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Purpose: Elevated serum ferritin (SF), also defined as hyperferritinemia, is commonly seen in patients with nonalcoholic fatty liver
disease (NAFLD). However, the clinical significance of SF in NAFLD remains controversial. The aim of this study was to characterize
the NAFLD patients with elevated SF and to explore the association of hyperferritinemia with the severity of NAFLD proved by liver
biopsy in the Chinese population.

Patients and Methods: A total of 136 NAFLD patients proved by liver biopsy were enrolled. The demographic, anthropometric,
clinical historic, laboratory, and histological characteristics were compared between elevated and normal SF groups. The independent
factors for elevated SF were determined using multivariate logistic regression analysis.

Results: The median age and body mass index were 41.00 (33.00-57.75) years and 28.28 (26.28-31.34) kg/m?, respectively.
Hyperferritinemia was detected in 57 (41.9%) patients. Patients in the elevated SF group presented with more severe lipo- and glucometa-
bolic disorder, and higher aminotransferases compared to those in the normal SF group (p < 0.05). In terms of histopathology, elevated SF
was associated with worse steatosis and a higher proportion of positive iron staining (p < 0.05). Multivariate logistic regression analysis
identified homeostasis model assessment of insulin resistance (OR: 1.170, 95% CI: 1.036-1.322, p = 0.012), alanine aminotransferase (OR:
1.012, 95% CI: 1.005-1.019, p < 0.001), and positive Perl’s staining (OR: 4.880, 95% CI: 2.072—-11.494, p < 0.001) as independent risk
factors of hyperferritinemia.

Conclusion: NAFLD patients with hyperferritinemia were characterized as more severe metabolic dysfunction and liver injury. More
attention should be paid to the metabolism state of NAFLD patients with elevated SF. Hyperferritinemia was correlated to hepatic
steatosis in Chinese NAFLD patients.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the liver manifestation of systemic metabolic dysregulation. In parallel
with the continued growth of obesity incidence, the prevalence of NAFLD in the general population increases to 29.2%
in China,' similar to the global prevalence of 30%.> As a continuum of liver dysfunctions, NAFLD encompasses
a disease spectrum, ranging from non-alcoholic fatty liver, non-alcoholic steatohepatitis (NASH), to liver cirrhosis, and

even hepatocellular carcinoma. NAFLD is tightly correlated to multiple extrahepatic complications, including
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cardiovascular disease and extrahepatic malignancy.> Due to the limitation of invasiveness and sampling bias of liver
biopsy, as well as the unsatisfactory performance of serum aminotransferases for assessing the severity of NAFLD, novel
biomarkers were an unmet need in the clinic.

Ferritin is a shell protein that sequesters a majority of iron to prevent iron-mediated oxidative damage by the Fenton
reaction.® Serum ferritin (SF) can be synthesized by hepatocyte and Kupffer cells, and is originally considered as
a biomarker of body iron content, or an acute-phase protein.’ In recent years, the association of SF and several metabolic
abnormalities gains high attention. Under the condition of overload, iron not only reduces the beta-cell function, but also
affects glucose and lipid homeostasis by impairing the response to insulin in the liver, muscle, and adipose tissue.®
Hence, SF is closely associated with insulin resistance and metabolic syndrome (MetS).”

Although hyperferritinemia is commonly seen in patients with NAFLD, the clinical significance of SF remains contro-
versial. Some studies reported that elevated SF is associated with steatosis, lobular inflammation, or hepatocellular ballooning,®
while others suggest hyperferritinemia is correlated with liver fibrosis”'® in patients with NAFLD proved by liver biopsy in the
western population. Several studies in Chinese NAFLD patients suggest that SF is a valuable non-invasive biomarker in
predicting advanced fibrosis diagnosed by FIB-4 >1.3,'" and the risk of NAFLD diagnosed by ultrasonography.'*'* However,
the association between SF and the histopathological severity of NAFLD is not well defined in Chinese biopsy-proven patients.
Thus, the present study aims to characterize NAFLD patients with hyperferritinemia, and to explore the association of
hyperferritinemia with the severity of NAFLD in Chinese NAFLD patients confirmed by liver biopsy.

Patients and Methods

Study Population
A total of 178 NAFLD patients who received liver biopsy during 2018, November to 2021, November were enrolled in
this study. All patients had no excessive alcohol uptake (more than 30 g daily for men or 20 g daily for women).'*
The exclusion criteria were: (1) younger than 18 years; (2) lack of SF value three months before and after the day of liver
biopsy, or iron deficiency indicated by SF lower than the low limit of normal (ie, 11.0 ng/mL for women and 23.9 ng/mL for
men); (3) coexisted with other etiologies, such as hepatitis B/C infection, hepatolenticular degeneration, autoimmune liver
disease, hyperthyroidism, hereditary hemochromatosis, drug induced fatty liver, and polycystic ovary syndrome.'”
This study was approved by the Institutional Ethics Committee of Ruijin Hospital, Shanghai Jiao Tong University and
complied with the Declaration of Helsinki. Written informed consent was obtained from all enrolled patients.

Definitions

NAFLD was defined as histological hepatocyte steatosis associated with metabolic dysfunction in the absence of excessive
alcohol uptake and other etiologies, according to the practice guidance from the American Association for the Study of
Liver Disease.'® Hyperferritinemia was defined as the value of SF above the upper limit of normal (336.2ng/mL in male or
306.8 ng/mL in female). Hypertension was diagnosed when blood pressure was higher than 140/90mmHg measured at least
two times on different days, or subjects had a definite history of hypertension. Type 2 diabetes mellitus (T2DM) was
diagnosed when patients had the definite history of T2DM regardless of treatment with hypoglycemic agents, or serum
fasting blood glucose (FBG) level >7.0 mmol/L, or glycated hemoglobin Alc (HbAlc) >6.5%.'" The diagnosis of MetS
was considered when patients met at least three of the following terms according to the International Joint Interim
Statement:'® (1) waistline >85cm in males or >80cm in females, (2) history of hypertension, or systolic blood pressure
>130mmHg, or diastolic blood pressure >85mmHg, (3) history of T2DM or FBG >5.6mmol/L, (4) fasting serum
triglyceride (TG) >1.7mmol/L or lipid-lowering drug treatment, (5) fasting serum high-density lipoprotein (HDL)
<1.0mmol/L in males or <1.3mmol/L in females.

Data Collection and Laboratory Assessment

The demographic characteristics (age, sex), anthropometric information (height, weight, waistline), and medical history
(presence of T2DM, hypertension) were collected at the day before liver biopsy. The body mass index (BMI) was
computed via weight (Kg) divided by the square of height (m?).
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Blood samples were obtained from peripheral vein after 8 hours of overnight fasting at the day of biopsy, and then tested
at the Clinical Laboratory Diagnostic Center of Ruijin Hospital, Shanghai Jiao Tong University School of Medicine. Serum
biochemical test was carried out using an automatic biochemistry analyzer (AU5800 Automatic Biochemical Analyzer,
Beckman Coulter, USA). SF was measured using the automatic immunoassay device (UniCel DXL800 Automatic
Immunoassay system; Beckman Coulter; USA). Serum insulin was analyzed through electrochemical luminescence auto-
matic immune analysis system (Roche Cobas E 601, Roche, Switzerland). Plasma HbAlc was examined using high
performance liquid chromatography (D-100 Hemoglobin Testing System, BIO-RAD, USA). Total blood cell counts were
analyzed using an automatic blood cell analyzer (LH750 Automatic Blood Cell Analyzer, Beckman Coulter, USA). All
laboratory tests were standardized and certified. The homeostasis model assessment of insulin resistance (HOMA-IR) was
calculated through FBG (mmol/L) multiplied insulin (WU/mL) and then divided by 22.5.

Histopathology Evaluation
All liver specimens were obtained through percutaneous liver puncture guided by abdominal ultrasonography. Each
specimen was routinely stained with Hematoxylin & Eosin, Masson triple, Sirius Red, and Perl’s blue staining.

The histological features were evaluated according to the Steatosis-Activity-Fibrosis scoring system by two experi-
enced pathologists based on the following criteria:'® the degree of hepatocyte steatosis less than 5%, 5-33%, 34—66%,
and more than 67% was defined S0, S1, S2, and S3, respectively. Hepatocellular ballooning was graded as follows: 0
point means normal cuboidal hepatocytes with pink eosinophilic cytoplasm; 1 point means the presence of clusters of
rounded hepatocytes with pale cytoplasm usually reticulated and quite similar size to that of normal hepatocyte although
the shape is different; 2 points means the presence of at least one enlarged hepatocyte with the size of 2-fold or more than
that of normal cells based on features of 1 point. Lobular inflammation was defined as a focus of two or more
inflammatory cells counted at 20x magnification with foci within the lobule: none, <2, and >2 foci per 20x were
considered as 0, 1, and 2 points, respectively. The sum of lobular inflammation and hepatocellular ballooning was
considered as inflammation activity score ranging from 0 to 4 points. The severity of fibrosis was graded according to the
scoring system proposed by the Pathology Committee of the NASH-Clinical Research Network:*° absence of fibrosis,
zone 3 perisinusoidal or perivenular fibrosis, zone 3 perisinusoidal and perivenular fibrosis, bridging fibrosis, and
cirrhosis was defined as FO, F1, F2, F3, and F4, respectively.

Statistical Analysis
The qualitative variables were defined as categorical data, and described as frequencies and percentages, while Pearson’s
Chi-square or Fisher’s exact test was exploited to analyze the difference of proportion when appropriate. The quantitative
variables were deemed as continuous variables, and described as medians and interquartile range. The Kolmogorov—Smirnov
test was used to evaluate whether the continuous variables are distributed normally. The Student’s ¢ test or Analysis of
Variance were performed when variables distributed normally; otherwise, Mann—Whitney U or Kruskal-Wallis H-test was
employed. Binary logistic regression analysis was used to examine the independent risk factors of hyperferritinemia.

All analyses were performed using IBM SPSS software (version 22.0, IBM, USA), using two-sided p values, while
all figures were pictured using GraphPad Prism (version 8.4.3, GraphPad, USA). In all analyses, p < 0.05 was deemed as
statistically significant and presented as *while p < 0.01 as **p < 0.001 as ***and not significant as ns.

Results

Clinical Characteristics of Study Population

A total of 136 patients who met the inclusion criteria were enrolled in the final analysis, while 42 were excluded for
various reasons (Figure 1). The clinical and demographic parameters of overall patients are summarized in Table 1. The
median age and BMI were 41.00 (33.00-57.75) years and 28.28 (26.28-31.34) Kg/m?, respectively. There were 57
(41.9%) patients showed elevated ferritin level [514.50 (414.30—644.40) ng/mL], while 79 (58.1%) patients exhibited
normal serum ferritin level [179.50 (120.60-246.70) ng/mL]. The age of patients with elevated SF was younger than
those with normal SF [38.00 (31.00-55.50) vs 45.00 (35.00-60.00) years, p = 0.018].
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Screened, (n=178)

42 were excluded due to:

3 age lower than 18 years

2 without the value of serum ferritin or lower than low limit of normal
37 coexisted with other etiology

Overall group, (n=136)

Normal serum ferritin,
(n=79, 58.1%)

High serum ferritin,
(n=57, 41.9%)

Figure | The flow chart for patient inclusion.

Differences of Laboratory Characteristics Between Elevated and Normal SF Groups

All laboratory data are shown in Table 1. The serum level of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and gamma-glutamyl transferase (GGT) of patients in the elevated SF group were higher than those in the normal SF group
[113.00 (76.50-173.00) vs 58.00 (39.00—109.00) IU/L, 63.00 (44.00-95.00) vs 45.00 (28.00—64.00) TU/L, 73.00 (49.50-116.50)
vs 52.50 (35.00-94.00) IU/L, p < 0.05]. In terms of lipid and glycometabolism, the serum level of triglyceride (TG), cholesterol,

Table | The Clinical and Demographic Characteristics of Enrolled NAFLD Patients

Variables Overall (n=136) Normal Serum Ferritin Elevated Serum Ferritin p value
(n=79, 58.1%) (n=57, 41.9%)
Male, n (%) 90 (66.2) 47 (59.5) 43 (75.4) 0.052
Age (years) 41.00 (33.00-57.75) 45.00 (35.00-60.00) 38.00 (31.00-55.50) 0.018
T2DM, n (%) 59 (49.1) 31 (39.2) 28 (49.1) 0.251
Hypertension, n (%) 57 (41.9) 34 (43.0) 23 (40.4) 0.754
MetS, n (%) 89 (65.4) 47 (59.5) 42 (73.7) 0.086
Waistline, (cm) 100.00 (91.00-105.00) 99.00 (93.00-106.00) 100.50 (89.25-104.38) 0.957
BMI, (Kg/m?) 28.28 (26.28-31.34) 27.77 (25.50-30.93) 28.71 (27.22-32.13) 0.056
Ferritin, (ng/mL) 279.95 (161.93—460.10) 179.50 (120.60-246.70) 514.50 (414.30-644.40) 0.000
ALT, (IU/L) 87.50 (47.25-134.75) 58.00 (39.00-109.00) 113.00 (76.50-173.00) 0.000
AST, (IU/L) 51.50 (31.00-76.50) 45.00 (28.00-64.00) 63.00 (44.00-95.00) 0.000
AKP, IU/L 80.00 (68.00-98.00) 78.50 (65.00-93.50) 81.00 (70.00-104.50) 0.181
GGT, (IUIL) 60.00 (42.00-102.00) 52.50 (35.00-94.00) 73.00 (49.50-116.50) 0.025
UA, (umol/L) 411.20 (347.68—490.48) 406.15 (343.35-472.28) 417.00 (357.30-529.33) 0.076
TG, (mmol/L) 1.79 (1.27-2.50) 1.62 (1.23-2.12) 2.08 (1.35-2.94) 0.023
CHOL, (mmol/L) 4.88 (4.31-5.60) 4.74 (4.17-5.46) 4.95 (4.47-6.00) 0.037
HDL, (mmol/L) 1.06 (0.96—1.22) 1.07 (0.95-1.22) 1.06 (0.96—1.20) 0.035
LDL, (mmol/L) 322 (2.77-3.73) 3.15 (2.66-3.69) 3.28 (2.88-3.92) 0.016
FFA, (mmol/L) 0.54 (0.42-0.66) 0.51 (0.38-0.63) 0.57 (0.48-0.69) 0.022
FBG, (mmol/L) 5.75 (5.20-6.50) 5.40 (5.10-6.10) 6.00 (5.35-6.85) 0.013
HbAlc, (%) 5.80 (5.50-6.78) 5.70 (5.40-6.30) 6.20 (5.50-6.90) 0.067
Insulin, (LU/mL) 16.94 (11.44-22.95) 14.99 (11.04-20.04) 21.19 (12.90-25.48) 0.004
HOMA_IR 4.30 (2.56-6.27) 3.49 (2.55-5.03) 5.39 (2.76-6.93) 0.005
Hemoglobin, (g/L) 147.00 (136.00-155.00) 140.00 (133.00-153.00) 151.00 (141.50-160.00) 0.000

Abbreviations: AKP, alkaline phosphatase; ALT, alanine transferase; AST, aspartate transferase; BMI, body mass index; CHOL, cholesterol; FBG, fasting blood glucose; FFA,
free fatty acid; GGT, gamma-glutamyl transferase; HbAlc, glycated hemoglobin Alc; HDL, high density lipoprotein; HOMA-IR, homeostasis model assessment of insulin
resistance; LDL, low density lipoprotein; MetS, metabolic syndrome; TG, triglyceride; T2DM, type 2 diabetes mellitus; UA, uric acid.
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low-density lipoprotein, free fatty acid, FBG, insulin, and HOMA-IR of patients were significantly higher in the elevated SF group
compared to those in the normal SF group [2.08 (1.35-2.94) vs 1.62 (1.23-2.12) mmol/L, 4.95 (4.47-6.00) vs 4.74 (4.17-5.46)
mmol/L, 3.28 (2.88-3.92) vs 3.15 (2.66-3.69) mmol/L, 0.57 (0.48-0.69) vs 0.51 (0.38-0.63) mmol/L, 6.00 (5.35-6.85) vs 5.40
(5.10-6.10) mmol/L, 21.19 (12.90-25.48) vs 14.99 (11.04-20.04) ulU/mL, and 5.39 (2.76-6.93) vs 3.49 (2.55-5.03), p < 0.05],
while the uric acid and HbAlc were not different between two groups (p > 0.05).

The Association Between Hyperferritinemia and Liver Histopathology

The association between elevated SF and severity of hepatic histopathology was analyzed, respectively, with hepatocyte
steatosis, inflammatory activity, and fibrosis. As shown in Table 2, the proportion of patients who exhibited steatosis
>33% was significantly greater in the elevated SF group than that in the normal SF group (80.7% vs 64.6%, p = 0.040),
and the median level of SF in patients with steatosis >33% was higher than those that in those with steatosis <33%
[304.30 (188.05-506.21) vs 205.70 (124.20-416.10) ng/mL, p = 0.037, Figure 2A]. The proportion of patients with
4-point inflammation activity was significantly higher compared to those in the normal SF group (63.2% vs 43.0%, p =
0.021). In addition, there is a positive trend between the SF and inflammation activity with the exception of 1 point (p =
0.093, Figure 2B). Meanwhile, a increasing trend between the SF and fibrosis stage 1 to 3 (p = 0.196), except stage 4,
was found (Figure 2C).

The Association Between Hyperferritinemia and Hepatic Iron Deposition

The hepatic iron deposition indicated by positive Perl’s staining was found in 69 (50.7%) patients. The proportion of
hepatic iron deposition in the elevated SF group was significantly greater than that in the normal SF group (66.7% vs
39.2%, p = 0.002). The median level of SF in patients with hepatic iron deposition was significantly higher than that in
those with negative Perl’s staining [389.20 (232.50-542.95) vs 226.50 (117.00-345.70) ng/mL, p < 0.001, Figure 2D].

Table 2 The Histopathological Features of Enrolled NAFLD Patients

Variables Overall (n=136) | Normal Serum Ferritin | Elevated Serum Ferritin p value
(n=79, 58.1%) (n=57, 41.9%)

Steatosis, n (%) 0.113

Sl 39 (28.7) 28 (35.4) I (19.3)

S2 55 (40.4) 28 (35.4) 27 (47.4)

S3 42 (30.9) 23 (29.1) 19 (33.3)

Steatosis 2-3, n (%) 97 (71.3) 51 (64.6) 46 (80.7) 0.040

Steatosis 3, n (%) 42 (30.9) 23 (29.1) 19 (33.3) 0.599

Inflammation activity, n (%) -

| point 2 (1.5) 1 (1.3) I (1.8)

2 points 24 (17.6) 18 (22.8) 6 (10.5)

3 points 40 (294) 26 (32.9) 14 (24.6)

4 points 70 (51.5) 34 (43.0) 36 (63.2)

Inflammation activity 3—4, n (%) 110 (80.9) 60 (75.9) 50 (87.7) 0.085

Inflammation activity 4, n (%) 70 (51.5) 34 (43.0) 36 (63.2) 0.021

Fibrosis, n (%) 0.196

Fl 18 (13.2) 14 (17.7) 4 (7.0

F2 71 (52.2) 42 (53.2) 29 (50.9)

F3 32 (23.5) 15 (19.0) 17 (29.8)

F4 15 (11.0) 8 (10.1) 7 (1233)

Fibrosis 2—4, n (%) 118 (86.8) 65 (82.3) 53 (93.0) 0.069

Fibrosis 3—4, n (%) 47 (34.6) 23 (29.1) 24 (42.1) 0.116

Fibrosis 4, n (%) 15 (11.0) 8 (l0.1) 7 (12.3) 0.692

Positive Perl’s staining, n (%) 69 (50.7) 31 (39.2) 38 (66.7) 0.002
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Figure 2 The relationship of serum ferritin levels and the liver histopathology. (A) Steatosis stage | vs 2-3, (B) inflammation activity from | to 4 points, (C) fibrosis stage
from | to 4, (D) negative vs positive Perl’s staining. The value within the box ranges from the 25th to the 75th percentiles. The median is shown by the horizontal bar. The
vertical bars represent the values between the minimum and the maximum. The * Indicates as p < 0.05 while *** as p < 0.001.

Risk Factors Associated with Hyperferritinemia in NAFLD Patients

To identify the risk factors of hyperferritinemia in patients, multivariable logistic regression was performed including
statistically associated variables. After adjustment of sex and presence of T2DM, the HOMA-IR (OR: 1.170, 95% CI:
1.036-1.322, p = 0.012), ALT (OR: 1.012, 95% CI: 1.005-1.019, p < 0.001), and positive Perl’s staining (OR: 4.880,
95% CI: 2.072-11.494, p < 0.001) were independently associated with elevated SF level (Table 3).

Discussion
This is the first study to investigate the significance of serum ferritin in Chinese biopsy-proven NAFLD patients. The
present study showed that 41.9% of patients had elevated SF in biopsy confirmed NAFLD patients from the Chinese
population. The NAFLD patients with elevated SF exhibited different clinical characteristics including more severe
metabolic dysregulation and liver function abnormality. Histologically, hyperferritinemia was correlated to worse hepatic
steatosis and higher hepatic iron deposition. After adjusting the cofounders, HOMA-IR, ALT, and hepatic iron deposition
were independent risk factors of hyperferritinemia.

Iron plays a vital role in mammalian homeostasis, while its various sources and limited excretion lead to a tendency
of iron retention and bring an extensive risk of iron overload. The liver is not only the main organ maintaining iron

homeostasis, but also the target of iron toxicity as it stores excessive iron.?' Iron can catalyze the formation of reactive
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Table 3 Risk Factors of Hyperferritinemia on Univariate and Multivariable Logistic Regression Analysis

Variables P value | Crude OR 95% CI P value | Adjusted OR 95% CI
Lower Upper Lower Upper

Male 0.055 2.091 0.986 4.436

T2DM 0.225 1.495 0.751 2.975

Age 0.027 0.972 0.948 0.997

ALT 0.000 1.013 1.006 1.019 0.000 1.012 1.005 1.019

AST 0.000 1.024 1.011 1.037

TG 0.094 1.272 0.960 1.686

CHOL 0.041 1.413 1.014 1.968

HDL 0.348 0.458 0.090 2.341

LDL 0.019 1.698 1.089 2.648

FFA 0.027 10.571 1.302 85.801

HOMA_IR 0.009 1.160 1.038 1.296 0.012 1.170 1.036 1.322

Hemoglobin 0.000 1.054 1.024 1.084

Steatosis 2-3 0.043 2.296 1.028 5.126

Inflammation activity 4 points 0.022 2.269 1.128 4.562

Positive Perl’s staining 0.006 2.779 1.345 5.742 0.000 4.880 2.072 11.494

Abbreviations: ALT, alanine transferase; AST, aspartate transferase; CHOL, cholesterol; Cl, confidence interval; FFA, free fatty acid; HDL, high density lipoprotein; HOMA-
IR, homeostasis model assessment of insulin resistance; LDL, low density lipoprotein; OR, odds ratio; TG, triglyceride; T2DM, type 2 diabetes mellitus.

oxygen species by Fenton reaction. Once the physiological antioxidative capacity is overwhelmed, these reactive oxygen
species would promote oxidative stress, immune cell activation, and hepatocellular injury.”* Thus, SF increased in order

to orchestrate the cellular defense system. Similar to previous studies,*~*>

our study also showed that SF was associated
with liver iron deposition indicated by positive Perl’s staining, which was one of the independent risk factors of
hyperferritinemia.

Existing literature have proposed an association of iron overload with metabolic dysregulation. The oxidative
products induced by iron through the Fenton reaction may lead to dyslipidemia and glucose dysmetabolism.** Ferritin
can post-translationally block the secretion of apolipoprotein B, which transports intracellular cholesterol ester and TG in
very low-density lipoprotein particles.?® In the present study, the lipid and glucose dysmetabolic biomarkers of NAFLD
patients with elevated SF were significantly higher than those with normal SF, and HOMA-IR was independently
associated with hyperferritinemia. In turn, metabolic abnormalities are correlated with more progressive disease in
patients with NAFLD. A meta-analysis manifested that T2DM is associated with a 2.25-fold increased risk of advanced
fibrosis, cirrhosis with or without complications, and liver-related mortality, while lipid dysmetabolism and hypertension
are associated with a smaller hazard ratio of those adverse events.? Thus, evaluation of metabolism associated
parameters is of importance for NAFLD patients with hyperferritinemia, not only for timely diagnosis and intervention,
but also for improvement of prolonged prognosis.

Our study also found an association of hyperferritinemia with histological steatosis, which is similar to previous
literature that SF was associated with liver fat content measured by magnetic resonance imaging.”’ This can be explained
by that SF is a biomarker of insulin resistance, which leads to the accumulation of free fatty acid in the liver. The trend
that SF increases along with the degree of fibrosis, however, decreases at cirrhosis is similar to the “burn-out” effect that
liver steatosis obviously regresses at cirrhosis®® further supports this view.

A previous study showed that SF higher than 1.5 times the upper limit of normal was associated with a 1.66-fold
higher risk of advanced fibrosis (grade 3 or 4).° Another study enrolled 1014 Japanese NAFLD patients with histological
evidence also suggested that increased SF was correlated to the presence of fibrosis although the diagnostic accuracy was
low.'® However, in the present study, there was only a trend between the SF and fibrosis stage 1 to 3 (p = 0.196), except
stage 4. Such discrepancy could be explained by the following reasons. Firstly, compared to the patients with a median
age of 41.00 (33.00-57.75) years in our group, the age of patients in other studies were obviously older (47.7 + 11.8 and

9,10

46.9 + 0.4 years, respectively) >~ which indicates a longer history of the disease. The previous study showed that fibrosis
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progresses one stage gradually in patients with NAFL for 14.3 years and NASH for 7.1 years,” thus the fibrosis was
more severe in elderly patients with NAFLD.* Secondly, the BMI of patients [28.28 (26.28-31.34) Kg/mz] in our study
were apparently lower than that in those studies (34.0 + 6.3 and 31.3 + 0.2 Kg/m?, respectively).”'® Literature have
shown that higher BMI is associated with more deteriorating NAFLD fibrosis score.®'*> Hence, we proposed that the
association between SF and fibrosis of NAFLD should be evaluated based on age and BMI. In the young and low BMI
population, high SF level was associated with liver steatosis; while in old and high BMI individuals, high SF level was
associated more with liver fibrosis. A study that the combination with SF higher than 240 ng/mL and BMI greater than
28.2 kg/m” can identify patients at risk of fibrosis with an 82% sensitivity and a 79% specificity,”® further supports our
view. However, such assumption needs to be verified in further research that more patients with a wide range of age and
BMI will be enrolled.

In the present study, the change of SF showed a tendency that SF increased along with the point of inflammation
activity with the exception of 1 point. In the group of inflammation activity with 1 point, there are only two patients. As
an inflammatory protein, SF would increase under chronic inflammatory diseases, including NAFLD.? Indeed, biomar-
kers of liver injury, including serum ALT, AST, and GGT were significantly higher in patients with elevated SF,
particularly ALT was independently associated with elevated SF.

The superiority of the present study is that the diagnosis of NAFLD relies on liver pathophysiology through liver
biopsy. However, the previous studies were based on ultrasonography. Liver biopsy is still the gold standard for diagnosis
of NAFLD, which makes our conclusion more reliable. Furthermore, the objects enrolled in this study represent the
characters of the Chinese population, who are notably different from the western population. Chinese are more likely to
have visceral fat deposition with a low BMI and cutoff value of overweight and obesity.>*

There are also limitations in this study. First is the bias of selection, which makes patients enrolled distributed
unequally in each histological stage, with seldom mild NAFLD or definite cirrhosis. Secondly, the sample size is
relatively small. In the real world, because of the inconvenience and risks of liver biopsy, it is not readily acceptable
in NAFLD patients. NAFLD is a usually asymptomatic disease, and is not taken seriously. Therefore, only those
patients with suspicious advanced fibrosis, indefinitely diagnosis, or progressive liver injury although after the
positive intervention, are suggested to perform liver biopsy, thus the bias is inevitable and the number of patients
is limited.

Conclusion

In summary, NAFLD patients with elevated SF presented with more severe lipid and glucose dysmetabolism. The routine
evaluation of metabolic state is necessary for Chinese NAFLD patients with hyperferritinemia. Once coexistence with
metabolic dysregulation, more positive and effective intervention is needed to improve hepatic or extrahepatic-related
adverse events. Histologically, hyperferritinemia was more associated with steatosis and higher hepatic iron deposition.
We proposed that the association between SF and the severity of NAFLD should be evaluated based on age and BMI,
which needs further investigation.
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