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Serum biomarkers combined with ultrasonography for early
diagnosis of non-alcoholic fatty liver disease confirmed
by magnetic resonance spectroscopy
Ling-ling Qian1,2, Liang Wu1, Lei Zhang1,2, Jing Zhang1,2, Jia Zhou3, Yue-hua Li3, Qi-chen Fang1, Hua-ting Li1 and Wei-ping Jia1

Magnetic resonance spectroscopy (MRS) is notably accurate for even minimal degree of hepatic steatosis in non-alcoholic fatty liver
disease (NAFLD). But routine use of MRS is limited by its cost and availability. In this study, we developed a diagnostic model
combining ultrasonography with biomarkers to identify mild NAFLD, with MRS as the reference standard. A total of 422 eligible
subjects were enrolled. The serum levels of fibroblast growth factor 21 (FGF21), cytokeratin 18 M65ED, proteinase 3, neutrophil
elastase, alpha-1 antitrypsin, and neutrophil elastase/alpha-1 antitrypsin were measured using ELISA assays. We found that among
the six biomarkers, only serum FGF21 was independently associated with intrahepatic triglyceride content (IHTC, standardized β=
0.185, P < 0.001) and was an independent risk factor for mild NAFLD. Thus, we established a Mild NAFLD Model based on FGF21,
alanine transaminase, triglycerides, and body mass index. The area under the receiver-operating characteristic curve of the Mild
NAFLD Model was 0.853 (95% confidence interval: 0.816–0.886). Furthermore, a two-step approach combining ultrasonography
with the Mild NAFLD Model displayed a better sensitivity for diagnosing mild NAFLD compared with each method alone, with a
sensitivity of 97.32% and a negative predictive value of 85.48%. This two-step approach combining ultrasonography and the Mild
NAFLD Model derived from serum FGF21 improves the diagnosis of mild NAFLD and can be applied to the early diagnosis of NAFLD
in clinical practice.
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INTRODUCTION
In 2018, ~25% of the world’s population was estimated to have
non-alcoholic fatty liver disease (NAFLD); the prevalence of NAFLD
in Asia ranges from 15% to 40% and is accompanied by a serious
public and economic burden [1]. Hepatic steatosis is generally
graded as minimal (<5%), mild (5%–33%), moderate (33%–66%),
and severe (≥66%) steatosis [2], with the mild grade accounting
for the highest proportion of NAFLD patients in population-based
studies [3, 4].
Because of the high prevalence and asymptomatic presentation

of NAFLD, the early diagnosis of NAFLD is clinically important.
First, as it is not always benign, simple steatosis can even evolve to
non-alcoholic steatohepatitis (NASH) or progress to fibrosis,
cirrhosis, and hepatocellular carcinoma [5, 6]. Second, the severity
of NAFLD increases the risk of impaired fasting glucose, diabetes,
microvascular diabetic complications, and cardiovascular diseases
[7, 8]. Third, even a low grade of NAFLD can affect adherence to
interventional studies among NAFLD patients [9]. Moreover, this
condition is often overlooked in healthy controls selected for
clinical trials because of its asymptomatic presentation leading to

misclassifications and decreased study validity [10]. Hence, much
attention should be paid to the early detection of NAFLD.
Liver biopsy, the gold standard for identifying NAFLD, is

invasive; thus, the uses of noninvasive alternatives, such as
imaging studies, are necessary for assessing NAFLD. Ultrasono-
graphy, the most commonly used noninvasive method, is accurate
and reliable for detecting moderate-to-severe fatty liver, but it is
known to underestimate NAFLD with intrahepatic fat <30% [11].
Computed tomography (CT) is associated with radiation exposure,
and it is also not accurate in assessing mild NAFLD [12]. Magnetic
resonance spectroscopy (MRS) is highly accurate for even minimal
amounts of steatosis, but its widespread application is hampered
by time-consuming acquisitions and complex postprocessing
procedures [13, 14].
Some biomarkers also hold promise in diagnosing NAFLD, but

their roles in diagnosing mild NAFLD defined by MRS have rarely
been explored or compared. Fibroblast growth factor 21 (FGF21) is
a hepatokine that is often increased in obesity, metabolic
syndrome, type 2 diabetes, and NAFLD [15, 16]. Serum FGF21
was positively correlated with hepatic fat content in subjects with
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mild/moderate NAFLD [17]. Moreover, it has been reported that
the neutrophil serine proteases involved in the induction of
inflammation and apoptosis play crucial roles in the pathogenesis
of obesity-induced NAFLD [18–22]. While several studies have
evaluated serum FGF21, apoptosis markers, such as cytokeratin 18
M65ED (CK18 M65ED) and neutrophil serine proteases (proteinase
3 [PR3], neutrophil elastase [NE]), and their inhibitor (alpha-1
antitrypsin [A1AT]) in relation to the development of NAFLD, no
studies have focused on the role of these biomarkers in
diagnosing mild NAFLD.
This study aimed to investigate the relationship between novel

serum hepatic biomarkers and liver steatosis grades as measured
by MRS and assess the diagnostic performance of NAFLD,
including novel hepatic markers, in combination with ultrasono-
graphy for NAFLD.

MATERIALS AND METHODS
Study participants
The data of the 531 subjects who underwent ultrasonography and
MRS from the local community in Shanghai between October
2017 and October 2018 were reviewed retrospectively to identify
Chinese subjects aged 18–70 years with an intrahepatic triglycer-
ide content (IHTC) <33%. In this project, overweight or obese
subjects, as defined by body mass index (BMI) ≥24 kg/m2 or waist
circumference (WC) ≥85 cm in men and ≥80 cm in women, were
chosen as the high-risk subgroup from the local community.
Subjects did not have any known chronic or acute liver diseases,
such as autoimmune disease, celiac disease, Wilson’s disease,
A1AT deficiency, hepatic malignancies, hepatobiliary infections, or
biliary tract disease. All the subjects were asked to undergo the
ultrasonography examination, and then were invited to quantify
their IHTC with an MRS examination. Of 470 eligible subjects, 48
were excluded (12 because they had excessive alcohol consump-
tion [men > 140 g/week, women > 70 g/week], 16 with hepatitis
infection, 17 with known hyperthyroidism or hypothyroidism, and
3 without serum samples). The final study population consisted of
422 subjects. Of these, 336 individuals had an IHTC more than
5.56%, and 86 individuals had an IHTC less than 5.56%. All of the
participants provided informed consent, and the local ethics
committee approved the protocol of the study.

Anthropometric and biochemical measurements
Blood pressure, body weight, height, WC, and biomedical indices
were measured according to our previous standardized protocols
[16]. BMI (weight [kg]/height2 [m2]) was also calculated. Blood
samples were collected from participants after an overnight fast of
at least 10 h and were used to measure serum fasting plasma
glucose (FPG), fasting insulin (FINS), fasting C peptide (FCP),
alanine transaminase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transferase (GGT), triglyceride (TG), total choles-
terol (TC), high-density cholesterol (HDL-C), and low-density
cholesterol (LDL-C). Two-hour plasma glucose was measured
following a 75-g oral glucose tolerance test. The homeostasis
model assessment of insulin resistance (HOMA-IR) was calculated
as follows: HOMA-IR= FPG (mmol/L) × FINS (mU/L)/22.5.

Measurement of FGF21, CK18 M65ED, PR3, NE, and A1AT
Concentrations of FGF21, PR3, NE, and A1AT in serum were
quantified using an enzyme-linked immunosorbent assay (ELISA)
kit (Antibody and Immunoassay Services, the University of Hong
Kong). Serum CK18 M65ED concentration was quantified with the
M65 EpiDeath ELISA kit (Peviva AB, Bromma, Sweden). The intra-
assay variations for the measurement of FGF21, PR3, NE, A1AT, and
CK18 M65ED were 1.89%, 4.25%, 8.61%, 5.97%, and 0.77%,
respectively, and for interassay variations, these values were
4.08%, 2.45%, 4.86%, 2.52%, and 8.23%, respectively.

Ultrasonography and MRS examination
After an overnight fast of at least 10 h, all subjects underwent
ultrasonography examination in the morning by two experienced
sonographers who were blinded to the clinical data. The
sonographers performed abdominal ultrasonographic examina-
tions in all subjects using a Voluson 730 Expert B-mode ultrasound
machine (GE Healthcare, 5.0-MHz transducer, Waukesha, WI, USA).
In accordance with the standards we used in our previous study,
we had followed the guidelines for the assessment and manage-
ment of NAFLD in the Asia-Pacific region [16]. Diffuse fatty liver
can be defined by the presence of at least two of three abnormal
findings on abdominal ultrasonography (diffusely increased
echogenicity (‘bright’) in the liver with liver echogenicity greater
than kidney or spleen, vascular blurring, and deep attenuation of
ultrasound signal). Any disagreement between the two sonogra-
phers was resolved by consensus.
Subjects underwent liver MRS by the segmented breath-hold

method using the 3.0-T Philips Ingenia medical system (Philips
Healthcare, the Netherlands) and the 16-channel body coil.
Single breath-hold single-voxel MRS data were acquired in mid-
expiration using point-resolved single-voxel spectroscopy pulse
sequence without water suppression with the following para-
meters: repetition time, 2000 ms; echo time, 50 ms; flip angle, 90;
2 dynamic scans, dynamic scan time, 12 s; and voxel size,
20 mm × 20 mm × 20 mm. Sagittal, coronal, and axial slices were
acquired, and regions of interest in the right posterior lobe were
selected by an experienced radiologist, avoiding visible blood
vessels and bile ducts. All the raw MR spectrum images were
processed by two experienced radiologists independently who
were blinded to the clinical histories using the standard Philips
curve-fitting package. Automatic processing included phase
correction based on the water and 200-ms exponential filter.
Manual processing included optimization of the phase and a
linear baseline correction, if required. The average IHTC derived
from the two analyzers was expressed as a percentage by
dividing the integral of the methylene groups in the fatty acid
chains of the hepatic TG by the sum of the methylene groups
and water. Any disagreement between the two analyzers was
resolved by consensus.

Diagnostic criteria for NAFLD, mild NAFLD, and metabolic
syndrome
The diagnostic criteria for NAFLD and metabolic syndrome
were in accordance with the standards we followed in our
previous study [16]. All subjects were invited to confirm the
diagnosis of NAFLD via an accurate quantification by MRS (IHTC ≥
5.56%) [23]. Mild NAFLD was defined as NAFLD with IHTC less than
33% [2].

Statistical analysis
All analyses were performed with SPSS version 25.0 (Chicago, IL,
USA). Normally distributed data were expressed as the mean ± SD.
Data that were not normally distributed were log-transformed
before analysis and were expressed as medians with interquartile
ranges. Student’s unpaired t test was used for between-group
comparisons. Pearson’s chi-square and partial correlation analyses
were used to examine the associations between IHTC and various
parameters. Multiple stepwise regression analysis was used to
examine the association of IHTC with other parameters. Multiple
logistic regressions were used to identify independent risk factors
for mild NAFLD. The accuracy of the models was evaluated using
the area under the curve (AUC) with 95% CI. Two-sided P values <
0.05 were considered significant. The sensitivity, specificity,
positive predictive value, and negative predictive value were
calculated to assess the diagnostic accuracy of different diagnostic
models. Chi-square tests were used to compare the difference in
diagnostic accuracy.
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RESULTS
Characteristics of subjects and serum levels of biomarkers
The clinical characteristics of the 422 subjects included in this
study are described in Table 1. Their average age and BMI were
41.00 years and 27.06 kg/m2, respectively. No significant differ-
ences in age were observed between non-NAFLD and mild NAFLD
subjects. The male to female ratio and BMI were significantly
higher in the mild NAFLD subjects than in the non-NAFLD subjects
(both P < 0.05). After adjustment for age, sex, and BMI, subjects
with mild NAFLD had a higher WC, FCP, ALT, AST, GGT, TG, TC,
LDL-C, and IHTC (all P < 0.01).
Regarding changes in the six biomarkers, both FGF21 and CK18

M65ED levels were significantly higher in patients with mild
NAFLD than in the non-NAFLD subjects after adjustment for age,
sex, and BMI (P < 0.001 and P= 0.002, respectively). Other
biomarkers, including PR3, NE, A1AT, and NE/A1AT, did not differ
significantly between the two groups. Among the subjects
diagnosed with non-NAFLD by ultrasonography, those with
MRS-defined NAFLD had significantly higher serum levels of
FGF21 than non-NAFLD subjects (196.24 [130.54–298.04] pg/mL
vs. 143.12 [97.05–219.78] pg/mL, P < 0.01), with and without
adjustment for BMI.

Relationship between biomarkers and IHTC
As IHTC is a quantitative index for the severity of NAFLD, we
investigated the relationship between IHTC and the six biomarkers

to identify an appropriate biomarker for mild NAFLD. Correlations
between IHTC and biomedical parameters are presented in
Table 2. After adjustment for age, sex, and BMI, IHTC was
positively correlated with WC, FCP, ALT, AST, GGT, TG, TC, high-
density lipoprotein cholesterol (HDL-C), LDL-C, FGF21, and CK18
M65ED (all P < 0.05). Notably, no significant associations were
found between IHTC and the other four markers. Multiple
stepwise regression analysis involved the above parameters;
variables with significant correlations with IHTC included BMI,
WC, systolic blood pressure, diastolic blood pressure, FCP, ALT,
AST, GGT, TG, HDL-C, FGF21, and CK18 M65ED. FGF21 (standar-
dized β= 0.185, P < 0.001), FCP, ALT, and TG were found to be
independently associated with IHTC. However, CK18 M65ED did
not demonstrate a significant association.

FGF21 is an independent risk factor for mild NAFLD diagnosed by
MRS
To determine whether FGF21 was an independent risk factor for
NAFLD, we performed a multiple logistic regression analysis in
which the presence of mild NAFLD was designated as the
dependent variable in three different models (Table 3). FGF21,
ALT, AST, GGT, TG, TC, HDL-C, LDL-C, sex, age, and BMI were
defined as independent variables in Model 1. The analysis
identified serum FGF21 levels (per 20 pg/mL increase; odds ratio
[OR] 1.082, 95% confidence interval [CI] 1.020–1.147, P= 0.008) as
an independent and positive risk factor for NAFLD, along with ALT,

Table 1. The general characteristics of the subjects with NAFLD in 422 subjects.

Variables Non-NAFLD (n= 86) Mild NAFLD (n= 336) Non-NAFLD vs. Mild NAFLD

P value P value*

Male/female 47/39 235/101 0.001 –

Age (year)a 45.00 (35.00, 59.00) 39.00 (34.00, 50.75) 0.021 –

Body mass index (kg/m2) 25.04 ± 3.31 27.54 ± 3.45 <0.001 –

Waist circumference (cm) 88.06 ± 8.04 95.38 ± 8.84 <0.001 <0.001

Systolic blood pressure (mmHg)a 116.0 (110.0, 130.0) 118.0 (112.0, 126.0) 0.335 0.940

Diastolic blood pressure (mmHg)a 75.0 (70.0, 80.5) 80.0 (74.0, 84.0) <0.001 0.122

Fasting plasma glucose (mmol/L)a 5.18 (4.72, 6.33) 5.23 (4.77, 5.84) 0.514 0.554

2-h plasma glucose (mmol/L)a 7.56 (6.30, 12.16) 7.50 (6.58, 9.14) 0.381 0.725

Fasting C Peptide (ng/mL)a 1.99 (1.41, 2.61) 2.77 (2.16, 3.35) <0.001 <0.001

Fasting insulin (μU/mL)a 10.39 (6.71, 13.35) 12.65 (10.90, 16.16) 0.013 0.088

HOMA-IRa 2.39 (1.66, 3.42) 3.01 (2.46, 4.04) 0.05 0.066

Alanine transaminase (IU/L)a 14.00 (10.75, 19.00) 25.00 (17.00, 36.00) <0.001 <0.001

Aspartate aminotransferase (IU/L)a 16.50 (14.75, 19.00) 21.00 (17.00, 26.75) <0.001 <0.001

Gamma-glutamyl-transferase (IU/L)a 19.50 (14.00, 29.25) 32.00 (23.00, 46.00) <0.001 <0.001

Triglyceride (mmol/L)a 0.97 (0.79, 1.36) 1.69 (1.27, 2.23) <0.001 <0.001

Total cholesterol (mmol/L) 4.70 ± 1.08 5.10 ± 0.84 0.002 <0.001

HDL cholesterol (mmol/L) 1.24 ± 0.25 1.14 ± 0.22 <0.001 0.082

LDL cholesterol (mmol/L) 2.87 ± 0.89 3.16 ± 0.74 0.006 0.001

Intrahepatic triglyceride content (%)a 3.33 (2.24, 4.41) 15.53 (10.28, 23.84) <0.001 <0.001

Fibroblast growth factor 21 (pg/mL)a 143.12 (97.05, 219.78) 196.24 (130.54, 298.04) <0.001 <0.001

Cytokeratin 18 M65ED (U/L)a 62.71 (35.91, 115.2) 121.08 (60.17, 250.40) <0.001 0.002

Proteinase 3 (ng/mL)a 90.20 (62.75, 132.27) 86.30 (60.30, 127.90) 0.748 0.882

Neutrophil elastase (ng/mL)a 140.56 (57.72, 277.00) 123.53 (69.82, 244.51) 0.397 0.466

Alpha-1 antitrypsin (mg/mL)a 1.04 (0.71, 1.38) 1.11 (0.83, 1.29) 0.430 0.263

NE/A1AT (×10−3)a 0.15 (0.07, 0.27) 0.12 (0.06, 0.24) 0.823 0.914

Data are mean ± SD or median (interquartile range)
HOMA-IR homeostasis model assessment-insulin resistance, NE neutrophil elastase, A1AT alpha-1 antitrypsin
*P value: adjusted by age, sex and body mass index
aLog-transformed before analysis
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TG, and BMI (all P < 0.05). The OR (95% CI) for the risk of mild
NAFLD per 20 pg/mL increase of serum FGF21 was 1.082
(1.017–1.151; P= 0.013) when CK18 M65ED, diastolic blood
pressure, and metabolic syndrome were included in the analysis,
in addition to FGF21, ALT, TG, and BMI, in Model 2. To simplify the
model, only FGF21, ALT, TG, and BMI, which remained significant
in Models 1 and 2, were included in Model 3. Taking the presence
of mild NAFLD as the dependent variable (Model 3), the OR (95%
CI) for the risk of mild NAFLD per 20 pg/mL increase of serum
FGF21 was 1.062 (1.010–1.118; P= 0.019). The model was named
the Mild NAFLD Model, which was calculated as follows:

Mild NAFLDModel ¼ x= 1 þ xð Þ;

x ¼ e �6:871þ0:003 ´ FGF21þ0:079 ´ALTþ1:151 ´ TGþ0:163 ´ BMIð Þ:

Diagnostic effect of FGF21 for mild NAFLD diagnosed by MRS
The receiver-operating characteristic curves shown in Fig. 1
represent the predictive accuracy of the Mild NAFLD Model for
mild NAFLD diagnosed by MRS. The AUC was 0.853 (95% CI
0.816–0.886) for the Mild NAFLD Model and 0.637 (95% CI
0.589–0.683) for FGF21 alone. The AUC of the Mild NAFLD

Model was larger than that of FGF21 alone (P < 0.0001). The AUC
of the Mild NAFLD Model was compared with that of the FGF21
Model, which was used to predict ultrasonography-diagnosed
NAFLD and was calculated with FGF21 and BMI in a prospective
study [15]. In our cohort, the FGF21 Model indicated NAFLD, with an
AUC of 0.737 (95% CI 0.692–0.779). However, the AUC of the FGF21
Model was significantly smaller than that of the Mild NAFLD
Model (P= 0.0001). Calculation of the Youden index to find the
optimal cut-off value of the Mild NAFLD Model for indicating the
occurrence of mild NAFLD produced a value of 0.69, with a
sensitivity of 85.12% (95% CI 81.31%–88.92%), specificity of 70.93%
(95% CI 61.33%–80.53%), positive predictive value of 91.96% (95%
CI 88.94%–94.98%), and negative predictive value of 54.95% (95%
CI 45.70%–64.21%) (Table 4).

Combined application of ultrasonography and Mild NAFLD Model
in diagnosing mild NAFLD
Table 4 summarizes the diagnostic performance of ultrasonogra-
phy alone, the Mild NAFLD Model alone, and the combination of
ultrasonography and the Mild NAFLD Model in diagnosing mild
NAFLD using MRS as the reference standard. Ultrasonography or
Mild NAFLD Model alone did not show any significant differences
regarding the diagnosis of mild NAFLD via the chi-square test. We
further evaluated diagnostic performance using a two-step
approach in which subjects classified as non-NAFLD by ultra-
sonography would undergo a secondary assessment by the Mild
NAFLD Model using the cutoff value of 0.69. Compared with
ultrasonography or the Mild NAFLD Model alone, the two-step
approach yielded an overall sensitivity of 97.32% (95% CI
95.60%–99.05%) and a negative predictive value of 85.48% (95%
CI 76.72%–94.25%), revealing a significant improvement.

DISCUSSION
In this study, elevated serum FGF21 was the only biomarker
independently correlated with IHTC measured by MRS. FGF21 was
the only indicator among six potential NAFLD biomarkers that was
significantly associated with mild NAFLD diagnosis, and the Mild
NAFLD Model based on FGF21 had an AUC of 0.853. Furthermore,
the two-step method using the combination of ultrasonography
and the Mild NAFLD Model was more sensitive than each method
alone to diagnose NAFLD with MRS as the diagnostic reference
standard. Elevated FGF21 was independently associated with IHTC
in mild NAFLD and was also increased in NAFLD before
ultrasonography was performed. Increased hepatic TG deposition
reflects an imbalance of hepatic free fatty acid (FFA) metabolism
[24]. FFAs are natural agonists of peroxisome proliferator-activated
receptor-α (PPARα), and hepatic Fgf21 expression is upregulated
by the transcription factor PPARα [25]. In addition, a study showed
that hepatic FGF21 was increased during nutrient overload and
was involved in de novo lipogenesis in the liver in response to
carbohydrate load [25].
Although CK18 M65ED was elevated in mild NAFLD in our

study, it was not independently associated with IHTC. CK18
M65ED, a CK18 fragment, can detect the common epitope in both
uncleaved and caspase-cleaved CK18, reflects hepatocellular
apoptosis and is potentially useful for diagnosing NAFLD
[26, 27]. Unlike FGF21, the elevated CK18 M65ED in our study
might reflect the increasing level of apoptosis-induced total cell
death, which might be the result of cellular stress and hepatic
injury subsequently induced by the hepatic accumulation of lipids
[28]. This may explain why CK18 M65ED increased but was not
correlated with IHTC in mild NAFLD in our population.
An animal study revealed that the activation of PR3 can

contribute to NAFLD and insulin resistance, and PR3-deficient
mice showed reduced intrahepatic lipids and were resistant to
high-fat-diet-induced weight gain [18]. NE can cause cellular
insulin resistance, and the deletion of NE in mice can ameliorate

Table 2. Correlations of IHTC with anthropometric parameters and
biochemical indexes in 422 subjects.

Variables IHTC IHTC (age, BMI
and sex
adjusted)

r P value r* P value*

Agea −0.009 0.86

Body mass index 0.213 <0.001

Waist circumference 0.22 <0.001 0.113 0.022

Systolic blood pressurea 0.108 0.045 −0.013 0.799

Diastolic blood pressurea 0.158 0.003 0.096 0.051

Fasting plasma glucosea −0.014 0.802 0.021 0.669

2-h plasma glucosea 0.088 0.100 0.035 0.483

Fasting serum C peptidea 0.244 <0.001 0.359 <0.001

Fasting serum insulina 0.107 0.063 0.086 0.103

HOMA-IRa 0.087 0.129 0.078 0.142

Alanine transaminasea 0.356 <0.001 0.384 <0.001

Aspartate aminotransferasea 0.261 <0.001 0.282 <0.001

Gamma-glutamyl-transferasea 0.174 0.001 0.242 <0.001

Triglyceridea 0.139 0.010 0.337 <0.001

Total cholesterol 0.051 0.341 0.203 <0.001

High-density lipoprotein
cholesterol

−0.168 0.002 −0.115 0.020

Low-density lipoprotein
cholesterol

0.065 0.229 0.179 <0.001

Fibroblast growth factor 21a 0.255 <0.001 0.275 <0.001

Cytokeratin 18 M65EDa 0.331 <0.001 0.256 <0.001

Proteinase 3a 0.068 0.209 0.008 0.871

Neutrophil elastasea 0.082 0.132 0.098 0.050

alpha-1 antitrypsina −0.038 0.485 0.044 0.370

NE/A1ATa 0.080 0.107 0.061 0.226

IHTC intrahepatic triglyceride content, HOMA-IR homeostasis model
assessment-insulin resistance, NE neutrophil elastase, A1AT alpha-1 anti-
trypsin
*P value: age, body mass index and sex adjusted
aLog-transformed before analysis
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tissue inflammation [19]. A1AT is an endogenous inhibitor of NE,
and the imbalance between NE and A1AT is associated with
obesity-related metabolic inflammation [20]. Zang et al. found an
elevation in serum NE and NE/A1AT and a reduction of A1AT in
NASH subjects [21]. However, in our current study, PR3, NE, A1AT,
and NE/A1AT were not significantly altered in patients with mild
NAFLD. This might be explained by the ‘multiple hit hypothesis’
[29] where, in mild NAFLD, the first hit of rising hepatic lipid

concentrations had rendered hepatocytes sensitive to an addi-
tional hit featuring hepatocyte cell death, but it had not yet driven
drastic changes in hepatic inflammation.
In our study, the two-step method, which involved combining

serum biomarkers with conventional ultrasonography, resulted in
good sensitivity in mild NAFLD. In this study, the two-step method
achieved a sensitivity of 97.32% and a negative predictive value of
85.48% for the diagnosis of mild NAFLD. Ultrasonography alone
has well-known limitations in detecting IHTC, with sensitivities of
65.1% and 64.9% in the assessment of mild NAFLD patients [30]
and severely obese patients [31], respectively. However, ultra-
sonography has some advantages. It is not influenced by liver iron
[30], it is easily accessible and inexpensive, and it is particularly
useful for the general screening of subjects compared with other
imaging techniques (i.e., CT or MRS) [11]. In addition, ultrasono-
graphy can be performed easily in conscious patients, which is an
advantage when examining pediatric patients or adults unable to
tolerate magnetic resonance imaging tests without sedation [32].
The Mild NAFLD Model, which is the other component of the

two-step method and was obtained using MRS as a reference
standard, is composed of FGF21, ALT, TG, and BMI, which are all
easily obtained indices in clinical practice. Other biomarkers, such
as the fatty liver index and the hepatic steatosis index, also have
moderate accuracy in diagnosing NAFLD [33–35]. However, the
key limitation of these two indices is their use of ultrasonography,
which is a suboptimal reference standard [35]. Hopefully, by
adopting the two-step method in diagnosing mild NAFLD,
suggestions on lifestyle interventions regarding diet and physical
activity can be provided to these subjects to prevent the
deterioration of NAFLD.
This study has several limitations. First, longitudinal data were

lacking; thus, we could not address the causal relationship
between FGF21 and mild NAFLD. Prospective studies in larger
populations are needed to confirm our diagnostic method.
Second, a liver biopsy was not used, and information concerning
coexisting steatohepatitis or fibrosis was lacking. Third, the
diagnostic accuracy of NAFLD via MRS could have been affected

Table 3. Multivariate logistic regression for the association between serum FGF21 levels and mild NAFLD in 422 subjects.

Variables β Standard error Odds ratios (95% CI) P value

Model 1

Fibroblast growth factor 21a (pg/mL) 0.079 0.030 1.082 (1.020–1.147) 0.008

Alanine transaminase (U/L) 0.098 0.028 1.103 (1.044–1.167) 0.001

Triglycerides (mmol/L) 0.950 0.340 2.587 (1.328–5.040) 0.005

Body mass index (kg/m2) 0.139 0.056 1.149 (1.029–1.283) 0.013

Model 2

Fibroblast growth factor 21a (pg/mL) 0.079 0.032 1.082 (1.017–1.151) 0.013

Alanine transaminase (U/L) 0.119 0.032 1.127 (1.058–1.199) <0.001

Triglycerides (mmol/L) 0.974 0.364 2.649 (1.298–5.403) 0.007

Body mass index (kg/m2) 0.145 0.061 1.156 (1.026–1.303) 0.018

Model 3

Fibroblast growth factor 21a (pg/mL) 0.061 0.026 1.062 (1.010–1.118) 0.019

Alanine transaminase (U/L) 0.079 0.017 1.083 (1.047–1.120) <0.001

Triglycerides (mmol/L) 1.151 0.278 3.160 (1.831–5.453) <0.001

Body mass index (kg/m2) 0.163 0.051 1.177 (1.065–1.300) 0.001

Original variables included:
Model 1: FGF21, ALT, AST, GGT, TG, TC, HDL-C, LDL-C, adjusted by sex, age, and BMI
Model 2: FGF21, ALT, AST, GGT, TG, TC, HDL-C, LDL-C, DBP, CK18 M65ED, adjusted by sex, age, BMI, and metabolic syndrome
Model 3: FGF21, ALT, TG, and BMI
FGF21 fibroblast growth factor 21, ALT alanine transaminase, AST aspartate aminotransferase, GGT gamma-glutamyl-transferase, TG triglyceride, TC total cholesterol,
HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, DBP diastolic blood pressure, CK18 cytokeratin 18, BMI body mass index
aPer 20 pg/mL

Fig. 1 ROC curves for predicting MRS-diagnosed mild NAFLD and
the comparison of AUCs. Mild NAFLD Model (FGF21+ ALT+ TG+
BMI), AUC= 0.853 (95% CI 0.816–0.886); FGF21 Model (FGF21+
BMI), AUC= 0.737 (95% CI 0.692–0.779); FGF21, AUC= 0.637 (95%
CI 0.589–0.683). Comparison of AUCs: Mild NAFLD Model vs. FGF21
Model, P < 0.0001; Mild NAFLD Model vs. FGF21, P < 0.0001; FGF21
Model vs. FGF21, P= 0.0042.
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by hepatic iron content [36]. However, it was not possible to
exclude the influence of hepatic iron because of insufficient data.
In addition, one major limitation of the study is that the diagnostic
performance of the Mild NAFLD Model had not been validated in
another external validation population. In addition, our study
population may not represent the general Chinese community
population. Therefore, the conclusion needs further validation in a
general population. Last, the MRS diagnosis was based on data
collected from a small portion of the liver (within a voxel= 2 cm ×
2 cm × 2 cm), and this might have led to a sampling error [35].
In conclusion, the present study demonstrated that elevated

serum FGF21 was independently associated with IHTC as
measured by MRS and was indicative of mild NAFLD compared
with the other five potential NAFLD biomarkers. A two-step
approach that combined ultrasonography and the Mild NAFLD
Model derived from serum FGF21 further improved the diagnostic
sensitivity for mild NAFLD. We believe this diagnostic model can
be applied in the early diagnosis of NAFLD in clinical practice.
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