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The number of people with type 2 diabetes mellitus (T2DM)
has been increasing worldwide due to aging, urbanization,
dietary, and lifestyle changes. It was estimated that there were
415 million people with diabetes aged 20–79 years in 2015,
and the number was predicted to rise to 642 million by
2040 [1]. With comprehensive control of risk factors of
cardiovascular disease (CVD), there has been a decline in
prevalence and mortality from diabetic macrovascular
complications over the past several decades in some
western countries including United States of America.
Macrovascular complications, mainly including cardiovas-
cular and cerebrovascular diseases, are still the most
common complications and the major cause of mortality
and morbidity in patients with T2DM.

In recent years, there are several advances in this field.
Diabetes patients usually have hyperglycemia, hyperlipid-
emia, and insulin resistance; all of them are risk factors for
macrovascular diseases. PKCs, RAGE, and ROS may mediate
the effects of hyperglycemia and hyperlipidemia on cardio-
vascular systems. Knockout of PKCβ, RAGE, and Nox1
could attenuate the development of atherosclerosis in
diabetic mice [2, 3]. To mimic endothelial or macrophage
insulin resistance, insulin receptor was specially knocked
out in endothelial cells or macrophages. The development
of atherosclerosis was accelerated in endothelial specific

insulin receptor knockout mice, and the plaque was more
unstable in macrophages-specific insulin receptor knockout
mice. Look AHEAD trial and the Italian Diabetes and Exer-
cise Study indicate that lifestyle management significantly
improves physical fitness, A1c, and coronary heart disease
(CHD) risk factors. Weight loss surgery, especially bariatric
surgery, could result in weight loss, A1c improvement [4],
and CVD outcome improvement. Furthermore, data are
available about the effect of glucose-lowering therapies on
cardiovascular risk in patients with T2DM. In addition, clinic
trials have demonstrated that with comprehensive manage-
ment of CVD risk, factors such as lowering blood glucose,
smoking rate, and total cholesterol as well as blood pressure
mortality rates from macrovascular complications have been
declining steadily in some countries.

In this issue, T. Hu et al. found that decreased expression
of CSE and 3-MST and the subsequently decreased produc-
tion of hydrogen sulfide (H2S) contributed to high glucose-
(HG-) induced sFlt-1 production via activating ADAM17
in adipocytes. Exogenous H2S donor NaHS has a potential
therapeutic value for HG-induced sFlt-1 production. S. Ye
et al. found that the traditional Chinese medicine Didang
Decoction intervention could upregulate the expression of
cAMP-1 and PKA and downregulate the expression level of
MLCK and PKC, thus ameliorating vascular endothelium
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injury in high-fat diet followed by the small dose of STZ-
induced diabetic animal model.

T2DM is always accompanied by a cluster of risk factors
of CVD such as high blood pressure, dyslipidemia, central
obesity, and albuminuria [5]. M.-F. Yao et al. explored the
differences in the risks of CHD and stroke between Chi-
nese women and men with T2DM and their association
with metabolic syndrome in Hangzhou, China. They
found that women had lower CHD risk, fatal CHD risk,
stroke risk, and fatal stroke risk compared with men with
T2DM. The CHD risk was significantly higher in men
with MS than in those without MS; and the CHD and
stroke risks were higher in women with MS than in those
without MS. In a total of 9473 subjects aged over 45 years,
including 1648 patients with T2DM, X. Ding et al. found
that the patients with prediabetes or T2DM were with
higher risks to have hypertension. T2DM with nonalco-
holic fatty liver disease (NAFLD) had significantly higher
levels of blood pressure, triglyceride, uric acid, and
HOMA-IR than those without NAFLD. Hypertriglyc-
eridemia, NAFLD, hyperuricemia, and insulin resistance
were associated with a higher prevalence of hypertension
independent of other metabolic risk factors in type 2 dia-
betes. B. Stratmann et al. found that serum phospholipid
and serine levels independently discriminated T2D patients
with and without CAD. Oxidative stress, which is increased
in T2D, leads to profound changes in the content and com-
position of biological membranes and accelerated phospho-
lipid degradation, resulting in lower metabolite levels of
PCs and serine.

Lower extremity peripheral arterial disease (PAD) is a
common type of PAD in patients with T2DM, which can
be noninvasively and objectively diagnosed by using the
ankle-brachial index (ABI), and is also a marker of arterial
atherosclerosis at other sites [6]. J. Ma et al. evaluated the con-
cordance between oscillometric ABI and standard Doppler
ABI in diabetic patients with or without diabetic foot. They
found that the oscillometric measurement was proven to be
a reliable, convenient, and less time-consuming alternative
to standard Doppler ABI in patients. X.-H. Pang et al. deter-
mined the relationship between lower extremity peripheral
arterial disease (PAD), 10-year CHD, and stroke risks in
patients with type 2 diabetes. They found that 88 (7.5%)
patients were detected with PAD in 1178 T2DM patients.
ABI was an independent predictor of 10-year CHD and
stroke risks in T2DM patients. Compared with those in the
T2DM non-PAD group, the odds ratios (ORs) for CHD
and stroke risk were 3.6 (95% confidence interval (CI),
2.2–6.0; P< 0 001) and 6.9 (95% CI, 4.0–11.8; P< 0 001) in
those with lower extremity PAD, respectively.

Coronary revascularization is a safe and effective therapy
for patients with single and multivessel coronary artery dis-
ease. Patients with diabetes mellitus contribute to about 25%
of patients undergoing coronary revascularization [7]. Coro-
nary artery bypass grafting (CABG) surgery is considered a
standard of care for patients with advanced coronary artery
disease. The optimal glycosylated hemoglobin (HbA1C)
target may be especially pertinent in diabetic patients with
coronary artery diseases. J. Zheng et al. made a meta-

analysis and systemic review including 7895 diabetic
patients undergoing coronary artery bypass grafting surgery
from eight published studies. Combined analyses revealed
that higher HbA1c level was significantly associated with
increased risks of all-cause mortality, myocardial infarction,
and stroke in diabetic subjects undergoing CABG surgery.

In conclusion, there is ongoing progress in the patho-
physiology, glycemia control, and risk factors of diabetic
macrovascular complications shown in this special issue.
Several other fields are also showing progress, such as weight
loss surgery, but these are not discussed in the present issue.
We believe that the present issue could bring some latest
progress in this field and will be of interest to the readers.
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Aims/Introduction. The aim of the present study was to investigate whether HbA1c was related to clinical outcomes in diabetic
patients undergoing CABG surgery. Materials and Methods. A literature search was carried out satisfying the predefined
inclusion criteria from Pubmed, Embase, and Cochrane Library. Differences were expressed as odds ratios (ORs) with 95%
confidence intervals (CIs) to assess the relationships of preoperative HbA1c levels and clinical prognosis in diabetic patients.
Results. 7895 diabetic patients undergoing CABG surgery from eight published studies were finally involved in this meta-
analysis. Combined analyses revealed that the higher HbA1c level was significantly associated with increased risks of all-cause
mortality (OR 1.56, 95%CI 1.29–1.88), myocardial infarction (OR 2.37, 95%CI 1.21–4.64), and stroke (OR 2.07, 95%CI
1.29–3.32) after CABG surgery. However, there was no significant relationship between HbA1c levels and renal failure (OR
2.08, 95%CI 0.96–4.54) in diabetic patients undergoing CABG surgery. Conclusions. Our meta-analysis demonstrated that the
HbA1c level is potentially associated with increased risks of all-cause mortality, myocardial infarction, and stroke in diabetic
subjects undergoing CABG surgery. However, further clinical studies with larger sample sizes and longer follow-up period are
urgently warranted.

1. Introduction

There has been a marked decline in mortality from cardio-
vascular disease (CVD) over the past several decades [1].
Despite this, as the most common complication among
patients with diabetes mellitus (DM), the prevalence of
CVD still remains very high. Diabetes mellitus is associ-
ated with a two to fourfold higher risk of CVD, as well
as an increased risk of mortality by up to threefold [2].
Currently, patients with diabetes mellitus represent about
25% of patients undergoing coronary revascularization [3].
Coronary artery bypass grafting (CABG) surgery is con-
sidered a standard of care for patients with coronary
artery disease [4]. Epidemiological studies have reported

that clinical outcomes after CABG surgery are significantly
worse in diabetic patients than in nondiabetic patients
[5, 6]. DM increases short-term mortality and morbidity
in patients following CABG surgery. The largest study to
date by Carson and colleagues examined outcomes in
41,663 diabetic patients compared with those in 105,123
nondiabetic patients and found that patients with diabe-
tes had a 23% to 37% increase in 30-day mortality and
in-hospital morbidity compared with patients without
diabetes undergoing CABG surgery [7]. Moreover, DM
patients undergoing CABG surgery are more likely to
develop postoperative infection and as well as new-onset
atrial fibrillation and have worse clinical outcomes than
non-DM patients [8].
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It has been observed that glycemic control is associated
with increased short- and long-term mortality in diabetic
patients undergoing CABG surgery. 2011 ACCF/AHA
Guideline for Coronary Artery Bypass Graft Surgery stated
that the use of continuous intravenous insulin to achieve
and maintain an early postoperative blood glucose concen-
tration≤ 180mg/dL while avoiding hypoglycemia is indi-
cated to reduce the incidence of adverse events, including
deep sternal wound infection, after CABG [9]. Several studies
show that acute myocardial infarction (AMI) with hypergly-
cemia at admission had higher adverse cardiac events than
that with normal blood glucose, and most studies found
that hyperglycemia admission, such as fasting, postpran-
dial, or incidental glycemia, is associated with increased
short- and long-term mortality in diabetic patients after
CABG [10–12]. However, AMI with acute stimuli at
admission will lead to hyperglycemia with higher secretion
of catecholamine, which is very uncontrollable and unstable
[13]. Thus, the relatively long-term glucose metabolic state,
which is assessed by glycosylated hemoglobin (HbA1c),
rather than a snapshot of blood glucose at a single time point,
has been transferred to predict the clinical prognosis in
diabetic patients with AMI. HbA1c, an established indicator
of relatively long-term blood glucose control, can reflect the
average blood glucose levels during the previous 2 to 3
months. It is potentially a better prognostic predictor than
other glucose metabolic parameters, which only exclusively
reflect incidental, fasting, or postprandial blood glucose in
diabetic patients [14, 15].

Several studies have evaluated the potential effects of
HbA1c levels on clinical implications in diabetic patients
undergoing CABG surgery. However, these studies were
contradictory and inconclusive, due to small sample size in
most cohorts. The lack of adequate power is insufficient to
elucidate the association between HbA1c levels and clinical
outcomes. Meta-analysis is a very powerful approach to syn-
thesize data from varied studies on the same issue. Therefore,
the aim of this study was to analyze the association between
HbA1c levels and clinical outcomes in diabetic patients
who were undergoing CABG surgery. To the best of our
knowledge, this is the first meta-analysis to evaluate the
relationships between the quality of preoperative glycemic
control, as assessed by plasma HbA1c levels, and the progres-
sion of clinical prognosis in diabetic patients who were
undergoing CABG surgery.

2. Methods

This meta-analysis was conducted based on Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) (Supplementary Table 1 available
online at https://doi.org/10.1155/2017/1537213). The litera-
ture search, data extraction, and quality assessment were
undertaken independently and blindly by two authors
(JZ and JC) using a standardized approach. Any disagree-
ments were resolved by a third reviewer (XHX).

2.1. Data Sources, Search Strategy, and Selection Criteria. The
databases of Pubmed, Embase, and Cochrane Library

databases were comprehensively searched for relevant stud-
ies. The main search term was a combination of MESH terms
and text words for DM, HbA1c, and CABG, with the
following terms: “HbA1c” OR “glycosylated hemoglobin
A1c” OR “glycemic control” AND “coronary artery bypass
graft” OR “CABG” AND “diabetes mellitus”. All literatures
were published up to October 2016 and the language was
limited to English. Additional relevant references quoted in
searched articles were also selected. Endnote X7 performed
all literature management.

Studies that examined HbA1c levels and clinical progno-
sis in diabetic patients undergoing CABG surgery were
included. Studies with the following criteria were included:
(1) measured HbA1C levels; (2) case-control studies on the
relationship between HbA1C levels and clinical outcomes;
(3) sufficient data for evaluating odds ratios (ORs) with
95% confidence intervals (95% CIs). Studies were excluded
if they satisfied the following criteria: (1) studies in which
HbA1C levels could not be ascertained; (2) reviews or
abstracts; (3) animal studies. For the overlapping studies,
only the one with the largest sample size was included in
our meta-analysis.

2.2. Data Extraction. Data was extracted from each selected
study using a standardized protocol, with a predesigned
review form: author, publication year, country, study
design, total numbers of cases and controls (sample size),
demographics, follow-up period and rates, and clinical
outcomes. Absolute numbers were recalculated when per-
centages were reported. Authors of the identified studies
were contacted via e-mail if further study details were
needed. Three reviewers discussed and decided on the final
inclusion of studies for this review and meta-analysis (JZ,
JC, and XHX).

2.3. Assessment of Study Quality. The Newcastle–Ottawa
scale (NOS) was utilized to systematically evaluate the study
quality (http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp). Specifically, all the studies were judged based on
these following three elements, including the selection of the
study groups (0–4 points), the ascertainment of either the
exposure or outcome of interest (0–3 points), and the compa-
rability of the groups (0–2 points), which was reported as our
previous study [16].

2.4. Statistical Analysis. RevMan 5.3 software, developed
by the Cochrane Collaboration (http://tech.cochrane.org/
revman/, accessed on June 13, 2014.), was used for this
meta-analysis. Pooled ORs were reported with 95% CIs,
and a two-tailed p < 0 05 was considered statistically signifi-
cant for all analyses. The Cochran’s Q test and I2 test were
all performed to judge the heterogeneity among the studies
included in this meta-analysis. Heterogeneity was also con-
sidered to be significant at p < 0 1 for the Q statistic. I2 values
of 25%, 50%, and 75% corresponded to low, moderate, and
high levels of heterogeneity, respectively [17]. Applying the
fixed-effects model or random-effects model depended on
the degree of heterogeneity among studies. Results showing
no significant heterogeneity were analyzed by the fixed-
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effects model and those with significant heterogeneity were
analyzed by the random-effects model [18]. Sensitivity
analysis was carried out by successively excluding the
low-quality studies to assess the stability of the outcomes
[19]. Potential publication bias was assessed by visual
inspection of the funnel plot, and an asymmetric plot
suggested possible publication bias [20].

3. Results

3.1. Studies Included and Participant Characteristics.
Figure 1 summarizes the selection of reports of eligible
clinical studies. We identified 343 potentially eligible liter-
ature citations and 191 were kept after removing dupli-
cates. 21 potential studies were further reviewed after
reading the title and abstract. Finally, only 8 reports of
studies with suitable data were included in the final
meta-analysis [21–28]. A total of 7895 subjects were
enrolled in the studies. The detailed characteristics of the
studies included in the meta-analysis are given in
Table 1. These studies were performed in seven countries
(Canada, the United States, Poland, Sweden, Argentina,
Iran, and Japan). Four studies were aimed to evaluate
the in-hospital outcomes [21, 23, 25, 28] and other studies
were to assess the long-term outcomes discharged from
the hospital [22, 24, 26, 27]. The enrollment sample size
ranged from 96 to 3201 subjects. In accordance with the
American Diabetes Association guidelines [29], diabetic
patients were stratified based on preoperative glycemic
control. Of this eight studies, six studies indicated that
“optimal glycemic control” was defined as HbA1c≤ 7%
and “suboptimal glycemic control” was defined as
HbA1c> 7%. The remaining two studies showed that the
cutoff point of HbA1c was 6.9% and 6.5%. The eight studies
were mostly with a NOS score of ≥7. Therefore, they
improved the quality of the final results [30].

3.2. HbA1c Levels and Clinical Outcomes

3.2.1. HbA1c Levels and All-Cause Mortality. Seven studies
assessed the relationship between HbA1c levels and all-

cause mortality in diabetic patients undergoing CABG
surgery [21–27]. Comprehensive integration and analyses
revealed a significant correlation between higher HbA1c
levels and increased risks of all-cause mortality (OR 1.56,
95%CI 1.29–1.88, p < 0 001), with very low heterogeneity
(I2 = 0%; p = 0 82; Figure 2).

3.2.2. HbA1c Levels and Myocardial Infarction. Myocardial
infarction is characterized by ischemia-induced percutane-
ous or surgical revascularization of the treated vessel. Five
studies were included to evaluate the relationship between
HbA1c levels and the development of myocardial infarc-
tion among diabetic patients undergoing CABG surgery
[22, 24, 26–28]. Combined analyses revealed a significant
correlation between higher HbA1c levels and the risk of
myocardial infarction (OR 2.37, 95%CI 1.21–4.64, p = 0 01),
with low heterogeneity (I2 = 0%; p = 0 73; Figure 3).

3.2.3. HbA1c Levels and Stroke. Stroke is a severe complica-
tion following CABG surgery, which was defined as an acute
neurologic deficit of presumed vascular origin lasting more
than 24 hours, or the presence of brain infarction on neu-
roimaging. Five studies were included to assess the effect
of HbA1c levels and stroke among diabetic patients under-
going CABG surgery [21, 22, 24, 26, 28]. The analysis
indicated that HbA1c levels were positively correlated with
the risk of stroke after CABG surgery (OR 2.07, 95%CI
1.29–3.32, p = 0 003). The heterogeneity was also very low
(I2 = 0%; p = 0 42; Figure 4).

3.2.4. HbA1c Levels and Renal Failure. Previous studies have
demonstrated that chronic kidney disease is an independent
risk factor for postoperative events following CABG surgery
and renal failure has been reported as associated with
increased risk of morbidity and mortality after CABG sur-
gery [31]. Five studies assessed the effect of HbA1c levels
and renal failure among diabetic patients undergoing CABG
surgery [21, 24, 26–28]. No significant association was found
between higher HbA1c levels and renal failure (OR 2.08, 95%
CI 0.96–4.54, p = 0 06), with low heterogeneity (I2 = 0%;
p = 0 60; Figure 5).

170 studies were excluded:
118 did not evaluate outcomes of

31 in vivo/in vitro studies
12 incorrect study type
9 not available in English 

21 potentially
relavant studies from
titles and abstract
screening

8 studies met the final
inclusion criteria after
reviewing full 
manuscript 

13 studies were excluded:
7 did not evaluate outcomes of

6 were not able to obtain full paper

abstract to allow inclusion
with insufficient details from the

interest or include HbA1c

191 potentially relevant records after
duplicates removed

Potential studies
from Pubmed
(n = 100) 

Potential studies
from Embase
(n = 237) 

Potential studies
from Cochrane
Library (n = 6) 

interest or include HbA1c

Figure 1: Study flow chart of study selection and exclusion.
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3.3. Sensitivity Analysis and Publication Bias. To examine the
stability of the pooled results, a sensitivity analysis was
performed by the one-at-a-time method, with consecu-
tively excluding one study at a time and repeating the
meta-analysis. If the omission of one study significantly
changed the result, it implied that the result was sensitive
to the studies included. Our study showed that the corre-
sponding summary ORs were not changed significantly,
indicating a statistically robust result (data not shown).
Potential publication bias was assessed by visual inspection
of the funnel plot, and an asymmetric plot suggested
possible publication bias. Funnel plots’ shape of all studies
showed symmetry and revealed no publication bias in all

studies included in the meta-analysis studies in terms of
all-cause mortality (Figure 6).

4. Discussion

Diabetes mellitus has long been recognized as an indepen-
dent risk factor for the development of coronary artery
disease [32], and it is associated with a 2- to 4-fold
increased risk of cardiovascular disease, with event rates
correlating with the degree of hyperglycemia [33]. HbA1c
values have been widely investigated as an index of long-
term blood glucose control and outcome predictors in dia-
betic patients. In a large multiethnic cohort, an increase of
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Figure 3: Forest plot of the relationship between HbA1c level and myocardial infarction.
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Figure 4: Forest plot of the relationship between HbA1c level and stroke.
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Figure 2: Forest plot of the relationship between HbA1c level and all-cause mortality.
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1% in HbA1c was associated with an increased risk of 18% in
cardiovascular disease events [34], 19% in myocardial infarc-
tion [34], and 12% to 14% in all-cause mortality [4, 35]. A
meta-analysis of data from 33,040 participants in five pro-
spective randomized controlled trials reported that intensive
glycemic control with a 0.9% decline in HbA1c concentra-
tion resulted in a 17% reduction in events of nonfatal myo-
cardial infarction and a 15% reduction in events of
coronary heart disease in patients with DM [36]. In 2015,
an undated scientific statement from the American Heart
Association and the American Diabetes Association has
been recommended for the benefit of glycemic control
on cardiovascular disease in diabetic patients [37]. How-
ever, it is unknown whether adequacy of diabetic control,
measured by HbA1c, is a reliable predictor of adverse out-
comes after CABG surgery. Several studies are about the
prognostic role of HbA1c levels in diabetic patients follow-
ing CABG surgery. However, the results remained conflict-
ing and unclear. Therefore, the optimal HbA1C level in
diabetic patients is a subject of ongoing controversy that
may be especially pertinent in diabetic patients with
CABG surgery.

In this meta-analysis, eight case-control studies about
HbA1c levels and the clinical outcomes in diabetic patients
after CABG surgery were analyzed. It revealed a significant
correlation between higher HbA1c levels and the risk of all-
cause mortality (OR 1.56, 95%CI 1.29–1.88), myocardial

infarction (OR 2.37, 95% CI 1.21–4.64), and stroke (OR
2.07, 95%CI 1.29–3.32) after CABG surgery. However,
the exact mechanism underlying the association between
higher HbA1c levels and these poor clinical outcomes fol-
lowing CABG surgery has not been fully elucidated yet.
Several possible mechanisms may explain the association.
First, increased HbA1C could be a signal of previous poor
glycemic control and “metabolic memory” suggests that
diabetic cardiovascular disease can persistently exist even
after glucose normalization in diabetic patients [38]. Second,
higher HbA1C concentrations were commonly associated
with metabolic syndrome, such as obesity, hypertension,
and dyslipidemia, which can increase the risks of poor
clinical outcomes. Third, chronic hyperglycemia can cause
vascular endothelial cell damage with increased cellular pro-
liferation [39], which can lead to myocardial infarction and
stroke after CABG surgery. However, no significant associa-
tion was observed between HbA1C levels and renal failure.
This may be because the definition of renal failure is variable
among studies and further studies should specify the defini-
tion of renal failure. These data suggest that higher HbA1c
concentrations may have potential clinical implications in
diabetic patients undergoing CABG surgery.

However, several limitations should be taken into con-
sideration in interpreting our results. First, the total numbers
of cases and controls in this meta-analysis were limited,
which may be insufficient to demonstrate the association
between HbA1C levels and clinical outcomes and the
smallest study only enrolled 96 patients [26]. Second, sev-
eral cardiac parameters, such as such as ejection fraction,
coronary atherosclerosis, number of bypasses, and comor-
bidities, which are potential confounders and were not
included in several studies, may limit the effect size of
our results. Thus, these cardiac parameters should be
included and adjusted in further studies. Third, the differ-
ent results between hard endpoints (death and AMI)
might be attributed to the relatively short follow-up dura-
tions. The follow-ups were relatively short, and that was
about three years in four studies and less than one month
in other studies. Fourth, the languages of included studies
were limited to English and it may cause publication bias,
due to the absence of some studies in some other lan-
guages. Some other limitations are inherent to the available
literature, including the observational nature of studies, the

SE (log[OR])
0

0.5
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1.5

2
0.01 0.1 1 10

OR

100

Figure 6: Funnel plot of publication bias in terms of HbA1c level
and all-cause mortality in all diabetic patients.

Study or subgroup Control Odds ratio Odds ratio
Events Total
Experimental

Weight M-H, fixed, 95% CI M-H, fixed, 95% CIEvents Total

0.01 0.1 1 10 100

Faritous 2014 3 51 6 165 29.8% 1.66 (0.40, 6.87)
Knapik 2011 4 282 3 453 25.4% 2.16 (0.48, 9.72)
Santos 2015 6 58 0 38 6.0% 9.53 (0.52, 174.36)
Sato 2010 3 69 1 61 11.4% 2.73 (0.28, 26.93)
Tsuruta 2011 2 191 2 115 27.6% 0.60 (0.08, 4.30)

Total (95% CI) 651 832 100.0% 2.08 (0.96, 4.54)
Total events 18 12
Heterogeneity: 𝜒2 = 2.74, df = 4 (p = 0.60); I2 = 0%
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Figure 5: Forest plot of the relationship between HbA1c level and renal failure.
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type of diabetes mellitus, and unclear follow-up rates in sev-
eral studies. Thus, more large-scale, multinational, multicen-
ter, randomized, controlled, and long-term follow up trials
are warranted.

To the best of our knowledge, our present study is
the first meta-analysis to assess the association between
HbA1c levels and the progression of clinical outcomes
in diabetic patients who were undergoing CABG surgery.
Although there are some aforementioned limitations, this
systematic analysis was statistically more persuading than
any single study. It reached a strong conclusion that
higher HbA1c levels (>7%) may be a potential risk factor
of all-cause mortality, myocardial infarction, and stroke
in diabetic patients undergoing CABG surgery. In con-
clusion, our results is novel in showing that preoperative
HbA1c levels, a parameter of long-term glycemic control,
not a snapshot of blood glucose at a single time point,
play an important role in the prognosis of diabetic
patients undergoing CABG. Meanwhile, in order to bet-
ter assess the association between HbA1c levels with
the clinical outcome among diabetic patients following
CABG surgery, further clinical studies with larger sample
sizes should be required to verify the association and
further studies to clarify the underlying mechanisms are
urgently warranted.
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Hydrogen sulfide (H2S) has recently been identified as an endogenous gaseous signaling molecule. The aim of the present study was
to investigate the effect of H2S on high glucose- (HG-) induced ADAM17 expression and sFlt-1 production in 3T3-L1 adipocytes.
Firstly, we found that HG DMEM upregulated the expression of ADAM17 and production of sFlt-1 in 3T3-L1 adipocytes.
Knocking down ADAM17 attenuated the effect of high glucose on sFlt-1 production in adipocytes. HG decreased the expression
of CSE and 3-MST, as well as the endogenous H2S production. Furthermore, knocking down CSE and 3-MST significantly
increased ADAM17 expression and sFlt-1 production. The addition of exogenous H2S through the administration of sodium
hydrosulfide (NaHS) inhibited HG-induced upregulation of ADAM17 expression and sFlt-1 production. In conclusion,
decreased expression of CSE and 3-MST and the subsequent decrease in H2S production contribute to high glucose-induced
sFlt-1 production via activating ADAM17 in adipocytes. Exogenous H2S donor NaHS has a potential therapeutic value for
diabetic vascular complications.

1. Introduction

Macroangiopathic and microangiopathic complications are
major causes of mortality in diabetes. Several studies have
demonstrated that elevated circulating soluble vascular endo-
thelial growth factor (VEGF) receptor 1, also called soluble
fms-like tyrosine kinase-1 (sFlt-1), is one of the major con-
tributors to the development of macroangiopathic and
microangiopathic diseases, such as ischaemic heart disease,
chronic kidney disease, and preeclampsia [1–3]. Wieczor
et al.’s study has demonstrated that the production of sFlt-1
is significantly upregulated in type 2 diabetes mellitus
(T2DM) patients with peripheral arterial disease [4]. In obe-
sity and gestational diabetes mellitus (GDM), adipose tissue,
rather than placental tissue, is thought to be the main source

of elevated sFlt-1 levels [5]. However, whether or not adipose
tissue is the major source of elevated sFlt-1 levels in T2DM
patients with peripheral arterial disease remains unknown.
Several studies have demonstrated that sFlt-1 can be shedded
from the ectodomain of transmembrane Flt-1 by A disinte-
grin and metalloproteinase 10 (ADAM10) and ADAM17
[6, 7]. In Raikwar et al.’s study [8], overexpression of
ADAM17 increasing Flt-1 cleavage while knockdown of
ADAM17 reducing Flt-1 cleavage suggested that ADAM17
was responsible for ectodomain shedding of Flt1. Until
now, the expression of ADAM17 and release of sFlt-1 in
adipocytes exposed to high glucose remain to be elucidated.

Hydrogen sulfide (H2S), a lately identified gaseous trans-
mitter, can be produced in a wide spectrum of tissues
through the activity of cystathionine-γ-lyase (CSE),
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cystathionine-β-synthetase (CBS), and 3-mercaptopyruvate
sulfur transferase (3-MST) [9]. Previous studies have shown
that H2S has anti-inflammatory, antioxidative stress, proan-
giogenesis, and endothelial protection properties in various
tissues [10–12]. In both of adipose tissues and adipocytes,
CSE, CBS, and 3-MST are identified [13, 14]. Pan et al. [15]
have demonstrated that high glucose inhibits expression of
CSE and production of H2S in adipocytes. However, whether
high glucose affects the expression of another two H2S-gener-
ating enzymes, CBS and 3-MST, in adipocytes remains
unknown. The effects of H2S on high glucose-induced aber-
rant expression of ADAM17 and production of sFlt-1 also
need further investigation. In the present study, we hypothe-
sized that H2S might be involved in modulation of high
glucose-induced ADAM17 expression and sFlt-1 production
in adipocytes. To test it, we firstly investigated the expression
of ADAM17 and the production of sFlt-1 in 3T3-L1 adipo-
cytes exposed to high glucose. Then, we confirmed the role
of ADAM17 in sFlt-1 release in adipocytes using siRNA
approach. Furtherly, the effects of H2S on high glucose-
induced aberrant expression of ADAM17 and increased pro-
duction of sFlt-1 were investigated.

2. Materials and Methods

2.1. Cell Culture. 3T3-L1 cells (Cell Bank, Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences) were
cultured in high-glucose (HG) DMEM (Gibco) containing
10% newborn calf serum (Gibco) at 37°C 5% CO2–95%
air. Three days after achieving confluency, cells were incu-
bated in HG DMEM containing 10% (v/v) fetal bovine
serum (FBS) (Gibco), supplemented with 100 milliunits/
ml insulin, 0.5mmol/l 3-isobutyl-1-methylxanthine(Sigma),
and 1.0μmol/l dexamethasone (Sigma) for 2 days. The cells
were then placed in HG DMEM containing 10% FBS, sup-
plemented with insulin but lacking any other supplements
for the additional 2 days to allow 3T3-L1 cells to differenti-
ate into mature adipocytes. The media were replaced every
2 days thereafter until >85% of the cells contained lipid
droplets. During the experimental incubation period, 3T3-
L1 adipocytes were incubated with low-glucose (LG)
DMEM containing 10% (v/v) FBS.

2.2. Drug Treatment. LG DMEM contained 5.5mmol/l glu-
cose, and HG DMEM contained 25.0mmol/l glucose. NaHS
(Sigma) was dissolved in PBS. TAPI-1 (MCE) was dissolved
in dimethyl sulfoxide (DMSO). After 7–10 days of differenti-
ation, 3T3-L1 adipocytes were treated with serum-free LG
DMEM or serum-free HG DMEM for 24 h. To determine
the effect of H2S, cells were treated with serum-free HG
DMEM containing NaHS (10μM, 25μM, and 50μM) or
serum-free HG DMEM without NaHS for 24h. To block
the function of ADAM17, cells were treated with serum-
free HG DMEM containing nonspecific IgG or anti-
ADAM-17 monoclonal antibody (D1(A12)) for 24 h. To
inhibit the function of ADAM17, cells were treated with
serum-free HG DMEM containing DMSO or 20μM TAPI-1.

2.3. RNA Interferences. The small interfering RNAs (siRNAs)
for CSE, 3-MST, and ADAM17 were designed and synthe-
sized by the GenePharma Corporation (Shanghai, China).
The siRNA used in the present study were illustrated in sup-
plements (see Table S1 in Supplementary Material available
online at https://doi.org/10.1155/2017/9501792). Control
siRNA was in scrambled sequence without any specific tar-
get. To knockdown the expression of CSE, 3-MST, and
ADAM17, cultured 3T3-L1 adipocytes were transfected
with CSE, 3-MST, and ADAM17 siRNAs and negative con-
trol (NC) siRNA using Lipofectamine™ 2000 (Invitrogen)
for 24h.

2.4. Real-Time H2S Production Measurement. Cultured cells
were scraped off the plate in the presence of cold RIPA lysis
buffer containing protease inhibitor cocktail tablet (Roche,
Indianapolis, IN). The lysates were quickly centrifuged at
4°C for 10 minutes, and supernatants were then collected.
Then real-time kinetics of H2S production was determined
by using a miniaturized H2S microrespiration sensor (Model
H2S-MRCh, Unisense, Aarhus, Denmark) coupled to Uni-
sense PA2000 amplifier [16]. Briefly, measurement was
performed in a temperature-controlled microrespiration
chamber (Unisense). After the sensor signals stabilized,
1.0mmol/l L-cysteine (Sigma) and 1.0mmol/l pyridoxal-5′-
phosphate (Sigma), a cofactor for the enzymes CBS and
CSE, were added. H2S production rates were then deter-
mined at the initial steepest slopes of each trace.

2.5. Western Blot Analysis. Cultured cells were scraped off the
plate in the presence of cold radioimmunoprecipitation assay
(RIPA) lysis buffer containing protease inhibitor cocktail tab-
let (Roche, Indianapolis, IN). The lysates were quickly centri-
fuged at 4°C for 10 minutes. The supernatant was collected
and protein concentration was assayed using BCA protein
assay kit (Beyotime). 30μg of protein samples was separated
by 10% or 15% SDS-PAGE and subsequently transferred to
nitrocellulose membranes. After blockage for 2 hours, mem-
branes were incubated with the antibody against CBS, CSE,
3-MST, ADAM17, and β-actin overnight at 4°C. Membranes
were then washed and incubated with a secondary horserad-
ish peroxidase- (HRP-) conjugated antibody (Santa Cruz).
Immunoreactive proteins were visualized using Immobilon
Western Chemiluminescent HRP Substrate (Merck Milli-
pore) and Tanon 5200 Multi scanner. The ratio of band
intensities to β-actin was obtained to quantify the relative
protein expression level.

2.6. ELISA Analysis for sFlt-1. Cell-cultured media from
different treatment groups were harvested. The contents
of sFlt-1 in culture media were determined by ELISA kit
(Westang Biotech Co. Ltd., Shanghai, China) according
to the manufacturer’s instructions. The absorbance was
measured at 450nm wavelength with Denley Dragon
Wellscan MK 3 (Thermo).

2.7. Statistical Analysis. The data are presented as mean
± SEM. All data were tested for homogeneity of variance by
Bartlett’s test before analyzing the significance. Individual
comparisons were made by one-way ANOVA followed by

2 International Journal of Endocrinology

https://doi.org/10.1155/2017/9501792


least significant difference (LSD) t-test for the data which
were normally distributed. In all of the tests, P < 0 05 was
considered to be significant.

3. Results

3.1. High Glucose Upregulates ADAM17 Expression and
sFlt-1 Production in 3T3-L1 Adipocytes. ADAM17 has been
demonstrated to be responsible for proteolytic process of
transmembrane Flt-1 into sFlt-1. In adipocytes treated with
LG DMEM and HG DMEM, the protein expression of
ADAM17 was determined by Western blotting. As shown
in Figure 1(a), the protein expression of both pro-
ADAM17 and active ADAM17 significantly increased in
3T3-L1 adipocytes exposed to HG DMEM. sFlt-1 contents
in cultured media were determined by ELISA kit. As shown
in Figure 1(b), treatment of 3T3-L1 adipocytes with HG
DMEM stimulated sFlt-1 production.

3.2. High Glucose Stimulates sFlt-1 Production through
Increasing ADAM17 Expression in 3T3-L1 Adipocytes. We
then investigated the role of ADAM17 in sFlt-1 release in
3T3-L1 adipocytes exposed to HG DMEM using siRNA

approach. Transfection of cells with ADAM17 siRNA
caused significant reduction of pro-ADAM17 expression
and active ADAM17 expression (Figure 2(a)). As shown
in Figure S1, high glucose increased ADAM17 expression
in 3T3-L1 adipocytes transfected with NC siRNA and
transfection of ADAM17 siRNA decreased ADAM17
expression in 3T3-L1 adipocytes exposed to HG DMEM.
As shown in Figure 2(b), high glucose increased sFlt-1 pro-
duction in 3T3-L1 adipocytes transfected with NC siRNA,
and the effects of high glucose on sFlt-1 production were
not occurring in 3T3-L1 adipocytes transfected with
ADAM17 siRNA.

To further confirm the role of ADAM17 in sFlt-1 produc-
tion, adipocytes were treated with anti-ADAM-17 monoclo-
nal antibody (D1(A12)) or ADAM17 inhibitor TAPI-1. As
shown in Figure 3, the effects of high glucose on sFlt-1 produc-
tion were not occurring in ADAM17-blocked or -inhibited
3T3-L1 adipocytes.

3.3. High Glucose Downregulates CSE and 3-MST Expression,
as well as H2S Production in 3T3-L1 Adipocytes. It has been
reported that high glucose downregulated CSE expression
and H2S production in adipocytes. In order to confirm the
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Figure 1: Effects of high glucose on the expression of ADAM17 and production of sFlt-1 in 3T3-L1 adipocytes. 3T3-L1 adipocytes were
treated with LG DMEM or HG DMEM for 24 h. (a) Effect of high glucose on the protein expression of pro-ADAM17 and active
ADAM17 in 3T3-L1 adipocytes. The protein expression of pro-ADAM17 and active ADAM17 in 3T3-L1 adipocytes was determined by
Western blotting as described in Materials and Methods. Representative protein bands were presented on the top of the corresponding
histogram. (b) Effect of high glucose on the production of sFlt-1. The production of sFlt-1 in the media was measured by ELISA. Data
were presented as mean± SEM (n = 4 cultures). ∗∗P < 0 01 versus indicated.
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expression of CSE and the production of H2S and determine
the expression of CBS, 3-MST in adipocytes exposed to
high glucose, the protein expression of CBS, CSE, and 3-
MST was determined by Western blotting. As shown in
Figure 1, HG DMEM downregulated protein expression of
CSE (Figure 4(a)) and 3-MST (Figure 4(b)). There was no
significant difference in CBS expression between low glucose-
and high glucose-treated adipocytes (Figure 4(c)). We also
determined real-time H2S production in adipocytes exposed
to LG DMEM and HG DMEM. As shown in Figure S2, the
real-time H2S production rate was significantly decreased in
adipocyte treated with high glucose.

3.4. CSE siRNA and 3-MST siRNA Upregulate ADAM17
Expression and sFlt-1 Production in 3T3-L1 Adipocytes. We
then investigated whether decreasing CSE and 3-MST expres-
sion contributes to the effects of high glucose on ADAM17
expression and sFlt-1 production in 3T3-L1 adipocytes by
siRNA approach. As shown in Figure S3, transfection of
CSE siRNA caused reduction of CSE expression and transfec-
tion of 3-MST siRNA caused reduction of 3-MST expression
in 3T3-L1 adipocytes exposed to LG DMEM. As shown in
Figure 5, CSE siRNA or 3-MST siRNA resulted in increasing
the expression of ADAM17 (a-b) and the production of sFlt-
1 (c-d) in 3T3-L1 adipocytes exposed to LG DMEM.
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Figure 2: Effects of high glucose on sFlt-1 production in ADAM17 knockdown 3T3-L1 adipocytes. 3T3-L1 adipocytes were transfected with
NC siRNA exposed to LGDMEM, NC siRNA exposed to HGDMEM, or ADAM17 siRNA exposed to HGDMEM. (a) Representative protein
bands of pro-ADAM17 and active ADAM17 in 3T3-L1 adipocytes transfected with NC siRNA and ADAM17 siRNA exposed to HG DMEM.
The protein expression of ADAM17 in 3T3-L1 adipocytes was determined by Western blotting. (b) The effects of high glucose on sFlt-1
production in ADAM17 knockdown 3T3-L1 adipocytes. The production of sFlt-1 in the media was measured by ELISA. Data were
presented as mean± SEM (n = 4 cultures). ∗P < 0 05, ∗∗P < 0 01 versus indicated.
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Figure 3: Effects of high glucose on sFlt-1 production in ADAM17-blocked or -inhibited 3T3-L1 adipocytes. (a) The effects of high glucose on
sFlt-1 production in ADAM17-blocked 3T3-L1 adipocytes. 3T3-L1 adipocytes were treated with LG DMEM containing nonspecific IgG or
HG DMEM containing nonspecific IgG or HG DMEM containing anti-ADAM-17 monoclonal antibody (D1(A12)). (b) The effects of
high glucose on sFlt-1 production in ADAM17-inhibited 3T3-L1 adipocytes. 3T3-L1 adipocytes were treated with LG DMEM containing
DMSO or HG DMEM containing DMSO or HG DMEM containing TAPI-1. The production of sFlt-1 in the media was measured by
ELISA. Data were presented as mean± SEM (n = 4 cultures). ∗∗P < 0 01 versus indicated.
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3.5. NaHS Inhibits High Glucose-Induced Upregulation of
ADAM17 Expression and sFlt-1 Production in 3T3-L1
Adipocytes. In our previous study, we have demonstrated that
H2S donor NaHS inhibited ADAM10 expression and sFlt-1
release in placental cells. Both ADAM10 and ADAM17 were
responsible for ectodomain shedding of Flt1. We found that
ADAM17 was expressed in adipocytes whereas ADAM10
was not expressed in adipocytes through PCR assay and
Western blotting assay (data for ADAM10 was not shown).
In order to confirm the role of H2S in high glucose-induced
upregulation of ADAM17 expression in 3T3-L1 adipocytes,
cultured 3T3-L1 adipocytes were treated with high glucose
DMEM containing NaHS for 24h, a commonly used donor
of exogenous H2S, and then, pro-ADAM17 and active
ADAM17 expression was determined by Western blotting.
As shown in Figures 6(a) and 6(b), treatment of 3T3-L1 adi-
pocytes with NaHS (25 and 50nM) could result in a decrease
in pro-ADAM10 and active ADAM10 expression in a dose-
dependent manner. sFlt-1 content in cultured supernatant
was determined by ELISA kit. As shown in Figure 6(c),
treatment of 3T3-L1 adipocytes with NaHS (25 and
50nM) could result in a decrease in sFlt-1 production in
dose-dependent manner.

4. Discussion

The present study demonstrated that reduced expression of
CSE and 3-MST induced by high glucose significantly stimu-
lated sFlt-1 production via ADAM17 activation in adipo-
cytes. H2S donor NaHS suppressed the expression of
ADAM17 and the production of sFlt-1 induced by high
glucose in adipocytes.

sFlt-1, also called soluble VEGFR-1, is one kind of antian-
giogenic factors. When forming complexes with VEGF-A,

sFlt-1 decreased biological activity of VEGF-A, thus leading
to negative impact on angiogenesis and dysfunction of endo-
thelium. Elevated sFlt-1 was found to be involved in the
development of macroangiopathic and microangiopathic
diseases since this factor acts as a VEGF antagonist by mak-
ing them unavailable for signaling to membrane-bound
receptors, thereby leading to dysfunction of endothelium
[1–3]. Wieczor et al. [4] found that sFlt-1 production in
T2DM patients complicated with peripheral arterial disease
was higher than that in nondiabetic individuals with periph-
eral arterial disease. Lappas [5] demonstrated that adipose
tissue was a major source of elevated sFlt-1 levels in obesity
and GDM. However, sFlt-1 production in adipose tissue of
T2DM patients remains to be elucidated. In the present
study, we found that high glucose significantly increased
sFlt-1 production in adipocytes.

Many soluble proteins are derived from the ectodomain
of their transmembrane forms by proteolytic process via spe-
cific “sheddases,” such as Matrix metalloproteinases (MMPs)
[17, 18] and ADAMs [19–21]. ADAM10 and ADAM17 are
two important “sheddases” involved in proteolytic process
of transmembrane Flt-1 into sFlt-1 [6–8]. According to our
PCR assay and Western blotting assay, ADAM17 was
expressed in adipocytes whereas ADAM10 was not expressed
in adipocytes (data not shown). ADAM17, also known as
TACE (tumor necrosis factor-α-converting enzyme), is
able to cleave a large variety of substrates including amy-
loid precursor protein, TNF-α [22], Notch [23], and other
receptors, as well as many growth factors, cytokines, and
cell adhesion molecules [24, 25]. Zhou et al.’s study has
demonstrated that transmembrane TNF-α was almost
completely proteolytically processed into sTNF-α by high
glucose through activating ADAM17 [26]. This evidence
strongly indicated that high glucose activated ADAM17
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Figure 4: Effects of high glucose on the expression of CSE, 3-MST, and CBS in 3T3-L1 adipocytes. 3T3-L1 adipocytes were treated with LG
DMEMor HGDMEM for 24 h, and then, the protein expression of CSE, 3-MST, and CBS was determined byWestern blotting as described in
Materials andMethods. Upper panels, representative bands for protein expression of CSE, 3-MST, and CBS in 3T3-L1 adipocytes treated with
LG DMEM or HG DMEM. Lower panels, the cumulative data of protein expression of CSE, 3-MST, and CBS in 3T3-L1 adipocytes treated
with LG DMEM or HG DMEM. Data were presented as mean± SEM (n = 4 cultures). ∗∗P < 0 01 versus indicated.
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in adipocytes. In the present study, we showed that high
glucose significantly increased ADAM17 expression in
adipocytes. Furthermore knocking down ADAM17 abol-
ished the effect of high glucose on sFlt-1 production in

adipocytes. In addition, the effects of high glucose on
sFlt-1 production were not occurring in ADAM17-
blocked or -inhibited 3T3-L1 adipocytes. These results
suggest that ADAM17 is involved in the proteolytic
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Figure 5: Effects of decreasing CSE and 3-MST expression on the expression of ADAM17 and production of sFlt-1 in 3T3-L1 adipocytes.
3T3-L1 adipocytes were transfected with negative control (NC) siRNA, CSE siRNA, or 3-MST siRNA for 24 h. (a and b) Effect of
decreasing CSE (a) and 3-MST (b) expression on the protein expression of pro-ADAM17 and active ADAM17 in 3T3-L1 adipocytes. The
protein expression of pro-ADAM17 and active ADAM17 in 3T3-L1 adipocytes was determined by Western blotting as described in
Materials and Methods. Representative protein bands were presented on the top of the corresponding histogram. (c and d) Effect of
decreasing CSE (c) and 3-MST (d) expression on the production of sFlt-1. The production of sFlt-1 in the media was measured by ELISA.
Data were presented as mean± SEM (n = 4 cultures). ∗P < 0 05, ∗∗P < 0 01 versus indicated.
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process of transmembrane Flt-1 into sFlt-1 induced by
high glucose.

Until now, the mechanisms responsible for increased
expression of ADAM17 and production of sFlt-1 in adipo-
cytes remain unclear. Our previous study has demonstrated
that H2S significantly suppresses sFlt-1 release from placental
cells and this effect is associated with inhibition of the shed-
ding process of Flt-1 [7]. H2S can be produced in a wide spec-
trum of tissues through the activity of the synthase enzymes
including CSE, CBS, and 3-MST [9]. Our results demon-
strated that CSE, 3-MST, and CBS were expressed in
adipocytes, consistent with the results of previous studies
[13, 14]. Both in adipocytes [15] and in human umbilical vein
endothelial cells [25], high glucose significantly inhibited the
expression of CSE and production of H2S. In the present
study, we found that high glucose decreased the expression
of CSE and 3-MST, as well as the endogenous H2S produc-
tion, but CBS expression was not affected by high glucose.
These results indicate that decreasing H2S production and
CSE, 3-MST expression could stimulate the expression of
ADAM17 and the production of sFlt-1 in adipocytes. Based
on that, we found that knocking downCSE and 3-MST signif-
icantly increased ADAM17 expression and sFlt-1 production
in adipocytes. These results suggest that the decreased expres-
sion of CSE and 3-MST contributes to elevated ADAM17
expression and sFlt-1 production in adipocytes.

On the basis of the above findings, including the
decreased expression of CSE and 3-MST, as well as the
endogenous H2S production in adipocytes exposed to high
glucose, we speculate that the exogenous supply of H2S may
attenuate high glucose-induced ADAM17 expression and
sFlt-1 production. NaHS is a widely used donor of exogenous
H2S. When dissolved in solution, NaHS rapidly dissociates to
Na+ and HS−. Following this, HS− associates with H+ to pro-
duce H2S. In the present study, our results demonstrated that
NaHS, a donor of exogenous H2S, significantly inhibited high
glucose-induced upregulation of ADAM17 expression and
sFlt-1 production in adipocytes. These results suggest that
H2S has direct effect on ADAM17 expression and sFlt-1 pro-
duction in adipocytes. It also raises the possibility of the use
of NaHS as a potential therapeutic agent for high glucose-
induced ADAM17 expression and sFlt-1 production.
Although the inhibition effect of high glucose on H2S pro-
duction has been demonstrated in several different types of
cells [15, 27, 28], the mechanisms responsible for high glu-
cose on H2S synthase remain unclear. It has been reported
that high glucose inhibited H2S production via TLR4 inflam-
matory pathway in mouse mesangial cells [28]. In addition,
the expression of several microRNAs, including miR-192
[29], miR-204 [30], and miR-217 [31], was upregulated by
high glucose. According to bioinformatic analysis on the
website of “TargetScan,” the predicted target gene of miR-
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Figure 6: Effects of NaHS on high glucose-induced upregulation of ADAM17 expression and sFlt-1 production in 3T3-L1 adipocytes. 3T3-L1
adipocytes were treated with HG DMEM containing increasing concentration of NaHS for 24 h. (a and b) The effects of NaHS on high
glucose-induced upregulation of ADAM17 expression. The protein expression of ADAM17 in 3T3-L1 adipocytes was determined by
Western blotting. Representative protein bands were presented on the top of the corresponding histogram. (c) The effects of NaHS on
high glucose-induced upregulation of sFlt-1 production in 3T3-L1 adipocytes. The production of sFlt-1 in the media was measured by
ELISA. Data were presented as mean± SEM (n = 4 cultures). ∗P < 0 05, ∗∗P < 0 01 versus indicated.
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192 and miR-204 is CSE and the predicted target gene of
miR-217 is CBS. These indicate that high glucose may regu-
late via miR pathway. However, whether TLR4 inflammatory
pathway and miR pathway are involved in modulation effect
of high glucose on H2S synthase needs further investigation.
What is more is that the practical effect of H2S on high
glucose-induced sFlt-1 production and ADAM17 expression
in adipose tissue should be investigated in vivo in the future.

5. Conclusion

Taken together, our results suggest that H2S synthase
enzymes CSE and 3-MST play a critical role in modulation
of sFlt-1 production and ADAM17 expression in adipocytes.
Decreased expression of CSE and 3-MST contributes to high
glucose-induced sFlt-1 production via activating ADAM17
in adipocytes. This study also raises the possibility of the
use of NaHS as a potential therapeutic agent for diabetic
vascular complications. Additional studies are required to
confirm these findings in vivo.
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We aimed to determine the relationship between lower extremity peripheral arterial disease (PAD), 10-year coronary heart
disease (CHD), and stroke risks in patients with type 2 diabetes (T2DM) using the UKPDS risk engine. We enrolled 1178
hospitalized T2DM patients. The patients were divided into a lower extremity PAD group (ankle-brachial index ≤ 0 9 or
>1.4; 88 patients, 7.5%) and a non-PAD group (ankle-brachial index > 0 9 and ≤1.4; 1090 patients, 92.5%). Age;
duration of diabetes; systolic blood pressure; the hypertension rate; the use of hypertension drugs, ACEI /ARB, statins;
CHD risk; fatal CHD risk; stroke risk; and fatal stroke risk were significantly higher in the PAD group than in the
non-PAD group (P < 0 05 for all). Logistic stepwise regression analysis indicated that ABI was an independent predictor
of 10-year CHD and stroke risks in T2DM patients. Compared with those in the T2DM non-PAD group, the odds
ratios (ORs) for CHD and stroke risk were 3.6 (95% confidence interval (CI), 2.2–6.0; P < 0 001) and 6.9 (95% CI, 4.0–11.8;
P < 0 001) in those with lower extremity PAD, respectively. In conclusion, lower extremity PAD increased coronary heart
disease and stroke risks in T2DM.

1. Introduction

Diabetes patients with peripheral arterial disease (PAD)
are at an increased risk for cardiovascular disease [1, 2].
Lower extremity peripheral arterial disease (PAD) is a
common type of PAD in patients with type 2 diabetes
mellitus (T2DM). In diabetic patients, PAD can be nonin-
vasively and objectively diagnosed by using the ankle-
brachial index (ABI); this index can also indicate arterial
atherosclerosis at other sites [3, 4]. A low ABI is related
to many known cardiovascular risk factors, including
hypertension, diabetes, smoking, dyslipidemia, obesity,
and increased serum levels of C-reactive protein [5–7]. A

few population-based cohort studies have confirmed that
a decrease in the ABI is highly correlated with an increase
in the prevalence rate of coronary artery disease and cere-
brovascular disease [8–11].

Currently, a number of methods are available for predict-
ing the 10-year risk of cardiovascular disease in individual
subjects, such as the Framingham Risk Score (FRS), the
2013 American College of Cardiology (ACC)/American
Heart Association (AHA) risk assessment, and the United
Kingdom Prospective Diabetes Study (UKPDS) risk engine.
The FRS was derived from the Framingham Heart Study to
assess the cardiovascular risk based on age, low-density
lipoprotein cholesterol (LDL-c), high-density lipoprotein
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cholesterol (HDL-c), smoking, hypertension, and other
factors [12]. Since the FRS was generated using data from
the general population, its usefulness in predicting cardio-
vascular risk in diabetic patients is somewhat limited
[13]. The 2013 ACC/AHA risk assessment applies to
non-Hispanic American men aged 40–79 years [14].
The UKPDS risk engine, on the other hand, is the com-
monly used method for the prediction of cardiovascular
and cerebrovascular disease risk in T2DM patients. This
diabetes-specific risk assessment tool is based on the
absolute risk of cardiovascular and cerebrovascular diseases
in 5102 patients with newly diagnosed T2DM who were
followed up for an average of 10.4 years [15]. Unlike
the FRS, the UKPDS risk engine takes into consideration
the duration of diabetes and the level of glycosylated
hemoglobin (HbA1c).

Some reports have indicated that the ABI abnormality
was linked to cardiovascular events, cerebrovascular events,
and risk factors in patients with diabetes or metabolic
syndrome [1, 9, 16, 17]. A study from Hong Kong found that
in diabetic patients with a slightly decreased ABI (0.91–0.99),
the ABI was associated with increased microvascular and
macrovascular complications [18]. Mainland China has the
largest population of diabetes patients in the world; however,
few studies have investigated the relationship of the ABI with
the 10-year coronary heart disease (CHD) and stroke risks in
T2DM patients in Mainland China. In this study, we aimed
to characterize the above relationship in T2DM patients in
China by using the UKPDS risk engine.

2. Materials and Methods

2.1. Subjects. This study involved T2DM patients who were
admitted to the Department of Endocrinology of the Second
Affiliated Hospital Zhejiang University Medical College
between April 2008 and April 2013. All participants had been
diagnosed with diabetes according to the 1999 World Health
Organization diagnostic criteria for the diagnosis and clas-
sification of diabetes. In our study, we involved only type
2 diabetes mellitus patients. Those with gestational diabetes,
other types of diabetes mellitus, type 1 diabetes mellitus,
GAD antibody positivity were excluded. Further, patients
with CHD and stroke were additionally excluded, leaving
a total of 1178 cases that were included in the statistical
analysis. This study was approved by the Ethics Committee
of the Second Affiliated Hospital Zhejiang University
School of Medicine, and all subjects gave informed consent
for participation.

2.2. Clinical Indices. A detailed medical history was obtained
from each patient, including the patient’s age, age at diagno-
sis of diabetes, smoking history, hypertension, and antihy-
pertensive therapy. Each subject also underwent a detailed
physical examination, including height, weight, blood pres-
sure, and body mass index (BMI) measurements. Prior to
the blood pressure measurements, the patients were asked
to sit for 5min. Subsequently, two consecutive blood pressure
measurements were taken with an electronic blood pressure

meter (Kenz BPM SP-1, Japan), and the mean of the two
values was used.

2.3. Biochemical Indices. Venous blood was collected in the
morning (6:00–9:00 AM) after the patient had fasted for
8–12 hours. The fasting blood glucose, total cholesterol
(TC), triglyceride (TG), LDL-c, and HDL-c levels were
measured by an Olympus AU4500 automatic chemistry ana-
lyzer (Olympus Corporation, Tokyo, Japan). The level of
HbA1c was determined by a TOSOH HLC-723G8 automatic
glycohemoglobin analyzer (Tosoh Corporation, Yamaguchi
746-0042, Japan).

2.4. ABI Measurement. The ABI was measured by a techni-
cian who was blinded to the patient history and biochemical
indices. The ABI was determined using Doppler ultrasound
and a portable optical volume detector (Vista AVS, Summit
Doppler, USA). The patients were asked to take off their
shoes and lie in a supine position for 5min. The upper arm
and ankle systolic pressures were measured by slowly moving
the ultrasonic probe along the arterial contorts until the
strongest information was gotten. The ABI was calculated
as the ratio of the ankle systolic blood pressure to the brachial
arterial systolic pressure. Blood pressure was measured in
both lower extremities and used to calculate the ABI. The
lower of the two ABI values thus obtained was used in the
subsequent analyses, unless one of the ABI values was greater
than 1.4. The patients were divided into two groups based on
the ABI value as follows: patients with an ABI ≤ 0 9 or
ABI > 1 4 were assigned to the PAD group and those with
an ABI > 0 9 and ≤1.4 formed the non-PAD group [3].

2.5. UKPDS Risk Engine. The risks of CHD, fatal CHD,
stroke, and fatal stroke were calculated by the UKPDS risk
engine according to the patient’s sex, age at diagnosis of
diabetes, smoking, systolic blood pressure, hemoglobin,
TC, HDL-c, duration of diabetes, atrial fibrillation, and
race [12].

2.6. Statistical Analysis. The SPSS 20 statistical software
was used for data analysis. Data were expressed as mean
± standard deviation or mean (95% confidence interval).
Categorical variables were presented as frequencies, with
percentages given in parentheses. The CHD and stroke
risks were assessed after stratifying patients by PAD status
and age. We used the Mann-Whitney test or independent
t-test to compare continuous variables among groups and
the chi-square test to compare proportional data. Categorical
parameters and risk estimation were evaluated using the
chi-square test. Binary logistic regression analysis was used
to analyze correlations between categorical variables and
risk factors, and multivariate linear regression analysis
was used for continuous variables. All statistical tests were
two-tailed, and P < 0 05 was considered significant.

3. Results

3.1. Comparison of General Characteristics between Diabetic
Patients with PAD and with non-PAD. Of the 1178 T2DM
patients included in this study, 621 were men and 557 were
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women. Their average age was 58.1± 12.7 years (range, 21–
90 years), and the mean duration of diabetes was 7.6± 6.6
years (range, 0–36 years). In total, 88 (7.5%) patients were
assigned to the PAD group, and 1090 (92.5%) patients were
included in the non-PAD group based on their ABI values.
Among the 88 patients in the PAD group, 81 (6.9%) had an
ABI ≤ 0 9 and 7 (0.6%) had an ABI > 1 4. Age; duration of
diabetes; systolic blood pressure; hypertension rate; and the
use of hypertension drugs, ACEI (angiotensin-converting
enzyme inhibitor)/ARB (angiotensin receptor blocker), and
statins were significantly higher in the PAD group than in
the non-PAD group (P < 0 05 for all; Table 1). Sex distribu-
tion significantly differed between the two groups, with
female patients being much more likely to have an abnormal
ABI and therefore be included in the PAD group (P < 0 05).

3.2. Relationship of PAD with CHD and Stroke Risks. CHD
risk, fatal CHD risk, stroke risk, and fatal stroke risk were

significantly higher in the PAD group than in the non-PAD
group (P < 0 05 for all; Table 2). Spearman correlation anal-
ysis indicated that the ABI was negatively correlated with age
(r = − 0 144, P < 0 01), CHD risk (r = − 0 066, P < 0 01),
stroke risk (r = − 0 116, P < 0 01), and diabetes duration
(r = − 0 069, P < 0 05), while it was positively correlated
with diastolic blood pressure (r = 0 078, P < 0 01) and BMI
(r = 0 075, P < 0 05). The ABI was not correlated with
HbA1c, systolic blood pressure, TC, TG, HDL, and LDL.

Considering that age is the most important factor affect-
ing the ABI and CHD and stroke risks [19], we stratified the
patients by age, in groups of 10 years, and calculated the
UKPDS risk scores in both study groups (Figure 1). The
results revealed that CHD and stroke risks gradually
increased with age in both the PAD and non-PAD groups.
Furthermore, the CHD risk, fatal CHD risk, stroke risk, and
fatal stroke risk were higher in the PAD group than in the
non-PAD for each age group.

3.3. Effect of PAD on the UKPDS Risk. The UKPDS CHD risk,
fatal CHD risk, stroke risk, and fatal stroke risk were used as
the dependent variables, and age, diabetes duration, PAD,
HbA1c, TC, TG, HDL, LDL, BMI, systolic blood pressure,
diastolic blood pressure, smoking, and sex were used as inde-
pendent variables in a linear regression analysis. The results
showed that age, diabetes duration, PAD, and sex were
included in the linear regression equation (Table 3). We
then performed a binary logistic regression analysis with
the following dependent variables: age > 50 years, PAD,
elevated HbA1c (≥ the average value 9.61%), hypertension,
smoking, reduced blood HDL-c levels (<1.04mmol/L
(men) or <1.29mmol/L (women)). The independent vari-
ables were as follows: UKPDS CHD risk (>20%, high risk,
1; ≤20%, 0) and stroke risk (>10%, high risk, 1; ≤10%, 0).
The results showed that PAD was an independent risk factor
for CHD (odds ratio: 3.6, 95% CI: 2.2–6.0, P = 0 000) and
stroke (odds ratio: 6.9, 95% CI: 4.0–11.8, P = 0 000; Table 4).

4. Discussion

The ABI is a simple, inexpensive, and noninvasive method of
detecting lower extremity PAD in diabetes patients. Various
ABI cutoffs have been proposed for detecting PAD in differ-
ent studies. The 2011 ACCF/AHA guidelines set the ABI
cutoff at ≤0.9; in addition, they stated that an ABI > 1 3 sug-
gested atherosclerosis, while an ABI > 1 4 indicated cardio-
vascular risk [3, 20, 21]. In this study, 81 (6.9%) patients

Table 1: General characteristics of subjects.

Non-PAD group PAD group

Number 1090 88

Age (years) 57.2± 12.3 69.8± 11.8#

Gender (men/women) 586/504 35/53∗

YSDD (years) 7.3± 6.4 11.0± 7.8#

WC (cm) 87.9± 10.1 88.0± 10.2
BMI (kg/m2) 24.0± 3.6 23.3± 3.2
SBP (mmHg) 135.6± 19.5 145.4± 20.3#

DBP (mmHg) 81.8± 11.1 79.5± 12.8
HbA1c (%) 9.6± 2.4 9.5± 2.4
FBS (mmol/L) 9.2± 3.7 8.8± 4.1
Total cholesterol (mmol/L) 4.6 (4.5, 4.7) 4.5 (4.2, 4.8)

Triglycerides (mmol/L) 1.9 (1.9, 2.0) 1.9 (1.6, 2.2)

HDL-c (mmol/L) 1.2 (1.2, 1.3) 1.2 (1.1, 1.3)

LDL-c (mmol/L) 2.9 (2.9, 3.0) 2.9 (2.7, 3.2)

Hypertension (n, %) (514, 47.2%) (65, 73.9%)#

Smoker (n, %) (368, 33.8%) (26, 29.5%)

Nonantidiabetic drugs (n, %) (184, 16.9%) (6, 6.8%)∗

Only OAD (n, %) (471, 43.2%) (41, 46.6%)

Insulin + OAD (n, %) (435, 39.9%) (41, 46.6%)

Hypertension drugs (n, %) (456, 41.9%) (63, 71.6%)#

ARB/ACEI (n, %) (227, 20.8%) (38, 43.2%)#

Lipid-lowering drugs (n, %) (157, 14.4%) (18, 20.5%)

Statins (n, %) (135, 12.4%) (18, 20.5%)∗

Fibrates (n, %) (20, 1.8%) (0, 0%)
∗P < 0 05 and #P < 0 001 compared with the non-PAD group. Values are
presented as the mean ± standard deviation; abnormal distribution values
are shown as mean (95% CI).WC: waist circumference; YSDD: years since
diagnosis of diabetes; BMI: body mass index (weight in kilograms/square
of the height in meters); SBP: systolic blood pressure; DBP: diastolic blood
pressure; FBS: fasting blood glucose; HDL-c: high-density lipoprotein
cholesterol; LDL-c: low-density lipoprotein cholesterol; PAD: peripheral
arterial disease; ABI: ankle-brachial index; OAD: oral antidiabetic drug;
ARB: angiotensin receptor blocker; ACEI: angiotensin-converting enzyme
inhibitors. PAD group: ABI ≤ 0 9 or ABI > 1 4; non-PAD group:
0 9 < ABI ≤ 1 4.

Table 2: Comparison of CHD and stroke risks.

Non-PAD group PAD group

N 1090 88

CHD risk (%) 20.5 (19.6–21.4) 35.1 (30.7–39.5)#

Fatal CHD risk (%) 15.1 (14.3–16.0) 29.7 (25.6–33.8)#

Stroke risk (%) 9.3 (8.6–10.0) 26.3 (21.7–30.9)#

Fatal stroke risk (%) 1.5 (1.3–1.6) 4.4 (3.5–5.4)#

#P < 0 001 compared with the non-PAD group. Values are expressed as
mean (95% CI). PAD was defined as an ABI ≤ 0 9 or >1.4. CHD: coronary
heart disease; PAD: peripheral arterial disease; ABI: ankle-brachial index.
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Figure 1: Age-related prevalence of CHD risk and stroke risk in diabetes patients. CHD: coronary heart disease; PAD: peripheral arterial
disease; ABI: ankle-brachial index. PAD group: ABI ≤ 0 9 or ABI > 1 4; non-PAD group: 0 9 < ABI ≤ 1 4.

Table 3: Multivariate linear regression analysis of risk factors for CHD and stroke as estimated using the UKPDS risk engine.

Variables
UKPDS CVD risk UKPDS stroke risk

UKPDS fatal
CVD risk

UKPDS fatal
stroke risk

Beta P Beta P Beta P Beta P

Male −0.355 0.000 −0.168 0.000 −0.304 0.000 −0.142 0.000

Age 0.726 0.000 0.602 0.000 0.711 0.000 0.507 0.000

BMI −0.023 0.040 0.004 NS −0.023 NS −0.004 NS

Duration 0.081 0.000 0.270 0.000 0.148 0.000 0.248 0.000

SBP 0.082 0.000 0.044 NS 0.101 0.000 0.232 0.000

DBP −0.020 NS 0.000 NS −0.025 NS −0.022 NS

HbA1c 0.352 0.000 0.031 NS 0.363 0.000 0.041 0.025

LDL−c −0.024 NS −0.022 NS −0.016 NS −0.022 NS

HDL−c −0.285 0.000 −0.045 0.050 −0.233 0.000 −0.043 NS

TC 0.302 0.000 0.061 NS 0.237 0.000 0.050 NS

TG 0.000 NS 0.032 NS −0.004 NS 0.024 NS

Smoking 0.051 0.000 0.019 NS 0.014 NS 0.018 NS

PAD 0.055 0.000 0.140 0.000 0.066 0.019 0.140 0.000

NS: not significant; BMI: bodymass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-
density lipoprotein cholesterol; PAD: peripheral arterial disease; ABI: ankle-brachial index; TG: triglyceride; TC: total cholesterol; HbA1c: glycosylated
hemoglobin; UKPDS: United Kingdom Prospective Diabetes Study; CHD: coronary heart disease.

Table 4: Multivariate binary logistic regression analysis of risk factors for CHD and stroke as estimated using the UKPDS risk engine.

Variables
CHD risk Stroke risk

OR (95% CL) P OR (95% CL) P

Age ≥ 50 years 33.2 (20.2–54.4) 0.000 255.1 (35.5–1832.4.5) 0.000

Hypertension 2.0 (1.5–2.8) 0.000 2.1 (1.5–2.8) 0.000

Smoking 5.5 (3.9–7.6) 0.000 1.5 (1.1−2.0) 0.013

Elevated HbA1c 4.5 (3.4–6.1) 0.000 0.8 (0.6–1.1) 0.182

Reduced HDL-c 1.4 (1.1–1.9) 0.012 0.9 (0.7–1.2) 0.594

PAD 3.6 (2.2–6.0) 0.000 6.9 (4.0–11.8) 0.000

UKPDS: United Kingdom Prospective Diabetes Study; CHD: coronary heart disease. Elevated HbA1c (≥ the average value 9.61%); reduced HDL-c
(<1.04mmol/L (men) or <1.29mmol/L (women)).
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had an ABI ≤ 0 9 and 7 (0.6%) patients had an ABI > 1 4; the
rate of lower extremity PAD is lower than the rates reported
previously [19]. This result could be due to inclusion of
young diabetic patients and exclusion of the population with
CHD and cerebrovascular disease in our study. The value of
the ABI is related to age. According to Fowkes et al., in devel-
oping countries, the incidence of a low ABI among 45–49
year olds was 6.31% in women and 2.89% in men; in contrast,
the incidence among 85–89 year olds was 15.22% in women
and 14.94% in men [19].

This study showed that the proportion of women with a
low ABI was significantly higher than that of men with a
low ABI, which is consistent with previous literature [22,
23]. The San Luis Valley Diabetes Study showed that in the
absence of traditional risk factors for cerebrovascular disease,
the average ABI was 0.07 points lower in women than in men
[22]. In the Multi-Ethnic Study of Atherosclerosis (MESA),
which included patients without PAD and traditional athero-
sclerosis risk factors, the ABI was 0.02 points lower in women
than in men after adjustment for multiple variables [23].

Our study also demonstrated that the 10-year CHD and
stroke risks were significantly greater in the PAD group than
in the non-PAD group, and the ABI was an independent pre-
dictor of the 10-year CHD and stroke risks. In addition to the
diagnosis of PAD, the ABI is associated with cardiovascular
risk factors and cardiovascular events. A low ABI has been
related to many known cardiovascular risk factors, including
hypertension, diabetes, smoking, dyslipidemia, obesity, and
C-reactive protein [5–7]. Several population-based cohort
studies have confirmed that a decrease in an ABI is highly
correlated with the prevalence rate of coronary artery disease
and cerebrovascular disease [8–11], which indicates that the
ABI is an independent risk factor for cardiovascular and cere-
brovascular disease. A few studies have indicated that an
ABI > 1 40 is associated with stroke and CHD. The curve
obtained by plotting ABI values on the x-axis and mortality
and other cardiovascular events on the y-axis appears as a
reverse J curve, in which the risk is lowest in the ABI range
of 1.11–1.40 [3, 16, 24]. Reports have indicated that an abnor-
mal ABI in patients with diabetes or metabolic syndrome is
related to cardiovascular events and risk factors [1, 9, 16,
17]. A study fromHong Kong found that in diabetes patients,
ABI values of 0.91–0.99 were associated with increased
microvascular and macrovascular complications [18].

Considering that age is the most important factor affect-
ing the ABI and CHD and stroke risks, we stratified the
patients by age and recalculated the CHD and stroke risks.
The results showed that the cardiovascular risk was higher
in the PAD group than in the non-PAD group for every
age group, which indicated that an abnormal ABI predicts
CHD and stroke risks independent of age.

Furthermore, the combination of the ABI in cardiovascu-
lar risk stratification with the current methods for predicting
the 10-year risk of cardiovascular disease would improve risk
prediction. The ABI Collaboration conducted a meta-
analysis of 16 cohort studies based on individuals, focusing
on whether the ABI can predict the risk of cardiovascular
events and death independently from the FRS and whether
it can improve risk prediction when used in combination

with the FRS [25]. The results showed that the use of the
ABI would lead to a reclassification of the risk levels for
men and women. This is consistent with the findings of the
MESA study. The FRS is mainly used for the general popula-
tion, while the UKPDS risk score is used for patients with
diabetes [2]. There have been many studies on the correlation
between the ABI and FRS in diabetes patients [26], but rela-
tively few on the ABI and UKPDS risk score in diabetes
patients. The ABI combining with the UKPDS risk engine
for prediction of CHD and stroke risks in diabetes patients
needs a further study.

This study has some limitations. First, the study involved
only hospitalized patients, many of whom had poor glycemic
control. However, at present, glycemic control is less than
ideal all over the world. A cross-sectional study of 9065
T2DM outpatients from 26 medical centers in China found
that blood glucose levels were controlled in only 32.6% of
patients [27],which was similar to the rate of 31.78% among
238,639 diabetes patients reported by Ji et al. in 2013 [28].
The International Diabetes Mellitus Practice Study [29]
included 11,799 patients from 17 countries in Eastern Europe,
Africa, South America, and Latin America and found a blood
glucose-control rate of only 25%. Thus, the glycemic control
in our patients may reflect that observed in most diabetes
patients. Second, the UKPDS risk engine originated from
British diabetes patients, and whether or not it is suitable for
Chinese patients remains to be investigated. However, it is
currently an established risk assessment tool worldwide.

In conclusion, our study found that the 10-year CHD and
stroke risks were higher in diabetes patients with lower
extremity PAD than in diabetes patients without PAD, and
lower extremity PAD was an independent risk factor for car-
diovascular diseases in diabetes patients. Given that the ABI
is a simple and easy method of detecting lower extremity
PAD, ABI measurements will be beneficial for the estimation
of cardiovascular disease and stroke risks in T2DM patients.
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Objective. To evaluate the concordance between oscillometric ABI and standard Doppler ABI in diabetic Chinese patients with
or without diabetic foot. Methods. 230 consecutive diabetic patients (n = 459 limbs) were included. The right and left ABIs
were determined with both devices by the same investigator. The concordance and agreement were assessed by kappa
index and the Bland-Altman method. Results. The average Doppler ABI was 1.003 ± 0.286 on the right and 0.990 ± 0.287
on the left, while oscillometric ABI was 1.002 ± 0.332 and 0.993 ± 0.319, which had no significance. The average time for
oscillometric ABI was 8.600 versus 16.980 minutes for Doppler ABI (p < 0 001). There was good agreement between the
two measurements, with a kappa value of 0.869 on the right and 0.919 on the left. Regarding the Doppler ABI as the gold
standard, the accuracy, sensitivity, specificity, +LR, and −LR of oscillometric ABI reached 95.22%, 94.34%, 95.48%,
20.873%, and 0.059% on the right. For the left, it was 96.94%, 96.43%, 97.11%, 33.364%, and 0.036%. Conclusions. The
oscillometric measurement is a reliable, convenient, and less time-consuming alternative to standard Doppler ABI in
patients. It should be widely used for PAD detection.

1. Introduction

Peripheral arterial disease (PAD) is a common manifestation
of atherosclerosis in patients with diabetes in China [1]. The
prevalence of PAD in patients with type 2 diabetes aged 50
years and older is 19.47%~23.8% [2, 3]. PAD is significantly
associated with an increased risk of cardiovascular morbidity
and mortality [4, 5] and independently related with impaired
lower extremity functioning [6]. Further, PAD patients with
diabetes had a significantly increased risk for death within
10 years than did the PAD patients without diabetes [7].
However, most of PADs are asymptomatic; evidence suggests

that there is currently a lack of awareness regarding PAD
among physicians and patients, leading to underdiagnosis
and undertreatment [8]. To reduce the cardiovascular mor-
bidity and mortality, it is very important for early screening,
diagnosis, and treatment of PAD. Measurement of the ankle-
brachial index (ABI) is a simple and noninvasive method and
generally recommended for middle-aged populations with
elevated cardiovascular risk levels for the screening and
diagnosing for PAD [9]. Eco-Doppler is considered the gold
standard for ABI test; the cut-off values for PAD are 0.9 and
1.4 [10]. However, it requires a trained technician, it is time
consuming, and it has a high intraobserver variability of
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10%, which limited its routine use in clinical practice and did
not seem suitable for the screening of PAD in primary care
consultations [11].

To overcome such obstacles and simplify measurement
procedures, automatic devices have been developed. Some
recent studies have shown that the automated oscillometric
method appears to be convenient and useful compared with
eco-Doppler [12, 13]. The oscillometric method can be suit-
able for screening of PAD in the community due to having
a simple procedure, being easy to perform, and not requiring
training [14–17]. But some studies showed that it cannot be
recommended as a reliable method for ABI measurement
and few subjects had low ABIs [18–21]. Thus, we aimed to
evaluate the concordance between automated oscillometric
measurement of ABI and the standard measurement by
eco-Doppler in diabetic Chinese patients with or without
diabetic foot.

2. Methods and Patients

2.1. Study Population. 328 consecutive patients with diabetes
who were admitted to the Diabetic Foot Care Center,
Department of Endocrinology and Metabolism, West China
Hospital, fromMay 2013 to June 2014 were recruited. Partici-
pants were excluded if they reported any history of previous
bypass surgery or angioplasty, any major amputations on the
lower or upper limbs, marked edema of one or both feet, and
atrial fibrillation. Finally, 230 consecutive patients with diabe-
tes (n = 459 limbs, mean age 61.28± 14.50 years, 126 men, 82
diabetic foot) were included our study. Figure 1 presented
the flow chart of the study. The study protocol, patients’
informed consent forms, and other study related documents
were reviewed and approved by the ethics committee of the

West China Hospital, and all participants provided written
informed consent prior to participating in the study.

2.2. Determination of ABI. All measurements were obtained
after the patients had rested for ten min in the supine
decubitus position in a room with a comfortable tempe-
rature (24± 1°C), without smoking, heavy exercise, and
drinking alcohol or caffeinated beverages for at least 2 h
before the examination. The ABI was determined by the
automatic method using a validated oscillometric device
(OMRON BP-203RPEIII) that allows simultaneous arm-
leg BP measurements and using a validated and calibrated
sphygmomanometer and a two-way Doppler with an
8MHz probe (Bidop Es-100V3. HADECO) by the same
specially trained nurse with 10 years of experience in
ABI measurement. Doppler-ABI measurement was invari-
ably performed first because of the higher degree of
subjectivity. For oscillometric ABI, they used appropriate
cuff sizes on the arms and ankles, thus avoiding a poten-
tial bias by variations of blood pressure. Ankle pressures
were measured over the dorsalis and posterior tibial arter-
ies. Limbs were measured twice at the same time and the
time interval was 10 seconds. ABI was calculated by divid-
ing the highest value obtained at each ankle by the highest
of the arm values. The ABI of both the left and right legs
was recorded, and for the definition of PAD, the lower
value between the two was considered [22].

2.3. Statistical Analysis. The results were analyzed by
diagnostic test analysis method. Continuous variables are
summarized as mean± standard deviation (SD) when
normally distributed and as median (interquartile range)
when asymmetrically distributed and categorical variables
as percentage. ABI measurements were compared using a

Consecutively recruited 328 diabetic patients

Excluded (n = 98)
Bypass surgery or angioplasty (n = 26)
Major amputations (n = 11)
Ulceration-in�uenced operation (n = 24)

Marked edema (n = 13)
Atrial �brillation (n = 24)

148 diabetic patients 82 diabetic patients with diabetic foot

230 diabetic patients (459 limbs)

Right and le� ABIs were determined with both devices by the same investigator

Figure 1: Flow chart of the study.
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paired Student’s t-test. The intermethod concordance
between both techniques was assessed by kappa coefficient
and the Bland-Altman method was determined to analyze
the agreement. Diagnostic accuracy was assessed via sensitiv-
ity, specificity, accuracy, positive likelihood ratio (+LR), neg-
ative likelihood ratio (−LR), with ABI readings dichotomized
(ABI ≤ 0 9), and receiver operating characteristic (ROC)
curve analysis using both univariable and multivariable logis-
tic regressions. Conventionally, Cohen’s kappa statistic below
0.2 is considered poor agreement, 0.21–0.4 fair, 0.41–0.6
moderate, 0.61–0.8 strong, and over 0.8 near complete agree-
ment [23]. p < 0 05 was accepted as indicating statistical
significance. The statistical analysis was carried out using
the SPSS statistics package, version 16.0 (SPSS Inc., Chicago,
IL, USA) and MedCalc 15.8 software.

3. Results

3.1. Patient Characteristics. Patient characteristics are shown
in Table 1.

3.2. Comparison of the TwoMethods.ABI values measured by
eco-Doppler showed 1.003± 0.286 (0.210–1.390) on the right
limb and 0.990± 0.287 (0.000–1.000) on the left limb, while
the automated oscillometric measurement showed 1.002
± 0.332 (0.000–1.900) on the right and 0.993± 0.319
(0.000–1.390) on the left. The difference of the oscillometric
ABIs and the Doppler ABIs was not significant on the right
(95%CI = − 0 0203–0 0185, p = 0 930) and left legs (95%
CI = − 0 0146–0 0209, p = 0 727). Pathological ABI by eco-
Doppler was detected in 67 (29.13%) subjects, including 43
subjects with abnormal ABI at two limbs and 24 subjects at
one limb and in 66 (28.70%) subjects using the automated
oscillometric measurement including 43 subjects at two
limbs and 23 subjects at one limb. The prevalence across
the categories of Doppler and oscillometric ABI values
are shown in Figure 2; no significant differences were
observed for ABI ≤ 0 4, 0 4 < ABI ≤ 0 9, 0 9 < ABI ≤ 1 3,
and ABI > 1 3 (x2 = 2 703, p = 0 259). Compared to ABI
obtained by eco-Doppler, the automated oscillometric
measurement produced a false positive result in 6 (8.96%)
patients and a false negative result in 6 (3.82%) patients.

3.3. The Agreements between Doppler and Automatic
Methods. The Bland-Altman plots of the difference compar-
ison assessing the agreement of the two methods for all 230
patients are shown in Figure 3; the paired mean (95% confi-
dence interval (CI)) difference between two measuring
devices according the Altman-Bland method was −0.0009
(95% CI = − 0 2993 to 0.2976, p < 0 0005) in the right limbs
and 0.0031(95% CI = − 0 2692 to 0.2755, p < 0 0001) in the
left limbs. The value-to-value comparison showed good
agreement between the two methods.

3.4. Sensitivity and Specificity. Regarding the eco-Doppler
measurement as the gold standard (defined ABI ≤ 0 9 as
PAD), there were 173 true negatives, 50 true positives, 4 false
negatives, and 3 false positives in the right legs, and 13
patients with an automatic index that was not measurable
were classified correctly as true positives. There were 171 true
negatives, 53 true positives, 2 false negatives, and 3 false
positives in the left legs, and there were 11 patients with an
automatic index that was not measurable. While in the
analysis in terms of patients rather than limbs in the 230
patients with determination of ABI by both methods, there

Table 1: Patient demographics and clinical characteristics.

Variable Value

Male (%) 126/230 (54.78%)

Age (years) 61.28± 14.50

Duration of diabetes (years) 8.97± 6.77
BMI (kg/m2) 23.50± 3.97
HbA1c (%) 8.83± 2.54
FBG (mol/L) 9.35± 4.02
CHOL (mol/L) 4.41± 1.30
TG (mol/L) 1.88± 1.70
HDL-C (mol/L) 1.20± 0.37
LDL-C (mol/L) 2.54± 1.08

Creatinine (mol/L) 88.31± 50.12
Intermittent claudication 45/230 (19.57%)

Rest pain 32/230 (13.91%)

Coronary heart disease 98/230 (42.61%)

Cerebrovascular disease 50/230 (21.74%)

Retinopathy 103/230 (44.78%)

Neuropathy 158/230 (68.70%)

Hypertension 154/230 (66.96%)

Hypercholesterolemia 16/320 (5.00%)

Hypertriglyceridemia 52/320 (22.61%)

Peripheral arterial disease 56/230 (24.35%)

Diabetic foot 82/230 (35.65%)

Wagner grade 1 3/82 (3.66%)

Wagner grade 2 12/82 (14.63%)

Wagner grade 3 40/82 (48.78%)

Wagner grade 4 25/82 (30.49%)

Wagner grade 5 2/82 (2.44%)

BMI: body mass index; FBG: fasting blood glucose; CHOL: cholesterol; TG:
triglyceride; HDL-C: high density lipoprotein cholesterol; LDL-C: low
density lipoprotein cholesterol.
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Figure 2: Prevalence across the categories of Doppler and
oscillometric ABI values.
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were 157 true negatives, 61 true positives, 6 false negatives,
and 6 false positives, and there were 16 patients with an auto-
matic index that was not measurable. Sensitivity, specificity,
positive likelihood ratio, negative likelihood ratio, accuracy,
and kappa values of the oscillometric method are shown in
Table 2. The area under the receiver operating characteristic
(ROC) curve was 0.993 (95% CI = 0 972 to 1.000) on the left
limbs and 0.967 (95% CI = 0 935 to 0.986) on the right limbs
(Figure 4); in the combined analysis, the area under the ROC
was 0.981 (95% CI = 0 964 to 0.991).

3.5. Comparison of Time Consumption. The mean time
consumption for measurements with the automatic device

and the handheld Doppler device was 8.60± 1.38 (ranges:
7.00–14.00) and 16.98 ±3.20 (ranges: 10.00–30.00) minutes
per patient, respectively. Compared to the handheld Doppler,
the process of performing the automated oscillometric device
consumed significantly less time (p < 0 001).

4. Discussion

Our previous studies indicated that PAD existed in “three
high” (high prevalence, high morbidity, and high mortality)
and “three low” (low diagnosis, low treatment, and low
awareness) conditions [24]. PAD was a risk factor of diabetic
foot and one of the independent risk factors of diabetic foot
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Figure 3: The Bland-Altman plots for the ABI by oscillometric and Doppler devices.

Table 2: Accuracy of the oscillometric method compared with that of the gold standard.

Accuracy Sensitivity Specificity +LR −LR p Kappa

Right limb 95.22% 94.34% 95.48% 20.87 0.059 0.000 0.869

Left limb 96.94% 96.43% 97.11% 33.36 0.036 0.000 0.919

Combined analysis 97.37% 94.50% 98.29% 55.12 0.056 0.001 0.928
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Figure 4: The area under the receiver operating characteristic curve for ABI measured by oscillometric analysis compared with that measured
by Doppler analysis.
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amputation [25, 26]. Thus, early detection of PAD is neces-
sary to prevent diabetic foot and amputation. The validity
and reliability of automated oscillometric ABI values for
diagnosis of PAD is controversial [14–21, 23]. Although the
Doppler-derived ABI was the gold standard to ABI,
oscillometric-ABI measurement is simple and convenient
with low cost for PAD screening [21, 27]. However, few stud-
ies have validated the concordance between oscillometric
ABI and Doppler ABI in China.

In this study, we found that the automated oscillometric-
ABI-measuring results was highly consistent with those by
eco-Doppler methods and the former is less time consuming.
The previous studies showed the correlation between the two
methods ranging from 0.53 to 0.86 [19–23]. This study
showed that the kappa value was 0.869 and 0.919 for the right
and left legs, respectively. Using the Doppler-derived ABI as
the gold standard and that the cutoffvaluewas0.9, the sensitiv-
ity and specificity of the oscillometric method are 94.50% and
98.29%, respectively, with the receiver operating characteristic
(ROC) curve being 0.992. Most recently, Herráiz-Adillo et al.
[28] published a similar study (43% diabetics, n = 151 legs),
which showed a sensitivity of 66.7%, a specificity of 96.8%,
and an accuracy of 91.39%, with a kappa coefficient of 0.684
and AUC = 0 944 (95% CI = 0 905 to 0.983). Furthermore,
when they were considering calcified legs as PAD equivalents
(n = 180 legs), the sensitivity, specificity, and accuracy were
78.2%, 96%, and 90.56%, respectively, with a kappa coefficient
of 0.645 and AUC = 0 914 (95% CI = 0 872 to 0.955). The
differences between the study of Herráiz-Adillo et al. and our
study maybe due to the different selected subjects and the
detection equipment (OMRON M3 versus OMRON BP-
203RPEIII). Especially, high sensitivity (90%) and specificity
(98%) of oscillometric test for stenosis of ≥50% in the arteries
of the lower limbs were found in this and other studies [29].
However, somestudies [29, 30] showed thatoscillometryover-
estimated ankle pressure and the ABI result was unreliable.
Actually, ABI values were comparatively lower while the ABI
values ≤ 0 4 compared with eco-Doppler. There are 23 cases
which ABI < 0 4, while 16 of them cannot be detected by
oscillometric measurement. Therefore, if the oscillometric
device cannot detect specific ABI data, it indicated that the
lower limb artery lesion was severe with ABI < 0 4. Further
examinations such as CTA, MRA, and angiography were
needed to evaluate and treatment of PADmust be initiated.

The time needed for Doppler ABI was longer than that
for oscillometric-ABI methods (16.98± 3.20 (10.00–30.00)
min versus 8.60± 1.38 (7.00–14.00) min). It may be due to
the necessity of additional steps with Doppler, such as pulse
palpation, the application of gel, signal viewing, and opera-
tional levels. The different results between the two methods
were acceptable. The eco-Doppler method was affected by
the operator and the intrinsic bias existed during measure-
ment. And the automated oscillometric-ABI value was not
influenced by the operator and the results were more reliable.

Most published researches were based on nondiabetic
population and suggested that an automated oscillometric
ABI measurement is a reliable and practical alternative to
the conventional Doppler measurement for the detection of
PAD. Our objectives of the study were involved diabetic

patients to validate. Our study was a single-center study
and a sample size was not enough; further studies need to
be performed.

In conclusion, our finding suggested that ABI values mea-
sured by automated oscillometric method were highly consis-
tent with those by eco-Doppler method. The former was
convenient and less time consuming, which can be widely
used in the primary care center without special training.
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The mechanisms facilitating hypertension in diabetes still remain to be elucidated. Nonalcoholic fatty liver disease (NAFLD), which
is a higher risk factor for insulin resistance, shares many predisposing factors with diabetes. However, little work has been
performed on the pathogenesis of hypertension in type 2 diabetes (T2DM) with NAFLD. The aim of this study is to investigate
the prevalence of hypertension in different glycemic statuses and to analyze relationships between NAFLD, metabolic risks,
and hypertension within a large community-based population after informed written consent. A total of 9473 subjects aged
over 45 years, including 1648 patients with T2DM, were enrolled in this cross-sectional study. Clinical and biochemical
parameters of all participants were determined. The results suggested that the patients with prediabetes or T2DM were
with higher risks to have hypertension. T2DM with NAFLD had significantly higher levels of blood pressure, triglyceride,
uric acid, and HOMA-IR than those without NAFLD. Data analyses suggested that hypertriglyceridemia [OR= 1.773
(1.396, 2.251)], NAFLD [OR= 2.344 (1.736, 3.165)], hyperuricemia [OR= 1.474 (1.079, 2.012)], and insulin resistance
[OR= 1.948 (1.540, 2.465)] were associated with the higher prevalence of hypertension independent of other metabolic risk
factors in type 2 diabetes. Further studies are needed to focus on these associations.

1. Introduction

Diabetes is one of the most common metabolic disorders
around the world [1]. It is estimated that diabetes affects
382 million people all over the world and this number is

expected to rise to 592 million by 2035 [1]. Hypertension
(HTN) is a common problem in the diabetic population with
estimates suggesting a prevalence exceeding 60% [2]. During
the past decade, there has been an increasing interest in the
relationship between the exposure to type 2 diabetes
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(T2DM) and the development of hypertension (HTN). Many
studies of prevalent hypertension in diabetes have been
reported, and it is well established that people who have dia-
betes may have a higher chance of developing hypertension.
Recently, epidemiological studies indicate that type 2 diabe-
tes mellitus and concomitant hypertension are associated
with high risks of macrovascular and microvascular compli-
cations as well as clinical adverse cardiovascular accident
[3–5]. Although the factors such as excessive caloric intake
and insulin resistance are involved in the pathogenesis of
hypertension in T2DM and these have been targeted for ther-
apeutic intervention [6], however, up to now, the mecha-
nisms facilitating HTN in T2DM individuals are still not
very clear [7]. More research studies are needed to determine
the causes of HTN in T2DM.

Nonalcoholic fatty liver disease (NAFLD) has been
increasing worldwide in the last decades [8, 9] and is occur-
ring in up to 75% among patients with T2DM [10–12].
Recently, it has been suggested that NAFLD could increase
the risk of insulin resistance (IR) and may be involved in
the pathogenesis of cardiovascular disease in T2DM [13, 14].
However, currently, there has been scarce literature on the
study of high metabolic risk of HTN in type 2 diabetes mel-
litus with or without NAFLD. Little is known about the
relationship between NAFLD and HTN in this patient
population [15], which limits the understanding of the rela-
tive crosstalk between NAFLD and the other metabolic risks
contributing to prevalent HTN in T2DM. Taking into
account that NAFLD is the most common chronic liver
disease among patients with T2DM, studying the effects of
NAFLD on the pathogenesis of HTN should be considered
in T2DM with and without NAFLD separately. Therefore,
based on this view, the main aims of this study were to com-
prehensively investigate the associations between NAFLD
diagnosed on ultrasonography and the other metabolic risks
of prevalent hypertension in a large sample of patients with
type 2 diabetes.

2. Materials and Methods

2.1. Study Participants and Data Collection. From September
2013 to March 2014, a total of 9473 local inhabitants aged
over 45 years who lived in Sijing, Shanghai, China, for at least
1 year, which represent the ten rural communities, were
enrolled in this cross-sectional study after written informed
consent. A standard questionnaire was administered by
trained research staff to obtain demographic characteristics,
history of disease, and family history of disease. Lifestyle risk
factors such as smoking status and alcohol consumption
were also assessed. The interview included questions related
to the diagnosis and current treatment of diabetes and
HTN as well as other specific diseases such as hyperuricemia,
dyslipidemia, cardiovascular disease, renal failure, and
hepatic cirrhosis. Throughmultiple screening, after exclusion
of 1140 individuals for whom questionnaire, demographic
information, physical examinations, or fasting plasma glucose
(FPG) or postprandial glucose (PPG) were incomplete, 8333
subjects were left. Subjects who suffered from severe diseases
that could significantly affect blood pressure, such as thyroid

dysfunction, adrenal disorders, and chronic renal failure, were
excluded. Subjects with excessive ethanol (for men, >140 g of
ethanol/week; for women, >70 g of ethanol/week); infec-
tious viral hepatitis; type 1 diabetes or other special types
of diabetes; and lipid-regulating, uric acid-lowering, or
insulin-sensitizing medication were also excluded. Finally,
a total of 7885 subjects, including 1648 T2DM patients,
were included in the final data analysis. This study was
approved by the Human Research Ethics Committee of
Shanghai First People’s Hospital, Shanghai Jiao Tong Uni-
versity School of Medicine (Shanghai, China).

2.2. Anthropometric and Ultrasonography. All subjects were
examined after overnight fasting for at least 10 h. Systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
were measured thrice and were calculated as the mean of
the three measurements. Waist circumference (WC) was
measured midway between the lower costal margin and the
iliac crest, and hip circumference was measured at the level
of maximum extension of the buttocks. BMI was calcu-
lated as body weight in kilograms divided by body height
squared in meters. Waist-hip ratio (WHR) was calculated
as waist circumference divided by hip circumference.
Abdominal ultrasonography was conducted in every subject
with type 2 diabetes.

2.3. Biochemical Measurements. After at least 10 h of over-
night fasting, the participants with no history of diabetes
underwent the oral standard 75 g glucose tolerance test
(OGTT) or standard steamed bread meal test with a self-
reported history of diabetes. Plasma glucose, uric acid
(UA), total cholesterol (TCH), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), and other parameters were
assessed enzymatically by an automatic biochemistry (HITA-
CHI 7600) analyzer. Fasting plasma insulin (FINS), free T3
(FT3), free T4 (FT4), and thyroid-stimulating hormone
(TSH) levels were tested using an electrochemiluminescence
analyzer (Roche Cobas e 601). Glycosylated hemoglobin
(HbA1c) was detected by high-performance liquid chroma-
tography (Hemoglobin Analyzer D-10; Bio-Rad Laboratories
Inc., Shanghai, China).

2.4. Definitions. The prediabetes and diabetes were defined
according to the 2010 ADA Standards for Accessible Design
criteria and classification based on FPG or PPG or on HbA1c
[16]. According to the Seventh Report of the Joint National
Committee (JNC-7) criteria [17], hypertension was defined
as SBP ≥ 140mmHg, DBP ≥ 90mmHg, or with previously
diagnosed hypertension. Overweight was defined as BMI
≥ 25 kg/m2, and obesity was defined as BMI ≥ 30 kg/m2

according to the World Health Organization criteria [18].
Central obesity was defined as waist circumference [19]
of ≥90 cm in men and ≥85 cm in women or WHR
> 0 90 in men and >0.85 in women. The homoeostasis
model assessments for IR index (HOMA-IR) and beta cell
function (HOMA-beta) were calculated using the following
formula: HOMA‐IR= fasting plasma glucose (FPG) (mM)
∗ insulin (mIU/L)/22.5;HOMA‐beta = 20∗ insulin (mIU/L)/
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(FPG (mM)− 3.5)∗ 100%. Individuals with HOMA-IR ≥ 2 8
were considered to be insulin resistant [20]. Hyperuri-
cemia was defined as serum UA > 420μmol/L in men and
>360μmol/L in women, respectively [21]. Hypertriglyceri-
demia was defined as serum triglyceride levels ≥ 1 7mmol/
L [22]. Participants with fatty liver disease were diagnosed
as having NAFLD after exclusion of viral hepatitis and
excessive ethanol intake (for men, >20 g/day; for women,
>10 g/day). NAFLD was ascertained using abdominal ultra-
sonography (US) that revealed a “bright” liver and a diffusely
echogenic change in the liver parenchyma. US images were
inspected by physicians who had no knowledge of the
study objective [23]. Cigarette smoking status was defined
as currently smoking more than one cigarette a day for at
least 6 months. Current alcohol consumption was defined
as more than 1 drink of any type per month [24].

2.5. Statistics. Statistical analyses were performed by utilizing
SAS statistical software 9.2 (SAS Institute Inc., Cary, NC).
Categorical and continuous variables were expressed as
frequency (percentage) and median (interquartile range),
respectively. Differences in clinical characteristics in type 2
diabetes with or without NAFLD were evaluated using χ2 test
for categorical variables or a nonparametric Wilcoxon test
for continuous variables. An unconditional logistic regres-
sion model was employed to estimate the adjusted odds
ratios (ORs) and 95% confident intervals (CIs) of metabolic
parameters with HTN status among T2DM. All statistical
tests were based on two-sided probability. A p value less than
0.05 was considered as significant.

3. Results

3.1. Prevalence of HTN in the Total Subjects with Different
Glucose Metabolic Statuses. To determine whether the preva-
lence of HTN was different in normal glucose tolerance
(NGR), prediabetes, and T2DM groups, all 7885 participants
over the age of 45 years were divided into the three groups
according to the 2010 ADA Standards for Accessible Design
criteria. The prevalence of HTN with different glycemic
statuses was shown in Table 1 (Figure 1). In all the 7885
participants, the prevalence of HTN was 52.7%. However,
the prevalence of HTN in patients with T2DM (n = 1648)
was up to 73.1% which was significantly higher than 51.4%
in the prediabetes group (n = 4046) and 37.8% in the NGR
group (p for trend, <0.001).

3.2. Metabolic Characteristics of Type 2 Diabetes with or
without NAFLD. A total of 1648 patients with type 2 diabetes
were the subject population, out of which 686 (41.6%) were
with NAFLD and 962 (58.4%) were without NAFLD. To
further explore whether NAFLD and the associated meta-
bolic parameters contribute to the pathogenesis of HTN in
T2DM, all type 2 diabetes were divided into two groups
according to with or without NAFLD (Table 2). There were
no significant differences in the indices of gender, smoking,
drinking, and antihypertensive medication between the two
groups, while type 2 diabetes with NAFLD had significantly
higher levels of SBP (p < 0 01), DBP (p < 0 001), waist

circumference (p < 0 001), WHR (p < 0 001), BMI (p < 0 001),
TCH (p < 0 001), TG (p < 0 001), LDL-C (p < 0 001), FPG
(p < 0 001), PPG (p < 0 001), FINS (p < 0 001), HOMA-IR
(p < 0 001), HOMA-beta (p < 0 001), HbA1c (p < 0 001), and
UA (p < 0 001) and had significantly lower levels of HDL-C
(p < 0 001) than that without NAFLD after being adjusted
for age (Table 2).

3.3. Stratified Analysis of the Crosstalk between NAFLD and
the Associated Metabolic Risk Factors of HTN in Type 2
Diabetes. At last, to explore whether NAFLD and the other
anthropometric and metabolic parameters were indepen-
dently associated with HTN, the multiple logistic regression
analysis involving all the significant different parameters in
T2DM with or without NAFLD, such as BMI, WHR,
HOMA-IR, HOMA-beta, FPG, PPG, FINS, lipid profiles,
UA, and central obesity, were performed after univariate
logistic regression analysis. The subjects were divided into
subgroups according to the levels of BMI, WC, WHR, lipid
profiles, serum UA levels, and glycemic and NAFLD status.
We next performed the stratified analysis in the subgroups
(Table 3). The age-related prevalence of hypertension was
57.7%, 72.5%, 82.9%, and 84.4% among subjects aged 45 to
55 years, 55 to 65 years, 65 to 75 years, and over 75 years,
respectively (Table 3). Older age was significantly associated
with the prevalence of HTN. The overall prevalence of
hypertension in T2DM subjects was 73.1%, while concom-
itant with overweight and obesity was up to 78.8% and
86.1%, respectively. Logistic regression analysis indicated
that NAFLD [OR=2.344 (1.736, 3.165)], insulin resistance

Table 1: The prevalence of hypertension in the total participants
including NGR, prediabetes, and type 2 diabetes.

Groups
Total subjects (n = 7885)

χ2 p for trend
NBP HTN

Total 3732 (47.3) 4153 (52.7) 443.975 <0.001
NGR 1153 (62.2) 700 (37.8)

Prediabetes 1966 (48.6) 2080 (51.4)

T2DM 443 (26.9) 1205 (73.1)

NBP, normal BP; HTN, hypertension; NGR, normal glucose tolerance; and
T2DM, type 2 diabetes.
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Figure 1: Prevalence of HTN in NGR, prediabetes, and type
2 diabetes.
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[OR=1.948 (1.540, 2.465)], central obesity [waist circum-
ference, OR=1.921 (1.515, 2.435); WHR, OR=1.534
(1.185, 1.986)], overweight [OR=2.294 (1.785, 2.948)],
obesity [OR=3.572 (2.230, 5.721)], hypertriglyceridemia
[OR=1.773 (1.396, 2.251)], and hyperuricemia [OR=1.474
(1.079, 2.012)], but neither TCH nor LDL-C, were all sig-
nificantly independently associated with the investigated
presence of hypertension in type 2 diabetes after adjust-
ment for sex, age, smoking, drinking, and family history
of hypertension. In multivariate analysis, no significant rela-
tionships were found between FPG, PPG, FINS, HbA1c, FT4,
TSH, and HTN in type 2 diabetes by logistic regression
analysis. Additionally, the level of FT3 was also related to
an increased risk of HTN in type 2 diabetes (Table 3).

4. Discussion

Diabetes is fast becoming a global epidemic disease. Previ-
ous studies have suggested that people with type 2 diabetes
have a higher risk of developing hypertension. The preva-
lence of T2DM and concomitant hypertension is an
increasing prototypical public health problem. Researchers

have recently focused their interest on the pathogenesis of
HTN in diabetes; however, the mechanisms facilitating
hypertension in T2DM individuals have not been investi-
gated thoroughly. Some recent findings suggested that
insulin resistance might be involved in HTN in diabetes.
Recently, extensive studies have found the role of NAFLD
in insulin resistance [25–27]. Coexistence of diabetes,
hypertension, and NAFLD puts people at a higher risk
of developing cardiovascular problems [28, 29]. Up to
now, we were unable to find any published studies to
explore the role of NAFLD in pathogenesis of HTN in a
large type 2 diabetes population in China.

A diagnosis of HTN often occurs immediately after a
patient receives a diagnosis of diabetes. This may be because
that they are more in contact with the extra screening that
follows a diagnosis of diabetes. In this study, to explore
whether the prevalence of HTN is different in different glyce-
mic statuses, all participants were divided into the three
groups including NGR, prediabetes, and type 2 diabetes.
The trend of an increase in the prevalence of hypertension
is much greater in different glycemic metabolic statuses.
The prevalence of HTN in T2DM group was 73.1%, which

Table 2: General demographic and metabolic characteristics of type 2 diabetes, grouped according to with or without NAFLD.

Parameters
Type 2 diabetes (n = 1648)

Statistic∗ p value$
Without NAFLD With NAFLD

Participants, n (%) 962 (58.4) 686 (41.6)

Gender, M, n (%) 482 (50.1) 328 (47.8) 0.727 0.394

Smoking, n (%) 249 (25.9) 163 (23.8) 0.860 0.354

Drinking, n (%) 138 (14.3) 120 (17.5) 3.399 0.065

Antihypertensive medication, n (%) 256 (26.6) 198 (28.9) 2.575 0.107

Age (years) 63.7 (56.9, 71) 59.8 (53.3, 65.2) −8.429 <0.001
Waist circumference (cm) 86 (80, 92) 93 (88, 99) 13.767 <0.001
WHR 0.9 (0.9, 1.0) 0.9 (0.9, 1.2) 7.579 <0.001
BMI (kg/m2) 24.2 (22.2, 26.3) 27.2 (25.4, 29.1) 17.856 <0.001
SBP (mmHg) 142.0 (130.0, 154.7) 144.5 (133.0, 156.7) 2.767 0.006

DBP (mmHg) 77.1 (70.7, 83.3) 81.6 (73.8, 86.0) 9.009 <0.001
TCH (mmol/L) 5.0 (4.5, 5.7) 5.4 (4.8, 6.1) 6.849 <0.001
TG (mmol/L) 1.3 (0.9, 1.9) 2.1 (1.5, 3.1) 16.634 <0.001
HDL-C (mmol/L) 1.5 (1.3, 1.8) 1.4 (1.2, 1.6) −8.940 <0.001
LDL-C (mmol/L) 2.8 (2.3, 3.4) 3.1 (2.6, 3.7) 7.803 <0.001
FPG (mmol/L) 7.1 (6.2, 8.1) 7.4 (6.6, 8.7) 5.549 <0.001
PPG (mmol/L) 13.1 (11.2, 16.5) 14 (11.7, 17.6) 3.815 <0.001
HbA1c (%) 6.2 (5.7, 7.0) 6.6 (6, 7.4) 6.849 <0.001
FINS (mIU/L) 7.1 (4.6, 10.5) 11.9 (8.6, 17.1) 17.378 <0.001
HOMA-IR 2.3 (1.4, 3.5) 4.2 (2.8, 6.2) 17.357 <0.001
HOMA-beta 39.2 (23.3, 61.9) 58.4 (39.3, 88) 11.403 <0.001
UA (μmol/L) 309 (254, 366) 340 (293, 396) 7.771 <0.001
Missing values were excluded.
∗Chi-square value for χ2 test or Z value for the nonparametric Wilcoxon test.
$χ2 test for categorical variables or the nonparametric Wilcoxon test for continuous variables; p adjusted for age.
NAFLD, nonalcoholic fatty liver disease; DM, diabetes mellitus; M, male; WHR, waist-hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; TCH, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
FPG, fasting plasma glucose; PPG, postprandial plasma glucose; HbA1c, hemoglobin A1c; FINS, fasting plasma insulin; HOMA-IR, homeostasis model
assessment for insulin resistance index; HOMA-beta, homeostasis model assessment for beta cell function; and UA, uric acid.
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Table 3: Stratified analysis of NAFLD and the associated metabolic risk factors in type 2 diabetes with or without HTN.

Parameters
Type 2 diabetes (N = 1648)

OR (95% CI)∗
NBP (n = 443) HTN (n = 1205)

Age (years)

45–55 160 (42.2) 218 (57.7) 1

55–65 182 (27.5) 479 (72.5) 1.930 (1.470, 2.533)

65–75 68 (17.1) 330 (82.9) 3.548 (2.522, 4.992)

≥75 33 (15.6) 178 (84.4) 3.852 (2.483, 5.977)

Anthropometric parameters

Waist circumference (cm)

<90 M, <85 F 224 (34.4) 427 (65.6) 1

≥90 M, ≥85 F 207 (22.0) 736 (78.1) 1.921 (1.515, 2.435)

WHR

<0.90 M, <0.85 F 138 (33.8) 270 (66.2) 1

≥0.90 M, ≥0.85 F 305 (24.6) 935 (75.4) 1.534 (1.185, 1.986)

BMI (kg/m2)

<25.0 250 (35.0) 465 (65.0) 1

25.0–30.0 153 (21.2) 569 (78.8) 2.294 (1.785, 2.948)

≥30.0 24 (14.0) 148 (86.1) 3.572 (2.230, 5.721)

Metabolic parameters

HOMA-IR

<2.8 260 (33.0) 529 (67.1) 1

≥2.8 183 (21.3) 676 (78.7) 1.948 (1.540, 2.465)

HOMA-beta 39.9 (22.8, 63.7) 49.8 (30.5, 77.6) 1.010 (1.006, 1.013)

FPG (mmol/L) 7.1 (6.3, 8.2) 7.2 (6.4, 8.4) 1.007 (0.960, 1.057)

PPG (mmol/L) 13.4 (11.3, 17) 13.5 (11.4, 17) 0.996 (0.974, 1.020)

FINS (mIU/L) 7.3 (4.7, 11.4) 9.4 (6.2, 14) 1.008 (0.998, 1.019)

HbA1c (%) 6.3 (5.8, 7.2) 6.4 (5.9, 7.2) 1.014 (0.936, 1.098)

TCH (mmol/L)

<4.5 92 (24.8) 279 (75.2) 1

≥4.5 351 (27.5) 925 (72.5) 0.843 (0.634, 1.121)

TG (mmol/L)

<1.7 277 (30.3) 638 (69.7) 1

≥1.7 166 (22.7) 566 (77.3) 1.773 (1.396, 2.251)

HDL-C (mmol/L)

<1.04 39 (24.5) 120 (75.5)

≥1.04 404 (47.8) 1084 (72.9) 0.742 (0.500, 1.102)

LDL-C (mmol/L)

<2.6 149 (27.6) 391 (72.4) 1

2.6–3.4 172 (26.3) 482 (73.7) 1.115 (0.851, 1.461)

≥3.4 122 (26.9) 331 (73.1) 1.104 (0.818, 1.491)

UA (μmol/L)

≤420 M, ≤360 F 375 (28.7) 934 (71.4) 1

>420 M, >360 F 68 (20.1) 270 (79.9) 1.474 (1.079, 2.012)

Thyroid function

FT3 (pmol/L) 4.9 (4.5, 5.4) 5.0 (4.5, 5.4) 1.211 (1.020, 1.437)

FT4 (pmol/L) 15.8 (14.4, 17.2) 15.8 (14.5, 17.4) 1.019 (0.973, 1.067)

TSH (mIU/L) 2.1 (1.4, 3.0) 2.2 (1.6, 3.1) 0.995 (0.966, 1.024)
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was significantly higher than 51.4% in prediabetes and 37.8%
in NGR. The prevalence of HTN in patients with prediabetes
which is a high-risk state for development of diabetes was
higher 1.36 times than that of NGR. It was concluded that
patients with prediabetes or diabetes were with higher risk
to have HTN. These emerging high cardiovascular risk
patients should be the focus in community-based blood pres-
sure management programs.

Accumulating evidence suggested a bidirectional interac-
tive influence of NAFLD and IR [30]. IR, a key factor in the
development of the metabolic syndrome, is another signifi-
cant metabolic risk in the pathogenesis of HTN. NAFLD,
which by itself is a risk factor for the activation of inflamma-
tion pathways, shares many predisposing metabolic risk fac-
tors with IR. In our study, to further explore whether NAFLD
and the other metabolic parameters contribute to prevalent
HTN in T2DM, a total of 1648 subjects with type 2 diabetes
were divided into two groups according to with or without
NAFLD. We found that T2DM patients with NAFLD had
significantly increased levels of SBP and DBP than T2DM
patients without NAFLD. Because carrying more weight in
the abdomen has been linked to IR [31] and NAFLD, the
waist circumference and waist-to-height ratio were also eval-
uated in our study. The results also suggested that the type 2
diabetes with NAFLD had significantly higher levels of waist
circumference, WHR, BMI, TCH, LDL-C, FPG, PPG, FINS,
HOMA-IR, HOMA-beta, and HbA1c and had significantly
lower levels of HDL-C than in those without NAFLD after
being adjusted for age. All these factors are established as risk
factors or protective factors for HTN in T2DM.

Apart from these shared risk factors, the hyperuricemia
and hypertriglyceridemia are the other proposed underlying
mechanisms of insulin resistance suggested to explain the
links between NAFLD and HTN [32–34]. Recently, concerns
have been given to the relationships between hyperuricemia,
inflammation, and development of NAFLD [35]. Further-
more, elevation of serum UA level has been identified as
the predictor for NAFLD and inflammation as well as insulin
resistance syndrome. Consistent with these findings, our
study found that serum UA and TG levels were significantly
higher in T2DM patients with NAFLD, as compared with the
T2DM without NAFLD. Our findings were supported by
another large population study which showed that prevalence

of NAFLD was elevated in participants with hyperuricemia
[36]. We tentatively put forward that hepatic disease of
NAFLD and hyperuricemia may play important roles in
HTN and insulin resistance by influencing the associated
inflammatory pathways. Therefore, T2DM patients with
NAFLD or hyperuricemia should be paid more attention to
the early and the timely blood pressure management [37, 38].

Patients with insulin resistance are at increased risk of
HTN in type 2 diabetes. Insulin resistance is a characteristic
feature of diabetes, obesity, and NAFLD, which is character-
ized by the decreased tissue sensitivity to the biological effect
of insulin and leading to compensatory insulin releasing.
Nonetheless, there is limited data about the interaction
between insulin resistance and NAFLD on the pathogenesis
of HTN. In addition, IR seems to be related to the anatomical
distribution of fat. Our study did find that the risk of preva-
lence of HTN in T2DM with central obesity according to
waist circumference increased by 1.92 times than that of
the controls. In the present study, in order to investigate
whether the NAFLD was independently associated with
the related metabolic risks, anthropometric parameters,
and HTN, we next performed the stratified unconditional
logistic regression analysis. The subjects were divided into
subgroups according to the BMI, WC, WHR, lipid profiles;
serum UA levels; glucose metabolic statuses; and NAFLD.
Logistic regression analysis indicated that NAFLD, hyper-
uricemia, central obesity, hypertriglyceridemia, and older
age, as well as insulin resistance were all significantly inde-
pendently associated with the investigated presence of
HTN in type 2 diabetes after adjustment for sex, age,
cigarette smoking, and drinking.

The literature about the relationship between NAFLD,
hyperuricemia, and HTN remains scant. In our study, the
level of serum UA was the factor most strongly and indepen-
dently correlated with hypertension in T2DM. The risks of
prevalence of HTN increased by 1.474 times with hyperurice-
mia and 2.344 times with NAFLD in type 2 diabetes, respec-
tively. These results indicated that there was a need for better
understanding of the crosstalk effects between NAFLD,
hyperuricemia, and HTN in diabetes. Two very recent studies
reported [39, 40] that the higher free thyroxine levels were
associated with a decreased risk of NAFLD. In our study,
the higher T3 levels were related to an increased risk of

Table 3: Continued.

Parameters
Type 2 diabetes (N = 1648)

OR (95% CI)∗
NBP (n = 443) HTN (n = 1205)

Liver disease

Without NAFLD 296 (37.5) 494 (62.5) 1

With NAFLD 147 (21.5) 536 (78.5) 2.344 (1.736, 3.165)
∗Adjustment of sex, age, smoke, drinking, and family history of hypertension.
Bold values were used to indicate the significant results (p < 0 05).
NBP, normal BP; HTN, hypertension; M, male; F, female; WHR, waist-hip ratio; BMI, body mass index; HOMA-IR, homeostasis model assessment for insulin
resistance index; HOMA-beta, homeostasis model assessment for beta cell function; FPG, fasting plasma glucose; PPG, postprandial plasma glucose; FINS,
fasting plasma insulin; HbA1c, hemoglobin A1c; TCH, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; UA, uric acid; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; and NAFLD, nonalcoholic fatty
liver disease.
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HTN in type 2 diabetes. Taken together, these results sug-
gested that FT3 was associated with an increased HTN risk
independent of NAFLD in type 2 diabetes.

Hence, our results suggested that NAFLD, hyperurice-
mia, and insulin resistance could interact to concomitantly
influence hypertension status and their combinations are
most strongly associated with HTN in T2DM. Given these
findings, prospective studies are required to clarify the
causal associations of NAFLD and UA with HTN in type
2 diabetes. Therefore, in type 2 diabetes, combined inter-
vention involving lipid-adjusting, uric acid-lowering, and
insulin-sensitizing medication will more effectively lead to
improvement in blood pressure, NAFLD, and glucose
metabolism than either intervention alone.

Our study should be evaluated with some limitations.
First, its cross-sectional design provided weak evidence of
causality between NAFLD and associated risk factors of
HTN in T2DM. Furthermore, the results of single-center
study cannot be generalized to the overall Chinese T2DM
population. Therefore, although we found that NAFLD, IR,
and hypertriglyceridemia as well as hyperuricemia are associ-
ated with a higher prevalence of hypertension independent of
the other metabolic risk factors in T2DM, it is still hard to be
sure of any causal direction. Furthermore, multicenter cross-
sectional and prospective cohort studies were needed to
validate the associations.

5. Conclusion

We investigate the prevalence of hypertension in type 2
diabetes with or without NAFLD and examine whether
NAFLD and the associated metabolic risk factors contribute
to the pathogenesis of HTN in T2DM. The prediabetes and
T2DM subjects had a higher prevalence of HTN. IR, TG,
and UA as well as NAFLD might be independent risk factors
for HTN in T2DM. These data suggested that the associa-
tions between NAFLD, HTN, IR, and hyperuricemia in
T2DM are likely to be bidirectional. In conclusion, we
described that NAFLD play an important role in the patho-
logical mechanisms of HTN in T2DM. The reasonable
management of NAFLD aimed to adjust hyperuricemia,
hypertriglyceridemia, and IR might be beneficial in the
pathogenesis of hypertension in type 2 diabetes. Further
long-term cohort multicenter studies on a large scale will be
necessary to verify and clarify the findings in this study in
the future.
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Coronary artery disease (CAD) is a common complication of type 2 diabetes mellitus (T2D). This case-control study was done to
identify metabolites with different concentrations between T2D patients with and without CAD and to characterise implicated
metabolic mechanisms relating to CAD. Fasting serum samples of 57 T2D subjects, 26 with (cases) and 31 without CAD
(controls), were targeted for metabolite profiling of 163 metabolites. To assess the association between metabolite levels
and CAD, partial least squares (PLS) analysis and multivariate logistic regression analysis with adjustment for CAD risk
factors and medications were performed. We observed a separation of cases and controls with two classes of metabolites
being significantly associated with CAD, including phosphatidylcholines, and serine. Four metabolites being independent
from the common CAD risk factors displaying best separation between cases and controls were further selected. Addition
of the metabolite concentrations to risk factor analysis raised the area under the receiver-operating-characteristic curve
from 0.72 to 0.88 (p = 0 020), providing improved sensitivity and specificity for CAD classification. Serum phospholipid
and serine levels independently discriminate T2D patients with and without CAD. Oxidative stress and reduced
antioxidative capacity lead to lower metabolite concentrations probably due to changes in membrane composition and
accelerated phospholipid degradation.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a complex metabolic
disorder which is characterised by abnormal hepatic glucose
production, insulin resistance, and impaired pancreatic
insulin secretion [1, 2]. Chronic hyperglycaemia in T2DM
is associated with both microvascular and macrovascular
complications [3], and T2DM is a risk factor for coronary
macrovascular disease, autonomic dysfunction, heart failure,
and coronary microvascular disease [4].

Coronary artery disease (CAD) is the most common
macrovascular complication of cardiovascular disease with
an estimated prevalence of 6.9% in men and 6% among
women [5]. In 2012, an estimated number of 17.5 million
people died from CVDs, accounting for 31% of all global
deaths. Of these, an estimated 7.4 million were death due
to coronary heart disease. Patients with diabetes mellitus
experience a two- to fourfold increased risk of developing
CAD or peripheral artery disease (PAD) when comparing
with nondiabetic controls [6, 7]. Moreover, associated
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comorbidities of diabetes mellitus (CAD and hypertension)
and metabolic disorders (hyperglycaemia, dyslipidaemia)
can contribute to the alteration in diastolic and systolic
myocardial function [8]. The underlying mechanism(s)
behind the more probable development of coronary macro-
vascular complications (e.g., CAD and PAD) is still not fully
understood. There are several recognised risk factors for
CAD, many of them being of metabolic nature [9, 10]. These
risk factors include mainly age, gender, BMI, HbA1c, diabe-
tes duration, blood pressure, lipids, brain natriuretic peptide
(BNP), and albumin. However, the mechanism(s) cannot be
fully explained by the interaction of these risk factors [11].
Besides these well-known risk factors, glycerophospholipids
and sphingolipids which are mainly associated with lipopro-
tein particles contribute to atherogenesis and thus account
for the elevated risk of CAD [12, 13]. With the complete
mechanistic understanding, individuals being at the highest
risk of cardiovascular events could be identified and the
progression might be prevented [9, 10, 14, 15].

In search for biomarkers or algorithms predicting the risk
of developing cardiovascular disease (CVD), new technolo-
gies are applied and screening tools including multifaceted
parameters are made available [10, 16–19]. Metabolomics is
part of the “omics” research primarily related to the high-
throughput identification and quantification of endogenous
and exogenous small-molecule metabolites (<1.5 kDa) within
a biologic system [20]. The analysis of these metabolites in
body fluids like serum and plasma can be used as a promising
tool in the diagnostic of diseases [15, 21]. Thus, changes in
metabolite profiles are potential sources of biomarkers in
terms of reporting alterations in the body due to a disease
or drug therapy [14, 22, 23]. For instance, several studies
investigated metabolite profiles of subjects with CAD and
without CAD, reporting significant differences in acylcarni-
tines and amino acid concentrations between those two
groups of patients [9, 10, 17, 24]. However, these studies did
not analyse other classes of metabolites, such as phosphati-
dylcholines and sphingomyelins which play an important
role in membrane function [25], activation of enzymes, and
cellular signal transduction [26]. There are only a few studies
reporting differences in levels of phosphatidylcholines and
sphingomyelins [27–30], though not all subjects were T2D
patients in those studies.

Moreover, there were several studies giving evidence that
metabolites are heritable in mice [31]. Shah and colleagues
strengthened this fact by demonstrating the heritability of
the metabolite profiles in human families with early onset
of CAD [32]. This could give a hint that CAD could be medi-
ated through metabolites to some extent such as acting as
regulatory signal in the control of blood pressure. These
metabolic “markers” could give information on involved
metabolic pathways which are affected by the disease and
help to identify individuals at high risk of the disease
and help to optimise screening procedures for the disease
as well as for the late complications [14].

In this study, we characterised 163 metabolite concen-
trations (acylcarnitines, amino acids, phosphatidylcholines,
and sphingomyelins) of 57 patients with T2D, including 26
cases with complications of CAD. Our goals were twofold.

First, we wanted to identify circulating metabolites dis-
criminating individuals with and without CAD. Second, we
aimed at characterising potential molecular mechanisms
related to CAD.

2. Material and Methods

2.1. Study Population. The participants of this study were
selected from inpatients at the Herz- und Diabeteszentrum
Nordrhein-Westfalen (HDZ NRW) in Bad Oeynhausen after
written informed consent. The study cohort included 61
patients who were diagnosed with T2DM according to actual
guidelines of the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD).
All patients were in fasting state at sampling. Four patients
had to be excluded as three of them were reclassified as
having type 1 diabetes during recruitment and one having
diabetes because of total pancreatectomy. Overall, data on
57 patients with T2DM was available for the analysis.

All patients received oral antidiabetic medication which
included the use of either DPP-4 inhibitors (sitagliptin,
vildagliptin), sulfonylureas (glimepirides, glibenclamide),
thiazolidinediones (pioglitazone), biguanides (metformin),
GLP-1-analogon (exenatide), fast or long acting insulin, or
a combination of them. Insulin was set as leading compound
for classification on treatment as oral alone (oral antidiabetic
agent intake) or oral + insulin and insulin alone (insulin
therapy). As further medication, patients were taking
compromised antihypertensives (β-blocker, ACE inhibitors,
angiotensin II receptor antagonists, and anticoagulants) and
lipid-lowering agents (statins, fibrates). A case-control study
design was chosen to compare differences in metabolite con-
centrations and CAD. Thus, the participants were divided
into two groups according to having had a CAD in the past
or not. Participants qualified for the CAD group if they had
the diagnosis of a clinical vascular disease in at least one ves-
sel defined as a history of myocardial infarction, or a history
of coronary, carotid, or peripheral artery revascularisation, or
a history of myocardial ischaemia by an exercise stress test, or
a history of myocardial ischaemia with any cardiac imaging.
Standardised examinations and tests were applied to the study
participants including clinical biochemistry and detailed
investigation of further heart diseases or other complications
according to current medical guidelines.

2.2. Sampling. Blood was drawn after an overnight fast
(at least 8 hours) in the morning. Within 20min after sam-
pling, blood was centrifuged (3000×g, 4°C, 10min) for serum
collection, flash-frozen, and stored at −80°C until analysis.

2.3. Targeted Metabolomics Measurements. Metabolite detec-
tion and quantification was conducted in the Metabolomic
Platform of the Genome Analysis Center, Helmholtz Zentrum
München, using flow injection analysis triple quadrupole
mass spectrometry (FIA-MS/MS) and the AbsoluteIDQ™
p150 Kit (Biocrates Life Science AG, Innsbruck, Austria).
Out of 10 μL serum, 163 metabolites have been quantified,
including free carnitine, 40 acylcarnitines, 14 amino
acids, hexoses (sum), 15 lysophosphatidylcholines, 77
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phosphatidylcholines, and 15 sphingolipids. A detailed
description of the assay procedures and nomenclature
have been published previously [33, 34].

Each metabolite had to fulfil the following three criteria
to assure data quality [35, 36]: (1) average value of the coeffi-
cient of variance (CV) for the metabolite in the three quality
controls < 25%, (2) 90% of all measured sample concentra-
tions for the metabolite above limit of detection (LOD), and
(3) correlation coefficient between two duplicate measure-
ments of the metabolite in 144 reanalysed samples > 0 5.
Out of the 163 measured metabolites, 131 finally passed the
quality controls which resulted in a dataset including the
sum of hexoses (H1), 14 amino acids (AA), 24 acylcarnitines
(AC), 13 SMs, 34 diacyl PCs (PC aa), 37 acyl alkyl PCs
(PC ae), and 8 lysoPCs.

2.4. Statistical Analyses. The statistical analyses were per-
formed using the statistical package R (version 3.3.1,
http://www.r-project.org).

Descriptive characteristics are given as mean± standard
deviation (SD) (Table 1). Clinical characteristics of the study
participants were tested for significant difference using a
nonparametric Mann-Whitney U test. A p value smaller than
0.05 was considered as statistically significant.

For all analyses, to ensure comparability between dif-
ferent metabolite levels, the concentrations of metabolite
were natural-log transformed and standardized (mean=0
and SD=1) [37].

Partial least squares discriminant analysis (PLS-DA) was
applied to separate T2D patients with different T2D medica-
tion (i.e., insulin treatment and oral antidiabetic agents) as
well as the status of CAD.

Logistic regression analysis was conducted to assess the
differences in metabolite profiles discriminating indepen-
dently between subjects with CAD and subjects without
CAD. For adjustment in differences in baseline characteris-
tics, variables were chosen based on prior considerations of
their clinical relevance with respect to the risk of cardiovas-
cular events (CAD or CHD). Each metabolite was assessed
individually. To include potential confounders, we adjusted
for two sets of covariates: (1) age and sex as the crude model;
(2) age, sex, BMI, HbA1c, diabetes duration, triacylglycerols
(TG), LDL :HDL cholesterol ratio, systolic blood pressure
(SBP), diastolic blood pressure (DBP), albumin concentra-
tions, medication other than antidiabetic agents (i.e., antihy-
pertensives, lipid-lowering agents), and eGFR [38] as full
model. Oral antidiabetics and insulin were not included,
because both therapeutic regimens are equally distributed
throughout the groups. Smoking, alcohol use, and family
history of heart disease could not be used as predictor
variables due to lack or weakness of self-reported data.

Metabolites were selected by applying logistic regression
analysis, random forest, and a stepwise selection of logistic
regression methods. First, metabolites were selected if they
met the two following criteria: (1) significant in logistic
regression for every metabolite with adjustment for all

Table 1: Characteristics in patients with T2D under antidiabetic therapy (stratified by CAD status; CAD= cases, non-CAD= controls).

Characteristic
CAD
n = 26

Non-CAD
n = 31 p valuea

Age (years) 70.0± 9.9 55.1± 13.2 1.01E-04

Males/females (n/n) 20/6 18/13

BMI (kg/m2) 31.4± 4.3 36.3± 8.7 0.054

Diabetes duration (years) 18.0± 12.7 11.5± 7.6 0.065

HbA1c (%) 7.81± 1.20 8.85± 1.80 0.156

Proinsulin (pmol/l) 14.7± 19.2 13.3± 7.4 0.146

C-peptide (pmol/l) 1519.2± 1202.9 1473.5± 939.0 0.654

SBP (mmHg) 129.5± 13.2 129.4± 13.8 0.949

DBP (mmHg) 70.5± 12.6 77.4± 10.4 0.013

TG (mg/dl) 215.2± 156.3 205.8± 141.2 0.423

Total cholesterol (mg/dl) 167.5± 39.4 189.1± 35.5 5.84E-03

HDL cholesterol (mg/dl) 38.6± 8.9 45.7± 24.8 0.251

LDL cholesterol (mg/dl) 95.1± 27.3 111.3± 35.7 0.018

Albumin (mg/l) 16.4± 36.6 25.9± 39.1 0.082

Creatinine (mg/dl) 1.33± 0.52 1.07± 0.50 0.012

Urea (mg/dl) 61.6± 42.5 42.9± 18.8 0.037

GFR (ml/min) 60.4± 23.2 79.8± 29.5 9.21E-03

Creatine kinase (U/l) 128.8± 79.3 174.4± 172.7 0.642

CRP (mg/dl) 1.51± 2.66 2.12± 4.84 0.438

Lp(a) (mg/dl) 22.8± 31.8 40.0± 51.7 0.494

BNP (pg/ml) 136.5± 178.5 30.9± 30.6 4.68E-06

Data shown as mean ± SD.
ap value for comparing patients with CAD and without CAD using Mann-Whitney U test.

3International Journal of Endocrinology

http://www.r-project.org


variables and (2) significant for the 30 most important
variables in random forest method where all 131 metabolites
and the variables served as covariates. Second, the chosen
metabolites were again selected with a stepwise selection
of logistic regression according to the Akaike information
criterion (AIC). The procedure was performed 100 times,
and metabolites that were chosen at least 40 times were kept
as the final markers.

To assess the logistic models for classification of cases
and controls by a different set of markers (clinical markers,
metabolite markers, and both kinds of markers), receiver
operating characteristic (ROC) analysis with leave one out
(LOO) cross-validation was conducted. LOOmethod ignores
one observation while using the model fitted to the remaining
observations to compute the predicted probability for the
ignored observation. The cross-validation, drawing of ROC
curve, and calculation of the area under the curve (AUC) were
performed in R using package bootstrap and ROCR [39],
respectively. The different model fits were compared by a
likelihood ratio test.

3. Results

3.1. Characteristics of Study Population. The CAD cases and
controls were well matched (Table 1). Thus, the characteris-
tics for clinical parameters between CAD cases and controls
were similar as they did not show significant differences in
diabetes duration, BMI, HbA1c, proinsulin, C-peptide, SBP,
TG, HDL cholesterol, albumin, creatine kinase, CRP, and
Lp(a) (p > 0 05). However, CAD cases were about 15 years
older and included fewer females than controls (Table 1).
Values for creatinine, urea, and BNP were significantly
higher, and levels for DBP, total cholesterol, LDL cholesterol,
and glomerular filtration rate (GFR) were significantly
lower in CAD patients compared with patients without
CAD (p < 0 05). However, patients with CAD tended to
show a longer duration of type 2 diabetes and a smaller
BMI compared to patients without CAD (p < 0 10). The
use of oral agents was similar in both groups (six patients
with CAD versus 11 patients without CAD), and patients
in both groups were more often treated with insulin (20
patients with CAD versus 20 patients without CAD). In
the group of CAD patients, lipid-lowering agents and
antihypertensives were more often prescribed compared to
non-CAD patients.

3.2. Differences in Metabolite Profiles Revealed by Partial
Least Squares Discriminant Analysis. Partial least squares
discriminant analysis (PLS-DA) showed a separation of the
subjects in two groups (Figure 1): patients with CAD had
lower metabolite levels compared to patients without CAD.
Considering the sex of the patients, males and females did
not show distinct differences in both cases and controls.
Moreover, with regard to medication intake, a weak separa-
tion could also be observed. In both CAD cases and controls,
the metabolite concentrations were lower and accordingly
higher in patients treated with insulin compared to patients
receiving oral antidiabetic medication.

3.3. Identification of Significantly Associated Metabolites with
CAD. To further investigate the independent association of
metabolites and CAD, multivariate logistic regression analy-
sis was performed for each of the 131 metabolites with
adjustment for CAD risk factors, including age, sex,
BMI, HbA1c, diabetes duration, TG, LDL :HDL ratio, lipid-
lowering agents, SBP, DBP, antihypertensives, albumin, and
eGFR. We found 16 metabolites from three different classes
of metabolites (1 AA, 11 PCs, and 4 SMs) which significantly
differed between subjects with and without CAD (p < 0 05) in
the crude logistic regression model, for example, PC aa C36:1
(38.95± 9.40μM versus 50.84± 12.23μM, p = 0 020) and ser-
ine (99.92± 20.37μM versus 86.05± 18.89μM, p = 0 045)
(see Table S1 in Supplementary Material available online
at https://doi.org/10.1155/2017/7938216). For all metabo-
lites, patients with CAD had lower levels compared to those
without CAD (Table S1). In the full model, nine metabolites
were found significantly associated with CAD (Table S2).
Model fit information on coefficients, SEs, and p values
for the final full model for the 9 significantly related
metabolites is provided in Table S3. In addition, we subse-
quently employed two additional statistical methods, the
nonparametric random forest and the parametric stepwise
selection, to identify the most significant biomarker candi-
dates. The metabolite selection revealed four metabolites
(C0, serine, PC aa C36:1, and PC aa C38:3) showing the
most significant (p < 0 05) association with CAD (Table 2).
For the four selected metabolites, boxplots were drawn to
graphically demonstrate the differences in the metabolite
concentrations between CAD cases and controls (Figure 2).

3.4. Assessment of Model Fit and ROC Curves. In order
to assess the performance of the chosen model to the
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Figure 1: CADpatients separated fromnon-CAD subjects. PLS-DA
(partial least squares discriminant analysis) results are shown.
Subjects with CAD are depicted in yellow and subjects without
CAD in blue; medication intake is displayed as insulin therapy
(circle) or oral antidiabetic agent intake (triangle); sex differences
are highlighted in the size of the symbols: females (larger) and
males (smaller).
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data, a ROC curve was calculated (Figure 3). For this, two
different models were compared: (1) a model including the
clinical covariates only and (2) a model with the com-
bination of the four selected metabolites and the clinical
variables. The model with the clinical variables showed a

moderate discriminative capability (AUC=0.72). Both the
true and false positive rate improved when adding the
four metabolites to the clinical model (AUC=0.88), con-
firming the good performance of the chosen model to
the data (p = 0 020).

Table 2: ORs for the selected metabolites using logistic regression analysis in 57 T2D patients. Independent variables used in multiple logistic
regression analysis: sex, age, BMI, HbA1c, diabetes duration, SBP, DBP, antihypertensive, triacylglycerols, LDL :HDL ratio, lipid-lowering
agents, albumin, and eGFR. ORs are presented as change in concentrations per one SD.

Metabolite
CAD

Mean± SD
Non-CAD
Mean± SD OR (95% CI) p value

C0 52.17± 15.94 42.46± 11.72 6.97 [1.70; 61.93] 0.026

Serine 86.05± 18.89 99.92± 20.37 0.15 [0.01; 0.70] 0.045

PC aa C36:1 38.95± 9.40 50.84± 12.23 0.16 [0.02; 0.60] 0.020

PC aa C38:3 48.11± 13.40 64.26± 16.64 0.21 [0.04; 0.81] 0.045
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Figure 2: Boxplots of the four identified CAD-specific metabolites. The continuous horizontal line is the median. The lower boundary of the
box represents the 25th percentile, and the other boundary represents the 75th percentile. Whiskers above and below the box represent the
95th and 5th percentile.
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4. Discussion

We examined the metabolic profiles of type 2 diabetic
patients either having a history of CAD or not. Although
the number of 57 subjects was rather small, we could demon-
strate that serummetabolic profiles were independently asso-
ciated with CAD after adjustment for multiple clinical
covariates. Würtz et al. published results of an NMRmetabo-
lomics approach on three population-based cohorts (The
National FINRISK Study, Southall and Brent Revisited
(SABRE) Study, and British Women’s Heart and Health
Study) revealing elevated concentrations of phenylalanine
and monounsaturated fatty acids and lower concentrations
of omega-6 fatty acids and docosahexaenoic acids as being
associated with a higher future risk of a cardiovascular
event [10]. Our approach was not by NMR but by flow injec-
tion analysis mass spectrometry; thus, we identified rather
small components in contrast to metabolic intermediates.
Recently, Sutter et al. analysed the lipidome of CAD patients
in comparison to acute MI patients and healthy controls and
identified a series of glycerophospholipids and sphingolipids
as being lower in the CAD and MI group compared to
healthy controls. Furthermore, they were able to prove that,
within a group, statin therapy does not influence the level
of the glycerophospholipid and sphingolipid profile [30].
Nevertheless, we included HDL : LDL ratio and presence of
lipid-lowering substances of any kind to our regression
model. By using plasma lipidomics, Meikle et al. found

reduced plasmalogen levels in patients with stable and unsta-
ble CAD including a 30% of diabetics patients in the CAD
groups, confirming the concept of these metabolites being
involved in the clinical setting of CAD [40].

We found nine metabolites being significantly different
in type 2 diabetic patients with CAD compared to those with-
out CAD after adjustment for multiple clinical covariates,
comprising free carnitine, seven PCs, and serine. Subsequent
metabolite selection using random forest and stepwise selec-
tion analysis revealed four metabolites (C0, serine, PC aa
C36:1, and PC aa C38:3) being the most significantly differ-
ent between cases and controls. Optimal composition and
content of both classes of phospholipids, including PCs,
phosphatidylethanolamines (PEs), lysoPCs, and PE-based
plasmalogens, are of tremendous importance for maintaining
cellular integrity and optimal membrane function [25]. They
act in the activation of enzymes, and they are involved in
biological signal transduction across the membrane [41].
To this regard, metabolic products of those phospholipids
may serve as second messenger in the regulation of cellular
function [26]. In addition, phospholipids are highly relevant
in key processes such as cell survival, inflammation, and oxy-
gen stress, which are key drivers of vascular diseases [42, 43].
Variations in the content and composition of phospholipids
in the membrane are proposed to be associated with cardiac
disorders and heart failure as they are related to membrane
damage [44]. Phospholipids are metabolised in the heart,
and their metabolisation is higher in T2D. Thus, CAD even
lowers the free PC content.

There is evidence that changes in circulating phospho-
lipid levels might be associated with the pathology of T2D,
dyslipidaemia, and cardiovascular disease [30, 45, 46]. For
this reason, changes in serum phospholipid levels may be
linked to cardiac dysfunction resembling alterations in their
biosynthesis and degradation due to membrane defects.

4.1. Phosphatidylcholines. Phosphatidylcholines are the deter-
minant phospholipids in the mammalian heart. They are
synthetised via the cytidine diphosphate (CDP) pathway
which requires choline and consists of three enzymatic
steps [47]. The phosphatidylcholine biosynthesis is regulated
by the uptake of choline, energy status of the target tissue,
and the modulation of rate-limiting enzymes [48]. Our study
showed that several phosphatidylcholines were lower in type
2 diabetic subjects with CAD. These findings suggest that the
myocardial membrane was damaged resulting in alterations
in phospholipid content and composition. To compensate
this defect, phosphatidylcholines are uptaken from circula-
tion in an increased way and serum phosphatidylcholine
levels get lower. This is in accordance with the results of
Lin and colleagues who reported lower circulation levels of
PC 16:0 and PC 18:2 in patients with silent myocardial
ischaemia as a consequence of coronary heart disease closely
linked to CAD. They justified the lower phosphatidylcholine
levels as a result of insufficient supply of ATP and CTP
which is coherent with the reduced production of energy
in T2D. Furthermore, they observed changes in the mem-
brane, concluding that these alterations originated from
ischaemia which caused changes in myocardial enzymes
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Figure 3: Comparison of sensitivity and specificity with and
without the four metabolites. ROC curves and measures of model
fit (AUC) are presented for (1) model with clinical parameters (sex,
age, BMI, HbA1c, diabetes duration, SBP, DBP, antihypertensives,
TG, LDL :HDL ratio, lipid-lowering agents, albumin, and eGFR;
dashed line) and (2) model combining the four selected metabolites
and the clinical model (solid line).
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leading to cell membrane damage [28]. Bodi et al. also
reported a decrease in fatty acids after ischaemia and a trend
towards a downregulated extraction of fatty acids immedi-
ately after ischaemia [49]. Low levels of PC plasmalogens
have been shown to be associated with oxidative stress,
which is common in diabetes and pronounced in diabetes
plus CAD [50]. Moreover, significant reductions in choline-
containing compounds suggesting a kind of “ischaemic
memory” were detected [49]. This might explain the lower
levels of phosphatidylcholines in our CAD group.

4.1.1. Serine. Although being a nonessential amino acid,
serine is of importance in various biosynthesis pathways like
glycine, cysteine, and tryptophan generation, as well as
phosphoglyceride-synthesis. Serine is essential in the delivery
of C1 fragments in the tetrahydrofolate metabolism. Serine is
involved in purine and pyrimidine metabolism as well as in
immune reactivity in terms of production of immunoglobu-
lins and antibody synthesis. Besides these functions, serine
and threonine are hot spots for O-linked β-N-acetylglucosa-
mination [51]. Endo et al. were able to show that increased
oxidative stress is associated with increased levels of serine
in a mouse model being tolerant to increased oxidative
stress by manipulating aldehyde dehydrogenase 2 function.
Increased serine concentrations are thus in close relation
to protect from increased oxidative stress, which in turn is
enhanced by high glucose concentrations [52]. Whether the
decreased serine concentrations detected in our CAD cohort
are in relationship to a decreased reserve of antioxidative
capacity or decreased phospholipid synthesis needs to be
evaluated in future studies.

4.2. Strengths and Limitations. The limitation of the present
study is limited sample size; thus it is not possible to ade-
quately confirm and retrospectively explore subgroups; the
study is set up as an explorative approach to identify
metabolites being associated with CAD in diabetes.
Further investigation in larger samples or cohorts—even
prospectively—will provide the detection of more subtle
metabolic changes and sufficient precision in the estimates
of the utility of each marker to allow for appropriate relative
weighting of each component. Furthermore, we did not
include patients with acute coronary syndrome. Because of
the long recovering period our patients experienced, changes
in other metabolite profiles, such as in levels of acylcarnitines
or branched chain amino acids as recently associated with
CAD by Shah and colleagues, could be neutralised [9].

The strengths of our study are as follows: (1) we have
taken great care to evaluate clinical CAD confounders by
using a robust clinical model with adjustment for lipids,
medication, and kidney function amongst others. (2) We
used a high-throughput molecular technology, allowing the
detection of various different metabolites. Despite that, the
quantification of the serum concentrations of these metabo-
lites needs specialised centres and many laboratories might
not have these capabilities [24]. Apart from that, the
metabolite profiles show an interindividual and biological
variability by race and other demographics [11], for example.
Although investigations of determinants of this variability

are ongoing, multiple measurements over time may be
needed to improve the accuracy of the exact measure of
the metabolite concentrations. In addition, sampling specific
tissues would be an advantage as they serve as proximal
sources of metabolites, enables the localisation of metabolic
changes, and may help to gauge the sensitivity and specificity
of the signature of metabolic profiles in serum. However, this
would be difficult to conduct as this is an invasive procedure.

5. Concluding Remarks

In summary, our findings provided evidence that serum
phospholipid levels as well as serine levels independently
changed in the presence of CAD. Oxidative stress, which is
increased in T2D, leads to profound changes in the content
and composition of biological membranes and accelerated
phospholipid degradation, resulting in lower metabolite
levels of PCs and serine. These findings may help to better
understand underlying mechanisms of disease, improve
stratification of patients at high risk, and optimise screening
and diagnosis for the disease and complications. However,
this work has to be considered as a pilot for future studies.
Accordingly, the performance of more and larger scale
metabolomics studies in a prospective setting will help to
confirm our findings and to identify new biomarkers for
cardiovascular disease.
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Coronary heart disease (CHD) and stroke are common complications of type 2 diabetes mellitus (T2DM). We aimed to explore
the differences in the risks of CHD and stroke between Chinese women and men with T2DM and their association with metabolic
syndrome (MS).This study included 1514 patients with T2DM.The Asian Guidelines of ATPIII (2005) were used for MS diagnosis,
and the UKPDS risk engine was used to evaluate the 10-year CHD and stroke risks. Women had lower CHD risk (15.3% versus
26.3%), fatal CHD risk (11.8% versus 19.0%), stroke risk (8.4% versus 10.3%), and fatal stroke risk (1.4% versus 1.6%) compared with
men with T2DM (𝑝 < 0.05–0.001).The CHD risk (28.4% versus 22.6%, 𝑝 < 0.001) was significantly higher in men with MS than in
those without MS.The CHD (16.2% versus 11.0%, 𝑝 < 0.001) and stroke risks (8.9% versus 5.8%, 𝑝 < 0.001) were higher in women
with MS than in those without MS. In conclusion, our findings indicated that Chinese women with T2DM are less susceptible to
CHD and stroke than men. Further,MS increases the risk of both these events, highlighting the need for comprehensive metabolic
control in T2DM.

1. Introduction

With lifestyle changes and increased longevity, cardiovascular
(CVD) and cerebrovascular diseases have become a common
threat to human health and are the leading cause of death
in many countries [1]. These conditions are also common
macrovascular complications of type 2 diabetes mellitus
(T2DM) and the main cause of T2DM-related mortality [2].
Compared to nondiabetic individuals, patients with T2DM
have a 1.54–4 times higher risk of coronary heart disease
(CHD) [3], along with an earlier age of onset, greater lesion
severity, and a poorer prognosis. Studies have also shown that
the morbidity of cerebrovascular disease is 2–5 times higher

in patients with T2DM than in nondiabetic individuals [4]. In
the general population, women usually have a 10-year delay in
the onset of subclinical atherosclerosis [5] and cardiovascular
events compared to men. However, some studies in Western
countries have demonstrated that women with diabetes seem
less likely to achieve therapeutic goals for blood pressure, low-
density lipoprotein (LDL) cholesterol (LDL-c), and glycosy-
lated hemoglobin (HbA1c) [6] and even have a higher risk for
CHD than diabetic men. Lifestyle factors like smoking and
alcohol consumption are also well known to increase the risk
of CVD and cerebrovascular disease. Chinese women smoke
less than women in the West [7], and they also have lower
prevalence of alcohol dependence [8]. However, metabolic
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control in Chinese women with T2DM has not been clearly
elucidated, and it remains largely unknown whether the risk
of CVD and cerebrovascular disease in women with T2DM is
higher than that in men with T2DM.

Metabolic syndrome (MS) is a cluster of clinical syn-
dromes characterized by multiple principal diseases or risk
factors such as abnormal glucose metabolism (diabetes or
impaired glucose regulation), high blood pressure, dyslipi-
demia, and central obesity [5]. Although in the general
populationMS increases the risk of CVD and cerebrovascular
disease [9], whetherMS further increases the risk of CVDand
cerebrovascular disease in patients with T2DM has not been
definitively determined: several studies suggest that MS does
not increase the risk [10, 11], while others have shown that
it does [12–14]. To our knowledge, research on this matter,
especially among Chinese patients, is rather limited.

In the present study, we adopted the UK Prospective
Diabetes Study (UKPDS) risk engine to predict the risk of
CHD and stroke in the next 10 years [15], compared the CVD
risk factors and 10-year risks of CHD and stroke between
Chinese women and men with T2DM, and analyzed the
association between MS and 10-year risks of CHD and stroke
in T2DM. The study aimed to explore gender differences in
the risk of CHD and stroke in T2DM and investigate whether
the risk of CVD and cerebrovascular disease is greater in
T2DM complicated with MS than in T2DM alone.

2. Subjects and Methods

2.1. Subjects. Patients with T2DM were enrolled from those
hospitalized in the Second Affiliated Hospital, Zhejiang Uni-
versity School of Medicine, fromMay 2008 to April 2013. All
patients met the 2006World Health Organization criteria for
the diagnosis and classification of diabetes. Those with type 1
diabetes mellitus, other types of diabetes mellitus, gestational
diabetes, GAD antibody positivity, severe edema, and ascites
as determined by abdominal ultrasound and those taking
corticosteroidswere excluded. Further, 72 patientswithCHD,
68 patients with stroke, and 5 patients with CHD and stroke
were additionally excluded, leaving a total of 1514 cases (796
men and 718 women) that were included in the statistical
analysis. The ages of these patients ranged from 30 to 79
years, and the duration of diabetes varied from 3 days to 36
years. This study was approved by the Ethics Committee of
the Second Affiliated Hospital, Zhejiang University School
of Medicine, and all subjects provided informed consent for
participation.

2.2. Methods. The medical history of all patients was
recorded, including the duration of diabetes, smoking history,
hypertension history, and history of taking antihypertensive
and hypoglycemic drugs. Duration of diabetes was defined
as years since diagnosis of diabetes which was reported by
patients or by at least one first-degree relative of patients and
confirmed by record of medical history. “Current smokers”
were defined as those who smoked during the period of the
study. “Former smokers” were defined as those who used
to smoke but had quit for more than 12 months before the
start of the study. All subjects underwent a complete physical

examination, including weight, height, and blood pressure. A
calibrated standard balance-beam scale and standard height
bar were used to measure weight and height, respectively.
Body mass index (BMI) was calculated as weight (kg)/(the
square of height) (m2). Blood pressure was measured twice
using an automatic blood pressuremonitor on the right upper
arm with the participant seated/or in the decubitus position.
The average of the two measurements was used as the blood
pressure in the analysis.

Venous bloodwas collected between 6:00 am and 9:00 am
after an overnight (8–12 hours) fast. A TOSOH HLC-723G8
automatic glycohemoglobin analyzer (Tosoh Corporation,
Yamaguchi 746-0042, Japan) was used to assayHbA1c, and an
Olympus AU4500 automatic chemistry analyzer (Olympus
Corporation, Tokyo, Japan) was used to determine the levels
of fasting blood glucose (FBG), total cholesterol (TC), triglyc-
erides (TG), LDL-c, and high-density lipoprotein cholesterol
(HDL-c).

2.3. Diagnostic Criteria for MS. We adopted the Asian
Guidelines of National Cholesterol Education ProgramAdult
Treatment Panel III (ATPIII) (2005) for MS diagnosis [16],
according to which at least three of the following condi-
tions had to be met: (1) abdominal obesity [waist circum-
ference (WC) ≥ 90 cm (men) or ≥ 80 cm (women)]; (2)
high blood TG levels (>1.7mmol/L or receiving treatment
for this); (3) reduced blood HDL-c levels [<1.04mmol/L
(men) or < 1.29mmol/L (women)]; (4) systolic blood pres-
sure (SBP)/diastolic blood pressure (DBP) ≥ 130/85mmHg,
receiving hypertensive treatment, or a previous diagnosis
of hypertension; (5) high blood glucose levels (FPG ≥
5.6mmol/L, receiving hyperglycemia treatment, or a previous
diagnosis of T2DM).

2.4. CHD and Stroke Risk Assessment. We used the UKPDS
risk engine [15] to calculate the 10-year CHD risk, fatal CHD
risk, stroke risk, and fatal stroke risk on the basis of current
age; duration of diabetes; levels of HbA1c, TC, and HDL-c;
SBP; and presence of atrial fibrillation (AF); smoking status;
gender; and race. All patients were divided into low-risk,
moderate-risk, and high-risk groups depending on the CHD
risk (>20% for high risk, 10%–20% for moderate risk, and
<10% for low risk).

2.5. Statistical Analysis. SPSS 20.0 statistical software was
used for data processing. Measurement data were expressed
as means ± standard deviation (SD) or median (25th–
75th percentiles), and categorical variables were reported as
percentages. The independent samples’ 𝑡-test or 2 indepen-
dent samples’ nonparametric test was used for comparison
between groups, and ANOVA was used for comparison
between three ormore groups. Patients were grouped accord-
ing to gender, the presence or absence ofMS, and age (groups
of 10 years), and the CHD risk, fatal CHD risk, stroke risk,
and fatal stroke risk were calculated for each age group.
Patients were also grouped according to the components of
MS among women and men, and the differences in CVD
and stroke risk were compared among the component groups
by using a nonparametric test (Kruskal-Wallis test). The
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Table 1: Anthropometric and biochemical data of subjects accord-
ing to gender.

Men Women

𝑛 796 718
Age (years) 56.2 ± 11.6 59.4 ± 10.4‡

YSDD (years) 7.1 ± 6.3 8.6 ± 6.7‡

Weight (Kg) 69.4 ± 11.3 59.0 ± 10.4‡

BMI (Kg/m2) 24.1 ± 3.4 23.8 ± 3.7

WC (cm) 88.8 ± 9.8 86.5 ± 10.3‡

Systolic BP (mmHg) 136.6 ± 20.1 137.9 ± 20.4

Diastolic BP (mmHg) 82.8 ± 11.4 81.6 ± 10.7∗

FBG (mmol/L) 9.5 ± 4.0 9.1 ± 3.7

HbA1c (%) 9.8 ± 2.5 9.5 ± 2.4∗

TC (mmol/L) 4.4 (3.8, 5.2) 4.7 (4.0, 5.5)‡

Triglyceride (mmol/L) 1.5 (1.1, 2.1) 1.7 (1.2, 2.3)†

HDL-c (mmol/L) 1.1 (1.0, 1.4) 1.3 (1.1, 1.5)‡

LDL-c (mmol/L) 2.8 (2.2, 3.5) 2.9 (2.4, 3.5)†

Current smoker (𝑛, %) 326 (41.0%) 8 (1.1%)‡

Former smoker (𝑛, %) 172 (21.6%) 3 (0.4%)‡

AF (𝑛, %) 6 (0.8%) 6 (0.8%)
∗𝑝 < 0.05, †𝑝 < 0.01, and ‡𝑝 < 0.001 compared to men. Data
are expressed as means ± standard deviation (SD) or median (25th–75th
percentiles), and categorical variables were reported as percentages. WC:
waist circumference; BP: blood pressure; FBG: fasting blood glucose; TC:
total cholesterol; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-
density lipoprotein cholesterol; AF: atrial fibrillation; YSDD: years since
diagnosis of diabetes.

odds ratio (OR) of high CHD risk in women and men
with different MS components was determined using binary
logistic regression analysis, with a high 10-year CHD risk
(>20%) as the dependent variable and the components of MS
as the independent variables. A 𝑝 value less than 0.05 was
considered statistically significant.

3. Results

3.1. Comparison of Clinical and Biochemical Data between
Women and Men with T2DM. The age and years since diag-
nosis of diabetes were greater in women than in men, as was
the lipid profile (𝑝 < 0.01–0.001 for all) (Table 1). In contrast,
the WC, DBP, and HbA1c levels, current smoking rate, and
former smoking rates were significantly lower in women than
in men (𝑝 < 0.05–0.001) (Table 1). No significant differences
were found in BMI and FBG levels between women and men
with T2DM (Table 1).

3.2. Comparison of CHD and Stroke Risk between Women
and Men with T2DM. The CHD risk (15.3% ± 10.7% versus
26.3% ± 17.2%, 𝑝 < 0.001), fatal CHD risk (11.8% ± 10.0%
versus 19.0% ± 15.9%, 𝑝 < 0.001), stroke risk (8.4% ± 10.6%
versus 10.3% ± 12.1%,𝑝 < 0.005), and fatal stroke risk (1.4% ±
2.0% versus 1.6% ± 2.3%, 𝑝 < 0.05) were all significantly
lower in women than in men with T2DM.

Table 2: CHD risk and stroke risk in subjects depending on gender
and the presence or absence of metabolic syndrome.

Men Women
Non-MS MS Non-MS MS

CHD risk (%) 22.6 ± 14.4 28.4±18.3‡ 11.0±8.4# 16.2 ± 10.9‡†

Fatal CHD risk
(%) 16.4 ± 13.3 20.6±17.0

‡
8.3 ± 7.7

#
12.5 ± 10.3

‡†

Stroke risk (%) 9.8 ± 12.0 10.6 ± 12.2 5.8 ± 6.2# 8.9 ± 11.3‡∗

Fatal stroke risk
(%) 1.5 ± 2.4 1.7 ± 2.2 0.8 ± 0.9# 1.5 ± 2.2‡

‡𝑝 < 0.001 compared to subjects of the samegenderwithoutMS. #𝑝 < 0.001
compared to men without MS. ∗𝑝 < 0.05 and †𝑝 < 0.001 compared to men
with MS. Data are expressed as mean ± standard deviation. CHD: coronary
heart disease; MS: metabolic syndrome.

3.3. Comparison ofCHDand Stroke Risk betweenPatients with
T2DMWho HadMS andThose without MS. Compared with
women with T2DM but without MS, women with T2DM and
MShad higherCHDrisk, fatal CHDrisk, stroke risk, and fatal
stroke risk (𝑝 < 0.001 for all) (Table 2). Compared with men
with T2DM but without MS, men with T2DM and MS had
higher CHD risk and fatal CHD risk (𝑝 < 0.001 for both);
similarly, the stroke risk and fatal stroke risk tended to be
higher in men with T2DM and MS, although this difference
was not significant (Table 2). All four types of risk increased
with age and all were higher in theMS group than in the non-
MS group, irrespective of the age group (Figure 1).

Compared with men with MS, women with MS had
12.2%, 8.1%, and 1.7% lower risks of CHD, fatal CHD, and
stroke (𝑝 < 0.05–0.001), respectively. Compared with men
without MS, women without MS had 11.6%, 8.1%, 4.0%, and
0.7% lower risks in CHD, fatal CHD, stroke, and fatal stroke
(𝑝 < 0.001), respectively.

3.4. Effect of Number of MS Components on the UKPDS Risk
Score. The CHD risk, fatal CHD risk, stroke risk, and fatal
stroke risk gradually increased with the increase in the num-
ber of MS components in patients with T2DM (𝑝 = 0.017–
0.000) (Table 3). Binary logistic regression analysis showed
that, with the increase in the number of MS components,
the proportion of patients with a high 10-year CHD risk also
increased, with a corresponding increase in the OR (𝑝 <
0.05–0.001) (Table 4).

4. Discussion

Theresults of the present large-scale study showed that theTC
and LDL-c levels were higher in women with T2DM than in
men with T2DM, a finding consistent with those of previous
studies [6, 17]. By studying patients with T2DM from 236
diabetes centers in Italy, Russo et al. found that, compared
to men, women had higher levels of TC, HDL-c, and LDL-
c, were older, and had diabetes for a longer duration; further,
more women than men failed to achieve the control goal of
LDL-c levels [17]. Similarly, the eControl Study showed that,
in the overall Spanish population, although the proportion
of women on lipid-lowering therapy was slightly higher than
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Figure 1: Age-related changes in CHD, fatal CHD, stroke, and fatal stroke risks according to MS status and gender. CHD: coronary heart
disease; MS: metabolic syndrome.

that of men, the LDL-c levels in women were significantly
higher than those in men; thus, irrespective of whether they
have CVD as a complication, it is more difficult for women
with T2DM to achieve the control goals of BMI and LDL-
c level than it is for men [6]. The differences in the TC and
LDL-c levels between genders may be related to differences
in the pattern of changes of TC and LDL-c levels with age.
In women, TC and LDL-c levels increase with age, especially
after menopause, because of the lowered estrogen level; in
contrast, blood lipid levels peak in men around the age of 40.

Another important result of this study was that DBP
and HbA1c levels were significantly lower in women with
T2DM than in men with T2DM, although no significant
differences were found in BMI and SBP. This may be the
main reason for the significantly lower CHD and stroke risks
in Chinese women with T2DM than in men with T2DM.
Gender differences are known to exist in CVD risk factor
control in various countries and races. Like the eControl

Study conducted in Spain [6], Collier et al. found that BMI,
TC and HDL-c levels, and the proportion of hypertension
were all higher in Scottish women with T2DM than in
men. Further, although no differences were found in HbA1c
levels, the risks of peripheral vascular disease, ischemic heart
disease, and stroke were significantly lower in women than in
men [18].The SBP and LDL-c levels were significantly higher
in women with T2DM from South Carolina than in men,
although no significant differences were found in HbA1c
levels and DBP [19]. Compared to men, Italian women with
T2DM were older and had higher levels of HbA1c, TG, TC,
LDL-c, and HDL-c and higher BMI and SBP [20]. Schroeder
et al. found that the LDL-c levels and SBP were higher in
American women newly diagnosed with T2DM than in men,
while HbA1c levels and DBP were lower; after treatment for
one year, the differences in HbA1c levels between the genders
disappeared and the differences in blood pressure and LDL-c
levels narrowed [21].
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Table 3: CHD risk and stroke risk in subjects depending on the number of MS components.

Men Women
𝑛 CHD risk (%) Stroke risk (%) 𝑛 CHD risk (%) Stroke risk (%)

1 62 17.5 ± 11.4 5.0 ± 5.55 23 6.3 ± 5.0 3.1 ± 5.1

2 231 24.0 ± 14.9 11.1 ± 13.0 102 12.1 ± 8.6 6.4 ± 6.3

3 235 26.6 ± 17.0 10.6 ± 12.0 191 13.6 ± 9.2 8.5 ± 12.5

4 182 29.8 ± 18.6 11.5 ± 13.1 236 16.8 ± 11.5 9.5 ± 12.3

5 86 30.6 ± 20.7 8.7 ± 10.6 166 18.4 ± 11.3 8.6 ± 7.8

𝐹 value 8.65 4.14 13.3 3.0
𝑝 0.000 0.003 0.000 0.017
Data are expressed as mean ± SD. CHD: coronary heart disease; MS: metabolic syndrome.

Table 4: Gender-specific presence and OR of high CHD risk depending on the number of MS components.

𝑛 CHD, 𝑛 (%) OR (95% CI) Stroke, 𝑛 (%) OR (95% CI)
Men

1 62 16 (25.8%) 1.0 2 (3.2%) 1.0
2 231 121 (52.4%) 3.16 (1.69, 5.91)‡ 33 (14.3%) 5.0 (1.2, 21.4)∗

3 235 126 (53.6%) 3.32 (1.78, 6.20)‡ 43 (18.2%) 6.7 (1.6, 28.6)∗

4 182 114 (62.6%) 4.82 (2.53, 9.17)‡ 27 (14.8%) 5.2 (1.2, 22.7)∗

5 86 51 (59.3%) 4.19 (2.05, 8.55)‡ 10 (19.6%) 3.9 (0.833, 18.7)
Women

1 23 1 (4.3%) 1.0 1 (4.3%) 1.0
2 102 17 (16.7%) 4.40 (0.56, 34.9) 4 (3.9%) 0.9 (0.1, 8.4)
3 191 41 (21.5%) 6.01 (0.79, 45.9) 18 (9.4%) 2.3 (0.3, 18.0)
4 236 74 (31.4%) 10.0 (1.33, 76.0)∗ 27 (11.3%) 2.8 (0.4, 21.9)
5 166 58 (34.9%) 11.8 (1.55, 89.9)∗ 12 (7.2%) 1.7 (0.2, 13.8)

∗𝑝 < 0.05 and ‡𝑝 < 0.001 compared to subjects with type 2 diabetesmellituswithout other components ofMS.The 10-year CHDand stroke risk were estimated
using the UKPDS risk engine with individuals categorized as high risk (>20% risk). CHD: coronary heart disease; MS: metabolic syndrome; OR: odds ratio.

The rate of current smoking was 1.1% among the women
in this study, which was significantly lower than that among
the men. The smoking rate among women was also slightly
lower than that in the general population (46.71% for Chi-
nese men and 5.34% for Chinese women) [7]. Recently,
the morbidity and mortality of CVD and cerebrovascular
diseases have decreased in America [22] as a result of good
control of CVD risk factors, of which decreased smoking
rate is an important one. In the Study of Inherited Risk of
CoronaryAtherosclerosis and the PennDiabetesHeart Study,
the current smoker rate was as low as 11.5% among men
with T2DM and 10.1% among women [23]. Thus, the low
smoking rate among women with T2DM in our study may
be another important reason for the lower morbidity of CVD
and cerebrovascular diseases in this group than in men.

In a previous study, we showed that, in the general pop-
ulation, MS increased the risks of carotid atherosclerosis and
carotid plaques, which increased further with the number of
MS components [5]. In the present study as well, the risks of
CHDand strokewere higher in theMSgroup than in the non-
MS group and increased gradually with the number of MS
components, along with the proportion of patients with high
CHD risk. Additionally, weight, BMI, WC, blood pressure,

and levels of TC, TG, and LDL-c were higher in theMS group
than in the non-MS group, while the HDL-c level showed the
opposite trend.

Recent studies have shown that both MS and T2DM
significantly increase the risk of CVD and cerebrovascular
diseases [24, 25], but few studies have examined the associ-
ation between MS and the risk of CVD and cerebrovascular
diseases in patients with T2DM, and their results have been
conflicting. The cross-sectional study conducted by Rhee
et al. found that MS increased the risk of CVD events
in the normal population and population with abnormal
glucose tolerance but did not increase the CVD risk in
the diabetic population [10]. Bae et al.’s study [11] with
an average follow-up period of 8.0 years and 8898 cases
found that both diabetes and MS significantly increased the
occurrence of cardiovascular events and the probability of
CVD-related mortality, but, in patients with diabetes, MS did
not significantly increase either. On the other hand, through
their cross-sectional study, Sone et al. found that MS was
an independent risk factor for coronary atherosclerosis [13].
Sone et al. conducted a prospective study for 8 years on
1424 patients with T2DM in Japan and found that MS was a
predictor of CVD but with limited prediction value, and the
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predictive function of the MS components hyperlipidemia
and hypertension was equivalent to or better than that of MS
[13]. In the Fenofibrate Intervention and Event Lowering in
Diabetes trial, Scott et al. analyzed 4900 diabetic patients in
the placebo group and found that the numbers of cardiovas-
cular events were higher in the population with diabetes and
MS than that in the population with diabetes alone. Further,
they found that MS was a CVD risk factor independent
of traditional risk factors, low HDL-c levels combined with
hypertriglyceridemia increased the CVD risk by 41%, and
each 10mmHg increase in blood pressure for patients without
CVD at baseline increased the CVD risk by 16% [14]. The
reasons for the inconsistencies in research findings are not
yet clear, but one possible reason could be the fact that since
the diabetic population withMSmay have a combination of a
large number of CVD risk factors, these patients receive more
comprehensive blood sugar-, blood pressure-, and blood
lipid-lowering treatment, which in turn reduces CHD-related
morbidity and mortality [22] and attenuates the effects of MS
on the risk of CHD and stroke in T2DM.

5. Conclusion

Thepresent large-scale study onChinese patients with T2DM
showed that the 10-year risks of CHDand strokewere lower in
women than inmenwithT2DM.The risks of CHDand stroke
were also lower in women with MS than in men with MS.
In addition, MS complicating T2DM increased the 10-year
risk of CVD and cerebrovascular disease in both men and
women with T2DM.The 10-year risk of CHD and stroke also
increased with the number of MS components. Considering
that cardiovascular complications are an important cause
of death in patients with T2DM, comprehensive treatment,
including therapy for lowering blood glucose levels, blood
pressure, and blood lipid levels, would be beneficial to reduce
diabetes complications, the occurrence of cardiovascular and
cerebrovascular events, and the related mortality.

Competing Interests

The authors declare that they have no competing interests.

Authors’ Contributions

Mei-Fang Yao and Jie He contributed equally to this work.

Acknowledgments

This study was supported in part by funding from the
National Natural Science Foundation of China (81370968
and 81670744), the Chinese Society of Endocrinology
(13040620447), and Science Technology Department of Zhe-
jiang Province of China (2012R10038).

References

[1] J. He, D. Gu, X. Wu et al., “Major causes of death among men
and women in China,” The New England Journal of Medicine,
vol. 353, no. 11, pp. 1124–1134, 2005.

[2] M. Zhu, J. Li, Z. Li et al., “Mortality rates and the causes
of death related to diabetes mellitus in Shanghai Songjiang
District: an 11-year retrospective analysis of death certificates,”
BMC Endocrine Disorders, vol. 15, no. 1, article 45, 2015.

[3] A. D. Shah, C. Langenberg, E. Rapsomaniki et al., “Type 2 dia-
betes and incidence of cardiovascular diseases: a cohort study
in 1⋅9 million people,” The Lancet Diabetes and Endocrinology,
vol. 3, no. 2, pp. 105–114, 2015.

[4] J.-T. Kim, S. H. Lee, N. Hur, and S.-K. Jeong, “Blood flow
velocities of cerebral arteries in lacunar infarction and other
ischemic strokes,” Journal of the Neurological Sciences, vol. 308,
no. 1-2, pp. 57–61, 2011.

[5] J.-H. Yin, Z.-Y. Song, P.-F. Shan et al., “Age- and gender-specific
prevalence of carotid atherosclerosis and its association with
metabolic syndrome in Hangzhou, China,” Clinical Endocrinol-
ogy, vol. 76, no. 6, pp. 802–809, 2012.

[6] J. Franch-Nadal, M. Mata-Cases, I. Vinagre et al., “Differences
in the cardiometabolic control in type 2 diabetes according to
gender and the presence of cardiovascular disease: results from
the econtrol study,” International Journal of Endocrinology, vol.
2014, Article ID 131709, 11 pages, 2014.

[7] Y. Liu, J. Gao, J. Shou et al., “The prevalence of cigarette smoking
among rural-to-urban migrants in china: a systematic review
and meta-analysis,” Substance Use & Misuse, vol. 51, no. 2, pp.
206–215, 2016.

[8] H. G. Cheng, F.Deng,W. Xiong, andM. R. Phillips, “Prevalence
of alcohol use disorders inmainland china: a systematic review,”
Addiction, vol. 110, no. 5, pp. 761–774, 2015.

[9] B. Boden-Albala, R. L. Sacco, H.-S. Lee et al., “Metabolic syn-
drome and ischemic stroke risk: Northern Manhattan Study,”
Stroke, vol. 39, no. 1, pp. 30–35, 2008.

[10] S. Y. Rhee, S. Y. Park, J. K. Hwang et al., “Metabolic syndrome
as an indicator of high cardiovascular risk in patients with
diabetes: analyses based on Korea National Health and Nutri-
tion Examination Survey (KNHANES) 2008,” Diabetology and
Metabolic Syndrome, vol. 6, no. 1, article 98, 2014.

[11] J. C. Bae, N. H. Cho, S. Suh et al., “Cardiovascular disease
incidence, mortality and case fatality related to diabetes and
metabolic syndrome: a community-based prospective study
(Ansung-Ansan cohort 2001–2012),” Journal of Diabetes, vol. 7,
no. 6, pp. 791–799, 2015.

[12] N. N. Mehta, P. Krishnamoorthy, S. S. Martin et al., “Usefulness
of insulin resistance estimation and the metabolic syndrome in
predicting coronary atherosclerosis in type 2 diabetes mellitus,”
American Journal of Cardiology, vol. 107, no. 3, pp. 406–411, 2011.

[13] H. Sone, S. Mizuno, H. Fujii et al., “Is the diagnosis of metabolic
syndrome useful for predicting cardiovascular disease in Asian
diabetic patients? Analysis from the Japan diabetes complica-
tions study,” Diabetes Care, vol. 28, no. 6, pp. 1463–1471, 2005.

[14] R. Scott, M. Donoghoe, G. F. Watts et al., “Impact of metabolic
syndrome and its components on cardiovascular disease event
rates in 4900 patients with type 2 diabetes assigned to placebo
in the field randomised trial,” Cardiovascular Diabetology, vol.
10, article 102, 2011.

[15] R. J. Stevens, R. L. Coleman, A. I. Adler, I. M. Stratton, D.
R. Matthews, and R. R. Holman, “Risk factors for myocardial
infarction case fatality and stroke case fatality in type 2 diabetes:
UKPDS 66,” Diabetes Care, vol. 27, no. 1, pp. 201–207, 2004.

[16] S. M. Grundy, J. I. Cleeman, S. R. Daniels et al., “Diagnosis
and management of the metabolic syndrome: an American
Heart Association/National Heart, Lung, and Blood Institute



International Journal of Endocrinology 7

Scientific Statement,”Circulation, vol. 112, no. 17, pp. 2735–2752,
2005.

[17] G. Russo, B. Pintaudi, C. Giorda et al., “Age- and gender-related
differences in LDL-cholesterol management in outpatients with
type 2 diabetesmellitus,” International Journal of Endocrinology,
vol. 2015, Article ID 957105, 8 pages, 2015.

[18] A. Collier, S. Ghosh, M. Hair, and N. Waugh, “Gender differ-
ences and patterns of cardiovascular risk factors in Type 1 and
Type 2 diabetes: a population-based analysis from a Scottish
region,” Diabetic Medicine, vol. 32, no. 1, pp. 42–46, 2015.

[19] J. L. Strom Williams, C. P. Lynch, R. Winchester, L. Thomas,
B. Keith, and L. E. Egede, “Gender differences in composite
control of cardiovascular risk factors among patients with type
2 diabetes,” Diabetes Technology andTherapeutics, vol. 16, no. 7,
pp. 421–427, 2014.

[20] G. Penno, A. Solini, E. Bonora et al., “Gender differences in car-
diovascular disease risk factors, treatments and complications
in patients with type 2 diabetes: the RIACE Italian multicentre
study,” Journal of Internal Medicine, vol. 274, no. 2, pp. 176–191,
2013.

[21] E. B. Schroeder, E. A. Bayliss, S. L. Daugherty, and J. F. Steiner,
“Gender differences in cardiovascular risk factors in incident
diabetes,”Women’s Health Issues, vol. 24, no. 1, pp. e61–e68, 2014.

[22] A. P. Carson, R. M. Tanner, H. Yun et al., “Declines in coronary
heart disease incidence and mortality among middle-aged
adults with and without diabetes,” Annals of Epidemiology, vol.
24, no. 8, pp. 581–587, 2014.

[23] A. N. Qasim, V. Budharaju, N. N. Mehta et al., “Gender dif-
ferences in the association of C-reactive protein with coronary
artery calcium in Type-2 diabetes,” Clinical Endocrinology, vol.
74, no. 1, pp. 44–50, 2011.

[24] C.-J. Kim, H. S. Kang, E. A. Schlenk, and S.-M. Chae, “Assess-
ment of cardiovascular risk in adults with Type 2 diabetes and
metabolic syndrome: framingham versus UKPDS equations,”
Diabetes Educator, vol. 41, no. 2, pp. 203–213, 2015.

[25] B. Isomaa, P. Almgren, T. Tuomi et al., “Cardiovascular mor-
bidity and mortality associated with the metabolic syndrome,”
Diabetes Care, vol. 24, no. 4, pp. 683–689, 2001.



Research Article
Early Intervention of Didang Decoction on MLCK Signaling
Pathways in Vascular Endothelial Cells of Type 2 Diabetic Rats

Shoujiao Ye,1,2,3 Zhenqiang Song,1 Jing Li,1 Chunshen Li,3 Juhong Yang,1 and Bai Chang1

1Endocrinology, 2011 Collaborative Innovation Center of Tianjin for Medical Epigenetics, Key Laboratory of Hormones and
Development (Ministry of Health), Metabolic Diseases Hospital and Tianjin Institute of Endocrinology, Tianjin Medical University,
No. 66, Tongan Road, Heping District, Tianjin 300070, China
2Endocrinology, Nanyang TCM Hospital, No. 939, Qiyi Road, Wolong District, Nanyang, Henan 473000, China
3Clinical Medicine Combined with Chinese Traditional Medicine and Western Medicine, Tianjin Chinese Medical University,
No. 88, Yuquan Road, Nankai District, Tianjin 300193, China

Correspondence should be addressed to Bai Chang; changbai1972@126.com

Received 25 May 2016; Revised 16 July 2016; Accepted 10 August 2016

Academic Editor: Gui-fen Qiang

Copyright © 2016 Shoujiao Ye et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In the study, type 2 diabetic rat model was established using streptozotocin (STZ) combined with a high-fat diet, and the rats
were divided into control and diabetic groups. Diabetic groups were further divided into nonintervening, simvastatin, Didang
Decoction (DDD) early-phase intervening, DDDmid-phase intervening, and DDD late-phase intervening groups.The expression
level of MLCKwas detected usingWestern Blot analysis, and the levels of cyclic adenosine monophosphate (cAMP), protein kinase
C (PKC), and protein kinase A (PKA) were examined using Real Time PCR. Under the electron microscope, the cells in the early-
DDD-intervention group and the simvastatin group were significantly more continuous and compact than those in the diabetic
group. Compared with the control group, the expression of cAMP-1 and PKA was decreased in all diabetic groups, whereas the
expression of MLCK and PKC was increased in early- and mid-phase DDD-intervening groups (𝑃 < 0.05); compared with the
late-phase DDD-intervening group, the expression of cAMP-1 and PKA was higher, but the level of MLCK and PKC was lower
in early-phase DDD-intervening group (𝑃 < 0.05). In conclusion, the early use of DDD improves the permeability of vascular
endothelial cells by regulating the MLCK signaling pathway.

1. Introduction

Diabetic macrovascular complications are the leading cause
of death and disability causing 70–80% of deaths in diabetic
patients [1]. At present, there are many theories about the
pathogenesis of diabetic vascular diseases, including insulin
resistance, oxidative stress, lipid metabolism disorder, and
inflammation theory. According to these theories, many
medications have been developed to treat diabetic vascular
diseases. However, these medications are not good enough
with the limited effect or adverse effect; therefore we used the
traditional Chinese medicine to treat this disease. We have
found that DDD combined with oral hypoglycemic agents
significantly increases the diastolic rate of brachial artery
blood flow as well as serum NO expression and decreases
plasma ET-1 levels, therefore repairing endothelial cell injury

and delaying the progress of vascular disease in diabetic
patients [2]. In another study, we confirmed that early
intervention with DDD can significantly increase the serum
levels of IL-4 and IL-3 and reduce the expression of TNF-𝛼,
MCP-1, CD68, and E-selectin in the aorta, thereby inhibiting
the inflammatory injury and delaying the development of
diabetic vascular disease in type 2 diabetic rats [3, 4]. This
study investigated the effect DDD on the permeability of
vascular endothelial cells when used early and discusses its
roles in improving endothelial cell damage and its promise in
the prevention of diabetic macrovascular complications.

2. Materials and Methods

2.1. Reagents. Streptozotocin (STZ)was obtained fromSigma
(USA); glucometer and blood glucose test strips were
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obtained from ACCU-CHEK Performa; Real Time PCR kits
were obtained from Beijing CWbio Co. Ltd.

Raw DDD herbs including 6 g rhubarb, 10 g leech, 10 g
peach seed, and 10 g gadflies were purchased from the Phar-
macy Department of the First Teaching Hospital of Tianjin
University of Traditional ChineseMedicine. According to the
traditional preparation of a water decoction, all the herbs
were boiled in water for 1 hour, 3 times; the filtrates were
collected and concentrated to 1 g/mL (rude herbs) under
reduced pressure and then stored at 4∘C.

Simvastatin tablets were obtained from Hangzhou
MSD Pharmaceutical Co. Ltd. (20mg/tablet, batch number
H19990366).

2.2. Animals andGrouping. 150 healthy SpragueDawley (SD)
male rats aged one month (body weight 195.99 g ± 15.10 g)
were provided by the Tianjin Experimental Animal Center
(qualification certificate number SCXK army 2014-0001);
after one week of adaptive feeding, 150 SD male rats were
randomly divided into control (20 rats) and diabetic (130
rats) groups. The rats in the control group were feed with a
normal chaw diet, whereas rats in the diabetic groups were
feed with a high-fat diet. After 12 weeks, blood from the
angular vein was taken, and fasting blood glucose (FBG) and
serum insulin (INS) were determined. The insulin resistance
index (ISI) was calculated by using the following steady state
model evaluation method; ISI = ln[(FBG)(Fins)]−1. After the
appearance of insulin resistance, all rats in the diabetic groups
were injected intravenously with 30mg/kg streptozotocin
(STZ) to induce diabetes, whereas rats in the normal control
group were injected with the same dose of citric acid buffer.
Diabetes was determined to be successfully established if the
blood glucose level was higher than 16.7mmol/L 3 days after
STZ injection. Diabetes was induced successfully in 108 rats
(80%). Except for rats in the DDD early-phase intervening
group, all other diabetic rats were randomly subdivided
into diabetic nonintervening, simvastatin, DDD mid-phase
intervening, or DDD late-phase intervening groups.

2.3. Intervention and Specimen Acquisition. DDD was initi-
ated 4 weeks before diabetes was induced in the DDD early-
phase intervening group. DDD was initiated upon induction
of diabetes in rats in the DDDmid-phase intervening group.
DDD was initiated 4 weeks after diabetes was induced in
the DDD late-phase intervening group. The dosage of DDD
was 2.3 g/(kg⋅d) based on the equivalent dose for humans.
Rats in the simvastatin group were administered 0.16 g/(kg⋅d)
simvastatin calculated according to 6.3 times of the human
clinical dose; rats in the control group and the diabetic
nonintervening group were given the same amount of sterile
water. Fasting blood glucose and postprandial blood glucose
were detected every 2 weeks. The animals were sacrificed at
24 weeks. Thoracic aorta tissue was cryopreserved in liquid
nitrogen for later analysis.

2.4. Biochemical Indicators and Detection Methods

2.4.1. Western Blot. The expression level of myosin light
chain kinase (MLCK) and cyclic adenosine monophosphate

(cAMP-1) of the thoracic aorta was detected using Western
Blot analysis. Rat aortic tissue was collected, centrifuged,
washed, and cleaned with a cleaning solution. The total
protein of the aorta tissue was extracted and quantified using
Coomassie blue.The proteins were separated by denaturation
gel electrophoresis and then incubatedwith primary antibody
(MLCK antibody dilution was 1 : 300 and loading control
dilution was 1 : 1000; cAMP-1 antibody dilution was 1 : 500
and loading control dilution was 1 : 800) and horseradish
peroxidase labeled second antibody (dilution was 1 : 3000).
𝛽-Actin expression was evaluated to confirm equal amounts
of loading control using a mouse monoclonal anti-𝛽-actin
antibody. The average luminosity value for each band was
analyzed with gel image analysis. The electrophoresis bands
of MLCK and cAMP-1 are shown in Figure 1.

2.4.2. Real Time PCR. Real Time PCR was used to detect
mRNA levels of protein kinase C (PKC) and protein kinase A
(PKA).The sequence of PCRprimers is listed as follows: PKC:
the length of the amplified fragment was 133 bp, upstream
5TGGCAAGGTCATGCTCTCAG3, downstream 5GGA-
AGCAGGAATGGAGCTGA3; PKA: the length of the
amplified fragment was 80 bp, upstream 5CGTACTTGG-
ACCTTGTGTG3, downstream 5CAGCCATCTCGTAGA-
TGA3. The PCR products were separated by agarose gel
electrophoresis and then quantified by gel image analysis.
Using an ABI 7500 fluorescence quantitative PCR instru-
ment, we analyzed the relative quantitative data using the
2
−CTΔΔ method.

2.4.3. Immunohistochemical Staining. The expression levels
of MLCK and PKC of the thoracic aorta were detected by
the immunohistochemical method. The aortic endothelium
of rats in experimental group and control group was fixed,
encased, sliced, dewaxed, and so forth.Then the images of the
positive and negative structure were collected and read under
the microscope.

2.4.4. Ultrastructure under Electron Microscope. The ultra-
structure of the endothelial cells and endothelial intercellular
connection were observed under the electron microscope.

2.5. Statistical Methods. SPSS 17 statistical software was used
for analysis. All data are expressed as the mean and the
standard deviation (mean ± SD).The difference between two
groups was compared by the independent sample t-test. The
difference between the 7 groups was analyzed by the single
factor analysis of variance (ANOVA one-way); difference
between two groups was analyzed by the LSD method if
the homogeneity of variance was satisfied, and Dunnett’s T3
method was used if the homogeneity of variance was not
satisfied; the test level was 𝛼 = 0.05.

3. Results

3.1. The Blood Glucose and Insulin Levels in Different Groups.
As shown in Figure 2, at 12 weeks, compared with the control
group, rats in the diabetic groups had significantly higher
levels of blood glucose (𝑃 < 0.05) but lower levels of the
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Figure 1: The protein level of MLCK and cAMP-1 in type 2 diabetic rats intervened by different medicines. ‰‰𝑃 < 0.01 versus T2DM and
‰
𝑃 < 0.05 versus DDD early. ff𝑃 < 0.01 versus T2DM and ff

𝑃 < 0.01 versus DDD late.The expressions ofMLCK and cAMP-1 in the early-
phase DDD-intervening group exceed those of the late-phase DDD-intervening group (𝑃 < 0.05). A, control group; B, T2DM; C, simvastatin
group; D, DDD early-phase intervening group; E, DDD mid-phase intervening group; F, DDD late-phase intervening group.

insulin sensitivity index (𝑃 < 0.05). The results of blood
glucose are shown in Figure 3 and no significant differences
were found in blood glucose levels between diabetic groups
(𝑃 > 0.05).

3.2. Effects of DDD-Intervening Groups on the Expression of
MLCK, cAMP-1, PKC, and PKA in Aorta Tissues of Type
2 Diabetic Rats. As shown in Figures 1 and 4, compared
with the control group, the expression of cAMP-1 and PKA
was decreased in all diabetic groups, whereas the expression
of MLCK and PKC was increased (𝑃 < 0.05). Compared
with the T2DM nonintervening group, the expression of
cAMP-1 and PKA was increased, but the expressions of
MLCK and PKC were decreased in the early- and mid-phase
DDD-intervening groups (𝑃 < 0.01); the expressions of
PKA, MLCK, PKC, and cAMP-1 in the early-phase DDD-
intervening group were better than those of the late-phase
DDD-intervening group (𝑃 < 0.05).

As shown in Figures 5 and 6, compared with the T2DM
nonintervening group, the expression ofMLCK and PKCwas
decreased inDDD-intervening groups (𝑃 < 0.01). Compared

with the late-phase DDD-intervening group, the expression
of MLCK and PKC was decreased in early-phase DDD-
intervening group (𝑃 < 0.05).

3.3. The Effect of DDD on the Endothelial Cells in Aortas
of Diabetic Rats. The results of electron microscopy for the
control group show a smooth cord-like connection between
endothelial cells. The connection in the early-phase DDD-
intervening group and the simvastatin group was continuous
and compact, significantly better than those in the other dia-
betic groups. In the diabetic group, the majority of the tight
junctions between the two endothelial cells were opened.The
density of the cell membrane on both sides was decreased, the
cell profile was not clear, and the nuclei were loose to different
degrees. Electronmicroscope images of these phenomena are
shown in Figure 7.

4. Discussion

Macrovascular disease is one of the main complications of
type 2 diabetes, and atherosclerosis is the main pathological
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Figure 2: Insulin and insulin sensitivity index at 12th week of this experiment. Values are means ± SD in each group. ‰‰𝑃 < 0.01 versus
control group and ‰

𝑃 < 0.05 versus control group. No significance was found in blood glucose between diabetic groups (𝑃 > 0.05).
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Figure 3: Random blood glucose in different groups (mean ± SD).
No significance was found in blood glucose between diabetic groups
(𝑃 > 0.05). T2DM: diabetes with no intervention group; DDD early
group: T2DM intervened by DDD at early phase; DDD mid group:
T2DM intervened by DDD at mid phase; DDD late group: T2DM
intervened by DDD at late phase.

change. Our previous study has found that DDD is efficient
in the treatment of diabetic patients. This study investigated
the effect of early intervention with DDD on the expression
of MLCK, cAMP-1, PKC, and PKA and gene expression in
vascular endothelial cells of aortas of diabetic rats, to explore
the roles of DDD on the permeability of vascular endothelial
cells and its relationship with the MLCK signaling pathway.

The main vascular endothelial cell permeability mod-
ulation is contraction caused by the interaction of actin
and myosin. When the contraction is greater than the
adhesion, vascular endothelial cell permeability is increased
[5]. MLCK plays an important role inmodulating endothelial
cell permeability. MLCK is a Ca2+/calmodulin-dependent
complex. MLCK modulates endothelial cell permeability
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Figure 4: Effects of Didang Decoction on the expression of mRNA
gene transcription level on cAMP-1, PKA, and PKC (mean ± SD).
‰‰
𝑃 < 0.01 versus T2DM and ‰

𝑃 < 0.05 versus DDD late. f𝑃 <
0.05 versus DDD late. ∗𝑃 < 0.05 versus DDD late and ∗𝑃 > 0.05
versus control.

mainly by phosphorylating the myosin light chain (MLC),
which then activates the myosin heavy chain ATP enzyme.
Activating the ATP enzyme produces the energy to enhance
the interaction of myosin and actin, causing cell contraction
and cell junction changes, which then leads to increased
permeability [6, 7]. Recent studies [8] have indicated that
protein kinase C (PKC) is involved in the regulation of
MLCK phosphorylation. Some studies suggest that [9] PKC
phosphorylation may change MLCK activity and eventually
cause MLC phosphorylation. In addition, PKC plays a role in
increasing the level of cGMP andNO by the phosphorylation
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Figure 5: The expression level of MLCK of the thoracic aorta was detected by the immunohistochemical method (mean ± SD). A, control
group; B, T2DM; C, simvastatin group; D, DDD early-phase intervening group; E, DDD mid-phase intervening group; F, DDD late-phase
intervening group. ‰𝑃 > 0.05 versus control and simvastatin and ‰

𝑃 < 0.05 versus DDD late.
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Figure 6: The expression level of PKC of the thoracic aorta was detected by the immunohistochemical method (mean ± SD). A, control
group; B, T2DM; C, simvastatin group; D, DDD early-phase intervening group; E, DDD mid-phase intervening group; F, DDD late-phase
intervening group. ‰‰𝑃 < 0.01 versus T2DM and ‰

𝑃 > 0.05 versus simvastatin.

of S1179 in eNOS. The increased level of cGMP increases
the level of cyclic adenosine monophosphate (cAMP) [10];
however, almost all the effects of cAMP-1 in the cell are
accomplished by activating PKA, which then phosphorylates
its substrate protein. It has been shown that [11, 12] increasing
the concentration of intracellular cAMP-1 can upregulate the
activity of PKA. The PKA phosphorylation site has been
confirmed in MLCK of endothelial cells; therefore, cAMP-1
can inhibit the activity of MLCK by the activation of PKA
and regulate vascular endothelial permeability [13]. Studies

have shown that [14] the phosphorylation of myosin light
chain induces the concentric contraction of vascular smooth
muscle cells, resulting in the increased thickness of the intima
of vascular smooth muscle cells and the formation of a
large number of foam cells, leading to the occurrence of
atherosclerosis. Therefore, MLCK in arterial endothelial cells
and smooth muscle cells plays a key role in the occurrence
and development of diabetic macrovascular disease.

Statins are the most commonly used medicine in clinic
to treat dyslipidemia at present. They can prevent the
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Figure 7: Effect of Didang Decoction on the ultrastructure of vascular endothelial cells and intercellular connections in rats with diabetes
mellitus. A, control group; B, T2DM; C, simvastatin group; D, DDD early-phase intervening group; E, DDDmid-phase intervening group; F,
DDD late-phase intervening group. C, endothelial cell; T, elastic membrane; N, smooth muscle.

occurrence and development of atherosclerosis effectively.
Statins in addition to their lipid-lowering effect can also
improve inflammation and oxidative stress, promote angio-
genesis formation, improve the bioavailability of the nitric
oxide (NO), repair the damaged vascular endothelial cells,
and stabilize and reverse atherosclerotic plaque. Simvastatin
is used as the positive control for diabetic vascular disease in
this research because of its pleiotropic effects.

DDD originates from Treatise on Cold Pathogenic Dis-
eases, which is mainly composed of leech, gadfly, and peach
seed, and can improve blood circulation and remove obstruc-
tions in collaterals, as well as eliminate blood stasis by
catharsis. Many studies have shown that leech and hirudin
have an antithrombotic effect. Emodin has the effect of
anticoagulation and promotion of blood circulation, whereas
Rheochrysin inhibits platelet aggregation; both Emodin and
Rheochrysin are in rhubarb.The alcohol extract of peach seed
has an anticlotting effect, and its glycerol trioleate has antico-
agulant activity. In Chinesemedicine, diabeticmacrovascular
disease is classified as “arthromyodynia,” “flaccidity diseases,”

and so forth. The basic pathogenesis of this disease includes
Yin deficiency and hot continually thirsty and wasting,
disharmony of Qi and blood, fluid depletion, and blood
stasis, accompanied by blood heat and blood stasis. At this
stage the treatment is difficult. As the Inner Canon of Yellow
Emperor (one of the four classics of TCM) said, “when a
person has beening [sic] feel thirsty then began to dig a well
or the war has beening [sic] begun that the soldiers began to
making weapons.” It means that something had happened
but you have not prepared for it, just like the disease is
serious to find a doctor. It is too late to treat diseases such
as this, so traditional Chinese medicine pays more attention
to the prevention of diseases and emphasizes boosting the
body’s defense capabilities in the early stages of disease. Here,
we comply with the principles of “the prevention theory”
and use DDD in the early phase of diabetic macrovascu-
lar diseases to explore its improvement of the damaged
tissues as well as its protective roles in exempting these
tissues from further damage caused by many pathogenic
factors.
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5. Summary

We used high-fat diet followed by the small dose of STZ to
establish type 2 diabetic animalmodel in this experiment.The
high-fat diet followed by small dose of STZ induced the obvi-
ous pathological changes in the blood vessel endothelium of
diabetic rats. The finding suggested that the traditional Chi-
nesemedicineDDD intervention, particularly early interven-
tion of DDD, significantly ameliorated the injury of vascular
endothelium, regulated intercellular junctions of endothelial
cells, changed the permeability of vascular endothelial cells,
and eventually prevented vascular atherosclerosis. Further
mechanisms of investigation indicated that the effect of DDD
intervention is related to upregulating the expression of
cAMP-1 and PKA and downregulating the expression level
of MLCK and PKC. Thus DDD may delay the progression of
diabetic macroangiopathy.

The regulation of cell permeability of vascular endothelial
cells is a complex process. In this study, we found a signif-
icant improvement of vascular endothelial cell permeability
after early intervention with DDD. However, our study has
some limitations; we did not quantify the permeability of
endothelial cell; moreover, further studies need to address the
multiple roles and mechanism of DDD in the prevention and
treatment of diabetic macrovascular disease.
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