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DEFINITIONS OF METABOLIC
SYNDROME AND NAFLD

The term metabolic syndrome (MetS) defines a
cluster of cardio-metabolic risk factors that
predispose a person to developing organ failure
and some types of cancer [1]. Moreover, each
individual component of the MetS tends to
predict the future incidence of further features
of the syndrome [1], and the presence of the
MetS amplifies the risk of incident type 2 dia-
betes (T2D) and cardiovascular disease [2].

Nonalcoholic fatty liver disease (NAFLD)
encompasses a spectrum of alcohol-like liver
histology changes, such as simple steatosis (also
named NAFL), nonalcoholic steatohepatitis
(NASH), NASH-cirrhosis and NASH-

hepatocellular carcinoma (NASH-HCC), which
occur in the absence of significant alcohol
consumption and of other competing etiologies
of chronic liver disease [3]. At odds with one of
its earliest definitions [4], NAFLD is currently
not recognized as a feature of the MetS despite
there being strong evidence that supports a
strong mutual and bi-directional association of
NAFLD with the MetS [5, 6]. NAFLD is a sys-
temic disorder with several hepatic and extra-
hepatic manifestations [7, 8], and it follows a
variable course that is chiefly dictated by liver
histology. For example, the development of
NAFLD-cirrhosis is associated with hepatic
complications, whereas the presence of hepatic
fibrosis is more closely associated with extra-
hepatic conditions [7].

BURDEN OF DIABETES, OBESITY
AND NAFLD AND THEIR
ASSOCIATION

The epidemiological burden of the MetS and its
components is substantial. T2D, whose future
prevalence is projected to be on the rise, cur-
rently affects more than 400 million people
worldwide and is a major determinant of
blindness, non-traumatic amputations of lower
limbs, chronic kidney disease and cardiovascu-
lar morbidity, accounting for an overall expen-
diture of [$11,500 per individual patient [9].
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T2D is often associated with obesity (hence the
name ‘‘diabesity’’ given to this dangerous and
common combination) [3]. As a result of a
complex interaction among genetical, socio-
cultural, economical, psycho-behavioral and
pharmacological determinants [10], the preva-
lence of obesity has increased worldwide, par-
ticularly among women, racial/ethnic groups
and individuals with lower levels of education/
income [11, 12]. Compared to individuals who
are of average weight, those who are obese carry
an increased annual financial burden associated
with healthcare expenses (36%) and drugs
(77%) [12]. NAFLD, which is common in indi-
viduals with diabesity [13–15], occurs in one in
four people in the world and is the most rapidly
growing chronic liver disease, accounting, over
time, for a substantial increase in clinical bur-
den and healthcare expenditures [16, 17].

The trajectories in the epidemiology of vas-
cular disease and T2D are dissociated from each
other; for example, the mortality owing to cir-
culatory diseases has continuously declined
since 1945, while the prevalence of diabesity
has dramatically escalated during the same
period of time [18]. This justifies making every
effort to try to halt the diabesity epidemic of
which NAFLD is both a cause and a conse-
quence [19, 20]. Moreover, given that diabesity
and nephro-cardiovascular diseases are closely
associated to each other (mirroring shared
pathophysiological pathways and risk factors), a
strong case has been made in favor of a close
collaboration and more effective integration in
the field of cardio-metabolic research [21].

A strict metabolic control may alter the nat-
ural course of the MetS [22]. This notion, toge-
ther with the epidemiological data summarized
above, fully justifies a major research effort to
develop and evaluate innovative pharmacolog-
ical treatment options of the individual consti-
tutive features of the MetS [2, 23, 24]. Some of
these features may also benefit from metabolic
surgery [25–28].

TRANSLATIONAL RESEARCH
METHODS IN DIABETES, OBESITY,
AND NONALCOHOLIC FATTY LIVER
DISEASE. A FOCUS ON EARLY
PHASE CLINICAL DRUG

Although provocatively defined by E. Ferran-
nini in 2007 as ‘‘...a solution in search of a
problem’’ [29], the MetS is now undisputedly
deemed to be a major clinical and public health
concern worldwide. The association of various
components of the MetS was first described
between the 1920s and 1940s [30]. However, the
term ‘‘metabolic syndrome’’ was used for the
first time in 1952 [31]. In the 1960s, Avogaro
and Crepaldi referred to the MetS as the ‘‘plur-
imetabolic syndrome’’, and Randle illustrated
the interactions between the metabolism of
lipids and glucose [30]. In 1977, Haller included
‘‘hepatic steatosis’’ (i.e. NAFLD or NAFL) as a
feature of the MetS [4]. However, what we now
call ‘‘NASH’’ was first reported by Thaler in 1962,
and what would now be called ‘‘NASH-cirrhosis’’
was reported in 1979 by Itoh and in 1980 by
Ludwig who coined the name ‘‘nonalcoholic
steatohepatitis’’ [32].

Given this historical background and
prompted by the success gained by the first
edition, this second edition of Translational
Research Methods in Diabetes, Obesity, and Non-
alcoholic Fatty Liver Disease. A Focus on Early
Phase Clinical Drug Development bestows much
more importance to metabolic liver disease
spanning the entire spectrum of NAFLD and
NASH. Therefore, the present edition is a useful
guide for those researchers who are interested in
the study of novel drugs to manage certain
selected individual components of the MetS,
such as diabesity and NASH.

To whom should this book be recommended
reading? We believe that academic and clinical
scientists (along with their students and fel-
lows) who are involved in research on metabolic
disorders may find this book quite interesting
and thought-provoking reading. However, per-
sons involved in basic science and, in particular,
in the clinical bio-pharmaceutical arena aimed
at researching and developing novel drugs for
diabesity and related disorders represent the
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ideal recipients of the messages conveyed by
this book. In addition, those who participate in
the assessment of novel drugs for the treatment
of the MetS, i.e. the so-called ‘‘trialists,’’ may
also find reading this book very interesting.

The textbook consists of two sections. The
first part, entitled ‘‘Review of Clinical Inves-
tigative Methods,’’ is a comprehensive analysis
of the clinical research tools to be used in early-
phase clinical drug development for the treat-
ment of T2D and NAFLD/NASH and focuses on
the pros and cons of established and emerging
clinical research techniques [33]. The topics
discussed include the quantification of insulin
action in humans; assessment of the function of
islet a- and b-cells; the pharmaco–kinetic–dy-
namic assessment of novel and biosimilar
insulins and measurement of energy expendi-
ture; quantification of appetite and satiety; non-
invasive quantitative magnetic resonance
imaging and spectroscopic biomarkers in
NAFLD and other cardiometabolic conditions
featuring the deposition of ectopic fat; the
structural and functional imaging of muscle,
heart, endocrine pancreas and kidneys; the role
of positron emission tomography (PET) and
computed tomography (CT) measurement of
brown fat thermal activation (a key tool for
developing novel drug therapeutics for dia-
besity); isotopic tracers for the measurement of
metabolic fluxes; the utility of invasive and
non-invasive cardiovascular research method-
ologies in drug development for diabesity and
NAFLD/NASH; and potential role of omics
technology in early phase development of
drugs. A chapter of particular value within this
section is entitled ‘‘Role of Tissue Biopsy in Drug
Development for Nonalcoholic Fatty Liver Dis-
ease and Other Metabolic Disorders.’’ This
chapter was written by Andrew J. Krentz and
Pierre Bedossa who, while having quite different
working perspectives, are both well placed to
provide the reader with a novel overview of an
important but often neglected topic.

The second part of the textbook, ‘‘Preclinical
DrugDevelopment and Transitioning toClinical
Studies,’’ focuses on the transition to clinical
studies. Importantly, the concepts of personal-
ized and precisionmedicine are widely discussed
throughout the text [33]. This section has

chapters dedicated to animalmodels of diabesity
and NASH; going further with hemoglobin A1c
in the development of novel drugs for diabetes
mellitus; extending beyond quantitative
approaches in translational cardio-metabolic
research; transitioning from preclinical to clini-
cal drug development; regulatory considerations
for early clinical development of drugs for dia-
besity, NASH and related cardio-metabolic dis-
orders; and early phase metabolic research with
reference to special populations. Among these,
we highlight the chapter entitled ‘‘Emerging
Circulating Biomarkers for The Diagnosis and
Assessment of Treatment Responses in Patients
with Hepatic Fat Accumulation, Nash and Liver
Fibrosis.’’ This chapter was contributed by F. Bril,
a leading authority on NAFLD associated with
T2D, and colleagues.

The chief features and definite points of
strength of this textbook are the emphasis on
quantitative assessment (e.g. insulin action,
energy expenditure, appetite and satiety and
others); role of imaging techniques (e.g. mag-
netic resonance imaging and spectroscopy, PET
and CT); evaluation of functions (e.g. metabolic
fluxes); and histological assessment of metabolic
organs (e.g. liver, muscle and adipose tissue).

The limitations of this textbook include a
failure to provide an integrated view of the full-
blown metabolic syndrome (e.g. arterial hyper-
tension and dyslidpidemia are, notably, two
missing areas) as well as to depict the natural
history of diseases compared to which any drug
treatment must be evaluated. Finally, attention
should be paid to disease models that avoid
manipulation of living animals. However, these
comments are meant to be constructive and
friendly suggestions for the (eagerly awaited)
next editions rather than true criticisms.
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