T2D rescinds 
the higher prevalence of men in NAFLD [25]. A recent meta-
analytic study conducted in 24 studies involving 35,599 
patients with T2D (20,264 of whom had NAFLD) found that 
the pooled prevalence of NAFLD among individuals with 

T2D was 60.11% (95% CI 53.63–66.41) in men and 59.35% 
(95% CI 53.28–65.28) in women [26]. These data highlight 
the importance of the impact of T2D on the physiopathol-
ogy of NAFLD suggesting that impaired glucose disposal 
overcomes the sexual dimorphism of NAFLD.

Individuals in whom NAFLD and T2D concur are 
exposed to the worrisome complications of this dangerous 
combination. Indeed, data have shown that T2D will worsen 
the course of NAFLD and that, conversely, NAFLD will 
contribute to metabolic decompensation of T2D.

Regarding the impact of T2D on NAFLD, Simeone et al., 
by evaluating the large NAFLD cohort (N = 18,754) of Geis-
inger Health System, in the USA, showed that, compared to 
those individuals with NAFLD who though were non-diabet-
ics, T2D was associated with approximately twice the risk 
of disease progression, defined as the evolution from simple 
steatosis to advanced fibrosis, cirrhosis, HCC, liver trans-
plant and death [27]. A large epidemiological survey con-
ducted in China in half million people confirmed this wor-
rying outcome. These Authors demonstrated that compared 
to those without diabetes, individuals with diabetes had an 
increased risk of developing HCC [adjusted HRs 1.49 (95% 
CI 1.30–1.70); NAFLD [1.76 (CI 1.47–2.16)] and cirrhosis 
[1.81 (CI 1.57–2.09)] [28]. However, the risk of progressive 
liver disease was not restricted to those with known T2D. 
Indeed, among those 8000 individuals forming the cohort 
of those without previously diagnosed diabetes in whom 
data were available, random plasma glucose (RPG) values 
were positively associated with liver diseases [adjusted HRs 
per 1 mmol/L higher RPG of 1.04 (CI 1.03–1.06) for HCC; 
1.07 (CI 1.05–1.10) for NAFLD and 1.07 (CI 1.05–1.09) 
for cirrhosis] [28] suggesting a dose–response relation-
ship between deranged gluco-regulation, NAFLD and its 
complications.

The development of hepatic fibrosis is the key link in 
the chain of events leading from uncomplicated steatosis 
to liver-related complications and mortality [1; 3]. In this 
regard, there is ample evidence for a strong association 
between diabetes and liver fibrosis. Table 2 identifies three 
European epidemiological studies and one Italian cohort 

Table 1   NAFLD reversal/improvement decreases the risk of incident T2D

NAFLD nonalcoholic fatty liver disease, T2D type 2 diabetes

Author [Ref.] Method Findings

Sung [20] 13,218 T2D-free people at baseline were examined at baseline 
and after 5 years

Change in fatty liver status over time strongly affects risks of 
incident diabetes

Yamazaki [21] NAFLD group (n = 728) and a non-NAFLD group (n = 2346) 
followed up for 10 years

NAFLD improvement is associated with T2D incidence reduc-
tion

Fukuda [22] Population-based health check-up study Transient remission of NAFLD significantly decreased the risk 
of incident T2D

Bae [23] 7849 subjects T2D-free at baseline followed annually for 
5 years

The persistence of fatty liver status is associated with incident 
diabetes
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survey which consistently report T2D as a strong risk fac-
tor for hepatic fibrosis both in the general population and 
in cohorts followed at academic tertiary referral centers 
[29–32].

Although HCC may also develop in NAFLD patients 
on the background of non-cirrhotic livers, advanced fibro-
sis is a risk factor for hepatocarcinogenesis. Analysis from 
another perspective provides consistent results by showing 
that diabetics are at risk of HCC. A survey conducted in 
Scotland demonstrated that, if a diabetic patient had ever 
been discharged with a hospital diagnosis of NAFLD, his/
her HR for either incident or recurrent HCC was 19.33 (CI 
11.8–31.4) and the HR for mortality due to HCC was 6.16 
(CI 8.02–12.6) [33]. A seminal study conducted in the gen-
eral population in northern Italy, had already raised an alert 
regarding the increased risk of mortality owing to liver dis-
ease in those with T2D compared to those free of diabetes; 
standardized mortality ratio (2.86; CI 2.65–3.08) was spe-
cifically increased for those with “non-viral nonalcoholic 
liver disease”, i.e. NAFLD [34].

From the diabetological point of view, NAFLD and T2D 
is a dangerous combination owing to increased requirement 
of insulin and worse metabolic control (Table 3) [35–37].

Putative biological mechanisms underlying 
the association of NAFLD with T2D 
and the progression of liver disease in those 
with T2D

From NAFLD to T2D

Although a consistent line of research has highlighted the 
key role played by the liver in the development of T2D, in 
addressing this topic one should never neglect that what we 
are dealing about is a complex, systemic picture of integrated 
organ pathology. This involves not only the liver, but also 
the immune system, brown and white adipose tissue, skel-
etal and cardiac muscle, vascular system, gut, pancreas and 
brain [38]. Ertung and Hotamisligil have recently pointed 
out that an integrated set of responses is available to cells to 
cope with those fluctuations in the availability of nutrients 
which occur during scarcity and abundance of food as well 
as during the alternation of fasting and post-prandial states 
[38]. However, whenever metabolic stress becomes chronic, 
such as occurs in obesity, these adaptive mechanisms are 
overwhelmed, lipid influx exceeds the capacity of adipose 
tissue to store them and harmful lipid species accumulate 

Table 2   Evidence for an increased risk of liver fibrosis in those with T2D

ALT alanine transaminase, DM diabetes mellitus, GGT​ gammaglutamyl transpeptidase, HDL high density lipoproteins, kPa kilopascals, LSM 
liver stiffness measurement, RAS renin-angiotensin system, TG triglycerides, T2D type 2 diabetes

Author [Ref.] Method Findings

Roulot [29] Population study; 1358 participants Factors associated with LSM > 8 kPa: age, BMI, waist; DM; hypertension; GGT and 
ALT

Koehler [30] Population study; 3041 participants LSM ≥ 8.0 kPa, suggestive of relevant fibrosis, was strongly associated with steatosis 
and DM

Pelusi [31] Cohort study of 118 Italian biopsied 
patients evaluated according to 
Kleiner

Fibrosis progression and faster fibrosis progression rate were associated with absence of 
RAS inhibitors, and baseline T2D

Caballería [32] Population study; 3076 participants Factors independently associated with increased LSM were male sex, abdominal obe-
sity, T2D, serum glucose, HDL, and TG levels

Table 3   NAFLD increases the requirements of insulin in diabetics

CAP controlled attenuation parameter, HBA1c glycated haemoglobin, IT insulin treated, LFC liver fat content, MRI magnetic resonance imaging, 
T1D type 1 diabetes, T2D type 2 diabetes

Author [Ref.] Method Findings

Ryysy [35] 20 stable T2D patients on combination therapy (insu-
lin + metformin). LFC assessed with proton spectroscopy

LFC is associated with insulin requirements during insulin 
therapy in T2D patients

Cusi & Sanyal [36] 204 T1D
197 T2D Insulin-naive
188 T2D previously IT
LFC assessed with MRI

T1D and T2D patients with NAFLD require more intense 
diabetes treatment to achieve similar glycemic control

Patel [37] 230 patients, submitted to liver stiffness measurements and 
simultaneous CAP

Patients with higher CAP scores were more likely to have 
HBA1c ≥ 7 and requirement for insulin
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at ectopic sites, i.e. organs, such as the liver and the mus-
cle which are not suited to exert such function [38]. Given 
that metabolic and immune responses are highly integrated, 
this storage of harmful lipids can trigger a vicious cycle of 
immune-metabolic dysregulation. This dysregulation is sys-
temic in nature and its central features are probably incom-
pletely understood as shown, for example, by the finding 
that insulin resistance (IR) in the central nervous system is 
closely connected with altered eating habits [38] which, via 
hyperphagia and ensuing obesity, may undoubtedly partici-
pate in the pathogenesis of at least a fraction of cases of both 
T2D and NAFLD. Keeping in mind that IR and lipotoxicity 
are systemic disorders, studies have recently emphasized the 
key role of the liver which is at the crossroad of gut dys-
biosis with an expanded and dysfunctional adipose tissue 
which are deemed to be the root causes of NAFLD. Once it 
is developed, NAFLD will promote hepatic IR which, when-
ever coupled with functional/anatomical damage of pancre-
atic β-cells will eventually conduce to the development of 
overt T2D [39]. No doubts that the normal liver, which is 
virtually devoid of fatty changes, is a key requirement for 
effective transmission of insulin signaling and that, con-
versely, fatty liver will hamper such insulin signaling thus 
promoting IR [40]. Studies have highlighted the molecular 
mechanism underlying hepatic IR occurring in NAFLD by 
identifying diacylglycerol (DAG) of the hepatocyte mem-
brane as the lipidomic signature associated with hepatic IR. 
Indeed DAG interacting with Protein Kinase epsilon (PKɛ) 
will activate this kinase and promote the phosphorylation 
of a residue of threonine at position 1160 of insulin recep-
tor which will, in its turn, result in a decreased functional 
activity of this receptor and, finally, into an impaired intra-
cellular transmission of insulin signalling [41]. Based on 
this notion, what we expect is that, by inhibiting Acetyl-
CoA Carboxylase, a key enzyme in the synthesis of fatty 
acids we might obtain a reversal of macro- and microscopic 
steatosis, a reduction in the content of hepatocyte membrane 
DAG, a reduction in Pkɛ and an improved insulin sensitivity 
as assessed with clamp technique. Goedeke et al. showed 
that all these predictions are indeed fully confirmed in a 
rat model [42]. However, DAG is not the unique class of 
lipids which are implicated in the development of IR and 
also ceramides play a role [43]. Recently, Abderrahmani 
et al. using DNA methylome and transcriptome analyses of 
livers from obese individuals, found that both hypomethyla-
tion at a CpG site in platelet-derived growth factor A gene 
(PDGFA), (encoding platelet derived growth factor alpha) 
and PDGFA overexpression were associated with increased 
T2D risk [44]. These findings suggest that, in the liver of 
obese patients with T2D, the increased PDGF-A signaling 
contributes to IR, and open new therapeutic avenues against 
T2D and possibly NAFLD [44]. Interestingly, a large set 
of liver secreted soluble mediators (hepatokines) such as 

Adropin, ANGPTL4, Fetuin A, Fetuin B, FGF21, Hepas-
socin, LECT2, RBP4, Selenoprotein P link steatosis with 
impaired metabolic control [45]. Among these, Fetuin-B, 
which causes glucose intolerance and is increased in patients 
with T2DM and NAFLD with fibrosis is one of the most 
promising [45].

Finally, long noncoding RNAs (lncRNAs) are a large 
number in human genome and dysregulated expression of 
lncRNA has been specifically implicated in the pathogenesis 
of beta-cell dysfunction, hepatic glucose and lipid metabo-
lism, and thus their characterization promises to shed light 
on the pathogenesis of T2D [46].

Impact of T2D on the pathogenesis of NASH and its 
liver‑related complications

T2D may affect the development of NASH and progressive 
liver disease by acting at different levels of the pathogenic 
cascade involving gut microbiota and expanded, inflamed, 
dysfunctional adipose tissue [1]. For example, changes in 
the composition of intestinal microbiome are deemed to 
play a role of pathophysiological significance in T2D [47]. 
Consistently, the gut microbiome has been regarded as a 
potential target for preventing and treating hyperglycemia 
in T2D [48].

Epidemiological evidence supports the notion that sub-
clinical inflammation is strongly associated with IR and pre-
dicts incident T2D. Obesity activates inflammation via the 
IKKβ/NFκB pathway and, consistently, the inhibition of this 
pathway via either genetic or pharmacological manipula-
tion will result into an improvement of obesity-induced IR 
[49] and the glycemic control of T2D patients, along with 
concomitant inhibition of NFκB activity in their peripheral 
blood mononuclear cells (PBMCs) [50]. Collectively, these 
studies strongly support the notion that obesity-induced 
inflammation in the adipose tissue plays an important role 
in the development of IR and T2D [51, 52].

As a result of these physiopathological derangements, 
the “diabetic liver” will undergo a double attack via both 
portal and systemic route and will react to such an aggres-
sion by activating de novo lipogenesis, Toll-like receptors 
and M1-polarized macrophages (i.e. the proinflammatory 
macrophage phenotype) which secrete pro-inflammatory 
cytokines such as TNF-α, IL-6, IL-12. Steatosis will ensue, 
with an inherent trend to developing into steatohepatitis 
owing to the concurrent activation of the pro-inflammatory-
profibrogenic cascade associated with oxidative stress [1]. A 
recent study contributed to highlighting the role of key mol-
ecules, such as Lysil Oxidase 2 (LOXL2) in the fibrogenic 
process of NAFLD in those with T2D [53]. LOXL2 is one 
of a family of enzymes which play a key role in the cross-
linking of collagen in the extracellular matrix such as shown 
by the finding that by blocking LOXL2 with monoclonal 
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antibodies prevented liver fibrosis deposition, a therapeu-
tic approach which has been under clinical investigation in 
chronic liver diseases [54, 55].

Although NAFLD-HCC may develop also on the back-
ground of non-cirrhotic livers, fibrosis is a definite risk fac-
tor for the development of HCC. Studies have shown that 
each HCC has about four to six driver mutations, i.e. func-
tional mutations which target the key signalling pathway 
which are along the hepatic carcinogenetic cascade such as 
telomere maintenance, p53 and cell cycle gene, oxidative 
stress pathway, Wnt/β catenin pathway, Map kinase and 
mTor pathway [56]. Some of these pathways are specifi-
cally involved in NAFLD-HCC.

Principles of treatment

Treating NAFLD to prevent T2D: How can IR be 
pharmacologically contrasted in NAFLD?

Other than lifestyle changes, there is no universally accepted 
drug treatment to contrast IR in those with NAFLD aimed 
at preventing T2D. Although T2D is characterized by sys-
temic IR, hepatic IR recapitulates many aspects of T2D 
such as enhanced production of endogenous glucose [57]. 
Based on the molecular targets previously described in the 
present review, several molecular targets may be aimed at 
to pursue this end. They include DAG and ceramides, hepa-
tokines, protein kinases and platelet-derived growth factor 
A (PDGFA).

DAG—further to physical exercise, DAG was inhibited 
by Metformin in rats with high-fat diet induced IR [58, 59]. 
Smith et al. reported that Met (500 mg/kg), with treadmill 
exercise, or with both exercise and Met interventions for 8 
weeks were equally effective in significantly blunting hyper-
glycemia in rats fed a high fat diet with (48 kcal %fat) [60]. 
These Authors concluded that the reduction of skeletal mus-
cle FAT/CD36 and content of ceramide and DAG may be 
important mechanisms by which exercise training attenuates 
the progression of diet-induced IR in skeletal muscle [60]. 
Zabielski et al. reported that Metformin improved systemic 
IR and augmented the hepatic insulin signaling cascade. It 
reduced both the concentration and fractional synthesis rate 
of signaling lipids of Ceramide, DAG, and increased acyl-
carnitine content and the expression of mitochondrial mark-
ers [61]. This study postulates, that in the liver, the insulin 
sensitizing effect of metformin depends on augmentation 
of mitochondrial β-oxidation, which protects from hepatic 
accumulation of both the Ceramide and DAG and, in high-
fat diet fed rats, preserves insulin sensitivity.

Hepatokines—multiple hepatokines have been associated 
with the development of hepatic IR [45]. Therefore, it is 
fully conceivable that blockade of one of such liver-secreted 

signaling proteins may increase insulin sensitivity so con-
tributing to halt the progression from NAFLD to T2D. A 
pioneering study targeting a hepatokine to reduce hepatic IR 
was published by Meex et al. [58]. These Authors showed 
that the secreted factors from steatotic hepatocytes induce 
pro-inflammatory signaling and IR in vitro. Targeted analy-
sis showed that fetuin B was increased in humans with liver 
steatosis and T2D patients. Fetuin B impaired caused glu-
cose intolerance in mice via hepatic IR and, consistently 
obese mice submitted to silencing of fetuin B exhibited 
an improved glucose tolerance. Therefore, they concluded 
that preventing NAFLD may limit the development of T2D 
[58]. Clearly, Fetuin-B is not the only hepatokine responsi-
ble for hepatic IR. For example, Tao et al. recently reported 
that Knockdown of hepatic Follistatin in the LDKO mouse 
liver restored glucose tolerance, insulin sensitivity in white 
adipose tissue and the normal suppression, by insulin, of 
hepatic glucose production; however, the expression of Fol-
listatin in the liver of healthy LTKO mice had the opposite 
effect. Knockdown of Follistatin also improved glucose 
tolerance in high-fat-fed obese mice, and the reduction of 
serum Follistatin concentration occurred in parallel with 
the reduction of glycated hemoglobin in obese patients with 
T2D submitted to gastric bypass bariatric surgery. Although 
these Authors conclude that Follistatin might be targeted for 
diabetes therapy in those with hepatic IR [57], it is tempting 
to speculate that an earlier administration, might in princi-
ple, abrogate hepatic IR and thus prevent T2D in NAFLD.

Protein kinases (PK)—activation of PKC-theta is associ-
ated with lipid-induced IR and PKC-theta knockout mice are 
protected from this lipid-induced IR [59]. Haasch et al. dem-
onstrated that PKC-theta has a key role in the development 
of IR in the muscle and in the liver, and may thus contribute 
to the development of systemic IR and T2D [59]. Inciden-
tally, inhibition of the PKC pathway using calphostin C and 
GF109203X suppressed TNFα-induced ICAM-1 expres-
sion in human aortic endothelial cells suggesting that this 
strategy may beneficially influence the atherogenic process 
inherent in a state of IR [62].

A recent study, which specifically evaluated the role of 
lncRNA suppressor of hepatic gluconeogenesis and lipo-
genesis (lncSHGL), concluded that activating the lncSHGL/ 
heterogeneous nuclear ribonucleoprotein A1 (hnRNPA1) 
hnRNPA1 axis represents a potential strategy for the treat-
ment of both T2D and NAFLD [46].

Platelet-derived growth factor A (PDGFA)—the poten-
tial role of inhibition of PDGFA to contrast IR in NAFLD 
is totally unexplored. Interestingly, Gonzalo et  al. [63] 
used specific delivery of a PDGF kinase inhibitor (PAP19-
M6PHSA) to hepatic stellate cells and found that this 
approach was a promising technology. This study opens the 
way for a largely unexplored research area and pinpoints the 
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commonalities between the pathogenic mechanisms of IR 
and fibrogenesis.

Drug treatment of NASH associated with diabetes

The benefits of significant weight loss for both NAFLD 
and T2D cannot be overemphasized given that this would 
potentially result in improved hepatic fibrosis and diabetes 
reversal. Lifestyle intervention (diet associated with physical 
activity/exercise) is the first-line approach to be universally 
implemented in all those individuals featuring concurrent 
T2D and NAFLD unless specifically contra-indicated by 
other conditions. To this end, low-carbohydrate low-fat 
hypocaloric regimens should be advised, ideally based on 
the Mediterranean paradigm: intake of certain nutrients (i.e, 
saturated and trans fatty acids, carbohydrates, and animal-
derived proteins) should thus be curtailed whereas other 
nutrients (e.g., polyunsaturated fatty acids, monounsaturated 
fatty acids, vegetal proteins, antioxidants) should be more 
liberally consumed [64]. In humans, exercising 10 min for at 
least 5 times a week is associated with a significant improve-
ment in NAFLD [65] and, in parallel, reduced sedentariety 
and improved cardiorespiratory fitness contribute to the pri-
mary prevention of cardiovascular events in T2D patients.

Lifestyle changes and substantial weight loss main-
tained over time, however, cannot be easily accomplished 
in most cases, supporting the use of drugs to treat diabetes 
in patients with NAFLD.

The ideal antidiabetic drug should be cheap, free of side 
effects, to able to reduce body weight, normalize HbA1c and 
atherogenic dyslipidemia so decreasing major cardiovascular AM
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Fig. 1   Implications of the association of NAFLD with type 2 diabe-
tes. This graphical abstract schematically illustrates the “round trip” 
leading from NAFLD to T2D via increased IR. T2D and NAFLD 
form a dangerous combination owing to the risk of progression to 
fibro- cirrhotic liver disease and primary liver cancer. In addition, 
individuals with NAFLD have a worse metabolic control of their T2D
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events and improving life expectancy. Moreover, it should 
also prevent/slow/arrest the progression toward chronic/
end-stage kidney failure and, specifically, improve hepatic 
histology thus preventing/slowing/arresting the progression 
of fibrosing NAFLD toward cirrhosis, end-stage liver failure, 
HCC and liver transplantation. None of the currently avail-
able anti-diabetic drugs conforms to this ideal profile.

Antidiabetic drugs exert their glucose-lowering effect by 
targeting all the organs which are physiologically involved in 
all the steps of glucose metabolism from (intestinal) absorp-
tion to (muscular and hepatic) utilization to (pancreatic and 
renal) disposal [66].

Table 4 summarizes the principal biological and clini-
cal features for each class of anti-diabetic medications [24, 
66–69]. It is widely accepted that any treatment of decom-
pensated T2D may potentially benefit those patients with 
NASH [67]. However, analysis of findings reported in 
Table 1 interestingly reveals that not all classes of antidia-
betic agents have proven effective in improving liver histol-
ogy in NASH. Moreover, certain antidiabetic agents, such 
as insulin or insulin secretagogues increase body weight, 
steatosis and the risk of HCC. Collectively, data suggest that 
individuals with concurrent T2D and NASH are a popula-
tion exposed at a very high cardio-metabolic and hepatic 
risk. In this specific population, antidiabetic agents per se 
are not invariably effective or may even turn deleterious sup-
porting the notion that, despite insulin resistance is an early 
trigger of NASH, treating insulin resistance will not neces-
sarily inhibit NASH progression [68]. Consistently, other 
classes of drugs (e.g. obeticolic acid, statins, Vitamin E, 
antioxidants, probiotics, etc.) may potentially prove more 
useful in diabetic NASH despite that they do not directly 
target glucose disposal.

Conclusions

Some take-home messages should be highlighted (Fig. 1). 
First, T2D and NAFLD are mutually, closely and bi-direc-
tionally associated. Second, regression of NAFLD will result 
in a reduced risk of incident T2D. Third the NAFLD-T2D 
association increases the risk of progression of NAFLD 
(fibrosis, NAFLD-cirrhosis and NAFLD-HCC); and wors-
ens metabolic compensation of T2D. Finally, an improved 
understanding of molecular pathogenesis underlying the bi-
directional association promises to attain the prevention of 
T2D by halting the progression of NAFLD.
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