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Abstract
Atherosclerosis (ATH) and non-alcoholic fatty liver disease (NAFLD) are medical
conditions that straddle a communal epidemiology, underlying mechanism and a
clinical syndrome that has protean manifestations, touching every organ in the
body. These twin partners, ATH and NAFLD, are seemingly straightforward and
relatively simple topics when considered alone, but their interdependence calls
for more thought. The study of the mutual relationship of NAFLD and ATH
should involve big data analytics approaches, given that they encompass a
constellation of diseases and are related to several recognized risk factors and
health determinants and calls to an explicit theory of change, to justify
intervention. Research studies on the “association between aortic stiffness and
liver steatosis in morbidly obese patients”, published recently, sparsely
hypothesize new mechanisms of disease, claiming the “long shadow of NAFLD”
as a risk factor, if not as a causative factor of arterial stiffness and ATH. This
statement is probably overreaching the argument and harmful for the scientific
credence of this area of medicine. Despite the verification that NAFLD and
cardiovascular disease are strongly interrelated, current evidence is that NAFLD
may be a useful indicator for flagging early arteriosclerosis, and not a likely
causative factor. Greater sustainable contribution by precision medicine tools, by
validated bioinformatics approaches, is needed for substantiating conjectures,
assumptions and inferences related to the management of big data and addressed
to intervention for behavioral changes within an explicit theory of change.
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Core tip: Atherosclerosis and non-alcoholic fatty liver disease straddle a communal
epidemiology, underlying mechanism and a clinical syndrome with protean
manifestations, touching every organ in the body. Current therapeutic evidence supports
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the recommendation of addressing changes toward healthier lifestyles, including diet and
physical exercise, in atherosclerosis and non-alcoholic fatty liver disease, even when
defined only by non-invasive methodology. Pathway-based analysis are elucidating key
molecular mechanisms underlying complex diseases addressing the joint effect and
integrality as function unit of multiple genes, exploring large-scale “-omics” data. No
element suggests, apart from naïve statistics, that one condition affects the other directly
by any mechanism.
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INTRODUCTION
According  to  World  Health  Organization,  ICD-11  for  Mortality  and  Morbidity
Statistics  (Version:  04/2019),  non-alcoholic  fatty  liver  disease  (NAFLD)  is
characterized by fatty liver related to insulin resistance in the absence of significant
alcohol consumption. It embraces a pathological spectrum from simple steatosis to
steatohepatitis. 10%-20% have steatohepatitis (non-alcoholic steatohepatitis), which
can progress to cirrhosis and hepatocellular carcinoma[1]. NAFLD and non-alcoholic
steatohepatitis are increasingly a cause of cirrhosis and hepatocellular carcinoma
globally. This burden is expected to increase as epidemics of obesity, diabetes and
metabolic syndrome continue to grow[2]. Atherosclerosis (ATH) is a chronic disease of
the  arterial  wall,  and a  leading cause  of  death  and loss  of  productive  life  years
worldwide. Its distinctive feature is a hardening of any artery specifically due to
atheromatous plaques[3].

These  conditions  are  increasingly  recognized  in  primary  care  and  specialist
practice, which is largely due to the greater availability of non-invasive diagnostic
tools. Nonetheless, quantifying future disease burden has always been challenging
due to paucity of data in important areas, mandating an international, concerted effort
to improve our understanding[4].

ATH and NAFLD are medical conditions that straddle a communal epidemiology,
underlying mechanism and a clinical  syndrome that  has protean manifestations,
touching every organ in the body[5]. Both entities stem from pathology, which seems
certain and unarguable when considered alone, but when considered together, areas
of uncertainty arise[6]. Interrelationship between the two conditions are many, sharing
epidemiology and risk factors[7] which call for behavioral change interventions both in
prevention and in therapy, but also challenging multi-factorial mechanisms by the
quest  of  omics  approaches[8],  requiring  computational  biology  analysis[9].  The
conceptual milieu implies the overlap of a realistic theory of change, because implies
lifestyle  interventions  focused  on  risk  factors,  with  bioinformatics  tools  for  the
management of big data not comprehensive of all recognized risk components and
indexes[10].

In the real clinical world, easy-to-assess proxies of ATH are frequently preferred: It
is needed to have the awareness of using them as assumptions more than as well
supported reference standards[11]. Accordingly, the present overview focuses to briefly
delimit the area of the subject matter explicitly addressing which assumptions are still
waiting for a demonstration, beyond frail demonstrations of association or correlation.

Arterial stiffness is deemed to occur as a consequence of both biological ageing and
arteriosclerosis[12]. Stiffened arteries require a greater amount of force to permit them
to accommodate the stroke volume of the heart. The main consequence is an increase
in pulse pressure which damages blood vessels in target organs such as the heart,
brain or kidneys[13].

Measurement of aortic pulse wave velocity (PWV) is conceptually related to arterial
stiffness[13]. By this acknowledgment, PWV, as a proxy of arterial stiffness, is credited
to  provide  statistical  evidence  concerning  the  likelihood  of  occurrence  of
cardiovascular disease, and in some cases, of all cause mortality[13]. This notion has
some epidemiological support: Regretfully, and surprisingly, no PWV measurement
is currently recommended for any practical and accepted general use[14].

Imaging measures of fat liver content have considerable weaknesses[15] given that
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they do not have complete correspondence to histology: Nonetheless, they have a key
role in medical practice, which is extensive and well appreciated, providing a suitable
way for monitoring liver fatty content over time and after therapeutic interventions[16].

CURRENT EVIDENCE
Current therapeutic evidence supports the recommendation of addressing changes
toward healthier lifestyles, including diet and physical exercise, in both ATH and
NAFLD, even when defined by non-invasive methodology[15]. Although such lifestyle
approaches  are  acknowledged  as  effective  interventions,  they  are  questionably
demonstrated by few clinical trials[17]. Disappointingly, such studies do not appear to
be fully adequate due to limitations of size, duration and methods[18]. Accordingly,
seemingly,  none  is  currently  considered  suitable  for  promoting  definitive  and
worldwide shared guidelines[15].

Research studies on the “association between aortic stiffness and liver steatosis in
morbidly obese patients” have been published in several journals recently. One of
them[19],  deserves greater consideration because it is based on a realistic anatomic
measure  of  fat  content,  and  because,  despite  its  goal  and  careful  design  and
development, it recognizes that any independent relationship between aortic stiffness
and  fatty  liver  are  missing  in  the  results  achieved.  Both  conditions  depend,  as
expected, on better known, and lasting, risk factors: Namely, arterial hypertension,
increased body weight and diabetes[19]. Apart from these points, this study is very
valuable because its reference is not only that an appropriate liver histology sampling
was available, but also because the measure of aortic stiffness was done by a reliable
imaging-dependent tool, using an appropriate distance-based velocity measurement.
These relevant features are very well displayed and justified within the article[19], and
its lack is a major flaw of previous studies. Such combined approach is an advance,
since previous studies have been performed with similar purposes but with more
biased,  “qualitative”  and  “subjective”  methods[20].  The  effort  made  in  better
understanding and facing the challenge of these two frequently overlapping diseases,
even  in  the  specific  subset  of  extremely  obese  people,  as  in  this  investigation,
promotes a negative answer to the claim of a causative relationship between ATH and
NAFLD, if any, and, more, to the inclusion of NAFLD as a suitable concurrent risk
factor for ATH[19].

Investigations and publications, using very indirect ATH and fatty liver imaging to
assess  patients'  risk,  may  have  also  the  aim  of  facilitating  future  drug  trials[20].
However,  there  are  many  pros  and  cons,  and  a  matter  of  concern  is  the
disproportionately big and continuous flood of scientific contributions[20]: This, by
itself, may impair an appreciation of the usefulness of these procedures to be used.
The core of this valuable debate is mostly concealed by a kind of implicit but not
evidence-based acceptance of the diagnostic merit of such very indirect measurement
tools[15]. Nonetheless, several researchers unexpectedly are converging towards some
agreement for accepting them as sustainable reference and indexes of outcome[15].

Even  in  a  relatively  limited  field  of  knowledge  and  science,  such  as  medical
approaches to the development of a mostly affluent disease, a warning regarding the
misuse  of  methods,  alleged  paradigms  and  unsupported  axioms  is  needed[21].
Actually, scientific research, both basic and applied, is a dynamic process, constantly
evolving and changing perspective, with critical thinking being at the core of the
scientific method. In their daily work, scientists of every field are urged to keep pace
with a broad spectrum of available data[22]. Interaction and overlap between these two
fields of research, basic and applied, may allow us to solve particular problems or
questions,  and both may enhance novel knowledge and information[22].  The twin
partners,  ATH and NAFLD,  are  only  apparently  straightforward and relatively
simple topics, and their interdependence calls for definitions without biases. Actually,
encompassing many prevalent diseases and being related to several and recognized
risk factors and health determinants, the study of the mutual relationship between
NAFLD and ATH should involve big data analytics approaches[23,24].  Regretfully,
available studies are not sufficiently comprehensive, not including even part of the
data actually available in the specific database. There is a general context that may
have effects on both fatty liver- and obesity- and on arteriosclerosis and related heart,
brain and kidney diseases. This context encompasses the environment at large[25],
behavioral factors[26], quantity and quality of dietary intake[27], with consequent obesity
or  nutritional-related disturbance[28],  sedentary  life,  stress,  detrimental  levels  of
physical  activity,  sleep  deprivation  and  night  shifts  for  work  or  leisure[29],  and
certainly many others. Despite these limitations, overall, the effects of well-addressed
intervention are reported as beneficial[30-32].
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In  brief,  regarding  the  mutual  relationship  of  ATH  and  NAFLD,  no  element
reasonably suggests, apart from quite naive statistics, that one condition affects the
other directly, despite the attractive hypothesis that fatty liver in itself may cause
vascular damage.  In these matters,  it  is  always unsafe to treat  contemporaneous
events as causation[33,34].

IMPLICATIONS, CHALLENGES AND BIASES
Within other backgrounds and perspectives, the scientific community is the silent
bystander of determined, even unreasonable, anti-science strain and campaigns[21].
Rejection  of  scientific  method  as  an  objective  tool  that  can  generate  universal
knowledge is of great concern for scientists and health professionals[21]. This eschewal
may originate  from the idea that  scientific  reductionism is  inherently  limited in
reaching understanding of complex problems and, namely, health and disease topics.
The very relevant ongoing debate on the “misuse of statistical significance”[35], leading
sometimes to discarding of genuine discoveries, may add further fuel to mistrust in
science and medicine. Reciprocally, suggesting conjectural “mechanisms of disease”,
such as claiming the long shadow of NAFLD as a “risk factor”, if not as a causative
factor of arterial stiffness and ATH, is probably very much overreaching reality and is
harmful for the scientific credence of this area of medicine. “As long as different
positions are discussed scientifically, controversy has a chance to move forward”[22].
This is a very important commitment for the physician, the researcher, the research
projects  evaluator  and the  reviewer.  No golden rule  is  available,  but  the  use  of
“naive” methods, not sufficiently adequate for the purposes of the scientific questions,
when detected as inappropriate or frankly biased, should be reasonably discouraged
and discarded.

CONCLUSION
Disease study processes are often too rigid, we must agree. In fact, the aim is to collect
sufficient evidence, best if coordinated in a convincing architecture, relationships and
support, in ways very similar to the theory of change. In fact, the study of diseases
often, as in our case, includes the quantitative observation of numerous data and of
the changes that are determined with interventions, spontaneous or within clinical
trials. In this sense it is acceptable that there are assumptions that are not strongly
supported,  but  it  is  quite  possible  that  these  assumptions  are  inconsistent  and
misleading so that, when detected, must be included as biases or mistakes in the
proposed rationale of the dependent intervention for change. Despite the verification
that NAFLD and cardiovascular disease are strongly interrelated[36], current evidence
is  that  NAFLD  may  be  only  a  possibly  useful  indicator  for  flagging  early
arteriosclerosis[37], and not a likely causative factor. Greater sustainable contributions
by  precision  medicine  tools,  i.e.,  by  validated  bioinformatics  approaches  and
expertise, are needed to allow consideration of any role of big data and how they
should be managed[38]. Very valuable investigations are already available, providing
new insights into the relationship of NAFLD, fibrosis and ATH[39]. Also the shared
molecular basis for ATH and vascular disease and its molecular relationships with
several related diseases, namely NAFLD and Alzheimer’s disease, are the focus of
frontiers research in very well planned and managed investigations[39,40]. Currently,
pathway-based  analysis  are  elucidating  key  molecular  mechanisms  underlying
complex  diseases  addressing  the  joint  effect  and  integrality  as  function  unit  of
multiple genes by extensive studies exploring large-scale “-omics” data[41]. In the mind
and perception of most people, what matters is if such information and measures may
guide the daily choices of physicians and if they may empower the adherence of
patients to prescriptions, therapeutic pathways or lifestyle choices. The answer may
be yes, but this is more a real world practice affair than the conclusion of any existing
or  ongoing  trial  or  of  any  computational  statistics  analysis  and prediction.  The
methodology described above, as in most more traditional research investigating
associations and relationships, alludes implicitly to the assertion that where shadows
overlap,  they appear  darker:  Which should mean better  visible,  if  not  “clearer”.
However,  this  is  not  necessarily true.  Actually,  something is  problematic  in this
assertion, and, more important, we may argue that it is where shadows overlap, that
may matter.  The need to integrate  more omics  data with different  ones,  such as
epigenetic or epidemiological data, by bioinformatics, is evident when dealing with
mechanisms and processes involving long cascades of multiple biological pathways[42]

(Figure 1).

WJGP https://www.wjgnet.com May 12, 2020 Volume 11 Issue 3

Trovato GM. NAFLD and atherosclerosis

60



Figure 1

Figure 1  The naive and surreal “vision” of the artist displays in this drawing a tale of bodies and shadows.
The researchers are exploring directly the liver of an obese patient, while the shadows of atherosclerosis and of
arterial stiffness, i.e., numbers, amazingly leak out from the liver and graphs of non-invasive measurements appear at
the operating table’s headboard. The theory that fatty liver in itself may hurt the vessels, as in the drawing of the
anatomical drawing behind, lacks currently consistent supporting statistics. In these topics it is always unsafe to treat
simultaneity as causation. The use of straightforward diagnostic methods for non-alcoholic fatty liver disease (surgical
liver biopsy) and indirect measurements of aortic stiffness, pulse wave velocity, fails to demonstrate a direct
independent relationship between the two conditions. The conjectural hypothesis of labeling non-alcoholic fatty liver
disease as a novel risk factor for atherosclerosis, defined by the proxy of arterial stiffness, is far away to be
demonstrated (drawing by Giuliano Cangiano-Kanjano).

The unpredictability of synergy among different pathways and the possibility of
over-fitting, i.e., the production of an analysis that corresponds too closely or exactly
to a particular set of data, and may therefore fail to fit additional data or predict
future  observations  reliably,  must  be  appropriately  considered  when  trying  to
illustrate the genetic,  epigenetic,  and environmental  determinants of trigger and
development of any disease[43]. Conceivably, when dealing with cross-talk of liver
with ATH and fat cells[44], we should take into account what is actually overlapping,
when, where,  how and why. Mirroring the shadows of concepts,  as we do using
indirect or surrogate measures of ATH and of fatty liver, respectively, might be an
unreliable and even misleading approach. Indeed, we are still waiting for high quality
prospective studies in diverse racial-ethnic groups to further elucidate whether or not
NAFLD is in fact causally related to ATH, while actual information provides some
suggestion of limited associations[45,46]. The risk and the bias of a this clinical research
tale  are  that,  at  last,  some  conclusion,  as  equally  some  intervention,  based  on
uncertain assumptions might ultimately succeed in darkening or obscuring, certainly
not enlightening concepts and mechanisms. The result will be weakening the strength
of  consequent  warranted  intervention  which  are  still  based  on  awareness  and
participatory behavioral changes[47] and on intervention models based on a theory of
change[48], which usually is not clearly developed and monitored, as needed.
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