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ABSTRACT

Background & Aims: Insulin resistance is considered the most important key mechanism in the development
of nonalcoholic fatty liver disease (NAFLD). Some studies have reported that hyperinsulinemia decreases the
hepatic secretion of apolipoprotein (Apo) B. Chronic hyperinsulinemia in NAFLD may be responsible for the
accumulation of triglycerides in hepatocytes. We aimed to investigate whether apolipoproteins are related to
histological findings in patients with biopsy-proven NAFLD. We also aimed to evaluate the effects of obesity
on apolipoproteins and the pathogenesis of NAFLD.

Methods: In this cross-sectional study, 91 patients with biopsy-proven NAFLD were included. The control
group consisted of 39 healthy subjects who had no history of liver disease or alcohol consumption and were
matched for age, gender and smoking. Apoliprotein Al and Apo B were measured via an immunoturbidimetric
method with commercially available OSR6142 Apo A1 and OSR6143 Apo B immunoassay kits on an Olympus
AU2700 analyzer.

Results: Age, gender, and smoking distribution were similar among nonalcoholic steatohepatitis patients,
simple steatosis patients, and controls. The differences in the mean Apo Al and Apo B levels and the Apo
B/A1 ratio among non-alcoholic steatosis, simple steatosis, and control subjects did not reach statistical
significance. In addition, patients with obese NAFLD had higher steatosis scores than patients with nonobese
NAFELD (p<0.05).

Conclusions: Apo Al and B levels and the B/A1 ratio were not associated with histopathological findings
in patients with NAFLD. Fibrosis and ApoB1/A were found to be independent risk factors for metabolic
associated fatty liver disease. In addition, obesity increases the grade of hepatic steatosis but does not cause
lobular inflammation, ballooning or fibrosis.

Key words: NAFLD — obesity — apolipoproteins — insulin resistance — fatty liver.

Abbreviations: ALT: alanine aminotransferase; Apo: apolipoprotein; AST: Aspartate aminotransferase; BMI:
body mass index; DBS: diastolic blood pressure; DM: diabetes mellitus; FPG: fasting plasma glucose; GGT:
y-glutamyltransferase; HbAlc: glycated hemoglobin; HDL: high-density lipoprotein; HDL-C: HDL cholesterol;
HOMA-IR: homeostasis model assessment-insulin resistance; hs-CRP: hypersensitive C-reactive protein; HT:
hypertension; LDL: low-density lipoprotein; MAFLD: metabolic dysfunction-associated fatty liver disease;
NAFLD: nonalcoholic fatty liver disease; NAS: NAFLD activity score; NASH: non-alcoholic steatohepatitis;
OGTT: oral glucose tolerance test; SBP: systolic blood pressure; SS: simple steatosis; TG: triglycerides; VLDL:
very-low-density lipoprotein; WC: waist circumference.

INTRODUCTION associated with obesity, diabetes mellitus (DM) and metabolic
syndrome, the underlying pathological mechanism of NAFLD
is poorly understood. Insulin resistance is considered the
most important key mechanism leading to hepatic steatosis
and steatohepatitis. Indeed, a key molecular event in the
pathogenesis of NAFLD is the accumulation of triglycerides
in hepatocytes. The causes of this accumulation are thought
to be elevated de novo synthesis of fatty acids and delivery

of free fatty acids from peripheral tissues to the liver as well

Nonalcoholic fatty
liver disease (NAFLD) is a
clinicopathological entity
characterized by fatty infiltration
of the liver in the absence of
excessive alcohol consumption.
Although NAFLD is strongly
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as impaired lipoprotein secretion [1]. Reduced absolute
apolipoprotein (Apo) B secretion has been demonstrated
in patients with NAFLD and may contribute to increased
hepatocellular lipid content [2, 3]. In addition, Musso et al. [4]
reported that defects in postprandial hepatic Apo B secretion
may lead to the development of steatohepatitis by modulating
triglyceride accumulation and antioxidant activity in liver
cells, as well as indirectly by affecting insulin sensitivity.
Taken together, these findings suggest that alterations in
lipoprotein metabolism may be the causative mechanism for
lipid accumulation in hepatic steatosis.

Apolipoproteins are important proteins in lipid metabolism
that transport lipids in the blood and serum. They bind to
lipids to form emulsified lipoprotein particles. These particles
are composed of phospholipids, free cholesterol, triglycerides,
cholesterol esters, and apolipoproteins. Apolipoprotein Al
is the major component of high-density lipoprotein (HDL),
while Apo B is the endpoint of very-low-density lipoprotein
(VLDL) catabolism and the major apolipoprotein of low-
density lipoprotein (LDL) [5]. Indeed, apolipoproteins are
primarily measured to evaluate cardiovascular risk. High
ApoAl levels have a cardioprotective effect, whereas high
Apo B levels are atherogenic [6]. Recent clinical studies
suggested that the Apo B/A1 ratio was a more useful indicator
for predicting cardiovascular risk than LDL cholesterol [7].
This feature may be attributed to the supposition that Apo B
reflects the total number of potentially atherogenic particles.
In addition, some studies have reported that hyperinsulinemia
decreased the hepatic secretion of Apo B [8, 9]. Therefore,
chronic hyperinsulinemia in NAFLD may be responsible for
the accumulation of triglycerides in hepatocytes.

Although many studies have investigated the relationship
between apolipoproteins and NAFLD, the results remain
controversial [10-12]. Therefore, we aimed to investigate
whether there is a relationship between apolipoproteins
and histological findings in patients with biopsy-proven
NAFLD. We also aimed to evaluate the effects of obesity on
apolipoproteins and the pathogenesis of NAFLD.

METHODS

Subjects

This cross-sectional study was carried out in the Department
of Gastroenterology, Gulhane School of Medicine, Ankara,
Turkey. Patients who had been admitted to our outpatient clinic
with elevated liver enzyme levels were evaluated for the study
between March 2016 and May 2019. Among these patients,
those in which a biopsy was performed to determine the
etiology and in which NAFLD was detected in the biopsy were
included in the study. A total of 91 patients with biopsy-proven
NAFLD were enrolled. The inclusion criteria were as follows:
(a) elevated aminotransferases for more than 6 months; (b)
ultrasonographic presence of a bright liver without any other
liver or biliary tract disease; and (c) evidence of NAFLD on liver
biopsy. The exclusion criteria included those with a history of
alcohol consumption >20 g/day or >140 g/week, seropositive
for hepatitis B or C virus, and other known causes of chronic
liver disease (i.e., autoimmune hepatitis, hemochromatosis,
primary biliary cirrhosis, Wilson’s disease, or al-antitrypsin

deficiency). The control group consisted of 39 healthy subjects
who had no history of liver disease or alcohol consumption
were matched for age, gender and smoking. The study was
approved by the Ethics Committee of Gulhane School of
Medicine (Approval number: 1491-1198-10/1539). Written
informed consent was obtained from all participants. We
declare that our study was conducted in accordance with the
ethical principles of the Declaration of Helsinki.

Clinical and Laboratory Measurements

A detailed medical history and smoking status were obtained
from each participant via a self-administered questionnaire. A
regular smoker was defined as a subject who currently smokes
at least one cigarette per day. Obesity was defined as a body
mass index (BMI) > 30 kg/m? Waist circumference (WC) was
measured after expiration at the midpoint between the lowest
rib and the iliac crest. Hypertension (HT) was defined as a
blood pressure higher than 140/90 mmHg or reported use of
regular antihypertensive medication.

Our patient group was divided into two groups according
to meeting the criteria for metabolic dysfunction-associated
fatty liver disease (MAFLD), which has been proposed as
a more appropriate new term, independent of alcohol use,
to describe liver disease associated with known metabolic
dysfunction. The definition of MAFLD is based on the
presence of ultrasound-confirmed hepatic steatosis in the
presence of one of the following: DM or overweight/obesity
(BMI 225 kg/m?). In addition, the diagnosis of MAFLD in
non-overweight/obese individuals requires the presence of
at least two of the following criteria: 1) WC 2102 cm in men
and 88 cm in women. 2) pre-diabetes [glycated hemoglobin
(HbAlc) of 5.7-6.4%, or fasting plasma glucose (FPG) of
5.6-6.9 mmol/L, or 2-hour post-load glucose levels of 7.8—11.0
mmol/L]. 3) blood pressure >130/85 mmHg or under anti-
hypertension therapy. 4) high-density lipoprotein cholesterol
(HDL-C) <1.0 mmol/L for males and <1.3 mmol/L for females.
5) triglyceride (TG) 21.70 mmol/L or specific drug treatment.
6) homeostasis model assessment-insulin resistance (HOMA-
IR) score >2.5; and 7) hypersensitive C-reactive protein (hs-
CRP) level >2 mg/L [13].

Laboratory assessments were performed on blood taken
from the antecubital vein after fasting overnight. Aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
y-glutamyltransferase (GGT), triglyceride (TG), HDL,
fasting plasma glucose (FPG), uric acid, and creatinine
levels were measured via enzymatic colorimetric methods
via commercially available Olympus reagents (Beckman
Coulter Inc. CA, USA) on an Olympus AU2700 autoanalyzer
(Beckman Coulter, USA). LDL cholesterol was calculated
with Friedewald’s formula [14]. Fasting venous blood was
collected for apolipoprotein measurements on the same day
as the liver biopsy. Blood samples were centrifuged at 3000
g for 10 minutes and stored at —~80°C until the biochemical
analyses were performed. Apoliprotein A1 and apolipoprotein
B were measured via the immunoturbidimetric method with
commercially available OSR6142 Apolipoprotein Al and
OSR6143 Apolipoprotein B immunoassay kits (Beckman
Coulter, Inc., CA, USA) on an Olympus AU2700 analyzer
(Beckman-Coulter, USA).
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Patients and controls underwent a standard 75 g oral
glucose tolerance test (OGTT). Measurements of glucose were
performed at 0 and 120 min. Type 2 DM and increased risk of
diabetes (prediabetes) were defined according to the definition
and description of DM by the American Diabetes Association
[15]. Fasting serum insulin levels were measured with an ADVIA
Centaur XP analyzer (Siemens Diagnostics, Tarrytown, NY).
The homeostatic model assessment of insulin resistance index
(HOMA-IR) was defined by the following equation: fasting plasma
insulin (mU/ml) x fasting plasma glucose (mg/dl)/405 [16].

Liver Histology

To determine the diagnosis of NAFLD, liver biopsy
was obtained with ultrasonography guidance by the same
gastroenterologist for all patients with NAFLD. All biopsies
were at least 2 cm in length and contained a minimum of 8
portal tracts. Slides were stained with hematoxylin and eosin,
and an experienced hepatopathologist who was blinded
to the subjects’ details scored each liver biopsy specimen
via the semiquantitative classification of Kleiner et al. [17].
Briefly, the degree of steatosis, liver injury, and inflammatory
activity were scored on an 8-point scale (steatosis 0-3; lobular
inflammation 0-3; ballooning hepatocyte degeneration 0-2).
Histopathological features were graded according to the
NAFLD activity score (NAS), where a score of =5 was defined
as non-alcoholic steatohepatitis (NASH). The stage of fibrosis
was graded on a 6-point scale as follows: 0=no fibrosis; la, b=
mild (1a)/moderate (1b) zone 3 and perisinusoidal fibrosis;
Lc=portal fibrosis only; 2= zone 3 and portal/periportal fibrosis;
3=bridging fibrosis; and 4=cirrhosis.

Statistical Analysis
The SPSS (Statistical Package for the Social Sciences ver.
17.0, SPSS Inc., Chicago, IL, USA) computer program was

Patients with elevated enzymes

Figure 2 Flowchart | =————

used for all the statistical calculations. The results are reported
as the means + standard deviations (SDs), frequencies and
percentages. The Kolmogorov-Smirnov test was used to
determine the distribution characteristics of continuous
variables. Normally distributed variables were compared with
one-way ANOVA for multiple group comparisons and Tukey’s
post hoc test. The Kruskal-Wallis test was used for multiple
group comparisons of variables without a normal distribution,
and a Bonferroni-adjusted Mann-Whitney U test was used for
post hoc analysis. Categorical variables were compared via the
chi-square test or Fisher’s exact test. Pearson correlation analysis
was used to evaluate the relationships between continuous
variables. Statistical significance was defined as p<0.05.

RESULTS

The flow diagram of study is represented in Fig. 1. The
baseline characteristics of the study population are shown in
Table I. Age, gender, and smoking distribution were similar
among NASH, simple steatosis (SS), and control subjects. There
was no difference in terms of FPG, HDL, LDL, or creatinine
levels or the prevalence of HT or DM among the three groups.
Body mass index, WC, diastolic blood pressure (DBP), GGT,
TG, insulin, and HOMA-IR levels were greater in patients
with NAFLD than in control subjects. However, no significant
difference in these variables was found between the NASH
and SS groups. Patients with NASH had higher systolic blood
pressure (SBP), uric acid, AST, ALT, and OGTT levels than
both SS patients and control subjects. No significant differences
in SBP, uric acid, or OGTT results were found between the SS
patients and the controls (Table I).

The differences in the mean Apo Al and Apo B levels and
the Apo B/A1 ratio among NASH, SS, and control subjects did
not reach statistical significance (Table I).

Voluntary subjects

(autoimmune, viral

(n=1102) (n=55)
Excluded due to
> Drug induced, | studycriteria
herbal, alcohol etc.
Patients followed up for 6 months Control group

(n=524) (n=39)
Other chronic hepatitis

B —

2

Patients with steatosis on USG
(n=378)

l Biopsy refusal

Patients with biopsy
(n=114)

l—’ Non-NAFLD causes

Patients with NAFLD
(n=91)

Fig. 1. A flow diagram of study.
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Table I. The clinical and biochemical characteristics of study population

Variables NASH SS Controls P
(n=64) (n=27) (n=39)
Age (year) 36.2+7.5 37.7+8.6 36.9+10.1 0.936
Smoking (%) 35.7 60 36.8 0.225
Male(%) 93.5 100 94.9 0.438
HT (%) 7.8 3.7 25 0.124
DM (%) 12.5 3.7 5.1 0.179
WC (cm) 103.3+7.7 100.5+8.1 90.4+10.2 <0.001
BMI (kg/m?) 29.3+2.8 28.4+3.2 24.9+3.6 <0.001
SBP (mmHg) 128.8+16.5 119.6£29.9 116.3£10.3 0.001
DBP (mmHg) 79.5+10.3 78.6+6.8 71.4£9.9 0.001
AST (U/L) 64.4£39.7 45.3+18.5 21.9+4.7 <0.001
ALT (U/L) 117.1£55.1 86.5+31.1 21.5+7.9 <0.001
GGT (U/L) 74.5+41.4 90.2+92.5 22.9+14.8 <0.001
FPG (mg/dl) 100.5£12.5 102.6+21.3 95.3+16.5 0.149
2-h OGTT 128.6+41.8 101.1£28.2 93.5+£20.5 <0.001
(mg/dl)
Creatinine 1.00+0.1 1.01+0.1 0.96+0.1 0.209
(mg/dl)
Uric acid 6.7+1.3 6.6+1.2 59+1.3 0.011
(md/dl)
LDL-C (mg/dl) 123.7+37.7 138.1£35 117.4+33 0.97
HDL-C (mg/dl) 40.7+8 47.2+15.2 44.1+8.6 0.26
TG (mg/dl) 182.6£103.6  169.9+88.7 113.5+49.9 0.001
Ferritin (ng/ml)  176.1+130.3  125.8+85.9 75.9£58.8 <0.001
Insulin (mU/ 17.1£10.3 14.6+£9.2 8.5+4.5 <0.001
ml)
HOMA-IR 4.3£2.9 3.7£2.3 2.1+01.2 <0.001
APO A-1 112.1£16.6 113.7£16.9 114.1£14.3 0.830
(mg/dl)
APO B (mg/dl) 105.1£30.7 106.4+24.3 100.3£25.2 0.621
B/A-1 (%) 0.95+0.29 0.96+0.28 0.89+0.23 0.481
NAS (0-8) 5.4+0.9 3.3+0.5 - <0.001
Fibrosis (0-4) 1 0 - <0.001
Steatosis 2.3+0.6 1.3+0.4 - <0.001
Lobular 1.7£0.5 1+0.4 <0.001
inflammation
Ballooning 1.4+0.5 1 <0.001

NAFLD: nonalcoholic fatty liver disease; SS: simple steatosis; NASH:
steatohepatitis; DM: diabetes mellitu; HT: hypertension; WC: waist
circumference; BMI: body mass index; SBP: systolic blood pressure; DBP:
diastolic blood pressure; AST: aspartat aminotransferase; ALT: alanine
aminotransferase; GGT: y-glutamyltransferase; FPG: fasting plasma glucose;
OGTT: oral glucose tolerance testing; LDL-C: low density lipoprotein
cholesterol; HDL-C: high density lipoprotein cholesterol; TG: triglyceride;
HOMA-IR: homeostasis model assessment of insulin resistance; APO:
apolipoprotein, NAS NAFLD activity score; APO: apolipoprotein; NAS:
NAFLD activity score.

In addition, patients with NAFLD were divided into two
groups according to the presence of fibrosis. There was no
difference in Apo A1 or Apo B between the groups (Fig. 2). No
differences in metabolic or histopathological parameters were
observed after regression analysis for possible confounders.

Patients with NAFLD were classified into subgroups
according to BMI as follows: obese NAFLD (BMI>30 kg/m?),

o P>0.05 for all comparisons
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Fig. 2A. The association of apolipoprotein B with fibrosis.
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Fig. 2B. The association of apolipoprotein Al with
fibrosis.

nonobese NAFLD (BMI<30 kg/m?), and control. There were
no significant differences among the three groups in terms
of age, sex, smoking status, or frequency of HT or DM. The
levels of FPG, LDL, HDL, creatinine, Apo A1, and Apo B and
the Apo B/A1 ratio were similar among the three groups.
Body mass index, WC, and SBP were greater in patients
with obese NAFLD than in patients with nonobese NAFLD
and control subjects. Compared with controls, patients with
NAFLD had higher DBP, AST, ALT, GGT, TG, insulin, and
HOMA-IR values, whereas no significant difference existed
between patients with and without obese NAFLD. Patients
with obese NAFLD had higher uric acid levels than nonobese
NAFLD patients and control subjects. Moreover, patients with
obese NAFLD had higher steatosis scores on histopathological
assessment than patients with nonobese NAFLD. However, the
NAS and fibrosis, ballooning, and lobular inflammation scores
in NAFLD patients were similar between obese and nonobese
patients (Table II).

In patients with NAFLD, we performed a subgroup analysis
on the basis of the presence of MAFLD. While there was no
significant difference between the groups in terms of Apo A1l
or Apo B (P>0.05), MAFLD patients had significantly higher
levels of ApoB/A1 (P<0.05). Although the levels of NAS were
similar between the groups, the fibrosis scores were higher in
the patients with MAFLD than in those without MAFLD (Table

] Gastrointestin Liver Dis, December 2024 Vol. 33 No 4: 510-516



514

Kurt et al.

Table II. Association of obesity with apolipoprotein in NAFLD

Table III. Comparison of metabolic and histopathological parameters
according to MAFLD

Variables Obese Nonobese Controls P
NAFLD NAFLD (n=39) Variables Non-MAFLD MAFLD P
(n=45) (n=46) (n=21) (n=70)
Age (year) 36.8+7.6 36.5+8.2 36.9+10.1 0.978 APO A-1 (mg/dl) 116.7£15.5 111.2+16.4 0.176
Smoking (%) 40 41.4 36.8 0.926 APO B (mg/dl) 97.6+28.8 108.3+£28.2 0.133
Male(%) 95.6 95.7 94.9 0.983 B/A-1 (%) 0.84+0.25 0.99+0.29 0.038
HT (%) 6.6 6.5 25 0.645 NAS (0-8) 4.5+1.1 49413 0.22
DM (%) 8.8 8.6 5.1 0.254 Fibrosis (0-4) 0.3+0.4 0.7+0.6 0.013
WC (cm) 108.8+5.1 97.3%5.6 90.4+10.2  <0.001 MAFLD: metabolic dysfunction-associated fatty liver disease. For the
BMI (kg/m?) 322417 264+1.7 249436  <0.001 rest of abbreviations see Table I
SBP (mmHg) 132.4+14.7  119.6+24.3 116.3+10.3 <0.001
DBP (mmHg) 81.148.9 77.249.4 71.449.9 <0.001 Table IV. Correlation analyses of Apoliproteins with NAS and metabolic
parameters
AST (U/L) 62.1+43.7 54.3+24.3 21.9+4.7 <0.001
B/A-1 APO A-1 APOB
ALT (U/L) 10244412 11224577  21.5+7.9  <0.001
r r r
GGT (U/L) 87.6+71.1 67.4+43.8 22.9+14.8  <0.001 P P P
NAS 0.027 0.801 0.002 0.986 0.045 0.677
FPG (mg/dl) 102.7£18.9 98.8+10.2 95.3+16.5 0.100
Fibrosis 0.080 0464 -0.027 0805  0.079  0.465
2-h OGTT 116358  124.9+435  93.5+20.5  0.011
(mg/dl) BMI 0.192 0.029  -0.017 0.845 0.196 0.025
Creatinine (mg/dl) ~ 1.0020.1 1.01£0.1  0.960.1  0.162 wc 0178 0048 -0057 0533 0171  0.059
Uric acid (md/dl) 6.9+1.3 6.4+1.1 59+1.3  0.001 FPG 0.083 0350 0000  0.992  0.082  0.356
LDL-C (mg/dl) 128.1429.5 1272443  117.4%33  0.343 LDL-c 0.708  <0.001  0.094 0303  0.837  <0.001
HDL-C (mg/dl) 40.7+11.3 43.949.9 44.1+8.6 0.229 HDL-c -0.303 <0.001 0.701 <0.001 0.021 0.815
TG (mg/dl) 190.1+110.8  169.8483  113.5+49.9  <0.001 TG 0549 <0.001 -0312 <0.001 0399  <0.001
Ferritin (ng/ml) 147.1482.1  174.12146.9  75.9+58.8  <0.001 Insulin 0.134 0132 -0062 0488  0.100 0259
Insulin (mU/ml) 182+11.9 143469 85445  <0.001 HOMA-IR 0136 0126 -0.057 0524  0.107  0.230
HOMA-IR 4.6+3.3 35419 214012  <0.001 For abbreviations see Table I
APO A-1 (mg/dl)  109.4+16 11544162 114.1:143  0.162
APO B (mg/dl) 106.5426.5 105.1430.6 10034252  0.570 not associated with histopathological findings of NAFLD
B/A-1 (%) 0.9840.27 0.9240.3 0894023 0259 or 11nsu11n remstancei)\/;/e showed that obesity dldbnot affect
apolipoprotein metabolism in NAFLD patients. Obesity was
NAS (0-8) 49+1.2 4.8+1.3 - 0.727 P P P . . P . Y
associated with the degree of hepatic steatosis but not with the
Fibrosis (0-4) 0.6+0.6 0.540.6 - 0.697 . . . . o
degree of inflammation or ballooning in the liver. In addition,
Steatosis 2.1£0.6 1.940.8 - 0.036 fibrosis and ApoB1/A were found to be independent risk
Lobular 1.5+0.6 1.5£0.5 - 0.474 factors for MAFLD in this study. To the best of our knowledge,
inflammation this is the most comprehensive study of the associations of
Ballooning 1.3+0.5 1.3+0.4 0.580 apolipoproteins with obesity and histopathological findings

For abbreviations see Table I.

IIT). Multivariate regression analysis revealed that fibrosis and
Apo B/A1 were independent risk factors for MAFLD (p<0.025
and p<0.033, respectively).

According to the correlation analyses, Apo B was positively
correlated with LDL, TG, and BMI. Apolipoprotein Al was
positively correlated with HDL and negatively correlated with
TG. The Apo B/A1 ratio was negatively correlated with HDL and
positively correlated with BMI, WC, LDL, and TG. No significant
correlation was found between apolipoprotein parameters and
histopathological findings. In addition, there was no association
between apolipoproteins and insulin (Table IV).

DISCUSSION

In the present study, we demonstrated that Apo Al, Apo
B, and the Apo B/A1 ratio in patients with NAFLD were

] Gastrointestin Liver Dis, December 2024 Vol. 33 No 4: 510-516

in patients with NAFLD.

The pathogenesis of NAFLD has not been fully elucidated.
However, insulin resistance is considered the most widely
supported theory in the development of NAFLD. Insulin
resistance occurs frequently in patients with obesity and
DM type 2. However, it also occurs in patients with NAFLD
without obesity or DM. On the other hand, some patients
with NAFLD may have normal insulin levels [18, 19]. This
suggests that rather than a single mechanism, as in the multi-hit
theory, many different causes, such as lipoprotein metabolism
disorders and hepatic oxidative injury, may contribute to the
pathogenesis of NAFLD. Some researchers have focused on
the role of apolipoproteins in the pathogenesis of NAFLD
and have proposed several hypotheses. Recently, Charlton
et al. [20] reported that Apo B synthesis is reduced due to
hyperinsulinemia in patients with NASH and that diminished
Apo B synthesis may contribute to the net retention of lipids
[20]. In contrast, Koruk et al. [21] reported an increase in
Apo B and a decrease in Apo Al in patients with NASH and
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abnormalities in lipid metabolism, suggesting that these
features may be primarily responsible for the development
of NASH rather than insulin resistance. Together, these two
previous studies suggested that the ApoB/ApoAl ratio was
an independent predictor of NAFLD [22, 23]. In the present
study, we found that Apo B, Apo A1, and Apo B/Apo Al levels
were not significantly different between patients with NAFLD
and controls and were not associated with histopathological
findings or insulin resistance. Consistent with previous
studies, we demonstrated that the ApoB/ApoA1 ratio was an
independent predictor of MAFLD. However, MAFLD was not
associated with Apo A1l or Apo B. When the abovementioned
studies were analyzed separately, in contrast to our study,
patients with NAFLD had an increase in LDL and a decrease
in HDL compared with the control subjects. Because of their
effects on apolipoproteins, it is possible that these differences
in lipid profiles may have led to different results in the trials.
Moreover, the fact that the ApoB/Al ratio was found to be
significant in MAFLD patients but not NAFLD patients may be
explained by the fact that multiple factors are more effective in
histopathology when combined, as in the multi-hit theory. The
common finding of all three studies suggests that the ApoB/
Al ratio is a stronger predictor in patients with NAFLD than
ApoAl and ApoB, as in coronary heart disease.

It is well known that there is a strong association between
NAFLD and obesity, with NAFLD found in up to 80% of
patients with obesity [24]. Initially, the relationship between
NAFLD and obesity was thought to be a benign reversible
change. However, expanded adipose tissue has been shown to
have more complex endocrine functions, primarily mediated
by the production of numerous pro- and anti-inflammatory
cytokines, including adiponectin, leptin, resistin, visfatin,
tumor necrosis alpha, and interleukin-6 [25]. One of these
cytokines, adiponectin, is an insulin-sensitizing hormone
secreted from adipocytes, and its circulating levels are inversely
proportional to body mass index. Many studies have shown
that low adiponectin levels contribute to the development of
NAFLD in obese individuals through its effects on chronic
inflammation and insulin resistance [26-27]. In contrast,
obesity does not increase the risk of death related to coronary
heart disease or chronic liver disease, especially in patients
with NAFLD [28-29]. In this study, obese NAFLD patients
had higher insulin and HOMA levels than nonobese NAFLD
patients and controls. When the effect of obesity on NAFLD
histopathology was analyzed in our study, we found that while
hepatic steatosis was increased, obesity did not alter chronic
inflammatory processes, including lobular inflammation
and ballooning. On the basis of our findings and the studies
above, it can be speculated that obesity may not be a strong
factor in progression and chronicity. However, the lack of
an effect of obesity on inflammation and fibrosis in NAFLD
can be explained by the low prevalence of DM and the mild
histopathology of the patients in our study. We therefore
assume that the duration of the disease was too short for the
effects of the inflammatory mediators of obesity to manifest
themselves because the patients with NAFLD in our study were
younger than those in previous studies.

Our study has several limitations that should be noted.
First, as our study was cross-sectional, it does not allow

for causality assessment; therefore, a longitudinal study is
needed to determine the effects of obesity and apolipoproteins
on NAFLD. Second, the number of NAFLD patients with
advanced fibrosis was very small. Therefore, it was not possible
to assess the relationship between obesity and fibrosis in
NAFLD patients. Finally, we used fasting insulin and HOMA-
IR rather than the gold standard clamp technique to evaluate
insulin resistance. Considering that a linear correlation exists
between HOMA-IR and measures of insulin sensitivity via
the glucose clamp technique, this commonly used index is
routinely used to provide a noninvasive assessment of insulin
sensitivity.

CONCLUSIONS

The present study revealed that Apo Al, B, and the B/
Al ratio are not associated with histopathological findings
in patients with NAFLD. We also showed that fibrosis and
high ApoB/A1 are independent risk factors for MAFLD. This
finding suggests that patients with NAFLD who have multiple
metabolic disorders, such as MAFLD, have an increased risk
of developing atherosclerosis and chronic liver damage. In
addition, obesity increases the grade of hepatic steatosis but
does not cause lobular inflammation, ballooning or fibrosis.
Thus, we suggest that weight loss and physical activity may
reverse the histological findings of NAFLD in patients without
advanced fibrosis. To evaluate the progression of hepatic
steatosis to steatohepatitis and cirrhosis in obese individuals,
prospective longitudinal studies are warranted.

Conflicts of interest: None to declare.

Authors* contributions: K.O., A.U., O.K. conceived and designed
the study. Y.K. analysed the liver histology. A.T. and T.O. performed
the laboratory investigations. O.K. collected data. T.T. performed
the statistical analysis. C.O. interpreted the results. O.K. drafted the
manuscript K.O. H.D., A.U.,, O.K. critically revised the manuscript. All
authors critically revised the manuscript, approved the final version to
be published, and agree to be accountable for all aspects of the work.

REFERENCES

1. Angulo P. Nonalcoholic fatty liver disease. N Engl ] Med 2002;346:1221-
1231. doi:10.1056/NEJMra011775

2. Lonardo A, Loria P. Apolipoprotein synthesis in nonalcoholic
steatohepatitis. Hepatology 2002;36:514-515. doi:10.1053/jhep.2002.34443

3. Sporea I, Popescu A, Dumitrascu D, et al. Nonalcoholic Fatty Liver
Disease: Status Quo. J. Gastrointestin Liver Dis 2018;27:439-448.
doi:10.15403/jgld.2014.1121.274.quo

4. Musso G, Gambino R, De Michieli F, et al. Dietary habits and
their relations to insulin resistance and postprandial lipemia in
nonalcoholic steatohepatitis. Hepatology 2003;37:909-916. doi:10.1053/
jhep.2003.50132

5. Tsimikas S, Witztum JL. Oxidized phospholipids in cardiovascular
disease. Nat Rev Cardiol 2024;21:170-191. doi:10.1038/s41569-023-
00937-4

6. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable

risk factors associated with myocardial infarction in 52 countries (the

] Gastrointestin Liver Dis, December 2024 Vol. 33 No 4: 510-516


https://dx.doi.org/10.1056/NEJMra011775
https://dx.doi.org/10.1053/jhep.2002.34443
https://dx.doi.org/10.15403/jgld.2014.1121.274.quo
https://dx.doi.org/10.1053/jhep.2003.50132
https://dx.doi.org/10.1053/jhep.2003.50132
https://dx.doi.org/10.1038/s41569-023-00937-4
https://dx.doi.org/10.1038/s41569-023-00937-4

516

Kurt et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

INTERHEART study): case-control study. Lancet 2004;364:937-952.
doi:10.1016/50140-6736(04)17018-9

Schmidt C, Bergstrom G. Apolipoprotein B and apolipopotein A-I in
vascular risk prediction - a review. Curr Pharm Des 2014;20:6289-6298.
doi:10.2174/1381612820666140620121828

Cummings MH, Watts GF, Umpleby AM, et al. Acute hyperinsulinemia
decreases the hepatic secretion of very-low-density lipoprotein
apolipoprotein B-100 in NIDDM. Diabetes 1995;44:1059-1065.
doi:10.2337/diab.44.9.1059

Lewis GF, Uffelman KD, Szeto LW, Steiner G. Effects of acute
hyperinsulinemia on VLDL triglyceride and VLDL apoB production
in normal weight and obese individuals. Diabetes 1993;42:833-842.
doi:10.2337/diab.42.6.833

Nascimento JCR, Matos GA, Pereira LC, et al. Impact of apolipoprotein
E genetic polymorphisms on liver disease: An essential review. Ann.
Hepatol 2020;19:24-30. doi:10.1016/j.a0hep.2019.07.011

Devasthale P, Cheng D. Monoacylglycerol Acyltransferase 2 (MGAT?2)
Inhibitors for the Treatment of Metabolic Diseases and Nonalcoholic
Steatohepatitis (NASH). ] Med Chem 2018;61:9879-9888. doi:10.1021/
acs.jmedchem.8b00864

Nemes K, Aberg F. Interpreting lipoproteins in nonalcoholic fatty
liver disease. Curr Opin Lipidol 2017;28:355-360. doi:10.1097/
MOL.0000000000000427

Eslam M, Newsome PN, Sarin SK, et al. A new definition for metabolic
dysfunction-associated fatty liver disease: An international expert
consensus statement. ] Hepatol 2020;73:202-209. doi:10.1016/j.
jhep.2020.03.039

Friedewald WT, Levy RI, Fredrickson DS. Estimation of the
concentration of low-density lipoprotein cholesterol in plasma, without
use of the preparative ultracentrifuge. Clin Chem 1972;18:499-502.
American Diabetes Association. Diagnosis and classification of diabetes
mellitus. Diabetes Care 2014;37 Suppl 1:581-590. doi:10.2337/dc14-5081
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner
RC. Homeostasis model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985;28:412-419. doi:10.1007/BF00280883
Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation
of a histological scoring system for nonalcoholic fatty liver disease.
Hepatology 2005;41:1313-1321. doi:10.1002/hep.20701

Chitturi S, Abeygunasekera S, Farrell GC, et al. NASH and insulin

resistance: Insulin hypersecretion and specific association with the

] Gastrointestin Liver Dis, December 2024 Vol. 33 No 4: 510-516

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

insulin resistance syndrome. Hepatology 2002;35:373-379. doi:10.1053/
jhep.2002.30692

Kim HJ, Kim HJ, Lee KE, et al. Metabolic significance of nonalcoholic
fatty liver disease in nonobese, nondiabetic adults. Arch Intern Med
2004;164:2169-2175. doi:10.1001/archinte.164.19.2169

Charlton M, Sreekumar R, Rasmussen D, Lindor K, Nair KS.
Apolipoprotein synthesis in nonalcoholic steatohepatitis. Hepatology
2002;35:898-904. doi:10.1053/jhep.2002.32527

Koruk M, Savag MC, Yilmaz O, et al. Serum lipids, lipoproteins and
apolipoproteins levels in patients with nonalcoholic steatohepatitis. J
Clin Gastroenterol 2003;37:177-182. doi:10.1097/00004836-200308000-
00017

Kelishadi R, Cook SR, Amra B, Adibi A. Factors associated
with insulin resistance and nonalcoholic fatty liver disease
among youths. Atherosclerosis 2009;204:538-543. doi:10.1016/j.
atherosclerosis.2008.09.034

Choe YG, Jin W, Cho YK, et al. Apolipoprotein B/AI ratio is
independently associated with nonalcoholic fatty liver disease in
nondiabetic subjects. ] Gastroenterol Hepatol 2013;28:678-683.
doi:10.1111/jgh.12077

Williams CD, Stengel J, Asike MI, et al. Prevalence of nonalcoholic
fatty liver disease and nonalcoholic steatohepatitis among a largely
middle-aged population utilizing ultrasound and liver biopsy: a
prospective study. Gastroenterology 2011;140:124-131. doi:10.1053/j.
gastro.2010.09.038

Adolph TE, Grander C, Grabherr F, Tilg H. Adipokines and Non-
Alcoholic Fatty Liver Disease: Multiple Interactions. Int ] Mol Sci
2017;18:1649. doi:10.3390/ijms18081649

Stefan N, Hennige AM, Staiger H, et al. Alpha2-Heremans-Schmid
glycoprotein/fetuin-A is associated with insulin resistance and fat
accumulation in the liver in humans. Diabetes Care 2006;29:853-857.
doi:10.2337/diacare.29.04.06.dc05-1938

Bence KK, Birnbaum M]. Metabolic drivers of nonalcoholic
fatty liver disease. Mol Metab 2021;50:101143. do0i:10.1016/j.
molmet.2020.101143

Chan WK. Comparison between obese and non-obese nonalcoholic
fatty liver disease, Clin Mol Hepatol 2023;29(Suppl):S58-S67.
doi:10.3350/cmh.2022.0350

Arvind A, Henson JB, Osganian SA, et al. Risk of Cardiovascular
Disease in Individuals With Nonobese Nonalcoholic Fatty Liver Disease.
Hepatol Commun 2022;6:309-319. doi:10.1002/hep4.1818


https://dx.doi.org/10.1016/S0140-6736(04)17018-9
https://dx.doi.org/10.2174/1381612820666140620121828
https://dx.doi.org/10.2337/diab.44.9.1059
https://dx.doi.org/10.2337/diab.42.6.833
https://dx.doi.org/10.1016/j.aohep.2019.07.011
https://dx.doi.org/10.1021/acs.jmedchem.8b00864
https://dx.doi.org/10.1021/acs.jmedchem.8b00864
https://dx.doi.org/10.1097/MOL.0000000000000427
https://dx.doi.org/10.1097/MOL.0000000000000427
https://dx.doi.org/10.1016/j.jhep.2020.03.039
https://dx.doi.org/10.1016/j.jhep.2020.03.039
https://dx.doi.org/10.2337/dc14-S081
https://dx.doi.org/10.1007/BF00280883
https://dx.doi.org/10.1002/hep.20701
https://dx.doi.org/10.1053/jhep.2002.30692
https://dx.doi.org/10.1053/jhep.2002.30692
https://dx.doi.org/10.1001/archinte.164.19.2169
https://dx.doi.org/10.1053/jhep.2002.32527
https://dx.doi.org/10.1097/00004836-200308000-00017
https://dx.doi.org/10.1097/00004836-200308000-00017
https://dx.doi.org/10.1016/j.atherosclerosis.2008.09.034
https://dx.doi.org/10.1016/j.atherosclerosis.2008.09.034
https://dx.doi.org/10.1111/jgh.12077
https://dx.doi.org/10.1053/j.gastro.2010.09.038
https://dx.doi.org/10.1053/j.gastro.2010.09.038
https://dx.doi.org/10.3390/ijms18081649
https://dx.doi.org/10.2337/diacare.29.04.06.dc05-1938
https://dx.doi.org/10.1016/j.molmet.2020.101143
https://dx.doi.org/10.1016/j.molmet.2020.101143
https://dx.doi.org/10.3350/cmh.2022.0350
https://dx.doi.org/10.1002/hep4.1818

