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Abstract: Previous studies reported significant positive correlations between liver-type fatty acid-
binding protein (L-FABP) and neutrophil gelatinase-associated lipocalin (NGAL) marks with obesity.
L-FABP is a cytosolic protein that modulates fatty acid metabolism, and NGALs a biomarker of
inflammation and infection. Our objective was to investigate levels of NGAL and L-FABP in the serum
of women with non-alcoholic fatty liver disease (NAFLD) and determine their diagnostic values. The
subjects of this study comprised 150 women: 75 with NAFLD and 75 healthy control. Serum L-FABP
and NGAL levels were determined by a sandwich enzyme-linked immunosorbent assay. Serum lipids
were measured by enzymatic colorimetric methods. The abdominal fat was assessed by waist
circumference (WC) and defined as WC > 88 cm2. Visceral fat thicknesses (VFT) were investigated
ultrasonographically. Anthropometry and systolic and diastolic blood pressure (BP) were taken. Body
composition was measured by Tanita Body Composition Analyzer (SC-330). NAFLD patients were
diagnosed with elevated transaminases and with steatosis by ultrasonography. Serum NGAL, L-FABP,
WC, triglycerides, LDL-C, VFT, systolic and diastolic BP were significantly higher in NAFLD than
controls. Significant positive correlations were observed between serum NGAL and L-FABP and
adiposity parameters (WC and VFT), body fat% and blood pressure, AST and ALT levels. NGAL and
L-FABP might be used as novel biomarkers for early detection of NAFLD and metabolic abnormalities.
Elevated NGAL and L-FABP were associated with adiposity parameters, serum lipids, blood pressure,
AST and ALT levels, which suggest the relationship of body fat distribution and lipid metabolism in
NAFLD. Investigation of the two biomarkers and body fat content could serve as novel noninvasive
diagnostic markers for NAFLD, propose a new perception for NAFLD's therapeutic interference, and
might be useful biomarkers for detecting the preclinical stage of the metabolic abnormalities in the
general population.
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1. Introduction

The most common risk factor for metabolic syndrome is obesity that is characterized
by an excess of adipose tissue and a bunch of abnormalities comprising dyslipidemia,
atherosclerosis, type 2 diabetes, insulin resistance, and hypertension [1]. The proper cut-off
point of waist circumference in screening for NAFLD was 84 cm for women and the optimal
cut-off point of waist-height ratio 0.57 for women, and the cut-off point of the waist to hip ratio
was 0.94 for men and 0.87 for women with very good specificity and sensitivity [2].

Diagnosing and treating hyperlipidemia is an important way to avoid cardiovascular
disease (CVD) [3]. L-FABP belongs to the fatty-acid-binding proteins superfamily and is
generally expressed in the liver [4]. Furthermore, L-FABP is a crucial regulator of hepatic lipid
metabolism as it interacts with the peroxisome proliferator-associated receptors (PPARS). Thus
L-FABP plays an indispensable role in many enzyme activations that are implicated in fatty
acid metabolism [5].

Neutrophil gelatinase-associated lipocalin (NGAL), which is mostly liberated from the
activated neutrophils' granules, is renowned as an acute phase protein [6]. L-FABP is a plentiful
protein in hepatocytes that binds most of the long-chain fatty acids existing in the cytosol [7].
In the hepatic lobule, L-FABP is expressed in hepatocytes in a diminishing gradient from portal
to central location [7].

Increased levels of NGAL have been described in atherosclerosis and related to
inflammatory progressions [8]. Previous studies have shown that NGAL is also expressed in
cardiomyocytes and macrophages in atherosclerotic plaque [9-11]. The liver biopsy is an
inadequate screening tool for the NAFLD diagnosis in the general inhabitants [12].

The purpose of the current work was to investigate L-FABP and NGAL levels in
patients with non-alcoholic fatty liver disease and determine their diagnostic values (NAFLD)
and explore the role of body fat content.

2. Materials and Methods

The study recruited 75 women with the non-alcoholic fatty liver disease diagnosed with
elevated transaminases and steatosis as detected by ultrasonography. The control group
included age and gender-matched healthy subjects. Patients with a history of viral hepatitis,
coronary artery disease, intervention coronary angiography or any heart disease (congestive
heart failure, cardiomyopathy), hypertension, diabetes mellitus, renal failure, or patients with
any systemic disease were excluded.

The anthropometric measurements and ultrasonography measurements of visceral
abdominal fat layers were performed as described previously [13, 14].

The cut-off point of waist circumference in screening for NAFLD was > 84 cm for
women [15].

The plasma L-FABP and NGAL were measured in duplicate using enzyme-linked
immunosorbent assay (ELISA) kits.

The study was approved by the National Research Centre ethics committee, and each
participant gave written informed consent.

2.1. Statistical analyses.

All statistical analyses were performed using SPSS for Windows software (version
20.0; SPSS Inc., Chicago, IL, USA).
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3. Results and Discussion

The clinical characteristics of the subjects are shown in Table 1. Patients with NAFLD
had significantly elevated levels of NGAL, L-FABP, VFT, WC, LDL-C, TG and blood
pressure compared to controls. Also, NGAL and L-FABP significantly correlated with body
fat parameters and blood pressure levels (Table 2).

Figures 1 and 2 showed Box-and-whisker plots of serum levels of NGAL and L-FABP
in controls and patients.

Figures 3 and 4 showed Box-and-whisker plots of serum levels of NGAL and L-FABP
by WC for controls and patients.

NAFLD affects 16%-23% of the general population; it is a disorder strongly related to
obesity, with a described incidence as high as 80% in obese patients [16]. L-FABP is a
promising biochemical marker for detecting hepatocellular injury next liver transplantation [4,
7]. Intracellular lipid chaperones recognized as fatty acid-binding proteins (FABPs) organize
the lipid responses in the cells. The abdominal fats are considered the significant determining
factor of metabolic risk, as the pro-inflammatory adipokines released via visceral fats are
interrelated with insulin resistance, dyslipidemia, and increased blood pressure [2]. In our
report, L-FABP levels were elevated in NAFLD patients in comparison with the control group.
This corroborates with the findings of [17].

NGAL is an imperative regulator of the peroxisome proliferator-activated receptors y
(PPARY) activity that is implicated in the regulation of lipogenesis and adipogenesis in the liver
and adipose tissue. Consequently, NGAL plays a vital role in glycolipids regulation [18-20].
In our study, WC, triglycerides, LDL-C, and VFT were significantly higher in NAFLD patients
than in controls.

The WC has proven to be linked to the severity of non-alcoholic fatty liver disease
[21, 22]. Furthermore, other studies [23, 24] noted that the triglycerides and LDL-C were
significantly increased in the patients with NAFLD. Our results agree with several studies that
stated that VFT positively correlated with NGAL and can be a supplementary parameter in
NAFLD grading [17, 25].

Previous studies delineated that the concentration of NGAL was directly interrelated
with obesity, hypercholesterolemia, and hyperglycemia in patients with cardiovascular and
metabolic diseases, which are chief risk factors for non-alcoholic fatty liver disease (NAFLD)

[26-30].
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Figure 1. Box-and-whisker plots display serum NGAL levels in control and NAFLD. The central line in each
box indicates the sample median. The boxes represent the 25th and 75™ percentile, whiskers represent the
minimum and maximum of observed values.
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Figure 2. Box-and-whisker plots display serum levels of L-FABP in control and NAFLD. The central line in
each box indicates the sample median. The boxes represent the 25th and 75" percentile, whiskers represent the
minimum and maximum of observed values.
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Figure 3. Box-and-whisker plots display serum levels of NAGL by WC cut-off points. The central line in each
box indicates the sample median. The boxes represent the 25th and 75" percentile, whiskers represent the
minimum and maximum of observed values.
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Figure 4. Box-and-whisker plots display serum levels of L-FABP by WC cut-off points.
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Table 1. Clinical Characteristics of the study subjects.

Variables Group Mean + SD
BMI (kg/m2) Control 24.21+4.14
NAFLD 34.97+3.717**
NGAL (pg/ml) Control 47.62+3.80
NAFLD 53.80+5.65*
L-FABP (pg/ml) Control 155.94+63.23
NAFLD 274.10+52.61*
LDL-C Control 106.39+36.745
NAFLD 151.34+33.12*
Triglycerides Control 97.57+22.50
NAFLD 174.80+16.612*
WC (cm) Control 80.78+19.523
NAFLD 95.48+9.55*
Systolic PB (mm Hg) Control 104.70+11.357
NAFLD 113.62+14.510*
Systolic PB (mm Hg) Control 69.20+7.44
NAFLD 73.97+8.38*
VFT (mm) Control 3.48+1.01
NAFLD 14.13+2.38*

BMI: body mass index; WC: waist circumference; VFT: visceral fat thicknesses
*P<0.05*P<0.01

Table 2. Correlations of L-FABP and NGAL serum levels with body fat parameters, AST and ALT and serum

lipids in NAFLD.

Variables L-FABP NGAL
Visceral fat (mm) 0.57** 0.55**
WC (cm) 0.56** 0.53**
Fat % 0.38* 0.31*
Waist-to-hip ratio 0.34** 0.21
BMI (kg/m2) 0.53** 0.41**
Fat mass 0.39** 0.54*
Mid upper arm circumference (cm) 0.42** 0.15
LDL-C 0.52** 0.45**
Triglycerides 0.55** 0.45**
ALT (U/L) 0.54** 0.44**
AST (U/L) 0.51** 0.55**
Systolic PB (mm Hg) 0.25* 0.30*
Diastolic PB (mm Hg) 0.39* 0.28*

* P < (.05, ** P <0.01
4. Conclusions

In conclusion, serum NGAL and L-FABP levels positively correlated with body fat
parameters and visceral adiposity in NAFLD, suggesting that hormones secreted by body fats
probably participate in energy metabolism regulation through different pathways; this may
propose a new perception for therapeutic interference of NAFLD.
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