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Background: Given the high prevalence of non-alcoholic fatty liver disease
(NAFLD) in obese children, non-invasive markers of disease to date are still
limited and worth exploring.

Objective: This study aimed to evaluate the association between inflammatory
markers and NAFLD in obese children.

Methods: We performed a case-control study in Hunan Children’s Hospital
from September 2020 to September 2021. Study participants were children
with obesity diagnosed with NAFLD by abdominal ultrasound examination.
Mean platelet volume (MPV), platelet distribution width (PDW), neutrophil,
lymphocyte, monocyte, and platelet counts were extracted from medical
records and inflammatory cytokines were measured by enzyme-linked
immunosorbent assay (ELISA). Multivariable logistic regression analysis was
performed to evaluate the association between inflammatory markers and
NAFLD. We also used receiver operating characteristic curve analysis to assess
the discriminative ability of inflammatory cytokines for NAFLD.

Results: Two hundred and sixty-seven obese children were enrolled, including
176 NAFLD patients and 91 simple obesity controls. Multivariable logistic
model indicated that increased interleukin (IL)- 1B [odds ratio (OR) = 1.15, 95%
confidence interval (Cl): 1.04-1.27], IL-6 (OR = 1.28, 95% ClI: 1.07-1.53), and
IL-17 (OR = 1.04, 95% CI: 1.02-1.07) levels were significantly associated with
NAFLD. In contrast, we observed non-significant associations for IL-8, I1L-12,
IL-21, IL-32, tumor necrosis factor-a (TNF-a), neutrophil to lymphocyte ratio
(NLR), platelet to lymphocyte ratio (PLR), lymphocyte to monocyte ratio (LMR),
mean platelet volume (MPV), and platelet distribution width (PDW) with NAFLD.
The area under the curves (AUCs) of IL-1B, IL-6, and IL-17 to discriminate obese
children with or without NAFLD were 0.94, 0.94, and 0.97, respectively.

Conclusions: Our results indicated that IL-18, IL-6, and IL-17 levels were
significantly associated with NAFLD. These inflammatory cytokines may serve
as non-invasive markers to determine the development of NAFLD and
potentially identify additional avenues for therapeutic intervention.

inflammatory markers, cytokines, non-alcoholic fatty liver disease, association,
obesity children
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Introduction

Non-alcoholic fatty liver disease (NAFLD) has become
increasingly prevalent among children with the epidemic of
overweight and obesity in children (1-3). NAFLD has become
the most common chronic liver disease worldwide, with a global
prevalence of 20 to 50% in obese children (4-6). NAFLD is
currently the fastest growing cause of liver-related mortality
and is becoming a significant cause of end-stage liver disease,
primary liver cancer, and liver transplantation, creating huge
health and economic burden (7).

NAFLD encompasses a spectrum of liver pathologies,
including non-alcoholic fatty liver (NAFL), non-alcoholic
steatohepatitis (NASH), fibrosis, and hepatocellular carcinoma
(8, 9). Although the pathogenesis of NAFLD has not been
fully identified, the “multiple-hit” hypothesis is now widely
accepted. With this hypothesis, lipid accumulation triggers
steatosis, which subsequently causes multiple injuries and may
eventually lead to NASH and cirrhosis (10-12), involving
multiple mechanisms such as insulin resistance (13), abnormal
lipid metabolism (14), inflammatory response (15), genetic
polymorphism and epigenetics (16). In particular, disorders
of lipid metabolism and its secondary cellular inflammatory
response on this basis are thought to be important mechanisms
in the pathogenesis of NAFLD (17).

Increasing attention has been paid to the involvement of
inflammatory markers in the inflammatory response, including
inflammatory cytokines, inflammatory cells, and platelets (7,
18). It has been shown that inflammatory cytokines were
essential factors contributing to NAFLD and could be used
as biomarkers to evaluate the development of disease and
predict prognosis, such as interleukin (IL)-1p, IL-6, tumor
necrosis factor-o. (TNF-a) (19, 20). In addition, various studies
have reported elevated levels of pro-inflammatory cytokines in
NAFLD patients (20, 21). Similar to inflammatory cytokines,
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte
ratio (PLR), lymphocyte to monocyte ratio (LMR), mean
platelet volume (MPV), and platelet distribution width (PDW)
have recently been used as potential novel biomarkers of
inflammatory progress (22, 23). A study found that NLR
was elevated in advanced inflammation, which was useful in
assessing the extent of disease in patients with NAFLD (24).
Another study found that platelets played an essential role in the
spread and initiation of inflammatory diseases (25). And MPV
and PDW could be considered as markers of platelet activation
and function (23). However, the relationship between these
inflammatory markers and NAFLD remains controversial. Some
studies showed positive associations between inflammatory
markers and NAFLD (26, 27), while other studies showed
negative or null associations (28, 29). Notably, there is a lack
of data in the literature about the association of PLR and MPV
with NAFLD.
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In this study, we aimed to evaluate the association between
inflammatory markers and NAFLD in obese children, including
IL-1B, IL-6, IL-8, IL-12, IL-17, IL-21, IL-32, TNF-a, NLR, PLR,
LMR, PDW, and MPV. Furthermore, we planned to explore the
utility of these inflammatory markers in discriminating obese
children with or without NAFLD in order to identify biomarkers
for the development of NAFLD in obese children.

Methods
Study design and participants

We performed a case-control study in Changsha, China,
with a sample of 267 obese children, who attended to the Hunan
Children’s Hospital between September 2020 and September
2021 for management of obesity. Participants of both sexes
aged between 7 and 17 years were selected. Obesity was defined
based on the body mass index-for-age (BMI-for-age, z-score)
indicator, using the “Classification Criteria for Overweight and
Obesity Screening Body Mass Index Values for Chinese School-
age Children and Adolescents” recommended by the China
Obesity Task Force. The study protocol was approved by the
Ethics Committee of the Xiangya School of Public Health in
accordance with the principles of the Declaration of Helsinki.
All study participants signed an informed consent form before
the start of the study.

The following inclusion criteria of participants were
included: (a) the patients were diagnosed with NAFLD; (b) the
children and guardians agreed to participate in the study and
signed an informed consent form; (c) relevant examinations
were completed; (d) questionnaires were completed and
qualified. Exclusion criteria were as follows: (a) secondary
obesity in children; (b) children were taking lipid-lowering
medication; (c) suffered from severe cognitive impairment
and were unable to communicate in words or language; (d)
no informed consent form signed; (e) relevant examinations
were not completed; (f) questionnaires were not completed
and qualified.

NAFLD diagnosis

NAFLD was diagnosed by abdominal ultrasound according
to the guidelines for the diagnosis and management of NAFLD
by the Chinese Society of Hepatology (2018) (30). The diagnosis
of NAFLD was required for the following three conditions: (a)
no history of alcohol consumption or consumption of < 30 g/d
of alcohol equivalent for men and < 20 g/d for women. (b)
The diagnosis of fatty liver was based on diffusely enhanced
echogenicity in the anterior field of the liver, i.e., bright liver,
with stronger echogenicity than in the kidney, poor visualization
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of intrahepatic ductal structures, and gradual attenuation of
echogenicity in the far field of the liver. (c) excluded specific
liver diseases that can cause fatty liver such as alcoholic
fatty liver, chronic hepatitis C virus infection, autoimmune
hepatitis, and hepatomegaly, and excluded specific conditions
that cause fatty liver such as drugs, total parenteral nutrition,
inflammatory bowel disease, celiac disease, hypothyroidism,
Cushing syndrome, B lipoprotein deficiency, a-1 antitrypsin
deficiency, and certain insulin resistance-related syndromes.

Children with obesity were subclassified into three groups
based on the severity of NAFLD: Simple obesity was defined as
no NAFLD on imaging and normal liver function; NAFL was
defined as NAFLD on imaging but normal liver function; and
NASH was defined as NAFLD on imaging and liver function
injury. The diagnostic criteria for liver function injury were
alanine aminotransferase (ALT) > 60 IU/L.

Clinical and laboratory assessment

Demographic data were obtained through structured
Height,
and hip circumference were measured two times while

interviews and questionnaires. weight,  waist,

standing and wearing light clothing, and average values
were used for analysis. Body mass index (BMI) was

calculated as the weight divided by the square of
the height.
Fasting whole blood samples were collected via

venipuncture in the morning after a fasting period of longer
than 8h. Laboratory assays were performed in hospital
laboratory departments, which included white blood cell
count (WBC), hematocrit, PDW, MPV, neutrophil count,
lymphocyte count, monocyte count, total bilirubin, ALT,
aspartate aminotransferase (AST), albumin, triglycerides
(TG), total cholesterol (TC), glycated hemoglobin A1C
(HbAlc), (HDL-C),
low-density lipoprotein cholesterol (LDL-C), fasting blood
glucose (mmol/L, FBG), and fasting insulin (uU/ml, FINS). The
homeostasis model assessment of insulin resistance (HOMA-IR)

high-density lipoprotein cholesterol

was calculated using the formula: [fasting insulin (uU/ml) *
fasting glucose (mmol/L)/22.5]. The NLR was calculated as
neutrophil count divided by lymphocyte count. The PLR was
calculated as platelet count divided by lymphocyte count.
The LMR was calculated as lymphocyte count divided by
monocyte count.

Peripheral venous blood samples were collected from all
subjects using an ethylenediamine tetraacetic acid (EDTA)
anticoagulation tube. Blood samples were centrifuged at
3,500 r/min for 15min using a low-speed centrifuge. Two
aliquots of plasma and blood cells were separated, then
labeled and stored at —80°C wuntil the determination.
Plasma levels of IL-18, IL-6, IL-8, IL-12, IL-17, IL-21,
IL-32, and TNF-a were measured by an enzyme-linked
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immunosorbent assay (ELISA) wusing kits
LTD

supplied by
Hunan Saiwang Biotechnology Co.,
China Kkits).

(Renjiebio,

Statistical analysis

Continuous variables were described as means & standard
deviation (SD) or medians (interquartile range, IQR). Different
comparative analyses were performed using Student’s t-test
or the Mann-Whitney U test for continuous variables, and
Pearson’s chi-square test for categorical variables. The profile
of correlations between biochemical parameters was examined
by network analysis of the Spearman’s correlation matrices.
Correlations with P < 0.05 were included in the network
visualization. Spearman’s rank values (rho) were used to describe
the strength of correlations between NAFLD and concentrations
of circulating biochemical parameters. Univariable logistic
regression analysis and multivariable logistic regression analysis
with stepwise selection were constructed to estimate the
odds ratios (ORs) and 95% confidence intervals (CIs) of
associations between inflammatory markers and NAFLD,
including NAFL and NASH. Multivariable logistic regression
analysis was adjusted for all potential confounders with
statistically significant associations in comparison of baseline
demographics and clinical characteristics between two groups.
Receiver operating characteristic (ROC) curve analysis was
used to estimate the performance of plasma biomarker levels
in distinguishing obese children with NAFLD from simple
obese children. All comparisons were two-tailed and P <
0.05 were statistically significant. The statistical analyses were
performed using SPSS version 20.0 software (SPSS Inc., Chicago,
IL, USA).

Results

Characteristics of the study population

From September 2020 to September 2021, a total of 267
participants were enrolled, of which 176 obese children were
diagnosed with NAFLD and 91 were simple obese controls.
Table 1 shows the clinical characteristics and biochemical
measurements of the population studied. Levels of age, HbAlc,
TG, AST, and ALT were significantly higher in the NAFLD
group than in the simple obesity group (all P < 0.05). Moreover,
the level of HDL-C was significantly lower in the NAFLD
group than in the simple obesity group (P = 0.004). In terms
of sex, BMI, WHR, SBP, DBP, FBG, FINS, HOMA-IR, TC,
LDL-C, total bilirubin, WBC, hematocrit, and albumin, no
significant differences were found between the two groups (all
P > 0.05).
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TABLE 1 Demographics and clinical characteristics of study participants.

Variables Simple obesity (n =91)

Sex (male/female) 75/16

Age (years) 10.34 £ 1.94
BMI (kg/m?) 27.84 + 3.06
WHR 0.83(0.79-0.86)
SBP (mmHg) 117.00(111.00-129.00)
DBP (mmHg) 70.00(64.00-78.00)
FBG (mmol/L) 4.50(4.19-4.78)
FINS (1 U/ml) 21.56(15.23-29.71)
HOMA-IR 4.15(2.92-6.18)
HbAlc (%) 4.75(4.44-5.09)
TG (mg/dl) 1.12(0.80-1.52)
TC (mg/dl) 3.97 4+ 0.80
HDL-C (mg/dl) 1.20 +0.24
LDL-C (mg/dl) 2.20 £0.70

AST (U/L)
ALT (U/L)
Total bilirubin (jLmol/L)

21.2(17.8-26.6)
21.0(16.6-29.9)
9.30(7.20-12.70)

WBC (10° /L) 7.76 £ 1.89
Hematocrit (%) 40.50 £ 5.01
Albumin (g/L) 42.06 £ 2.44

Data are expressed as means + SD or medians (IQR).
The bold values mean the P-values with statistically significant (P < 0.05).

10.3389/fpubh.2022.991393

NAFLD (n=176) P-value
150/26 0.550
10.84 4 1.88 0.045
28.32 4+ 3.84 0.308
0.84(0.79-0.90) 0.138
120.00(110.00-129.00) 0.456
70.00(65.00-77.00) 0.973
4.51(4.18-4.80) 0.799
24.95(15.30-39.17) 0.061
4.85(2.92-8.24) 0.060
4.49(0.40-4.94) 0.002
1.37(0.94-1.93) 0.002
4.03£0.76 0.529
1.12 4023 0.004
2.3240.65 0.174
29.80(24.03-45.90) <0.001
49.45(28.73-82.80) <0.001
10.40(8.23-12.75) 0.080
7.90 4 1.87 0.586
41.62 £3.13 0.053
4250 £ 2.90 0.193

BMI, body mass index; WHR, waist circumference to hip circumference ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; TC, total cholesterol; FBG,

fasting blood glucose; FINS, fasting insulin; HbA1c, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; WBC, white blood cell count.

Circulating levels of inflammatory
markers by NAFLD diagnosis

We compared the levels of NLR, PLR, LMR, PDW, MPV,
IL-1B, IL-6, IL-8, IL-12, IL-17, IL-21, IL-32, and TNF-a in
simple obese children and obese children with NAFLD. Analyses
of the circulating levels of inflammatory markers in obese
children revealed that circulating IL-18, IL-6, IL-8, IL-12, IL-
17, IL-21, IL-32, and TNF-a levels were differentially expressed
in plasma samples. Specifically, we observed the levels of IL-
18, IL-6, IL-8, IL-12, IL-17, IL-21, IL-32, and TNF-a were
significantly higher in the NAFLD group than in the simple
obesity group (all P < 0.001). Interestingly, we observed
an increasing presentation among the simple obesity group,
the NAFL group, and the NASH group. The lowest levels
of inflammatory cytokines were found in the simple obesity
group, followed by the NAFL group, and the highest in the
NASH group, with a statistically significant difference among
the three groups. In addition, our results indicated the levels
of NLR, PLR, LMR, PDW, and MPV were higher in the
NAFLD group compared to the simple obesity group. However,
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no significant differences were found in the levels of these
inflammatory markers between the two groups (all P > 0.05)
(Table 2; Supplementary Table 1).

Correlation between inflammatory
markers and other biochemical
parameters in obese children

To determine the dynamic relationship and intensity

between inflammatory markers and other biochemical
parameters in different populations, we employed a network
analysis using the Spearman’s correlation matrix. The results
showed that the networks in different groups differed in
the correlations between inflammatory markers and other
biochemical parameters. Most correlations in both groups
were positive, meaning that an increase in the level of one
specific marker was followed by increased levels of other

biochemical parameters. Significantly, the network density
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TABLE 2 Levels of inflammatory markers of the subgroup by NAFLD diagnosis.

10.3389/fpubh.2022.991393

Variables Simple obesity (n = 91) NAFLD (n=176) P-value
NLR 1.42(1.17-1.96) 1.50(1.15-1.83) 0.589
PLR 117.79(95.96-151.17) 113.99(93.73-136.27) 0.363
LMR 5.85(4.82-6.85) 5.89(5.01-7.37) 0417
PDW (%) 11.40(10.50-13.00) 11.70(10.73-13.35) 0.157
MPV (fl) 10.20(9.50-11.10) 10.40(9.73-11.00) 0.239
IL-1B (pg/ml) 9.83(8.42-11.28) 14.36(12.34-16.15) <0.001
IL-6 (pg/ml) 6.92(5.88-7.59) 8.95(8.31-10.12) <0.001
IL-8 (pg/ml) 1.00(0.82-1.21) 1.49(1.28-1.75) <0.001
IL-12 (pg/ml) 8.20(7.35-8.94) 10.46(9.52-11.31) <0.001
IL-17 (pg/ml) 32.45(28.33-37.70) 52.53(46.11-59.10) <0.001
IL-21 (pg/ml) 46.04(38.84-50.45) 62.02(55.01-67.84) <0.001
1L-32 (pg/ml) 18.41(15.70-20.01) 22.89(20.18-25.96) <0.001
TNF-a (pg/ml) 10.07(8.92-11.42) 13.88(12.22-15.54) <0.001

Data are expressed medians (IQR).

The bold values mean the P-values with statistically significant (P < 0.05).
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; PDW, platelet distribution width; MPV, mean platelet volume; IL-1p,
interleukin 18; IL-6, interleukin 6; IL-8, interleukin 8; IL-12, interleukin 12; IL-17, interleukin 17; IL-21, interleukin 21; IL-32, interleukin 32; TNF-a, tumor necrosis factor-a.
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NAFLD leads to changes in the correlation between inflammatory markers and biochemical parameters. Correlation network analysis was
performed on inflammatory markers, plotted against indicators that were significantly correlated (P < 0.05). Each circle represents a different
indicator, the size and color of the circles represent the number of correlations involved for each indicator. The thickness of the line represents
the rho value. The solid line represents a positive correlation, while the dashed line represents a negative correlation. TG, triglycerides; TC, total
cholesterol; FINS, fasting insulin; HbAlc, glycosylated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; WBC, white blood cell count; PDW, platelet distribution width; MPV, mean platelet volume; WHR, waist circumference to hip
circumference ratio; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; IL-18,
interleukin-18; IL-6, interleukin 6; IL-8, interleukin 8; IL-12, interleukin 12; IL-17, interleukin 17; IL-21, interleukin 21; IL-32, interleukin 32; TNF-a,

positive
—- negtive

was higher in the group of obese children with NAFLD

(Figure 1).

We observed that inflammatory markers were significantly
correlated with different biochemical parameters in the
networks. In the group of obese children without NAFLD
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(i.e., the simple obesity group), we found that inflammatory
markers IL-6 and IL-32 exhibited the highest number of
significant correlations. IL-6 exhibited positive interactions with
ALT, HbAlc, IL-12, and IL-32. And IL-32 exhibited positive
interactions with MPV, PDW, IL-6, and TNF-a. While in the
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TABLE 3 Univariable analysis for inflammatory markers associated
with NAFLD.

10.3389/fpubh.2022.991393

TABLE 4 Multivariable analysis for inflammatory markers associated
with NAFLD.

Inflammatory OR 95%CI P-value Inflammatory OR* 95%CI P-value
markers (per 0.1 U) markers (per 0.1 U)
NLR 0.99 0.95-1.03 0.620 IL-1B (pg/ml) 115 1.04-1.27 0.007
PLR 1.00 0.99-1.00 0.314 IL-6 (pg/ml) 1.28 1.07-1.53 0.007
LMR 1.00 0.99-1.01 0.502 IL-17 (pg/ml) 1.04 1.02-1.07 0.001
PDW (%) 1.01 1.00-1.02 0.112

The bold values mean the P-values with statistically significant (P < 0.05).
MPV (f) 101 1.00-1.04 0313 *All ORs adjusted for sex, age, BMIL TG, HDL-C, AST, ALT, HbAlc, and HOMA-IR.
IL-1B (pg/ml) 1.13 1.09-1.16 <0.001 IL-1B, interleukin 18; IL-6, interleukin 6; IL-17, interleukin 17.
IL-6 (pg/ml) 1.25 1.18-1.33 <0.001
IL-8 (pg/ml) 2.39 1.91-3.00 <0.001
IL-12 (pg/ml) 1.17 1.12-1.22 <0.001 age, BMI, TG, HDL-C, AST, ALT, HbAlc, and HOMA-IR, we
IL-17 (pg/ml) 1.04 1.03-1.06 <0.001 found significant associations for IL-1f (OR = 1.16, 95% CI:
1121 (pg/ml) Lod L03-1.06 ~0.001 1.04-1.29, P = 0.007), IL-6 (OR = 1.27, 95% CI: 1.07-1.50,
1132 (pg/ml) 106 L04-1.08 ~0.001 P = 0.006), and IL-17 (OR = 1.04, 95% CI: 1.02-1.06, P =
TNF-a (pg/ml) 114 1.10-1.18 <0.001 0.001) with NAFLD (Table 4). Furthermore, we found significant

The bold values mean the P-values with statistically significant (P < 0.05).

NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR,
lymphocyte to monocyte ratio; PDW, platelet distribution width; MPV, mean platelet
volume; IL-1p, interleukin 18; IL-6, interleukin 6; IL-8, interleukin 8; IL-12, interleukin
12; 1L-17, interleukin 17; IL-21, interleukin 21; IL-32, interleukin 32; TNF-«, tumor
necrosis factor-a.

group of obese children with NAFLD, IL-17 was the most
connected inflammatory marker in the networks, which was
positively correlated with AST, ALT, IL-1p, IL-6, IL-8, IL-21,
and TNF-a and was negatively correlated with FBG (Figure 1;
Supplementary Tables 2, 3).

Inflammatory markers associated with
NAFLD

In univariable logistic regression analysis, we found IL-
1B, IL-6, IL-8, IL-12, IL-17, IL-21, IL-32, and TNF-a were
significantly associated with NAFLD [odds ratio (OR) = 1.13,
95% confidence interval (CI): 1.09-1.16, P < 0.001; OR = 1.25,
95% CI: 1.18-1.33, P < 0.001; OR = 2.39, 95% CI: 1.91-3.00, P
< 0.001; OR = 1.17, 95% CI: 1.12-1.22, P < 0.001; OR = 1.04,
95% CI: 1.03-1.06, P < 0.001; OR = 1.04, 95% CI: 1.03-1.06, P
< 0.001, OR = 1.06, 95% CI: 1.04-1.08, P < 0.001; OR = 1.14,
95% CI: 1.10-1.18, P < 0.001, respectively). Moreover, we found
IL-1B, IL-6, IL-8, IL-12, IL-17, IL-21, IL-32, and TNF-o were
significantly associated with NAFL, and IL-1B, IL-6, IL-8, IL-
12, IL-17, and TNEF-a were significantly associated with NASH.
However, no significant associations were found for NLR, PLR,
LMR, PDW, and MPV with NAFLD (all P > 0.05) (Table 3;
Supplementary Table 4).

Multivariable logistic regression analysis was conducted for
the statistically significant factors above. After adjusting for sex,
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associations for IL-1p, IL-6, and IL-17 with NAFL, and IL-18,
IL-6, IL-17, and TNF-a were significantly associated with NASH
(Supplementary Table 5).

Evaluation of inflammatory cytokines as
biomarkers of NAFLD

We used the ROC curve analysis to evaluate the accuracy
of potential biomarkers to distinguish obese children with
NAFLD from simple obese children. The area under curves
(AUCs) of IL-1B, IL-6, and IL-17 to discriminate obese
children with or without NAFLD were 0.94 (95% CI: 0.91-
0.97, P < 0.001) (Figure 2A), 0.94 (95% CI: 0.91-0.96, P
< 0.001) (Figure2B), and 0.97 (95% CI: 0.96-0.99, P <
0.001) (Figure 2C), respectively. It was observed that three
inflammatory markers had good diagnostic accuracy and the
AUC of IL-17 was larger than IL-1f and IL-6. The cut-off value
for IL-17 was 40.03 pg/ml, with a specificity of 93.8% and a
sensitivity of 89.0%. The cut-off value for IL-1p was 11.74 pg/ml,
with a specificity of 85.2% and a sensitivity of 84.6%. And the
cut-off value for IL-6 was 8.10 pg/ml, with a specificity of 80.1%
and a sensitivity of 91.2%.

Discussion

In this study, we explored the relationship between
inflammatory markers and NAFLD in obese children. We
identified several biomarkers independently associated with
NAFLD after adjustment for sex, age, BMI, TG, HDL-C,
AST, ALT, HbAlc, and HOMA-IR. Our results indicated
that increased IL-1P, IL-6, and IL-17 levels were significantly
associated with NAFLD.
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We found that plasma IL-1B, IL-6, IL-8, IL-12, IL-17,
IL-21, IL-32, and TNF-a levels were elevated in obese children
with NAFLD compared to subjects with simple obesity. These
inflammatory markers levels were also elevated in obese
children with NAFL and NASH. Furthermore, the levels of
inflammatory markers were higher in obese children with
NASH than in obese children with NAFL. These results were
consistent with the findings of previous studies (20, 21),
suggesting a trend of change in levels of inflammatory markers
from simple obesity to NAFLD. Furthermore, we found that
obese children with NAFLD exhibited distinct biochemical
characteristics with
correlations between biochemical parameters and inflammatory
markers. Interestingly, obese children with NAFLD were

through correlation analysis, closer
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marked with the presence of more positive correlations for
inflammatory markers. These results may provide context
for the potential role of inflammatory markers in NAFLD.
Therefore, we hypothesize that NAFLD is characterized by
a hepatic inflammatory environment leading to consistent
changes in concentrations of systemic biochemical parameters.
Numerous studies have demonstrated that inflammatory
cytokines played an essential role in the development of NAFLD
through the activation of various inflammatory pathways that
interfere with insulin signaling (31, 32), such as IL-1f, IL-6, and
IL-17. Pro-inflammatory cytokines, including IL-1p and IL-6,
were secreted by adipose tissue (33), which are involved in the
inhibitor kappa B kinase beta/nuclear factor kappa B (IKK/NF-
kB) pathway and the c-Jun N-terminal kinase/activator protein
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1 (JNK/AP1) pathway through the activation of intracellular
kinases (33, 34). Hepatic steatosis can increase the transcription
factor NF-kf signaling by activating upstream. The activation
of NF-«kf induces the production of inflammatory cytokines,
which helps recruit and activate Kupffer cells to mediate the
inflammatory response (35, 36). IL-1p could activate Kupffer
cells and promote the conversion of hepatic stellate cells to
myofibroblasts, further aggravating the inflammatory response,
and causing liver injury and hepatic fibrosis (37). IL-6 is a multi-
biologically active cytokine that involves in insulin signaling
and regulates acute phase responses and chronic inflammation
(38, 39). Many pieces of evidence indicated positive associations
for IL-1p and IL-6 with NAFLD (40-43).

Compared to other inflammatory cytokines, there were
relatively few studies on IL-17 in NAFLD in obese children.
IL-17 is a pro-inflammatory cytokine produced mainly by
natural killer cells, natural killer T cells, and Th17 cells (44).
Overexpression of IL-17 further increases lipid uptake by
hepatocytes, exacerbating damage and making them susceptible
to cell death and disease progression (45). IL-17 could promote
the expression of other inflammatory cytokines, various
inflammatory cytokines interacted together and collectively
inhibited insulin signaling (31, 46). Similarly, a previous
study found that Th17 cells and IL-17 were associated with
hepatic steatosis and pro-inflammatory responses production
in NAFLD (47). Furthermore, a study that also evaluated
the relationship between cytokines and NAFLD in children
confirmed our findings that plasma inflammatory cytokines
were significantly associated with NAFLD (21). However, this
study did not assess the association of IL-12, IL-17, IL-21, and
IL-32 with NAFLD and did not include control subjects. Besides,
recent studies have revealed a close link between the silent
information regulator sirtuin 1 (SIRT1) and inflammation, and
alterations in SIRT1 expression and activity have been associated
with NAFLD (48-50). SIRT1 may be involved in the regulation
of inflammatory cytokines in NAFLD and may be a key point
in the progression of NAFLD. To sum up, we suggested that
inflammatory cytokines were involved in the development of
NAFLD and may contribute to its progression, facilitating the
transition from NAFL to NASH.

In this study, we also developed prediction models using
circulating levels of IL-1f8, IL-6, and IL-17 as biomarkers to
distinguish obese children with NAFLD from simple obese
children. The spectrum of liver pathologies in NAFLD may
lead to fibrosis, which progresses to advanced liver fibrosis,
cirrhosis, hepatocellular carcinoma, and liver-related morbidity
and mortality (51). It is significant to distinguish obese children
with NAFLD from simple obese children for early treatment
before the disease progresses to a more advanced stage. The
results showed that the AUCs of IL-1f, IL-6, and IL-17 to
discriminate obese children with or without NAFLD were 0.94,
0.94, and 0.97, respectively. This suggested that IL-1p, IL-6,
and IL-17 had good diagnostic accuracy and the discriminative
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ability of IL-17 was superior to that of IL-1f and IL-6. Thus,
these inflammatory cytokines could be considered non-invasive
markers for differentiating NAFLD.

It should be mentioned that we did not find any association
for NLR, PLR, LMR, PDW, and MPV with NAFLD. To our
knowledge, this study was the first to evaluate associations for
PLR and LMR with NAFLD in the children population. Some
studies have shown that three novel compound inflammatory
ratios, including NLR, PLR, and MPV, had higher predictive
power than traditional inflammatory cytokines (52). And some
studies have shown that PDW and MPV were widely used
as biomarkers of platelet activation and function (24, 53).
Unfortunately, the results obtained showed that they were not
good non-invasive biomarkers of NAFLD in obese children.
The main reason for these results may be the limited number
of participants. Besides, negative results may be closely related
to the multiple characteristics of these inflammatory markers
involved in the development of NAFLD in a population
of obese children. Of note, in this study, we found that
inflammatory cytokines remained more predictive than other
possible biomarkers.

This study has some strengths. First, a large number
and well-characterized participants. Second, the number of
inflammatory markers evaluated. Third, we used ROC curve
analysis to assess the discriminative ability of inflammatory
cytokines for NAFLD. Some potential limitations should also
be considered. First, participants were recruited from one
hospital which may have limited representation, and further
multi-center studies are needed to validate our results, which
could provide more credibility. Second, validation of NAFLD
diagnosis with histological methods was not conducted in
this study, as non-invasive assessments were more feasible in
clinical practice. Thus, more studies with histological methods
are needed in the future to confirm our results, including
NAFL and NASH. Third, other inflammatory markers are also
important and have the potential to be biomarkers of NAFLD,
and more studies are needed in the future to explore their
association with NAFLD in obese children. Fourth, our study
was limited by the case-control study design, and we could not
elucidate the causal relationship between inflammatory markers
and NAFLD.

Conclusion

Our study explored the relationship between inflammatory
markers and NAFLD. We found that increased IL-1f, IL-6,
and IL-17 levels were significantly associated with NAFLD,
and they had good diagnostic accuracy to distinguish obese
children with NAFLD from simple obese children. These
plasma inflammatory cytokines may serve as non-invasive
markers to improve the ability to determine the development
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of NAFLD and potentially identify additional avenues for
therapeutic intervention.
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