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Background: Little is known about the effect of cardiac rehabilitation (CR) on carotid arterial stiffness (CAS) in patients with 
myocardial infarction (MI).
Patients and Methods: Rehabilitation group (B) included 90 patients with MI subjected to CR, control group (K) consisted of 30 
patients with MI not participating in CR, and healthy group comprised 38 persons without cardiovascular risk factors. CAS was 
determined using echo-tracking before and after CR.
Results: At baseline, patients with MI (B+K) presented with significantly higher mean values of CAS parameters: beta-stiffness index (7.1 
vs 6.4, p = 0.004), Peterson’s elastic modulus (96 kPa vs 77 kPa, p < 0.001) and PWV-beta (6.1 m/s vs 5.2 m/s, p < 0.001) than healthy 
persons. Age (beta: r = 0.242, p = 0.008; EP: r = 0.250, p = 0.006; PWV-beta: r = 0.224, p = 0.014) and blood pressure: SBP (EP: r = 0.388, 
PWV-beta: r = 0.360), DBP (AC: r = 0.225) and PP (PWV-beta: r = 0.221) correlated positively with the initial parameters of CAS. Beta- 
stiffness index (Rho=−0.26, p = 0.04) and PWV-beta (Rho = 0.29, p = 0.03) correlated inversely with peak exercise capacity expressed in 
METs. After CR, mean values of beta-stiffness index (6.2 vs 7.1, p = 0.016), EP (78 kPa vs 101 kPa, p = 0.001) and PWV-beta (5.4 m/s vs 
6.2 m/s, p = 0.001) in group B were significantly lower than in group K. In group B, CAS parameters decreased significantly after CR. 
Univariate analysis demonstrated that the likelihood of an improvement in CAS after CR was significantly higher in patients with baseline 
systolic blood pressure <120 mm Hg (OR = 2.74, p = 0.009) and left ventricular ejection fraction <43% (OR = 5.05, p = 0.005).
Conclusion: In patients with MI, CR exerted a beneficial effect on CAS parameters. The improvement in CAS was predicted by 
lower SBP and LVEF at baseline.
Keywords: carotid arterial stiffness, managed care after myocardial infarction, acute coronary syndrome, echo-tracking

Introduction
The global incidence of myocardial infarction (MI), the most severe clinical presentation of coronary artery disease, 
remains high, with more than 7 million people suffering annually and with especially high prevalence in the growing 
population of people >60 years old.1,2 While the increased frequency of invasive treatment in the acute phase of MI has 
contributed recently to a significant decrease in in-hospital mortality, annual mortality rate after MI remains high (up to 
10%), mostly due to the underestimation of the role of secondary prevention: inadequate control of cardiovascular risk 
factors, inadequate pharmacotherapy and lifestyle modifications.3

Cardiac rehabilitation (CR) is a comprehensive multidisciplinary intervention, consisting of exercise training, risk 
factor management and psychosocial counselling. Early post-discharge CR (the first 4–6 weeks after discharge) is based 
mostly on supervised, physician prescribed exercise training. As CR reduces rates of hospitalization and mortality and 
improves quality of life in post-MI patients, it is recommended in all patients after MI, both by the ESC4 and the 
American Cardiology Societies (AHA, ACC).5
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Managed Care after Myocardial Infarction program, implemented in Poland in 2017 by the Polish Cardiac Society, 
National Health Fund and Ministry of Health and dedicated to patients with MI, contributed to a significant improvement 
in short- term6 and 1-year prognosis.7 This beneficial effect results, among others, from better access to early post- 
infarction cardiac rehabilitation.8

Arterial stiffness contributes to the progression of atherosclerosis and plays an essential role in the pathophysiology of 
cardiovascular disorders.9 Increased arterial stiffness has been shown to be an independent predictor of both cardiovas-
cular and all-cause mortality.10 Locally measured arterial stiffness has also a proven prognostic value: in Hoorn 
Population Study, carotid arterial stiffness (CAS) proved to be an independent predictor of death from all cause.11 

However, data on the factors influencing arterial stiffness in patients with myocardial infarction are scarce, little is also 
known on the impact of early post-MI cardiac rehabilitation on arterial stiffness. Moreover, in previous studies, arterial 
stiffness has been determined with methods based on regional parameters using applanation tonometry (cfPWV, crPWV) 
and to our best knowledge no study on the influence of early post-MI cardiac rehabilitation on CAS, measured with the 
use of echo-tracking, has been performed to date.12 Recently, echo-tracking is the subject of growing interest among 
researchers, as an easy to perform, bedside method of CAS measurement, that can be performed with the same device as 
transthoracic echocardiography. Age- and sex-specific reference values for carotid arterial stiffness measured with echo- 
tracking were provided as a result of the study performed by the E-tracking International Collaboration Group (ETIC), 
with the contribution of our Department of Cardiology.13

Thus, the aim of the study was to measure CAS in patients with MI using the ultrasound echo-tracking method and to 
analyze the effect of early CR on CAS in patients with a recent MI, as well as determine the predictors of the post- 
rehabilitation improvement of CAS in this group.

Materials and Methods
The study group consisted of 120 patients hospitalized for MI (non-ST-elevation MI or ST-elevation MI) in the 
Department of Cardiology of T Marciniak Lower Silesian Specialist Hospital – Emergency Medicine Centre in 
Wroclaw, Poland. The rehabilitation group (group B) consisted of 90 patients (mean age 64.2 years) who after having 
been discharged from the hospital, have completed the 2nd stage of cardiac rehabilitation within the framework of the 
Managed Care after Myocardial Infarction program (Table 1). The control group (group K) included 30 patients (mean 

Table 1 Baseline Clinical Characteristics of the Rehabilitation Group (Group B, Patients 
with Myocardial Infarction Subjected to Cardiac Rehabilitation) and Control Group 
(Group K, Patients with Myocardial Infarction Non-Subjected to Cardiac Rehabilitation)

B 
n = 90

K 
n = 30

B vs K 
p

Age (years), Me [Q1-Q3] 66 [58–71] 67 [57–71] 0.901

Males, n (%) 62 (68.9) 19 (63.3) 0.574

BMI (kg/m2), Me [Q1-Q3] 26.8 [25.2–29.4] 28.5 [26.5–30.8] 0.064

Arterial hypertension, n (%) 60 (67.4) 21 (70.0) 0.793

Diabetes mellitus, n (%) 24 (26.7) 8 (26.7) 1.000

Smokers, n (%) 22 (24.4) 10 (38.5) 0.763

SBP (mm Hg), Me [Q1-Q3] 121 [117; 132] 124 [117; 145] 0.427

DBP (mm Hg), Me [Q1-Q3] 78 [71; 84] 81 [71; 86] 0.271

MAP (mm Hg), Me [Q1-Q3] 93 [86; 100] 95 [90; 104] 0.296

PP (mm Hg), Me [Q1-Q3] 44 [38; 51] 45 [37; 54] 0.783

(Continued)
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age, 63.5 years) with myocardial infarction who have not participated in the cardiac rehabilitation program due to 
personal or logistical reasons, or because of contraindications to kinesiotherapy, such as the presence of a free-floating 
left ventricular thrombus, cognitive dysfunction or impaired mobility. Healthy group which comprised 38 persons 
without cardiovascular risk factors examined to establish norms for CAS parameters. Exclusion criteria from the study 
included severe valvular heart disease, arrhythmia, lack of compliance, and age below 18 years.

The indices of CAS (beta-stiffness index [beta], Peterson’s elastic modulus [Ep], local one-point pulse wave velocity 
[PWV-beta] and arterial compliance [AC]) were measured with the use of echo-tracking twice, during initial hospitaliza-
tion due to myocardial infarction and six weeks after the discharge from hospital. The echo-tracking measurements were 
conducted with an Aloka ProSound Hitachi α-10 device (the method described elsewhere).14

The following indices of arterial stiffness were calculated automatically:

● Beta-stiffness index (beta): the ratio of the natural logarithm of systolic/diastolic blood pressure to the relative 
change in diameter:

β ¼ ln SBP=DBPð Þ= Ds � Ddð Þ=Dd, 

● Peterson’s elastic modulus (EP) (kPa), the pressure change required for (theoretical) 100% increase in arterial 
diameter, relative to the resting diameter:

EP ¼ SBP � DBPð Þx Ds � Ddð Þ=Dd½ �, 

Table 1 (Continued). 

B 
n = 90

K 
n = 30

B vs K 
p

History of myocardial infarction, n (%) 6 (6.7%) 7 (23.3%) 0.011

LVEF (%) 49.3±8.5 46.6±11.2 0.238

Current treatment:

Beta-adrenolytic agents, n (%) 87 (96.7%) 28 (93.3%) 0.598

ACEI, n (%) 84 (93.3%) 26 (86.7%) 0.266

ARB, n (%) 5 (5.6%) 2 (6.7%) 1.000

Calcium channel blockers, n (%) 17 (18.9%) 11 (36.7%) 0.046

Diuretics, n (%) 24 (26.7%) 12 (40%) 0.168

Nitrates, n (%) 3 (3.3%) 0 (0.0%) 0.572

MRA, n (%) 24 (26.7%) 0 (0.0%) <0.001

Clopidogrel, n (%) 41 (45.6%) 21 (70%) 0.035

Acetylsalicylic acid, n (%) 90 (100%) 30 (100%) 1.000

Ticagrelor, n (%) 48 (53.3%) (23.3%) 0.008

Statins, n (%) 90 (100.0%) 30 (100.0%) 1.000

Note: Bold font denotes differences significant at p < 0.05. 
Abbreviations: B, rehabilitation group; K, control group; BMI, body mass index; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; ACEI, angiotensin-converting-enzyme 
inhibitors; ARB, angiotensin receptor blockers; MRA, mineralocorticoid receptor antagonists; Me, median (50%); 
Q1, lower quartile (25%); Q3, upper quartile (75%); n, number, p, significance level of the test.
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● Arterial compliance (AC) (mm2/kPa) defined as a change in the absolute dimension of the vessel in response to 
a given change in blood pressure:

AC ¼ π Ds� Ds � Dd� Ddð Þ= 4� SBP � DBPð Þ½ �, and

● Local one-point pulse wave velocity (PWV-beta) (m/s):

PWV � beta ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
beta xDBP=2xρð Þ

p
, 

where: ln – natural logarithm, SBP – systolic blood pressure, DBP – diastolic blood pressure, Ds – arterial diameter in 
systole, Dd – arterial diameter in diastole, ρ – blood density (1.050 kg/m3).

Left ventricular ejection fraction was calculated twice (during the hospitalization and six weeks after the discharge) 
with the use of Simpson method on transthoracic echocardiography.

In group B, an exercise stress electrocardiogram was obtained twice, before and after the cardiac rehabilitation 
program; the analyzed parameters included peak exercise capacity expressed in metabolic equivalents of task (METs) and 
duration of the exercise. The cardiac rehabilitation conducted within the framework of the Managed Care after 
Myocardial Infarction program was held in an inpatient (13 patients) or outpatient (77 patients) setting. The rehabilitation 
program lasted five weeks and consisted of 25 training sessions with aerobic endurance exercises and resistance 
exercises. Aside from the kinesiotherapy, the program included also the optimization of pharmacotherapy, management 
of cardiovascular risk factors, dietary counseling and education.15 All patients included in the study provided their 
written informed consent to participate. The protocol of the study complied with the Declaration of Helsinki and was 
approved by the Local Bioethics Committee at the Wroclaw Medical University.

Statistical Analysis
Statistical analysis of the results was carried out with STATISTICA v. 13 package (TIBCO Software Inc., Palo Alto, 
Ca, USA).

The normal distribution of quantitative variables was verified with the Shapiro–Wilk test, with the critical value for the test 
set at p < 0.05. Homogeneity of variances was tested with the Brown–Forsyth test and Levene’s test. Quantitative parameters 
(variables) were summarized as medians (Me), lower (Q1) and upper quartiles (Q3). The significance of differences between 
the median values of non-normally distributed parameters for two groups was verified with the Mann–Whitney U-test.

The significance and direction of relationships between the pairs of variables were estimated based on Spearman’s 
rank correlation coefficients (Rho) values.

The distributions of qualitative (nominal and ordinal) variables were summarized in contingency tables as numbers 
(n) and percentages (%). The significance of relationships between the pairs of qualitative variables was verified with 
Pearson’s chi-squared test or Fisher’s exact test. Whenever the relationship turned out to be significant, the odds ratio 
(OR) was calculated, along with its 95% confidence interval.

Cut-off values for continuous variables (SBP, PP) determining the effect of rehabilitation on CAS indices were 
obtained from the Receiver Operating Characteristic (ROC) curves.

The results of all tests were considered significant whenever the p-value for the test was <0.05.

Results
Patients with myocardial infarction (group B and group K analyzed together) presented with significantly higher baseline 
values of the parameters of arterial stiffness: beta-stiffness index (7.1 vs 6.4, p = 0.004), EP (96 kPa vs 77 kPa, p < 0.001) 
and PWV-beta (6.1 m/s vs 5.2 m/s, p < 0.001) than healthy persons.

At baseline, the factors correlating positively with the initial parameters of CAS were age (beta: r = 0.242, p = 0.008; EP: r = 
0.250, p = 0.006; PWV-beta: r = 0.224, p = 0.014) and blood pressure parameters: SBP (EP: r = 0.388, PWV-beta: r = 0.360), 
DBP (AC: r = 0.225) and PP (PWV-beta: r = 0.221). Significantly lower mean values of CAS parameters: EP (t=−2030; p = 
0.045), PWV-beta (t=−2142; p = 0.035) and higher AC values (t = 2.558; p = 0.012) were found in smoking patients than in non- 
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smoking patients. There was also a positive correlation between BMI and AC (r = 0.203; p = 0.029). The baseline values of two 
parameters of CAS, beta-stiffness index (Rho=−0.26, p = 0.04) and PWV-beta (Rho-0.29, p = 0.03) correlated inversely with 
peak exercise capacity (expressed in METs), during stress electrocardiography (Table 2).

At baseline, no significant differences in the parameters of CAS: beta-stiffness index (p = 0.322), EP (p = 0.347), AC 
(p = 0.104) and PWV-beta (p = 0.364), were found between the two groups of patients with myocardial infarction: group 
B and group K. However, six weeks later, some parameters of CAS, namely beta-stiffness index (6.2 vs 7.1, p = 0.016), 
EP (78 kPa vs 101 kPa, p = 0.001) and PWV-beta (5.4 m/s vs 6.2 m/s, p = 0.001) turned out to be significantly lower in 
the group B than in the group K (Table 3). In group B, CAS parameters decreased significantly after CR: beta (6.2 vs 7.4; 
p = 0.005), EP (85 vs 95; p = 0.001), PWV-beta (5.6 vs 6.0; p = 0.016); AC (0.89 vs 0.81; p = 0.011).

Table 2 Correlations Between Baseline Parameters of Arterial Stiffness and Peak Exercise 
Capacity and Exercise Duration in the Rehabilitation Group Along with the Significance Levels

Baseline Stiffness Parameters Peak Exercise Capacity (MET) Duration of Exercise (s)

Rho p Rho p

Beta (-) −0.26 0.04 −0.07 0.61

EP (kPa) −0.25 0.06 −0.12 0.4

PWV-beta (m/s) −0.29 0.03 −0.16 0.25

AC (mm2/kPa) 0.16 0.24 0.11 0.43

Note: Bold font denotes differences significant at p < 0.05. 
Abbreviations: Beta, Beta-stiffness index; EP, Peterson’s elastic modulus; PWV-beta, local one-point pulse wave velocity; 
AC, arterial compliance; MET, metabolic equivalents of task; s, seconds; p, significance level of the test; Rho, Spearman’s 
Rho correlation coefficient.

Table 3 Parameters of Arterial Stiffness in the Rehabilitation Group (Group B, 
Patients with Myocardial Infarction Subjected to Cardiac Rehabilitation) and 
Control Group (Group K, Patients with Myocardial Infarction Non-Subjected 
to Cardiac Rehabilitation) at the Baseline and Six Weeks Later, Along with the 
Significance Levels for Between-Group Comparisons

B 
n = 90

K 
n = 30

B vs K 
p

Baseline:

Beta (-), Me [Q1; Q3] 7.4 [5.6; 8.8] 6.3 [5.5; 9.0] 0.322

EP (kPa), Me [Q1; Q3] 101 [77; 121] 86 [70; 116] 0.347

PWV-beta (m/s), Me [Q1; Q3] 6.1 [5.4; 6.7] 5.8 [5.1; 6.6] 0.364

AC (mm2/kPa), Me [Q1; Q3] 0.8 [0.6; 1.0] 0.9 [0.7; 1.0] 0.104

After six weeks:

Beta (-), Me [Q1; Q3] 6.2 [4.7; 7.6]* 7.1 [6.0; 9.7] 0.016

EP (kPa), Me [Q1; Q3] 78 [64; 107]* 101 [84; 140] 0.001

PWV-beta (m/s), Me [Q1; Q3] 5.4 [4.9; 6.2]* 6.2 [5.6; 7.3] 0.001

AC (mm2/kPa), Me [Q1; Q3] 0.9 [0.7; 1.1]* 0.8 [0.7; 1.0] 0.177

Notes: Bold font denotes differences significant at p < 0.05.*Denotes significant differences (p < 
0.05) between parameters of CAS in rehabilitation group before and after cardiac rehabilitation. 
Abbreviations: Beta, Beta-stiffness index; EP, Peterson’s elastic modulus; PWV-beta, local one- 
point pulse wave velocity; AC, arterial compliance; B, rehabilitation group; K, control group; Me, 
median; Q1, lower quartile; Q3, upper quartile; p, significance level of the test; n, number.
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Moreover, after six weeks, group B presented with significantly lower arterial pressure values, SBP (124 mm Hg vs 130 mm 
Hg, p = 0.006), DBP (80 mm Hg vs 83 mm Hg, p = 0.033) and MAP (95 mm Hg vs 99 mm Hg, p = 0.010) than group K.

After six weeks, group B was divided into two subgroups, a subgroup consisting of patients who showed an improvement 
in at least two parameters of arterial stiffness (a decrease in EP, beta-stiffness index and/or PWV-beta and/or an increase in AC) 
and a subgroup including patients who showed an improvement in only one parameter or showed no improvement at all. The 
analysis of ROC curves for clinical, biochemical and echocardiographic factors identified the cut-off values for those factors 
determining a benefit from CR. Then, a univariate analysis was conducted to identify the significant predictors of the post- 
rehabilitation improvement in CAS parameters. Patients with pre-rehabilitation SBP no higher than 120 mm Hg turned out to 
have nearly three times greater odds for the post-rehabilitation improvement in the CAS parameters (OR = 2.74, p = 0.009) 
than those with higher systolic blood pressure (SBP >120 mm Hg). Moreover, approximately five times greater odds for the 
improvement in the CAS parameters (OR = 5.05, p = 0.005) were found in patients from group B with lower LVEF values at 
the baseline (up to 43%) (Table 4).

Table 4 Numbers (Percentages) of Patients with Different Outcomes of Cardiac Rehabilitation Presenting with 
the Baseline Predictors of Improvement in Arterial Stiffness, Along with the Results of Independence Tests, 
Odds Ratios (OR) and Their 95% Confidence Intervals

Predictors of Improvement in 
Arterial Stiffness Parameters

Outcome of Cardiac Rehabilitation p-value 
for the 

Test

Odds Ratio OR 
(95% CI)

Improvement 
n = 30

No Improvement 
n = 60

n % n %

Age ≤71 years 28 93.3% 47 78.3% 0.081 3.87 (0.81–18.4)

Female 11 36.7% 17 28.3% 0.573 1.46 (0.58–3.72)

BMI >26.6 kg/m2 17 56.7% 32 53.3% 0.929 1.06 (0.44–2.58)

SBP ≤120 mm Hg 21 70.0% 23 38.3% 0.009 2.74 (1.05–7.14)

DBP ≤74 mm Hg 14 46.7% 16 26.7% 0.097 2.41 (0.96–6.02)

MAP≤ 98 mm Hg 23 76.7% 38 63.3% 0.300 1.90 (0.70–5.15)

PP ≤41 mm Hg 16 53.3% 19 31.7% 0.079 2.47 (1.00–6.07)

TC ≤222 mg/dl 25 83.3% 42 70.0% 0.267 2.14 (0.71–6.49)

HDL-C >49.4 mg/dl 14 46.7% 24 40.0% 0.706 1.31 (0.54–3.18)

LDL-C≤ 123 mg/dl 20 66.7% 32 53.3% 0.327 1.75 (0.70–4.36)

TG ≤225 mg/dl 27 90.0% 51 85.0% 0.744 1.59 (0.40–6.36)

NT-proBNP >227.8 pg/mL 19 63.3% 29 48.3% 0.263 1.85 (0.75–4.54)

CRP >3.2 (mg/l) 15 50.0% 21 35.0% 0.254 1.86 (0.76–4.53)

Arterial hypertension 17 56.7% 43 71.7% 0.123 0.52 (0.21–1.29)

Diabetes mellitus 10 33.3% 14 23.3% 0.448 1.64 (0.63–4.32)

Current smoker 11 36.7% 11 18.3% 0.099 2.58 (0.96–6.94)

LVEF ≤43% 12 40.0% 7 11.7% 0.005 5.05 (1.72–14.8)

(Continued)
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Discussion
To the best of our knowledge, this is the first study documenting a beneficial effect of early post-infarction cardiac 
rehabilitation, conducted within the framework of the Managed Care after Myocardial Infarction program, on carotid 
arterial stiffness parameters.

In this study, patients with myocardial infarction presented with significantly higher values of CAS parameters than healthy 
controls, like in the literature.16 This observation seems particularly interesting given a recent change in the acute coronary 
syndrome pathophysiology paradigm. In view of current evidence, the development of acute coronary syndrome seems to follow 
a “perfect storm” scenario; aside from the instability of atherosclerotic plaques, a coexistence of another two components is 
required: hemodynamic factors interfering with the plaques and a proatherogenic environment with inflammation and local or 
systemic suppression of the fibrinolytic system.17 Some evidence suggests a link between increased arterial stiffness and the 
coexistence of atherosclerotic plaque instability and proatherogenic hemodynamic conditions within the arterial lumen. 
A turbulent blood flow within the arteries associated with increased arterial pressure, as well as resultant oscillations in 
endothelial shear stress, causes weakening of the fibrous cap and hence increases the likelihood of plaque rupture.18

Increased local aortic stiffness (aPWV), determined by means of MRI immediately after myocardial infarction, was 
shown to exert an unfavorable effect on early myocardial healing.19 Patients after myocardial infarction whose 
parameters of aortic stiffness at the baseline were increased presented with elevated levels of cardiac troponins at one- 
year follow-up, suggesting chronic subclinical myocardial ischemia,20 and had higher concentrations of natriuretic 
peptides (markers of left ventricular wall stress); the latter finding implicates the role of aortic stiffness in post- 
infarction remodeling.21 An unfavorable prognostic value of arterial stiffness was also demonstrated in a group of 160 
patients with STEMI: baseline aPWV >7.3m/s turned out to be a predictor of adverse cardiovascular events, namely 
death, non-fatal reinfarction, congestive heart failure and stroke, at one year.22 Thus, identifying interventions that could 
reduce arterial stiffness in patients with myocardial infarction is of utmost importance.

In the present study, early CR contributed to an improvement in CAS parameters within six weeks of myocardial 
infarction. Most previous studies demonstrating a beneficial effect of physical exercise on arterial stiffness included 
healthy people with cardiovascular risk factors or without; the studies of the problem in question in patients with 
symptomatic CVD are sparse. Laskey et al observed a significant decrease in arterial stiffness (cfPWV) in patients with 
the chronic coronary syndrome who completed a program of complex cardiac rehabilitation.23 In the Polish population, 
Trzos et al examined stiffness parameters (cfPWV) in 119 patients with MI and noted their significant reduction in the 
group of 64 patients undergoing CR lasting 4–9 weeks.24 In the only randomized controlled study analyzing the effect of 
a complex rehabilitation program on the parameters of arterial stiffness (cfPWV, Alx) in 86 patients after myocardial 
infarction, no significant changes in cfPWV were found in the intention-to-treat analysis, and only per-protocol analysis 
(including solely the patients who completed >80% of the sessions) demonstrated an improvement in this parameter in 
the rehabilitation group.12

Table 4 (Continued). 

Predictors of Improvement in 
Arterial Stiffness Parameters

Outcome of Cardiac Rehabilitation p-value 
for the 

Test

Odds Ratio OR 
(95% CI)

Improvement 
n = 30

No Improvement 
n = 60

n % n %

NSTEMI 15 50.0% 27 45.0% 0.823 1.22 (0.51–2.94)

LZTW > 1 20 66.7% 30 50.0% 0.202 2.00 (0.80–4.98)

Anterior myocardial infarction 8 26.7% 13 21.7% 0.792 1.31 (0.48–3.63)

Note: Bold font denotes differences significant at p < 0.05. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse 
pressure; TC, total cholesterol; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol; TG, triglycerides; NT-proBNP, N-terminal pro-brain 
natriuretic peptide; CRP, C-reactive protein; LVEF, left ventricular ejection fraction; NSTEMI, non-ST-elevation myocardial infarction; LZTW, 
number of involved coronary arteries on coronarography; n, number; p, significance level of the test.
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The interpretation of the results of interventional studies is hindered by the fact that most parameters of arterial 
stiffness derive from arterial blood pressure at the time of measurement; therefore, a decrease in EP, AC and cfPWV 
might reflect solely a shift in the pressure/volume curve. Meanwhile, the beta-stiffness index, measured by echo-tracking 
and representing the slope of the curve, is a stable, pressure-independent parameter that reflects the adaptability of the 
arterial wall to changing hemodynamic conditions. In other words, the beta-stiffness index shows how the stiffness of 
a given vascular segment increases in response to a given change in arterial pressure.25 This illustrates how the choice of 
an inappropriate measurement method may influence the outcome of an intervention study.

It is worth noting that in our study a significantly higher percentage of the rehabilitated group in comparison with the 
control group was treated with MRA. Kalizki et al showed a reduction in cfPWV in the group of patients with refractory 
hypertension after a treatment with low-dose eplerenone.26 The beneficial effect of RAAS inhibitors on AS parameters 
results not only from passive reduction resulting from their antihypertensive result but also from their additional actions, 
such as inhibition of proliferation and migration of endothelial cells and smooth muscle cells, reducing oxidative stress, 
improving endothelial function, and reducing fibrosis of the vascular wall.27

In the present study, the post-rehabilitation improvement of CAS parameters was predicted by lower left ventricular 
ejection fraction (up to 43%) and lower systolic blood pressure (<120 mm Hg) before the rehabilitation. A total of 8 (9%) 
patients from the rehabilitation group had baseline LVEF <40%, with mean LVEF for the entire group equal to 49.3%. 
Notably, a substantially reduced left ventricular ejection fraction constituted an exclusion criterion in the previously 
mentioned studies analyzing the effects of cardiac rehabilitation on arterial stiffness in coronary artery disease.12,24 

Patients with higher systolic blood pressure benefited less in the reduction of CAS presumably due to long-term, difficult- 
to-reverse changes in the vascular wall structure and function, altered autonomic activity and balance between vasodi-
lative and vasoconstrictive factors.28,29

Our study demonstrated inverse correlations between pre-rehabilitation parameters of local arterial stiffness (beta, 
PWV-beta) and peak exercise capacity expressed in METs. Previous studies demonstrating lower physical capacity in 
people with higher arterial stiffness included primarily healthy subjects with cardiovascular risk factors or without. To the 
best of our knowledge, a link between physical capacity and arterial stiffness (cfPWV) determined using tonometry in 
a group of patients with myocardial infarction was analyzed in only one previous study, conducted by Alves et al.30 

Meanwhile, arterial stiffness, a determinant of ventricular-arterial coupling, plays a vital role in the adaptation of the 
cardiovascular system to physical exercise.31

Conclusion
1. Patients with myocardial infarction presented with increased carotid arterial stiffness compared to healthy subjects.
2. Age and blood pressure correlated positively with initial CAS parameters, while baseline inverse correlations were 

found between arterial stiffness parameters and peak exercise capacity (MET).
3. Early cardiac rehabilitation contributed to an improvement in arterial stiffness parameters within six weeks of 

myocardial infarction.
4. Lower baseline systolic blood pressure (SBP) and lower baseline left ventricular ejection fraction (LVEF) were 

predictors of the post-rehabilitation improvement in arterial stiffness parameters.

Strength of the Study
There are few studies in the literature on arterial stiffness in patients with myocardial infarction, in particular those 
undergoing cardiac rehabilitation. To my best knowledge, presented study is the first to report an influence of cardiac 
rehabilitation on the parameters of CAS in patients with myocardial infarction. A novel element in presented study is the 
method of measuring local arterial stiffness in patients with myocardial infarction – the ultrasound echo-tracking method. 
The results of the presented study indicate the benefits of cardiac rehabilitation in a diverse population of patients with 
myocardial infarction, unselected in terms of left ventricular ejection fraction or cardiac rehabilitation mode (inpatient vs 
outpatient).
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Limitations of the Study
This study included a relatively small sample of patients with myocardial infarction, exclusively Caucasians. Blood 
pressure used to calculate CAS parameters was measured on the brachial artery; however, in studied population of older 
patients (mean age 64.2 years), the effect of pulse pressure amplification should not have a relevant effect on CAS 
parameters.
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