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A B S T R A C T

Purpose: Hepatokines are proteins produced by the liver and involved in regulating glucose and lipid metabo-
lism. However, their role as the biomarkers of intrahepatic lipid content is not clear. The aim of the study was to
evaluate the serum concentration of selected hepatokines: fibroblast growth factor-21 (FGF-21), selenoprotein P
(SELENOP) and sex hormone-binding globulin (SHBG) in obese children.
Patients and methods: The cross-sectional study included 86 obese children with suspected liver disease.
Nonalcoholic fatty liver disease (NAFLD) was diagnosed in children with liver steatosis in ultrasound with
elevated alanine aminotransferase (ALT) serum activity and excluded other liver diseases. The total intrahepatic
lipid content (TILC) was assessed by magnetic resonance proton spectroscopy (1H-MRS).
Results: The concentration of FGF-21 and SELENOP was significantly higher and SHBG significantly lower in
children with NAFLD compared to controls. Only FGF-21 level was significantly higher in NAFLD children than
in obese patients without NAFLD. The significant positive correlation of FGF-21 with ALT, gamma glutamyl-
transferase (GGT), triglycerides, homeostatic model assessment–insulin resistance (HOMA-IR), the degree of
liver steatosis in ultrasound and TILC in 1H-MRS were found. The ability of serum FGF-21 to diagnose severe
liver steatosis was significant.
Conclusions: FGF-21 can be considered as a suitable biomarker in predicting TILC and fatty liver in obese
children.

1. Introduction

Nowadays nonalcoholic fatty liver disease (NAFLD) is regarded as
the main cause of chronic liver pathology in children [1]. It is thought
to be a hepatic manifestation of metabolic syndrome being closely
connected to visceral obesity, insulin resistance, dyslipidemia and in-
creased cardiovascular risk [2]. Recently, there has been a growing
interest in the role of organokines – proteins of paracrine and endocrine
activities – in pathogenesis of metabolic syndrome, diabetes type 2,
cardiovascular diseases as well as NAFLD. Organokines consist of adi-
pokines (produced mainly by fat tissue), miokines (produced mainly by
skeletal muscles) and hepatokines (produced exclusively or mainly by
liver) [3–5]. It has been proven that liver is able to influence the me-
tabolism of lipids and carbohydrates by releasing hepatokines into
circulating blood and NAFLD’s onset and progression may be the result

of their impaired production. Moreover, the hepatokines could be re-
garded as markers of liver pathology progression [6]. However, their
role as the biomarkers of intrahepatic lipid content is not clear. In our
previous preliminary study [7] we confirmed increased concentration
of one of the hepatokines - fetuine A, in children with NAFLD compared
to control but we found no correlation of this glycoprotein with in-
tensity of hepatic steatosis in ultrasound or total intrahepatic lipid
content (TILC) in proton magnetic resonance spectroscopy (1HMRS).
Therefore, the aim of the present study was to assess the serum con-
centration of selected hepatokines such as fibroblast growth factor-21
(FGF-21), selenoprotein P (SELENOP) and sex hormone-binding glo-
bulin (SHBG) in obese children as potential biomarkers of ectopic fat
accumulation in the liver. These three hepatokines were selected to the
study, because according to current knowledge they seem to have the
greatest impact on the pathogenesis of NAFLD.
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2. Patients and methods

2.1. Patients

This cross-sectional study included a group of 86 consecutive obese
children (65 boys and 21 girls) aged from 8 to 17 years old (median 12
years old) admitted to Department of Pediatrics, Gastroenterology,
Hepatology, Nutrition and Allergology (Medical University of Bialystok,
Poland) in the years 2011-2014 due to suspected liver pathology (he-
patomegaly and/or elevated alanine aminotransferase (ALT) and/or
fatty liver features in ultrasound examination).

Viral infection (hepatitis C virus - HCV, hepatitis B virus - HBV and
cytomegalovirus - CMV), autoimmune hepatitis, metabolic liver dis-
eases (Wilson disease, alpha-1-antitrypsin deficiency), cystic fibrosis
and drug-induced liver injury (DILI) were excluded in all children.
Children with diabetes were also excluded from this study.

All subjects underwent physical examinations with anthropometric
measurements (body mass index - BMI and waist circumference).
Routine blood chemistry analyses including: ALT, gamma glutamyl-
transferase (GGT), total cholesterol, high-density lipoprotein (HDL) and
low-density lipoprotein (LDL) cholesterol, triglycerides, glucose and
insulin, were performed using standard methods. Homeostatic model
assessment–insulin resistance (HOMA-IR) was calculated according to
the formula described by Matthews et al. [8].

2.2. Methods

Fasting serum hepatokines concentration was assessed using the
commercial ELISA kits (Human Fibroblast Growth Factor and Human
Sex Hormone Binding Globulin - BioVender, Brno, Czech Republic and
Human Selenoprotein P1– Cloud-Clone Corp. Houston, TX, USA). The
control group comprised 24 non-obese children without any somatic
organ pathology. Blood samples were immediately centrifuged and
stored in −80 °C until further processing. The intra- and inter-assay CVs
of FGF-21 ranged from 3.0 to 4.1% and 3.6 to 3.9%, respectively. The
intra- and inter-assay CVs of SHBG ranged from 3.0 to 8.6% and 7.2 to
11.6%, respectively. The intra- and inter-assay CVs of SELENOP
were< 10% and<12%, respectively. All assays were conducted ac-
cording to the manufacturer’s instructions.

Liver ultrasound examination was performed with General Electric
Voluson E8, convex probe 3-5MHz; the intensity of steatosis was as-
sessed using a four-grade scale (0–3) as outlined by Saverymuttu et al.
[9]. Severe liver steatosis was defined as a score> 2. Steatosis grade
was assessed in a blinded fashion by the same radiologist without
knowledge of the patients’ laboratory or clinical data.

The proton spectroscopy of the liver was performed using a 1.5 T
system (Picker Eclipse, Picker International Inc., Highland Heights, OH,
USA). The examinations were conducted with the whole body coil using
the sequence of PRESS 35 (point-resolved spectroscopy sequence) (TE
35ms, TR 1500ms, nex 192). Water suppression was performed by the
use of the MOIST (Multiply Optimized Insensitive Suppression Train)
method. A voxel of 3× 3 x 3 cm (27 cm3) was selected in the region of
the right liver lobe on the basis of T2-weighted pictures in the frontal
and transverse planes. The voxel was localized in such a way as to avoid
large vessels and bile ducts. Spectroscopy was conducted in fasting
state. On the basis of obtained spectra, we evaluated the particular
metabolite contents, in relative units (RU), according to the pattern:
Metabolite/H2O= area of the metabolite x 1000/ area of non-sup-
pressed water. The spectral evaluation included signals of functional
groups of the lipid compounds: methyl (Lip 1), methylene (Lip 2), and
α-methylenes for the double bond (Lip 3). Based on the measurements,
total lipids (TL) were calculated by summing up the content of in-
dividual lipid bands - Lip 1, 2 and 3 [10].

2.3. Ethical issues

Informed consent was obtained from all patients’ parents. The
protocol was approved by the Bioethical Committee of the Medical
University of Bialystok, Poland (approval no: R-I-002/88/2014, R-I-
002/381/2015).

2.4. Statistical analysis

The serum concentrations of hepatokines, other biochemical tests
and anthropometric parameters were expressed as median; 25–75
quartile. The statistical analysis was performed with the Mann-Whitney
two-sample test for nonparametric data. The relationship between
biochemical tests was analyzed by the Spearman rank-correlation test
for non-parametric data. The tests were considered statistically sig-
nificant at p < 0.05. Logistic regression analysis was performed using
IBM SPSS Statistics 20.0. Analysis of the receiver operating character-
istics (ROC) was used to calculate the power of the assays to detect liver
steatosis. The comparison of the area under curve (AUC) was performed
using a two-tailed p-test, which compares the AUC to the diagonal line
of no information (AUC 0.5).

3. Results

3.1. Serum concentration of FGF-21, SELENOP and SHBG

Table 1 shows baseline characteristics of examined children. Se-
venty two children (83.7%) had liver steatosis in ultrasound examina-
tion; 34 of them also had an increased serum ALT activity (NAFLD
group).

The serum levels of FGF-21 (190.35; 59.2-309.8 pg/ml) and
SELENOP (19449.5; 13327-28058 pg/ml) were significantly higher and
SHBG significantly lower (42.6; 26.7-58.8 nmol/l) in NAFLD children
than in lean controls (346; 23.9-69.2 pg/ml, 5411; 1618-15135 pg/ml,
117.8; 68.95-149.9 nmol/l, respectively) (p= 0.000003;
p=0.000011; p=0.000002, respectively).

Children with diagnosed NAFLD had higher levels of FGF-21
(p= 0.046) as well as BMI, waist circumference values, ALT and GGT
activity, HOMA-IR and intensity of the hepatic steatosis in ultrasound
examination and intrahepatic lipid content in 1HMRS (Table 2).

Table 1
The baseline characteristics of examined patients (n=86).

Data of the patients Median 25-75 quartile

Age (years) 12 11-15
BMI (kg/m2) 27.8 26-32
Waist (cm) 94 90-105
ALT (IU/l) 35 23-57
GGT (IU/l) 21 16-30
Total cholesterol (mg/dl) 176.5 146-191
HDL-cholesterol (mg/dl) 46.5 39-54
LDL-cholesterol (mg/dl) 98.5 79-121
Triglycerides (mg/dl) 107.5 83-121
Glucose (mg/dl) 92 85-96
Insulin (μIU/ml) 14.85 11.2-19.5
HOMA-IR 3.5 2.5-4.5
Ultrasound grade 1 1-2
Lipids 1HMRS (R.U.) 107.1 58.3-175
FGF-21 (pg/ml) 114.2 44.7-248.4
SELENOP (pg/ml) 21421 11566-28058
SHBG (nmol/l) 48.55 32.7-62.9

BMI - body mass index, ALT - alanine aminotransferase, GGT - gamma gluta-
myltransferase, HDL-cholesterol - high-density lipoprotein cholesterol, LDL-
cholesterol - low-density lipoprotein cholesterol, HOMA-IR - homeostatic model
assessment–insulin resistance, 1HMRS - proton magnetic resonance spectro-
scopy, R.U. - relative units, FGF-21 - fibroblast growth factor-21, SELENOP -
selenoprotein P, SHBG - sex hormone-binding globulin.
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Eight children had severe liver steatosis (grade 3) and 64 had mild
steatosis according to the Saverymuttu scale. The concentration of FGF-
21 was significantly higher in children with severe liver steatosis

compared to patients with mild steatosis (p= 0.005) (Table 3).
There was a significant positive correlation of FGF-21 with: ALT

(r= 0.23, p=0.03), GGT (r= 0.27, p=0.01), triglycerides (r= 0.39,
p < 0.001), HOMA-IR (r= 0.32, p=0.002), the intensity of hepatic
steatosis in ultrasound (r= 0.23, p=0.03) and intrahepatic lipid
content in 1HMRS (r= 0.22, p=0.04) (Fig. 1). SELENOP negatively
correlated with age (r=-0.24, p=0.03) and SHBG negatively corre-
lated with age (r=-0.22, p= 0.04) and HOMA-IR (r=-0.31,
p=0.004).

3.2. Diagnostic value of hepatokines for identification of patients with
severe liver steatosis confirmed in ultrasound

In the logistic regression analysis it was demonstrated that only
FGF-21 out of the three tested hepatokines, may be useful in the dif-
ferentiation of obese patients with confirmed severe liver steatosis in
ultrasound from patients with mild steatosis (OR-10.461, 95%CI
1.538–71.147, p=0.016).

This finding was confirmed in ROC analysis. The ability of serum
FGF-21 to diagnose severe liver steatosis was significant
(AUC=0.8057, p < 0.001, sensitivity= 100%, specificity= 73.4%,
cut-off> 207.8 pg/ml). SELENOP and SHBG did not allow a useful
prediction (Fig. 2).

4. Discussion

In our study, we have found significantly higher levels of FGF-21
and SELENOP with simultaneously lower SHBG in children with NAFLD

Table 2
The comparative characteristics of NAFLD children and non-NAFLD obese pa-
tients.

Data of the patients NAFLD patients
(n=34)
Median; 25-75
quartile

Non-NAFLD obese
patients
(n= 52)
Median; 25-75
quartile

P

Age (years) 14; 12-16 12; 10-14 0.026
BMI (kg/m2) 28.2; 26.6-33.3 26.95; 25.4-30.5 0.03
Waist (cm) 99; 94-107 92; 86-102 0.003
ALT (IU/l) 63; 51-101 25.5; 18-35.5 < 0.001
GGT (IU/l) 30.5; 22-45 18; 14-23 < 0.001
Total cholesterol (mg/dl) 180.5; 156-216 175; 143-188.5 NS
HDL-cholesterol (mg/dl) 44.5; 40-51 50; 39-54.5 NS
LDL-cholesterol (mg/dl) 100; 80-143 98.5; 77.5-116 NS
Triglycerides (mg/dl) 145.5; 85-173 106; 80-136.5 NS (0.08)
Glucose (mg/dl) 93; 85-99 91; 86-95.5 NS
Insulin (μIU/ml) 17-12.8-21 13.75; 10-17.7 NS
HOMA-IR 3.85; 2.79-4.77 3.14; 2.06-3.91 0.025
Ultrasound grade 2; 1-2 1; 0-1 < 0.001
Lipids 1HMRS (R.U.) 158.4; 106.2-210 78.75; 39.2-134 < 0.001
FGF-21 (pg/ml) 190.35; 59.21-

309.8
83.2; 41.8-174.75 0.046

SELENOP (pg/ml) 19449.5; 13327-
28058

21629; 10369.5-
27976

NS

SHBG (nmol/l) 42.6; 26.7-58.8 50.15; 40.4-64.4 NS

BMI - body mass index, ALT - alanine aminotransferase, GGT - gamma gluta-
myltransferase, HDL-cholesterol - high-density lipoprotein cholesterol, LDL-
cholesterol - low-density lipoprotein cholesterol, HOMA-IR - homeostatic model
assessment–insulin resistance, 1HMRS - proton magnetic resonance spectro-
scopy, R.U. - relative units, FGF-21 - fibroblast growth factor-21, SELENOP -
selenoprotein P, SHBG - sex hormone-binding globulin.

Table 3
The comparative characteristics of subgroups of children with mild and severe
steatosis in ultrasound.

Data of the patients Mild steatosis in
US
(n= 64)
Median; 25-75
quartile

Severe steatosis in
US
(n=8)
Median; 25-75
quartile

P

Age (years) 12; 11-14 15; 11.75-17 NS
BMI (kg/m2) 27.6; 26.1-32 30.2; 26.8-35.7 NS
Waist (cm) 95.5; 91.25-

104.75
105; 94-113.5 NS

ALT (IU/l) 36; 25-56 89; 71.5-111 < 0.001
GGT (IU/l) 21; 16-29.5 39.5; 30.5-54.5 0.003
Total cholesterol (mg/

dl)
177.5; 150.5-
194.5

179; 156-190 NS

HDL-cholesterol (mg/dl) 47.5; 39-54 41.5; 34-48 NS
LDL-cholesterol (mg/dl) 100.5; 81.5-124 100; 75.5-115.5 NS
Triglycerides (mg/dl) 107.5; 84-152.5 164; 122.5-199 NS (0.05)
Glucose (mg/dl) 91; 85-95 101; 95-103.5 0.001
Insulin (μIU/ml) 14.6-11-20 17.1; 13.65-27.5 NS
HOMA-IR 3.38; 2.4-4.4 5.17; 3.75-8.3 < 0.001
Lipids 1HMRS (R.U.) 110.2; 74.5-180 187; 162.8-228.5 0.01
FGF-21 (pg/ml) 90; 43.7-215.5 263; 224.25-402.55 0.005
SELENOP (pg/ml) 20506; 11605.5-

28455
24401.5; 11712.5-
28832

NS

SHBG (nmol/l) 49.85; 33.1-65.05 37; 20.2-51.9 NS (0.075)

BMI - body mass index, ALT - alanine aminotransferase, GGT - gamma gluta-
myltransferase, HDL-cholesterol - high-density lipoprotein cholesterol, LDL-
cholesterol - low-density lipoprotein cholesterol, HOMA-IR - homeostatic model
assessment–insulin resistance, 1HMRS - proton magnetic resonance spectro-
scopy, R.U. - relative units, FGF-21 - fibroblast growth factor-21, SELENOP -
selenoprotein P, SHBG - sex hormone-binding globulin.

Fig. 1. The correlation between FGF-21 and total intrahepatic lipid content
assessed by magnetic resonance proton spectroscopy (r= 0.22, p= 0.04).

Fig. 2. ROC curve of FGF-21 ability to detect children with advanced liver
steatosis in ultrasound.
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compared to non-obese controls. We have also found higher FGF-21
levels in children with NAFLD compared to other obese children.
According to our knowledge, this is the first and the only study ana-
lyzing concurrent levels of three hepatokines in NAFLD patients.

Our obtained results are consistent with data from other published
studies, in which significantly higher levels of FGF-21 in adult NAFLD
patients were found compared to controls [11–15]. Similar data in
children were obtained by Reinehr et al. [16], Giannini et al. [17] and
Sodhi et al. [18]. However, a study by Alisi et al. [19] demonstrated
lower FGF-21 concentration in the group of children with biopsy-
proven NAFLD compared to the control group, although the control
group was also obese children and it has only been one study with such
observation.

The results obtained by Choi et al. [20] were similar to our findings
and demonstrated higher concentration of SELENOP whereas Polyzos
et al. [21] and Hua et al. [22] found lower SHBG levels in adult NAFLD
patients compared to controls; up till now there has been no such a
study in children. According to the recent study by Saito et al. [23]
currently available ELISA kits for SELENOP measurement demonstrate
variable ranges of blood concentration in healthy adults. Values showed
in our study were about 100 times lower compared to those measured
using other kits or even more with the same kit but in adult population
[23]. There is no clear explanation for this difference.

However, the main aim of our study was to assess the possibility of
potential correlation between the concentration of hepatokines and the
TILC with the intensity of organ dysfunction. In our studied group of
obese children only FGF-21 positively correlated with TILC measured in
proton magnetic resonance spectroscopy, which is considered to be a
reliable non-invasive diagnostic method. The diagnostic value of the
method was confirmed by demonstrating that morphology correlates
well with 1HMRS in evaluating hepatic fat content [24]. SELENOP and
SHBG concentrations did not correlate with TILC. Only a single hepa-
tokine - FGF-21 has been evaluated in previously studied trials. The
serum FGF-21 concentration positively correlated with TILC assessed in
1HMRS [25] as well as in MRI (HFF%) [17]. In addition, Li et al. [12]
showed a correlation of this glycoprotein with hepatic triglycerides
assessed in liver biopsy. Therefore it can be stated that FGF-21 can be
considered as a useful biomarker confirming ectopic lipid accumulation
in the liver of children with NAFLD.

In our study, we also showed significantly higher levels of FGF-21 in
children with severe hepatic steatosis compared to children with mild
steatosis in ultrasound. It was found that only FGF-21, one out of the
three tested hepatokines, may be useful in differentiating obese patients
with confirmed severe steatosis from patients with mild steatosis. The
studies conducted in adults demonstrated that hepatic FGF-21 mRNA
expression correlated with liver steatosis [12]. A slightly different result
was obtained by Yan et al. [25]; they observed that FGF-21 levels in-
creased progressively with the increase of intrahepatic liver content
(measured in 1HMRS), but when hepatic fat content reached the fourth
quartile, FGF-21 tended to decline. The authors of that study suggested
that lowering FGF-21 levels in adult patients with severe liver steatosis
may be explained by decreased production of this glycoprotein by he-
patocytes due to their injury or death caused by lipotoxicity and hepatic
inflammation. It appears that the decrease in FGF-21 levels in NAFLD
patients may also be associated with disease progression to nonalco-
holic steatohepatitis (NASH). Confirmation of this hypothesis may be
found in the study by Alisi et al. [19], which showed lower FGF-21
concentrations in children with biopsy-proven NASH compared to
children with NAFLD without the morphological features of NASH.

It has been suggested that hepatic expression of FGF-21 is a response
to FGF-21 resistance, and that FGF-21 resistance may be a pathogenetic
component of NAFLD development and progression to NASH. The in-
crease in FGF-21 levels may be a potential protective factor against li-
pids and carbohydrates metabolism disorders such as metabolic syn-
drome or NAFLD [26,27]. It has been shown that FGF-21 directly
regulates lipid metabolism and reduces hepatic lipid accumulation in an

insulin-independent manner [28–30]. It affects many elements of the
"multi-hits theory" of NAFLD e.g. oxidative stress, mitochondrial dys-
function, endoplasmic reticulum stress and low-grade chronic in-
flammation. Moreover, it was suggested that increased FGF-21 may
protect against chronic exposure to high levels of free fatty acids which
are lipotoxic in muscle tissue, pancreas and liver [31]. This observation
was confirmed in animal model studies. It was shown that in diet-in-
duced obese mice, administration of FGF-21 caused a decrease in he-
patic steatosis, reduced levels of triglycerides in serum and liver and
reversible fatty liver by inhibition of sterol regulatory element-binding
transcription factor-1 (SREBP-1), and key transcription factor of lipo-
genesis [32,33]. Moreover, systematic exercise and caloric restriction in
Otsuka Long-Evans Tokushima Fatty (OLETF) rats reduced hepatic ex-
pression of FGF-21 mRNA and serum level of FGF-21 which may in-
dicate that such intervention alleviate FGF-21 resistance [34].

In our study, no invasive liver biopsy was performed. Currently
according to the ESPGHAN Hepatology Committee liver biopsy is not
recommended in screening for NAFLD, but is indicated if advanced
disease is suspected or before pharmacological or surgical treatment
[35]. The examined children in our study did not meet the criteria
necessary for the liver biopsy and the potentially obtained biopsy
morphological outcome would not affect the planned therapeutic
treatment (life-style modification). It seems that the lack of advanced
features of liver disease particularly in children with severe fatty liver
disease confirmed in imaging studies which excluded these patients
from performing liver biopsy, was confirmed by high FGF-21 levels in
this group of children. It can be stated that the results of our study in
the pediatric population confirm the conclusion from the study of Yan
et al. [25] that serum FGF-21 is a potential biomarker indicating he-
patic fat content in adults with mild or moderate NAFLD but not severe
liver disease manifestation in the course of NAFLD.

In addition to the lack of liver biopsy results, in the study group of
children discussed above, our work has several limitations. Selection
bias should be taken under consideration because the patients were
from a tertiary center - Hepatology Department (dealing with various
liver disorders), so the children enrolled to the study were previously
tested for suspected liver disease. The relatively small sample size
(especially of children with severe liver steatosis) limits the general-
izability of our findings. However, it should be stressed, that studies
conducted in children may be more convincing than those in adults
because children have far fewer potential confounding factors and the
disease process is usually less advanced.

5. Conclusions

FGF-21 can be considered as a suitable biomarker in predicting total
intrahepatic lipid content and fatty liver in obese children. The results
of the other hepatokines (SELENOP, SHBG) studies suggest that they are
less important in the pathogenesis of NAFLD, although further research
is required.
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