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Abstract 

Objective This study investigated the correlation of liver fat content (LFC) with metabolic characteristics and its asso-
ciation with chronic complications in type 2 diabetes mellitus (T2DM) patients.

Methods Eighty-one prospectively enrolled T2DM patients were divided into non-alcoholic fatty liver disease 
(NAFLD) group and the non-NAFLD group according to the presence of NAFL complications. LFC was determined by 
MRI IDEAL-IQ Sequence, and patients were divided into 4 groups according to LFC by quartile method. Basic informa-
tion, metabolic indexes, and occurrence of chronic complications in different groups were analyzed and compared.

Results BMI, SBP, DBP, TG, ALT, AST, GGT, UA, HbA1c, FCP, 2 h CP, HOMA-IR, and HOMA-IS in the NAFLD group were sig-
nificantly higher than the non-NAFLD group (P < 0.05). The incidences of chronic complications in the NAFLD group 
were higher than in the non-NAFLD group but not statistically significant (P > 0.05). BMI, SBP, DBP, TC, TG, ALT, AST, FCP, 
2 h CP, HOMA-IR, and HOMA-IS showed significant differences between the patients with different LFC, and these 
indexes were significantly higher in patients with higher LFC than those with lower LFC (P < 0.05). Moreover, diabetes 
duration, TC, HOMA-IR, and LFC were the risk factors for ASCVD complications, while diabetes duration, TG, and LDL-C 
were risk factors for DN complications. Also, diabetes duration and SBP were risk factors for both DR and DPN compli-
cations in T2DM patients (P < 0.05).

Conclusion LFC is positively correlated with the severity of the systemic metabolic disorder and chronic complica-
tions in T2DM patients.
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Introduction
Type 2 diabetes mellitus (T2DM) is a metabolic disease 
characterized by increased blood glucose levels result-
ing from disturbances of insulin secretion, insulin action, 
or both [1]. It is estimated that T2DM will account for 
about 90% of 642 million individuals suffering from dia-
betes worldwide by 2040 [2]. With the increased inci-
dence of obesity, many studies have demonstrated the 
contribution of fatty acids to the development of T2DM 
[3]. It has been reported that the prevalence of T2DM in 
obese adults is three to seven times higher than in nor-
mal-weight adults [4]. Normally, fatty acids produced 
by metabolism in the body are predominantly stored in 
adipose tissue in the form of triglycerides [5]. However, 
T2DM patients, in addition to hyperglycemia, always 
invariably manifest a serious breakdown in lipid dynam-
ics, which often is reflected by higher levels of circulating 
free fatty acids [6]. When the rate of fatty acid produc-
tion overloads the adipose tissue adaptation, the fatty 
acid can be heterotopically deposited in non-fat tissues 
and organs, such as the liver, muscle, and pancreas [3]. 
Fat deposition in the liver may induce insulin resistance 
and a rise in blood sugar levels, which in turn may lead 
to T2DM [5]. On the other hand, insulin resistance, in 
turn, can facilitate excess liver fat deposition, oxidative 
hepatocellular damage, inflammation, and activation of 
fibrogenesis that eventually develops into cirrhosis and 
hepatocellular carcinoma [7]. Non-alcoholic fatty liver 
disease (NAFLD) has been reported to have a close rela-
tionship with insulin resistance and T2DM [8]. Stud-
ies have shown that intra-abdominal fat accumulation 
(mainly liver fat deposition) plays a key role in the occur-
rence and development of insulin resistance, which pro-
motes T2DM development and other associated chronic 
complications through direct or indirect mechanisms 
[9–11]. However, the diagnosis of NAFLD was typically 
based on ultrasonographic findings in most previous 
studies, which could not precisely quantify LFC. There-
fore, the accurate determination of liver fat content (LFC) 
is of great importance.

With the continuous progress of technology, magnetic 
resonance examination plays a major role in the micro-
scopical quantitative evaluation of fatty liver at the cel-
lular and molecular level, which has many advantages 
including non-ionizing radiation, non-invasion, high 
resolution of soft tissue, and multiple positions imag-
ing. 1H-MRS has been considered the "gold standard" 
for non-invasive quantitative diagnosis of fatty liver dis-
ease [12] and is widely used to determine the severity of 
fatty liver in a number of large clinical studies. However, 
1H-MRS is time-consuming and requires professional 
knowledge analysis, which is generally only provided 
in academic centers, thus limiting its wide application 

in clinical practice. In 2005, Reeder et al. first proposed 
the iterative decomposition of water and fat with echo 
asymmetry and least squares estimation (IDEAL) [13, 
14], which has been developed into a new technology of 
iterative decomposition of water and fat with echo asym-
metry and least square estimation-iron quantification 
(IDEAL-IQ). IDEAL-IQ technology can collect six echo 
signals in one echo using three-dimensional fast spoiled 
gradient recalled echo (FSPGR) and estimate complex 
field mapping with the iterative least square method. 
MRI IDEAL-IQ Sequence is characterized by its simple 
operation, three-dimensional scan of the whole liver, 
and accurate water–lipid separation images, which can 
directly measure the LFC percentage value of the region 
of interest (ROI) without complicated calculations. MRI 
IDEAL-IQ Sequence is not only equivalent to 1H-MRS 
result in the quantitative diagnosis of LFC but also posi-
tively correlated with liver biopsy [15]. In addition, MRI 
IDEAL-IQ Sequence is also a volumetric scan and can 
be used for quantitative measurement of the whole liver 
based on voxel fat quantification at the same time. It has 
been reported that even in the presence of metal ions, the 
effect of water–lipid separation with IDEAL-IQ is accu-
rate and reliable, thus liver steatosis can be accurately and 
quantitatively diagnosed [16].

As mentioned above, 1H-MRS is the "gold standard" 
for quantitative diagnosis of fatty liver disease, and MRI 
IDEAL-IQ Sequence, as the latest, convenient technol-
ogy best correlated with MRS results, has resolved the 
problem of accurate quantification of visceral fat content. 
Here, our objective was to introduce the MRI IDEAL-IQ 
Sequence technology for the first time to precisely deter-
mine the LFC in T2DM patients and then explored the 
correlation of LFC with metabolic characteristics and 
T2DM-associated chronic complications.

Materials and methods
Participants
A total of 81 patients, diagnosed with T2DM according 
to the World Health Organization diagnostic criteria, 
were prospectively enrolled from August 2014 to May 
2015 at our hospital. The exclusion criteria were as fol-
lows: (1) patients with type 1 diabetes mellitus, diabetes 
complicated with pregnancy, or other diabetes types; 
(2) patients having acute complications of diabetes; (3) 
patients with a history of liver disease; (4) huge liver 
cysts and hemangiomas, which affect the delineation of 
ROI; (5) patients receiving drugs that contribute to liver 
fat deposition; (6) patients with thyroid disease; and (7) 
patients with severe systemic diseases. This study was 
approved by the Ethics Committee and Review Board of 
our hospital. All patients enrolled in this study provided 
informed consent, and the study was conducted ethically 
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in accordance with the World Medical Association Dec-
laration of Helsinki.

Patients were grouped in two ways. Group 1: The 
LFC cutoff value of 5.56% determined by MRI IDEAL-
IQ Sequence was used as the basis for grouping, thus 
patients were divided into the NAFLD group with 
LFC ≥ 5.56% and non-NAFLD group with LFC < 5.56% 
[17]. Group 2: After measuring LFC using MRI IDEAL-
IQ Sequence, patients were divided into four groups 
(group A, group B, group C, and group D) from high to 
low LFC using P25, P50, and P75 as the critical value.

Clinical data and examination indexes
The clinical data of patients were recorded by question-
naire. The parameters included were; age, sex, height, 
weight, body mass index (BMI), diabetes duration, 
systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), diabetes medication history, other medi-
cal histories, family disease history, etc. After fasting 
and water deprivation for more than 8  h, blood was 
collected intravenously for biochemical examination, 
including glutamic-pyruvic transaminase (ALT), glu-
tamic oxalacetic transaminase (AST), gamma-glutamyl 
transpeptidase (GGT), alkaline phosphatase (ALT), 
serum creatinine (Scr) for calculating estimated glo-
merular filtration rate (eGFR), blood urea nitrogen 
(BUN), Cystatin C (CYC), uric acid (UA), apolipopro-
tein A (ApoA), apolipoprotein B (ApoB), lipoprotein 
(a), triglyceride (TG), total cholesterol (TC), glyco-
sylated hemoglobin (HbA1c), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), urine creatinine and urinary microalbu-
min for calculating albumin-to-creatinine ratio (ACR). 
Islet cell function-related indexes, including fast-
ing blood glucose (FPG), fasting C-peptide (FCP), 2  h 

postprandial blood glucose (2  h PG), 2  h postprandial 
C-peptide (2 h CP) were detected to calculate homeo-
stasis model assessment of insulin resistance (HOMA-
IR) and homeostasis model assessment of insulin 
secretion (HOMA-IS). Enzyme-linked immunosorb-
ent assay kits were used to determine the inflammation 
markers. Imaging examinations, including coronary 
artery CT, coronary angiography, cephalic magnetic 
resonance arteriography, carotid color ultrasonography, 
arteriovenous ultrasonography of both lower extremi-
ties, and abdominal ultrasound were performed.

MRI IDEAL‑IQ sequence
All patients underwent MRI IDEAL-IQ Sequence to 
measure LFC and were subjected to upper abdominal 
scanning by a 3.0  T MRI scanner (GE Discovery 750 
Plus, GE Healthcare, USA). After preoperative fasting 
and water deprivation for 4–6 h, patients were placed in 
a supine position with phased array coils in the center 
of the liver. The scanning range included the top of the 
diaphragm to the lower margin of the liver. Parameters 
of IDEAL-IQ Sequence were TR 15.6 ms, TE 4.6 ms, slice 
thickness of 10 mm, number of echoes 6, pixel bandwidth 
of 111.11 kHz, field of vision 44 cm × 44 cm, matrix size 
224 × 160, and flip angle of 8°. The scan was acquired 
during a single breath hold, lasting less than 30 s. Images 
were collected to obtain in-phase, anti-phase, and liver fat 
fractions. The region of interest (ROI) of each patient was 
located at the right lobe of the liver and selected in parts 
with more substantial composition, less intrahepatic bile 
duct, and blood vessels, as shown in Fig. 1. Three circular 
ROIs with an area of about 1200 mm were determined by 
two radiologists at our hospital in a cross-double-blind 
way, and the mean LFC of ROI was obtained.

Fig. 1 Location of the region of interest (ROI) in MRI IDEAL-IQ Sequence. A In-phase image of the region of interest. B Out-of-phase image of the 
region of interest
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Chronic complications
Chronic complications associated with T2DM were 
mainly the following: atherosclerotic cardiovascular 
disease (ASCVD), diabetic nephropathy (DN), diabetic 
retinopathy (DR), and diabetic peripheral neuropa-
thy (DPN). ASCVD was defined as nonfatal myocar-
dial infarction or coronary heart disease death or fatal 
or nonfatal stroke [18]. The ASCVD was diagnosed 
by both anamnesis and medical examination. DN was 
diagnosed in accordance with urinary ACR ≥ 30  μg/
mg and/or reduced renal function as presented by the 
reduced eGFR or elevated SCr [19]. DR was character-
ized by hard exudates, vitreous hemorrhage, cotton-
wool spots, and intra-retinal microvascular changes 
over retinal tissue, according to the severity scale pro-
vided by the Early Treatment for Diabetic Retinopathy 
Study (ETDRS) and was defined as ETDRS scores ≥ 20 
[20, 21]. The diagnosis of DPN was dependent on both 
subjective symptoms and signs of neuropathy, which 
was defined as at least moderate signs when the Neu-
ropathy Disability score (NDS) was more than 6 with or 
without symptoms or mild signs (NDS ≥ 3) with mod-
erate symptoms of Neuropathy symptom score ≥ 5 [22].

Sample size calculation
We assumed that a 20% absolute difference in LFC 
between the two groups would be the minimally 
appreciable and clinically relevant difference. Thus, 
the current study required a sample size of at least 40 
participants per group to detect the difference with a 
power of at least 80% at 5% significance level, estimat-
ing a dropout rate of 20%.

Statistical analysis
Statistical analysis was carried out using the software 
SPSS 20.0. Data are presented as mean ± standard devi-
ation (SD) or medians with interquartile ranges (IQR) 
for continuous variables and percentages (%) for cat-
egorical variables. The non-normal distribution data 
were logarithmically transformed into a normal dis-
tribution. To compare continuous variables, a student 
t-test was applied whereas categorical variables were 
compared using the χ2 test and a one-way analysis of 
variance (ANOVA) was performed to compare the dif-
ference between different groups. Multivariable logistic 
regression analysis was performed by estimating odd 
ratios (OR) and 95% confidence intervals (95% CIs) for 
independent risk factor analysis. The significant differ-
ence was considered as P < 0.05.

Results
Comparison of patient clinical data in NAFLD 
and non‑NAFLD groups
There were 41 patients in the NAFLD group and 40 
patients in the non-NAFLD group. The BMI, SBP, DBP, 
TG, ALT, AST, GGT, UA, HbA1c, FCP, 2 h CP, HOMA-
IR, HOMA-IS and inflammation markers in the NAFLD 
group were significantly higher than those in the non-
NAFLD group (P < 0.05). As for the chronic complica-
tions, although the incidences of ASCVD, DN, DPN, DR, 
and DF in the NAFLD group were higher than those in 
the non-NAFLD group, the difference was not statisti-
cally significant (P > 0.05), as shown in Table 1.

Comparison of patients with different LFC
After measuring the LFC, the 81 enrolled patients were 
divided into four groups from high to low LFC, namely 
group A, group B, group C, and group D with P25, P50, 
and P75 as the critical value. There were 21 patients in 
group A with LFC (%) of 15.7 ± 7.5, 20 patients in the 
group B with LFC (%) of 7.2 ± 1.1, 20 patients in the 
group C with LFC (%) of 4.4 ± 0.5, and 20 patients in 
the group D with LFC (%) of 2.8 ± 0.5. After that, we 
compared different characteristics between these four 
groups. The results showed that there was no significant 
difference between the four groups with respect to sex, 
age, diabetes duration, LDL-C, HDL-C, ApoA, ApoB, 
lipoprotein (a), ALP, UA, SCr, BUN, CYC, FPG, 2 h PG, 
or HbA1c parameters (P > 0.05). However, there was an 
obvious difference in the BMI, SBP, DBP, TC, TG, ALT, 
AST, GGT, FCP, 2  h CP, HOMA-IR, and HOMA-IS 
variables between the four groups, and these indexes in 
groups B, C, and D were prominently lower than those 
in the group A (P <0.05). Moreover, we also noticed a sig-
nificant difference in these parameters in groups C, and 
D when compared with group B (P <0.05) while we did 
not see any obvious difference between groups C and D 
(P > 0.05), as shown in Table 2.

Correlation of T2DM with chronic complications
Influencing factors of T2DM complicated with ASCVD
The presence of ASCVD complication (none for 0, yes 
for 1) was set as the dependent variable, and P = 0.05 and 
P = 0.10 were adopted as the test criterion of the intro-
duced variable and excluded variable, respectively. After 
univariate unconditional logistic regression analysis, dia-
betes duration, BMI, SBP, TC, TG, HbA1c, HOMA-IR, 
and LFC were found to be influential factors associated 
with ASCVD complications. Based on these influential 
factors, P = 0.10 and P = 0.15 were adopted as the test cri-
terion of the introduced variable and excluded variable to 
conduct a binary logistic regression analysis, respectively. 
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As shown in Table 3, diabetes duration, TC, HOMA-IR, 
and LFC were among the risk factors for ASCVD compli-
cations in T2DM patients (P < 0.05).

Influencing factors of T2DM complicated with DN
Similar to ASCVD, the presence of DN complication 
was set as the dependent variable, and univariate logis-
tic regression analysis showed that diabetes course, SBP, 
TG, LDL-C, and HOMA-IR were the influencing factors 

of DN complication with the introduced variable test 
criterion of P = 0.05 and excluded variable test criterion 
of P = 0.10. After binary logistic regression analysis with 
the introduced variable test criterion of P = 0.10 and 
excluded variable test criterion of P = 0.15, diabetes dura-
tion, TG, and LDL-C were found to be the risk factors for 
DN complication in T2DM patients (P < 0.05), as shown 
in Table 4.

Influencing factors of T2DM complicated with DR
The presence of DR complication was set as the depend-
ent variable, the univariate logistic regression analysis 
showed that diabetes duration and SBP were the influ-
encing factors of DR complication, and binary logistic 
regression analysis indicated that diabetes duration and 
SBP were the risk factors for DR complication in T2DM 
patients (P < 0.05), as shown in Table 5.

Influencing factors of T2DM complicated with DPN
The presence of DPN complication was set as the 
dependent variable, and the univariate logistic regression 
analysis showed that diabetes duration and SBP were the 
influencing factors of DPN complication. Additionally, 
binary logistic regression analysis indicated that diabetes 
duration and SBP were the risk factors for DPN compli-
cation in T2DM patients (P < 0.05), as shown in Table 6.

Discussion
Compared with qualitative analysis, quantitative analysis 
of liver fat content can better reflect the fat deposition 
degree to explore the correlation with metabolic disor-
ders, such as diabetes, and its chronic complications. 
In recent years, many studies have revealed the correla-
tion of LFC with various metabolic disorders but most 
of these studies were based on the qualitative diagnosis 
of visceral fat (mainly liver fat), namely the existence of 
NAFLD [23, 24]. Although very few studies were con-
ducted on the quantitative diagnosis of LFC [25, 26], but 
in all these studies computed tomography (CT) quanti-
fication was the main technology, which could not pre-
cisely quantify LFC and MR was less used. Moreover, 
most correlation studies are performed on single chronic 
complications, such as ASCVD and/or diabetic nephrop-
athy, while correlation studies on overall chronic compli-
cations of T2DM are relatively rare. In this paper, we take 
the opportunity to precisely and quantitatively measure 
LFC using the MRI IDEAL-IQ Sequence to explore the 
relationship of liver fat content with systemic metabolism 
and the correlation of various chronic complications with 
T2DM.

NAFLD is closely associated with T2DM, and some 
studies believe that insulin resistance may serve as 
a bridge between the etiology and clinical features 

Table 1 Comparison of clinical parameters of patients in NAFLD 
and non-NAFLD groups

Variables NAFLD group (n = 41) Non‑NAFLD 
group 
(n = 40)

P

Sex (male/female, n) 23/18 19/21 0.439

Age (year) 53.9 ± 10.6 56.9 ± 9.8 0.183

Diabetes duration (year) 5.4 ± 4.4 5.8 ± 4.6 0.712

BMI (kg/m2) 26.2 ± 4.0 23.9 ± 3.9 0.010

SBP (mmHg) 139 ± 16.7 128 ± 15.0 ˂0.01

DBP (mmHg) 83 ± 12.4 75 ± 9.7 0.048

TC (mmol/L) 5.8 ± 1.3 5.5 ± 1.1 0.315

TG (mmol/L) 2.3 ± 1.9 1.6 ± 1.0 0.045

LDL-C (mmol/L) 3.1 ± 0.9 3.2 ± 1.0 0.607

HDL-C (mmol/L) 1.1 ± 0.3 1.2 ± 0.4 0.139

ApoA (mmol/L) 1.4 ± 0.3 1.4 ± 0.3 0.867

ApoB (mmol/L) 1.2 ± 0.3 1.2 ± 0.7 0.864

Lipoprotein (a) (mg/dL) 288.2 ± 161.4 282.5 ± 178.5 0.528

ALT (U/L) 49.9 ± 60.9 21.7 ± 14.7 ˂0.01

AST (U/L) 31.5 ± 26.1 19.2 ± 7.4 ˂0.01

GGT (U/L) 39.9 ± 30.2 28.9 ± 24.8 ˂0.01

ALP (U/L) 91.7 ± 31.6 83.54 ± 25.7 0.192

UA (mmol/L) 358.9 ± 90.9 314.2 ± 88.5 0.030

TNF-α (pg/ml) 29.4 ± 1.72 21.7 ± 3.03 0.036

IL-6 (pg/ml) 41.1 ± 0.47 28.4 ± 5.27 ˂0.01

IL-10 (pg/ml) 51.6 ± 1.52 66.7 ± 3.38 ˂0.01

SCr (umol/L) 64.4 ± 21.8 64.0 ± 24.1 0.742

BUN (mmol/L) 5.0 ± 1.7 5.1 ± 1.3 0.787

CYC (mg/L) 1.2 ± 0.4 1.1 ± 0.3 0.741

FPG (mmol/L) 9.2 ± 2.6 9.2 ± 2.3 0.913

2 h PG (mmol/L) 18.1 ± 4.7 17.0 ± 4.2 0.269

HbA1c (%) 9.6 ± 2.2 8.6 ± 2.1 0.047

FCP (mmol/L) 1.7 ± 0.8 1.1 ± 0.7 ˂0.01

2 h CP (mmol/L) 4.7 ± 2.4 3.1 ± 2.0 ˂0.01

HOMA-IR 3.4 ± 1.9 2.1 ± 1.0 ˂0.01

HOMA-IS 31.6 ± 20.5 21.2 ± 14.9 0.014

ASCVD (n, %) 34 (82.9) 32 (80.0) 0.735

DN (n, %) 12 (29.2) 9 (22.5) 0.487

DPN (n, %) 19 (46.3) 16 (40.0) 0.565

DR (n, %) 29 (70.7) 23 (57.5) 0.214
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Table 2 Comparison of patients with different LFC

a P < 0.05 represents comparison of groups B, C, and D with group A; bP < 0.05 represents comparison of groups C and D with group B

Parameters Group A (n = 21) Group B (n = 20) Group C (n = 20) Group D (n = 20) P

Sex (male/female, n) 15/6 8/12 12/8 7/13 0.067

Age (year) 52.0 ± 13.2 56.1 ± 6.7 56.0 ± 7.9 58.0 ± 10.9 0.259

Diabetes duration (year) (year) 5.7 ± 4.6 6.6 ± 5.3 6.4 ± 4.5 5.6 ± 4.6 0.561

BMI (kg/m2) 27.1 ± 4.2 25.1 ± 3.4a 23.0 ± 4.22ab 22.89 ± 3.49ab ˂0.01

SBP (mmHg) 146 ± 17.9 138 ± 16.1a 128 ± 14.4ab  3a 127 ± 13.3ab ˂0.01

DBP (mmHg) 89 ± 13.5 82 ± 10.72a 76. ± 8.2a 77 ± 10.14ab 0.025

TC (mmol/L) 6.5 ± 1.2 5.3 ± 1.53a 5.5 ± 1.1ab 5.0 ± 1.0ab 0.049

TG (mmol/L) 3.5 ± 2.2 2.5 ± 0.8 a 1.7 ± 1.2ab 1.5 ± 0.7ab ˂0.01

LDL-C (mmol/L) 3.3 ± 0.9 3.1 ± 1.0 3.4 ± 0.9 2.9 ± 0.9 0.359

HDL-C (mmol/L) 1.1 ± 0.3 1.2 ± 0.3 1.3 ± 0.4 1.2 ± 0.3 0.227

ApoA (mmol/L) 1.4 ± 0.25 1.49 ± 0.24 1.46 ± 0.28 0.34 ± 0.27 0.227

ApoB (mmol/L) 1.3 ± 0.2 1.1 ± 0.3 1.2 ± 0.3 1.1 ± 0.3 0.066

Lipoprotein (a) (mg/dL) 296.7 ± 166.1 282.5 ± 155.6 263.10 ± 195.1 300.40 ± 160.2 0.896

ALT (U/L) 53.7 ± 59.4 40.0 ± 62.7a 22.1 ± 10.0ab 21.4 ± 18.3ab ˂0.01

AST (U/L) 35.1 ± 20.1 25.5 ± 32.3a 18.2 ± 4.7ab 20.4 ± 9.3ab ˂0.01

GGT (U/L) 43.9 ± 35.1 34.6 ± 24.1a 28.0 ± 20.3ab 27.4 ± 28.9ab ˂0.01

ALP (U/L) 88.0 ± 22.9 86.1 ± 36.8 87.0 ± 27.1 80.5 ± 24.0 0.444

UA (mol/L) 359.8 ± 88.4 346.2 ± 99.9 315.8 ± 85.9 329.2 ± 99.8 0.465

SCr (umol/L) 66.1 ± 21.2 62.7 ± 22.8 60.2 ± 17.1 67.8 ± 29.5 0.722

BUN (mmol/L) 5.1 ± 1.6 4.8 ± 1.8 5.1 ± 1.3 5.1 ± 1.4 0.927

CYC (mg/L) 1.1 ± 0.3 1.2 ± 0.4 1.0 ± 0.3 1.1 ± 0.4 0.453

FPG (mmol/L) 9.4 ± 3.2 9.1 ± 1.8 9.5 ± 2.5 8.8 ± 2.1 0.183

2 h PG (mmol/L) 19.0 ± 5.4 17.0 ± 3.6 17.9 ± 4.5 16.1 ± 3.8 0.183

HbA1c (%) 9.7 ± 2.5 9.6 ± 1.9 9.8 ± 2.6 8.6 ± 2.2 0.749

FCP (mmol/L) 1.9 ± 0.8 1.5 ± 0.9a 1.1 ± 0.6ab 1.1 ± 0.7ab 0.022

2 h CP (mmol/L) 5.5 ± 2.6 4.2 ± 2.2a 2.9 ± 1.9ab 3.2 ± 2.2ab ˂0.01

HOMA-IR 3.9 ± 2.1 3.0 ± 1.7a 2.2 ± 0.9ab 2.0 ± 1.2ab ˂0.01

HOMA-IS 35.9 ± 22.4 27.1 ± 17.8a 21.1 ± 17.9ab 20.3 ± 11.6ab 0.030

Table 3 Logistic regression analysis of influencing factors of 
T2DM complicated with ASCVD

Variables B‑value S.E P‑value OR (95% CI)

Diabetes duration 2.186 0.841 ˂0.01 8.902 (1.711, 46.322)

TC 1.268 0.637 0.046 3.554 (1.020, 12.374)

HOMA-IR 1.609 0.818 0.049 5.000 (1.006, 24.851)

LFC 0.648 0.261 0.013 1.911 (1.146, 3.181)

Table 4 Logistic regression analysis of influencing factors of 
T2DM complicated with DN

Variable B‑value S.E P‑value OR (95% CI)

Diabetes duration 0.151 0.060 0.012 1.163 (1.034, 1.308)

TG 0.459 0.193 0.017 1.582 (1.084, 2.308)

LDL-C 0.609 0.302 0.044 1.838 (1.016, 3.325)

Table 5 Logistic regression analysis of influencing factors of 
T2DM complicated with DR

Variable B‑value S.E P‑value OR (95% CI)

Diabetes duration 0.498 0.139 ˂0.01 1.645 (1.252, 2.162)

SBP 0.042 0.020 0.032 1.043 (1.004, 1.085)

Table 6 Logistic regression analysis of influencing factors of 
T2DM complicated with DPN

Variable B‑value S.E P‑value OR (95% CI)

Diabetes duration 0.100 0.052 0.055 1.105 (0.998, 1.224)

SBP 0.029 0.015 0.060 1.029 (0.999, 1.060)
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of NAFLD and may attribute to the main risk factors 
for the development of NAFLD [27]. Visceral obesity, 
T2DM, dyslipidemia, and arterial hypertension are 
the phenotypic expression of NAFLD, and the pres-
ence of one or more of these conditions increases the 
risk of developing NAFLD [28]. In our study, the BMI, 
SBP, DBP, TG, ALT, AST, GGT, UA, HbA1c, FCP, 2  h 
CP, HOMA-IR, and HOMA-IS in T2DM patients with 
NAFLD were significantly higher than those without 
NAFLD (P < 0.05), suggesting that T2DM with NAFLD 
patients are more prone to metabolic abnormalities 
and insulin resistance, which is consistent with other 
studies [24, 29]. However, there was no significant dif-
ference in TC, TG, LDL-C, and H-LDL between the 
NAFLD and non-NAFLD groups, which may be largely 
related to the utilization of lipid-lowering drugs in clin-
ical practice impacting the results.

MRI IDEAL-IQ Sequence is an ideal examination 
method to evaluate the degree of liver fat infiltration 
[30]. In the present study, we utilized this technology to 
measure LFC and then classified patients into different 
groups based on the LFC. Upon investigation, we found 
that the patients with different LFC showed a signifi-
cant difference in BMI, SBP, DBP, TC, TG, ALT, AST, 
FCP, 2 h CP, HOMA-IR, and HOMA-IS variables. Our 
results also indicated that the higher the difference in 
LFC among groups, the greater the difference in meta-
bolic indexes, and the more serious the metabolic dis-
order, which further supports the results of the NAFLD 
group to some extent.

T2DM is generally characterized by insulin resistance 
and is associated with multiple chronic complications 
including retinopathy, nephropathy, neuropathy, dia-
betic foot, and other vascular complications [31]. It has 
been reported that NAFLD is an independent risk fac-
tor for diabetes-associated complications and the like-
lihood of developing these complications increases in 
T2DM patients complicated with NAFLD [32]. In our 
study, the incidences of ASCVD, DN, DR, and DPN in 
the NAFLD group were higher than those in the non-
NAFLD group, but the difference was not statistically 
significant, which is in agreement with the results of 
previous studies [33, 34]. Based on this, the correla-
tion between LFC and chronic complications was fur-
ther explored by logistic regression analysis. The results 
showed that diabetes duration was a common risk fac-
tor for ASCVD, DN, DR, and DPN. In addition, TC, 
HOMA-IR, and LFC were the independent risk fac-
tors for T2DM complicated with ASCVD. Moreover, 
TG and LDL-C were the main risk factors for DN while 
SBP was closely related to the occurrence and devel-
opment of DR and DPN, which can be considered the 
main risk factor.

Strengths and limitations
The current study offers novel information on the poten-
tial use of MRI IDEAL-IQ Sequence technology to deter-
mine liver fat content in T2DM patients. It is inspiring 
to propose that, unlike other noninvasive techniques 
like ultrasonography or computed tomography, the MRI 
IDEAL-IQ Sequence method measures the percentage of 
liver fat and provides highly accurate quantitative meas-
urements of the amount of liver fat, allowing grading of 
disease severity and its correlation with other chronic 
complications.

Although the results of the present study provide some 
interesting information, this study was limited by some 
issues. The sample size was not sufficient as the detec-
tion rate of chronic complications had no significant dif-
ference between the NAFLD group and the non-NAFLD 
group, even when patients were classified according 
to LFC by quartile method. Accordingly, lipid-lower-
ing intervention is often adopted in clinics for treating 
T2DM patients, and the lipid-lowering drugs are not 
stopped before the examination, which also might have 
affected the outcomes of this study. Thus, it is necessary 
and important to increase the sample size and limit the 
lipid-lowering intervention, in order to ensure the accu-
racy of reported data. Likewise, we did not examine the 
correlation between hepatic fat content and inflamma-
tory markers and diabetic complications that need fur-
ther investigation. Subsequently, the medication status 
of the participants was not included in the reported 
data thus limiting the implication of this study. Moreo-
ver, due to variable LFC deposition in different parts of 
the liver, further investigation is needed to highlight the 
correlation of LFC in different parts of the liver with sys-
temic metabolism and chronic complications in T2DM 
patients.

Conclusions
In summary, the results of the present study demonstrate 
that LFC can be precisely determined by MRI IDEAL-IQ 
Sequence, which has a positive correlation with systemic 
metabolic characteristics, and diabetic complications. 
Thus, in clinical practice, in addition to measuring blood 
glucose levels, liver fat content should also be evaluated 
by MRI IDEAL-IQ Sequence technology for early diag-
nosis and effective intervention of T2DM and fatty liver-
associated diseases.
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