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ABSTRACT

Aims/Introduction: Non-alcoholic fatty liver disease (NAFLD) is a metabolic disorder of
the liver. The relationship between NAFLD and type 2 diabetes remains largely unknown.
The aim of the present study was to determine the incidence of complications arising
from the interaction between NAFLD and type 2 diabetes.

Materials and Methods: A total of 212 individuals with type 2 diabetes were
included in the study. The presence of NAFLD was determined in individuals using
abdominal ultrasonography for the diagnosis of fatty liver disease. Patients were divided
into three groups based on the duration of diabetes and NAFLD diagnosis. Type 2 dia-
betes patients were placed in group A; patients with type 2 diabetes longer than NAFLD
were placed in group B; and patients with NAFLD longer than type 2 diabetes were
placed in group C. All individuals had undergone electrocardiogram, blood pressure mea-
surements, and thorough medical history and physical examinations (Doppler ultrasound,
electrophysiology, fundoscopy, cardiac computed tomography). Laboratory measurements
included fasting blood glucose, glycated hemoglobin, oral glucose tolerance test, liver and
renal function, lipid profile, and urinary albumin excretion.

Results: Compared with groups A and B, the patients of group C showed a higher
prevalence of significant coronary artery disease and hypertension (P < 0.05). Compared
with groups A and B, the patients of group C showed a lower prevalence of diabetic
retinopathy and diabetic peripheral neuropathy (P < 0.05). There was no significant differ-
ence in the prevalence of diabetic nephropathy among the three groups (P > 0.05).
Conclusions: NAFLD combined with type 2 diabetes is associated with the presence
of significant coronary artery disease and hypertension.
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INTRODUCTION (range 50-75%) of patients affected by type 2 diabetes®. A

Non-alcoholic fatty liver disease (NAFLD) is a fatty liver disease
where fat is deposited in the liver independent of excessive
alcohol use'. Epidemiological surveys have shown that NAFLD
has become a serious public health problem in China and else-
where in Asia’°. NAFLD represents a spectrum starting from
fatty liver, to fatty liver with inflammation, to evidence of dam-
age to hepatocytes and can progress to cirrhosis or, in the most
extreme form of NAFLD, can progress to cirrhosis and hepato-
cellular carcinoma. NAFLD is also present in a high proportion
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number of studies have shown that NAFLD is strictly related
to type 2 diabetes® .

The majority of previous studies have shown that NAFLD is
the best predictor of type 2 diabetes complications. A previous
study suggests that NAFLD might be linked to the increased
incidence of chronic kidney disease and cardiovascular dis-
ease'”. Cross-sectional studies showed that NAFLD is strongly
associated with increased carotid intima-media thickness and
increased coronary artery calcium score’® ', NAFLD is also
associated with early left ventricular diastolic dysfunction and
decreased myocardial perfusion in patients with type 2 dia-
betes'”. NAFLD also appears to be associated with an increased
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prevalence and incidence of chronic kidney disease among
patients with type 2 diabetes'®. The majority of the aforemen-
tioned studies on the association between NAFLD and diabetic
complications did not distinguish the temporal sequence of
NAFLD and type 2 diabetes. Theoretically, NAFLD combined
with type 2 diabetes might reflect the coexistence of underlying
metabolic syndrome risk factors. Alternatively, type 2 diabetes
combined with NAFLD might reflect the longer duration of
type 2 diabetes and associated complications.

The purpose of the present study was to explore differences
in complications when NAFLD developed with pre-existing
type 2 diabetes and when type 2 diabetes developed with pre-
existing NAFLD.

MATERIALS AND METHODS

During the period from April 2014 to May 2015, 212 individu-
als from the Metabolic Disease Hospital, Tianjin Medical
University, were recruited to the present observational study.
Data were collected retrospectively, and the approval of the ethi-
cal committee was obtained. This study conforms to the provi-
sions of the Declaration of Helsinki. All participants provided
written informed consent before participation. Study groups
included individuals who did not consume alcohol or consumed
alcohol such that their intake of ethanol was less than 20 g/day.
People with positive serology for hepatitis B or C or who had a
history of chronic liver disease were excluded from the study.
Patients with NAFLD did not receive any medical treatment to
prevent liver injury before they were recruited to this study.
Investigators decided on the treatment for type 2 diabetes,
hypertension, coronary artery disease (CAD) and other internal
disease that were in the best interests of their patients.

Patients were divided into three groups based on the pres-
ence of NAFLD, diagnosed by abdominal ultrasonography to
identify fatty liver disease and the duration of diabetes. Patients
with type 2 diabetes were placed in group A; if the duration of
type 2 diabetes was longer than NAFLD, the patients were
placed in group B; and if the duration of NAFLD was longer
than type 2 diabetes, the patients were placed in group C. All
individuals had undergone an electrocardiogram, blood pressure
measurements and physical examinations (Doppler ultrasound,
electrophysiology, funduscopy, cardiac computed tomography),
and had provided a thorough medical history. Laboratory mea-
surements included fasting blood glucose, glycated hemoglobin,
an oral glucose tolerance test, liver and renal function, lipid
profile, and urinary albumin excretion.

Diabetic macrovascular complications included CAD and
hypertension. Significant CAD was defined when stenosis was
detected in >50% of the lumen diameter of a major coronary
artery, including the left main coronary artery, left anterior
descending artery or its first diagonal branch, left circumflex
artery or its first obtuse marginal branch, and right coronary
artery according to cardiac computed tomography. Essential
hypertension was defined according to the European Society of
Hypertension/European Society of Cardiology 2007 guidelines

http://onlinelibrary.wiley.com/journal/jdi

as office sitting systolic blood pressure >140 mmHg and/or
diastolic blood pressure >90 mmHg measured by mercury
sphygmomanometer, at rest in a sitting position in at least
three separate casual measurements.

Diabetic microvascular complications included diabetic
nephropathy, diabetic retinopathy and diabetic peripheral neu-
ropathy. Diabetic nephropathy was defined as positive persis-
tent proteinuria for at least three consecutive readings per year.
Diabetic retinopathy was diagnosed as the presence of retinal
hemorrhage, exudates or macular edema. Diabetic peripheral
neuropathy was diagnosed as the presence of persistent numb-
ness, paresthesia, a decreased sense of vibration or a failure to
elicit a knee and/or ankle jerk.

Statistical analysis

Continuous variables are shown as the mean and standard
deviation, and categorical variables as percentage. Differences in
demographic and clinical variables between groups were com-
pared using ¥ analysis for categorical variables and Student’s t-
test for continuous variables. Analysis of covariance was used
to adjust for sex and smoking history for the potential con-
founding effect of covariates in multivariate analysis. P < 0.05
was considered statistically significant.

RESULTS

Clinical and laboratory characteristics of participants

Overall, 69 participants were included in group A (type 2 dia-
betes without NAFLD); 62 participants were included in
group B (type 2 diabetes combined with NAFLD); and 81 par-
ticipants were included in group C (NAFLD combined with
type 2 diabetes). Furthermore, 143 participants (67.5%) of the
diabetes patients had NAFLD. Baseline clinical and biochemical
characteristics of groups A, B and C are shown in Table 1. The
patients with type 2 diabetes combined with NAFLD (group B)
generally had a duration of type 2 diabetes longer than 8 years.
The NAFLD combined with type 2 diabetes (group C) gener-
ally had NAFLD for longer than 10 years. Compared with
group A, groups B and C had higher body mass indexes and
waist-to-hip ratios, and higher levels of triglycerides, alanine
aminotransferase, aspartate aminotransferase, gamma-glutamyl
transpeptidase, diastolic blood pressure and uric acid (Table 1;
P < 0.05). There were no significant differences in sex, smoking
history, family history of diabetes, CAD and hypertension, sys-
tolic pressure, glucose control, total cholesterol, low-density
lipoprotein  cholesterol, high-density lipoprotein cholesterol,
blood urea nitrogen, creatinine, endogenous creatinine clearance
rate, microalbuminuria or urine total protein in the three
groups (Table 1; P > 0.05).

Incidences of diabetic complications in the three groups

As shown in Table 2, there was no significant difference in the
incidence of significant coronary artery disease and hyperten-
sion between group A and group B (P > 0.05). However, com-
pared with groups A and B, group C had a higher prevalence
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Table 1 | Clinical and laboratory characteristics of study participants
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Variables Group A (n = 69) Group B (n = 62) Group C (n = 81)
Age (years) 5674 + 1151 5181 + 947" 5249 + 1055
Sex, male (%) 551 484 64.2

Smoking (%) 435 387 506

Family history of T2DM (%) 536 67.7 64.2

Family history of hypertension (%) 290 258 383

Family history of CAD (%) 159 209 160

Duration of T2DM (years) 965 * 767 832+ 584 501 £ 515™
Duration of NAFLD (years) 309 + 402 1005 £ 697*
SBP (mmHg) 12529 % 1572 12823 + 1238 130 + 1423
DBP (mmHg) 7399 + 1262 79.19 + 737" 7981 + 846"
BMI (kg/m?) 2375+ 378 2787 + 363" 2882 + 350"
WHR 089 * 005 093 % 005" 097 % 006"
Blood glucose (mmol/L) 911 £ 243 982+ 229 920 £ 225
HbA1c (%) 923+ 252 903+ 173 903 + 210
TG (mmol/L) 126 + 060 241 £ 208" 221 155
TC (mmol/L) 464 + 089 499 + 129 488 + 097
HDL-c (mmol/L) 124 + 029 120+ 023 118 £ 023
LDL-c (mmol/L) 291+ 071 317 £ 094 299 + 079
ALT (UN) 17.20 + 801 2418 + 12531 17.20 + 801"
AST (U/L) 16.74 + 508 2257 + 1569 2457 + 1924
Y-GT (U/L) 2135+ 1875 383 £ 28911 4717 +3802"
BUN (mmol/L) 593 + 209 515+ 133 552 + 147
Cr (umol/L) 6442 + 2831 6178 + 1467 6527 + 1476
Cer 117.33 % 3635 11388 + 2264 11235 + 2870
UA (pmol/L) 26832 + 8183 30988 + 78371 33437 % 10403
UMA (mg/24 h) 4314 + 7084 5391 + 7946 3551 + 5913
UTP (g/24 h) 020+ 036 025 + 045 014+ 018

Data are expressed as the mean + standard deviation. 'P < 005 vs group A. *P < 005 vs group B. y-GT, gamma-glutamyltransferase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CAD, coronary artery disease; Ccr, endogenous
creatinine clearance rate; Cr, creatinine; DBP, diastolic blood pressure; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein

cholesterol; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; UA, uric acid; UMA, microalbuminuria;

UTP, urine total protein; WHR, waist-to-hip ratio.

Table 2 | Incidence of diabetic complications in the three groups

Group CAD Hypertension DR DN DPN
An=69 69025 6928 69 26) 69 (19) 69 (45)
B(hn=62 62023 6209 62 (31) 6220 62 (35)
C(h=281) 81W@0)™ 81 @y 81 23 81 (17) 81 (3™

P <005 vs group A. *P < 005 vs group B. CAD, coronary artery dis-
ease; DN, diabetic nephropathy; DPN, diabetic peripheral neuropathy;
DR, diabetic retinopathy.

of significant coronary artery disease and hypertension
(Table 2; P < 0.05). These differences remained significant after
adjustment for sex and smoking history. Compared with
groups A and B, group C had a lower prevalence of diabetic
retinopathy and a lower prevalence of diabetic peripheral neu-
ropathy (Table 2; P < 0.05). There was no significant difference
in the incidence of diabetic nephropathy among the three
groups (Table 2; P > 0.05).

DISCUSSION

In the present study, the NAFLD combined with type 2 dia-
betes group had a higher prevalence of significant CAD and
hypertension than the type 2 diabetes combined with NAFLD
group and the type 2 diabetes-alone group. These results sug-
gest that the presence of type 2 diabetes in NAFLD patients
was more important in predicting the risk of macrovascular
diseases, such as significant CAD and hypertension.

NAFLD is a very common disease that is strongly linked to
metabolic syndrome and its components: insulin resistance,
obesity, hypertension, diabetes mellitus and hypertriglyc-
eridemia. In recent years, an association between type 2 dia-
betes and NAFLD has been reported. Several studies suggest
that NAFLD promotes type 2 diabetes, and is an independent
determinant of cardiovascular disease'. NAFLD is a complex
disease with clinical and therapeutic implications beyond liver
disease. The present results suggest that compared with the
type 2 diabetes-alone group, both the NAFLD combined with
type 2 diabetes group and the type 2 diabetes combined with
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NAFLD group had higher levels of body mass index, waist-to-
hip ratios, triglycerides, alanine aminotransferase, aspartate
aminotransferase and gamma-glutamyl transpeptidase, which is
in agreement with most previous studies’ >*. In addition, the
present findings suggest that the NAFLD combined with type 2
diabetes group had the highest levels of uric acid. This agrees
with an earlier Chinese cross-sectional study in which Xie
et al” reported that elevated serum uric acid was significantly
associated with NAFLD. Given the strong link between NAFLD
and type 2 diabetes, the present study investigated the relation-
ship between NAFLD and diabetic complications.

We report that 67.5% of the diabetes patients had NAFLD,
which supports the results of studies showing NAFLD preva-
lence in the 50-75% range in diabetes patients®”. Previous stud-
ies did not distinguish the temporal sequence of NAFLD and
type 2 diabetes. Our findings suggest that 56.6% of the diabetes
combined with NAFLD patients had NAFLD of longer duration
than the duration of diabetes. Furthermore, 43.4% of the dia-
betes combined with NAFLD patients had diabetes of longer
duration than NAFLD. The characteristics of the different tem-
poral sequence of NAFLD and type 2 diabetes have not previ-
ously been investigated. The present findings suggest that
patients with type 2 diabetes combined with NAFLD generally
had type 2 diabetes of longer than 8 years’ duration. The
patients with NAFLD combined with type 2 diabetes generally
had NAFLD of longer than 10 years in duration. NAFLD shares
many risk factors with atherosclerosis, including obesity, dia-
betes and hypertension®*. These differences in the duration of
NAFLD and diabetes might have different effects on outcomes.

Our studies suggest that the NAFLD combined with type 2
diabetes group had a higher prevalence of significant CAD than
the type 2 diabetes combined with NAFLD group and the
type 2 diabetes-alone group. Previous studies reported that
NAFLD is a predictor of cardiovascular events*. Fat deposition
in NAFLD is considered to increase free fatty acids that lead to
CAD by causing low-grade inflammation®”. NAFLD also pro-
motes the development of type 2 diabetes, and enhances car-
diovascular risk through the contribution to hepatic/systemic
insulin resistance and atherogenic dyslipidemia'®. According to
the results of our studies, the NAFLD combined with type 2
diabetes group had a higher prevalence dyslipidemia and more
serious insulin resistance’®. Thus, the NAFLD combined with
type 2 diabetes group had a higher prevalence of significant
CAD. Our studies found that the NAFLD combined with
type 2 diabetes group had a higher prevalence of hypertension
than the type 2 diabetes combined with NAFLD group and the
type 2 diabetes-alone group. In addition, our findings suggest
that the NAFLD combined with type 2 diabetes group had the
highest level of diastolic blood pressure. The results of Shengjie
Wu et al”’ suggest that increased levels of systolic blood pres-
sure within the normal range are associated with significantly
elevated risk for NAFLD. Aneni et al.”® reported that control-
ling blood pressure among non-obese hypertensive patients
might be beneficial in preventing or limiting NAFLD. Sung

http://onlinelibrary.wiley.com/journal/jdi

et al” found that the development of fatty liver is associated
with an increased risk for hypertension. These studies and the
present results suggest that NAFLD might be linked to the
increased incidence of hypertension. These links between
NAFLD and hypertension could occur through multiple mech-
anisms. Luminita et al”® reported that the prevalence of
NAFLD was significantly higher in the altered dipping status of
hypertension (non-dipper, reverse-dipper and extreme-dipper),
which had higher insulin resistance. This suggests that insulin
resistance could be the pathogenic link between NAFLD and
blood pressure. In addition, the dysregulation of the renin—an-
giotensin system in NAFLD might lead to the development of
hypertension, through a mechanism of hepatic inflammation
and fibrosis’'. Hye Huh et al.>* found that the fatty liver index
might be useful for identifying NAFLD patients at high risk for
incident hypertension in clinical practice. Therefore, in patients
with NAFLD, evaluation for type 2 diabetes could potentially
identify those patients at high risk for cardiovascular disease
and hypertension.

Our studies suggest that the NAFLD combined with type 2
diabetes group had a lower prevalence of diabetic peripheral
neuropathy and diabetic retinopathy than the type 2 diabetes
combined with NAFLD group and the type 2 diabetes-alone
group. However, the short duration of diabetes in these patients
compared with the other groups might be the reason for this.
We observed a trend toward decreasing diabetic nephropathy
in the NAFLD combined with type 2 diabetes group compared
with the type 2 diabetes combined with NAFLD group and the
type 2 diabetes-alone group. However, there was no significant
difference in the incidence of diabetic nephropathy among the
three groups. Previous studies have shown negative correlations
between the prevalence of NAFLD and the duration of diabetes,
diabetic retinopathy, diabetic peripheral neuropathy, and dia-
betic nephropathy™. Kim et al”* reported that NAFLD was
inversely associated with the prevalence of diabetic retinopathy
and nephropathy in Korean patients with type 2 diabetes, and
was not associated with diabetic neuropathy. The findings of
our studies were similar to those of these studies. In contrast,
Targher et al. showed that NAFLD is associated with an
increased prevalence of chronic kidney disease and prolifera-
tive/laser-treated retinopathy in type 2 diabetic individuals®.
These conflicting results might be a result of differences in the
characteristics of the study participants. Targher et al>® found
that glycated hemoglobin was higher in type 2 diabetes with
NAFLD than in those without NAFLD. However, they did not
distinguish the temporal sequence of NAFLD and type 2 dia-
betes, so these discrepancies might be due in part to the tempo-
ral sequence of NAFLD and type 2 diabetes. We should
enlarge our sample size to validate the present results.

Our study had several limitations. First, this was a cross-
sectional analysis and could not determine causal relations. We
could further develop prospective studies into NAFLD and
type 2 diabetes. Second, there was an absence of liver biopsies,
which are the gold standard for the diagnosis of pure fatty liver
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and non-alcoholic steatohepatitis. This factor prevented a
detailed analysis of the association between the different types
of NAFLD and diabetic complications.

Despite these limitations, these results suggest that NAFLD
combined with type 2 diabetes is positively associated with sig-
nificant coronary artery disease and hypertension, and is inver-
sely associated with diabetic peripheral neuropathy and diabetic
retinopathy. Our studies here might provide a new view of
NAFLD, and new evidence on the different temporal sequence
of NAFLD and type 2 diabetes with different diabetic complica-
tions.
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