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Abstract
Background: Endothelial dysfunction is an early marker of cardiovascular disease so endothelial and arterial stiffness
indexes are good indicators of vascular health. We aimed to assess whether the presence of diabetic foot is associated
with arterial stiffness and endothelial function impairment.
Methods: We studied 50 subjects with type 2 diabetes mellitus and diabetic foot syndrome (DFS) compared to 50
diabetic subjects without diabetic foot, and 53 patients without diabetes mellitus, by means of the mini mental state
examination (MMSE) administered to evaluate cognitive performance. Carotid-femoral pulse wave velocity (PWV) and
augmentation index (Aix) were also evaluated by Applanation tonometry (SphygmoCor version 7.1), and the RH-PAT
data were digitally analyzed online by Endo-PAT2000 using reactive hyperemia index (RHI) values.
Results: In comparison to diabetic subjects without diabetic foot the subjects with diabetic foot had higher mean
values of PWV, lower mean values of RHI, and lower mean MMSE. At multinomial logistic regression PWV and RHI were
significantly associated with diabetic foot presence, whereas ROC curve analysis had good sensitivity and specificity in
arterial PWV and RHI for diabetic foot presence.
Conclusions: Pulse wave velocity and augmentation index, mean RHI values, and mean MMSE were effective indicators of diabetic foot. Future research could address these issues by means of longitudinal studies to evaluate cardiovascular event incidence in relation to arterial stiffness, endothelial and cognitive markers.
Keywords: Endothelium function, Vascular stiffness, Foot ulcer, Vascular health, Cognitive function
Background
Diabetic foot syndrome (DFS) or disease (DFD) includes
several pathologies, mainly diabetic peripheral neuropathy and peripheral arterial disease which result in foot
ulceration [1, 2].
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Recent studies [3–5] have highlighted the association
between the occurrence of diabetic foot ulcer and microangiopathy complications, including albuminuria (Alb)
and diabetic retinopathy (DR), thus underlying the pathogenic role of vascular disease in DFS pathogenesis [5–11].
Understanding of the pathophysiology of atherosclerosis
and its vascular complications has increased dramatically, developing numerous measurable biomarkers that
play a role in the atherosclerosis process, and are associated with clinically important vascular events. Putative measurable variables include soluble biomarkers and
imaging assessments of vascular structure and function.
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Our group reported [12] that compared to diabetics without diabetic foot, diabetic subjects with diabetic
foot had higher IL-6 and resistin plasma levels, and lower
adiponectin plasma levels, as possible determinants of
higher cardiovascular risk. Endothelial dysfunction is an
early marker of vascular diseases, and methods of assessing endothelial function and arterial stiffness are available
for clinical research confirming that endothelial function
and arterial stiffness markers are surrogate cardiovascular markers [13].
Endothelial dysfunction in peripheral arteries is
assessed by forearm flow-mediated vasodilation [13].
However, the results of forearm flow-mediated vasodilation can vary due to technical problems encountered
during measurement, and thus forearm flow-mediated
vasodilation is not standardized among institutions
[14]. Kuvin et al. [15] described a new method to evaluate endothelial dysfunction called reactive hyperemia
peripheral arterial tonometry (RH-PAT). It is a noninvasive, automatic, and quantitative clinical test for digital
measurement of hyperemic response, and inversely correlates with various cardiovascular risk factors [16] indicating the practical usefulness of the RH-PAT test.
Considering the reported link between diabetic foot
and cardiovascular risk and consistent with the role of
putative cardiovascular surrogate markers of arterial stiffness and endothelial function indexes, we aimed to assess
whether the presence of diabetic foot is associated with
arterial stiffness and endothelial function index impairment in a group of patients with diabetic foot syndrome
compared to age matched diabetic subjects without foot
complications and age-matched healthy subjects.

Methods
We recruited all subjects with type 2 diabetes mellitus
and foot ulceration referred to the Diabetic Foot Intervention Clinical Group of Policlinico “P. Giaccone” Hospital of the University of Palermo, Italy from September
2014 to December 2015; we also recruited diabetic subjects without diabetic foot admitted from September
2014 to December 2015 for every condition related to
diabetic disease (decompensated diabetes, hypoglycemia, but not for new vascular events) in the U.O.C di
Medicina Interna con Stroke Care of University Policlinico “P. Giaccone” Hospital of Palermo, and consecutive patients without diabetes mellitus admitted to our
wards for causes other than diabetic foot and acute cardiovascular events between 2013 and 2015. The study
was carried out in accordance with the principles of the
Declaration of Helsinki as revised in 2001. All patients
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gave informed consent to take part in this research. We
obtained consent for publication from the participant (or
legal parent) to report individual patient data.
Diabetic foot syndrome is defined, according to the
World Health Organization, as “ulceration of the foot
(distally from the ankle and including the ankle) associated with neuropathy and different grades of ischemia
and infection [17]. Foot ulcer was defined as a full-thickness skin defect that required ≥14 days for healing [18].
Every subject with diabetic foot was matched for age
(±3 years) and sex, with one subject without diabetic foot
and one healthy subject.
Patients with inflammatory or infectious diseases,
autoimmune and rheumatic diseases, cancer, hematological diseases and severe renal or liver failure, as well as
those who were under treatment with anti-inflammatory
drugs, were excluded. We also excluded patients with
fever and recent venous thromboembolism. A physical examination with emphasis on the lower limbs was
performed by researchers, who assessed the presence of
the following characteristics: hammer/claw toe, Charcot
deformity, hallux limitus, prominent metatarsal heads,
hallux valgus, bony prominences, and ankle and halluxobility measured by goniometry.
Diabetic peripheral neuropathy was evaluated by careful patient history review and physical examination of
the feet using the combination of patient’s neuropathic
symptoms, clinical signs and diagnostic tests. To assess
the neuropathic symptoms we used the Neuropathy
Symptom Score (NSS) [19], which is widely used in clinical practice and has shown high validity and sensitivity.
Semmes–Weinstein monofilament was the tool used for
the assessment of the diabetic peripheral neuropath [20].
Diagnosis of type 2 diabetes was based on the revised criteria of the American Diabetes Association, using a value
of fasting blood glucose ≥126 mg/dl, or it was determined using a clinically based algorithm that considered
age at onset, presenting weight and symptoms, family
history, onset of insulin treatment, and history of ketoacidosis [21]. Hypertension was defined according to the
2013 ESC–ESH criteria [22]. Dyslipidemia was defined
as TG level ≥150 mg/dl and LDL cholesterol >100 mg/
dl and HDL cholesterol level <40 mg/dl (regardless of
patient’s gender) [23].
Clinical and laboratory assessment

Clinical and anthropometric data were collected at
the time of enrollment. Subjects were classified as normal weight (BMI 18.5–24.9 kg/m2), overweight (BMI
25–29.9), or obese (BMI ≥30). A 12-h overnight fasting
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blood sample was drawn at the time of enrollment to
determine the serum levels of ALT, total cholesterol,
HDL-cholesterol, triglycerides, and plasma glucose.
Assessment of cognitive function (mini mental state
examination)

The mini mental state examination (MMSE)—a tool
that can be used to systematically and thoroughly assess
mental status—was administered. It is an 11-question
measure that tests 5 areas of cognitive function (orientation, registration, attention and calculation, recall, and
language). The maximum score is 30 whereas a MMSE
value <24 (23 or lower) is indicative of cognitive impairment [24].
PWV measurement

Carotid-femoral PWV was measured in the supine position using the automatic device (SphygmoCor version
7.1) that measured the time delay between the rapid
upstroke of the carotid and femoral artery pulse waves.
The distance between the 2 arterial points was measured
on the surface of the body using a tape measure. PWV
was calculated as the distance traveled by the arterial
pulse wave (in meters) divided by the time delay between
the 2 arterial points (in seconds), thus expressed as
meters per second.
Pulse wave analysis

Applanation tonometry was used to record radial artery
pressure waveform continuously, and mean values of ≥2
screens of pulse waves of good quality were used for analysis. On the basis of the collected data, an averaged radial
pressure waveform was generated and a corresponding
aortic pressure waveform and BP were calculated by the
validated transfer function (SphygmoCor version 7.1).
The aortic pressure waveform was used to calculate the
AIx (difference in height between the first and second
systolic peaks expressed as a percentage of PP).
Rh‑pat

The principle of RH-PAT has been described previously by researchers [16]. Briefly, a blood pressure cuff
was placed on 1 upper arm, while the contralateral arm
served as a control. PAT probes were placed on 1 finger
of each hand. After a 5-min equilibration period, the cuff
was inflated to 60 mm Hg above the systolic pressure or
200 mm Hg for 5 min and then deflated to induce reactive hyperemia. The RH-PAT data were digitally analyzed
online (Endo-PAT2000 software version 3.0.4). The RHPAT index reflects the extent of reactive hyperemia and
was calculated as the ratio of the average amplitude of
PAT signal over 1 min starting 1.5 min after cuff deflation
(control arm, A; occluded arm, C) divided by the average
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amplitude of the PAT signal of a 2.5-min time period
before cuff inflation (baseline) (control arm, B; occluded
arm, D). Thus RH-PAT index (RHI) = (C/D)/(A/B) ×
baseline correction.

Statistical analysis
Statistical analysis of quantitative and qualitative data,
including descriptive statistics, was performed for all
items. Continuous data are expressed as mean ± SD,
unless otherwise specified. Baseline differences between
groups were assessed by the Chi square test or Fisher
exact test, as needed for categorical variables, and by the
univariate analysis of variance (ANOVA) for parametric variables. Multinomial logistic regression analysis
examined the correlation between patient characteristics
(independent variables), and patient groups (dependent variable) in a multiple regression model. Odds ratios
(OR) and their 95% confidence intervals (CIs) were also
calculated and adjusted for drug therapy as covariate. We
also adjusted for other clinical variables such as BMI and
BSA. To assess the predictive rate of different cutoff values of PWV, Aix and RHI values with regard to patient
groups, a receiver operating characteristic (ROC) curve
with calculations of area under the curve and 95% CI was
constructed, and sensitivity and specificity values were
calculated. Spearman correlation analysis was conducted
to examine the association between RHI, arterial stiffness
indexes, MMSE and other clinical and laboratory variables in patient groups. Data were analyzed by the Epi Info
software (version 6.0, Centers for Disease Control and
Prevention, Atlanta, GA, USA), and SPSS Software 22.0
version (IBM Corp., Armonk, NY, USA). All P-values
were two-sided, and P-values less than 0.05 were considered statistically significant.
Results
We enrolled 50 subjects with diabetic foot, 50 diabetic
subjects without diabetic foot and 53 healthy subjects.
General and laboratory variables of diabetic patients with
diabetic foot and healthy subjects are listed in Table 1.
In comparison to diabetic subjects without diabetic
foot, patients with diabetic foot were more likely to have
higher systolic blood pressure (135.0 ± 21.8 mm/Hg vs.
124.5 ± 16.8 vs. 116.3 ± 13.4, P < 0.0001), higher BMI
(30.2 ± 6.4 vs. 29.9 ± 4.5 vs. 25.1 ± 4.3; P < 0.0001), higher
frequency of hypertension (92 vs. 62 vs. 41%; P < 0.0001),
higher frequency of previous cardiovascular events (24 vs.
1 vs. 0%; P < 0.0001), and higher frequency of dyslipidaemia (70 vs. 44 vs. 15%; P < 0.0001) (see Table 1).
In comparison to diabetic subjects without diabetic
foot and healthy subjects, the subjects with diabetic
foot also had higher mean values of PWV (14.3 ± 3.8
vs. 11.9 ± 2.6 vs. 9.2 ± 1.9 m/sec; P < 0.0001), lower
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Table 1 Demographic, clinical and laboratory variables in subjects with diabetic foot and in controls (diabetic subjects
without diabetic foot and subjects without diabetes)
Subjects with diabetic
foot
(n: 50)

Diabetic subjects
without
diabetic foot
(n: 50)

Healthy controls
(n: 53)

p

M/F (n/%)

35/15 (70/30)

27/23 (54/46)

26/27 (49.1/50.9)

0.087

Age (years) (mean ± SD)

61.6 ± 10.1

60.6 ± 12.5

63.0 ± 13.9

0.71

SBP (mm/hg)
(mean ± SD)

135.0 ± 21.8

124.5 ± 16.8

116.3 ± 13.4

DBP (mm/hg) (mean ± SD)

67.9 ± 10.7

70.9 ± 11.2

71.3 ± 12.7
25.1 ± 4.3

<0.0001

BSA
(mean ± SD)

2.02 ± 0.23

1.97 ± 0.25

1.79 ± 0.23

<0.0001

BMI (kg/m2)
(mean ± SD)

Creatinin (mg/dl) (mean ± SD)

EGFR (ml/min) (mean ± SD)

30.2 ± 6.4

1.05–0.27
73.46 ± 13.48

29.9 ± 4.5

1.01 ± 0.27

73.38 ± 13.53

0.90 ± 0.11

92.59 ± 6.06

<0.0001
0.283

0.008
<0.0001

Micro albuminuria (n/ %)

12

14

0

Hypertension (n/%)

46 (92)

31 (62)

5 (9)

<0.0001

Previous cardiovascular events (n/%)

12 (24)

5 (1)

0 (0)

<0.0001

Previous stroke
(n/%)

3 (6)

2 (4)

0 (0)

0.202

Dyslipidaemia
(n/%)

35 (70)

22 (44)

8 (15.1)

AIX (%)
(mean ± SD)

139.1 ± 19.2/27.3 ± 9.8

145.0 ± 27.5/29.0 ± 12.1

130.8 ± 34.8/22.3 ± 14.8

14.3 ± 3.8

11.9 ± 2.6

9.2 ± 1.9

<0.0001

1.6 ± 0.4

1.8 ± 0.5

2.4 ± 0.6

<0.0001

PWV (m/sec)
(mean ± SD)

RHI (mean ± SD)

MMSE (mean/sd)
(HbA1c) (%)
(mean/sd)

26.5 ± 3.6

8.2 ± 1.3

27.42 ± 2.3

7.3 ± 1.1

29.2 ± 1.1

–

<0.0001

<0.0001
0.039

<0.0001
<0.0001

Antihypertensive drugs (%/n)
Ace-inhibitors

(26/52)

23 (46)

0

<0.0001

ARBs

13 (26)

10 (20)

0

<0.0001

(CCB)
Statins (%/n)

10 (20)

9 (18)

0

<0.0001

29 (58)

28 (56)

0

<0.0001

Antidiabetic drugs (%/n)
Sulfonylureas

23 (46)

21 (42)

0

<0.0001

Metformin

22 (44)

23 (46)

0

<0.0001

Insulin

38 (76)

31 (62)

0

<0.0001

BMI body mass index, BSA body surface area, SBP systolic blood pressure, DBP diastolic blood pressure, Aortic AIx aortic augmentation index, AP augmentation
pressure, PWV pulse wave velocity, RHI reactive hyperaemia index, MMSE mini mental state examination, HbA1c glycated haemoglobin, ARBs angiotensin receptor 1
blockers, eGFR estimated glomerular filtration rate according Cockcroft and Gault formula, CCB calcium channel blockers
Italic values indicate significance of p value (p < 0.05)

mean value of RHI (1.6 ± 0.4 vs. 1.8 ± 0.5 vs. 2.4 ± 0.6;
P < 0.0001), lower mean value of MMSE (26.5 ± 3.6
vs. 27.4 ± 2.26 vs. 29.2 ± 1.1; P < 0.0001). No significant difference was found between subjects with diabetic foot and diabetic subjects without diabetic foot
(6.1 ± 1.3 years vs. 6.5 ± 2.2 years; P = 0.56).
At multinomial logistic regression analysis of variables
independently associated with diabetes and diabetic foot
presence, we found that age (OR: 1.06; P = 0.030), BMI

(OR: 1.21; P = 0.002), PWV (OR: 1.60; P = 0.014), RHI
(OR: 0.31; P = 0.043) and MMSE (OR: 0.17; P = 0.036)
were associated with diabetes, whereas hypertension
(OR: 21.3; P < 0.0001), Dyslipidaemia (OR: 6.1; P < 0.014),
BMI (OR: 1.2; P = 0.019), PWV (OR: 2.26; P = 0.002),
RHI (OR: 0.011; p = 0.002) (see Table 2) were associated
with diabetic foot presence.
Moreover by means of ROC curve analysis there
was good sensitivity and specificity of arterial PWV
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Table 2 Multinomial logistic regression analysis of variables predictive of diabetes and diabetic foot presence
Odds ratios (OR) were adjusted for drug therapy as covariate
Variables

OR

95% Confidence interval

p

Diabetes
Hypertension

3.68

0.96–14.03

0.056

Dyslipidaemia

2.80

0.76–10.27

0.120

Age

1.06

1.02–1.12

0.030

BMI

1.21

1.07–1.36

0.002

SBP

0.97

0.93–1.01

0.253

Aix

1.0

0.96–1.04

0.887

PWV

1.60

1.09–2.33

0.014

RHI

0.31

0.10–0.96

0.043

MMSE

0.17

0.35–0.89

0.036
0.0001

Diabetic foot
Hypertension

21.27

4.09–110.62

Dyslipidaemia

6.07

1.43–25.66

0.014

Age

1.0

0.94–1.07

0.901

BMI

1.17

1.02–1.34

0.019

SBP

0.99

0.95–1.04

0.936

AIx

1.01

0.90–1.14

0.757

PWV

2.26

1.36–3.75

0.002

RHI

0.01

0.001–0.185

0.002

MMSE

0.27

0.04–1.79

0.176

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure,
Aortic AIx aortic augmentation index, AP augmentation pressure, PWV pulse
wave velocity, RHI reactive hyperaemia index, MMSE mini mental state
examination
Italic values indicate significance of p value (p < 0.05)

(AUC = 0.816, P < 0.0001; cutoff value ≥9.4 m/sec, sensitivity = 90, specificity = 60.4) and RHI (AUC = 0.751,
P < 0.0001; cutoff value ≤ 2.05, sensitivity = 78, specificity = 64.2) for diabetes presence compared to healthy
subjects (see Fig. 1).
On ROC curve analysis there was also good sensitivity
and specificity of arterial PWV (AUC = 0.897, P < 0.0001;
cutoff value ≥ 10.1, sensitivity = 90, specificity = 75.5)
and RHI (AUC = 0.869, P < 0.0001; cutoff value ≤1.72,
sensitivity = 72, specificity = 84.9) for diabetic foot
presence compared to healthy subjects, and PWV
(AUC = 0.690, P = 0.003; cutoff value ≥ 14.5 m/sec, sensitivity = 50, specificity = 92) and RHI (AUC = 0.654,
P = 0.0049; cutoff value ≤ 1.45 m/sec, sensitivity = 48,
specificity = 80) predicted diabetic foot compared to diabetic subjects (see Fig. 1).
In subjects with diabetic foot on correlation analysis we
observed a significant negative correlation between PWV
and RHI (r = −0.31, P = 0.029), a significant negative
correlation between RHI and previous cardiovascular
events (r = −0.30, P = 0.029) and glycated hemoglobin

(HbA1c) (r = −0.30; P = 0.030), and between MMSE and
age (r = −0.50, P < 0.0001), dyslipidaemia (r = −0.31;
P = 0.028) and previous cardiovascular events
(r = −0.37; P = 0.007) (see Fig. 2).
We subdivided patients with diabetes and diabetic foot
regarding HbA1c (first tertile: HbA1c <7%, second tertile HbA1c >7%; third tertile HbA1c >10%. No significant
correlation was observed among patients with diabetes
without diabetic foot and diabetic patients with diabetic
foot between HbA1C tertiles and PWV (P = 0.104),
RHI (P = 0.463), Aix (P = 0.294), whereas a significant
negative correlation was observed between MMSE and
HbA1C tertiles (R = 0.316; p = 0.037).

Discussion
In comparison to control diabetic subjects without diabetic foot and healthy controls we found that subjects
with DFS had higher mean values of PWV, lower mean
values of RHI and lower mean MMSE. To the best of
our knowledge, only a few studies to date have evaluated vascular health markers such as arterial stiffness
and endothelial function indexes in diabetic foot subjects compared to diabetic subjects without foot complications and in healthy controls. Katakami et al. [25]
recently showed that evaluation of baPWV, in addition
to carotid IMT and conventional risk factors, improved
the ability to identify the diabetic individuals with high
risk for CVE, whereas very recently Gomez-Marcos et al.
[26] analyzed the relationship between cardio ankle vascular index (CAVI), a new index of the overall stiffness,
and target organ damage (TOD), vascular structure and
function, and cardiovascular risk factors in Caucasian
patients with type 2 diabetes mellitus or metabolic syndrome, suggesting that CAVI is positively associated with
IMT, cf-PWV, ba-PWV, CAIx, and PAIx, regardless of
cardiovascular risk and the drug treatment used.
Siasos et al. [27] reported a significant association
between diabetic microvascular complications such as
diabetic retinopathy and vascular dysfunction, indicating that these conditions coexist in diabetic patients.
In another study Antonopoulos et al. reported [28] that
both brachial FMD and AIx are strongly and independently associated with DFS.
Nevertheless, to our knowledge no study has yet
examined endothelial function by means of reactive
hyperemia peripheral arterial tonometry (RH-PAT),
thus our finding appears original. The main consequence of endothelial dysfunction is the initiation of
an inflammatory process which leads to the formation
of atherosclerosis and its late sequel, cardiovascular
morbidity and mortality. Because of its central role in
mediating vessel tone and growth, its position as gateway to circulating immune cells, and its local regulation
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Fig. 1 Area under ROC curve, sensitivity and specificity of PWV, Aix and RHI towards diabetes and diabetic foot (a–f). a Area under ROC curve,
sensitivity and specificity of pulse wave velocity (PWV) in diabetic subjects vs. controls. b Area under ROC curve, sensitivity and specificity of ractive
hyperaemia index (RHI) in diabetic subjects vs. controls c Area under ROC curve, sensitivity and specificity of pulse wave velocity (PWV) in subjects
with diabetic foot vs. controls. d Area under ROC curve, sensitivity and specificity of ractive hyperaemia index (RHI) in subjects with diabetic foot
vs. controls. e Area under ROC curve, sensitivity and specificity of pulse wave velocity (PWV) in subjects with diabetic foot vs. diabetics. f Area under
ROC curve, sensitivity and specificity of ractive hyperaemia index (RHI in subjects with diabetic foot vs. diabetics

of hemostasis and coagulation, the properly functioning endothelium is the key to cardiovascular health.
Diabetic foot syndrome is a micro and macrovascular
complication of diabetes, and loss of this vasodilator
mechanism may contribute to cardiovascular morbidity such as disordered coronary flow regulation [29].
Furthermore, early stages of epicardial atherosclerosis are associated with an impairment in endotheliumdependent dilation of the coronary microvasculature,

indicating that the pathophysiological consequences of
atherosclerosis may extend into the human coronary
microcirculation [30].
Thus both microvascular and macrovascular complications of diabetes may be fully depicted by means of evaluation of endothelium-dependent vasodilation indexes
such as the PAT index RHI.
A previous study conducted by our group [12] reported
that in comparison to diabetics without diabetic foot,
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Fig. 2 Significant correlations among clinical and arterial stiffness and endothelial function variables (a–c). a Correlation between PWV and RHI
(reactive hyperaemia index); b correlation between RHI and hemoglobin A1c (HbA1c); c correlation between augmentation index (AIx) and hemoglobin A1c; d correlation between minimental state examination (MMSE) score and age

subjects with diabetic foot had higher IL-6 and resitin
plasma levels, and lower adiponectin plasma levels. These
previous findings could represent a possible pathogenic
explanation of higher arterial stiffness indexes and lower
mean values of an endothelial function index such as the
RHI reported by our current study.
Resistin contributes to insulin resistance and it may
also regulate inflammatory responses [31]. Moreover,
Osawa et al. [32] reported that elevated serum resistin
concentration appears to be an independent risk factor for ischemic stroke, especially lacunar and atherothrombotic infarction in the Japanese general population.
The candidate role of hypo-adiponectinemia as a putative marker of cardiovascular morbidity may explain
our findings of a higher degree of arterial stiffness and
a low degree of endothelial function indexes in subjects
with diabetic foot. Since adipose tissue produces several cytokines [33], an “adipo-vascular” axis [34] may
represent the pathogenic basis of the increased risk of
cardiovascular events in patients with type 2 diabetes, which is also well expressed by the involvement of

surrogate cardiovascular markers such as arterial stiffness and endothelial function indexes. In patients with
diabetic foot lower plasma levels of adiponectin and
higher plasma levels of IL-6 and resistin could be linked
to endothelial dysfunction and progressive arterial stiffening. Recent studies suggest that adiponectin may play a
role in the modulation of inflammatory vascular response
by inhibiting the expression of adhesion molecules on
endothelial cells [35], inhibiting endothelial cell NF-kB
signaling [36] and suppressing macrophage function [37].
Other studies showed that adiponectin suppressed the
TNF-a-stimulated expression of E-selectin, VCAM-1 and
ICAM-1 in human endothelial cells [38]. Adiponectin
elicits mainly endothelium-dependent dilation of the retinal arterioles [39]. Endothelium-dependent vasodilation
likely induced by adiponectin results from NO via activation of guanylyl cyclase that is partially dependent on
AMPK activity, thus low serum levels of adiponectin may
explain our findings of a lower RHI index in subjects with
diabetic foot. Our findings concerning significantly lower
mean values of RHI and higher mean values of arterial
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stiffness indexes may also contribute to explaining our
findings of lower cognitive performance in subjects with
diabetic foot.
Few studies have addressed the interplay between arterial stiffness, type 2 diabetes, and cognitive performance.
A recent study [40] reported that carotid stiffness is
associated with cognitive performance in both individuals with and without diabetes, but does not mediate the
relationship between type 2 diabetes and cognitive dysfunction. The role of primitive vascular alterations in
the development of cognitive decline is a major issue in
both research and clinical practice. In a recently published cross-sectional study [29] conducted on the
“ADELAHYDE” cohort comprised of older hypertensive
patients with memory complaints showing the association of arterial changes (hypertrophy and arterial stiffness, endothelial dysfunction) with cognitive functions
and/or white matter hyper intensities on MRI, the role
of vascular factors in the evolution of cognitive function
and onset of dementia has been confirmed.
Thus vascular abnormalities, independently of blood
pressure levels, may play a role in the setting of subjective memory complaints as well as white matter hyper
intensities (WMH) in elderly hypertensive patients. Arterial thickness and stiffness as well as endothelial function
should be assessed simultaneously and may represent
additional targets for the prevention of subjective memory complaints and WMH. We have not reported mean
MMSE values indicating clear cognitive dysfunction in
both groups of diabetic subjects but our findings of lower
MMSE mean scores observed in diabetic subjects with
diabetic foot may represent a further issue confirming
the role of arterial stiffness and endothelial dysfunction
in the clinical setting of cognitive performance as well.
Nevertheless our finding of an MMSE value of 26.5 ± 3.6
in subjects with diabetic foot may suggest more impaired
cognitive performance in subjects with a higher degree of
arterial stiffness and a lower degree of endothelial mediated vasodilation. Consistent with our findings a recent
study [41] conducted to evaluate the utility of MMSE
scores in detecting cognitive dysfunction in a sample of
highly educated individuals showed that an MMSE cutoff
score of 27 resulted in an optimal balance of sensitivity
and specificity with an overall correct classification rate
of 90% in a cognitively impaired group (dementia and
MCI), thus indicating that a cutoff score of 27 might be
more appropriate.
We previously reported [11] that diabetic patients with
diabetic foot were more likely to have a higher prevalence of cardiovascular risk factors, a higher prevalence
of previous cardiovascular morbidity (coronary artery
disease, transient ischemic attack/ischemic stroke, diabetic retinopathy), and a higher prevalence of subclinical
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cardiovascular disease. Furthermore, diabetic patients
with foot ulceration had a higher incidence of newonset vascular events (coronary artery disease, transient
ischemic attack/ischemic stroke, diabetic retinopathy) on
a 5-year follow-up.
Thus our findings of a significantly lower mean MMSE,
consistent with our other findings concerning arterial
stiffness and endothelial indexes in diabetic subjects with
DFS could be related to the higher degree of cardiovascular and cerebrovascular risk and more advanced cerebral vascular disease both involving brain microvessels
and brain white matter. The pathogenesis of cerebral
small vessel disease, which involves white matter lesions
(WMLs) and cerebral microbleeds (CMBs), is thought to
be associated with endothelial dysfunction [42, 43].
In a mouse model of mice with genetically greater large
artery stiffness a recent study [44] that examined the
cause-and-effect relationship between large artery stiffness and peripheral resistance artery function indicated
the presence of an impaired cerebral artery endothelial function. Another recent study [45] aimed to determine the associations between central hemodynamics
and brain structure at rest and during exercise in people
with and without T2DM, reporting that brain atrophy
is associated with resting aortic stiffness in T2DM, and
that central vascular mechanisms underlying structural
brain changes may differ between healthy individuals
and T2DM. These findings could also represent a further
pathogenic issue of cognitive impairment in human subjects with a higher degree of arterial stiffness.
Cognitive deficits in T2DM may also be partly attributable to stiffness in cerebral arteries and impaired vasodilator function, limiting the ability to increase blood
flow in brain regions to meet cognitive demands. Nealon
et al. [46] recently compared cerebrovascular responsiveness (CVR) and cognitive performance in adults with
and without T2DM by means of measurements of basal
cerebral mean blood flow velocity (MBFV) and pulsatility index (PI), a measure of arterial stiffness in the middle cerebral arteries (MCA) showing that PI was higher
in the T2DM group with lower cognitive performance,
and that cognitive function was inversely related to the
PI/MBFV ratio, an indicator of intracranial stenosis.
Our findings on multinomial analysis concerning the
predictive role of PWV, RHI and MMSE for diabetes
presence, and PWV and RHI for diabetic foot presence
are consistent with the higher degree of vascular impairment of diabetic subjects and in particular diabetic subjects with DFS. Arterial stiffness and endothelial function
indexes are important surrogate markers that describe
the capability of an artery to expand and contract in
response to pressure changes and other stimuli. Thus a
worse endothelial, arterial stiffness and cognitive profile
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of patients with diabetic foot could be a good marker of
a higher degree of vascular involvement consistent with
higher cardiovascular morbidity and metabolic cardiovascular pathogenic pathways of higher IL-6 and resistin plasma levels, and lower adiponectin plasma levels as
previously reported [12] in subjects with diabetic foot.
Correlation analysis findings between arterial stiffness,
endothelial function and cognitive markers and other
clinical and laboratory variables help sketch the cardiovascular risk profile of subjects with diabetic foot. In subjects with diabetic foot we observed a significant negative
correlation between RHI values and previous cardiovascular events, HBA1C and PWV, and a significant negative correlation between MMSE and age, dyslipidaemia
and previous cardiovascular events. These findings highlight the role of the cardiovascular and metabolic background of patients with diabetic foot in the pathogenesis
of vascular and cognitive surrogate markers of vascular
impairment, also suggesting a common mechanism of
pathways for microvascular and macrovascular disease in
diabetic subjects with foot complications.
Diabetes mellitus leads to accelerated progression of
arteriosclerosis with an increased risk of coronary events
in comparison to non-diabetic patients. A recent study
[47] measured flow-mediated dilation (FMD) of the brachial artery non-invasively as a marker for endothelial
function, fractional diameter changes (FDC) as a marker
for physical–mechanical properties, intima-media thickness (IMT) as a marker for structural properties, and
forearm blood flow (FBF) as a marker for microvascular
function. This study reported that diabetes was associated with reduced FMD indicating impaired macrovascular endothelial function and parallel reduced FDC
and increased IMT, indicating increased stiffness and
enhanced structural alterations and reduced forearm
blood flow during reactive hyperemia indicating microvascular dysfunction.
One common pathogenic mechanism for microvascular disease is rooted in chemical reactions between
by-products of sugars and proteins that occur over the
course of days to weeks and eventually produce irreversible cross-linked protein derivatives called AGE [48]
These derivatives can exhibit a wide range of effects on
surrounding tissues, including modification (e.g. thickening) of collagen [49] and endothelium [50–53]. Nevertheless the pathogenesis of macrovascular disease in diabetes
is multifactorial; the common recipient of injury is the
vascular endothelium since diabetes initially impairs the
ability of the vascular endothelium to vasodilate through
inhibition of the nitric oxide [54]. The vascular endothelium also loses its ability to produce NO-activated tissue plasminogen activator, a fibrinolytic (anti-clotting)
protein that inhibits the ability of inflammatory cells to
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“stick” to the endothelial surface [55, 56]. Insulin resistance can also contribute to a decrease in NO production
and the subsequent impaired vasodilatory response. In
addition to the reduction in the vasodilatory response
in diabetes, an overproduction of vasoconstriction substances occurs; these substances include endothelin 1,
which has direct vasoconstrictive effects on the endothelium as well as indirect fluid volume effects, including the
stimulation of water and salt retention and the activation
of the RAS. Both of these pathogenic pathways seem to
be suggested by many of our findings, such as impaired
arterial stiffness indexes and RHI indexes, and these vessel changes may also explain the worse cognitive profile
of subjects with diabetic foot in comparison to diabetic
patients without foot complications and healthy subjects.
Limitations

We have not evaluated the prevalence of WMLs in our
enrolled subjects thus avoiding an analysis of possible
involvement of brain white matter disease in determining
the lower cognitive performance of patients with diabetic
foot. The cross-sectional analysis is a limitation since it
does not allow conclusions on cause-effect relationships
and the relatively small sample size may also limit conclusions. Nevertheless a future study conducted by our
group will evaluate the prevalence of WMLs in subjects
with diabetic foot in comparison to control subjects
without diabetic foot.

Conclusions
This study reports that in comparison to controls, subjects with diabetic foot had (1) higher mean levels of
pulse wave velocity and augmentation index, and significantly lower mean RHI values; (2) on multinomial logistic regression analysis PWV and RHI were significantly
predictive of diabetic foot diagnosis; (3) ROC curve
analysis had good sensitivity and specificity of arterial
stiffness and PAT indexes to predict diabetic foot; (4)
on correlation analysis a significant negative correlation
between PWV and RHI, RHI and previous cardiovascular events (HB1ac and between MMSE and age, dyslipidaemia, previous cardiovascular events). Future research
could address these issues by means of longitudinal studies to evaluate cardiovascular event incidence in relation
to arterial stiffness, endothelial and cognitive markers,
and to address the beneficial effects of cardiovascular
drugs such as statins and ACE inhibitors on these surrogate markers.
Abbreviations
MMSE: Mini Mental State Examination; PWV: pulse wave velocity; Aix: augmentation index; RH-PAT: reactive hyperemia-peripheral arterial tonometry; RHI:
reactive hyperemia index; DFD: Diabetic foot disease; Alb: albuminuria; DR:

Tuttolomondo et al. Cardiovasc Diabetol (2017) 16:2

diabetic retinopathy; CVD: cardiovascular diaease; ESC-ESH: European Society
of Cardiology-European Society of Hypertension; TG: triglycerides; HDL: high
density lipoprotein; BMI: body mass index; ALT: alanine transaminase; PP: pulsatory pressure; PAT: peripheral arterial tonometry; ANOVA: univariate analysis
of variance; CIs: confidence intervals; ROC: receiver operating characteristic
AUC: area under the curve; FMD: flow-mediated dilation; T2DM: type 2 diabetes mellitus; TIA: transient ischemic attack; WMH: white matter hyperintensities; HBA1C: glycated hemoglobin; AGE: Advanced glycation end products;
NO: nitric oxide; WMLs: White matter lesions.
Authors’ contributions
AT, GG, ADC, CM, IS, VD, EG : researched data. AT wrote manuscript; AT, DD, CM,
RP, GG, AP reviewed/edited manuscript. AT, AC, RP, AP contributed to discussion. All authors read and approved the final manuscript.

Page 10 of 11

8.
9.
10.
11.

12.

Author details
1
Dipartimento Biomedico di Medicina Interna e Specialistica (Di.Bi.M.I.S), University of Palermo, Palermo, Italy. 2 Department of Sciences for Health Promotion and Mother Child, University of Palermo, Palermo, Italy. 3 Dipartimento di
Chirurgia Generale e d’Urgenza, Policlinico Universitario “Paolo GiacconeUniversity of Palermo, Palermo, Italy. 4 Chair of Allergology, University of Bari, Bari,
Italy. 5 U.O.C di Medicina Interna con Stroke Care, Dipartimento Biomedico di
Medicina Interna e Specialistica (Di.Bi.M.I.S), University of Palermo, P.zza delle
Cliniche, n.2, 90127 Palermo, Italy.

15.

Acknowledgements
Not applicable.

16.

Competing interests
The authors declare that they have no competing interests.

17.

Availability of data and materials
The data sets analyzed during the current study are not publicly available
due to consideration of intellectual property but may be available from the
principal investigator on reasonable request.
Ethics approval and consent to participate
The Institutional Ethics Committee of “P. Giaccone” University Hospital
approved the study protocol, and all participants provided written informed
consent.

13.
14.

18.
19.
20.

Received: 12 September 2016 Accepted: 15 December 2016
21.
22.
References
1. Reiber GE, Ledoux WR. Epidemiology of diabetic foot ulcers and amputations: evidence for prevention. In: Williams R, Herman W, Wareham W, editors. The evidence base for diabetes care. Chichester: Wiley; 2003. p. 641–65.
2. Apelqvist J, Bakker K, Van Houtum WH, Nabuurs-Franssen MH, Schaper
NC. International consensus and practical guidelines on the management and the prevention of the diabetic foot. Diabetes Metab Res Rev.
2000;16(Supp1):S84–92.
3. Leese GP, Reid F, Green V, McAlpine R, Cunningham S, Emslie-Smith
AM, Morris AD, McMurray B, Connacher AC. Stratification of foot ulcer
risk in patients with diabetes: a population-based study. Int J Clin Pract.
2006;60(5):541–5.
4. Boyko EJ, Ahroni JH, Smith DG, Davignon D. Increased mortality associated with diabetic foot ulcer. Diabet Med. 1996;13(11):967–72.
5. Tomita M, Kabeya Y, Okisugi M, Katsuki T, Oikawa Y, Atsumi Y, Matsuoka
K, Shimada A. Diabetic microangiopathy is an independent predictor of
incident diabetic foot ulcer. J Diabetes Res. 2016;2016:5938540.
6. Eckel RH, Hokanson JE. The prediction of atherosclerotic cardiovascular
disease in type 1 diabetes mellitus: do we just stop here? Circulation.
2016;133(11):1051–3.
7. Vistisen D, Andersen GS, Hansen CS, Hulman A, Henriksen JE, BechNielsen H, Jørgensen ME. Prediction of first cardiovascular disease event
in type 1 diabetes mellitus: the steno type 1 risk engine. Circulation.
2016;133(11):1058–66.

23.

24.
25.

26.

27.

Fuller JH, Stevens LK, Wang SL. Risk factors for cardiovascular mortality
and morbidity: the WHO mutinational study of vascular disease in diabetes. Diabetologia. 2001;44(suppl 2):S54–64.
Reiber GE, Vileikyte LO, Boyko ED, Del Aguila M, Smith DG, Lavery LA, Boulton AJ. Causal pathways for incident lower-extremity ulcers in patients
with diabetes from two settings. Diabetes Care. 1999;22(1):157–62.
Abbott RD, Brand FN, Kannel WB. Epidemiology of some peripheral
arterial findings in diabetic men and women: experiences from the
Framingham Study. Am J Med. 1990;88(4):376–81.
Pinto A, Tuttolomondo A, Di Raimondo D, Fernandez P, La Placa S, Di Gati
M, Licata G. Cardiovascular risk profile and morbidity in subjects affected
by type 2 diabetes mellitus with and without diabetic foot. Metabolism.
2008;57(5):676–82.
Tuttolomondo A, La Placa S, Di Raimondo D, Bellia C, Caruso A, Lo Sasso B,
Guercio G, Diana G, Ciaccio M, Licata G, Pinto A. Adiponectin, resistin and
IL-6 plasma levels in subjects with diabetic foot and possible correlations with clinical variables and cardiovascular co-morbidity. Cardiovasc
Diabetol. 2010;13(9):50.
Widlansky ME, Gokce N, Keaney JF Jr, Vita JA. The clinical implications of
endothelial dysfunction. J Am Coll Cardiol. 2003;42:1149–60.
Hijmering ML, Stroes ES, Pasterkamp G, Sierevogel M, Banga JD, Rabelink
TJ. Variability of flow mediated dilation: consequences for clinical application. Atherosclerosis. 2001;157:369–73.
Kuvin JT, Patel AR, Sliney KA, et al. Assessment of peripheral vascular
endothelial function with finger arterial pulse wave amplitude. Am Heart
J. 2003;146:168–74.
Hamburg NM, Keyes MJ, Larson MG, et al. Cross-sectional relations of
digital vascular function to cardiovascular risk factors in the Framingham
Heart Study. Circulation. 2008;117:2467–74.
Jeffcoate WJ, Macfarlane RM, Fletcher EM. The description and classification of diabetic foot lesions. Diabet Med. 1993;10(7):676–9.
Boyko EJ, Ahroni JH, Cohen V, Nelson KM, Heagerty PJ. Prediction of
diabetic foot ulcer occurrence using commonly available clinical information: the seattle diabetic foot study. Diabetes Care. 2006;29(6):1202–7.
Dyck PJ, Karnes JL, Daube J, O’Brien P, Service FJ. Clinical and neuropathological criteria for the diagnosis and staging of diabetic polyneuropathy.
Brain. 1985;108(Pt 4):861–80.
Valk GD, de Sonnaville JJ, van Houtum WH, Heine RJ, van Eijk JT, Bouter
LM, Bertelsmann FW. The assessment of diabetic polyneuropathy in daily
clinical practice: reproducibility and validity of Semmes Weinstein monofilaments examination and clinical neurological examination. Muscle
Nerve. 1997;20:116–27.
American Diabetes Association. Clinical practice recommendations 2000.
Diabetes Care. 2001;23(Suppl. 1):S1–116.
Mancia G, Fagard R, Narkiewicz K, Redán J, Zanchetti A. ESH/ESC
Guidelines for the management of arterial hypertension. The task force
for the management of arterial hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology (ESC). J
Hypertens. 2013;31:1281–357.
Jellinger PS, Smith DA, Mehta AE, Ganda O, Handelsman Y, Rodbard HW,
et al. American association of clinical endocrinologists’ guidelines for
management of Dyslipidemia and prevention of atherosclerosis. Endocr
Pract. 2012;18(Suppl 1):1–78.
Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a practical
method for grading the cognitive state of patients for the clinician. J
Psychiatric Res. 1975;12(3):189–98.
Katakami N, Osonoi T, Takahara M, Saitou M, Matsuoka TA, Yamasaki
Y, Shimomura I. Clinical utility of brachial-ankle pulse wave velocity in
the prediction of cardiovascular events in diabetic patients. Cardiovasc
Diabetol. 2014;5(13):128.
Gómez-Marcos MÁ, Recio-Rodríguez JI, Patino-Alonso MC, Agudo-Conde
C, Gómez-Sánchez L, Gomez-Sanchez M, Rodríguez-Sanchez E, MaderueloFernandez JA, García-Ortiz L, LOD-DIABETES Group. Cardio-ankle vascular
index is associated with cardiovascular target organ damage and vascular
structure and function in patients with diabetes or metabolic syndrome,
LOD-DIABETES study: a case series report. Cardiovasc Diabetol. 2015;16(14):7.
Siasos G, Gouliopoulos N, Moschos MM, Oikonomou E, Kollia C, Konsola
T, Athanasiou D, Siasou G, Mourouzis K, Zisimos K, Papavassiliou AG,
Stefanadis C. Tousoulis D Role of endothelial dysfunction and arterial
stiffness in the development of diabetic retinopathy. Diabetes Care.
2015;38(1):e9–10.

Tuttolomondo et al. Cardiovasc Diabetol (2017) 16:2

28. Antonopoulos AS, Siasos G, Konsola T, Oikonomou E, Tentolouris N,
Kollia C, Gouliopoulos N, Zografos T, Papavassiliou AG, Tousoulis D.
Arterial wall elastic properties and endothelial dysfunction in the
diabetic foot syndrome in patients with type 2 diabetes. Diabetes Care.
2015;38(11):e180–1.
29. Treasure CB, Klein JL, Vita JA, Manoukian SV, Renwick GH, Selwyn AP,
Ganz P, Alexander RW. Hypertension and left ventricular hypertrophy are
associated with impaired endothelium-mediated relaxation in human
coronary resistance vessels. Circulation. 1993;87(1):86–93.
30. Zeiher AM, Drexler H, Wollschläger H, Just H. Endothelial dysfunction
of the coronary microvasculature is associated with coronary blood
flow regulation in patients with early atherosclerosis. Circulation.
1991;84(5):1984–92.
31. Engert JC, Vohl MC, Williams SM, et al. c5_flanking variants of resistin are
associated with obesity. Diabetes. 2002;51(1629–1634):105.
32. Osawa H, Doi Y, Makino H, Ninomiya T, Yonemoto K, Kawamura R, Hata
J, Tanizaki Y, Iida M, Kiyohara Y. Diabetes and hypertension markedly
increased the risk of ischemic stroke associated with high serum resistin
concentration in a general Japanese population: the Hisayama Study.
Cardiovasc Diabetol. 2009;8:60.
33. Frühbeck G, Gómez-Ambrosi J, Muruzábal FJ, Burrell MA. The adipocyte:
a model for integration of endocrine and metabolic signaling in energy
metabolism regulation. Am J Physiol. 2001;280(6):E827–47.
34. Matsuda M, Shimomura I, Sata M, Arita Y, Nishida M, Maeda N, Kumada
M, Okamoto Y, Nagaretani H, Nishizawa H, Kishida K, Komuro R, Ouchi
N, Kihara S, Nagai R, Funahashi T, Matsuzawa Y. Role of adiponectin in
preventing vascular stenosis. J Biol Chem. 2002;277:37487–91.
35. Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, Hotta K,
Nishida M, Takahashi M, Nakamura T, Yamashita S. Novel modulator
for endothelial adhesion molecules adipocyte-derived plasma protein
adiponectin. Circulation. 1999;100(25):2473–6.
36. Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H, Hotta K,
Nishida M, Takahashi M, Muraguchi M, Ohmoto Y, Nakamura T, Yamashita
FT, Matsuzawa Y. Adiponectin, an adipocyte-derived plasma protein,
inhibits endothelial NF-kB signaling through a cAMP-dependent pathway. Circulation. 2000;102:1296–301.
37. Zietz B, Buechler C, Kobuch K, Neumeier M, Schölmerich J. Schäffler
Serum levels of adiponectin are associated with diabetic retinopathy and
with adiponectin gene mutations in Caucasian patients with diabetes
mellitus type 2. Exp Clin Endocrinol Diabetes. 2008;116(9):532–6.
38. Ge Q, Gérard J, Noël L, Scroyen I, Brichard SM. MicroRNAs regulated by
adiponectin as novel targets for controlling adipose tissue inflammation.
Endocrinology. 2012;153(11):5285–96.
39. Omae T, Nagaoka T, Tanano I, Yoshida A. Adiponectin-induced dilation
of isolated porcine retinal arterioles via production of nitric oxide from
endothelial cells. Invest Ophthalmol Vis Sci. 2013;54(7):4586–94.
40. Geijselaers SL, Sep SJ, Schram MT, van Boxtel MP, van Sloten TT, Henry RM,
Reesink KD, Kroon AA, Koster A, Schaper NC, Dagnelie PC, van der Kallen
CJ, Biessels GJ. Stehouwer CD Carotid stiffness is associated with impairment of cognitive performance in individuals with and without type 2
diabetes. The Maastricht Study. Atherosclerosis. 2016;253:186–93.
41. O’Bryant SE, Humphreys JD, Smith GE, Ivnik RJ, Graff-Radford NR, Petersen
RC, Lucas JA. Detecting dementia with the mini-mental state examination in highly educated individuals. Arch Neurol. 2008;65(7):963–7.
42. Kearney-Schwartz A, Rossignol P, Bracard S, Felblinger J, Fay R, Boivin
JM, Lecompte T, Lacolley P, Benetos A, Zannad F. Vascular structure and
function is correlated to cognitive performance and white matter hyper
intensities in older hypertensive patients with subjective memory complaints. Stroke. 2009;40(4):1229–36.

Page 11 of 11

43. Nezu T, Hosomi N, Aoki S, Kubo S, Araki M, Mukai T, Takahashi T, Maruyama H, Higashi Y, Matsumoto M. Endothelial dysfunction is associated with the severity of cerebral small vessel disease. Hypertens Res.
2015;38(4):291–7.
44. Walker AE, Henson GD, Reihl KD, Morgan RG, Dobson PS, Nielson EI, Ling
J, Mecham RP, Li DY, Lesniewski LA, Donato AJ. Greater impairments in
cerebral artery compared with skeletal muscle feed artery endothelial
function in a mouse model of increased large artery stiffness. J Physiol.
2015;593(8):1931–43.
45. Climie RE, Srikanth V, Beare R, Keith LJ, Fell J, Davies JE, Sharman JE. Aortic
reservoir characteristics and brain structure in people with type 2 diabetes mellitus; a cross sectional study. Cardiovasc Diabetol. 2014;23(13):143.
46. Nealon RS, Howe PR, Jansen L, Garg M, Wong RH.Impaired cerebrovascular responsiveness and cognitive performance in adults with type 2
diabetes. J Diabetes Complications. 2016 (Epub ahead of print).
47. Keymel S, Heinen Y, Balzer J, Rassaf T, Kelm M, Lauer T. Heiss C Characterization of macro-and microvascular function and structure in patients
with type 2 diabetes mellitus. Am J Cardiovasc Dis. 2011;1(1):68–75.
48. Lucatelli P, Montisci R, Sanfilippo R, Sacconi B, Suri JS, Catalano C, Saba
L. Is there an association between leukoaraiosis volume and diabetes? J
Neuroradiol. 2015 (Epub ahead of print).
49. Brownlee M, Cerami A, Vlassara H. Advanced glycosylation end products
in tissue and the biochemical basis of diabetic complications. N Engl J
Med. 1988;318:1315–21.
50. Stitt AW, Jenkins AJ, Cooper ME. Advanced glycation end products and
diabetic complications. Expert Opin Investig Drugs. 2002;11:1205–23.
51. Giardino I, Edelstein D, Brownlee M. Nonenzymatic glycosylation in vitro
and in bovine endothelial cells alters basic fibroblast growth factor
activity: a model for intracellular glycosylation in diabetes. J Clin Invest.
1994;94:110–7.
52. Yamagishi S, Hsu CC, Taniguchi M, et al. Receptor-mediated toxicity to
pericytes of advanced glycosylation end products: a possible mechanism
of pericyte loss in diabetic microangiopathy. Biochem Biophys Res Commun. 1995;213:681–7.
53. Yamagishi S, Amano S, Inagaki Y, et al. Advanced glycation end productsinduced apoptosis and overexpression of vascular endothelial growth
factor in bovine retinal pericytes. Biochem Biophys Res Commun.
2002;290:973–8.
54. Chibber R, Ben-Mahmud BM, Chibber S, Kohner EM. Leukocytes in diabetic retinopathy. Curr Diabetes Rev. 2007;3:3–14.
55. Boeri D, Maiello M, Lorenzi M. Increased prevalence of microthromboses
in retinal capillaries of diabetic individuals. Diabetes. 2001;50:1432–9.
56. Petta S, Argano C, Colomba D, Cammà C, Di Marco V, Cabibi D, Tuttolomondo A, Marchesini G, Pinto A, Licata G, Craxì A. Epicardial fat,
cardiac geometry and cardiac function in patients with non-alcoholic
fatty liver disease: association with the severity of liver disease. J Hepatol.
2015;62(4):928–33.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

