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Role of microcirculatory function and plasma biomarkers in 
determining the development of cardiovascular adverse events in 

patients with peripheral arterial disease: A 5-year follow-up

Introduction

Peripheral arterial diseases (PAD) are significant in terms of 
more serious distant organ involvements, which can occasion-
ally result in death depending upon local ischemic symptoms in 
the extremities and the systemic effects of the disease. Athero-
sclerosis is the most prevalent form of PAD and has a high prev-
alence for cardiovascular events and mortality (1, 2). Endothe-
lial dysfunction is known to be the first stage in atherosclerosis 
development in the mechanism of cardiovascular pathology in 

patients with PAD (3). The disruption of the vasodilator and anti-
thrombotic and anti-inflammatory properties of the endothelium 
increases the risk of cardiovascular events.

Clinical studies have reported that both plasma biomarkers 
related to endothelial functions and vascular endothelial reac-
tivity tests are abnormal in patients with atherosclerosis (4-6). 
This abnormality is believed to occur as a result of nitric oxide 
(NO) reduction, oxidative stress, and inflammation and the as-
sociated risk factors for atherosclerosis. The evaluation of en-
dothelial function is accepted as a reliable criterion of vascular 
health, and this method can particularly be used for the predic-
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tion of cardiovascular events (7). Endothelial dysfunction plays 
a crucial role leading to structural changes and clinical symp-
toms in cardiovascular diseases. Therefore, researchers have 
recently focused on determining endothelial dysfunction at an 
early stage (4, 5, 8).

It has been hypothesized that the evaluation of endothelial 
function in the peripheral arteries would provide information 
from other vascular beds and could be a valuable method in 
terms of systemic and local risk estimation for patients. How-
ever, the relationship of long-term vascular bed events with en-
dothelial function and blood biomarkers has not been evaluated. 
The aim of this study was to investigate the association of local 
and systemic cardiovascular complications with endothelium-
dependent and -independent microvascular relaxations, blood 
biomarkers, and biochemicals in patients with PAD caused by 
atherosclerosis.

Methods

The approval for this prospective study of 67 patients with 
PAD was granted by the Local Ethics Committee (approval no: 
20030809171). Informed consent for voluntary participation in the 
study was obtained from all participants.

Study design
The study included patients who had not undergone any 

endovascular intervention, peripheral arterial surgery, or major 
amputation (amputation of the lower limb above the ankle). The 
exclusion criteria were upper extremity arterial involvement, pa-
tients with Buerger`s disease, major infection, cancer and auto-
immune diseases, a history of major vascular surgical operation, 
pregnancy, or age <18 years.

For each patient, demographic and atherosclerotic risk fac-
tors such as age, gender, obesity (body mass index ≥30.00), dia-
betes, hypertension, and smoking were recorded. All other risk 
factors of the patients in terms of pulmonary, renal, carotid, and 
cardiovascular systems were also determined. Peripheral arte-
rial involvement was examined by measuring the ankle/brachial 
pressure index (ABPI). The clinical degree of peripheral isch-
emia was classified according to Rutherford’s Clinical Chronic 
Ischemia Category (9).

The microvascular vasodilation response as a measure of 
endothelial function was measured using laser Doppler imaging 
of cutaneous erythrocyte flux after iontophoresis of acetylcho-
line (ACh) and sodium nitroprusside (SNP). Plasma hemoglobin, 
glycated hemoglobin A1c (HbA1c), glucose, creatinine, total cho-
lesterol, triglyceride, total bilirubin, uric acid, homocysteine, high 
density lipoprotein (HDL) cholesterol, low density lipoprotein 
(LDL) cholesterol, very low density lipoprotein (VLDL) choles-
terol, high-sensitivity C-reactive protein (hs-CRP), white blood 
cell (WBC), nitric oxide (NO), total antioxidant capacity (TAC), 
asymmetric dimethyl arginine (ADMA), and hydrogen sulfide 

(H2S) levels were measured from blood samples. The patients 
were treated using either medical, open vascular, or endovas-
cular intervention methods based on their clinical presentation 
and the physician’s preference. All patients were followed up 
for approximately 5 years to determine cardiovascular adverse 
events (CVAE) development. [CVAE: cardiovascular death, ath-
erothrombotic stroke, acute coronary syndrome (unstable an-
gina pectoris, without Q-wave acute myocardial infarction, and 
with Q-wave acute myocardial infarction) and major amputation 
(amputation of the lower limb above the ankle)].

CVAE development was determined by examining the medi-
cal history, physical examination, and related specialist physi-
cian reports on annual controls from the study initiation. The 
cardiovascular death status was determined by examining the 
medical history and death reports from relatives of patients who 
could not receive timely control. The patients were classified 
into two groups: those who had experienced a cardiovascular 
adverse event [CVAE (+)] and those who did not experience CVAE 
[CVAE (-)] during the follow-up period. There was no difference 
between the groups in terms of medical treatment of the pa-
tients. The two groups were compared in terms of demographic 
features, atherosclerotic risk factors, initial ischemia categories, 
microvascular endothelial functions, and plasma biomarkers.

Measurement of microcirculatory function
This method, described in detail by Henricson et al. (10), was 

used to measure the microvascular function. In the iontophore-
sis technique, charged molecules migrate across the skin under 
the influence of the applied electric field, and the effects in cu-
taneous vasodilation are observed using a laser Doppler imager. 
The vasodilator responses formed by iontophoresis of ACh (en-
dothelium-dependent vasodilator) and SNP (endothelium-inde-
pendent vasodilator) are quantified. Patients were fasted over-
night and kept in a dark room at a temperature of 23±1°C for 20 
min for acclimatization. Meanwhile, the volar aspect of the right 
forearms was lightly wiped with alcohol and deionized water. 
Subsequently, two iontophoresis chambers (LI 611 drug delivery 
electrodes; Perimed, Jarfalla, Sweden) were attached 5 cm be-
low the medial condyle of the right forearm using double-sided 
adhesive rings. Precaution was taken to place the chambers at 
more than 10 cm apart, thus avoiding broken skin, superficial 
veins, and hair.

The anodal and cathodal chambers were filled with 0.25 mL 
1% (w/v) ACh (Sigma-Aldrich Chemicals, UK) and 0.25 mL 1% 
(w/v) SNP (Sigma-Aldrich Chemicals, UK), respectively. Drug re-
lease from each chamber was provided with a battery-controlled 
constant current iontophoresis device (Perilont 382 power sup-
ply, Perimed, Jarfalla, Sweden). The microvascular erythrocyte 
flux of the forearm skin was assessed using a cumulative dose 
response protocol, which has been described in detail previous-
ly (10). Drug distribution was ensured by the incremental dura-
tion and fixed current. Thus, 0.1 mA was applied for 5, 10, 20, 40, 
and 80 s, which corresponded to 0.5, 1, 2, 4, and 8 milliCoulombs 
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(mC). Skin perfusion was measured using a laser Doppler imager 
(PeriScan PIM II, Perimed, Jarfalla, Sweden; wavelength 670 nm, 
power 1 mW, and beam diameter 1 mm). The technique is based 
on the Doppler shift imparted by moving blood cells in the un-
derlying tissue to the backscattered light. The laser is scanned 
over both chambers and through the cover slips in a raster man-
ner. The backscattered light is collected using photo detectors 
and converted into a signal proportional to perfusion in arbitrary 
perfusion (flux) units (PU), which is displayed as a color-coded 
image on a monitor. Perfusion measurements were obtained us-
ing the imager manufacturer’s image analysis software (LDPIwin 
software, Perimed, Jarfalla, Sweden).

The baseline image was recorded before the drug and cur-
rent application. After each iontophoretic drug application, 
eight laser images were scanned, with each image scan taking 
30 s. The median current in the region where the images were 
scanned was determined by considering approximately 700 
measurement points. In total, 44 images (including four before 
drug administration) were obtained after incremental duration 
and fixed current, according to the time protocol described 
above. The total perfusion response was shown by the area un-
der the curve for 44 image scans. The numerical responses of all 
images were measured at baseline and after each iontophoretic 
charge (0.5, 1, 2, 4, and 8 mC). The flow increases were calcu-
lated using a percentage enhancement formula as follows: Flow 
increase=[(mean value of 8 calculations in each charge−basal 
value)/basal value]×100.

Assessment of plasma endothelial biomarkers
The blood samples were collected, centrifuged, and the 

separated plasmas were frozen. The plasma NO level was mea-
sured using the spectrophotometric method based on the Griess 
reaction (11). We used a modified version of the method previ-
ously described by Navarro-Gonzálvez et al. (11) other endothe-
lial biomarkers of TAC and H2S plasma levels were measured 
using the spectrophotometric method as described previously 
(12, 13). Plasma TAC values were measured using neocuproine 
as the chromogenic agent and H2S levels were measured based 
on methylene blue absorption rates. Plasma ADMA levels were 
measured using ELISA kits (Immunodiagnostic A.G., Germany).

Statistical analysis
The statistical analysis was performed using IBM Statistical 

Package for Social Sciences (SPSS) ver. 18.0 (IBM Co., Armonk, 
NY, USA). The continuous data were reported as mean±standard 
deviation. The nominal data were reported as the number of sub-
jects. For group comparisons, the Shapiro–Wilk test was used to 
examine whether the continuous variables were normally distrib-
uted. For normally distributed variables, the Student's t-test was 
used to compare the mean differences between the two groups. 
For not normally distributed variables, (follow-up, glucose, cre-
atinine, VLDL, triglyceride, total bilirubin, homocysteine, hs-CRP, 
WBC, ADMA, and H2S), the nonparametric Mann-Whitney U test 

was used, and median, minimum and maximum values were in-
cluded in descriptive statistics. Categorical data were compared 
using the Chi-squared and Fisher’s exact tests. A value of p<0.05 
was considered statistically significant.

Results

A total of 67 patients with PAD were included in the study, 
comprising 61 males (91%) and 6 females (9%) with a mean age 
of 62.3±9.7 years. When the treatment methods applied to the 
patients were evaluated, conventional surgery on 22 patients 
(32.9%; seven, aortofemoral bypass; one, iliofemoral bypass; 
seven, femoropopliteal bypass; six, femorodistal bypass; and 
one, popliteodistal bypass), percutaneous transluminal an-
gioplasty on 12 patients (17.9%), and medical treatment for 33 
patients (49.2%) were performed. During the follow-up period, 
16 patients had acute coronary syndrome (unstable angina pec-
toris, non-Q-wave acute myocardial infarction, Q wave acute 
myocardial infarction; 23.9%), 12 patients died of cardiovascular 
reasons (17.9%), 10 patients had major lower limb amputation 
as the result of ischemic arterial disease (14.9%), and 3 patients 
had atherothrombotic stroke (4.5%). In total, 29 (43.3%) patients 
had CVAE (43.3%), and 38 (56.7%) patients did not experience 
any CVAE (Table 1).

The mean age of the patients in the CVAE (+) group was 
62.7±10.2 years, and the follow-up period was 54.1±10.3 months. 
In the CVAE (−) group, the mean age was 62.0±9.4 years, and the 
mean follow-up was 51.3±12.7 months. Patients in both groups 
had similar age, gender, and follow-up period (Table 2). Both 
groups were similar based on the classification made according 
to the ABPI values and chronic ischemia category. There was no 
difference between the groups with respect to the initial athero-
sclerotic risk factors, including diabetes mellitus, smoking, hy-
pertension, and obesity, or in the assessment conducted based 
on cardiac, pulmonary, renal, and carotid functions (Table 2). On 

Table 1. Distribution of cardiovascular adverse events 
among patients

Patient Number of Percentage (%)

 patients (n)

CVAE (+) 29 43.3

Cardiovascular death 12 17.9

Atherothrombotic stroke 3 4.5

Acute coronary syndrome 16 23.9

Major amputation 10 14.9

Below-the-knee 6 8.9

Over-the-knee 4 6

CVAE- cardiovascular adverse events
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Table 2. Comparison between the groups in terms of demographic data, initially detected cardiovascular risk factors, and 
comorbidities

Patient                                       CVAE (-) (n=38)                                        CVAE (+) (n=29)

                                       Mean±SD                                        Mean±SD  P*

Age (years)                                       62.7±10.2                                        62.0±9.4  0.772
ABPI                                        0.54±0.2                                        0.46±0.1  0.085
Follow up (months) Mean±SD                                       54.1±10.3                                        51.3±12.7  0.421

Median (min.-max.)                                       60 (25-60)                                        60 (25-60) 
 n % n % P*
Gender

Male 34 89.5 27 93.1 0.691
Female 4 10.5 2 6.9

DM
No 21 55.3 17 58.6
Type 2 (regulated by medicine) 13 34.2 5 17.2 0.161
Type 2 (regulated by insulin) 4 10.5 7 24.1

Smoking
Non-smoker 12 31.6 7 24.1
Smoking for the previous 10 years 13 34.2 12 41.4 0.836
Smoking for the previous 1 year 8 21.1 5 17.2
Smoking 5 13.2 5 17.2

Obesity
No 36 94.7 27 93.1 1.000
Yes 2 5.3 2 6.9

Hypertension
Normotensive 17 44.7 20 69
Under control, with single medicine 15 39.5 7 24.1 0.085
Under control, with two medicines 6 15.8 1 3.4
Out of control, with more than two medicines  0 0 1 3.4

Cardiac
Asymptomatic 23 60.5 20 69
Asymptomatic and past MI or occult MI in ECG 12 31.6 7 24.1
Stable angina 2 5.3 1 3.4 0.882
Unstable angina 1 2.6 1 3.4

Renal
Normal 33 86.8 28 96.6
Creatinine <2.4 (mg/dL) 5 13.2 0 0 0.071
Creatinine 2.5–5.9 (mg/dL) 0 0 1 3.4

Pulmonary
Normal 36 94.7 28 96.6 1.000
Mild dyspnea 2 5.3 1 3.4

Carotid
Asymptomatic 33 86.8 28 96.6
Asymptomatic but lesion (+) 1 2.6 0 0 0.524
TIA 1 2.6 0 0
Stroke 3 7.9 1 3.4

Chronic ischemia category
Category 1 7 18.4 3 10.3
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evaluation of the microvascular endothelial functions of the pa-
tients, ACh-induced endothelium-dependent and SNP-induced 
endothelium-independent relaxation responses were not differ-
ent between the groups (Fig. 1, 2).

The results obtained from the blood samples of the plasma 
biomarkers and biochemicals related to endothelial functions 
and the comparison of these results are presented in Table 3. 
No statistically significant differences for blood glucose, HbA1c, 

creatinine, uric acid, total cholesterol, LDL, VLDL, triglycerides, 
total bilirubin, homocysteine, WBC, and hemoglobin values were 
observed between the groups. Statistically significant differenc-
es in plasma HDL and hs-CRP levels were determines between 
the groups. Plasma HDL levels were lower in the CVAE (+) group 
than in the CVAE (−) group [(CVAE+HDL: 38.4±9.1), (CVAE−HDL: 
44.7±11.1), p=0.02, p<0.05]. Plasma hs-CRP levels were signifi-
cantly higher in the CVAE (+) group than in the CVAE (−) group 

Table 2. Cont.

Patient                                       CVAE (-) (n=38)                                        CVAE (+) (n=29)

                                       Mean±SD                                        Mean±SD  P*

Category 2 13 34.2 8 27.6
Category 3 8 21.1 5 17.2 0.289
Category 4 4 10.5 3 10.3
Category 5 6 15.8 6 20.7
Category 6 0 0 4 13.8

CVAE - cardiovascular adverse events; ABPI - ankle/brachial pressure index; DM - diabetes mellitus; TIA - transient ischemic attack; SD - standard deviation; MI - myocardial 
infarction; ECG - electrocardiogram

Table 3. Comparison between the groups in terms of laboratory values and endothelial biomarkers

 CVAE (–) CVAE (+)

 Mean±SD Median Mean±SD Median P

  (min.-max.) (min.-max.)

*Glucose (mg/dL) 118.7±45.6 104.5 (68-280) 145.2±79.1 114 (61-380) 0.238

*Creatinine (mg/dL) 1.1±0.3 1 (0.7-2.35) 1.1±1 0.9 (0.1-5.1) 0.077

Total cholesterol (mg/dL) 199.7±51.8  194.9±46.8  0.704

HDL (mg/dL) 44.7±11.1  38.4±9.1  0.020

LDL (mg/dL) 117.4±41.6  116±32.4  0.885

*VLDL (mg/dL) 39.1±24.5 31.5 (11-109) 40.5±20.3 37 (8-64) 0.384

*Triglyceride (mg/dL) 155.1±98.3 122 (55-479) 157±55.8 161.5 (71-276) 0.163

*Total bilirubin (mg/dL) 0.4±0.1 0.4 (0.1-0.9) 0.6±0.3 0.5 (0.1-1.6) 0.240

*Homocysteine (µmol/L) 12.4±6.8 12.3 (1.2-32) 11.1±6.9 9.8 (1.2-32) 0.332

*hs-CRP (mg/L) 5.9±10.9 2.9 (0.2-59) 14.3±20.6 6.8 (0.8-90) 0.004

*WBC (µL) 9±2.9 8.1 (4.9-16.8) 9.5±3.1 8.7 (4.9-16.4) 0.458

Hemoglobin (g/dL) 14.1±1.9  13.7±2.2  0.506

Hemoglobin A1c (%) 6.9±1.4  6.3±1.7  0.391

Uric acid (mg/dL) 5.8±1.4  4.9±1.5  0.082

NO (µM) 67.2±30  79±41.5  0.329

TAC (µM) 733.9±184.9  709.9±94.2  0.604

*ADMA (µM) 1.2±1.4 0.8 (0.1-6.4) 2.1±3.1 0.7 (0.3-10.7) 0.792

*H2S (µM) 52.9±35.8 41.7 (14.5-164.7) 48±30.1 45.9 (12.1-110.8) 0.695

*These variables were compared with nonparametric Mann–Whitney U test because they were not normally distributed.
CVAE - cardiovascular adverse events; HDL - high density lipoprotein cholesterol; LDL - low density lipoprotein cholesterol; VLDL - very low density lipoprotein cholesterol; hs-CRP 
- high-sensitivity C-reactive protein; WBC - white blood cell; NO - nitric oxide; TAC - total antioxidant capacity; ADMA - asymmetric dimethyl arginine; H2S - hydrogen sulfide; SD - 
standard deviation
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[(CVAE+hs-CRP: 14.3±20.6), (CVAE−hs-CRP: 5.9±10.9), p=0.004, 
p<0.01]. For the biomarkers NO, ADMA, TAC, and H2S for evalu-
ating endothelial functions, no statistically significant difference 
was determined between the groups.

Discussion

In the present study, the association between the prognosis 
of PAD caused by atherosclerosis and endothelium-dependent 

and -independent microvascular relaxations and plasma bio-
markers was evaluated. Although the microvascular endothelial 
functions of the CVAE (+) patients with PAD displayed a general 
decreasing trend from the values at baseline in contrast to the 
CVAE (−) patients, there was no statistically significant differ-
ence. Similarly, there was no difference in the levels of plasma 
biomarkers NO, ADMA, TAC, and H2S, which reflect endothelial 
functions. However, the results of this study revealed that the 
initial plasma HDL levels of CVAE (+) patients were lower and 
the hs-CRP values were higher than those of the CVAE (−) group.

Endothelial dysfunction is a deterioration of the balance be-
tween vasodilatation and vasoconstriction in the vascular sys-
tem, with a predominance of vasoconstriction (14). When the 
lower or upper extremity arteries are occluded in PAD, many 
inflammatory and vasoactive mediators are released, leading 
to endothelial dysfunction in the remote organs because of the 
large surface area of the peripheral vascular bed. Generally, 
endothelial dysfunction occurs in the early phases of cardio-
vascular diseases, and the evaluation of endothelial function is 
a significant method to identify individuals at risk of these dis-
eases (4).

In a study by Brevetti et al. (5, 8) in 131 PAD patients followed 
up for 23 months, it was determined that from the acute cardio-
vascular events perspective, the original FMD values of patients 
with an acute cardiovascular event were lower. In the same 
study, it was reported that the reliability of the prognosis estima-
tion was increased if FMD and ABPI were used concomitantly 
in patients with PAD. In another similar study, 199 patients with 
PAD (a heterogeneous sample comprising patients with carotid 
and aorta aneurysm together with patients with lower extremity 
PAD) were followed up for 1.2 years after FMD measurement. 
The initial FMD values of 35 patients who experienced a car-
diovascular event (myocardial infarction, unstable angina, and 
stroke) were determined to be significantly low (15).

The findings of these studies suggest that impaired endo-
thelial function in patients with PAD is a measure that can be 
used as a prognostic parameter for the prediction of cardio-
vascular events. However, there are a limited number of studies 
that have investigated the prognostic importance of endothelial 
function in PAD in terms of general cardiovascular health (16-
22). Moreover, many of those studies included a heterogeneous 
patient population and a limited follow-up period. Furthermore, 
cardiovascular events were not standardized in those studies. 
Although all the studies reported that endothelial dysfunction 
increased the risk of cardiovascular morbidity, there is no in-
formation regarding extremity protection or amputation levels.

The present study can be considered valuable because of 
the homogeneous distribution of the patient groups, the longer 
follow-up period compared to previous studies, and the inclu-
sion of peripheral vascular morbidity, such as major lower ex-
tremity amputation. Moreover, to our knowledge, this is the first 
study to have investigated the relationship between cardiovas-
cular mortality/morbidity of patients with PAD and endothelial 

Figure 1. Comparison of ACh-induced endothelium-dependent 
microvascular flow increment between cardiovascular adverse events 
(+) and (–) groups. Ach-induced endothelium-dependent increase in 
microvascular perfusion of skin was not significantly different between 
the groups. Values are expressed as mean±SD (n=27-35)
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Figure 2. Comparison of SNP-induced endothelium-independent 
microvascular flow increment between adverse events (+) and 
(–) groups. SNP-induced endothelium-independent increase in 
microvascular perfusion of skin was not significantly different between 
the groups. Values are expressed as mean±SD (n=28-36)
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functions using the iontophoretic laser Doppler flowmetry meth-
od. Although the relationship between microvascular dysfunc-
tion and prognosis was not clearly determined in this study, this 
could be attributed to the surplus of standard error mean (SEM) 
values and the low number of patients. Nevertheless, the study 
findings revealed that high plasma hs-CRP and low HDL level are 
risk factors for patients in terms of CVAE development.

CRP is an acute phase reactant determining cardiovascular 
events in healthy individuals or individuals known to have had 
a previous cardiovascular disorder (23, 24). Although CRP val-
ues do not have sufficient sensitivity to vascular disorders in 
the long term, hs-CRP has been shown to be more responsive 
and sensitive to atherosclerosis (25, 26). However, no associa-
tion with other independent risk factors has been demonstrated. 
In the present study, hs-CRP levels were evaluated instead of 
plasma CRP levels because of its relationship with atheroscle-
rosis and because it is more sensitive.

Vascular hs-CRP production is stimulated by cytokines such 
as IL-1 and IL-6. Vascular hs-CRP inhibits endothelial nitric oxide 
synthase, increases the expression of adhesion molecules, con-
tributes to vasoconstriction with the expression of oxygen prod-
ucts reactive from monocytes and neutrophils and cytokines, 
and provides platelet activation and vascular smooth muscle 
cells migration and proliferation, thereby playing a critical role in 
atherosclerosis development (26, 27). Some studies have report-
ed that the CRP level correlates with FMD (5, 28). However, no 
previous study has investigated the relationship of hs-CRP and 
microvascular function in patients with PAD. In the present study, 
the evaluation of cutaneous microvascular endothelial func-
tions was applied instead of methods examining the endothelial 
functions of large conduit arteries, such as FMD of patients with 
atherosclerosis, because the method used in the present study 
can diagnose atherosclerosis in the early phases. Although the 
microvascular functions of CVAE (+) patients are not correlated 
with plasma hs CRP levels, determining high hs-CRP levels alone 
is also valuable. It has been previously reported that it is pos-
sible to average multiple measurements in plasma hs-CRP levels 
measurements and that evaluations with a single measurement 
are sufficient (28-30). The single measurement was preferred in 
the present study, both for patient comfort and cost efficiency.

In a study by Rost et al. (31), the plasma CRP levels of 591 
males and 871 females were examined. In a 14-year follow-up 
period, 196 patients had ischemic stroke and temporary isch-
emic attack. The study reported that regarding ischemic stroke 
and transient ischemic attack, 25% higher CRP levels placed fe-
males at two-fold more risk and males at three-fold more risk. 
In a study by Ridker and Cook (32), it was determined that indi-
viduals with plasma hs-CRP levels >10 mg/L are at high risk of 
cardiovascular events. The current study supports these stud-
ies because significantly high plasma hs-CRP levels (14.3±20.6 
mg/L) were detected in the CVAE (+) patients with PAD.

Previous studies have demonstrated that low plasma HDL 
levels increase the risk of cardiovascular event development (33-

35). Similarly, in the present study, initial plasma HDL levels of the 
CVAE (+) patients were observed to be lower. The antiatherogenic 
property of HDL is based on cholesterol being returned from pe-
ripheral tissues to the liver and discarded in the bile, thus mediating 
contrary carriage (36). Another endothelial protective mechanism 
of HDL is the inhibition of caspase activation and the prevention of 
endothelial cell apoptosis (37). In a study of patients with hyper-
cholesterolemia by Spieker et al. (38), intravenous reconstituted 
HDL infusion was reported to increase the bioavailability of NO 
and ensure a rapid return of endothelial-dependent vasodilatation 
to normal. In contrast to the study that reported beneficial effects 
of HDL on endothelial function in vivo, the results of the present 
study determined no correlation between the HDL level and mi-
crovascular endothelial functions. The reason for this difference 
could be because of the method by which endothelial functions 
were evaluated and the different patient groups.

Study limitations
Limitations of this study include; the high sensitivity of the 

evaluation method to external factors such as fixing the pa-
tient's arm, the room temperature and the darkness, the high 
SEM values of the findings, and the low number of patients. In 
addition, only major amputations were considered as local com-
plications of atherosclerosis.

Conclusion

In conclusion, the results of this study demonstrated that 
low plasma HDL levels and high hs CRP levels measured inde-
pendently of endothelial functions of patients with PAD are risk 
factors for CVAE development in subsequent years. There is a 
need for further studies with greater patient numbers and longer 
follow-up periods to clarify the relationship between CVAE and 
microvascular endothelial function.
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