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Abstract
Peripheral arterial disease severity ranges from asymptomatic (Fontaine stage I) through intermittent claudication 
(Fontaine stage II) to critical ischaemia (stage III and IV). Supervised exercise training is the main therapy used 
for PAD in the intermittent claudication stage.
The aim of this article is to review the current literature in order to highlight known factors of PAD pathophys-
iology that change significantly after long-term exercise training and to determine future predictors for the 
effectiveness of PAD claudicants rehabilitation treatment. 
PubMed were searched for articles published during the last 23 years. The focus was on prospective randomized 
studies with control group, with long-term exercise training models that have met the EBM criteria. 
Except for the combination of traditional, nonspecific atherosclerosis factors only: 1) nitric oxide metabolite 
plasma concentrations as a marker of endothelial cell function, 2) plasma fibrinolysis activity and 3) obtained 
from gastrocnemius muscle biopsy markers of angiogenesis and myosin heavy chain (MHC) protein change 
significantly before and after physical rehabilitation in PAD patients with intermittent claudication. 
There is limited data on the associations between atherosclerosis markers as predictors of exercise training 
effectiveness in peripheral atherosclerosis. The current review contributes to a better understanding of the 
mechanisms that lead to the improvement of the clinical status of patients with intermittent claudication in 
the course of long-term physical training.
Clearly, there is a need for further studies to understand the biochemical mechanisms involved in vascular 
changes due to physical rehabilitation. 
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Introduction

Peripheral arterial disease (PAD) affects 12–14% of the 
general population and its prevalence increases with 
age, affecting up to 20% of patients over the age of  
75 [1–4]. It is an independent risk factor for myocardial 
infarction and thrombotic events [5]. Overall, PAD is 
believed to affect approximately 27 million people in 
Europe and North America [6].

PAD is under-diagnosed and under-treated [6]. 
Early diagnosis and treatment are critical for slowing 
or impeding PAD progression.

Patients with PAD need individualized and complex 
therapy. Established strategies for PAD care include: 
reduction of atherosclerosis risk factors (Table 1), 
pharmacology (vasoactive agents, rheology improve-
ment agents) and invasive treatment in advanced stages 
(endovascular therapy — percutaneous transluminal 
angioplasty or surgical interventions such as endar-
terectomy and lower extremity revascularization) [1, 
7–9]. However, a key PAD treatment (used in stage II 
according to the Fontaine Classification, Table 2) which 
improves claudication distance is exercise training  

[10, 11]. Regular aerobic exercise, more than any phar-
macological or surgical intervention, has been shown 
to be an effective treatment option regardless of other 
atherosclerotic risk factors [12, 13].

The results of the different supervised physical train-
ing patterns in the stage IIb PAD patient varied. Some 
individuals did not show any improvement in walking 
distance or only a slight improvement. Conversely, 
some of the subjects showed excellent results [19].

The mechanism, by which exercise contributes to 
the improvement of walking distance and consequently 
the patient’s functional behaviour, remains speculative 
[20–25].

The aim of this article is to review the current 
literature and evaluate known factors of PAD patho-
physiology that change significantly after a physical 
training program. 

This would be useful as basic knowledge for devel-
oping a new study that will focus on finding a predictive 
tool which could indicate, before treatment, whether 
or not physical rehabilitation would be a more suita-
ble approach for a Fontaine stage II PAD patient than  
a more invasive modality. 

Table 1. Known factors involved in PAD pathophysiology [14–17]

Classical factors Non-classical factors

Modifiable Non-modifiable Non-modifiable

Haemostatic factors Inflammatory markers Angiogenesis markers

Unhealthy dietary  
patterns 

Advanced age Haematocrit hs CRP Vascular endothelial 
growth factor (VEGF)

Tobacco smoking Male gender Platelet count Homocysteine sVEGFR-1 (Flt-1)

Lack of physical activity Close relatives 
with atheroscle-
rosis complication

D-dimer Lipoprotein (a)
Ox-LDL

sTie-2
Angiopoietin 2

Arterial hypertension Genetic abnorma-
lities, e.g. familial 
hypercholestero-
laemia

aPTT
Prothrombin time

sE selectin
sVCAM-1
sICAM-1

Hepatocyte growth 
factor (HGF)

Dyslipoproteinaemia von Willebrand factor
VII factor

Interleukin 1, 6, 8, 18, 
TNF-alpha, MCP-1
Endothelin-1

Fibroblast growth  
factor (FGF)

Diabetes or impaired 
glucose tolerance

Fibrinogen SAA (serum amyloid A 
protein)

Visceral obesity Plasminogen activator 
inhibitor-1 (PAI-1)

ADMA

A sedentary lifestyle Tissue plasminogen 
activator (t-PA) antigen

Haptoglobin  
Ceruloplazmin
Alpha2-macroglobulin
Beta2-microglobulin

Tissue factor (TF)
Thrombomodulin
Thrombospondin-1

Chronic systemic in-
fections: 
C. pneumoniae,  
H. pylori, CMV

http://en.wikipedia.org/wiki/Familial_hypercholesterolemia
http://en.wikipedia.org/wiki/Familial_hypercholesterolemia
http://en.wikipedia.org/wiki/Familial_hypercholesterolemia
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The changes in biomarkers after  
longitudinal exercise training in PAD  

patients: is there any correlation  
with clinical improvement?

According to the current literature, an increase in coagu
lation and inflammatory potential during acute exercise 
among PAD patients compared to healthy individuals is 
well known [26–28].

A decrease in the level of the same pro-coagulatory 
and pro-inflammatory factors due to long-term physical 
rehabilitation has been noted during investigations. 
However, is there, among the well-known markers, 
an agent that can predict positive effects among PAD 
patients receiving supervised aerobic physical training?

The influence of supervised exercise on the inflam-
matory biochemical response at the cellular level could 
be recognized by measuring plasma markers. This could 
be done with classical indicators, such as a lipid profile, 
or with new ones, like soluble forms of intercellular 
adhesion molecules. Alternatively, endothelial function 
may be evaluated by measuring the NO-dependent 
vasodilator response. 

Only limited data exists regarding comparisons 
between levels of atherosclerotic biomarkers before 
and after long-term exercise training.

Traditional biochemical PAD factors

There have been several studies (Table 3) that assess 
the effect of exercise on changes of well-known hae-
mostatic factors: haematocrit, platelet count, white 
blood count, aPTT, prothrombin time, prothrombin 1.2, 
D-dimer, t-PA, vWF, plasminogen, plasma fibrinogen, 

biochemical markers, like lipid profiles (total choles-
terol, low density lipoprotein, high density lipoprotein, 
oxidized low density lipoprotein, triglycerides), and 
fasting glucose in patients with PAD stage II, according 
to the Fontaine Classification. 

The studies vary because of diagnostic tools for 
ischaemia in the lower extremities, stage of ischaemia 
of the lower extremities, number of study patients, 
demographic data of the study group, type of training 
program performed, different endurance exercise 
protocols, related atherosclerosis risk factors and 
medication intake (lipid-lowering therapy, for example). 

The cited works have shown that exercise improves 
haemorheology, facilitating oxygen delivery to ischaemic 
skeletal muscle. Moreover, other well-established risk 
factors like lipid profile and haemostatic factors, as 
well as less-established risk factors (blood rheology, 
hs-CRP, D-dimer) that can impact patients with PAD, 
can be improved by supervised training. But all of them 
are nonspecific.

Novel inflammatory PAD risk factors

There is a strong clinical need for more specific bio-
markers for PAD recognition in its early stages and 
to reflect prognostic information of the prescribed 
therapy. 

We searched PubMed for articles published during 
the last 23 years using the terms: exercise training, 
exercise program, rehabilitation, physical rehabilitation, 
treadmill training, aerobic training, physical activity 
combined with PAD, intermittent claudication, claudi-
cants and haemostatic factors, inflammatory markers 
and cytokines, as well as all biochemical markers with 

Table 2. Clinical classification for chronic ischaemia of lower extremities according to Leriche-Fontaine and Rutherford-Baker 
scales and ABI measurement [18]

Stage according 
to Fontaine (F)

Clinical symptoms Ankle-brachial  
index (ABI)**

Class according to Rutherford-Baker (R-B)

I Without symptoms or symptoms at  
a very high level of activity

< 0.9 I

IIa* Claudication > 200 m, symptoms at  
moderate level of activity

0.7–0.9

IIb* Claudication < 200 m, symptoms at  
a low level of activity

0.5–0.69 II*

0.5–0.69 III*

III Leg pain at rest < 0.5 IV

IV Ulceration with tissue necrosis < 0.5 V (ulceration)

< 0.5 VI (ulceration with tissue necrosis)
*Claudicants are considered in the R-B II–III class and F IIa, IIb stage 
**ABI is calculated by dividing the ankle pressure over the highest brachial pressure. Sensitivity of ABI is 90% with a corresponding 98% specificity for detecting  
hemodynamically significant stenosis > 50% in major leg arteries, defined by an angiogram
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Table 3. Selected randomized trials on changes of biochemical markers after long-term exercise training in symptomatic stage II 
PAD, according to the Leriche-Fontaine Scale [22, 29–45]

Author
Year
Journal

No. of  
patients

Duration of  
exercise  
program

Method of rehabilitation Results

Mika P et al. 2011
Eur J Cardiovasc  
Prev Rehabil. [29]

68 3 months Pain-free treadmill 
training

Øtotal cholesterol by 14.8% 
ØLDL-C 20.5% 
≠HDL-C 14.6%
Øtriglycerides 19%
´Ht, fibrinogen

Andreozzi GM et al. 
2007
Int Angiol. [30]

22 6 weeks Treadmill training ≠EF (endothelial function), assessed by  
ultrasonography of the brachial artery.  
Before training, the pre-exercise EF was 
7.6 ± 2.94 and post-exercise EF 5.28 ± 3.3 
(–33.2%) (p < 0.01)
After training, the pre-exercise EF was  
10.3 ± 4.04 and post-exercise EF was  
7.79 ± 2.56 (–18.97%) (p < 0.01)

Sillesen H et al. 2007
Eur J Vasc Endovasc 
Surg. [31]

693 4 year 
period of 
observa-
tion

Nurse-driven rehabi-
litation

Ømean total cholesterol from 6.2 mmol/L  
to 4.9 mmol/L
Ømean LDL-C from 3.9 mmol/L to 2.6 
mmol/L

Mika P et al. 2006
Clin J Sport Med. 
[32]

60 3 months Pain free treadmill 
training

≠increasing erythrocyte deformability  
(p < 0.01) 

Huffman K. et al. 
2006 Am Heart J 
[33]

193 6 months Aerobic exercise 
groups

´ hsCRP

Mika P et al. 2005
Am J Phys Med  
Rehabil. [34]

 

98 12 weeks Supervised treadmill 
training

´total leukocyte count 
´neutrophil count 
´microalbuminuria

McDermott MM  
et al. 2004
J Cardiopulm  
Rehabil. [35]

32 PAD; no 
symptoms of 
claudication

12 weeks Exercise training There were no significant changes in  
inflammatory blood factors after exercise

McDermott MM 
et al. 2004
Vasc Med. [36]

 

188 7 days Physical activity  
during daily life

ØD-dimer 
´CRP, ´ fibrinogen
´serum amyloid A (SAA)
´prothrombin 1.2
´t-PA antigen, PAI-1

Turton EP et al.
2002 
Eur J Vasc Endovasc 
Surg. [37] 

46 3 month Supervised exercise-
-training program 
(treadmill exercise)

Øneutrophil activation 
Øneutrophil degranulation
Øfree radical damage

Izquierdo-Porrera 
AM et al. 2000
J Vasc Surg [38]

34 6 months Treadmill training Øtotal cholesterol by 5.2% (p < 0.001 )
ØLDL-C 8% (p < 0.05)
´fasting glucose
´triglycerides
´HDL-C

Tan KH et al. 2000
Eur J Vasc Endovasc 
Surg. [39]

40 3 months Exercise training ≠HDL-C
´rheology, lipid profile except HDL-C
Ølactate levels

Ramírez-Tortosa MC 
et al. 1999
Clin Nutr [40]

13 15 months Treadmill training Øtriglycerides
≠HDL-C
´LDL-C

Æ
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documented engagement in PAD pathophysiology. 
The focus was on prospective randomized controlled 
trials of more than 40 participants, with long-term 
exercise training models (> 3 months) that have 
met the EBM criteria. Only a few articles fulfilled 
these criteria. 

Markers of endothelial cell function
In one study, “plasma nitrate flux” (total nitric oxide 
metabolite concentration) and brachial artery flow-me-
diated dilatation as an endothelial function barometer 
allowing vasodilation were examined. The authors 
examined PAD subjects before and after 3 months  
(3 times per week) of supervised or home exercise 
training. At the baseline visit, there were no differ-
ences in the resting plasma nitrite values between the 
examined groups. At 3 months, the peripheral arterial 
disease–supervised group showed increases in: brachial 

artery flow-mediated dilation, a significant plasma 
nitrate flux, time to onset of claudication pain, peak 
walking time and VO2Peak. There were no changes in 
the peripheral arterial disease home group. The change 
in plasma nitrite flux predicted the change in onset of 
claudication pain [46].

Inflammatory markers
The effects of the 24-week exercise program on levels 
of circulating biomarkers of atherosclerosis (sVCAM-1, 
sICAM-1, sE-selectin, high sensitivity C-reactive protein 
[hs-CRP]) and stress proteins (Hsp60 and Hsp70) in 
PAD patients with Fontaine stage II were investigated. 
Patients were randomized to groups of arm or leg 
cranking exercises and compared with the controls. 
Investigators found no effect of exercise on circulating 
levels of soluble adhesion molecules or stress proteins 
after rehabilitation. They did notice that improvements 

Table 3. (cont.) Selected randomized trials on changes of biochemical markers after long-term exercise training in sympto-
matic stage II PAD, according to the Leriche-Fontaine Scale [22, 29–45]
Author
Year
Journal

No. of  
patients

Duration of  
exercise  
program

Method of rehabilitation Results

Capecchi PL et al.
1997
Angiology [22]

14 Five repe-
ated sub-
maximal 
exercises 
at five-mi-
nute and 
two-hour 
intervals

Treadmill training ≠an improvement in blood rheology 
ØPMN
Øplasma levels of adenosine and ATP

Tisi PV et al. 1997
Eur J Vasc Endovasc 
Surg. [41]

67 3 months Supervised exercise 
training

≠urinary ACR (albumin-creatinine ratio)
´fibrinogen
ØSAA (serum amyloid A protein) 
ØCRP

Hiatt WR et al.
1996
J Appl Physiol. [42]

26 12 weeks Walking vs. strength 
training  
Treadmill training

Improvement in exercise performance with 
treadmill training was associated with a cor-
relative decrease in the plasma (r = –0.67) 
and muscle (r = –0.59) short-chain acylcarni-
tine concentrations

Pancera P et al. 1995
Scand J Rehabil Med. 
[43]

15 1 month Physical activity  
during daily life

Øwhite blood cell count, triglycerides,  
uric acid
´prothrombin time, aPTT, plasminogen,  
platelet count
≠fibrinogen

Binaghi F et al. 1990
Int Angiol. [44]

26 3 months Patients were instru-
cted to walk for  
a minimum period  
of 1 hour daily

´Ht 
´total cholesterol
Øfibrinogen

Hiatt WR et al. 1990
Circulation [45]

19 12 weeks Supervised treadmill 
training

Ø26% decrease in resting plasma short-chain 
acylcarnitine concentration (p < 0.05)

Ht — haematocrit, hsCRP — high sensitivity C-reactive protein, EF — endothelial function, PMN — polymorphonuclear leukocytes, ≠increase, Ødecrease,  
´ no significant changes
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in training limb-specific oxygen consumption were not 
as great for patients in the highest quartile for circulating 
sVCAM-1 baseline levels as they were in patients in the 
lowest quartile at baseline. The authors concluded that 
high levels of circulating sVCAM-1 are associated with 
an attenuated exercise response and that training may 
provide an effective stimulus for evoking systemic an-
ti-inflammatory adaptations in patients with intermittent 
claudication [47]. 

In another study, the authors assessed the effect of 
an 8-week supervised training program on endothe
lium-derived inflammatory markers: adhesion molecule 
plasma levels (E-selectin, ICAM-1, VCAM-1) in 29 PAD 
patients. The authors noticed a significant reduction in 
E-selectin and ICAM-1 plasma levels with an unchanged 
VCAM-1 level after the program [48].

The study evaluated the associations of physical ac-
tivity during daily life with levels of C-reactive protein, 
interleukin-6, soluble intracellular adhesion molecule-1, 
soluble vascular cellular adhesion molecule-1, D-dimer 
and homocysteine in 244 PAD patients. Physical activity 
was objectively assessed with a vertical accelerometer, 
which participants wore continuously for 7 days. In 
conclusion, more intensive physical activity was as-
sociated with lower levels of inflammatory markers, 
homocysteine and D-dimer after the experiments [49].

Markers of angiogenesis
The expressions of inflammatory markers, such as vWF, 
Il-6, TNF-alpha and hs-CRP, and of vascular growth fac-
tors (VEGF and FGF-2) were investigated before and at 
four points after the treadmill test in 19 PAD patients. 
The levels of examined markers were obtained in a gas
trocnemius muscle biopsy (mRNA growth factors) (10 pa- 
tients). Cytokines and growth factor concentrations 
were measured in plasma. Five patients who did not 
experience pain during the marching test were treated 
as a control group. The results showed statistically 
significant elevated Il-6 plasma levels and a decrease in 
FGF-2 plasma levels with no changes in other biological 
markers. Biopsies revealed an increase of VEGF mRNA 
in patients who experienced exercise-induced pain. 
The authors’ conclusion was that it is plausible that  
a satisfactory exercise effect in the examined patients 
was due to angiogenesis stimulation. Markers of angio-
genesis could be used as a potential tool for predicting 
exercise effects [50].

Another study explored muscle concentration of 
pro-angiogenic VEGF-A, VEGF receptor 1 and VEGF 
(165)b with anti-angiogenic properties in PAD patients 
compared with the control group. Before and after  
36 sessions (three times a week) of supervised exercise 
training (SET) or home exercise training, both PAD 
groups and healthy controls underwent a gastrocne

mius muscle biopsy. At baseline, three groups had 
similar concentrations of VEGF-A, and the VEGF R1 
concentration was lower in PAD patients compared 
with the controls. Rehabilitation was associated with 
a significant reduction in the skeletal VEGF-A level 
and a trend toward increased VEGF(165)b levels with 
no changes in VEGF-R1 levels between the two PAD 
groups. There was a significant positive relationship 
between skeletal muscle VEGF-A concentrations and 
the number of capillaries per fibre and capillaries per 
mm2 in PAD patients after 12 weeks of SET. The finding 
that VEGF-A did not increase and/or that the inhibitory 
form of VEGF165b failed to decrease following exercise 
training, despite an increase in the number of capillaries, 
was quite unexpected [51]. 

Two controlled trial studies arranged by the same 
group of investigators explored the impact of a six- 
-month supervised treadmill program on markers of 
angiogenesis and endothelial function in 40 PAD pa-
tients (first study) [52]. Serum markers of inflammation 
and platelet activation related to cardiovascular risk 
were determined in 53 PAD patients with intermittent 
claudication (second study) [53]. Patients were rand-
omized into two groups: supervised treadmill training 
with best medical practice vs. best medical practice. In 
both works, endothelial progenitor cells (EPC) were 
measured by flow cytometry and cell culture assays 
(endothelial cell-colony forming units, circulating an-
giogenic cells, migration assay), changes of the plasma 
levels of ADMA and VEGF were estimated. The stromal 
cell-derived factor-1 (SDF-1) was determined at base-
line and at 3, 6 and 12 months after inclusion. EPC in 
both examined methods increased significantly upon 
training in parallel with a significant decrease of ADMA 
when compared to the control group. Six months after 
training cessation, the beneficial effect of supervised 
treadmill training on EPC diminished, but maximum 
walking distance was significantly improved compared 
to baseline and controls. No significant changes were 
observed for VEGF and SDF-1 plasma levels.

Supervised treadmill training increases circulating 
EPC counts and produces decreases in ADMA levels, 
reflecting enhanced angiogenesis and improved en-
dothelial function, which might contribute to cardio-
vascular risk reduction [52]. In the second work, high 
sensitivity C-reactive protein (hs-CRP), interleukin-6 
(IL-6), fibrinogen, soluble P-selectin, prothrombin 
fragment 1+2 (F1.2) and monocyte-platelet aggregates 
(MPA) were determined at study entry and after 3, 6 
and 12 months. While clinical improvement, reflected 
by an increase in walking capacity, was observed upon 
supervised treadmill training, no lasting changes of 
markers of inflammation and platelet activation were 
found within the supervised treadmill-training group 
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during the training period. Compared to the best medical 
practice group, no improvements of these markers were 
observed in response to training at any point in time. The 
authors came to the conclusion that regular supervised 
treadmill training added no further anti-inflammatory 
effect and had no effect on platelet activation when 
provided in addition to best medical practice in PAD 
patients with intermittent claudication [53].

Markers of fibrinolysis
The effects of a 6-month treadmill program on fibrinol-
ysis were tested in subjects with PAD. A trial group of  
41 men with intermittent claudication was randomized into  
a 6-month treadmill program (n = 21) or “usual care” 
(n = 20). Fibrinolytic activity was measured prior to and 
upon completion of the study. Fibrinolysis was quan-
tified by measurement of the activity levels of tPA and 
its inhibitor PAI-1. Fibrinolysis, quantified as increased 
PAI-1 activity, was reduced in both groups relative to 
healthy controls at baseline. After 6 months of exercise, 
the subjects in the training group experienced signi
ficant improvements in fibrinolytic activity, manifested 
as a decrease in PAI-1 activity and an increase in tPA 
activity. No changes occurred in the traditionally treated 
group. In the training group, subjects with the highest 
initial PAI-1 values experienced the greatest decreases 
in PAI-1 activity [54].

Markers of muscles’ condition
The next study sought evidence of differential myosin 
heavy chain (MHC) protein expression following su-
pervised exercise for claudication. There is evidence 
that the improvement following supervised exercise for 
claudication resulted from skeletal muscle adaptation. 
The MHC determines muscle fibre type and, therefore, 
efficiency. Immunohistochemical analysis has failed to 
take into account hybrid MHC expression within myo
fibres. Thirty-eight claudicant patients were recruited. 
Subjects undertook a three-month supervised exercise 
program. The controls were patients awaiting angio-
plasty for claudication. Subjects underwent a paired 
gastrocnemius biopsy. Relative expression of MHC 
proteins was determined by electrophoresis. Upon 
completion of the exercise program, there was a 94% 
increase in maximum walking distance, which was not 
evident in the control group. An 11.1% (statistically 
significant) increase in MHC I expression was observed 
in the exercise group compared with the control group. 
There was a positive correlation between the change 
in MHC I expression and improvement in claudication 
distance. In conclusion, supervised exercise training for 
claudication results in an increase in the proportion of 
MHC type I expression within the symptomatic gas-
trocnemius muscle [55].

miRNAs changes
A tool that could serve as a new biomarker-predictor 
of rehabilitation in PAD patients is the use of micro
RNAs, due to their plasma detection. The microRNAs 
(miRNAs) are small non-coding RNAs involved in 
post-transcriptional gene regulation. They are taken 
in by intracellular exosomes, secreted into the circu-
latory system and taken up by other cells, where they 
regulate cellular functions. The authors hypothesized 
that muscle-enriched miRNAs existing in the circulatory 
system mediate beneficial metabolic responses induced 
by exercise training [56, 57]. One group tested the 
impact of three-month treadmill training and single 
treadmill exercise on antioxidant gene expressions, 
cytokine concentrations, a number of marrow-derived 
pro-angiogenic progenitor cells (PPC) and miRNAs in 
the blood of claudicants. Blood samples of 12 patients 
were collected before and after training. Treadmill 
training improved pain-free walking time and maximum 
walking time in patients. After training program, the 
number of circulating PPCs remained stable, as well 
as miRNAs: miRNA-155, -146a, -200c, sVCAM-1,  
sICAM-1, adiponectin, Il-1beta, -8, -10, -12, -17, VEGF, 
FGF-2, INF-gamma. After training program plasma 
concentration of Il-6, E-selectin, the tumour necrosis 
factor-a and PAI-1 decreased, plasma level of MCP-1 
(monocyte chemoatractant associated with PAD that 
could be involved in angiogenesis) increased [58].

Conclusions

There is limited data on the associations between ath-
erosclerosis markers as predictors of exercise training 
effectiveness in peripheral atherosclerosis. 

According to up-to-date literature, except for the 
combination of traditional, nonspecific atherosclerosis fac-
tors, novel markers of exercise effectiveness may include:
1.	 nitric oxide metabolite plasma concentrations as  

a marker of endothelial cell function, 
2.	 plasma fibrinolysis activity and 
3.	 obtained from gastrocnemius muscle biopsy mark-

ers of angiogenesis and myosin heavy chain (MHC) 
protein could serve as predictors of exercise training 
effectiveness for PAD claudicants. 
Clearly, there is a need for further studies to under-

stand the biochemical mechanisms involved in vascular 
changes due to physical rehabilitation. The clinical 
implications of these future findings will be extremely 
important.
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