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Increased risk of vascular complications G
in patients with type 2 diabetes and fatty liver
disease
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Abstract

Background The prevalence of steatotic liver disease (SLD) in patients with type 2 diabetes (T2DM) exceeds 50%.
This study aimed to investigate the clinical characteristics of SLD and liver fibrosis in Chinese patients with T2DM.

Methods Inpatients from 2021 to 2023 were included in the study. Fatty liver index (FLI) and fibrosis-4 (FIB-4) were
calculated to assess hepatic steatosis and fibrosis respectively. Statistical analysis was completed by SPSS v25 and
GraphPad Prism v8.0.1.

Results Of the 1466 participants, about one-third of the patients in T2DM-SLD group were diagnosed with liver
fibrosis (LF), and the percentage of patients over 50 years old was 85.9%. Patients with SLD had higher levels of

BMI, blood pressure, liver enzymes, fasting blood glucose (FBG), HbA1c, C-peptide, total cholesterol (TC) and
triglyceride (TG) (P<0.05 for all). Patients with liver fibrosis had lower TC, TG, hemoglobin (Hb), erythrocyte count (RBQ),
leukocyte count (WBC) and platelet (PLT) levels (P<0.05 for all). Compared with simple T2DM and SLD-NLF (non-liver
fibrosis) groups, for patients over 50 years old, the prevalence of coronary heart disease, stroke, tumor, and diabetic
nephropathy was higher in patients with liver fibrosis. Liver fibrosis might be the risk factor of arterial stiffness, stroke,
coronary heart disease and numbness based on multivariable logistic regression analysis.

Conclusion Hepatic steatosis and fibrosis were common in patients with T2DM. Liver fibrosis was relevant to many
macrovascular and microvascular diabetic complications.
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Introduction

Type 2 diabetes mellitus (T2DM) is a common chronic
metabolic disease manifested as hyperglycemia and insu-
lin resistance. Currently, diabetes affects over 500 million
individuals worldwide, and more than 1.3 billion people
are projected to have diabetes by 2050 [1]. Steatotic liver
disease (SLD) is one of the most common liver disease
worldwide, the prevalence of which was up to 38% [2].
T2DM and SLD are closely linked with each other, with
shared mechanisms such as insulin resistance, inflamma-
tion, and altered lipid metabolism [3]. It was estimated
that nearly 70% T2DM patients had SLD [4]. One third of
T2DM patients with SLD could develop to steatohepati-
tis, liver fibrosis (LF) and cirrhosis [5].

Liver fibrosis was associated with all-cause, cardiovas-
cular, and liver-related mortality [6]. Owing to the possi-
bility of early-phase liver fibrosis reversal by intervention,
early identification and management of liver fibrosis is
of great importance. There are more and more studies
on liver fibrosis. Circulating fatty acids were reported to
have association with advanced liver fibrosis and hepatic
carcinoma (HCC) [7, 8]. Some studies reported that
patients with SLD had a higher risk of cardiovascular
disease (CVD) and the severity of liver fibrosis is a risk
factor of subclinical atherosclerosis [9]. Microvascular
diseases were recommended to be taken into account
in the personalized risk assessment for patients with
SLD [10]. However, the correlation between metabolism
parameters, macrovascular complications, microvascu-
lar complications and chronic liver disease still remains
unclear in patients with T2DM.

Liver biopsy is the gold standard for diagnosis of SLD
and liver fibrosis. Due to high cost and invasion, it can-
not be widely applied especially in primary medical care.
Ultrasound, a technique with low sensitivity, cannot
detect SLD until it is obvious [11], leading to the delay
in diagnosis of liver fibrosis [12]. Other imaging exami-
nations including magnetic resonance and transient
elastography are not available in many clinics. So, many
low-cost, easy and non-invasive scoring systems based on
routine laboratory parameters were proposed for screen-
ing of fatty liver and hepatic fibrosis. Among these, fatty
liver index (FLI) developed initially by Bedogni showed
well-validated accuracy for hepatic steatosis in general
population at the recommended cutoft of 60 [13]. The
fibrosis-4 index (FIB-4) had a comparable diagnostic
accuracy with a cutoff of 1.3 for diagnosing LF in adults
with SLD [14]. It was also relevant to many intrahepatic
and extrahepatic comorbidities in individuals with or
without T2DM [6, 15].

The present study was designed to assess the clinical
features of SLD and LF defined by noninvasive scores
among Chinese individuals with T2DM. Additionally, we
endeavored to explore the correlation between diabetic
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complications and the presence of liver fibrosis in T2DM
patients.

Materials and methods

Participants

Given the absence of prospectively collected data, our
study employed a retrospective design to leverage exist-
ing data sources. T2DM inpatients from January of 2021
to March of 2023 were enrolled in the study. Individuals
with excessive alcohol consumption (30 g/day for males
and 20 g/day for females) or any other liver disease were
excluded.

The research was in accordance to the Declaration of
Helsinki and approved by Zhongda Hospital Affiliated
to Southeast University Ethics Committee. The require-
ment to obtain informed written consent was waived. All
personal identifiers have been removed from the data-
set, and any potentially identifiable information has been
replaced with pseudonyms.

Data collections

Clinical information such as gender, age, diastolic blood
pressure (DBP), systolic blood pressure (SBP), body mass
index (BMI), waist-to-hip ratio (WHR), and the ratio of
visceral to subcutaneous (VSR) were collected. Blood
samples were collected after fasting for at least 8 h. Lab-
oratory examinations included fasting blood glucose
(FBG), two-hour postprandial blood glucose (2hPG), gly-
cated hemoglobin (HbAlc), C-peptide, total cholesterol
(TC), triglyceride (TG), high-density lipoprotein (HDL-
C), low-density lipoprotein (LDL-C), hemoglobin (Hb),
erythrocyte count (RBC), leukocyte count (WBC), plate-
let (PLT), high-sensitivity C reaction protein (hsCRP),
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), y-glutamyl
transpeptidase (y-GT), albumin (ALB), blood urea nitro-
gen (BUN), blood and serum creatinine (Cr), albumin to
creatinine ratio (ACR), uric acid (UA).

Diabetic complications were assessed in this research.
Diabetic nephropathy was defined by ACR>30 mg/g and
arterial stiffness was defined as brachial-ankle pulse wave
velocity (baPWV)>1400 cm/s. BaPWV was a non-inva-
sive method used to assess the stiffness of the arteries.
It measured the speed at which the pulse wave travelled
from the brachial artery to the ankle artery, indicating the
elasticity of blood vessels. Diagnosis of numbness, dia-
betic foot, CVD, stroke and tumor was according to self-
reported or recorded disease history of subjects.

T2DM patients were divided into simple T2DM group
(T2DM group) and T2DM patients with steatotic liver
disease (T2DM-SLD group) based on fat liver index (FLI).
Individuals with FLI scores of 260 were classified as hav-
ing hepatic steatosis and FLI scores of <30 were classi-
fied as non-steatosis [16]. In recent research, Brian et al.
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reported that FLI identified fatty liver and held potential
for risk stratification of cardiometabolic, malignant dis-
ease outcomes as well as all-cause mortality [17]. Then
patients in T2DM-SLD group were further divided into
two groups based on fibrosis 4 score (FIB-4). We defined
the presence of significant liver fibrosis using a FIB-4
index cutoff of >1.3. This threshold was supported by
many clinical guidelines and literature, which suggested
that a FIB-4 score above this value is associated with a
higher risk of advanced liver fibrosis and related compli-
cations in patients with chronic liver diseases [18].

Statistical analysis

The statistical analysis was completed using SPSS v25
and GraphPad Prism v8.0.1. To assess the association
between fatty liver and diabetes complications, we con-
ducted a sample size calculation to ensure the statistical
rigor of our findings. We set a significance level of 0.05
to control for type I error and aimed for a power of 0.8.
For clinical data with a normalized distribution, it was
represented as mean*SD, and significance was calcu-
lated using Levene’s test between the two groups (T2DM
vs. T2DM-SLD; SLD-LF vs. SLD-NLF). For clinical data
with a non-normalized distribution, it was represented
as median (interquartile range), and significance was
assessed using the nonparametric Mann-Whitney U test.
For clinical data with categorical variables, it was rep-
resented as absolute numbers and percentage (%). Chi-
square test was selected to analyze the difference in the
prevalence of adverse events including numbness, dia-
betic nephropathy, diabetic foot, arterial stiffness, coro-
nary heart disease, stroke and history of tumor between
the groups (T2DM vs. SLD-NLF; T2DM-SLD vs. SLD-LF;
SLD-LF vs. SLD-NLF). A multivariable logistic regres-
sion was then used to analyze the association between
liver fibrosis and vascular complications. P value<0.05
was considered statistically significant.

Results

The epidemiology of SLD and FL in patients with T2DM

In this retrospective analysis, we enrolled a total of
1,466 diabetic patients, consisting of 917 males and 549
females. Of the patients, 72.2% were individuals over
50 years old. Among 1,466 patients with T2DM, 686
patients were assessed as hepatic steatosis (T2DM-SLD
group) based on FLI score (=60). Moreover, patients with
SLD were divided into simple steatosis group (n=459,
SLD-NLF group) and fibrosis group (n=227, SLD-LF
group) according to FIB-4 score (=1.3).

In this study, we found that more than a half of the
patients with SLD was younger than 50 years old (56.4%),
though those over 50 accounted for most of the enrolled
patients. In addition, about one-third of the patients in
T2DM-SLD group were diagnosed with liver fibrosis, and
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in the fibrosis group the percentage of patients over 50
years old was up to 85.9%.

Clinical parameters of T2DM-SLD and SLD-LF

Compared to T2DM group, the patients with SLD had
higher levels of weight, BMI, WHR, VSR, DBP, and SBP
(Table 1). Liver enzymes (ALT, AST, y-GT), ALB, Hb,
RBC, PLT and WBC also elevated in T2DM-SLD group.
Moreover, the indices associated with glucose and lipid
metabolism increased in T2DM-SLD group, including
FBG, HbA1C, C-peptide, TC, and TG. Levels of BUN,
Cr and ACR were also higher in patients with hepatic
steatosis. Interestingly, the value of baPWV was lower
in T2DM-SLD group. Patients with SLD might not have
arterial stiffness because hepatic steatosis was considered
initially benign, though it can progress to liver fibrosis,
cirrhosis and cancer.

Liver fibrosis could lead to many intrahepatic and
extrahepatic complications. Therefore, it was essential to
screen and analysis the clinical-pathological features of
people with liver fibrosis. The patients in SLD-LF group
were elder compared to SLD-NLF group (62y vs. 47y).
Levels of liver enzymes especially AST were higher in
patients with liver fibrosis. There was no significant dif-
ference on glucose metabolism parameters (HbAlc,
blood glucose, C-peptide) between SLD-NLF and SLD-
LF group. Patients with liver fibrosis had lower TC, TG,
Hb, RBC, PLT and WBC. Levels of Cr and BUN in SLD-
LF group were higher although ACR had no significant
difference. A significant increase in baPWV was observed
in the SLD-LF group. These results suggested that not all
variables synchronized with liver function deterioration
(Table 2).

Liver fibrosis not liver steatosis increases the risk of
adverse events for T2DM patients

We assessed the prevalence of vascular complications
among different groups (T2DM vs. SLD-NLF vs. SLD-
LF) (Fig. 1). Compared to T2DM group, a higher prev-
alence of diabetic foot and numbness were observed in
SLD-NLF group (under or over 50 years old). With the
progression of liver injury, for the patients under the
age of 50, a higher rate of tumor history was observed in
the SLD-LF group than other groups (T2DM and SLD-
NLEF). For the patients over 50 years old, individuals with
coronary heart disease were more in SLD-LF group than
other groups. These results suggested that patients with
liver fibrosis might be more susceptible to vascular com-
plications. Aging might play an important role in vascu-
lar dysfunction.

The associations between SLD-LF and diabetic com-
plications were then analyzed by multivariable logistic
regression (Fig. 2). It was shown that liver fibrosis mighe
be a risk factor for arterial stiffness (OR=1.98, 95% CI
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Table 1 Clinical parameters in patients with and without steatotic liver diseases
Variable T2DM (n=780) T2DM-SLD (n=686) Pvalue
Age, years 60 (54,66) 52(42,62) <0.001
Height, cm 165.5 (159.5,171) 169.5 (162.5,175.5) <0.001
Body weight, kg 61.8 (55.85,67.35) 80.3(72.7,89.6) <0.001
BMI, kg/m? 226(21.1,24) 28.2(26.1,30.9) <0.001
WHR 0.91 (0.88,0.95) 0.98 (0.95,1.02) <0.001
Head circumference, cm 55 (54,57) 57 (56,59) <0.001
Neck circumference, cm 37 (34,39) 41 (38.5,44) <0.001
VSR 0.38(0.29,047) 0.48 (0.40,0.55) 0.001
Heart rate 79 (72,87) 82 (75,90) <0.001
DBP, mmHg 70 (63,78) 77 (70,84) <0.001
SBP, mmHg 126 (114,142) 132(119,144) <0.001
Blood glucose, mmol/L 0 min 7.58 (5.94,10.90) 8.48 (6.75,11.65) <0.001
120 min 17.81(14.17,20.95) 16.94 (13.55,19.7) <0.001
HbA1C, % 846 (6.97,10.48) 9.1(7.59,10.57) <0.001
C-peptide, nmol/L 0 min 0.40 (0.25,0.56) 0.73(0.50,0.99) <0.001
120 min 1.41(0.845,2.18) 2.15(1.50,2.99) <0.001
TC, mmol/L 4.29 (3.55,5.04) 4.79 (3.95,5,54) <0.001
TG, mmol/L 097 (0.74,1.31) 2.36 (1.66,3.65) <0.001
HDL-c, mmol/L 1.22(1.03,1.42) 0.96 (0.8,1.14) <0.001
LDL-c, mmol/L 246 (1.91,3.08) 2.53(1.863.1) 0.667
UA, umol/L 279 (227,334) 3455 (285,418.25) <0.001
ALT, U/L 15(11,20) 29(1847) <0.001
AST, U/L 16 (14,20 22(16,33) <0.001
ALP U/L 72 (60,88) 81 (67,96) <0.001
y-GT, U/L 17 (13,22) 44(30,72) <0.001
ALB, g/L 40.7 (38.3,43.2) 41.8(39.4,44.4) <0.001
Hb, g/L 138 (126,148) 147 (136,157) <0.001
RBC, x10%/L 4.6 (4.22,494) 4.89(4.52,5.25) <0.001
WBC, x10%/L 6.07 (5.11,7.23) 6.78 (5.67,8.17) <0.001
PLT, x10%/L 208 (175,248) 217 (175,262.75) 0.02
hsCRP, mg/L 1.59(0.81,5.15) 2.7 (1.05,6.73) <0.001
BUN, mmol/L 6.1(5,74) 56(4.56.9) <0.001
Urine Cr, umol/L 94.46 (60.21,137.30) 122.55 (79.66,180.73) <0.001
Blood Cr, umol/L 62 (52,75) 65 (53,79.5) 0.003
ACR, mg/g 17.93 (9.37,44.35) 22.07 (10.64,65.77) 0.004
FT3, pmol/L 437 (3.94,4.74) 462 (4.14,5.14) <0.001
FT4, pmol/L 16.9(15.3,18.7) 16.7 (14.9,184) 0.042
TSH, mIU/mll 1.76 (1.17,2.69) 1.77 (1.15,2.62) 0.795
FLI 16.27 (9.82,22.50) 7881 (69.40,89.97) <0.001
BaPWV, cm/s 1653 (1445.75,1884.5) 1564 (1381,1811) <0.001

Data was characteristic as non-normal distribution through Ko/mogorov-Smirnov normality test. Then they were all represented as median (IQR, p25-p75). And the

significance was calculated by Mann-Whitney U test

Abbreviations BMI, body mass index; WHR, waist to hip ratio; VSR, the ratio of visceral to subcutaneous; DBP, diastolic blood pressure; SBP, systolic blood pressure; TC,
total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein; LDL-c, low-density lipoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
ALP, alkaline phosphatase; y-GT, y-glutamyl transpeptidase; ALB, albumin; Hb, hemoglobin; RBC, Erythrocyte count; WBC, Leukocyte count; PLT, platelet; hsCRP,
high-sensitivity C reaction protein; BUN, blood urea nitrogen; FT3, free T3; FT4, free T4; TSH, thyrotropin; UA, urine acid; ACR, albumin to creatinine ratio; baPWYV,

brachial ankle pulse wave velocity

1.25-3.12), stoke (OR=1.57, 95% CI 1.12-2.26), coronary
heart disease (OR=2.10, 95% CI 1.24-3.42) and numb-
ness (OR=1.77, 95% CI 1.18-3.10) after adjusting for
drinking, smoking, sex, BMI, diabetes duration, HbAlc
and TG. Overall, liver fibrosis might increase the risk
of vascular complications especially in patients over 50
years old.

Discussion

Few studies investigated the prevalence and the risks
of vascular adverse events in T2DM patients with SLD
and liver fibrosis. In this research, about one-third of
the patients in T2DM-SLD group had liver fibrosis, and
85.9% of them were over 50 years old. We found not all
parameters were in parallel with the progression of liver
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Table 2 Clinical parameters in patients with and without liver fibrosis
Variables SLD-NLF (n=459) SLD-LF (n=227) Pvalue
Age, years 47 (38.5,57) 62 (525,67.5) <0.001
Height, cm 171 (164,176) 167 (160,172) <0.001
Weight, kg 824 (74.4591.7) 77.6 (69.75,85.95) <0.001
BMI, kg/m? 284(263,31.1) 27.8(26,30.1) 0.068
WHR 0.99 (0.95,1.02) 0.98 (0.95,1.01) 0.529
Head circumference, cm 57 (56,59) 57 (55,58.5) 0.005
Neck circumference, cm 41 (39,44) 40.5 (38,43) 0.006
VSR 048+0.11 048+0.12 0.93
Heart rate 83 (76,91.5) 81(71,87) <0.001
DBP, mmHg 78 (70.5,85) 75 (67.5,82) 0.001
SBP, mmHg 130 (119,143.5) 133 (119,146) 0.227
Blood glucose, mmol/L 0min 8.7 (6.81,11.37) 8.25(6.72,12.51) 0.843
120 min 16.87 (13.31,19.60) 17.23(13.94,19.98) 0.138
HbA1C, % 9.12 (7.68,10.59) 9.03 (7.44,10.52) 0.533
C-peptide, nmol/L 0 min 0.71(0.50,0.95) 0.78 (0.54,1.00) 0.158
120 min 2.13(1.44,3.00) 226 (1.53,2.96) 0.385
TC, mmo/L 4.8 (4.09,5.64) 4.73 (3.80,5.36) 0.037
TG, mmol/L 2.52(1.77,3.91) 2.14(1.58,3.19) 0.001
HDL-c, mmol/L 0.96 (0.8,1.13) 0.98 (0.80,1.18) 0.174
LDL-c, mmol/L 2.55+0.92 243+098 0.105
UA, umol/L 347 (290,419) 341.5(275.25,414.25) 0.293
Hb, g/L 149 (138,159) 143 (132,153) <0.001
RBC, x10%/L 497+0.56 467+0.52 <0.001
WBC, x10%/L 6.9 (5.79,8.49) 6.43 (5.45,7.63) <0.001
PLT, x10%/L 245 (205.5,284)) 171 (153,206.5) <0.001
hsCRP, mg/L 246 (0.98,7.43) 3.13(1.23,6.20) 0.817
ALT, U/L 29 (18,45) 30(18,51.5) 0.257
AST, U/L 20 (16,30) 28(1943) <0.001
ALP U/L 80 (67,95.5) 82.5(68,97) 05
y-GT, U/L 43 (29,69) 46 (30,79) 0.235
ALB, g/L 42 (39.65,44.8) 41.5(389/43.7) 0.028
BUN, mmol/L 54 (44,6.7) 6.1 (5,7.4) <0.001
Serum Cr, umol/L 63 (52,76) 69 (56,85) 0.001
Urine Cr, umol/L 138.42 (86.27,194.68) 99.32(72.79,138.58) <0.001
ACR, mg/g 20.51(10.28,64.01) 27.28 (13.36,79.05) 0.074
FT3, pmol/L 4.7 (4.21,5.24) 446 (4.04,4.87) <0.001
FT4, pmol/L 16.8(15.1,18.5) 16.1(14.6,18.1) <0.001
TSH, mIU/mll 1.72(1.11,2.49) 1.97(1.31,2.96) 0.009
BaPWV, cm/s 1522 (1353,1737.5) 1700 (1480.5,1959.5) <0.001
FLI 80.50 (69.75,90.48) 77.80 (69.25,87.31) 0.073
FIB-4 0.73 (0.53,0.90) 1.75 (1.48,2.20) <0.001

The data of Bfp, LDL-c, and RBC was characteristic as normal distribution through Ko/mogorov-Smirnov normality test, and they were represented as mean=SD, the
significance was calculated by Levene’s test. Other parameters were characteristic as non-normal distribution through Ko/mogorov-Smirnov normality test, they were

represented as median (IQR, p25-75). Then the significance was analyzed by Mann-Whitney U test

disease in T2DM patients. Levels of serum lipid includ-
ing LDL-c, TC, TG were lower in SLD-LF group. Inter-
estingly, liver fibrosis but not SLD might increase the
risks of arterial stiffness, diabetic nephropathy, CVD, and
stroke, especially in patients over 50 years old.

Elder patients were more susceptible to T2DM and its
liver comorbidities. Recently, it was found the patients
over 50 years old were 2.6 times more likely to develop

50 years old [19]. Our study revealed that advanced
fibrosis was more common in elder individuals, which
was consistent with previous findings [19]. More and
more studies showed that aging could act as one of the

determinants for the development of metabolic disor-

T2DM and multiple comorbidities than patients under

ders including T2DM and chronic liver diseases [20, 21].
Aging might act on liver disease progression by oxidative
stress, increased inflammation, and liver injury [22].
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Fig. 1 Comparisons of adverse events between groups at different level of liver diseases. (A) Comparisons in patients less than 50 years old. (B) Compari-
sons in patients more than 50 years old. For graph (A, B), data represented the pairwise comparison adverse events between groups, such as numbness,
diabetic foot, coronary heart disease, stroke, history of tumor, diabetic nephropathy, and arterial stiffness. The color of each block represented the fold
change of prevalence in the former group compared to the latter group (purple indicated decreased, red indicated increased). The significance was cal-

culated by Chi-square test. *, p<0.05; **, p<0.01
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Fig. 2 Multivariable logistic regression analysis between liver fibrosis and major adverse events in patients with T2DM. Model was control for drinking,

smoking, sex, BMI, diabetes duration, HbATc and TG. *p < 0.05, **p < 0.01

T2DM patients with SLD had higher levels of WHR,
VSR and BMI compared to those without SLD, which
were consistent with previous findings [23]. Meanwhile,
serum lipid and glucose parameters including blood glu-
cose, HbA1C, C-peptide, TC, TG, LDL-c, and UA were
higher in T2DM patients with hepatic steatosis. To our
knowledge, T2DM and hepatic steatosis might share
common pathophysiologic mechanism. Insulin resistance
was the basis of T2DM and closely related to the patho-
genesis of hepatic steatosis [24]. Insulin resistance led to

reduction of hepatic glycogen synthesis and an increase
of lipogenesis, then promoting hyperglycemia, the depo-
sition of visceral adipocytes and further impaired metab-
olism [24, 25].

Based on the key role of liver on lipid metabolism, the
relationship between liver diseases and lipid profile was
investigated in this study. Higher level of HDL-c and
lower levels of TC, TG, and LDL-c were observed in SLD-
LF group compared with SLD-NLF group. Dyslipidemia
was linked to SLD. Several genes (PNPLA3, TM6SF2,
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MBOAT?7) and transcription factors (SREBP-2, FXR, and
LXR9) of lipid metabolism were found involved in sus-
ceptibility to hepatic steatosis [26]. Similar results were
reported by Liu et al. in schistosomiasis japonica patients
with liver fibrosis [27]. A negative correlation between
LDL-c and LF was also observed in LF patients assessed
by FIB-4 [24]. Decreased LDL-c might result from the
reduction of synthesis of apolipoprotein B (ApoB) in the
liver [29]. Further research is needed to elucidate the
mechanisms underlying the relationship between liver
fibrosis and lipid levels, as well as the potential implica-
tions for the management of patients with liver fibrosis.

In this study, we observed a slight increase in preva-
lence of nephropathy in T2DM-SLD patients compared
to those without SLD. To the best of our knowledge,
hepatic steatosis is not only a manifestation of intra-
hepatic diseases, but also a multi-system disease that is
closely associated with multiple extrahepatic diseases
such as chronic kidney disease (CKD) and CVD [30, 31].
Moreover, LF significantly increased the prevalence of
diabetic nephropathy, which was consistent with the pre-
vious findings. The risk of prevalent CKD elevated over
3 times in patients with liver fibrosis [32]. We speculated
that stimulated CKD might result from the up-regulated
pro-fibrogenic cytokines and low-grade inflammations by
steatosis and its progression toward fibrosis.

The prevalence of arterial stiffness and coronary heart
disease was higher in SLD-LF group than SLD-NLF
group, especially in elder patients (over 50 years old). It
was reported that the stage of fibrosis was considered to
be the most important determinant of CVD in patients
with SLD [33]. Pathologically, LF shared multiple com-
mon risk factors with CVD, such as genetic factors, cyto-
kines, inflammation, insulin resistance, angiogenesis, the
gut-liver-axis, and endothelia dysfunction [34], and aging
was one of the major risk factors that contributed to car-
diovascular events [35]. Liver sinusoidal endothelial cell
(LSEC) dysfunction played a critical role in the progres-
sion of SLD via numerous mechanisms, including the
regulation of the inflammatory process, hepatic stellate
activation, augmented vascular resistance, and the distor-
tion of microcirculation [36]. It was reported that CVD
risk was in parallel with the level of fibrosis. In patients
with T2DM and SLD, insulin resistance, production of
atherogenic lipids, multiple proinflammatory, prothrom-
bogenic, and vasoactive mediators might result in the
development and progression of arterial stiffness, CVD
and stroke [37].

Several limitations were included in this study. First,
due to an observational and cross-sectional design,
although the risk factors for liver fibrosis have been
analyzed, we cannot infer a causal relationship between
vascular complications and liver fibrosis. Longitudi-
nal data is critical to identify this subset of patients for
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appropriate follow up and prevention. Second, in addi-
tion to the risk factors mentioned, other factors such as
lifestyle, medical treatment and genetic predispositions
also have an impact on the progression of liver fibrosis
and vascular complications. More confounding factors
should be taken into account in the future studies. Third,
liver biopsy is still the gold standard for diagnosis of SLD
and LF. In this study, non-invasive scores were applied
to monitor metabolic liver disease. The results should
be validated with liver biopsy or imaging techniques in
future work in a larger scale of population. Despite these,
our study showed decreased lipids levels and increased
prevalence of microvascular and macrovascular adverse
events in LF patients. So, more emphasis should be put
on prevention and management of liver fibrosis and vas-
cular complications in T2DM patients.

Conclusions

In this retrospective study, changes in clinical parameters
along with liver disease progression were analyzed in
T2DM patients. Hepatic steatosis and fibrosis were com-
mon in patients with T2DM and about one-third of the
patients had liver fibrosis. In addition, in the presence of
steatotic liver disease, patients with liver fibrosis might
have a higher risk of vascular complications such as arte-
rial stiffness, stoke and coronary heart disease, especially
in patients over 50 years old. So, effective screening strat-
egy and intervention for early detection and prevention
of liver fibrosis were essential for T2DM patients. We will
track the health status of participants, including the pro-
gression of T2DM and liver fibrosis, and how they affect
vascular complications in future.
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