Metabolism Open 12 (2021) 100149

ELSEVIER

Contents lists available at ScienceDirect
Metabolism Open

journal homepage: www.sciencedirect.com/journal/metabolism-open

Metabolism
OPEN

Check for

Metabolic causes and consequences of nonalcoholic fatty liver e

disease (NAFLD)

Paria Zarghamravanbakhsh ", Michael Frenkel ”, Leonid Poretsky

a,b

2 Division of Endocrinology, Department of Medicine, Lenox Hill Hospital, Northwell Health, 110 East 59th St #8B, New York, NY, 10022, USA
Y The Gerald J. Friedman Diabetes Institute, Northwell Health, 110 East 59th St #8B, New York, NY, 10022, USA

ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) is a multifactorial metabolic disorder that was first described in 1980. It has been prevalent and on the rise for many years
and is associated with other metabolic disorders such as obesity and type 2 diabetes mellitus (T2DM). NAFLD can be best described as a metabolic dysfunction that
stems from insulin resistance-induced hepatic lipogenesis. This lipogenesis increases oxidative stress and hepatic inflammation and is often potentiated by genetic
and gut microbiome dysfunction. As NAFLD progresses from simple steatosis to non-alcoholic steatohepatitis (NASH) and to cirrhosis and hepatocellular carcinoma
(HCCQ), the odds of complications including cardiovascular disease (CVD), chronic kidney disease (CKD), and overall mortality increase. The aim of this review is to
describe the metabolic causes and consequences of NAFLD while examining the risks that each stage of NAFLD poses. In this review, the etiology of “lean”” NAFLD, the
impact of obesity, T2DM, genetics, and microbiome dysbiosis on NAFLD progression are all explored. This review will also discuss the core issue behind the pro-
gression of NAFLD: insulin resistance (IR). Upon describing the causes and consequences of NAFLD, the effectiveness of diet modification, lifestyle changes, and
glucagon-like peptide 1 receptor (GLP-1) agonists to retard NAFLD progression and stem the rate of complications is examined.

1. Definition and prevalence

Fueled by overnutrition and sedentary lifestyles, obesity, T2DM, and
NAFLD are all on the rise [1]. NAFLD is often understood to be the he-
patic expression of metabolic syndrome and it has become clear that
NAFLD is one of the most common diseases of modern humanity [2].

Until 1980, NAFLD and alcoholic fatty liver disease were indistin-
guishable and physicians often admonished patients who presented with
hepatic steatosis for abusing alcohol despite patients indicating that they
never abused alcohol [3]. In 1980, Ludwig et al. coined the term
“nonalcoholic steatohepatitis (NASH)” for patients whose liver biopsies
were similar to those with alcoholic liver disease, but who did not abuse
alcohol and were not subject to other known causes of liver disease such
as medications or bypass surgery. In this study, 20 patients with the
condition were identified from a population of 535 cases between 1969
and 1979 [3].

Over the past decade, there has been debate about the suitability of
NAFLD as the appropriate name for liver disease that occurs in the
presence of metabolic dysfunction and in the absence of alcohol abuse.
Critics say the term is misguided as it does not accurately describe the
characteristics of this subtype of liver disease. Not only does the name
NAFLD imply a diagnosis of exclusion, but it can also lead to stigma and
trivialization as patients may erroneously assume that NAFLD is more
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benign because it is not directly caused by alcohol abuse [4]. Therefore,
experts posit that NAFLD should be renamed “metabolic dysfunction
associated-liver disease” (MAFLD). The diagnostic criteria of MAFLD
have been defined as: (1) the presence of hepatic steatosis diagnosed by
ultrasound AND either a (2a) diagnosis of obesity, (2b) a diagnosis of
diabetes mellitus (DM), or (2c) metabolic dysfunction, which may
include one or more of the following criteria: waist circumference
greater than 102 cm (cm) in males and 88 cm in females, blood pressure
greater than 130/85 mmHg, triglyceride content above 1.70 mmol/L,
HDL-C content less than 1 mmol/L in males and less than 1.3 mmol/L in
females, prediabetes, insulin resistance scores (HOMA-IR) greater or
equal to 2.5, or C-reactive protein levels above 2 mg/L [5]. The criteria
described as metabolic dysfunction allow MAFLD to include lean pa-
tients who do not have DM or obesity (these patients are discussed later
in this review). Despite the potential merits of renaming NAFLD into
MAFLD, this review will use the still commonly accepted name NAFLD.

Currently, NAFLD affects about 25% of the worldwide population
with estimates ranging from 13% to 32% [2]. NAFLD can be described as
the presence of excess adipose tissue accumulation in the liver, also
known as hepatic steatosis, that is not caused by excessive alcohol
intake. More specifically, nonalcoholic fatty liver disease is defined as at
least 5% hepatic steatosis without hepatocellular injury [6]. NAFLD
represents a spectrum of diseases ranging from simple steatosis to NASH
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to cirrhosis and hepatocellular carcinoma [7]. Nonalcoholic steatohe-
patitis, which is commonly abbreviated as NASH, is a more severe form
of NAFLD than simple steatosis. It affects about 2-6% of all NAFLD
patients and can lead to several consequences [8].

The severity of NAFLD varies among different ethnic groups. In a
study of 1026 individuals with NAFLD, compared with population de-
mographics of the USA where African-Americans (AA) make up 12% of
the population, AA were underrepresented making up about 3% of the
sample population. In terms of severity, NASH had a lower prevalence in
AA (52%) and a higher prevalence in Hispanics (63%). About 62% of
Caucasians and 52% of Asians with NAFLD exhibited NASH histology.
These differences may be secondary to a different frequency of genetic
variants such as a variant containing a certain allele (rs738409; 1148 M)
of the patatin-like phospholipase domain-containing protein 3 (PNPLA-
3) gene in different ethnic groups [9-11]. This gene codes for a lipase
protein that is involved in energy consumption and storage in adipo-
cytes. Those with the errant allele of the PNPLA-3 gene can exhibit he-
patic lipid content that is two times greater than in those without the
allele [10].

2. Causes

For many years, the “two-hit hypothesis” was the most widespread
model of NAFLD pathogenesis. The “first hit” is defined as lipid accu-
mulation in the hepatocytes. This hit increases the vulnerability of the
liver to many factors that constitute the “second hit” and promote he-
patic injury, inflammation, and fibrosis [12].

However, the traditional “two-hit” hypothesis of NAFLD pathogen-
esis has been replaced by the “multiple-hit” hypothesis in order to
explain the several molecular and metabolic changes of NAFLD [6]. The
“multiple hit” hypothesis has provided a more accurate explanation of
NAFLD pathogenesis as it includes multiple interlocking processes
rather than just two hits. IR, lipotoxicity, innate immune activation, and
microbiome on a background of genetics (PNPLA3) as well as diet
(saturated fat and fructose) and sedentary lifestyle are the multiple
factors that lead to NAFLD progression [12].

The metabolic syndrome is a constellation of cardiometabolic risk
factors including increased visceral adiposity and an increase in IR
causing impaired glucose tolerance and T2DM, dyslipidemia, and hy-
pertension [13]. Previous studies have demonstrated that abnormal
serum concentrations of sex hormones, thyroid hormones, and growth
hormone can trigger the development of metabolic syndrome [14-17].
NAFLD, as a hepatic manifestation of metabolic syndrome, can be
associated with a number of endocrine diseases including polycystic
ovary syndrome (PCOS), hypogonadism, primary hypothyroidism, and
growth hormone deficiency [18,19].

Despite being closely linked with obesity, NAFLD can also manifest
itself in non-obese individuals. In fact, about 10-20% of non-obese
Americans may present with NAFLD [20]. “Lean” NAFLD is most
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Fig. 1. NAFLD (non-alcoholic fatty liver disease)
stems from a combination of genetics, diet, and
lifestyle, which drives dysbiosis and other metabolic
malfunction. The result is insulin resistance (IR)
that drives NAFLD progression. As NAFLD pro-
gresses to NASH (non-alcoholic steatohepatitis) and
HCC (hepatocellular carcinoma), IR progresses as
well and contributes to the development of ASCVD
(atherosclerotic cardiovascular disease), PCOS
(polycystic ovary syndrome), T2DM (type 2
diabetes-mellitus), and CKD (chronic kidney
disease).

(Type2DM) (_PcOS )

commonly seen in Asian individuals in whom the majority of “lean”
NAFLD studies have been carried out. Between 7 and 18% of the
non-obese population in Asia (including China, Korea, and Japan) may
have NAFLD [20]. In Japan, one study of 3271 individuals reported that
68.5% of obese patients and 15.2% of non-obese patients developed
NAFLD [20]. While “lean” NAFLD is still not fully understood, a number
of metabolic factors have been linked with this diagnosis. For example,
despite exhibiting a “healthy” body weight, “lean” NAFLD patients
exhibited the same pattern of IR and free fatty acid (FFA) distribution as
obese individuals [20].

Interestingly, many of these individuals exhibit a lipodystrophic
phenotype in which subcutaneous lipid storage is impaired and hepatic
lipid storage increases, which coincides with an increase in IR [20,21].
Several genes have been shown to be involved in this type of errant
metabolic profile including PPARy, c-fos, p85a, Phosphate Cytidylyl-
transferase 1 Alpha, and WRN?!. The metabolic development of “lean”
NAFLD can be most concisely explained by the idea that increased
lipolysis overwhelms the body’s ability to store lipids subcutaneously
and this leads to free fatty acid accumulation in visceral areas of the
body, including in the liver. This errant lipid metabolism drives IR and
inflammation leading to NAFLD progression and is similar to NAFLD
progression in more classic obesity-driven and T2DM-driven pathogen-
esis [21].

In both lean and obese individuals, one common theme of NAFLD
metabolism is the prevalence of IR. In fact, among patients with T2DM,
which is comorbid with IR, about 60% also exhibit NAFLD [22,23]. IR is
a hallmark of T2DM and studies have shown how T2DM increases the
risk of developing NAFLD [22]. Since obesity, T2DM, IR, and NAFLD are
interlinked and display similar physiological developments (Fig. 1) it
has been difficult to ascertain which disorder comes first or which causes
another [22,23]. In support of the bi-directional relationship between
T2DM and NAFLD, the odds of developing T2DM are two times higher in
patients with NAFLD than in those without NAFLD [22,23]. The
mechanism by which IR influences NAFLD is still being studied, but
several key connections have been established. For example, adipocy-
tokines can improve insulin sensitivity through adiponectin secretion;
NAFLD seems to alter this pathway and decrease the production of
adiponectin, thus enhancing IR [23].

The mechanism by which NAFLD alters adiponectin production is
still being studied, but research has established that adiponectin con-
centrations are influenced by genetics, diet, nutrition, exercise, and
abdominal adipose tissue, all of which have been implicated in NAFLD
pathogenesis. Adiponectin decreases IR through several methods: it in-
hibits the production of inflammatory cytokines that contribute to IR
such as tumor necrosis factor-alpha (TNF-a) and interleukin-18 (IL-18)
[24]. IL-18 is a known mediator of hepatic cellular injury and its inhi-
bition can prevent the destruction and dysfunction of hepatic cells.
Adiponectin also possesses anti-fibrotic activity by inhibiting the syn-
thesis of key proteins and genes involved in fibrotic tissue development.
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In fact, adiponectin levels have been shown to be a diagnostic indication
of NAFLD and upregulating adiponectin experimentally could represent
a future treatment for NAFLD, although more studies are needed to
corroborate such an assertion [24].

Obesity is a significant independent risk factor for NAFLD develop-
ment and progression. A study of 381,655 individuals reported that
obesity increased the odds of NAFLD 3.5 fold [25]. This robust
meta-analysis was controlled for confounding conditions including
diabetes, hypertension, alcohol intake, and physical activity. In addi-
tion, each unit increase in BMI was positively correlated in a
dose-dependent fashion to NAFLD risk [26]. Similar to claims by other
authors, Li et al. ‘s reasoning for obesity-mediated NAFLD risk is based
on increased IR and inflammation [26]. Obesity stimulates inflamma-
tion via TNF-a, which enhances IR [23]. Abnormal mitochondrial ac-
tivity in the liver has also been shown to increase inflammation and,
subsequently, enhance IR [23]. The mechanism by which increased
adipose tissue in the liver produces increased inflammation and IR in-
volves the proliferation of M1 macrophages that secrete
pro-inflammatory biomarkers including IL-6 and TNF-a [22]. These
biomarkers activate downstream signaling cascades, which have been
linked with IR.

Visceral adiposity plays an important role in the pathogenesis of
NAFLD. Adipose tissue secretes pro-inflammatory cytokines including
TNF-a and IL-6. Previous studies showed that the severity of steatohe-
patitis and fibrosis correlates with a higher level of TNF-a. I1-6 and TNF-
a contribute to IR by interfering with the activation of the insulin re-
ceptor substrates. IR causes increased lipolysis of visceral fat by reducing
the glucose uptake into the muscle [27-31].

Excess dietary carbohydrates and fatty acids from adipose tissue or
de novo lipogenesis in the setting of IR play an important role in the
pathogenesis of NASH [32]. Excess carbohydrates are converted to fatty
acids through the multi-enzyme process. Excessive accumulation of fatty
acids may lead to the production of lipotoxic agents which cause
endoplasmic reticulum stress, mitochondrial dysfunction, hepatocellu-
lar injury, inflammation, and apoptosis. Hepatocellular response to
lipotoxic stress is regulated by the gut microbiome, cholesterol, uric
acid, and possibly periodic hypoxia [33].

Oxidative stress has been suggested as the main triggering factor for
the progression of steatosis to steatohepatitis and also as a prominent
feature of NASH [34-36]. Bergichio and et al. proposed that genetic and
environmental factors are potential contributors to hepatic steatosis and
inflammation via the production of reactive oxygen and nitrogen species
(ROS/RNS) [36].

The spleen is an important organ in the regulation of immune
function and physiological inflammation. It is, therefore, worth identi-
fying the effect, if any, that NAFLD can have on splenic function. Several
studies have shown how patients with NASH exhibit increased splenic
volumes and higher levels of several inflammatory biomarkers including
IL-6 and hepatocyte growth factor [37]. An interesting study demon-
strated that splenectomy in obese mice led to a decrease in IR and
reduced growth of adipose tissue. However, in a contrasting study,
splenectomy of obese mice resulted in facilitated progression of NAFLD
[37]. 1t is thus difficult to ascertain whether the spleen serves in a pro-
tective or antagonistic capacity in regards to NAFLD progression.
Nevertheless, the literature suggests that splenic volume is affected by
NAFLD and these changes could be used as an ancillary method for
diagnosing NAFLD [37].

Finally, gut microbiota dysbiosis may play a significant role in
NAFLD. Although many studies identifying NAFLD-related gut micro-
biota abnormalities have been performed in mice, key human studies
have shown that gut dysbiosis is apparent in NAFLD patients. A study in
obese juvenile patients with NAFLD showed that Gammaproteobacteria
and Prevotella were at increased concentrations compared to obese ju-
venile patients without NAFLD [38]. Moreover, the microbiome changes
as NAFLD progresses and research shows that increases in Proteobacteria
and decreases in Firmicutes can accompany NAFLD progression [38].
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Additionally, patients with NASH exhibit altered concentrations of
Prevotella copri and Bacteriodes vulgatus when compared with individuals
without NASH [39]. Bacteriodes concentration showed a positive link
with NASH severity, while Prevotella was decreased in patients with
NASH [40]. As the severity of fibrotic lesions in NASH patients
increased, the concentrations of Bacteriodes and Ruminococcus increased
while Prevotella decreased. Furthermore, when patients were stratified
into three groups by Ruminococcus concentration, it was observed that
those with the highest concentration of Ruminococcus exhibited twice as
much fibrosis as those in the bottom two groups [40].

Interestingly, microbiota modulation including the administration of
probiotics enriched with Lactobacillus casei decreased inflammation and
improved hepatic metabolism in a murine model [41]. Antibiotic
treatment has also been shown to decrease bacterial overgrowth and
stem NAFLD progression. However, antibiotic side effects must be
carefully weighed and any usage of antibiotics to target microbiome
dysfunction needs more research and clarification [38]. It is clear that
gut dysbiosis may contribute to and enhance poor outcomes in NAFLD
patients [26]. However, gut microbiota composition can vary among
population groups and among different stages of NAFLD, making any
conclusive or causational claims about gut microbiota categorization in
NAFLD patients challenging [26,38]. Nevertheless, some hypotheses on
the ways dysbiosis can directly affect liver functioning have been
developed.

While NAFLD is independent of exogenous alcohol consumption,
bacteria in the gut have been known to produce alcohol through ethanol
fermentation. Alcohol is known to adversely affect hepatic function and
several studies have shown how obese patients with NASH often exhibit
an elevated blood-alcohol content (BAC) when compared to obese pa-
tients without NASH. This suggests that gut bacteria can exacerbate
NAFLD progression by way of direct ethanol production [39]. Other
mechanisms through which dysbiosis can directly impact hepatic func-
tion is through the migration of bacteria directly into the liver through
enhanced small intestine permeability, which is increased in patients
with NAFLD [42]. Bacteria that migrate to the liver secrete proin-
flammatory toxins that can trigger hepatic damage. However, it is not
clear if gut permeability is a cause or effect of NAFLD-related dysbiosis.

3. Consequences

As discussed above, NAFLD represents a spectrum of diseases from
simple steatosis to NASH to cirrhosis and HCC. The consequences of
NAFLD are mainly driven by the severity of IR as NAFLD progresses
toward NASH and HCC. The worsening hepatic pathology drives further
increases in IR, creating a vicious cycle of NAFLD progression (Fig. 1).

The cellular pathways involved in the consequences of NAFLD are
based on the development and sustained effect of IR leading to an
increased level of free fatty acids in the blood, which in turn, leads to the
development of NASH characterized by hepatic cellular dysfunction and
cellular death [43]. Impaired lipid clearance via lipid autophagy also
results in an increased hepatic lipid content [43,44]. Signaling pathways
triggered by this excess lipid accumulation lead to the ‘unfolded protein
response’—a well-characterized type of endoplasmic reticulum (ER)
stress. Other types of ER stress also contribute to hepatocyte malfunc-
tion, and this malfunction is the essence of NASH physiology.

One of the main consequences of NASH is an increased likelihood of
progression to cirrhosis and hepatocellular carcinoma (HCC), as NASH
represents a preliminary step towards severe liver damage displayed by
cirrhosis and HCC [45]. Patients who exhibit NASH-related liver fibrosis
are at greater risk of death with mortality risk rising with each stage of
fibrosis severity [46]. As mentioned previously, there is evidence of a
bidirectional relationship between NASH and obesity: 51.3% of patients
with NAFLD are obese while 81.3% of patients with NASH are obese
[47]. Targeting obesity has been shown to retard NASH progression as
weight loss of 7% or greater in obese patients results in a 65-90%
improvement in NASH [47]. Furthermore, a 5% weight loss has been
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linked to a two-fold decrease in intrahepatic triglyceride content IHTG)
[48]. However, weight loss is very difficult to maintain for many pa-
tients and bodyweight fluctuation has been shown to lead to more
adverse outcomes for patients with NAFLD. Kim and et al. studied 726,
736 patients with NAFLD. They found that patients with NAFLD who
had large body weight fluctuations were at increased risk of stroke,
myocardial infarct, and all causes of mortality [49].

Diet modulation plays a significant role in the prevention of NAFLD
consequences. For example, overconsumption of saturated fat and
fructose leads to greater increases in hepatic triglyceride accumulation,
even if the patient is not consuming more total calories [50]. Interest-
ingly, substituting protein for excess fat intake led to a 22% decrease in
hepatic lipid content [50]. Comparison of diets with high
carbohydrate/low-fat content versus low carbohydrate/high-fat content
has produced contrasting claims in regards to their effect on hepatic
lipid accumulation, but both types of diets proved effective when total
caloric intake was reduced [48,50]. Studies have shown how over-
consumption of fructose and simple sugars could exacerbate NAFLD
severity through several pathways including the promotion of certain
transcription factors implicated in de-novo lipogenesis, promotion of
maladaptive microbiome composition, and inhibition of fatty acid
oxidation. Ketogenic diet studies corroborate this claim as the elimina-
tion of fructose and simple sugars retards NAFLD progression [48].

The abnormal glucose and lipid metabolism in patients with NASH
further exacerbates NAFLD progression and thus targeting glucose
metabolism and IR through the use of GLP-1 receptor agonists has been
shown to reduce NASH severity [43]. GLP-1 receptor agonists can rescue
this impaired metabolic phenotype by improving lipid transport and
increasing the liver’s ability to metabolize fatty acids. Most importantly,
GLP-1 receptor agonists reduce IR [43]. In fact, one study showed that
39% of patients with NASH who were treated with GLP-1 receptor ag-
onists exhibited reversal in NASH hepatic morphology [51].

Cirrhosis is also a consequence of NAFLD and there is increasing
evidence that in the near future NAFLD will be the leading cause of
cirrhosis [52]. Cirrhosis is categorized by fibrotic lesions in the liver and
the development of scar tissue that impairs liver function. Inflammation
caused by lipotoxicity leads to an increase in cellular hepatic injury,
which results in impaired bilirubin metabolism-a hallmark of cirrhosis
[52]. In fact, elevated concentrations of IL-6 in patients with NAFLD and
cirrhosis give credence to the theory that inflammatory processes play a
key role in cirrhotic progression [53]. Cirrhosis is often diagnosed sub-
sequently to NASH and an analysis that included 18 million patients
from Europe showed that there is a much higher risk of cirrhosis when a
patient already has NASH compared to patients with NAFLD without
NASH [54]. The same study showed that about 0.6% of patients with a
known NASH diagnosis progress to cirrhosis or hepatocellular carci-
noma (HCC) within three years. This makes sense as fibrosis is a
necessary precursor to liver cirrhosis [53].

HCC is a consequence of NAFLD that can arise with or without
cirrhosis. HCC is among the top five causes of cancer mortality in the
world and NAFLD-related HCC incidence is expected to increase
[55-57]. As HCC represents the most severe form of hepatic damage, it is
no surprise that severe fibrosis scores are predictive of HCC [54].
Interestingly, the best single predictor for HCC apart from fibrosis scores
is a concurrent diagnosis of diabetes. HCC is also reported as the most
common cancer in T2DM. Diabetes has an important role in developing
HCC in patients with NAFLD especially when associated with obesity.

Piscaglia and et al. noted that HCC secondary to NAFLD is usually
detected at a later tumor stage and could arise also in the absence of
cirrhosis in comparison to HCC secondary to HCV infection with a
similar survival rate [58]. Some key metabolic adipokines and hep-
atokines have been described as being correlated with HCC. For
example, low levels of adiponectin and high levels of leptin have been
associated with HCC development and severity [59]. In fact, there is
evidence that adiponectin can mitigate oncogenesis and HCC develop-
ment [59].

Table 1
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Selected studies of metabolic consequences in patients with NAFLD.

Type of Authors Study Country Main findings
consequences population
Insulin Lonardo A systematic Italy NAFLD is a
resistance etal. [13] review of 47 strong
longitudinal determinant for
studies which the development
provided of diabetes and
evidence for metabolic
NAFLD as a risk syndrome.
factor for the
future
development of
diabetes and
metabolic
syndrome
Khan et al. A systematic Multi There is a close
[23] review of insulin countries relationship
resistance in between insulin
NAFLD resistance (IR)
and NAFLD,
with the
prevalence of
NAFLD being 5-
fold higher in
patients with
diabetes
compared to
those without.
Li et al. A systematic China Obese
[25] review of individuals have
twenty-one a 3.5-fold
cohort studies increased risk of
including 13 developing
prospective NAFLD.
studies and 8
retrospective
studies with
381,655 total
patients
Cirrhosis/ Alexander Cohort study of Multi NAFLD/NASH
HCC et al. [54] 136,703 patients countries increases risk of
with diagnosis of life-threatening
NAFLD or NASH liver outcomes.
(NAFLD/NASH) Diabetes is an
were followed independent
up about predictor of
incident advanced liver
cirrhosis and disease.
HCC diagnosis
Piscagila Observational Italy HCC secondary
et al. [58] prospective to NAFLD is
study of 756 usually detected
patients with at a later tumor
either NAFLD stage and could
(145) or HCV- arise in the
related chronic absence of
liver disease cirrhosis.
(611)
ASCVD Targher Observational, Multi NAFLD is
et al. [60] prospective, and countries associated with
retrospective an increased risk
studies with of fatal and non-
34,043 total fatal CVD
adult patients events.
Zeb et al. Prospective United NAFLD was
[69] cohort study of States independently
4119 adult associated with
participants who incident CHD
were free of CVD events (HR 1.42,
and known liver 95% CI 1.00 to
diseases at 2.03)
baseline
Mantovani Retrospective Italy NAFLD was
etal. [70] cohort of 286 independently

adults with type

associated with

(continued on next page)
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Table 1 (continued)
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Table 1 (continued)

Type of Authors Study Country Main findings Type of Authors Study Country Main findings
consequences population consequences population
1 diabetes an increased risk Polyzos A systematic Multi Obesity
without known of non-fatal CVD etal. [47] review of obesity ~ countries  increases liver-
liver diseases events (HR 6.73, and specific
95% CI 1.2 to 38 nonalcoholic mortality in
Targher Prospectively Italy NAFLD is fatty liver NAFLD patients.
et al. [64] cohort of 400 strongly disease
patients with associated with
type 2 diabetes, an increased
who were free incidence of AF Cardiovascular disease is the leading cause of morbidity and mor-
from Atrial in patients with tality in patients with NAFLD [60]. A strong association was reported
fibrillation at type 2 diabetes. o . .
baseline between markers of atherosclerosis including coronary artery calcifica-

CKD Mussoetal.  Meta-analysis of  Multi NAFLD was tion, impaired vasodilation, increased carotid intima-media thickness,

[65] thirty-three countries  associated with arterial stiffness, and NAFLD in a comprehensive meta-analysis [61].
studies (63,902 an increased risk Since NAFLD involves the dysfunctional metabolism of lipids, elevated
gi;t;zf;f’ 16 ?i;;:‘;:g:t[ OR] triglycerides, elevated VLDL, and lower HDL are all common in patients
based, 17 212, 95% CI with NAFLD and these metabolic factors contribute to cardiovascular
hospital-based, 1.69-2.66) and disease [61].

20 cross- incident (hazard Two recent cohort studies reported that NAFLD is independently
sectional, and 13 ratio [HR] 1.79, associated with a higher incidence of heart failure (HF) due to left
longitudinal) 95% CI . . . .
1.65-1.95) CKD ventricular dysfunction, myocardial hypertrophy, change in phosphate
The presence metabolism, and IR in the myocardium [62,63]. Patients with T2DM and
and severity of NAFLD have a higher risk of atrial fibrillation (AF) over 10 years of
NAFLD are follow-up compared to patients with T2DM without NAFLD, and
Z;S(i)rz:;:e?rti};k ultrasound-diagnosed NAFLD was associated with a fivefold increased
and severity of risk of incident AF independent of several clinical AF risk factors [64].
CKD. Recently, attention has been also focused on NAFLD-related chronic
Yasuietal. A cross-sectional  Japan CKD was present kidney disease (CKD). A recent meta-analysis showed that NAFLD in-
(661 study of 174 ‘1"‘73‘;(/::;/3 of creases the risk of CKD two-fold. Moreover, NASH was associated with a
tient: . . - .
patients patients. The higher incidence and prevalence of CKD compared to simple steatosis
prevalence of [65]. The prevalence of NAFLD-related CKD is reported to be approxi-
CKD was mately 20-55%. Importantly, the severity of NAFLD is associated with
significantly CKD stages, independently of established cardio-renal risk factors [66,
higher in NASH 671
atients (19 of . . . ..
gz- 21%) than Previous studies noted an association between NAFLD and other
non-NASH chronic diseases associated with IR including colorectal cancer, osteo-
patients (5 of 82; porosis, psoriasis, and some endocrine disorders including PCOS, hy-
Machad . ) 4 p | ;‘ﬁ’;'H . pothyroidism, and GH deficiency [68].
t t tient: . . .
achaco rospective an ortusa patients Selected articles addressing the metabolic consequences of NAFLD

et al. [67] consecutive were older, with i K

recruitment of higher body are summarized in Table 1.

148 morbidly mass index and

obese patients had more 4. Conclusion

undergoing frequent

bariatric surgey metabolic e s P . . :
syndrome and From its initial classification in 1980 until now, our understanding of
lower eGFR ((97 NAFLD has grown and evolved. Over the years, the literature has shown
+22vs 106 £ that obesity, T2DM, and other lifestyle factors are influential in the
(126) ml/ m:)ng ;57)3 development and progression of NAFLD. Factors such as gut microbiota

,p=0. . o s . .

All-cause Kim et al. Cohort of Korea Body weight and gene 1'dent1ﬁcat10n have given us a bet.ter .understand.mg of NAFLD
and liver- [49] 726,736 variability was pathophysiology and causes. Based on studies in lean patients, we have
related individuals with associated with learned that IR is the main physiologic finding across all types of NAFLD
mortality NAFLD who increased risks patients. Because of NAFLD consequences, which include NASH, CVD,

E::ﬁ;wem a erlév{;’usi?i‘z cirrhosis, and HCC, targeting weight loss and IR is important in order to
examination mortality in mitigate the progression of NAFLD and improve patient health. GLP-1
NAFLD patients. receptor agonists have shown promise in reducing IR and improving

Matteoni Retrospective United Patients with NAFLD severity, but lifestyle modifications remain the mainstay of

etal. [7] cohort of 13]12 States ]TA}SIH had . NAFLD therapy due to NAFLD’s extensive linkage with other metabolic
patients wit Jgher rates o disorders such as obesity and T2DM. The complex nature of the disease
NAFLD and all-cause and

elevated serum
liver enzymes

liver-related
mortality than
those without.
CVD death rate
did not differ
between the
groups.

requires a multidisciplinary approach by a healthcare team including a
hepatologist, endocrinologist, and cardiologist for proper primary and
secondary NAFLD diagnosis, treatment, and prevention of its causes and
consequences.
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