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Abstract
AIM: To evaluate the correlation between nonalcoholic 
fatty liver disease (NAFLD) and microvascular complica-
tions in type 2 diabetes mellitus (T2DM).

METHODS: Data were obtained from 1217 inpatients 
with T2DM (757 females, 460 males; aged 63.39 ± 
12.28 years). NAFLD was diagnosed by hepatic ultraso-
nography. Diabetic nephropathy (DN), diabetic peripheral 
neuropathy (DPN), and diabetic retinopathy (DR) were 
diagnosed according to their respective criteria. The 
prevalence of NAFLD and the independent correlations 
of clinical characteristics with NAFLD were determined 
by cross-tabulation and logistic regression, respectively.

RESULTS: Approximately 61% of inpatients with T2DM 
in Qingdao, China had NAFLD, which decreased signifi-
cantly with increase in age and prolonged course of di-
abetes. The prevalence of NAFLD in patients presenting 
with DN, DPN and DR was 49.4%, 57.2% and 54.9%, 
respectively. These rates were significantly lower than 
those of patients without DN, DPN and DR (65.9%, 
65.6% and 66.1%, respectively, P  < 0.05). Participants 
with NAFLD had greater body weight, waist circumfer-
ence (WC), body mass index (BMI), fasting blood glu-
cose (FBG), hemoglobin A1c, alanine aminotransferase, 
aspartate aminotransferase, γ-glutamyltransferase, 
blood pressure, as well as triglyceride (TG) levels and 
lower high-density lipoprotein (HDL) concentration than 
those without NAFLD (P  < 0.05). NAFLD was positively 
correlated with BMI, WC, TG, FBG, diastolic blood pres-
sure, and systolic blood pressure but negatively corre-
lated with the duration of diabetes, DR, DPN, DN, and 
HDL.

CONCLUSION: Despite the benign nature of NAFLD, 
efforts should be directed toward early diagnosis, in-
tensive blood glucose and blood pressure control, and 
effective dyslipidemia correction.

© 2013 Baishideng. All rights reserved.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) and 
diabetic microangiopathy complications represent im-
portant burdens for patients with type 2 diabetes mel-
litus (T2DM). However based on the finding that the 
prevalence of NAFLD was negatively correlated with 
age and duration of T2DM, we suggest that NAFLD 
is benign process and efforts should be directed at 
strengthening early diagnosis, intensive blood glucose 
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and pressure control, and effective dyslipidemia correc-
tion to prevent and minimize occurrence of NAFLD. 

Lv WS, Sun RX, Gao YY, Wen JP, Pan RF, Li L, Wang J, 
Xian YX, Cao CX, Zheng M. Nonalcoholic fatty liver disease 
and microvascular complications in type 2 diabetes. World J 
Gastroenterol 2013; 19(20): 3134-3142  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v19/i20/3134.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v19.i20.3134

INTRODUCTION
Diabetes is an independent risk factor for the develop-
ment of  nonalcoholic fatty liver disease (NAFLD) and 
progression to advanced liver disease, including fibrosis, 
cirrhosis, and hepatocellular carcinoma[1]. Cross-sectional 
studies have reported that the prevalence of  NAFLD 
in patients with type 2 diabetes mellitus (T2DM) ranges 
from 42.1% to 75.2% in China[2,3]. With the rising inci-
dence and prevalence of  T2DM in China[4], a close esti-
mate of  the prevalence of  NAFLD, as well as its clinical 
risk factors, is important for predicting the number of  
patients that require monitoring for more advanced liver 
diseases, or those who may benefit from future disease-
modifying agents.

Targher et al[5] have reported that most individu-
als with NAFLD are older, more likely to be male, and 
have a longer duration of  diabetes than those without 
NAFLD. By contrast, Williamson et al[6] have reported 
that participants with definite steatosis (grade 3) are 
significantly younger and have shorter duration of  diabe-
tes than the combined normal/probably normal groups 
(grades 0-2). Zhou et al[3] have indicated that the preva-
lence of  NAFLD in men aged < 50 years is higher than 
that in women. However, this finding is contrary for 
patients > 50 years; that is, the prevalence of  NAFLD is 
higher in women[3]. Thus, further studies must be con-
ducted to ascertain the differences in the prevalence of  
NAFLD between the sexes and the relationship between 
age, duration of  diabetes, and prevalence of  NAFLD.

The present cross-sectional study determined the 
prevalence and some risk factors for NAFLD and evalu-
ated its correlations with microvascular complications 
in a large cohort of  inpatients with T2DM in Qingdao, 
China. Differences in the prevalence of  NAFLD be-
tween men and women, as well as the clinical and bio-
chemical characteristics of  the condition, are discussed.

MATERIALS AND METHODS
A total of  1217 T2DM patients (757 women and 460 
men) participated in this study. All patients were hospi-
talized between January 2008 and January 2012 at the 
Department of  Internal Medicine, Affiliated Hospital of  
Medical College, Qingdao University, China. Most par-
ticipants abstained from alcohol consumption (n = 1107; 

91%) or drank minimally (alcohol consumption < 20 g/d; 
n = 110; 9%). Patient information such as sex, birth date, 
duration of  diabetes, daily alcohol consumption, smok-
ing status, and medications (including hepatotoxic drugs 
such as glucocorticoids, amiodarone, methotrexate, or 
antineoplastic drugs) were obtained by the question-
naire method. The heights and body weights (BWs) of  
the patients were measured (i.e., without wearing a heavy 
coat and shoes). Body mass index (BMI) was calculated 
by dividing the BW (kg) by the square of  the height (m). 
Waist circumference (WC) was measured in a standing 
position at the level of  the umbilicus. Fasting plasma 
glucose (FPG), hemoglobin A1c (HbA1c), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), 
γ-glutamyltransferase (GGT), fasting serum triglyceride 
(TG), high-density lipoprotein (HDL) cholesterol, and 
low-density lipoprotein (LDL) cholesterol were deter-
mined using standardized methods in our laboratory. Se-
rology for viral hepatitis B and C was also assessed in all 
participants. Hepatic ultrasonography scanning was per-
formed on patients after an overnight fast by assigned 
and experienced radiologists, who were blinded to the 
health conditions of  the patients. The liver was graded 
for markers of  hepatic steatosis by using established cri-
teria: a bright hepatic echo pattern (compared with the 
echo response of  the right kidney); increased attenuation 
of  the echo beam; and presence of  focal fatty sparing[6]. 
Participants manifesting symptoms of  hepatic steatosis 
or showing abnormal blood tests of  liver function tests 
were further investigated for other parameters such as 
antinuclear antibody, antismooth muscle antibody, anti-
mitochondrial antibody, and ferritin.

This study was approved by the Ethics Committee of  
the Affiliated Hospital Medical College, Qingdao Uni-
versity, and all participants provided written informed 
consent.

Definition of NAFLD
NAFLD was defined as the presence of  definite he-
patic steatosis on ultrasound scan (i.e., grade 3) in the 
absence of  a secondary cause for hepatic steatosis. Sec-
ondary causes were defined as: alcohol consumption ≥ 
14 U/wk or participant report of  alcohol excess; use 
of  hepatotoxic medication (glucocorticoids, isoniazid, 
methotrexate, amiodarone, and tamoxifen) within 6 mo 
prior to the study; positive hepatitis B or C serology; 
ferritin concentration ≥ 1000 mg/L (milder hyperferri-
tinemia can be associated with obesity, insulin resistance, 
and NAFLD); clinically significant positive immunol-
ogy titers (antismooth muscle antibody titer ≥ 1:160 or 
antimitochondrial antibody titer ≥ 1:40); or previous 
diagnosis of  a persistent secondary cause for chronic 
liver disease according to their medical records. Patients 
were excluded from calculations on the prevalence of  
NAFLD if  their data on the above-mentioned measures 
were missing, such that a secondary cause could not be 
excluded.

Diabetic microvascular complications included dia-
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betic nephropathy (DN), diabetic peripheral neuropathy 
(DPN), and diabetic retinopathy (DR). DN was diag-
nosed by a positive persistent proteinuria for at least 
three consecutive readings per year, serum creatinine > 
130 µmol/L, and/or glomerular filtration rate < 60 mL/
min. DPN was diagnosed in the presence of  persistent 
numbness, paresthesia, loss of  hearing of  the tuning 
fork and sense of  vibration, and failure to elicit a knee 
and/or ankle jerk. DR was diagnosed in the presence of  
retinal hemorrhage, exudates, and macular edema[7].

Statistical analysis
Analyses were conducted using SPSS version 17.0. Data 
are presented as means ± SD or proportions, where ap-
propriate. Skewed variables (e.g., TG and HDL) were 
logarithmically transformed, and genomic means are 
presented. Independent t and χ 2 tests were used to com-
pare the differences in means or proportions between 
different subgroups. The independent associations of  
variables with NAFLD were determined by a binary 
logistic regression. A value of  P < 0.05 was considered 
statistically significant.

RESULTS
Clinical and biological characteristics of study 
population
The mean demographic and clinical characteristics of  
the patients were as follows: age, 63.39 ± 12.28 years; 

duration of  diabetes, 9.58 ± 7.09 years; BW, 70.9 ± 11.75 
kg; WC, 93.63 ± 10.48 cm; BMI, 26.26 ± 3.54 kg/m2; 
FBG, 8.48 ± 3.25 mmol/L; HbA1c, 8.73% ± 2.47%; 
TG, 1.85 ± 1.33 mmol/L; total cholesterol (TC), 5.0 ± 
1.29 mmol/L; HDL, 1.20 ± 0.29 mmol/L; and LDL, 2.95 
± 0.86 mmol/L.

The baseline characteristics of  the study participants 
according to their NAFLD status are presented in Table 
1. The prevalence of  NAFLD in patients with T2DM 
was 61%, and no statistical difference was indicated 
between men and women (59.1% vs 62.1%, P > 0.05). 
Participants with NAFLD had higher BW, WC, BMI, 
FBG, HbA1c, ALT, AST, GGT, blood pressure and TG 
levels, and lower HDL concentration than those without 
NAFLD (P < 0.05). Meanwhile, no statistical difference 
was observed in the smoking history, height, plasma TC, 
and LDL levels between the groups. However, partici-
pants diagnosed with NAFLD were younger and had 
shorter duration of  diabetes than those without NAFLD 
(P < 0.05).

Prevalence of NAFLD in T2DM patients by age range 
and duration of diabetes
Patients were divided into three groups according to age: 
< 50, 50-60, and > 60 years. The prevalence rates of  
NAFLD for the three age groups were 73.4%, 61.6%, 
and 57.8%, respectively, indicating that the prevalence of  
NAFLD decreased significantly as age increased (Figure 
1A, P < 0.05). This trend persisted even when patients 
were classified by sex (74.5%, 57.5%, and 54.2% in men 
and 72.3%, 65.1%, and 59.6% in women, P < 0.05). Al-
though the prevalence of  NAFLD in women was higher 
than that in men < 50 years and the reverse was evident 
at > 50 years, no significant difference was found in the 
prevalence of  NAFLD between men and women at dif-
ferent ages (Figure 1A, P > 0.05).

When patients were divided into three groups ac-
cording to duration of  diabetes, that is, < 5 years, 5-10 
years, and > 10 years, the prevalence rates of  NAFLD 
were 74.9%, 65.5%, and 50.7%, respectively. This indi-
cates that the prevalence of  NAFLD decreased signifi-
cantly as diabetes was prolonged (Figure 1B, P < 0.05). 
This trend persisted even when patients were classified 
by sex (72.3%, 65.6%, and 47.1% in men and 76.5%, 
65.4%, and 52.6% in females, respectively, P < 0.05). No 
significant difference was indicated in the prevalence rate 
of  NAFLD between men and women with different du-
rations of  diabetes (Figure 1B, P > 0.05).

Prevalence of NAFLD in T2DM with or without 
microangiopathic complications
The incidence of  NAFLD was found to correlate nega-
tively with DN, as shown in Figure 2A (r = -0.154, P < 
0.05). The general prevalence of  NAFLD in T2DM with 
and without DN was 49.4% and 65.9%, respectively (P 
< 0.05). This trend persisted even when patients were 
stratified by sex (r = -0.13 in men, r = -0.17 in women, 

3136 May 28, 2013|Volume 19|Issue 20|WJG|www.wjgnet.com

Table 1  Baseline characteristics of the study participants, 
according to nonalcoholic fatty liver disease status

Variables Without NAFLD With NAFLD P value

n 475 742
Sex (female/male) 287/188 470/272 > 0.05
Age (yr)     65.11 ± 11.70     62.29 ± 12.52 < 0.05
Diabetes duration (yr)   11.31 ± 7.10     8.47 ± 6.87 < 0.05
Height (cm) 163.99 ± 8.49 164.20 ± 8.24 > 0.05
BW (kg)   65.54 ± 9.76     74.32 ± 11.64 < 0.05
WC (cm)   88.75 ± 8.72     96.76 ± 10.32 < 0.05
BMI (kg/m2)   24.33 ± 2.87   27.49 ± 3.37 < 0.05
Current smokers (%) 17.7 14.3 > 0.05
SBP (mmHg)   131.43 ± 17.93   141.56 ± 16.15 < 0.05
DBP (mmHg)   76.94 ± 8.87   83.61 ± 9.57 < 0.05
FBG (mmol/L)     7.72 ± 3.18     8.97 ± 3.20 < 0.05
HbA1c (%)     8.45 ± 2.44     8.91 ± 2.47 < 0.05
ALT (mmol/L)   17.16 ± 8.19     25.72 ± 13.01 < 0.05
AST (mmol/L)   18.23 ± 6.74   22.34 ± 9.00 < 0.05
GGT (mmol/L)     19.47 ± 16.32     25.05 ± 17.94 < 0.05
TG (mmol/L)     1.45 ± 1.06     2.12 ± 1.43 < 0.05
TC (mmol/L)     4.99 ± 1.41     5.04 ± 1.22 > 0.05
LDL (mmol/L)     2.95 ± 0.92     2.95 ± 0.82 > 0.05
HDL (mmol/L)     1.24 ± 0.29     1.17 ± 0.28 < 0.05

Data are expressed as mean ± SD or proportions of the entire cohort 
of participants. BW: Body weight; WC: Waist circumference; BMI: 
Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood 
pressure; FBG: Fasting blood glucose; HbA1c: Hemoglobin A1c; ALT: 
Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: 
γ-glutamyltransferase; TG: Triglyceride; TC: Total cholesterol; LDL: Low-
density lipoprotein; HDL: High-density lipoprotein.
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Figure 1  Prevalence of nonalcoholic fatty liver disease in type 2 diabetes mellitus patients according to different age ranges and durations of diabetes. A: 
Prevalence of nonalcoholic fatty liver disease (NAFLD) in patients aged < 50, 50-60, and > 60 years was 73.4%, 61.6%, and 57.8%, respectively, indicating that the 
prevalence of NAFLD decreased significantly with increasing age (bP < 0.01 vs group below 50 years). In men (74.5%, 57.5%, and 54.2%, respectively, bP < 0.01 vs 
group below 50 years) and women (72.3%, 65.1%, and 59.6%, respectively, aP < 0.05 vs group below 50 years), the prevalence of NAFLD decreased significantly 
with increasing age. The prevalence of NAFLD in men was higher than in women (74.5% and 72.3%, respectively, P > 0.05) in the < 50 years age group; however, the 
reverse was evident in the > 50 years age group (57.5% and 65.1%, respectively, in the 50-60 years age group, and 54.2% and 59.6%, in the > 60 years age group, 
both P > 0.05); B: Prevalence of NAFLD, according to duration of diabetes, was 74.9%, 65.5%, and 50.7% for < 5, 5-10, and > 10 years, respectively. Prevalence of 
NAFLD decreased significantly with prolonged course of diabetes (bP < 0.01 vs group less than 5 years). This trend persisted even when patients were stratified by 
sex (72.3%, 65.6%, and 47.1%, respectively, in men, and 76.5%, 65.4%, and 52.6% in women, bP < 0.01 vs group less than 5 years). There were no significant differ-
ences in the prevalence of NAFLD between men and women with different durations of diabetes (P > 0.05). T2DM: Type 2 diabetes mellitus. 

BA

Figure 2  Prevalence of nonalcoholic fatty liver disease in T2DM with or without microangiopathy complications. A: Incidence of nonalcoholic fatty liver dis-
ease (NAFLD) negatively correlated with DN (r = -0.154, P < 0.05). This trend persisted even when patients were stratified by sex (r = -0.13 in men, r = -0.17 in wom-
en, both P < 0.05). Prevalence of NAFLD in T2DM with and without DN was 49.4% and 65.9%, respectively (bP < 0.01 vs group without DN). Prevalence of NAFLD in 
men without DN was significantly higher than in patients with DN (63.3% and 49.3%, respectively, bP < 0.01 vs the group without DN). Prevalence of NAFLD in women 
without DN was significantly higher than in patients with DN (67.5% and 49.5%, respectively, bP < 0.01 vs the group without DN); B: Incidence of NAFLD negatively 
correlated with DPN (r = -0.086, P < 0.05). This trend persisted even when patients were stratified by sex (r = -0.095 in men, r = -0.084 in women, both P < 0.05). The 
general prevalence of NAFLD in T2DM with and without DPN was 57.2% and 65.6%, respectively (bP < 0.01 vs the group without DPN). Prevalence of NAFLD in men 
without DPN was significantly higher than in patients with DPN (63.9% and 54.5%, respectively, aP < 0.05 vs the group without DPN). Prevalence of NAFLD in women 
without DPN was also significantly higher than that in patients with DPN (66.9% and 58.6%, respectively, aP < 0.05 vs the group without DPN); C: Incidence of NAFLD 
negatively correlated with DR (r = -0.114, P < 0.05). This trend persisted even when patients were stratified by sex (r = -0.176 in men, r = -0.076 in women, both P < 0.05). 
Prevalence of NAFLD in T2DM with and without DR was 54.9% and 66.1%, respectively (bP < 0.01 vs the group without DR). Furthermore, the Prevalence of NAFLD 
in men without DR was significantly higher than that in patients with DR (66.9% and 49.5%, respectively, bP < 0.01 vs the group without DR). Prevalence of NAFLD in 
women without DR was also significantly higher than that in patients with DR (65.5% and 58.1%, respectively, aP < 0.05 vs the group without DR).
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both P < 0.05). The prevalence of  NAFLD in men 
without DN was significantly higher than that of  pa-
tients with DN (63.3% and 49.3%, respectively, P < 0.05). 
Similarly, the prevalence of  NAFLD in women without 
DN is significantly higher than that of  patients with DN 
(67.5% and 49.5%, respectively, P < 0.05).

The incidence of  NAFLD was found to correlate 
negatively with DPN, as shown in Figure 2B (r = -0.086, 
P < 0.05). The general prevalence of  NAFLD in T2DM 
with and without DPN was 57.2% and 65.6%, respec-
tively (P < 0.05). This trend also persisted when patients 
were stratified by sex (r = -0.095 in men, r = -0.084 in 
women, both P < 0.05). The prevalence of  NAFLD in 
men without DPN was significantly higher than that of  
patients with DPN (63.9% and 54.5%, respectively, P < 
0.05). Similar results were found in women (66.9% and 
58.6%, respectively, P < 0.05).

The incidence of  NAFLD was negatively correlated 
with DR, as shown in Figure 2C (r = -0.114, P < 0.05). 
The general prevalence of  NAFLD in T2DM with 
and without DR was 54.9% and 66.1%, respectively 
(P < 0.05). This trend persisted even when patients 

were stratified by sex (r = -0.176 in men, r = -0.076 in 
women, both P < 0.05). The prevalence of  NAFLD in 
men without DR was significantly higher than that of  
patients with DR (66.9% and 49.5%, respectively, P < 
0.05). Similar results were determined in women (65.5% 
and 58.1%, respectively, P < 0.05).

Risk factors for the development of NAFLD in patients 
with T2DM
With NAFLD as the dependent variable, the variables 
that were independently associated with NAFLD 
in T2DM patients were identified by binary step-
wise logistic regression. Independent predictors of  
NAFLD were BMI (OR for log BMI: 1.238 × 107; 
95%CI: 154915.06-9.897 × 107), WC (OR for log WC: 
261.44; 95%CI: 1.691-4.422.03), TG (OR for log TG: 
7.79; 95%CI: 3.99-15.19), FBG (OR = 1.08; 95%CI: 
1.02-1.15), diastolic blood pressure (DBP) (OR = 1.03; 
95%CI: 1.01-1.05), systolic blood pressure (SBP) (OR 
= 1.03; 95%CI: 1.021-1.04), duration of  diabetes (OR 
= 0.96; 95%CI: 0.93-0.98), DR (OR = 0.71; 95%CI: 
0.51-0.99), DPN (OR = 0.69; 95%CI: 0.50-0.95), DN 
(OR = 0.32; 95%CI: 0.22-0.46), and HDL (OR for log 
HDL: 0.17; 95%CI: 0.03-0.89) (Table 2).

However, the risk factors for NAFLD in men and 
women were not identical. Independent predictors of  
NAFLD in men were BMI (OR for log BMI: 4.52 × 
1010; 95%CI: 6.12 × 107-3.33 × 1013), TG (OR for log 
TG: 37.88; 95%CI: 11.34-126.61), DBP (OR = 1.09; 
95%CI: 1.05-1.12), duration of  diabetes (OR = 0.94; 
95%CI: 0.90-0.98), and HDL (OR: for log HDL: 0.01; 
95%CI: 0-0.21) (Table 2). Independent predictors of  
NAFLD in women were BMI (OR for log BMI: 2.21 
× 107; 95%CI: 395 927.04-1.23 × 109), TG (OR for log 
TG: 3.48; 95%CI: 1.54-7.90), FBG (OR = 1.22; 95%CI: 
1.13-1.31), SBP (OR = 1.04; 95%CI: 1.03-1.05), duration 
of  diabetes (OR = 0.96; 95%CI: 0.93-0.98), DPN (OR 
= 0.65; 95%CI: 0.43-0.98), DR (OR = 0.61; 95%CI: 
0.41-0.93), and DN (OR = 0.29; 95%CI: 0.19-0.46) 
(Table 2).

DISCUSSION
NAFLD represents an important burden of  disease 
for patients with T2DM; however, the magnitude of  
the problem is currently unknown. In this study, the 
prevalence of  NAFLD in hospitalized Chinese T2DM 
patients was calculated at 61%. This prevalence is lower 
than that reported by Lu et al[2] in 2009 (75.18%) but 
markedly higher compared with that reported by Zhou et 
al[3] conducted 5 years ago (42.1%).

A limitation of  this study was that the diagnosis of  
NAFLD was based on ultrasound imaging. The patients 
did not undergo liver biopsy and histological examina-
tion, which is the gold standard technique for identifying 
steatosis. The sensitivity of  ultrasonography in detecting 

Table 2  Risk factors for nonalcoholic fatty liver disease

Variables b SE P  value OR 95%CI

Total patients with T2DM
   logBMI 16.33 2.24 0.00 1.238 × 107 154915.06-9.897 × 108

   logWC   5.57 2.57 0.03 261.45         1.69-40422.03
   logTG   2.05 0.34 0.00 7.79   3.99-15.19
   FBG     0.079 0.03 0.01 1.08 1.02-1.15
   DBP   0.03 0.01 0.00 1.03 1.01-1.05
   SBP   0.03 0.01 0.00 1.03 1.02-1.04
   Duration 
of diabetes

 -0.05 0.01 0.00 0.96 0.93-0.98

   DR    -0.035 0.17 0.04 0.71 0.51-0.99
   DPN  -0.38 0.17 0.03 0.69 0.50-0.95
   DN  -1.15 0.19 0.00 0.32 0.22-0.46
   logHDL  -1.76 0.84 0.04 0.17 0.03-0.89
Male patients with T2DM
   logBMI 24.53 3.37 0.00 4.52 × 1010 6.128 × 107-3.334 × 1013

   logTG   3.63 0.62 0.00 37.88   11.34-126.61
   DBP   0.08 0.02 0.00   1.09 1.05-1.12
   Duration 
of diabetes

 -0.07 0.02 0.00   0.94 0.90-0.98

   logHDL  -4.92 1.72 0.00   0.01 0.00-0.21
Female patients with T2DM
   logBMI 16.91 2.05 0.00 2.21 × 107 395927.04-1.23 × 109

   logTG 1.25 0.42 0.00 3.48 1.54-7.90
   FBG 0.2 0.04 0.00 1.22 1.13-1.31
   SBP 0.04 0.01 0.00 1.04 1.03-1.05
   Duration 
of diabetes

-0.04 0.01 0.00 0.96 0.93-0.98

   DPN -0.44 0.21 0.04 0.65 0.43-0.98
   DR -0.49 0.21 0.02 0.61 0.41-0.93
   DN -1.23 0.23 0.00 0.29 0.19-0.46

T2DM: Type 2 diabetes mellitus; WC: Waist circumference; TG: 
Triglyceride; BMI: Body mass index; FBG: Fasting blood glucose; SBP: 
Systolic blood pressure; DBP: Diastolic blood pressure; HDL: High-
density lipoprotein; DR: Diabetic retinopathy; DPN: Diabetic peripheral 
neuropathy; DN: Diabetic nephropathy.
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steatosis varies between 60% and 94% and is dependent 
on the degree of  steatosis. In particular, sensitivity is sig-
nificantly low when the degree of  steatosis is < 30%[5,8]. 
Furthermore, some participants with normal ultrasound 
scans may have undiagnosed hepatic fibrosis and thus be 
considered a severe case of  NAFLD[6]. Therefore, the 
cases that were potentially misclassified by ultrasonogra-
phy might have resulted in an underestimated prevalence 
of  NAFLD. This limitation might have attenuated the 
magnitude of  our effect measures to null. The find-
ings of  this study may then be considered conservative 
estimates of  the prevalence of  NAFLD in hospitalized 
Chinese T2DM patients.

This study revealed that the prevalence of  NAFLD 
in male hospitalized T2DM patients was 59.1%, which 
was slightly lower than that in female patients (62.1%), 
but without statistical significance. When patients were 
divided into three groups according to their age (i.e., < 
50, 50-60, and > 60 years), the prevalence of  NAFLD in 
women was higher than in men aged < 50 years, where-
as the reverse was evident when age was > 50 years. 
However, no significant difference was indicated in the 
prevalence of  NAFLD between male and female pa-
tients at different ages. This finding differs from that of  
Zhou et al[3], who reported that the prevalence of  fatty 
liver in patients < 50 years old was significantly higher 
in men than women; however, the reverse was evident 
when participants were older than 50 years. In the pres-
ent study, several male patients with NFALD, especially 
those aged < 50 years, were excluded for overdrinking. 
With this factor considered, the prevalence of  NAFLD 
in male hospitalized T2DM patients may be significantly 
higher than that of  female patients.

In our study, patients were assessed according to 
three age groups. The prevalence rates of  NAFLD sig-
nificantly decreased as age increased. This trend persisted 
even when the patients were stratified by sex. These ob-
servations are inconsistent with those of  Targher et al[5], 
who reported that the prevalence of  NAFLD increased 
with age (i.e., 65.4% among participants aged 40-59 years 
and 74.6% among those aged ≥ 60 years; P < 0.001). By 
contrast, Lu et al[2] found that the prevalence of  NAFLD 
in Chinese T2DM patients did not increase with age. 
In particular, T2DM patients in China aged 40-59 years 
are more prone to NAFLD. These findings are consis-
tent with those published in a review by Duvnjak et al[9], 
which reports that the highest prevalence of  NAFLD 
occurs in those aged 40-60 years. A potential explana-
tion for these observations is that middle-aged persons 
are often too busy to participate in physical exercise and 
are more likely to dine outside of  the home, whereas 
older and retired persons may have more time for physi-
cal exercise and devote more attention to their lifestyle. 
These behaviors among middle-aged persons may be 
one reason why Chinese patients with T2DM are more 
vulnerable to NAFLD, considering that the prevalence 

of  NAFLD does not increase with age[2].
Patients were also assessed according to the duration 

of  diabetes (i.e., < 5, 5-10, and > 10 years). The prevalence 
rates of  NAFLD decreased significantly with the pro-
longed course of  diabetes. This trend persisted even when 
patients were stratified by sex. No significant difference 
was observed in the prevalence of  NAFLD between male 
and female patients with different durations of  diabetes. 
These findings contradict those of  Banerjee et al[10], who 
found that a longer duration of  T2DM was significantly 
associated with NAFLD. The association of  a shorter 
duration of  diabetes with liver disease has been previ-
ously described. A possible explanation for this associa-
tion may be that a greater degree of  hyperinsulinemia 
in early T2DM increases the uptake of  free fatty acids 
(FFAs) by hepatocytes[6]. Popović et al[11] presented a 
significant negative correlation between the duration of  
diabetes and fasting insulinemia as well as insulin resis-
tance assessed by homeostatic model assessment-insulin 
resistance index. Increased fasting insulinemia and he-
patic insulin resistance may trigger a reduced catabolism 
of  lipoproteins rich in TGs and an increased hepatic 
very LDL production via changes in the rate of  apoli-
poprotein B synthesis and degradation, as well as de novo 
lipogenesis or increased FFA flux from adipose tissue 
into the liver[12].

In this study, we demonstrated that the general 
prevalence of  diabetic microangiopathy complications 
(i.e., DN, DPN and DR) increased significantly with 
age increased (data not shown). This trend persisted 
even when the patients were stratified by sex. When 
the patients were stratified by duration of  T2DM, the 
prevalence rates of  diabetic microangiopathy complica-
tions increased significantly with prolonged duration of  
T2DM (data not shown). In previous reports, the age 
and duration of  diabetes were common risk factors for 
the three microvascular complications of  T2DM[13-17]. 
Thus, chronic microvascular diabetic complications in-
crease gradually with prolonged duration of  T2DM, and 
the clinical symptoms tend to worsen progressively. Con-
sequently, these patients need to pay more attention to 
their lifestyle and drug therapy. Therefore, the incidence 
of  NAFLD does not increase with a prolonged duration 
of  T2DM.

The development of  NAFLD is a multifaceted cas-
cade of  physiological and biochemical events, including 
genetic, environmental, metabolic, and stress-related 
factors; the exact risk factors for NAFLD have not 
been clearly identified[18]. On the basis of  the univariate 
analysis results, patients diagnosed with NAFLD were 
significantly younger and had a shorter duration of  dia-
betes than those without NAFLD. The BW, WC, BMI, 
SBP, DBP, FBG, HbA1c, and TG were significantly 
higher, and HDL cholesterol was significantly lower in 
patients with NAFLD (Table 1, P < 0.05). Multivariate 
analysis identified the following as independent pre-
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dictors of  NAFLD: BMI, WC, TG, FBG, DBP, SBP, 
duration of  diabetes, DR, DPN, DN, and HDL. This 
observation is consistent with the findings reported in 
literature that the prevalence of  NAFLD is closely as-
sociated with obesity, dyslipidemia, hypertension, and 
glucose intolerance, a cluster of  metabolic disorders that 
is now recognized as metabolic syndrome[10,18,19]. How-
ever, the negative correlations between the prevalence of  
NAFLD and the duration of  diabetes, DR, DPN, and 
DN identified in this study are inconsistent with the data 
reported in previous studies[10]. Given the negative corre-
lations between the prevalence of  NAFLD as well as the 
duration of  diabetes and diabetic chronic microvascular 
complications, more attention should be given to lifestyle 
and drug therapy, particularly in patients presenting an 
aggravation in any of  the clinical symptoms mentioned 
above.

Despite the difference in the independent risk factors 
for NAFLD between men (Table 2) and women (Table 
2), both positively correlated with BMI, TG, and hyper-
tension and a negative correlation with the duration of  
diabetes. In men, the prevalence of  NAFLD positively 
correlated with DBP but negatively with HDL (Table 2). 
In women, the prevalence of  NAFLD positively corre-
lated with FBG and SBP but negatively with DPN, DR 
and DN (Table 2). According to a previous study, SBP 
represents the most prevalent type in obese women, be-
ing a stronger predictor of  cardiovascular disease than 
DBP[20]. Therefore, the regulation of  SBP is more critical 
for women.

Although most patients with NAFLD presented with 
non-progressive bland steatosis, few others developed 
a histological subtype of  nonalcoholic steatohepatitis 
(NASH), which can develop to cirrhosis, hepatocellular 
carcinoma, and liver-cancer-related death[9,21,22], especially 
for NASH patients with T2DM[21,23,24]. Thus, special-
ists have considered that NAFLD may not be a com-
pletely benign disorder[9,25]. On the contrary, we consider 
NAFLD a benign condition because of  the negative 
relationship between the prevalence of  NAFLD with 
age and duration of  T2DM. No treatment to alleviate 
NAFLD or prevent its progression has been scientifi-
cally proven. However, various therapeutic alternatives 
aimed at interfering with the risk factors involved in the 
pathogenesis of  this disorder have been applied to pre-
vent the progression of  NAFLD to end-stage liver dis-
ease. The most important therapeutic measure is to in-
crease insulin sensitivity by motivating patients to change 
their lifestyle habits, particularly by diet modification and 
participation in physical activities to lose weight[26,27].

Tushuizen et al[28] reported that after 44 wk of  ex-
enatide therapy, patients experienced a 73% reduction 
in hepatic fat content (i.e., from a baseline of  15.8% to 
4.3%), as evaluated by proton magnetic resonance spec-
troscopy. This finding is consistent with that reported 
by Ding et al[29] on the reduced hepatic lipid content in 
exenatide-treated ob/ob or obese mice compared with 

placebo-treated mice. Lazo et al[30] reported that a 12-mo 
intensive lifestyle intervention in patients with T2DM 
significantly reduced steatosis and NAFLD. In addition, 
Lo et al[24] have reported that diet-induced NASH fibro-
sis is exacerbated by diabetes and attenuated by insulin 
therapy. On the basis of  these findings, we believe that 
NAFLD is reversible, and patients may benefit from its 
early diagnosis and treatment[31].

In conclusion, the results of  this study suggest that 
NAFLD is extremely common in people with T2DM, 
positively correlates with BMI, WC, TG, FBG, DBP, and 
SBP, and negatively correlates with the duration of  dia-
betes, DR, DPN, DN, and HDL. Given that hepatic fat 
content can be reversed with lifestyle changes and drugs, 
NAFLD should be included in future preventive public 
health initiatives, and the affected individuals should be 
motivated to adopt a healthier lifestyle[27]. Patients with 
T2DM should be always assessed for NAFLD to en-
sure early diagnosis and entry into proper and thorough 
medical care. Future efforts should be directed toward 
strengthening early diagnosis, intensive blood glucose 
and blood pressure control, and effective dyslipidemia 
correction to prevent and minimize the occurrence of  
NAFLD.

COMMENTS
Background
Diabetes is an independent risk factor for the development of nonalcoholic fatty 
liver disease (NAFLD) and its progression to more advanced liver diseases, 
including fibrosis, cirrhosis, and hepatocellular carcinoma. NAFLD and diabetic 
microangiopathy complications represent important burdens of disease for 
patients with type 2 diabetes mellitus (T2DM), Previous studies have shown 
that the prevalence of NAFLD and microangiopathy complications in patients 
with T2DM significantly correlate with age and duration of T2DM. However, few 
studies have focused on the relationship between NAFLD and diabetic micro-
angiopathy complications.
Research frontiers
Many studies have reported that individuals with NAFLD are older, more likely 
to be male, and have a longer duration of diabetes than those without NAFLD. 
However, recently, conflicting results have shown that participants with definite 
steatosis are significantly younger and have shorter durations of diabetes than 
the combined normal/probably normal groups. Further studies are required to 
ascertain the differences in the prevalence of NAFLD between the sexes, and 
the relationships between age, duration of diabetes, and prevalence of NAFLD.
Innovations and breakthroughs
The relatively larger cross-sectional study of inpatients with T2DM in Qingdao, 
China showed that the prevalence of NAFLD was 61%. However, based on the 
finding that the prevalence of NAFLD was negatively correlated with age and 
duration of T2DM, the authors believe that NAFLD is a benign process.
Applications
Our results suggest that patients with T2DM should be always assessed for 
NAFLD to ensure early diagnosis and entry into proper and thorough medical 
care. Future efforts should be directed at strengthening early diagnosis, inten-
sive blood glucose and pressure control, and effective dyslipidemia correction 
to prevent and minimize the occurrence of NAFLD.
Terminology
NAFLD is defined as the presence of definite hepatic steatosis on ultrasound 
scan in the absence of a secondary cause for hepatic steatosis. Diabetic micro-
vascular complications included diabetic nephropathy (DN), diabetic peripheral 
neuropathy (DPN), and diabetic retinopathy (DR). DN is defined by increased 
urinary albumin excretion in the absence of urinary tract infection or other renal 
abnormalities. DPN is diagnosed in the presence of persistent numbness, par-
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esthesia, loss of hearing of the tuning fork and sense of vibration, and failure 
to elicit a knee and/or ankle jerk. DR is diagnosed in the presence of retinal 
hemorrhages, exudates, and macular edema.
Peer review
This was a good descriptive study in which the authors evaluated the cor-
relation between NAFLD and microvascular complications in Chinese T2DM 
patients. The results are interesting and suggest that NAFLD is likely a benign 
process and efforts should be directed at early diagnosis, intensive blood glu-
cose and blood pressure control, and effective dyslipidemia correction, which is 
of clinical interest.
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