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ABSTRACT - The present review includes translational and clinical research that characterize non-alcoholic
fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH). Clinical and experimental evidence led
to the recognition of the key toxic role played by lipotoxicity in the pathogenesis of NAFLD. The current
understanding of lipotoxicity suggests that organ injury is initiated by the generation of oxidative metabolites
and the translocation of gut-derived endotoxin. These processes lead to cellular injury and stimulation of the
inflammatory responses mediated through a variety of molecules. The injury progresses through impairment of
tissue regeneration and extracellular matrix turnover, leading to fibrogenesis and cirrhosis. Several cell types are
involved in this process, predominantly stellate cells, macrophages and parenchymal cells. In response to
inflammation, cytokines activate many signaling cascades that regulate fibrogenesis. This examination brings
together research focusing on the underlying mechanisms of injury. It highlights the various processes and
molecules that are likely involved in inflammation, immune modulation, and fibrogenesis in the liver. We
searched electronic databases (Medline, Embase) for this review. This integrative work investigates different
aspects of liver damage and possible repair. We aim to (1) determine the immuno-pathology of liver damage due
to steatosis, (2) suggest diagnostic markers of NASH, (3) examine the role of behaviour in the development of
NASH, and (4) develop common tools to study steatosis-induced effects in clinical studies. Special accent is put
on co-morbidities with renal and neuropsychological disorders. Moreover, we review the evidence in literature
on the role of moderate alcohol consumption in individuals that present NAFLD/NASH.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) may be
the most prevalent form of liver disease in
developed countries. NAFLD can be diagnosed by
imaging, histology, or both (1). NAFLD, per
definition, requires an evidence of hepatic lipid
deposition that is shown either by imaging or by
histology. Moreover, the hepatic fat accumulation
should not be a consequence of significant alcohol
consumption, use of steatogenic medication or
hereditary disorders. Morphologically, NAFLD is
categorized into simple steatosis and non-alcoholic
steatohepatitis (NASH). From the histological point
of view, simple steatosis lesions are characterized
only by fat droplets in hepatocytes, with no
evidence of hepatocytes ballooning. In the biopsy of
a NASH patient, the presence of steatosis is
accompanied by lobular inflammation, portal
granulocytic inflammation, Mallory-Denk bodies,
satellitosis, acute cholestasis, perisinusoidal
fibrosis, sclerosing hyaline necrosis, and veno-
occlusive disease, with or without hepatic fibrosis
or cirrhosis (2,3). Histological changes in the
NASH liver are nearly identical to those induced by
excessive alcohol intake, as seen in patients with
alcoholic steatohepatitis (4).

In the majority of patients, NAFLD is
associated with metabolic risk factors such as
obesity, metabolic syndrome (MS), diabetes
mellitus, and dyslipidemia. Adler and Scheffer (5)
illustrated fatty liver leading to cirrhosis in obese
individuals. Ludwig et al. (6) described hepatic
abnormalities reflected by biochemical tests that are
hardly to be confused with the marked hepatic
abnormality and jaundice which some oral
hypoglycemic agents can produce. The main
abnormalities attributable to diabetes are the
steatosis and the non-alcoholic steatohepatitis or
"pseudoalcoholic liver disease”. Since there is a
hepatic injury attributed to oral hypoglycemics (7),
Zimmerman and Ishak (8) argued that NASH
lesions can be readily distinguished from
hepatotoxic drug-induced lesions. Although risk
factors for NASH include obesity, insulin-resistance
and male gender, the disease can occur in patients
of any race, gender or body weight. The recurrence
of NASH in liver-transplant recipients implicates
systemic host factors, rather than liver-related
factors, in the development of the disease.

Imaging Methods and Non-invasive Tests Used
to Stage Steatosis and Fibrosis

The liver biopsy can confirm the etiology of NASH
and can assess structural alterations of cells and
their organelles, as well as inflammatory activity
and the degree of liver fibrosis. However, imaging
has an important role in diagnosis. Non-invasive
tests and imaging methods used to diagnose
NAFLD/NASH are described in Table 1 (9-15).
BAAT is a clinico-biological score combining body
mass index (BMI), age at liver biopsy, alanine
aminotransferase (ALT) and serum triglycerides,
and is calculated according to the sum of BMI (>28
= 1, <28 = 0), age at liver biopsy (=50 years = 1,
<50 = 0), ALT (>2N = 1, <2N = 0), and serum
triglycerides (=1.7 mmol/L = 1, <1.7 = 0). The
BAAT score can separate individuals without septal
fibrosis, and thus identify those patients who will
benefit the most from a liver biopsy. The NAFLD
Fibrosis Score is also a tool that can render a liver
biopsy unnecessary in a large proportion of NAFLD
patients, as it can non-invasively characterize these
individuals based on the presence or absence of
advanced fibrosis. The NAFLD Fibrosis Score
combines age, hyperglycemia, BMI, platelet count,
albumin and the aspartate aminotransferase
(AST)/ALT ratio, according to the formula of -
1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m?)
+ 1.13 x impaired fasting glucose/diabetes (yes = 1,
no =0) + 0.99 x AST/ALT ratio (9).

FIB-4 is an example of an inexpensive and
accurate test that can be used to assess fibrosis (16).
Commercially available algorithms use routine
biochemical parameters obtained from laboratory
medicine to identify changes. An example is
FibroTest, which can be used to assess liver fibrosis
progression, permitting investigators to identify
those individuals in need of a liver biopsy (17).
NashTest uses an algorithm combining the 13
parameters of age, sex, height and weight, and
serum levels of triglycerides, cholesterol, «o2-
macroglobulin, apolipoprotein A1, haptoglobin,
gamma-glutamyl transpeptidase (y-GTP), ALT,
AST and total bilirubin (10). When compared with
non-diseased patients, NASH patients were older,
with higher weight, had higher levels of o2-
macroglobulin,  ALT, AST, glucose and
triglycerides, had lower levels of y -GTP, as well as
higher fibrosis and steatosis stages as assessed by
FibroTest and SteatoTest (10).
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Table 1: Imaging Methods

Reference and Population

Associations

9

733 patients with biopsy-proven NAFLD
(480 in construct cohort and 253 in
validation cohort)

NAFLD Fibrosis Score: >0.676 corresponds to negative result,
<1.455 to >0.676 corresponds to indeterminate result, and
<1.455 corresponds to positive result for advanced fibrosis

10

160 NAFLD patients in a training group
(57 with no NASH, 75 with borderline
NASH and 28 with NASH)

97 NAFLD patients in a validation group
(41 with no NASH, 21 with borderline
NASH and 35 with NASH); 383 controls

NashTest for the diagnosis of NASH: 33% sensitivity, 94%
sensitivity, 66% PPV and 81% NPV

NashTest for the diagnosis of borderline NASH or NASH: 88%
sensitivity, 50% sensitivity, 74% PPV and 72% NPV

11
172 NAFLD patients

ARFI shear wave imaging: 90% sensitivity and 90% specificity
to distinguish low (stage 0-2) from high (stage 3-4) fibrosis
stages at threshold of liver shear stiffness of 4.24 kPa

12
117 patients with biopsy-proven NAFLD

2D MRI: 86% sensitivity, 91% specificity, 68% PPV and 97%
NPV to discriminate advanced fibrosis (stage 3-4) from low
fibrosis (stage 0-2) at cut-off 3.63 kPa

13

80 consecutive patients with biopsy-proven
NAFLD (70 with NASH and 10 without
NASH; 33 with fibrosis stage 0, 25 with
fibrosis stage 1, 10 with fibrosis stage 2, 6
with fibrosis stage 3 and 6 with fibrosis
stage 4)

3D MRI: 83% raw sensitivity, 80% specificity, 97% PPV and
40% NPV for separating NASH from no NASH at cut-off >1.5
kPa

3D MRI: 100% raw sensitivity, 93% specificity, 71% PPV and
100% NPV for separating NASH from no NASH at cut-off
>2.43 kPa

14
76 obese adolescents
36 lean adolescents

APRI: 0.149 + 0.038 in lean, 0.200 + 0.075 in non-NAFLD
obese (p<0.05 vs. leans) and 0.342 + 0.073 in NAFLD obese
(p<0.05 vs. non-NAFLD obese)

15
827 NAFLD patients

AST/ALT ratio >0.8: OR 8.2, 95% CI 5.2-12.9 for advanced
fibrosis

Diabetes mellitus: OR 2.8, 95% CI 1.8-4.3 for advanced fibrosis
BMI >28: OR 2.6, 95% CI 1.2-5.5 for advanced fibrosis

BARD score: 43% PPV and 96% NPV for detecting fibrosis
stage 3-4

Measuring liver stiffness is another non-
invasive method of assessing fibrosis in this organ.
However, obesity, particularly waist circumference,
has been identified as the main impediment that
leads to  uninterpretable  liver  stiffness
measurements (18). Owing to the limitations of the
Transient elastography (FibroScan) M probe,
technological improvement in the form of a novel
Transient elastography (FibroScan) XL probe led to
better results. The XL probe could reliably be used
with 100% success rate (19). Acoustic radiation
force impulse (ARFI) shear wave imaging for liver

stiffness could also be used to differentiate low
from high fibrosis stages in individuals with
obesity-related NAFLD (11).

Magnetic resonance is a non-invasive
imaging surrogate for the assessment of hepatic
steatosis. It can be used to both diagnose and
histologically grade NAFLD. Proton magnetic
resonance imaging (MRI) usually shows the two
dominant peaks attributable to water and to
methylene protons of fatty acids, from which the
hepatic proton density that is attributable to fat can
be calculated (20). An assessment of liver stiffness

10



J Pharm Pharm Sci (www.cspsCanada.org) 19(1) 8 - 24, 2016

was performed by two-dimensional magnetic
resonance elastography (2D MRI) to predict
advanced liver fibrosis in a cross-sectional
prospective analysis of 117 consecutive patients
with biopsy-proven NAFLD (12). A novel 3D MRI
was recently used to diagnose NASH and advanced
fibrosis in NAFLD patients (13).

A higher AST-to-platelet ratio index (APRI)
was associated with more advanced fibrosis in a
sample of 111 biopsy-proven NAFLD patients (21).
APRI was higher among obese individuals
regardless of the presence of NAFLD, and among
obese NAFLD compared to non-NAFLD subject. In
this sample of adolescents, a higher APRI score
could predict a higher cardiovascular risk profile
(carotid intima-media thickness) (14).

The BARD score combines BMI, AST/ALT
ratio and the presence of diabetes mellitus, based on
the sum of BMI (>28 = 1), AST/ALT ratio (>0.8 =
2) and diabetes mellitus (present = 1). This score
classifies NAFLD patients according to disease
severity, particularly advanced fibrosis, and can be
used in individuals with co-morbidities related to
MS (15).

Liver Enzymes

Biochemical changes in the liver can be correlated
with histological abnormalities and immune
responses. Aminotransferase levels generally
correlated with the degree of hepatic steatosis but
not with the degree of hepatic fibrosis (22,23). ALT
levels are generally higher than AST levels in
NAFLD patients. ALT may be elevated 2-4 times
over the upper limit of normal, yet a large number
of patients may present ALT levels within normal
ranges (24,25). Levels of liver enzymes in NAFLD
patients are detailed in Table 2 (26-33).

AST and ALT levels were elevated in
NAFLD patients compared to non-NAFLD patients
in samples of obese children and adolescents.
Elevated AST and ALT levels were also noted in
patients with steatosis compared to those without
steatosis (26-33). y-GTP levels were also higher in
NAFLD compared to non-NAFLD patients in a
large sample (32), yet were comparable between
NAFLD and non-NAFLD patients in a smaller
sample of obese children (27). There were no
differences in AST and ALT levels between non-
NAFLD obese patients and lean controls (29).
There were no differences in ALT levels between

NASH and non-NASH in a small sample of obese
adolescents (34).

AST, ALT and y-GTP levels decreased,
particularly among NAFLD patients, following a 1
year intervention using interdisciplinary therapy
(clinical, nutritional and psychological), exercise
(60 min/day for 3 days/week) and physiotherapy in
79 obese adolescents (33). ALT (mean change -36
U/L, p<0.05) and AST (mean change -22 UIL,
p<0.05) levels decreased at the 1 year follow-up in
a sample of 39 obese children enrolled in a
multidisciplinary program of dietary and exercise
advice with baseline elevated ALT (mean 110 U/L)
and AST (mean 81 U/L) (35).

Changes in AST, ALT and y-GTP were also
analysed in 58 postpubertal obese adolescents
randomized to aerobic training (AT; 15 without
NAFLD and 14 with NAFLD) or aerobic plus
resistance training (AT + RT; 15 without NAFLD
and 14 with NAFLD). Baseline AST, ALT and y-
GTP levels were elevated in the NAFLD group
compared to the non-NAFLD group among patients
randomized to AT. This form of exercise did not
lead to significant changes in the non-NAFLD
group at 1 year follow-up. AT led to significant
decreases in AST (-6.61 = 7.65 IU/L, p<0.05) and
ALT (-21.84 + 23.76 IU/L, p<0.05) compared to
baseline in NAFLD patients, with non-significant
decreases in y-GTP. Likewise, AT + RT did not
lead to significant changes in the non-NAFLD
group at 1 year follow-up. In the AT + RT group,
ALT was elevated in NAFLD vs. non-NAFLD.
ALT was the only liver enzyme whose levels
decreased significantly in NAFLD following 1 year
of AT + RT (-5.78 £ 9.73 IU/L, p<0.05) (36).

Cytokine, Chemokine, Apoptosis Biomarkers

Dysregulation of hepatic metabolism, as result of
lipotoxicity signaling and inflammatory processes,
illustrates the cytokines imbalance that leads to
liver injury. Gut microbiota influences the arrival of
lipopolysaccharide (LPS) to the portal vein.
Inflammatory markers most frequently associated
with NAFLD/NASH include tumor necrosis factor
(TNF)-a, interleukin (IL)-6 and IL-8, matrix
metalloproteinases and high-sensitivity C-reactive
protein (hsCRP) (37). The relationship between
NAFLD and inflammatory markers such as TNF-a,
IL-6 and hsCRP was recently reviewed by Neuman
et al. (3). All 3 of these inflammatory markers were

11
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Table 2: Liver Enzymes in NAFLD Patients

Reference and Study Population

Levels of Biomarker

26

33 overweight or obese children
(15 with NAFLD and 18 with
normal liver histology)

Mean ALT: 43 £ 6 in NAFLD vs. 28 + 7 IU/L in normal (p=0.001)

27
144 obese children (50 with
steatosis and 94 without steatosis)

Mean AST: 25.71 + 6.59 in steatosis vs. 23.67 + 5.08 IU/L in non-steatosis
(p=0.042)

Mean ALT: 28.10 = 18.78 in steatosis vs. 20.59 + 5.85 IU/L in non-
steatosis (p=0.009)

28
88 obese children (44 with
NAFLD and 44 without NAFLD)

Mean AST: 34 in NAFLD vs. 24 IU/L in non-NAFLD (p<0.01)
Mean ALT: 45 in NAFLD vs. 20 IU/L in non-NAFLD (p<0.01)

29

87 obese adolescents (45 with
NAFLD and 42 without NAFLD)
30 lean controls

Mean ALT: 52.9 + 13.7 in obese NAFLD, 23.4 + 14.1 in non-NAFLD
obese and 19.1 + 11.5 IU/L in lean controls (p<0.05 for both)

Mean AST: 37 = 7 in obese NAFLD, 24.7 + 8.3 in non-NAFLD obese and
23.2 £ 6.0 IU/L in lean controls (p<0.05 for both)

30 Mean AST: 30.5 + 16.8 in NAFLD vs. 24.4 + 8.02 IU/L in non-NAFLD
217  obese  children and (p=0.002)
adolescents (8-15 years of age) Mean ALT: 35.5 £ 24.3 in NAFLD vs. 24.9 + 13.3 IU/L in non-NAFLD
(p=0.001)
31 Mean ALT: 35.4 + 4.6 in NAFLD vs. 18.9 £ 1.8 IU/L in non-NAFLD
12 obese adolescents (p=0.005)
Mean AST: 28.8 + 2.8 in NAFLD vs. 21.4 + 1.3 IU/L in non-NAFLD
(p=0.035)

32

571 overweight or obese children
(234 with NAFLD and 337 with
normal liver histology)

Median AST: 26 in NAFLD vs. 19 IU/L in non-NAFLD (p<0.001)
Median ALT: 37 in NAFLD vs. 20 IU/L in non-NAFLD (p<0.001)
Median y-GTP: 21 in NAFLD vs. 15 IU/L in non-NAFLD (p<0.001)

33

79 obese adolescents (33 with
NAFLD and 46 without NAFLD)
Interdisciplinary (clinical,
nutritional and psychological)
therapy, exercise (60 min/day for
3 days/week) and physiotherapy
for 1 year

Mean AST: 23 + 4 at baseline vs. 22 £ 11 IU/L at follow-up in non-
NAFLD

Mean AST: 25 £ 7 at baseline vs. 22 = 7 IU/L at follow-up in NAFLD
(p<0.05)

Mean ALT: 22 at baseline vs. 16 IU/L at follow-up in non-NAFLD
(p<0.05)

Mean ALT: 27 at baseline vs. 21 1U/L at follow-up in NAFLD (p<0.05)
Mean y-GTP: 22 at baseline vs. 18 IU/L at follow-up in non-NAFLD
(p<0.05)

Mean y-GTP: 24 at baseline vs. 18 IU/L at follow-up in NAFLD (p<0.05)

elevated in NAFLD patients compared to healthy
controls. Higher TNF-a and hsCRP levels
correlated with NASH compared to non-NASH in
most NAFLD samples, but not in others. IL-6 levels
were different between NAFLD and controls, but
were not correlated with the degree of steatosis.
HsCRP levels were further elevated in obese
subjects compared to lean controls (0.61+1.08 in

obese vs. 0.33+0.25 in overweight vs. 0.05+0.18
mg/dL in controls), with no significant differences
between obese and overweight subjects in terms of
serum hsCRP levels (3,28,38-40).

Cytokeratin (CK)-18, the major intermediate
filament protein of the liver, is cleaved by caspases
during hepatocyte apoptosis, leading to the
formation of CK-18 fragments that can be detected

12
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by immunoassay (41). The M30 assay detects
hepatocytes apoptosis, while the M65 (M6 capture
and M5 detection antibodies) and M65ED (M5
capture and M6 detection antibodies) assays detect
total cell death (3). Recent studies have found that
both assays can distinguish individuals with fibrosis
from healthy controls, but only M65 and M65ED
can differentiate between the different stages on
fibrosis in NAFLD patients (low or moderate vs.
advanced fibrosis) (42,43).

Hyaluronic acid is a non-invasive serum
biomarker that can be used to assess liver fibrosis in
NAFLD patients. Elevated serum HA levels
primarily indicate advanced fibrosis and steatosis
(44). Additionally, hyaluronic acid can be
incorporated into the enhanced liver fibrosis score,
comprising of amino-terminal propeptide of
procollagen type Ill, tissue inhibitor of matrix
metalloproteinase-1 and hyaluronic acid, which
could further be used to predict fibrosis (41). Our
group has recently reviewed in detail the use of
hyaluronic acid as a biomarker for the diagnosis of
liver fibrosis (45).

Non-alcoholic Fatty Liver Disease and Iron

A feature of NAFLD patients that differentiates
them from patients with alcoholic liver disease is a
different expression profile of iron-related proteins.
Iron parameters in several NAFLD samples are
described in Table 3 (46-49).

Serum ferritin levels were significantly higher
in obese subjects compared to overweight subjects
in a small sample of 64 pediatric NAFLD patients.
Mean transferrin saturation and mean serum iron
levels were comparable between the groups (48).
Increased serum ferritin levels were found with
higher incidence among individuals with more
advanced fibrosis in a large sample of 1014
NAFLD patients confirmed by liver biopsy.
However, no cut-off value for this biomarker could
be established that would help predict fibrosis stage
with satisfactory sensitivity and specificity (50). A
statistically significant increase in serum ferritin
with increasing histological grade of steatosis was
also noted in a large Japanese sample of NAFLD
patients. However, the predictive value of this non-
invasive marker was once again found to be
unsatisfactory (51).

Iron deficiency (transferrin saturation <20%)
was observed in 34.2% of subjects included in a

large sample of 675 NAFLD patients. It was
observed predominantly among subjects with MS.
Iron deficiency was correlated with lower serum
hepcidin levels, a phenomenon believed to result
from lower circulating iron levels (52). Obesity but
not NAFLD were associated with elevated serum
hepcidin levels in a large sample of patients
undergoing bariatric surgery (49).

A recent study shows that no improvements
in liver enzymes, hepatic fat or insulin resistance
were achieved by reducing ferritin through
phlebotomy in a sample of 74 NAFLD subjects (33
underwent phlebotomy and 41 were controls) (53).
Removal of iron by phlebotomy reduced serum
ferritin but had no influence on markers of
inflammation. Beaton et al. (54) show that elevated
serum ferritin is not related to inflammation in
NAFLD. Reduction in serum ferritin led to
reduction in aminotransferases (55).

Body iron levels were higher in individuals
with suspected NAFLD, assessed by elevated ALT
levels, in a large sample of 2186 adults. In this
sample, hemoglobin levels were correlated with
suspected NAFLD. No correlation between serum
ferritin levels and suspected NAFLD was identified.
Overall, this study identified a positive correlation
between higher hemoglobin levels and elevated
ALT, which could indicate the presence of NAFLD
(56). Losekann et al. (57) found only low iron
deposition in liver biopsies of NAFLD patients
referred for bariatric surgery, suggesting that iron is
unlikely to play a major role in the pathogenicity of
NAFLD.

Serum bilirubin is negatively correlated with
the presence of NASH on biopsy in children. Mean
total bilirubin was lower in NASH compared to
non-NASH (0.65 = 0.24 vs. 0.73 £ 0.22 mg/dL,
p=0.007). The presence of steatosis on biopsy and
the NAFLD activity score (p<0.05), and to a certain
degree the presence of fibrosis and inflammation
(p=0.051), were associated with lower odds of
having high serum bilirubin levels (58).

Association with Kidney Diseases

NASH mediates other risk factors such as its co-
morbidity with kidney involvement in the presence
or absence of MS. NAFLD was associated with
higher odds of chronic kidney disease (CKD) in
several recent studies, as described in Table 4 (59-
70). Compared to non-NAFLD, NAFLD was also
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Table 3: Markers of iron overload in non-alcoholic fatty liver disease patients

Reference  Population Biomarker Measured
46 30 controls Mean ALT: 16 = 5.6 in control, 26.9 + 18.6 in obese overall (p=0.002 vs.

50 non-NAFLD control), 20.9 £ 10.9 in non-NAFLD obese and 36.8 + 24 U/L in obese

obese NAFLD (p<0.001 vs. non-NAFLD obese)

30 obese NAFLD Mean AST: 21.4 £ 5.4 in control, 22.9 £ 9.1 in obese overall, 21.3 + 6.6 in
non-NAFLD obese and 25.4 + 11.9 U/L in obese NAFLD (p=0.053 vs.
non-NAFLD obese)

Mean iron; 72 + 31.5 in control, 64.8 + 31.3 in obese overall, 64 + 33.4 in
non-NAFLD obese and 66 + 27.9 pug/dL in obese NAFLD
Mean iron-binding capacity: 388.3 + 65 in control, 385 + 61.3 in obese
overall, 401.3 + 58.8 in non-NAFLD obese and 357.9 + 56.5 ug/dL in
obese NAFLD (p=0.002 vs. non-NAFLD obese)
Median ferritin: 27.3 in control, 39.5 in obese overall, 36.3 in non-NAFLD
obese and 43.1 in obese NAFLD
Mean transferrin saturation: 18.8 + 8.4 in control, 17.4 + 9.3 in obese
overall, 16.4 £ 9.3 in non-NAFLD obese and 19.1 + 9.1% in obese NAFLD
Median hepcidin: 474.5 in control, 473.6 in obese overall, 457.7 in non-
NAFLD obese and 714.3 in obese NAFLD (p<0.001 vs. non-NAFLD
obese)

47 15 non-diabetic Mean ferritin: 206.7 + 182.0 in control vs. 361.8 £ 532.5 pmol/L in NAFLD

NAFLD adults (p=0.001)

15 non-diabetic Mean transferrin-iron saturation: 23 + 2 in control vs. 30 = 3% in NAFLD

matched controls (p=0.05)

48 16 overweight Mean transferein saturation: 45.88 = 72.41 in overweight vs. 34.31 *
pediatric NAFLD 45.76% in obese

(control) Mean serum iron: 98.25 + 19.60 in overweight vs. 97.10 + 39.16 pg/dL in

48 obese pediatric obese

NAFLD patients Mean ferritin: 83.21 + 50.20 in overweight vs. 133.51 + 114.87 ng/mg in
obese (p=0.03)

49 105 patients Mean serum hepcidin: 19.1 £ 11.0 in patients vs. 2.9 + 3.5 ng/mL in
undergoing controls (p<0.001)

bariatric surgery
60 healthy controls

Mean serum ferritin: 50.4 + 48.8 in patients vs. 11.8 =+ 13.6 ng/mL in
controls (p<0.001)

associated with CKD in a large meta-analysis
[pooled hazard ratio (HR) 2.12, 95% confidence
interval (Cl) 1.69-2.66, p<0.00001 from cross-
sectional studies and pooled HR 1.79, 95% CI 1.65-
1.95, p<0.00001 from longitudinal studies] (71).
This association generally remained significant
after controlling for confounding variables such as
gender, age, BMI, waist circumference, homeostatic
model assessment-insulin resistance (HOMA-IR)
index, blood pressure, smoking status, physical
activity, diabetes duration, glycosylated
hemoglobin, lipids, baseline estimated glomerular
filtration rate (eGFR), AST, ALT, y-GTP,
hypertension, diabetes mellitus,

hypertriglyceridemia, low high-density lipoprotein
cholesterol,  microalbuminuria and medications
(60,62,64,65,70,71).

NAFLD was further linked to lower eGFR, as
well as a greater frequency of abnormal
albuminuria (61). An association between NAFLD
and a higher albumin-to-creatinine ratio was
identified in another study (68). The presence of
intermediate or high probability of liver fibrosis
assessed by non-invasive markers could predict the
presence of CKD in NAFLD patients (70).
Decreased eGFR and increased albuminuria were
associated with NASH severity in terms of steatosis
and fibrosis (61,67,71). The incidence of mild
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Table 4: Association between NAFLD and CKD

Reference and Population

Association

59
2103 type 2 diabetes patients (67.6% had NAFLD;
13.5% had CKD)

NAFLD associated with CKD (OR 1.87, 95% ClI 1.3-4.1, p=0.020)

60

1760 type 2 diabetes patients with normal or near-
normal baseline kidney function (31.1% developed
CKD by the end of 6.5 years follow-up)

NAFLD associated with CKD (OR 1.69, 95% CI 1.3-2.6, p<0.001)

61
80 overweight patients with biopsy-proven NASH
80 nonsteatotic controls

NASH associated with CKD (25.0% in NASH vs. 3.7% in control)
NASH associated with lower eGFR (75.3 £ 12 in NASH vs. 87.5 +
6 mL/min/1.73 m? in control)

NASH associated with abnormal albuminuria (14.0% in NASH vs.
2.5% in control)

Severe NAFLD associate with a higher incidence of mild kidney
function damage compared to mild NAFLD (OR 1.91 vs. OR 1.44,
p=0.015)

62

1412 subjects (39.0% had mild kidney function
damage)

63

11469 individuals who had undergone liver

ultrasonography (25.4% had CKD defined as eGFR
<60 ml/min/1.73 m® or the presence of albuminuria
in subjects with an eGFR >60 ml/min/1.73 m?)

NAFLD associated with CKD (OR 1.47, 95% CIl 1.29-1.67,
p<0.0001)

Incidence of NAFLD higher among CKD patients than among
patients without CKD (42.2% vs. 34.5%, p<0.0001)

64
343 patients with type 1 diabetes (53.1% had
NAFLD diagnosed by ultrasonography)

NAFLD associated with decreased eGFR (83.0 + 27 vs. 93.3 + 29
mL/min/1.73 m?, p<0.0001)

NAFLD associated with abnormal albuminuria (50.0 vs. 20.5%,
p<0.0001)

NAFLD associated with CKD (54.4 vs. 24.2%, p<0.0001)

65

1706 subjects who underwent routine health
examination (31.9% had NAFLD and 24.9% had
CKD, defined as either proteinuria or glomerular
filtration rate <60 mL/min per 1.73 m?)

NAFLD associated with CKD (OR 1.69, 95% CI 1.34-2.12)

66
747 patients with normal or near normal liver and
kidney functions (35.8% had NAFLD)

NAFLD associate with renal impairment such as higher incidences
of microalbuminuria (p<0.001) and macroalbuminuria (p<0.001)

67
62 CKD patients (46.8% with stage Il CKD and
53.2% with stage IV CKD; 85.5% had NAFLD)

Severity of steatosis correlated positively with serum creatinine
(p<0.01) and with CRP levels (p<0.05)

Severity of steatosis correlated negatively with eGFR (p<0.01) and
serum iron concentration (p<0.01)

68

190 pre-diabetic or diabetic patients (66.8% had
NAFLD)

CKD defined as estimated GFR <60 mL/min/1.73
m? and/or albumin-to-creatinine ratio >30 mg/g

NAFLD associated with CKD compared to non-NAFLD (32.3 vs
17.5%, p=0.03)

NAFLD associated with elevated serum uric acid level compared to
non-NAFLD (391.86 + 97.07 vs. 347.92 + 106.42 pmol/L,
p=0.005)

NAFLD not associated with eGFR (p=0.67)

69
148 morbidly obese patients with biopsy-proven
NAFLD (37 with NASH and 111 with steatosis)

NASH associated with eGFR <90 mL/min/1.73 m? (OR 3.0, 95%
Cl 1.3-7.0) or with eGFR <60 mL/min/1.73 m? (OR 9.7, 95% CI
1.0-96.4)

70

570 patients with ultrasonography-diagnosed
NAFLD (48.9% had intermediate and 9.6% had
high probability of fibrosis; 6.7% had CKD defined
as eGFR <60 mL/min/1.73 m?)

Intermediate and high probability of fibrosis associated with lower
eGFR (p<0.0001)

CKD more common in NAFLD with high (OR 5.13, 95% CI 1.13-
23.28, p=0.03) and intermediate (OR 3.01, 95%CI 0.87-10.32,
p=0.07) probability of fibrosis compared to low probability of liver
fibrosis
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kidney function damage was higher in patients with
more severe NAFLD (62). A decreased eGFR was
further associated with lobular inflammation and
severe fibrosis, suggesting a common inflammatory
pathway associated with both renal and hepatic
lesions in NAFLD patients (69).

The association between MS and the co-
occurrence of NAFLD and CKD remains
controversial. NAFLD usually remains associated
with CKD after controlling for components of MS
in most studies. It is likely that the two conditions
share common pathogenic mechanisms like obesity,
abdominal obesity, insulin resistance,
hyperlipidemia, hypertension and inflammation
(60,62,64,65,70-72). The main causes of CKD in
NAFLD patients are hypertensive and diabetic
nephropathy, and these appear to be mediated by
risk factors associated to MS, suggesting that MS
may be a common risk factor for both conditions
(73).

However, this association was lost upon
adjusting for demographics and components of MS
in another study (63). Alternatively, as these
conditions can co-occur in the absence of obesity or
other features of MS, a common inflammatory
pathway may be responsible for both liver and
kidney damage (72). Another explanation is that
NAFLD may contribute to worsening of glycemic
control in type 2 diabetes patients, in turn causing
the development or progression of complications of
diabetes such as cardiovascular disease and CKD
(74). NAFLD was associated with CKD in non-
diabetic populations as well, further suggesting that
the two conditions may share a common
pathological pathway (62). Going on the premise
that NAFLD and CKD share common risk factors,
each can simply be a marker of the other rather than
considering NAFLD a risk factor for CKD (75).

The clinical aspects of NASH, as part of MS,
can be monitored by non-invasive biomarkers.
Markers of NAFLD such as ALT, y-GTP and
bilirubin were elevated among individuals with
higher serum creatinine levels in a sample of 313
normo-albuminuric type 1 diabetic patients with
eGFR >60 mL/min/1.73m?, while alkaline
phosphatase levels were higher in subjects with
elevated urinary albumin excretion rate (76). Serum
acid uric levels were associated with NAFLD and
MS in patients with normal kidney function in a
cross-sectional study performed on 1141 middle-
aged and elderly participants. This association was

absent among individuals with eGFR <90
ml/min/1.73 m? (77).

Progression of CKD was assessed in 455
adult liver transplant recipients. Pre-liver transplant
eGFR <60 mL/min/1.73 m? (OR 3.28, 95% CI 1.76-
6.10, p<0.001), female gender (OR 2.96, 95% CI
1.72-5.10, p<0.001) and age (OR 1.09, 95% CI
1.05-1.12, p<0.001) predicted stage >3 CKD at 1
year post-liver transplant. Female gender (OR 2.52,
95% CI 1.25-4.71, p=0.004), age (OR 1.05, 95% ClI
1.02-1.08, p=0.003) and NASH (OR 2.95, 95% ClI
1.06-8.21, p=0.039) predicted stage >3 CKD at 5
years post-liver transplant, while a pre-liver
transplant diagnosis of diabetes was associated with
stage 4 CKD at 5 years post-liver transplant (OR
2.91, 95% CI 1.33-6.36, p=0.008) (78).

Liver graft, kidney graft, and patient survival
at 5 years after transplantation were 72%, 72% and
74%, respectively, in a sample of 221 NASH
patients who received simultaneous liver and
kidney transplantation (incidence of diabetes was
71% and mean creatinine level was 3.6 + 1.9
mg/dL) (79). The presence of NAFLD in renal
transplant recipients is associated with an increased
cardiovascular risk with respect to carotid
atherosclerosis development (80).

The presence of NAFLD diagnosed by
transient elastography was observed in 57.5% of a
sample of 73 renal transplant recipients with a
functioning graft after >1 year. The severity of liver
steatosis correlated positively with serum creatinine
levels and negatively with eGFR. The authors
recommend the use of non-invasive screening
methods to detect NAFLD in renal transplant
recipients in order to prevent graft dysfunction (81).
Non-alcoholic and  Alcohol
Consumption

Fatty Liver

Since alcoholic liver disease and NAFLD have a
similar spectrum of progression, it has been thought
intuitively likely that alcohol will have a deleterious
effect on the progression of NAFLD and that its
consumption  should be discouraged. This
assumption is not, however, supported by evidence-
based medicine.

It appears that the histological effect of
modest alcohol consumption is that of a decrease in
the prevalence of steatohepatitis. Dunn et al. (82)
recently published their analysis of data from 2
large population-based trials. One was the large
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NAFLD Database (83) and the other was the
PIVENS trial of pioglitazone and vitamin E (84).
There were 251 lifetime non-drinkers in these
studies and they were compared to 331 modest
drinkers. The exclusion criteria included drinking
>20 g/day, >2 drinks in a typical drinking day, or
binge drinking at least once a month. These data are
presented in Table 5 (82). From these data, it can be
seen that modest drinking resulted in a significant
improvement in the histological severity of the
NAFLD. On multivariate analysis after adjusting
for age, gender, ethnicity, income, education, body
mass index, physical activity, smoking and diet, the
OR for steatohepatitis was 0.52. A study from
Australia of 105 consecutive patients undergoing
bariatric surgery (24.8% had NASH), found that
moderate alcohol consumption resulted in an OR of
0.35 for NASH and an OR of 0.18 for diabetes
mellitus (85).

It appears that not all alcoholic beverages
have the same effect. A review of the NHANES IlI
data compared 7211 non-drinkers and 945
individuals who consumed a modest amount of
wine of up to 10 g/day. The presence of NAFLD
was assumed if there was an unexplained elevation
of ALT above the upper limit of normal of the
reference laboratory (>43 U/L) or established
values for healthy subjects (>30 U/L for men and
19 U/L for women). The OR for NAFLD was 0.16
for those with a diagnosis based on the reference
laboratory values and 0.51 for those based on the
healthy individuals’ values. This was only
significant for wine consumption and not for liquors
or mixed drink consumption. As such, the
protective effect of alcoholic beverages is only
found for drinking red wine and not beer or liquor
(86). This suggests that there may be an effect of a
non-alcoholic component of wine. A study from the

University of Michigan’s Hepatology clinic of
patients with NAFLD and consumption of <40
g/week identified 77 patients with fatty liver on
biopsy and 52 who had regular alcohol
consumption. The median lifetime alcohol intake
was 24 gram-years. On multivariate analysis, the
OR for developing severe fibrosis (stage F3-4) for
those with more than 24 gram-years of alcohol was
0.26 (87). A meta-analysis of seven studies has
shown a reduced prevalence of the MS in men
drinking 40 g of alcohol and women drinking 20
grams per day (88). A Japanese study found a
protective effect of alcohol on fatty liver but not on
the MS (89).

NAFLD also has extra-hepatic effects on the
patient. It is important to remember that the aim of
medical treatment is to increase, where possible, the
quantity and quality of life years. This is best
assessed by examining robust clinical end-points.
Excess alcohol consumption can result in alcoholic
cardiomyopathy (90). However, light to moderate
alcohol  consumption may protect against
developing congestive heart failure. Data from the
Framingham heart study showed that the OR for
congestive heart failure was 0.42 among men who
drank 8-14 drinks per week (91). Recently, a large
European database has reported similar findings
(92). Thus, low to moderate levels of alcohol intake
are associated with reduced cardiovascular risk and
ischemic  strokes (93). Moderate  alcohol
consumption is also linked to a decrease overall
mortality. The Cancer Prevention Study Il of nearly
1.2 million US adults had data concerning alcohol
consumption on 490,000 adults. The overall death
rates and the cardiovascular disease death rate were
all at their lowest in those adults who reported one
drink daily (94).

Table 5: Prevalence of histological features in lifetime non-drinkers and modest drinkers (82)

Pathological Non-drinker (%)  Modest drinker (%) OR p value
manifestation

Steatohepatitis 69.8 53.2 0.52 0.0006
Fibrosis stage 3 20.3 14.7 0.56 0.0005
Fibrosis Stage 4 12.7 6.1

Ballooning degeneration 48 36 0.62 0.006
Mallory-Denk bodies 34.9 25.1 0.65 0.04
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The ultimate study of a prospective trial in
adults administered differing doses of alcohol and
being followed for up to 20 years with regular liver
biopsies will never be performed. Thus, we need to
make recommendations based on the available
evidence. On the basis of the data reviewed above it
seems likely that mild to moderate alcohol
consumption results in overall reduction in
cardiovascular mortality, as well as a less severe
histological picture in the liver.

While the study by Dunn et al. (82) regarding
the decreased prevalence of steatohepatitis among
modest  alcohol  drinkers  appears initially
convincing, there are some methodical limitations.
Three major confounding factors are not included in
the analysis. Diabetes mellitus was found to be
present in 35% of the non-drinkers and 22% of the
modest drinkers. This difference was highly
significant (p<0.001). Secondly, there was no
mention made of the consumption of soft drinks
which may contain fructose. NAFLD exhibits a
spectrum of disease that progresses from simple
steatosis to steatohepatitis and cirrhosis, with
complications including end-stage liver disease and
HCC (95,96). Fructose consumption is known to be
a significant risk factor for developing NAFLD
(97). Thirdly, genetic factors may be involved,
including the patatin-like phospholipase domain-
containing protein 3 (PNPLA3) polymorphisms
(82,98). There were no data available regarding the
PNPLA3 1148M SNP that is linked to the
development of NAFLD. The age of onset of at-risk
alcohol consumption and the presence of the
1148M genetic variant are independently associated
with cirrhosis (99). Other confounding factors exist
in studies of possible hepatic benefits of light to
moderate drinking. These are cross-sectional studies
employing surrogate end-points. The estimate of the
amount of alcohol consumed is based on self-
reporting and it is possible that non-drinkers of
alcohol may have stopped for other health-related
issues.

Approximately 50% of the US adult
population consume a modest amount of alcohol on
a regular basis (100). The question of what is a safe
level of alcohol consumption is debatable. The
amounts advised are inconsistent and range from
<10 g (1 drink) to <40 g/day. The timing and
duration of consumption are not defined. The
threshold for safe alcohol consumption as
recommended in international guidelines s
provided by the National Institute of Alcohol and
Alcohol Abuse (NIAAA) (101). The data available
regarding the effect of light to moderate alcohol
consumption in NAFLD is confusing enough to
have led to several International Liver associations
including the American Association for the Study
of Liver Diseases (AASLD) to conclude that “no
recommendation can be made with regards to non-
heavy consumption of alcohol by individuals with
NAFLD” (1). The threshold for alcohol
consumption to rule out ALD is shown in Table 6
(1,102,103).

The NHANES survey of 13580 subjects in
the 1988-1994 survey found that the prevalence of
abnormal aminotransferases was elevated in those
who consumed >2 drinks/day or in those who were
overweight (body mass index 25-30 kg/m?®) or
obese (body mass index >30 kg/m?) (104). Those
patients who were obese and had >1 drink/day had
an increased risk for NAFLD. Also, binge drinking
was associated with an increased risk of elevated
aminotransferases among obese consumers of 1-2
drinks/day.

However, a different point of view may be
that alcohol, which causes a similar histological
pattern in the liver to NAFLD, can exacerbate the
tissue damage related to NAFLD. The deleterious
effect of alcohol on liver disease has been clearly
shown in chronic HCV patients. HCV progresses at
an increased rate in those patients who imbibe a
high level of alcohol and even small doses have
been linked to liver fibrogenesis (105). There is no
safe limit for alcohol consumption in patients with

Table 6: Threshold for alcohol consumption to rule out alcoholic liver disease

Association AASLD 2012 (1) EASL 2010 (102) APWP 2007 (103)
Male 210 g/week 30 g/day 140 g/week
Female 140 g/week 20 g/day 70 g/week

AASLD - American Association for the Study of Liver Disease; APWP -Asia - Pacific Working
Party for Non-Alcoholic Steatohepatitis; EASLD - European Association for the Study of the Liver
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HCV. It does appear, however, that there is a
deleterious effect of alcohol on both NASH and
HCV cirrhosis. A study from the Cleveland Clinic
of 315 patients with HCV cirrhosis and 195 NASH
cirrhotics examined the effect of alcohol
consumption on the development of HCC (106).
NASH was defined on the basis of cryptogenic
cirrhosis and the presence of the MS without
significant alcohol consumption. The median follow
up was 3.2 years. HCC developed in 12.8% of
cirrhotic NASH and 20.3% of cirrhotic HCV
patients. For those patients with NASH cirrhosis,
both older age and alcohol consumption were
independently associated with HCC with a hazard
ratio (HR) of 3.6.

Behaviour: Depression and Anxiety

Depression and anxiety are believed to induce
inflammatory states which can lead to NAFLD
progression (107). No differences were found
between small groups of NAFLD patients and viral
hepatitis patients with respect to the presence of
depression or anxiety. Depression and anxiety, as
assessed by questionnaires, were more predominant
among females than among males in NAFLD
patients. Depression or anxiety was not associated
with liver transaminase levels or biochemical tests
(107).

NAFLD was associated with one of the
highest incidences of depression among patients
with chronic liver disease among 184 NAFLD
patients (27.2%). Hypertension, smoking, history of
lung disease, female gender and non-African-
American ethnicity were independent predictors of
depression among NAFLD patients (108). Using
elevated ALT as a surrogate marker of NAFLD,
Zelber-Sagi et al. (109) show that elevated ALT
was a significant independent predictor for the
occurrence of minor (OR 2.02, 95% CI 1.40-2.92)
and major (OR 3.13, 95% CI 1.81-5.40) depression
in a prospective cohort study investigating 12180
adults referred for health examinations. This study
suggests that the presence of NAFLD may lead to
the development of depression (109). Depression
was not associated with NAFLD in a large
population-based study (110).

Anxiety (Multidimensional Anxiety Scale for
Children scale) and depression (Children’s
Depression Inventory scale) were higher in 57
children with NAFLD compared to 39 age-matched

control children. NAFLD children were found to
suffer from emotional and behavioural problems
more frequently than controls. In turn, this was
associated with lower World Health Organization
Quality of Life-BREF questionnaire scores for their
mothers (111).

In turn, depression and anxiety appear to be
risk factors for obesity. Depression was associated
with higher weight after 6 months of follow-up in
48 overweight/obese NAFLD patients (112). There
were no differences in terms of Pediatric Quality of
Life Inventory between 48 children with NAFLD
and 40 obese control children. However, NAFLD
was associated with higher Children’s Depression
Inventory scores than  obesity, suggesting
depression to be more prevalent among NAFLD
children compared to obese children (113). The
prevalence and severity of obesity was analyzed in
144 patients with major depressive disorder and 141
healthy controls. More severe major depressive
disorder was noted among patients with higher BMI
(114).

Youssef et al. (115) examined the association
between depression, anxiety and antidepressant
pharmacotherapy, and the severity of histological
features of NAFLD in 567 patients with biopsy-
proven NAFLD (53.4% had subclinical depression
and 14.1% bhad clinical depression; 45.3% had
subclinical anxiety and 25.2% had clinical anxiety).
Depression categories were associated with portal
fibrosis grades (p=0.038), with a trend towards
hepatocyte ballooning grades (p=0.085). Anxiety
was associated with trends towards lobular
inflammation grades (p=0.094) and portal fibrosis
grades (p=0.063). Steatosis was associated with
depression categories (p=0.043), with a borderline
interaction with anxiety (p=0.055) (115).

The link between the gut - liver and brain is
consistent with high endotoxinemia in NAFLD. The
gut microbiota, in addition to endotoxin, produces
urease, which transforms urea into ammonia and
carbon dioxide. Patients with NAFLD are unable to
process ammonia in the liver, which results in an
increase in the systemic levels of ammonia, leading
to neurotoxicity (116).

CONCLUSIONS
Liver injury in NAFLD/NASH is a multi-factorial

phenomenon. The diverse aspects include the nature
of the agents that produced the injury, the
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characteristics of the injury, the mechanism for the
hepatotoxic effects, the circumstances and risk
factors, and the medical and social importance.
Some of the multiple factors involved in the
pathogenesis of this chronic liver condition, ranging

from steatosis to inflammation,

are due to a

multitude of mechanisms, including aberrant lipid
metabolism. In addition, fatty liver infiltrations can
occur from an imbalance between lipid influx, its
synthesis and its turnover. Also, a diverse array of
drugs of use and misuse can cause the full
histological picture of the disease. The spectrum of
NAFLD can also be seen in some genetic diseases.
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