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Abstract

Objective: Previous studies have shown the correlations between serum ferritin and
non-alcoholic fatty liver disease (NAFLD) or diabetes. However, this relationship remains > type 2 diabetes
unclear in patients with type 2 diabetes (T2DM) with NAFLD. Therefore, this study aimed

to elaborate the relationship between serum ferritin levels and NAFLD in middle-aged

and older patients with T2DM and further explored the biomarkers for NAFLD in T2DM.
Methods: A total of 805 middle-aged and older patients with T2DM were divided into

NAFLD and non-NAFLD groups, and their serum ferritin levels were compared. Next,
NAFLD group were divided into five subgroups according to the quintile levels of serum
ferritin, and the differences in the constituent ratios of NAFLD were analyzed. A logistic
regression analysis was performed to determine the risk factors for NAFLD in patients

with T2DM.

Results: The serum ferritin levels were significantly higher in T2DM patients with NAFLD
(168.47 (103.78, 248.00) ng/mL) than in the non-NAFLD patients (121.19 (76.97, 208.39)
ng/mL). The constituent ratios of NAFLD were significantly higher in the F5 and F4 groups
than in the F2 or F1 groups (22.70 and 22.70% vs. 15.90 and 16.90%, respectively;

P < 0.05). Binary logistic regression analysis showed that serum ferritin (P = 0.001) was an
independent risk factor for NAFLD in patients with T2DM.

Conclusions: Serum ferritin levels were significantly increased in T2DM with NAFLD, and the
constituent ratios of NAFLD increased gradually along with the increased levels of serum
ferritin. Thus, serum ferritin is an independent risk factor for NAFLD in patients with T2DM.
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Introduction

Non-alcoholic fatty liver disease (NAFLD), which is the
excessive deposition of fat (>5% of the liver weight)
in liver cells without causes such as heavy drinking,
hypothyroidism, or drugs, is
manifestation of metabolic syndrome (MS), or metabolic
dysfunction-associated fatty liver disease. NAFLD is one of
the most common chronic liver diseases in the world. The
report estimated the prevalence of NAFLD is 25% globally,
23% in Europe, the highest in the Middle East and South
America, and the lowest in Africa (1). NAFLD prevalence

considered a liver

varies in most Asian countries; in China, it ranges from
12.5 to 38% (2).

Studies have shown that changes in the prevalence
of NAFLD in recent years are parallel to the prevalence of
obesity and MS. NAFLD is closely related to type 2 diabetes
(T2DM), both of which have the pathophysiological
manifestations of excessive fat accumulation and insulin
resistance (3, 4, 5).

Approximately 10% of adults have diabetes and 90%
of whom have T2DM (6). The overall prevalence of NAFLD
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in patients with T2DM is 55.5%, which is more than two
times in the general population (7). In recent years, many
researchers have stated that T2DM is one of the important
risk factors for NAFLD (8). The typical insulin resistance
and obesity-mediated oxidative stress and inflammation in
patients with T2DM lead to the stress state and dysfunction
of liver mitochondria, which furthers the development
of NAFLD (9). In addition, liver biopsy revealed that
steatohepatitis represented the sole feature of liver damage
in T2DM. Therefore, NAFLD generally presents as non-
alcoholic steatohepatitis (NASH) in patients with T2DM.
NASH may be one of the early complications of T2DM
due to its pathophysiological correlation with insulin
resistance (10).

Serum ferritin is an important indicator of iron storage
in the body. As a strong oxidant, iron can promote the
oxidative stress process of hyperglycemia to pancreatic
beta cells (11). Studies have found that serum ferritin is
associated with increased blood glucose, retinopathy,
nephropathy, and vascular dysfunction in patients with
T2DM (12). The changes in serum ferritin levels may also
be associated with the occurrence of NAFLD in patients
with T2DM (13). Iron overload may affect glucose and lipid
metabolism in the pancreatic beta cells and in the liver,
muscles, and adipose tissue (14). Iron can generate reactive
oxygen species (15), which directly damages the DNA,
lipids, and proteins in liver cells through the consumption
of ATP and glutathione (16). Thereis also evidence thatiron
regulates adipose tissue inflammation, adiponectin levels,
and adipose tissue lipolysis and that iron in adipose tissue
may promote the progression of NAFLD by mediating
insulin resistance (17).

Studies have also shown that serum ferritin may be
involved in the occurrence of fatty liver as an inflammatory
cytokine, but the specific source of higher serum ferritin
level remains unclear. One source may be the release of
stored iron or the inflammatory state of the body (18).
Ryan et al. believed that the iron in the liver was the main
source of serum ferritin and that serum ferritin was the
main prognostic factor for NAFLD (19). Therefore, this study
aimed to analyze the correlations between serum ferritin
levels and NAFLD in middle-aged and older patients with
T2DM in order to further explore a new biological marker for
the diagnosis and treatment of T2DM patients with NAFLD.

Materials and methods
Study population

A total of 1213 patients with T2DM admitted to the
Department of Endocrinology of Lanzhou University First
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Hospital from 2016 to 2020 were recruited. After screening
according to inclusion and exclusion criteria, 805 middle-
aged and older patients with T2DM (490 men and 315
women) were enrolled in the study.

This study was approved by the Ethics Committee
of the First Hospital of Lanzhou University, and written
informed consent was obtained from all of the participants.
The inclusion and exclusion criteria for this study were
as follows.

Inclusion criteria: we included patients with T2DM
aged >45 years and those with complete clinical data.

Exclusion criteria: we excluded patients with
malignant tumors, acute infection, hemochromatosis,
chronic inflammatory diseases, acute inflammation of the
liver, elevated liver enzymes due to unknown causes, iron
deficiency anemia, acute and chronic blood loss, excessive
drinking (weekly alcohol intake >140 g for men and
>70 g for women), drug-induced hepatitis, autoimmune
hepatitis, viral hepatitis, and other diseases that may cause
NAFLD and those with type 1 diabetes and other particular
types of diabetes.

Methods

Collection of general characteristics of the
study subjects
The general information (name, sex, and age) such as
diabetes duration, medication status, personal history,
and any other medical history of each study participant
was collected. The height, weight, and blood pressure were
measured and recorded.

BMI was calculated using the following formula:
BMI =weight (kg)/height (m?).

Laboratory examinations

We extracted S mL of venous blood from all of the patients
in the morning after 8 h of fasting, and the serum was
separated. Serum ferritin, folic acid (FA), vitamin B12
(VB12), homocysteine (Hcy), aspartate transaminase (AST),
alanine aminotransferase (ALT), direct bilirubin (DBil),
total bilirubin (TBil), alkaline phosphatase (ALP), uric
acid (UA), lactate dehydrogenase (LDL), total protein (TP),
albumin, low-density lipoprotein cholesterol (LDL-C),
total cholesterol (TC), triglyceride (TG), HDL-C, and
fasting plasma glucose (FPG) were measured using
automatic biochemical analyzers. Red blood cells (RBC)
count, hemoglobin (Hb) levels, and mean corpuscular Hb
concentration (MCHC) levels were determined using a
Mindray automated blood cell analyzer (Mindray Medical
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International Limited, Shenzhen, China). Glycated Hb
(HbA1c) was determined using HPLC (Bio-Rad D10; Bio-
Rad Laboratories). Fasting insulin (FINS) was determined
using the chemiluminescence method (CENTAUR-XP
automat chemiluminescence immunoanalyzer; Siemens
Healthineers).

The insulin resistance index (HOMA-IR) was calculated
using the following formula: HOMA-IR = FPGxFINS/22.5.

Diagnostic criteria and grouping

Diagnostic criteria

Diabetes was diagnosed according to the 1999 World
Health Organization diagnostic criteria, whereas NAFLD
was diagnosed according to the criteria published by the
American Society of Liver Diseases in 2017. Each patient was
examined using abdominal ultrasound by an experienced
sonographer. Two of the following abdominal ultrasound
findings suggested diffuse fatty liver: (i) the near-field echo
of the liver had diffused enhancement, which was stronger
than that of the kidney and spleen; (ii) the intrahepatic
duct structure was not clear, and the far-field echo of the
liver gradually weakened.

Study population grouping

The patients with T2DM were divided into those with and
without NAFLD, and the difference in serum ferritin levels
between the two groups was compared.

The patients with T2DM with NAFLD were grouped
according to the quintile levels of serum ferritin: F, (0-76.5
ng/mlL), F, (76.5-117.88 ng/mL), F; (117.88-181.31 ng/mL),
F, (181.31-265.56 ng/mL), and F; (>265.56 ng/mL). The
differences in the constituent ratios of NAFLD among the
five groups were compared.

Statistical analysis

All data were analyzed by SPSS version 26.0 software (IBM
Corp.). Normally distributed measurement data were
expressed as mean * S.D. (X =5 ), whereas non-normally
distributed measurement data were expressed as median
and interquartile range. The independent sample ¢-test was
used to compare the differences of measurement data with
normal distribution. The Mann-Whitney U-test was used
to compare the differences of measurement data with non-
normal distribution. The enumeration data are expressed
as frequencies and percentages (%), and differences were
compared using a chi-square test. One-way ANOVA was used
to compare the differences between groups of the ordered
classification data with normal distribution, whereas the
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Kruskal-Wallis H test was used to compare the differences
between groups of the ordered classification data with
non-normal distribution. The correlation of continuous
variables with non-normal distribution was analyzed by
Spearman’s rank-order correlation. The risk factors for
NAFLD were evaluated by binary logistic regression analysis.
A Pvalue of <0.05 was considered statistically significant.

Results

Comparison of general characteristics of patients
with T2DM with and without NAFLD

Among the 805 patients with T2DM, 427 were in the NAFLD
group and 378 in the non-NAFLD group. The ages, BMI
levels, and diabetes duration were significantly higher in the
NAFLD group than in the non-NAFLD group (Table 1).

Comparison of serum ferritin and the
other indices between patients with T2DM
with and without NAFLD

As shown in Table 1, levels of serum ferritin, BMI, FPG,
HOMA-IR, RBC count, MCHC, Hcy, AST, ALT, DBil, TBil,
ALP, UA, LDH, TP, albumin, TC, TG, and systolic blood
pressure (SBP) were higher in the NAFLD group than in the
non-NAFLD group (P < 0.05), whereas Hb, VB12, FA, and
HDL-C levels were lower in the NAFLD group (P < 0.05).
However, there were no significant differences in the levels
of HbAlc and LDL-C and diastolic blood pressure (DBP)
levels between both groups.

Comparison of the constituent ratios of NAFLD in
the different ferritin levels groups

The patients with T2DM with NAFLD were grouped
according to the quintile levels of serum ferritin. As shown
in Fig. 1, the NAFLD constituent ratios were significantly
higher in the Fy and F, groups than those in the F, or F;
groups (P < 0.05). However, no significant difference was
found between the other groups.

Comparison of the biochemical indices in the
different ferritin levels of patients with T2DM
with NAFLD

After the patients with T2DM with NAFLD were grouped
according to the quintile levels of serum ferritin, with
the increase of serum ferritin levels, the age and diabetes
duration showed a decreasing trend, whereas the FPG,
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Table 1 Comparison of indices between patients with T2DM with and without NAFLD. Data are presented as mean * s.p. or
median and interquartile range.

Non-NAFLD (378) NAFLD (427) P
Age (years) 58.07 + 8.36 61.29 + 8.29 <0.001
Duration (years) 8.00 (4.00, 12.00) 9.00 (5.00, 13.00) 0.034
BMI (kg/m?) 23.22+2.91 2541+ 2.57 <0.001
Ferritin (ng/mL) 121.19 (76.97, 208.39) 168.47 (103.78, 248.00) <0.001
FPG (mmol/L) 8.20 (6.70, 12.80) 9.10(7.50, 11.30) <0.001
HbA1c (%) 7.95 (6.80, 9.80) 8.30(7.10, 9.80) 0.062
HOMA-IR 2.40 (1.53,3.71) 3.07 (2.04, 4.44) <0.001
RBC (109/L) 4.73 £ 0.50 4.82+0.57 0.020
Hb (g/L) 148.06 + 15.25 145.36 + 15.84 0.016
MCHC (g/L) 334.00 (328.00, 339.00) 336.00 (329.00, 343.00) 0.001
VB12 (pg/mL) 399.30 £ 145.74 372.01 + 127.89 0.005
FA (ng/mL) 8.30 (5.88, 11.00) 7.50 (5.60, 9.70) 0.001
Hcy (umol/L) 12.13 £2.90 13.24 +3.47 <0.001
AST (U/L) 19.00 (16.00, 22.00) 21.00 (17.00, 27.00) <0.001
ALT (U/L) 19.00 (14.75, 24.00) 23.00 (17.00, 34.00) <0.001
DBil (umol/L) 2.70(2.10, 3.30) 2.90(2.10, 3.70) 0.006
TBil (umol/L) 13.93 £ 4.31 15.06 + 4.60 <0.001
ALP (U/L) 79.00 (65.00, 89.22) 87.00 (71.00, 101.00) <0.001
UA (umol/L) 315.03 £ 75.47 338.25 + 72.29 <0.001
LDH (U/L) 160.82 + 26.15 169.83 + 27.28 <0.001
TP (g/L) 68.16 + 6.01 69.11 + 5.47 0.021
Albumin (g/L) 42.87 +3.48 43.86 + 2.94 <0.001
LDL-C (mmol/L) 2.72 £ 0.80 2.76 £ 0.71 0.421
TC (mmol/L) 4.11 £0.97 4.45 £ 0.96 <0.001
TG (mmol/L) 1.33(0.97, 1.80) 1.77 (1.32, 2.36) <0.001
HDL-C (mmol/L) 1.03+0.21 0.99 +0.19 0.007
SBP (mmHg) 138.23 + 22.69 145.67 +22.95 <0.001
DBP (mmHg) 81.98 + 14.65 83.84 + 14.01 0.067

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBIl, direct bilirubin; DBP, diastolic blood pressure; FA, folic
acid; FPG, fasting blood glucose; Hb, hemoglobin; HbA1C, glycosylated hemoglobin; Hcy, homocysteine; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, insulin resistance index; LDH, lactate dehydrogenase; LDL-C, low-density lipoprotein cholesterol; MCHC, mean hemoglobin concentration; RBC
count, red blood cell count; SBP, systolic blood pressure; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride; TP, total protein; UA, uric acid; VB12,
vitamin B12.

HOMA-IR, Hb, MCHC, ALT, TBil, LDH, AST, and VB12
levels showed an increasing trend (Fig. 2). =00

For the Fg group, the levels of MCHC and ALT were
higher than in the other four groups, HbAlc levels were
higher thanin theF,, F,, and F; groups, and HOMA-IR, AST,
and TBil levels were higher than in the F,, F, and F; groups,
the FPG levels were higher than in the F, and F, groups,
and Hb levels were higher than in the F, group. However,
the diabetes duration in the F; group was lower than in the
other four groups, and the age was lower than in the F, and
F, groups (Table 2).

For the F, group, the levels of AST and ALT were higher
than in the F, and F, groups, HOMA-IR levels were higher
than in the F, group, Hb, MCHC, and TBil levels were o
higher than in the F; group, and the ages were lower than F1 F2 F3 F4 F5
in the F, group (Table 2). Grouping

For the F; group, the levels of HbAlc were higher than i ;
in the F, and F, groups, and Hb, MCHC, ALT, and TBil levels Clog::;rison of the constituent ratios of NAFLD in the different ferritin
were higher than in the F; group (Table 2). level groups.
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Figure 2

Comparison of the biochemical indices in different ferritin levels. (A) Age,
(B) FPG, HOMA-IR, (C) duration, TBil, (D) Hb, LDH, (E) AST, ALT, and (F)
MCHC, VB12.

The levels of MCHC in the F, group were higher than
in the F, group (Table 2).

Correlation analysis of serum ferritin level in
patients with T2DM with NAFLD

FPG, HbAlc, HOMA-IR, Hb, MCHC, VB12, Hcy, AST,
ALT, DBil, TBil, ALP, UA, LDH, RBC count, TG, TC, and
DBP levels were positively correlated with serum ferritin
(P <0.05), whereas the age, diabetes duration, and FA levels
were significantly negatively correlated with serum ferritin
(P < 0.05) (Table 3).

Analysis of independent risk factors for NAFLD in
patients with T2DM

NAFLD was considered the dependent variable, and serum
ferritin was the independent variable. Logistic regression
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analysis showed that ferritin was an independent risk
factor for NAFLD (OR=1.002, P=0.001) (Table 4).

After adjusting for age, diabetes duration, and BMI,
ferritin was still an independent risk factor for NAFLD
(OR=1.002; P < 0.05) (Table 4).

After further adjusting for Hb, MCHC, RBC count,
VB12, FA, AST, albumin, TBil, TP, DBil, UA, TC, HDL-C,
LDH, FPG, HbAlc, SBP, DBP, ferritin, age, BMI,
AST, albumin, TC, FPG, and RBC were shown to be
independent risk factors for NAFLD (OR=1.002, 1.064,
1.340, 1.081, 1.264, 1.70S, 1.149, and 3.360, respectively;
all P < 0.05). Hb, VB12, and TP were protective factors for
NAFLD (OR=0.941, P < 0.001; OR=0.998, P=0.002; and
OR=0.929, P=0.001, respectively). Diabetes duration,
MCHC, FA, TBil, DBil, UA, HDL-C, LDH, SBP, HbAlc,
and DBP were not associated with the risk of developing
NAFLD (Table 4).

Discussion

Previous studies have shown that the level of serum
ferritin, which is the main storage form of iron in the
body, is correlated with T2DM and NAFLD (20, 21). Amin
et al. reported that serum ferritin levels were increased in
patients with T2DM with NAFLD (22). In the present study,
compared with non-NAFLD T2DM patients, patients with
T2DM with NAFLD had significantly increased serum
ferritin levels. With the increase in serum ferritin levels,
the NAFLD constituent ratios were significantly increased.
Serum ferritin is an independent risk factor for NAFLD in
patients with T2DM.

Studies have found that hyperferritinemia with
normal transferrin saturation is a marker of glucose or lipid
metabolism disorder (23). In the case of iron overload,
patients have an increased incidence of T2DM, and iron
chelation therapy may improve diabetes by reducing
iron overload (24). Iron overload may increase the risk of
diabetes through oxidative stress, inflammation, insulin
resistance, insulin deficiency, liver dysfunction, and other
conditions. Conversely, diabetes may also disrupt iron
metabolism homeostasis and cause iron overload, forming
a vicious cycle (25). In addition, liver injury is associated
with hepatic iron itself. One study found that reducing
consumption of foods higher in iron possibly prevented
NAFLD (26). A significant relationship has been reported
between iron content in the adipose tissue and adipose
tissue dysfunction with the dysregulation of adipokines
through lipolysis and inflammation (27).
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Table 3 Correlation analysis of serum ferritin levels and
other indices in the NAFLD group.
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Table 4 Logistic regression analysis of influencing factors of
NAFLD in patients with T2DM.

R p B P OR 95% CI
Age -0.073 0.040 Model 1
Duration -0.097 0.006 Ferritin 0.002 0.001 1.002 1.001, 1.003
BMI 0.066 0.060 Model 2
FPG 0.150 <0.001 Ferritin 0.002 0.001 1.002  1.001, 1.003
HbA1c 0.179 <0.001 Age 0.052 <0.001 1.053 1.053,1.074
HOMA-IR 0.129 <0.001 Duration 0.022 0.120 1.022  0.994, 1.050
Hb 0.262 <0.001 BMI 0.292 <0.001 1.340 1.262,1.422
MCHC 0.284 <0.001 Model 3
VB12 0.159 <0.001 Ferritin 0.002 0.048 1.002 1.000, 1.003
FA -0.171 <0.001 Age 0.062 <0.001 1.064  1.038, 1.091
Hcy 0.117 0.001 Duration 0.030 0.070 1.031 0.998, 1.065
AST 0.190 <0.001 BMI 0.310 <0.001 1.363  1.265, 1.469
ALT 0.300 <0.001 Hb —0.061 <0.001 0.941 0.920, 0.962
DBIl 0.151 <0.001 MCHC 0.014 0.183 1.014 0.994, 1.034
TBil 0.206 <0.001 VB12 —0.002 0.002 0.998 0.996, 0.999
ALP 0.104 0.003 FA —0.059 0.056 0.943 0.887, 1.001
RBC count 0.165 <0.001 AST 0.078 <0.001 1.081 1.045, 1.119
UA 0.145 <0.001 Albumin 0.235 <0.001 1.264 1.167,1.370
LDH 0.136 <0.001 TBil 0.013 0.712 1.013 0.944, 1.087
TP 0.010 0.744 TP -0.073 0.001 0.929 0.891, 0.969
Albumin 0.061 0.093 DBIl 0.197 0.215 1.217 0.892, 1.661
TG 0.141 <0.001 UA 0.000 0.974 1.000 0.997,1.003
TC 0.094 0.008 TC 0.534 <0.001 1.705 1.364,2.132
HDL-C -0.057 0.108 SBP 0.007 0.237 1.007  0.994, 1.009
LDL-C 0.065 0.064 HDL-C -0.867 0.099 0.420 0.150,1.178
SBP -0.015 0.670 LDH 0.002 0.678 1.002  0.994, 1.009
DBP 0.074 0.036 RBC count 1.212 <0.001 3.360 1.760, 6.413
HbA1c -0.012 0.851 0.989 0.876,1.115
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate FPG 0.139 0.001 1.149 1.058, 1.247
aminotransferase; DBIl, direct bilirubin; DBP, diastolic blood pressure; FA, DBP —0.011 0.275 0.990 0.971, 1.008

folic acid; FPG, fasting blood glucose; Hb, hemoglobin; HbA1C,
glycosylated hemoglobin; Hcy, homocysteine; HDL-C, high-density
lipoprotein cholesterol; HOMA-IR, insulin resistance index; LDH, lactate
dehydrogenase; LDL-C, low-density lipoprotein cholesterol; MCHC, mean
hemoglobin concentration; RBC count, red blood cell count; SBP, systolic
blood pressure; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride;
TP, total protein; UA, uric acid; VB12, vitamin B12.

Our study showed that serum ferritin levels were
positively correlated with HOMA-IR. Ferritin can increase
the risk of diabetes and insulin resistance through
inflammation and oxidative stress (28). Insulin resistance
is one of the main characteristics of NAFLD (29). In the
state of insulin resistance, the p-oxidation of free fatty acids
is inhibited, which further promotes the accumulation
of fat in the liver (30). Mayneris-Perxachs et al. reported
a positive correlation between serum ferritin levels and
the degree of fat accumulation in the liver (31). There
was a significant cross-talk among gut microbiota, iron
status, and liver fat accumulation, and the mechanism
was speculated to be microbiome- and iron-linked
metabolomic and transcriptomic signatures involving
imbalances in gluconeogenic metabolites, ketone bodies,

Model 1, not adjusted; Model 2, adjusted age, duration, BMI; Model 3,
adjusted Model 2+Hb, MCHC, VB12, FA, AST, albumin, TBil, TP, DBIl, UA,
TC, SBP, HDL, LDH, RBC count, HbA1c, FPG, DBP.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; DBIl, direct bilirubin; DBP, diastolic blood pressure; FA,
folic acid; FPG, fasting blood glucose; Hb, hemoglobin; HbA1C,
glycosylated hemoglobin; Hcy, homocysteine; HDL-C, high-density
lipoprotein cholesterol; HOMA-IR, insulin resistance index; LDH, lactate
dehydrogenase; LDL-C, low-density lipoprotein cholesterol; MCHC, mean
hemoglobin concentration; RBC count, red blood cell count; SBP, systolic
blood pressure; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride;
TP, total protein; UA, uric acid; VB12, vitamin B12.

and cellular transport, which altogether modulate liver fat
accumulation (31).

The incidence of NAFLD in obese people is 3.5
times that of people with normal weight (32). The
overall prevalence of obesity in patients with NAFLD
is approximately 51.34% (33). Higher BMI and visceral
obesity are common risk factors for NAFLD (34). In the
present study, the levels of BMI of patients with T2DM
with NAFLD were higher than those of T2DM without
NAFLD, and BMI was shown as an independent risk factor
for the occurrence of NAFLD. Obesity is closely related
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to metabolic dysfunction, such as insulin resistance and
dyslipidemia, which further promotes the development of
NAFLD (35). Meanwhile, chronic inflammation caused by
excessive lipid accumulation in obese patients also plays an
important role in the development of NAFLD (36).

In this study, blood glucose, especially FPG and
HOMA-IR, were closely related to the occurrence of
NAFLD in patients with T2DM, whereas a positive
correlation between serum ferritin levels and FPG was
shown in T2DM with NAFLD. Zou et al. reported that a
higher FPG level was a risk factor for NAFLD (37). First,
the higher FPG induces hepatocyte toxicity through
oxidative stress and endoplasmic reticulum stress, leading
to hepatocyte necrosis. Secondly, chronic hyperglycemia
leads to metabolic disorders in the liver that promotes
inflammation and insulin resistance and induces new fat
formation (38). Finally, insulin resistance promotes the
release of various inflammatory factors, which further
increases NAFLD risk (39).

NAFLD and MS are two different entities sharing
common clinical and physio-pathological features. First,
NAFLD and MS have reached epidemic proportions and
are the most common causes of chronic liver diseases in
Western countries. Secondly, they share several common
pathological features, such as insulin resistance, which
is the main manifestation of both. Insulin resistance can
increase hepatic lipogenesis and inhibit the lipolysis of
adipose tissue, this results in an accumulation of free
fatty acids (FFAs) inside the liver (FFA), which aggravates
insulin resistance by inhibiting insulin receptor signaling
pathway. Finally, genetic and epidemiological factors,
including diet, lifestyle, mitochondrial dysfunction, low-
grade chronic inflammation, adipose tissue dysfunction,
oxidative stress, microbial, and sustained immunity may
also play important roles in the development of NAFLD
and MS. Most importantly, MS is associated with dietary
and lifestyle changes, especially unbalanced calorie intake
and energy expenditure, which are equally important in
the development of NAFLD (40, 41).

The UA may directly affect fat accumulation and
cirrhosis, inhibit insulin signaling, and cause insulin
resistance (42), and lead to mitochondrial oxidative stress
(43). Our study found that UA levels were increased in T2DM
with NAFLD. However, no independent correlation was
shown between UA and the risk of NAFLD after adjusting
for confounding factors, which suggested that the effect of
UA may not be direct but indirect through other risk factors
for NAFLD (44). This study showed that UA levels were
correlated with serum ferritin, and the mechanism may be
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viainflammation induced by UA through the p38 mitogen-
activated protein kinase, cyclooxygenase-2, and chemokine
cyto-chemotactic protein-1 signal pathway (45).

Abnormal liver transaminase and lipid metabolism
disorders are closely related to NAFLD and can predict the
risks of NAFLD. Amin et al. reported that the deterioration
of lipid profiles, such as an increase in TG and TC levels,
and the decrease in HDL levels were associated with the
incidence of NAFLD. Liver enzymes, as the main signal
of liver cell injury, were significantly correlated with
HOMA-IR in T2DM patients with NAFLD (22). In this
study, we found that serum ferritin was also positively
correlated with liver transaminase levels.

This study has some limitations. First, it had a cross-
sectional design. Therefore, the observed correlations
between serum ferritin and NAFLD in type 2 diabetes
cannot indicate a certain cause-effect relationship.
Secondly, the gold standard for the diagnosis of NAFLD
is liver biopsy, whereas, in this study, different physicians
used ultrasound. Thus, there may be bias in the diagnosis
of NAFLD. Thirdly, the lack of NAFLD stage definition did
not allow the evaluation of serum ferritin difference in
the various grades of NAFLD; therefore, further studies
are needed to evaluate the relationship between the
degree of steatosis and serum ferritin levels. Finally,
patients with diabetes were treated with different types
of anti-hyperglycemic drugs, and the influence of these
drugs on laboratory indicators and NAFLD could not be
completely excluded.

Conclusion

Serum ferritin levels were significantly increased in
T2DM patients with NAFLD, and the prevalence of
NAFLD in patients with T2DM increased gradually with
the increase in serum ferritin levels. Thus, serum ferritin
is an independent risk factor for NAFLD in patients with
T2DM. Therefore, patients with T2DM with NAFLD should
be concerned about changes in serum ferritin levels,
and patients with T2DM with elevated serum ferritin
levels should be aware of the occurrence and progression
of NAFLD.
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