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Cristiane A. Villela Nogueira and Nathalie Carvalho Leite

�Introduction

Non-alcoholic fatty liver disease [1] is prevalent worldwide 
and is recently one of the leading causes of chronic liver 
disease in the occident due to obesity-related epidemic and 
metabolic syndrome [2]. NAFLD presents with different 
phenotypes and may progress to cirrhosis and hepatocellu-
lar carcinoma. Moreover, it may be the leading cause for 
liver transplant in the next decade [3]. NAFLD was for-
merly identified in 1980, when Ludwig et  al. described a 
small series of patients with liver histology characterized by 
fat accumulation, hepatic necroinflammation, and, in most 
cases, fibrosis, in the absence of a history of excessive alco-
hol consumption [4].

�Definition of NAFLD

Currently, NAFLD is defined as the presence of macrovesic-
ular steatosis in ≥5% of hepatocytes in individuals who con-
sume little or no alcohol. NAFLD is divided into two major 
subtypes that comprise different phenotypes histologically 
identified: non-alcoholic fatty liver (NAFL, also termed 
simple steatosis), the non-progressive form of NAFLD that 
rarely develops into cirrhosis, and NASH, the progressive 
form of NAFLD that can lead to cirrhosis and hepatocellular 
carcinoma [1] and is associated with an increase of liver-
related mortality. NASH is characterized by the presence of 
steatosis, ballooning degeneration, and lobular inflamma-
tion, with or without peri-sinusoidal fibrosis on liver histol-
ogy [5].

�Epidemiology

The background for the high prevalence of NAFLD is mul-
tifactorial, being related to sedentarism, Western lifestyle 
worldwide, obesity, as well as to genetic factors. It is pres-
ent in almost 30% of the general population [6]. The preva-
lence of NAFLD in Europe and the Middle East ranges from 
20% to 30% [7]. In the USA, one-third of the population is 
now obese, and one-third of American adults are thought to 
have NAFLD (Centers for Disease Control and Prevention 
Overweight and Obesity [online], http://www.cdc.gov/obe-
sity/data/adult.html (2012). NAFLD prevalence in Japan 
and China is similar to that in Europe (20–30% in Japan and 
15–30% in China, respectively) [8]. In the Indian subconti-
nent, the prevalence of NAFLD in urban populations ranges 
from 16% to 32%; however, in rural India, where most people 
have traditional diets and lifestyles, the prevalence is around 
9%, lower than in urban population [9]. In Latin America, 
the prevalence of NAFLD has been reported to range from 
17% to 33% [10]. Data is lacking in the African continent; 
however, one study from Nigeria, which included patients 
with and without diabetes mellitus, identified a prevalence of 
9.7% [11]. Regarding pediatric population, the prevalence of 
NAFLD varies from 3% to 10%, rising up to 40–70% among 
obese children [12].

Patients with NAFLD and metabolic syndrome share the 
same risk factors: obesity, type 2 diabetes mellitus, dyslip-
idemia, and insulin resistance. Diabetes has a huge impact 
not only on its prevalence worldwide but also on NAFLD 
severity [13]. The prevalence of ultrasonographic NAFLD in 
diabetic patients may be as high as 70% [13, 14].

Although cardiovascular death is the most common 
mortality-related factor among NAFDL population, 
increasing data regarding liver-related death due to liver 
dysfunction and hepatocellular carcinoma [1] has been 
increasingly reported. Although HCC is usually diagnosed 
in patients with NAFLD-related cirrhosis, it has also been 
detected in non-cirrhotic NAFLD. However, its true inci-
dence and risk is still unknown [1]. Compared to viral 
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hepatitis, the progression of liver fibrosis in NAFLD seems 
to be slower (patients developing cirrhosis 28–57  years) 
[15]; however, the burden of patients with NAFLD is 
higher than those with hepatitis C [16]. At present, NASH 
cirrhosis is the third leading indication for liver transplan-
tation in the USA [17]. In the forthcoming decades, due 
to a projected increase in HCC incidence, a change in the 
burden of related cases of HCC is expected, moving from 
viral hepatitis to NASH-related cirrhosis as the major risk 
factor for HCC worldwide [7].

�Clinical Manifestations

The clinical presentation of NAFLD is insidious. Most 
patients are generally asymptomatic at diagnosis and are 
often referred from an internist with an ultrasound that dem-
onstrates liver steatosis. Indeed, abdominal ultrasonography, 
owing to its non-invasive profile and easy accessibility, is 
the main screening and diagnostic method for NAFLD [18], 
although it is limited for patients that have more than 33% 
steatosis on liver biopsy. Patients who are symptomatic usu-
ally have non-specific symptoms like fatigue and a dull pain 
or heaviness in the right hypochondria. However, a physical 
exam with signs of insulin resistance like acanthosis nigri-
cans, an enlarged waist circumference (usually over 88 cm 
in women and 102 cm in men), and overweight should also 
be a clinical clue to the diagnosis of NAFLD [19]. It’s also 
important to be aware of some clinical conditions that may 
be associated with insulin resistance like polycystic ovar-
ian syndrome in young women, which usually presents with 
obesity, hirsutism, acanthosis, and other diseases like hypo-
thyroidism and sleep apnea disease which are closely related 
to an increased prevalence of NAFLD (Bano, 2016 #990) 
[20].

�Diagnosis

Most patients with NAFLD are diagnosed by incidental ele-
vated liver enzymes or imaging studies suggesting hepatic 
steatosis [21]. When NAFLD is suspected, the first step to 
confirm its diagnosis is to exclude other known etiologies 
of chronic liver diseases like drug-related steatosis [22, 23], 
viruses [24], and alcohol. As previously described, a careful 
history of alcohol ingestion and medications that are related 
to steatosis must be taken. Of note, some NAFLD patients 
with excessive alcohol intake may have both alcoholic and 
non-alcoholic fatty liver disease [25]. The average amount of 
alcohol that is allowed for patients with NAFLD have been 
under debate, but so far, although small to moderate amounts 
of alcohol might be related to a decrease in cardiovascular 
risk, patients with NAFLD should refrain from drinking 

alcohol [26]. Generally, for the diagnosis of NAFLD, the 
upper limit for alcohol intake would be a maximum of 30 g 
alcohol/day.

The different phenotypes of NAFLD are simple steato-
sis, steatohepatitis, and fibrosis. However, so far, due to the 
lack of specific and accurate biomarkers, only liver biopsy 
can accurately identify steatohepatitis. Steatosis is the most 
prevalent phenotype, and patients with simple steatosis have 
a benign course of the disease. Although NAFLD is the most 
common diagnosis in patients with incidental abnormal liver 
function tests [27], laboratorial tests are of minor value since 
most of patients with NAFLD including those with more 
advanced disease may present normal inflammatory liver 
enzymes [28]. Another drawback in laboratorial diagnosis 
of NAFLD is that as fibrosis progresses, both inflammatory 
enzymes such as AST and ALT and steatosis decrease. On the 
other hand, patients with persistent abnormal liver enzymes 
are those who usually present NASH on liver biopsy as well 
as other liver comorbidities like viral or autoimmune hepati-
tis. In conclusion, routine AST/ALT do not differentiate ste-
atosis, NASH, or the stage of fibrosis [29].

�Liver Biopsy and Non-invasive Markers 
of Fibrosis

As already stated, the only way to accurately diagnose the 
different phenotypes of NAFLD is through a liver biopsy. 
This is an invasive method prone to inter-observer and intra-
observer disagreement. In addition, it is painful and difficult 
to be performed in such a high burden and widespread dis-
ease. Due to these drawbacks, the search for non-invasive 
methods to identify different spectrum of the disease is cur-
rently under research. So far, steatosis and fibrosis can be 
identified by non-invasive methods that vary from serologi-
cal scores to image methods, and since the presence of fibro-
sis is the most important prognostic marker of the disease, 
it is reasonable to develop non-invasive methods that cor-
rectly identify or exclude liver fibrosis. At present there are a 
great number of serological scores that can be used to assess 
patients with NAFLD. They are usually applied as screening 
tools to identify patients with higher risk to the progressive 
forms of NAFLD. The most commonly used is the NAFLD 
fibrosis score (1.675 + 0.037 × age + 0.094 × BMI + 1.13 × 
IFG/Diabetes  +  0.99  ×  AST/ALT ratio  −  0.013  ×  plate-
lets  –  0.66  ×  albumin), where a score  <−1.455 excludes 
fibrosis (NPV 88–93%) and >0.676 predicts fibrosis (PPV 
82–90%) and FIB-4 [ [30]/(Platelets* Sqrt (ALT)] which has 
been defined as a useful score to predict fibrosis in NAFLD 
patients as well: a result <1.35 excludes fibrosis (NPV 95%) 
and >3.25 predicts fibrosis (PPV~ 70%). McPherson et al. 
compared the performance of simple serological tests to pre-
dict fibrosis, and the results are shown in Table 15.1 [31].
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NASH is the phenotype of NAFLD that points to 
a progressive form of the disease, and so far, only liver 
biopsy is able to make this diagnosis. The histological 
definition of NASH comprises the triad of steatosis, cell 
injury [32], or any amount of lobular or portal inflamma-
tion. Of note, fibrosis is not required for the diagnosis of 
NASH. Semiquantitative histological scoring systems have 
been proposed for NAFLD, but they are not useful in clini-
cal practice, and each has certain limitations. Recently, 
Bedossa et al. developed a new histological classification 
for NAFLD: the FLIP algorithm and the SAF (steatosis, 
activity, fibrosis) which assesses separately the grade of 
steatosis [32], the grade of activity [32], and the stage of 
fibrosis [32]. This algorithm and score may improve the 
agreement between pathologists when describing fibrosis 
stage [32].

Other non-invasive tools that have been useful as 
screening methods for the identification of patients with 
higher risk of fibrosis are transient elastography (TE) 
[33], two-dimensional shear wave elastography (2D-
SWE), acoustic radiation force impulse (ARFI) which is 
a type of point shear wave elastography, and elastorres-
sonance. Although elastoressonance has been considered 
the most accurate method for the identification of liver 
fibrosis, its use is limited as a screening method by cost 
and accessibility.

TE uses an ultrasound displacement M-mode and A-mode 
image produced by the system. It has two probes, M and 
XL. The XL probe was designed for obese patients, which 
has increased the success rate of the exam in patients with 
NAFLD since most are obese and, before the development 
of the XL probe, most exams were unreliable. Currently, 
all patients with a skin-to-liver capsule distance (SCD) of 
>25 mm should be assessed with the XL probe. Measures 
obtained with the XL probe are generally 1.5 kPA lower 
than those achieved with the M probe [34]. TE results under 
7.9 kPa have a high negative predictive value for advanced 

fibrosis (97%) and should be employed in daily practice 
to decide about performing a liver biopsy in patients with 
NAFLD [35].

Two-dimensional shear wave elastography (2D-SWE) 
evaluation needs to be performed in a well-visualized area of 
the right liver lobe, without the visualization of large vessels, 
liver capsule, ligaments, and the gallbladder [36]. Obesity, 
which is one of the most prevalent findings in NAFLD 
patients, might limit a successful exam in addition to poor 
acoustic window or presence of artifacts and inability of the 
subjects to hold their breath [37].

In a study that compared the diagnostic performances 
of supersonic shear imaging (SWE) for the diagnosis of 
liver fibrosis compared to ARFI and TE in chronic liver 
disease, SWE, TE, and ARFI correlated significantly with 
histological fibrosis score; AUROCs of SWE, TE, and 
ARFI were 0.89, 0.86, and 0.84 for the diagnosis of mild 
fibrosis; 0.88, 0.84, and 0.81 for the diagnosis of signif-
icant fibrosis; 0.93, 0.87, and 0.89 for the diagnosis of 
severe fibrosis; and 0.93, 0.90, and 0.90 for the diagno-
sis of cirrhosis, respectively. Hence, all methods might be 
used to assess liver fibrosis in patients with NAFLD, since 
the reliability criteria are respected as well as its limita-
tions [37]. Additional studies with 2D-SWE and ARFI 
are needed in order to better establish the best cutoffs for 
these methods.

�NAFLD and T2DM Interplay

In order to better understand the interplay between NAFLD 
and T2DM, it is important to review epidemiological data 
and pathogenetic mechanisms accounting for this relation-
ship. As discussed before, T2DM is a risk factor for NAFLD 
and its progressive form, NASH, and advanced liver fibrosis 
[38–40]. Interestingly, in addition to T2DM, a family history 
of diabetes was independently associated with the presence 
of NASH and fibrosis in NAFLD patients [41].

In our cross-sectional study, no diabetes-related vari-
able (glycemic control, diabetes duration, or the presence 
of long-term complications) was associated with the more 
severe stages of NAFLD [40]. In contrast, data are emerg-
ing to suggest that the presence and severity of NAFLD 
may be associated with the occurrence of macro and micro-
vascular complications in diabetic patients [42–45]. Two 
hypotheses could explain those conflicting epidemiological 
observations. First, NAFLD and T2DM may represent two 
distinct outcomes from insulin resistance, and, in this way, 
no diabetes-related characteristic would be expected to favor 
NAFLD progression. The second hypothesis is that both 
NAFLD and degenerative complications may precede the 
diagnosis of T2DM, running over time the same and pro-
gressive course.

Table 15.1  Diagnostic performance of serologic scores to evaluate 
fibrosis in NAFLD

Test AUC Cutoff
Sens 
(%)

Spec 
(%)

PPV 
(%)

NPV 
(%)

NAFLD 
fibrosis 
score

0.81 (0.71–0.91) −1.45
0.676

78
33

58
98

30
79

92
86

FIB-4 0.86 (0.78–0.94) 1.30
3.25

85
26

65
98

36
75

95
85

BARD 0.77 (0.68–0.87) 2 89 44 27 95
APRI 0.67 (0.54–0.8) 1 27 89 37 84
AST/ALT 
ratio

0.83 (0.74–0.91) 0.8
1

74
52

78
90

44
55

93
89

Legend: NAFLD non-alcoholic fatty liver disease, BMI body mass 
index, IFG intolerant fasting glucose, AST aspartate aminotransferase, 
ALT alanine aminotransferase, NPV negative predictive value, PPV 
positive predictive value
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It has demonstrated that over 85% of subjects with 
NAFLD have impaired glucose tolerance or T2DM by 
standard oral glucose tolerance test (OGTT) [46, 47]. 
Therefore, another issue to be considered is whether 
NAFLD is an important precondition for the develop-
ment of T2DM. In this regard, several studies have shown 
an increased incidence of T2DM in patients with NAFLD 
diagnosed by ultrasonography or only by elevated liver 
enzymes. However, most of them were conducted in Asian 
countries, and few were properly adjusted for potential con-
founding variables [48, 49]. In a recent prospective cohort 
study of 3153 participants from the Multi-Ethnic Study of 
Atherosclerosis (MESA), high liver fat was independently 
associated with development of T2DM [50]. Two system-
atic reviews with different criteria for selecting studies of 
NAFLD patients obtained similar results. The two inde-
pendent reviews demonstrated an increased risk for inci-
dent diabetes over a period of 4–10 years [51, 52]. Taken 
together, these observations have implied a role for NAFLD 
in T2DM pathogenesis.

�Pathogenesis

During the course of human evolution, individuals who had 
more energy stores were more likely to cope with starvation. 
In modern industrialized societies, with unlimited access to 
caloric food, this evolutionary adaptation becomes maladap-
tive. An increased caloric intake exceeding rates of caloric 
expenditure promotes obesity, dysfunction of white adipose 
tissue, and accumulation of ectopic lipids. This relationship 
between the nutritional oversupply and NAFLD is reflected 
by the high prevalence of NAFLD and insulin resistance (IR) 
among obese individuals.

�Insulin Resistance

There is strong evidence of an association of NAFLD and 
insulin resistance (IR). Euglycemic hyperinsulinemic clamp 
studies, coupled with tracer infusion, confirmed that the IR 
is the rule in main tissues even in non-diabetic and non-
obese patients with NAFLD [53]. Insulin is a pleiotropic 
hormone that regulates different cell functions. Concerning 
lipid-related metabolism, insulin promotes triglyceride 
storage and inhibits lipoprotein lipase activity in adipose 
tissue. Insulin resistance at the level of the adipocyte seems 
to be the primary defect in NAFLD [54, 55]. Impairment 
in insulin-mediated suppression of lipolysis leads first to 
elevated circulating non-esterified fatty acids (NEFAs) and 
subsequently to a sustained excess delivery of these fatty 
acids to skeletal muscle and liver. In fact it is the tissue-
specific distribution of fat from adipose tissue into ectopic 

depots that determines liver and muscle insulin resistance, 
not the whole-body quantity of fat.

As obesity and the deposition of ectopic fat increases, 
adipose tissue is more likely to be infiltrated with macro-
phages and undergo inflammation. Thus, the expanded and 
dysfunctional adipose tissue secretes inflammatory cyto-
kines such as tumor necrosis factor α (TNFα) and interleu-
kin 6 (IL-6), which decrease insulin sensitivity at the level 
of the adipocyte. TNFα activates pro-inflammatory path-
ways: the nuclear factor κB (NF-κB) and c-Jun N-terminal 
kinase (JNK) [56]. TNFα-induced attenuation of insulin 
signaling is mediated by JNK and occurs via serine phos-
phorylation of insulin receptor substrate [57]. In addition, 
serum levels of adiponectin, a hepatoprotective adipo-
kine, are reduced in patients with NAFLD.  Adiponectin 
improves insulin sensitivity and decreases both steatosis 
and inflammation [58].

Insulin resistance also leads to adverse effects on the 
metabolism of carbohydrates: increased gluconeogenesis 
and glycogenolysis in liver as well as reduction in periph-
eral glucose uptake. Chronic hyperglycemia induces insulin 
secretion by the pancreatic beta islet cells, leading to com-
pensatory hyperinsulinemia. The mechanisms of beta cell 
progressive failure are less well defined; however, elevated 
levels of glucose as well as increased circulating NEFAs may 
be responsible for pancreatic beta islet cell dysfunction and 
apoptosis [59]. With time, as hyperglycemia worsens, fast-
ing and total insulin production begins to decline. It is the 
progressive loss of beta cell insulin secretion in the setting of 
insulin resistance (IR)/hyperinsulinemia that predisposes to 
T2DM development.

�Compensatory Hyperinsulinemia

Interestingly, it has been argued that many of the adverse 
effects due to insulin resistance result much more from 
compensatory hyperinsulinemia in organs that remain 
sensitive to its action. In fact, there is selective insulin 
resistance even in different pathways within the same tis-
sue or organ. In the liver, for instance, while insulin fails 
to suppress gluconeogenesis, it continues to promote FAs 
synthesis (de novo lipogenesis, DNL). Both hyperglyce-
mia and hyperinsulinemia activate transcription factors 
sterol regulatory element-binding protein-1c (SREBP-1c) 
and carbohydrate response element-binding protein 
(ChREBP), which upregulates most genes involved in 
DNL [60].

The synthesis of long-chain FAs is determined by the 
sequential action of various enzymes: acetyl CoA carboxyl-
ase (ACC), fatty acid synthase (FAS), fatty acid elongases, 
and desaturases [61]. In turn, many of these enzymes are 
directly controlled by the key regulator SREBP-1c and liver 
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x receptor, which is also an important component of the 
nuclear receptor superfamily.

Hence, the action of these upregulated lipogenic enzymes 
and the increased delivery and uptake of FAs (adipose tis-
sue and diet) play a critical role in the induction of NAFLD. 
Hepatic steatosis develops when the balance between hepatic 
triglycerides (TAGs) synthesis from free fatty acids (FAs) 
exceeds the liver capacity to oxidize FAs or export TG in the 
form of very-low-density lipoprotein (VLDL). FAs may be 
oxidized in the mitochondria, peroxisomes, and microsomal 
system. β-oxidation within mitochondria, however, is the 
most efficient source of energy under normal circumstances. 
Uptake and oxidation of FAs by mitochondria are both inhib-
ited by a key intermediary of de novo lipogenesis. Decreased 
disposal of FFA is also the result of reduction in production 
of apolipoprotein B, leading to a relative impairment of very 
low-density lipoprotein (VLDL) generation [62].

�Hepatic Insulin Resistance

Although hepatic TAGs are thought to be inert or even 
protective for NAFLD progression, FAs metabolites such 
as diacylglycerol (DAG) may further contribute to IR and 
NASH development. The probable causal link between 
citossolic DAG content and IR is attributed to PKCε acti-
vation. Activated PKCε isoform binds and inhibits insulin 
receptor kinase, leading to reductions in insulin-stimulated 
tyrosine phosphorylation of insulin receptor substrate IRS-2 
and insulin signaling [63]. In contrast to hepatic DAG, other 
FAs metabolites, such as ceramides, are less important lipid 
mediators of hepatic IR in NAFLD [64].

Selective insulin resistance (IR) in the liver is a key 
pathophysiologic event in the development of NAFLD 
and type 2 diabetes. Differences in insulin receptor (InsR) 
activation underlie the selective IR of glucose produc-
tion relative to lipogenesis. Decreased (InsR) activation 
has been observed in the liver of patients with NAFLD 
and results from a cell-autonomous downregulation of 
receptor number and/or activity in response to chronic 
hyperinsulinemia. It has been shown that a greater degree 
of intact InsR signaling is required to suppress glucose 
production than to stimulate lipogenesis, one through 
forkhead O transcription factor-1 (FOXO1) and the other 
through SREBP-1c [65]. This “bifurcation” of hepatocyte 
insulin signaling underlies the mechanisms by which one 
branch (i.e., glucose metabolism) becomes resistant to the 
effects of insulin, whereas the other (i.e., lipid metabo-
lism) remains sensitive or even stimulated by hyperinsu-
linemia. These molecular features of hepatocyte insulin 
signaling do not rule out the role of excess citossolic DAG 
in hepatic IR.

�Genetics in NAFLD Pathogenesis

During the last years, genome-wide association studies 
revealed genetic variants associated with NAFLD pathogen-
esis. Patatin-like phospholipase domain-containing protein 3 
(PNPLA3), transmembrane 6 superfamily 2 (TM6SF2), and 
glucokinase regulator (GCKR) gene polymorphisms were 
recently validated in large and independent cohorts. The 
most well-described genetic risk variant is the I148M variant 
in PNPLA3 gene. The I148M allele leads to a loss of phos-
pholipase lipolytic activity, which predisposes to increased 
hepatic fat content and progressive liver damage. In the 
case of TM6SF2, (Lys E167K) T allele has been associated 
with hepatic retention of TAG and hepatic fibrosis and (Glu 
E167K) C allele with VLDL secretion and atherogenesis. 
However, both genetic variants in PNPLA3 and TM6SF2 
have not been associated with IR or increased risk of T2DM 
[66, 67]. The P446L variant in GCKR gene increases glucose 
uptake and DNL in hepatocytes. In this setting, hepatic lipid 
accumulation from constant glucose substrate favors liver 
disease but protects from T2DM development.

�Endoplasmic Reticulum Stress and the Innate 
Immune Response

In normal conditions, the majority of secreted and membrane 
proteins are folded in the endoplasmic reticulum (ER) and 
transported to the Golgi apparatus. In circumstances of ele-
vated circulating (NEFAs), unfolded proteins can accumu-
late in this organelle. The “unfolded protein response” [68] 
or “the ER stress response” (ER) arises from an increased 
amount of unfolded proteins and impaired capacity to 
properly fold these proteins in the ER.  Accumulation of 
unfolded proteins in the ER activates transmembrane signal 
transducers, regulates lipogenesis, and, ultimately, leads to 
apoptosis-inducing pathways and cell death. Furthermore, 
a stress-specific transcription factor named X-Box binding 
protein 1 (XBP1) can also activate c-Jun N-terminal (JNKs) 
signaling, contributing to the development of IR.

Toll-like receptors (TLRs) are a family of receptors 
that plays a critical role in innate immune systems. TLR4 
received a particular attention because of its ability to rec-
ognize free fatty acids and lipopolysaccharides (LPSs) and 
activate the pro-inflammatory signaling pathway nuclear fac-
tor κB (NFκB). Thus, LPSs have an indirect effect on insulin 
sensitivity and inflammation [69, 70].

Patients with NAFLD have small intestinal bacterial 
overgrowth and increased intestinal permeability, allow-
ing LPSs and other products to enter the portal circula-
tion. These observations have implied an important role for 
gut microbiota-induced inflammation in the development 
of NAFLD and insulin resistance [71, 72].
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�Conclusion

NAFLD is present in over 30% of the world population. 
NASH with fibrosis may progress to cirrhosis and hepatocel-
lular carcinoma. In addition, the recent alarming rise of obe-
sity, T2DM and components of metabolic syndrome are even 
more concerning. Regarding NAFLD and T2DM interplay, 
it is important to highlight that T2DM is a risk factor for 
NAFLD and its progressive form: NASH with fibrosis. This 
link would explain why NAFLD in diabetic patients presents 
with a high prevalence of advanced stages of the disease. 
As discussed before, there are a wide range of non-invasive 
methods available for the detection of steatosis and fibrosis. 
In general, NAFLD score and transient elastography are the 
most routinely used tools to discriminate patients at risk for 
advanced fibrosis. However, the major challenge is to iden-
tify reliable non-invasive methods in the specific population 
of T2DM patients.

Another issue addressed in this chapter is the indepen-
dent contribution of NAFLD to new-onset T2DM. In fact, 
NAFLD is believed to concur to the pathogenesis of T2DM 
through multiple mechanisms. The practical implication of 
this close interaction of NAFLD and T2DM is related to its 
therapeutic potential. New promising drugs in the pipeline 
are expected to improve NASH with fibrosis. Besides that, 
these new therapies may end up decreasing the risk of inci-
dent T2DM.

�Multiple Choice Questions

	 1.	 Different phenotypes of non-alcoholic fatty liver disease 
include:
	(a)	 Simple steatosis, steatohepatitis, and fibrosis
	(b)	 Asthma COPD overlap syndrome, frequent exacer-

bators, and alpha-1 antitrypsin deficiency
	(c)	 Dominant allele and recessive allele

	 2.	 Non-alcoholic fatty liver disease is recently one of the 
leading causes of:
	(a)	 Chronic liver disease in the occident due to obesity-

related epidemic and metabolic syndrome
	(b)	 Infections H1n1 flu virus
	(c)	 Gestational diabetes mellitus
	(d)	 Autoimmune destruction of pancreatic β cells

	 3.	 Selective insulin resistance in the liver is a key patho-
physiologic event in the development of:
	(a)	 Non-alcoholic fatty liver disease and type 2 diabetes 

mellitus
	(b)	 Latent autoimmune diabetes in adults
	(c)	 Chronic obstructive pulmonary disease
	(d)	 Cardiovascular disease

	 4.	 Which is the first step to confirm the diagnosis when 
non-alcoholic fatty liver disease is suspected?

	(a)	 Exclude other known etiologies of chronic liver dis-
eases like drug-related steatosis, viruses, and 
alcohol.

	(b)	 Receive an injection of a small amount of radioac-
tive material; it flows through bloodstream and col-
lects in certain bones or organs. A machine called a 
scanner detects and measures the radioactivity.

	(c)	 An oral glucose tolerance test measures blood sugar 
after you have gone at least 8 hours without eating and 
2 hours after you drink a glucose-containing beverage.

	(d)	 Measured with a device known as a sphygmoma-
nometer, which consists of a stethoscope, arm cuff, 
dial, pump, and valve.

	 5.	 Non-alcoholic fatty liver disease is defined as:
	(a)	 The presence of macrovesicular steatosis in ≥5% of 

hepatocytes in individuals who consume little or no 
alcohol

	(b)	 The presence of macrovesicular steatosis in −5% of 
hepatocytes in individuals who consume little or no 
alcohol

	(c)	 The presence of macrovesicular steatosis in ≥50% 
of hepatocytes in individuals who consume little or 
no alcohol

	(d)	 The presence of macrovesicular steatosis in ≤5% of 
hepatocytes in individuals who consume little or no 
alcohol

	 6.	 Non-alcoholic fatty liver disease is multifactorial, 
related to sedentarism, Western lifestyle worldwide, 
obesity, as well as to genetic factors with a frequency of:
	(a)	 Almost −20% of the general population
	(b)	 Almost 100% of the general population
	(c)	 Almost 30% of the general population
	(d)	 Almost 2% of the general population

	 7.	 Insulin resistance at the adipocyte level is the primary 
defect in non-alcoholic fatty liver disease because:
	(a)	 Insulin promotes HDL cholesterol storage and pro-

motes lipoprotein lipase activity in adipose tissue.
	(b)	 Insulin promotes triglyceride storage and inhibits 

lipoprotein lipase activity in adipose tissue.
	(c)	 Insulin resistance is a promoter of weight loss.

	 8.	 Hyperglycemia and hyperinsulinemia activate transcrip-
tion factors sterol regulatory element-binding protein-1c 
(SREBP-1c) and carbohydrate response element-
binding protein (ChREBP), which upregulates most 
genes involved in DNL.
	(a)	 True
	(b)	 False

	 9.	 Patients with non-alcoholic fatty liver disease have small 
intestinal bacterial overgrowth and increased intestinal 
permeability, allowing LPSs and other products to enter 
the portal circulation.
	(a)	 True
	(b)	 False
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	10.	 Type 2 diabetes mellitus is a risk factor for non-alcoholic 
fatty liver disease and its progressive form, NASH, with 
fibrosis because:
	(a)	 There is an established link between diabetes and 

non-alcoholic fatty liver disease.
	(b)	 Positive family history of gestational diabetes mel-

litus and higher parity are established risk factors 
for the development of gestational diabetes 
mellitus.

	(c)	 Subjects with normal glucose metabolism (at vari-
ous ages and at risk for all forms of diabetes) have 
shown that normal glucose tolerance is character-
ized by glucose levels within a very narrow range.

	(d)	 Physical inactivity is also a leading risk factor for 
the development of non-communicable diseases and 
is responsible for substantial economic burdens 
worldwide.

�Correct Answers

	 1.	 (a) Simple steatosis, steatohepatitis, and fibrosis
	 2.	 (a) Chronic liver disease in the occident due to obesity-

related epidemic and metabolic syndrome
	 3.	 (a) Non-alcoholic fatty liver disease and type 2 diabetes 

mellitus
	 4.	 (a) Exclude other known etiologies of chronic liver dis-

eases like drug-related steatosis, viruses, and alcohol
	 5.	 (a) The presence of macrovesicular steatosis in ≥5% of 

hepatocytes in individuals who consume little or no 
alcohol

	 6.	 (c) Almost 30% of the general population
	 7.	 (b) Insulin promotes triglyceride storage and inhibits 

lipoprotein lipase activity in adipose tissue
	 8.	 (a) True
	 9.	 (a) True
	10.	 (a) There is an established link between diabetes and 

non-alcoholic fatty liver disease
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